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SOME BIOLOGICAL NOTES ON THE. TAIWAN SQUIRREL

Yau-! Chu Shi-Tao Yie

Among lve species of Taiwan squirrels, three Callosciurus species cause a lot of -damage to the forests. They are
C. erythraeus thaiwanensis (Bonhote), C. eryrhmez}s roberti (Bonhote) and C. eryrhraeus centralis (Bonhote). Those
squirrels occur both on the mountainous and Plain_districts. No interspecific territory exists among them. Therefore,
'llhe hybrids of those species werc often observed. Another subspecies, C. erythraeus nigridorsalis (Kuroda) scemed to
be wrongly identified for old individual of the above mentioned subspecies.

The squirrels attack the trees with following two types. One is to gnaw fruits and seeds. The other is to peel Lthe
barks off trees. The later type causes much more serious injury to the trees. According to the authors' investigation, more

than ten species ol trees are listed as injuried ones. Among them some acerose trees, such as Crypfomeris japonica, Chae-
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maecypanis formosensis and some kinds of pines are severely-attacked. Especially the damage on C, japonica is sometimes
fatal, The results of the squirrels' injury, namely the bark peeling, induce the deformation and retardation of prowth. In
addition, the wounded parts become good entrances for the wood decaying fungi, then the xyloem is denaturalized and
blackened in color and become [ragile in its quality. The infested area ol fungi becomes cnlarged afterwards, and there-
fore, the economic value _0[' the damaged woods is largely diminished. In the worst case, the whole tree may decay and
die when the bark has been peeled off circularly arround the trunk.

As for the bark peeling habit, two reasons are considered: one is to gnaw and eat the cambium ; the other is to lap
the wood sap exuded from the wound. Anyway, the barks are scarcely used as the material to construct their nests.

Generally, the damage from these animals is serious in badly managed forests or acerose forests situated adjacent to
the latifoliated or virgin lorests.

The squirrels build globular nests in diameter of more than 30 cm. oh the tall trecs where the forks of branches hold
radically. The altitude of nests generally ranged from 3 to 10 meter. A nest is constructed with twigs, plant fibers, leaves
or grass etc, Barks are scarcely used.

Squirrels dre originally omnivorous animals, while the resulls of inspection of stomach contents show that the plant )
- materials are its chief food. Besides, a few amounts of insect body {ractions are observed. The latter are considered as an
appetizer or secondary important food. Due to its gnawing capacity and strong digestion, the identification of plant
substance in the stomach is nearly impossible.

From March to May in 1965, 4 pregnancy cascs have been observed. The numbers of embryo count from 1 to 3.
From this fact, it is apparent that spring is one of the pregnancy seasons for the squirrels.

As for the éontrol mcasures of the squirrels, besides the application of some rodenticides and natural enemies, the
cleaning of forest is a very important factor to prevent the squirrels' damage. -

The choice of the lorest situation is also an unnegligible factor. For instance, the sensible trees, as C, japonica, -
should be afforested at the place separated from the latifoliated or virgin fores_t for at least 30 meters. Shooting and
trapping zre very efficient to decrease the squirrel's population in the restricted area, while unnecessary slaughter must
be strictly forbidden _for the purpose of natural resource preservation.

The flying squirrel, Pefaurista spp. is also a very harmful animal to the acerose trees The damage of Pefaurista

spp. frequently exceeds that of Callosciurus spp. Some data on Pefgurisia spp. are introduced in the present paper.



T3 A B R SR B B R P L ( Environment Research Center
Tunghai Univ.) 34pp. ( 1976 )

 BEARRRSERAR B
& B

L AR T RS OB SR - B SRR - ARASHEEE > BT S ERTARMYEE > BES
NREHRANEZRZIE - ARKTHEFERERERAL » HEMHAEZ PE  RIEFBERT
| A HREB R - A THRRER K ZIZ R RS EH 2 S EHHE -

192 Br pk AR AR BR » WARERBBREMDRR 2B » ISR ERESEZE » RESRD
— S RIF 2R » EREEE ZHA - K BRBFNPRE Bk KAETRE
ZERRBEMYZ SFREAFEFBERRXELEMANE o 159 BHEH BT HPEER
192 s FkH » MR » MORBEERAEZ IR o 30 LY L RBEERT > KARERERE » 2
TR A BTSN > BHRAZEHHHERS APE -

192 BRER 159 3755 MOILBE L AMARHER UM S A VB ZER o 192 NESHIEEEBE 22 4 -

» DU RERBE o 159 RMZEHEEEBR 35 4 SEFMLEREE - R [TRRB
EHARRMEE ) ERHBRRESE  DERTVRSERREE - BHEBEERE » REBLLUEN
B3 o RIEHAZ RF B RS RB AR ABE—F R IR FR P15 - ERAARERER S
HHHAREZRBYBREHELHE - '

2 ERMTME - B BFRHELE ZERESHRAIG BEFER - BHRELEAABRER
T 28k o BRIGEMFRMEBAEEMERACHHEETRRENER - FH ZERFRLER LBk
ERARBRERNBIENE » EHERERE BRI 2 2ERBANEZLE ZRERR &
BINES W RBEBAPZHAMHEELF - ERROABPEAFBNEE - EE - HF ~FT -
SR (R ) - k-~ B~ BAEE ~ BT~ BESETHE o AR 2 KBS R RN FER
BHPT RIEMSENA o 192 RIS 39 SRR > 3 ERFMIER ZBE » i Pl 2
BHAR 52 FIURER B 2 B B SRR » M4 159 SRisbh ol i MEmFER WA » BERB L
WM FEOHE &R R - 1 20 ER TIFREHR-S0E - BRMEHEAR R ARERRHENE
Bl HRMEApRERELARS - B8 HAKBERE A BREERSHENE > 8815 » MET
RzH#B—-ENFEERAEARE  ARFER - 50 ERiFEAZETEHELAERE » FHTES
45 & AFBRHMEREREARZHT - A FRTRAESERZRR » ESREAXAARDEAR
REEZ TR - MBS BB AR DS - KSR YRR ERABAER 2B E -

1 BRBHEERE » MBS ICAE TG TRAREE HEBAR » FURRERESTR
EMBEZEDEEY ABRTHREATR IR - BRE A HEEDRHLGE A HT2 M - B L8
HEREHZREG » 12BLEE I6HEPET » EERAREKBTAERED « £RTH ZWRBd
I AREFHERRARE 2R TBRER » FEAMBEN RIS BRIl B T5H 2 85 &
ZRBARELT - (DM EEBE ) WRBEERZ A BR c QEREZTRWR » EERAR
FARREBREUFBE - REFABEDHTRWEAR » BEETEMRS B BERER - =%
ALERTERRE -BALFREARBERABRERETRVAFER  ATBERENBTH

—_3



RREFN EEREFAANRREINE  THSARRGE - AREE G2 REL BRI
BB » RS MM 2 AES RSB AR » TREHBIEBEE » ER L » BRMH B
R FEABFAMEARERTDERS » RERREBE 2 TR o

4 Al 2 B ERHER L HEBRBARK 2R - R ——DHTIRRRBL T RIES
—8 » BN AMAVUERELR B RAYER  ANETRBRERTHEHEEEER QWIS R
2Z LRI ZE R o LBEERR A R TS SRS 2 BB » DS
FRAERR B RZ BE o

HABES KB —RAZ AR AR RRARE » 8555 BOERZEAN  KIHLER
R RIEE - KAARBELRBEHAZHLTS - BERAADHERARRAHE
B o = A Rrd A W R AW LRI Tirs RS > BrhAADEITT BRI R 28 R TR
B STEEANEYL=SZ = WEREA BT BREBAR DR ENEYRT 2528 1 A
PDHMBE o WKBERBE 2 EERBTR + RERFHLZ RIES T RENARERKARWE
MRERE T RS AE o |

5 SHIUH B — O 1A BRI R SRR R SR > BT - ARSI - I
R BT 2 0k o fEZEF A ReR Ak ch BRBELL B 3 R B 2 RO 1B BB » BRIE
EEA BEPE—BLEE——WE > BB EBRAENEBEREN  FIELRMENTES T
BAETAF » (5B B0 T LURFISESR o
| HAPEBRBRERZ ST - kﬁuﬁﬁ#¢zmtﬁmﬁ$ﬂﬁﬁﬁﬁﬁﬁﬁmsﬁk
RIS ISR R S 8 Rl - SRR A A RS Y sy » 48
GBI ABEELF—RELBAGEERRZIE » ARSFUEATRAAY » 192 WEH0E
WAES L AAW » M2 5 RS BB SA R R IL I 2 AR 7Y o 58 5L 2 B A 7ESR A 489 1
F3ARZMZ AN o FHPTBH SR HE RO TR » 54 & IS A B
RET o R EFEAREER A SEEMOE BB R I L o EHEM 336 P RERE
i PR Rt 2 B BT - RLTIHIATS 2 BEAELRBEKAZ RABRFEAREE
S50 RPN TG UK B » TR MIEXRA WHBE 2 A BRNRMELRMELBE o

6 AR R AL T TR B & AR AR T SR 55 - AR ERTEESRE (1954
) BABERRE R AFEXEERPZRITEN « KRREFEY 12 AER S ADBRS
9 BE 11 ARAMFZ FIHHREMEL -

HAH LI » SO AR 2 AT EEAR N » Aok B8 22 A BV B A
RECR RRER R NAABERTRAZ HNER - WERTHEHENBLERBE 2 R4 » &
AR BETI A P SR B » fl BB B A T RN 2 20, - EBRONE 2 4 A B IR & AR B Mk
MR AR BHAEREHEE—FRARE 2 — 85 « REEHREBE 2 55N EE
BBRENBOFRRE  TEENERBEZRERT » TRERB LR BIIEE 2 RRE RS
BBHMZEN  MA AT R AR ERBELATE A R T T2 -



THE ECOLOGICAL RESEARCH OF THE RED-BELLIED TREE SQUIRREL
(CALLOSCIURUS ERYTHRAEUS ROBERTI) DAMAGE TO FOREST
IN TAIWAN

. James Wan-Fu Chang

Artificial forests are being seriously damaged by tree squirrels, The effect of damage is a serious problem in Taiwan.
The extent and degree of damaged continue to increase year by vyear, so control meas-ures-for squirrel damage to planta-
tion are urgently needed. However, so far no eifective measures have been found. We hope lh:oug;h studies of basic
squirrel ecology arrive at more effective measures in the future. -
There were six study methods used in the present study namely: Transect line survey, Time area count, Nest counting,
Marking and release, Hunting success and Reproductive cycle survey. All methods gave reasonable results, but the latter
was given the most extensive use.
) A transect-line survey showed 65% of the: Cryptomeria japonica trees have becn damaged in compartment #192.2
Chitou Experimental Forest in June 1975. Most of tﬁe damaged at the middle or low part of the main trunk of the tree
(Fig. 2). Another transect survey taken during March 1976 found 56% of the Cryptomeria japonica in compartment
#159.2 had been injured. In this case, damage occured at the highest part of the trees, (Fig. 1). A second traﬁsect line
survey of compartment #192.2 in Febrary 1976 found that 96% of the Cryptomeria japonica had been damage in a
shorter period of time. According to Questionaire responses from different forestry working stations, four to twelve.
yvears old trees had serious damage at the middle or low part of the tree, but over twelve years old trees tended to be
damaged in their upper parts, (Fig. 3). ’ _

" Time-area-count method showed that squirrels are most active around 7 A.M. Substantial decrease in activity occurs
after 9 A.M, but increases again after 4 P.M, (Fig. 4). They prefer to act individually rather than in a pair or a group.

Thirty-nine squirrels were captured, marked and released during sixteen working days in compartment #192.2.
Approximately equal numbers of male and female squirrels were captured. 'I"hrce of the thirty-nine captured squirrels
were recaptured at thel same places as their original capture. -

Twenty-one tree squirrels and four [lyingsquirrels the stomach content of were analysed. Those sample was obtained
in both plantations and virgin forests. Squirrels are omnivorous but mainly herbivorous. The proportion of plant materials -
to animal matedals was 90:10 in March and April sample; 100% plant materials in Juiy and August; and 70:30 in October
and Novermber. Only samples taken in March and April found cambium of the Cryptomeria japonica in the stomaches of
the squirrels.

Nest counting found three hundred and thirty-six nests in 11.82 hectares of the compartment #192.2. Among them
were siX nests \;ith young squirrels. As for the distribution of nesting, there were two type of environment with the
highest densities: 1. Mixed forest of broadleaf and Cryptomeria japonica; and 2. Edges of the plantation forests which
are along streams. Nestl were located at a height of 10 meters in the vpper part of the trees. Nests were shaded by dense
branches covered with vines and ferns, especially passion fruit vines. The nests were oval shaped, 75 x 50 x 35 cm in size,
with a side opening. Twigs or leaves of broad leaf and C. japonica were chosen as nesting materials. No stripped bark was
found a§ nesting materials even in the most seriously damaged areas. Nests were constructed in two or three days.

There are two peak birth periods in a year, that is, May and December, (Fig. 7, 8, 9). The rcsﬁlts of this study of

tree squirrel ecology agree with the general conclusions of Udagawa (1954} in that breeding occured in both winter and
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Summer,
There is a periodicity to tree damage during the year. Peak damage Itequency occured in late Febrary to early

April. Approxi.métely two weeks after the peak, damage subslatially declined to rise again in August.
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_THE REPRODUCTIVE CYCLE OF THE RED-BELLIED TREE SQUIRREL
(CALLOSCIURUS ERYTHRAEUS) IN CENTRAL TAIWAN '

De-Chu Tang

From June 1975 to May 1976 monthly samples of the red-bellied tree squirrel {Callosciurus erythracus) were exa-
mined. Reproductive parameters were obtained for a total of 318 squirrels trapped in Nantou Country, Central Taiwan;
included were autopsies of 147 males and 171 famales, The results show that the reproductive activities of both sexes
were coordinately repressed in the autumn, based on findings that pregnant females were absent in September-November,
coincided with the reduction in both testis and ovarian weights. The histdlogical regression of both male and female
gonads during this period, though incomplete, provides additional evidence of decreasing reproduction,

The adult female squirrel can produce more than one litter a year. An average litter size of 1.68 was determined

from forty pregnant females at laparotomy, ranged {rom cone to two.
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. THE REPRODUCTIVE CYCLE OF THE RED-BELLIED TREE SQUIRREL
(CALLOSCIURUS ERYTHRAEUS) IN TAIWAN

De-Chu Tang = Paul S. Alexander

Reproductive parameters werc obtained for a tolal of 318 Callosciurus erytiraeus trapped in Central Taiwan where
the bark-stripping activity of this species was causing severe damage to conifer forests. Monthly collections of squirrels
were made from June, 1975 to May, 1976. Histological analysis of gonads suggests that this squirre] has the potential
to breed throughout the year, A Jow ebb in autumnal breeding, however, is indicated by the data on pregnancy rate and
zonadal regression. Two peaks in pregnancy rate are reported for December (61%) and May (71%), indicaling successi-ve
pregnancies, The limit of two embryos or fetuges observed per pregnancy may reflect the influence of a high population
density.
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RELATIONSHIP BETWEEN THE DAMAGE OF SQUIRREL
AND WOOD CHEMICAL COMPOSITIONS (1) o .

Ching Kao  Kuo-Yun Fang

" This study is on the relationship between squirrel damage and the wood extracts in Taiwania (Taiwania cryplo-
merioides Hay.) and Konishi-fir (Cunninghamia konishii. Hay.).

On the assumption that the resistance or suceptibility of conifers is due to squirrels’ preference for some chemical
compounds, we conducted the Jollowing experiments.

Without destroying the original form, essential oil,essential oil and resin, or essentlal oil, resin and tannin, were
extracled respectively from the wood of both species. The specimens of wood thus treated were Used separately in the
biting test by Formosan redbellied tree squirrels {Callosciurus erythraeus roberti Bonhote) separately.

Process of extraction was as follows: 1. Essential oil in the raw wood was taken off at a temperature of 45£2°C
under reduced atmospheric pressure; 2. further resin was removed by dichrolmethan solvent; and 3. there alter, tann'in
was extracted by 1:1V/V acetoewater solvent. The raw wood and three kinds of wood, from which some chemical
compounts had been removed, were used in biting test by squirrels. '

Results showed; 1. The Konishi-fir wood showed no significant differance between the raw wood or any of the
ireated wood specimens. 2. The squirrels preferred wood from which resin had been removed more than the untreated
ones in Taiwania. This difference showed singigicantly in 1% level.

To confirm our discovery, we carried out another experiments show consistenlly that some chemical repellents

exist in the Taiwania resin. 1



LAHHBAFAFELSL ( Master Thesis of Division of
Silvicul ture, Graduate Inat. Forestry, N-T.U.} 63pp.

{ 1980)

AR RS 2 T A IR I 2

2 3

AR AT ETRAELRBERAS ZRE » REHHANS LBEARSFER o

FERRKBEEY » BRBELGRERTEE » RUKIRERLWRE ( bioassays ) 2 ¥
% BUREEEAABYZARRBE 2R » REKALSBARS ZH B -

ABERABERERBRALBARS  BRPRERR  MEURERRYR » THEXHAR
PEEA T E BB FIMON « LFEHE S 2 h4512°C HEBRREMRIESHZEE 382
RFEBABREAME A AMRE-—K (1 : 1V /V) BERAREBBE S HKE - B4k
BERERR  RERRHARZERTEE | SMERKREERIEE  FERR 2 MAREE o 5k
EARRRREEZARE > BHARANISHY GBI o g SRIZAM TR AR KD » &
PR B RIE AR X » FAABZANEARERRZEARS » RAEBEE BNLBH &M -

RELATIONSH { P BETWEEN THE DAMAGE OF FORMOSAN
RED-BELLIED TREE SQUIRREL AND WQOOD
CHEMICAL COMPOSITIONS

Kuo-Yun Fang

This study is on the relationship between squirrel damage and the wood extracts in Taiwania { Taiwania cryplo-
merioides Hay.) and Konishi-fir (Cunninghamia konishii Hay.). ‘

On the assumption that the resistance or suceptibility of conifers is due to squirrels’ preference for some chemical
compounds, I conducted the following experiments, -

Without destroying the original form, essential oil,cssential oil and resin, or essential oil, resin and iannin, were
extracted respectively {rom the woud of both species. The specunens of wood thus treated were used separately in the
biting test by Formosan red- bellled tree squirrels (Callosciurus eryrhraeus roberti Bonhote) separately.

Process of extraction was as follows: 1. Essential oil in the raw wood was taken off at a temperature of 4532°C
under reduced atmospheric pressure; 2 further resin was removed by a dichrolmethan solvent; and 3. there after, tannin
was extracted by 1:1V/V acetoe-water solvent. The raw wood and three kinds of wood, from which some chemical
compounts had been removed, were used in a biting test by squirrels. -

Results showed; 1- The Konishi-fir wood showed no significant difference between the aw wood or any of the
treated wood specimens. 2. The squirrels preferred wood from which resin had been removed more than the untreated
ones in Taiwania, This difference showed significantly in 1% level. To confirm my discovery, 1 carried out another experi-
ment. Rice was immersed in resin removed Irom Taiwania. Squirrels were afraid to eat it. These two experments show

consistently that some chemical repellents exist in the Taiwania resin.
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POPULATION DYNAMICS OF THE RED-BELLIED TREE
SQUIRREL (CALLOSCIURUS ERYTHRAEUS)

Yao-Sung Lin  Shao-Pin Yo

This study was conducted in Chitou 1o investigate the population density, home range size and dispersal pattem of
the red-bellicd tree squirrel_, lactors that might affect trap response were also discussed, In July 1978 timc-area counts
were conducted al the Mt, Phoenix plot and in Plantations 168 and 159. Further intensive research employing the mark-
recapturing metheds was conducted at Plantation 1-68 from August 1978 to March 1980 to gather informations on
monthly change in population density of the squirrels and their home range size.

Basced on data obtained by time-area count, the density of squirrels in Plantalion 168 was higher than that in Planta-
tion 159, In Plantation 168 the average number of squirrels capturcd per 100 trap night (CPUE) was 2.34 from August
1978 to February 1979, and the estimated population density was 2.5 squirrels per hectare. The CPUEdeclined to a mean
of only 0.81 from March to the following ycar. This significant decline in capture of squirrels coincided with the use of
warlarin in neighboring Plantalions.

The average number of months each squirrel was known to have lived in Plantation 168 was 4.5 months. Adult
male exhibited the largest home range size. But no significant difference was observed among the home range size of
adult female, immature male and immature female squirrels.

The male to female sex ratio for adult and immature squirrels was 15:10 and 15:15, respectively. Warfarin baiting
had no differential effect on either sex. : )

The frequency that squirrels were trapped did not vary with sex or maturity. The obscuring cover density of the
habitat had no effect on capture rate of sguirrels, but the topography of the capture site definitely exhibited some

clfect on capture rate as more squirrels were captured per site on the ridge than the slope in Plantation 168,
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RELATIONSHIP BETWEEN THE DAMAGE OF FORMOSAN
RED-BELLIED TREE SQUIRREL AND WOOD EXTRACTION

Feng-Dann Hwang

Formosan red-bellied tree squirrels, (Calloscivrus erymmeus% roberti Bonthote) rarely damage! Taiwania (Taiwania
_cryptomerioides). We would study the mechanism of the squirre! resistant characters of this tree.

We sludy sugars in bark and sap wood qualitatively in Taiwania. As a comparison, we study sugars in konishii-fir
{ Cunininghamia konishii} bark & sapwood contained more sucrose than Taiwanta’s. Besides, konishii-fir contained raffi-
nose which was not detactable in Taiwania.

1t trying to find a toxic secondary compound in Taiwania, we used column chromatography to separate non-polar
resin. We used the following washing solvents; (1)} n-hexane; (2) 75% benzene-25% ethyl acetate; (3) 50% benzene—SO%
ethyl acetate; (4} alcohol. After getting their washing solution, we, then, used Formosan Red-bellied tree squirrels to
proceed bicassays. That means we fed the squirtels with three treatments soaked corn respectively. (a) contrel; (b) corns
saturated into various solvents; {c) corns saturated into dilferent washing solution. The results have shown that Formosan

Red-bellied tree squirrels are only afratd to eat the corn soaked in the washing solution of 75% benzene—25% ethyl acetate.
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A PRELIMINARY STUDY BY PEROXIDASE ANALYSIS OF TWO
GENOTYPES OF CHINA—FIR (CUNNINGHAMIA LANCEOLATA)
DIFFERING IN THEIR SUSCEPTIBILITY TO SQUIRREL DAMAGE

Feng-Hou Huang  Song-Gen Huang Po-Han Hsu  Yen-Li Chung

We take one picce of bark form cach of 3 Cunninghamia lanceolata trees grown up for 23 years in which one bark
had been scrious damaged by the squirrel, the other bark was 'slig’htly' damaged and the third bark was no harm, we
determine them by analysis of starch gel electrophoresis with dense boric acid solution in order to revcaled the enzyme
bands of peroxidase, we got the primary result as following: the most harm bark did not appear P;, which we made
a comparison with slightly harm bark and no harm bark and we found the most harm bark did not appear the opposited
basis of P,, there are different natures ol opposited basis among the sericus harm bark, slightly harm bark and no harm
bark according to the statement of heredity, because the serious bark is lack of opposited basis of P, ,50 it can not make
Phenol o become oxidized condition which make the squirrel like to eat the- bark, however, the barks of Cunninghamia
?fanceobra without damage and the bark with slightly damape seem to have a certain peroxidase which made phenolic
cempound oxide to produce a certain poison nature or specialized odor containing compounds that make the squirrels

do not like to eat them.
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THE REPRODUCTIVE BIOLOGY OF THE.RED-BELLIED
TREE SQUIRREL, CALLOSCIURUS ERYTHRAEUS,
AT PING-LIN, TAIPEI HSIEN

W.H.T'sui F.Y.Lin C.C.Huang

The reproductive biology of the red-bellied tree squirrel, Callosciurus erythraeus, was studied morphometrically and
histologically. Conclusions were drawn based on 246 squirrels (100 99, 146 Jdd) collected at Pinp-Lin, Taipei Hsien, fram
December, 1978 through February, 1980. The female had two active reproductive periods, January to March and June
to Aupust. The pregnancy rate in spring (509%) was much higher than that in summer (26%). The ovulation rate, preim-
plantation loss, postimplantation mortality and litter size were analyzed {rom 15 pregnant females. The spring breeders
ﬁroduced more young than the summer breeders. The gonadosomatic index (GSI) was a reliable indicator for the repro-
ductive Qtate of the male. Cyclic changes in GSI were observed in the mature male but not in the immature. The mature
male squirrels had two peaks of GSI values in March and June, respectively. Cyclic changes in the weights of the epidi-
dymis, seminal vesicle, prostate gland, and Cowper's gland were comparable to those in the testes. The adult male was
sexually quiescent from September through November. The red-bellied tree squirrel reached its sexual maturity at the

age of about one year. The spring litters grew laster and larger than the summer ones.
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CORRELATION OF THE DAMAGE BY FORMOSAN
RED-BELLIED SQUIRREL WITH CHEMICAL
COMPOSITION OF WOOD : PART Iii
SUGAR CONTENT OF BARK

Pao-Chang Kuo Ching Kao  Chii-Fuw Liu ' Feng-Dann Hwang

The objective of this research is fo analyze the retationship between the amount of debarking by Formosan red-
bellied squirrel (Callosciurus eryihracus) and the sugar content in bark of Cryptomeria (Cryptomeria japonica), Ciﬂna-ﬁr
(Cunninghamia lanceolata), and Taiwania (Taiwania cryptomerioides). Through this research, it is hoped to ascertain the
reason of squirrel debarking damage of the three spicies.

The data on the amount of peeled bark by squirrel was collected from plantations of the species. The sugar in
the inner bark fphloem plus cambium) was purified through a chromatographic column and analyzed by paper chroma-
tography. Based on data collected through entirc year, regressive equations were developed for each species to correlate
the amount of debarking and the bark supgar content. -

Several important results obtained in this study are cited as follows:

1. Sucrose is a major component of ‘the supgar contained in the bark for Lhree species examined. However, small
amounts of raffinose were found in the bark of Cryptomeria and China-fir from January to March. On the other hand
such sugar was not found in Taiwania's bark through the whole year. This presence of raffinose could be one reason for
debarking however, a further confirmation is needed.

2. The sugar content and amount of the bark damage in of Cryptomeria and China-fir are signficially higher than
in Tajwania. In other words, the sugar content of bark could bé an important factor which controls the susceptibility
of the three species to the debarking of squirrels. )

3. The sugar content and amount of damage is not significantly comrelated for Taiwania. The less incidence of

squirrel debarking in Taiwania during the observed period is probably due to a low bark sugar content.
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A CONTINGENCY STUDY ON THE DAMAGE BY FORMOSAN
RED-BELLIED TREE SQUIRREL AND GROSS RESIN EXTRACTIVES
OF TAIWANIA SHOOT

Tyh-Yann Shyn

Formosan red-bellied tree squirrels {Callosciuros erythraeus roberti Bonthote) damage luanta fir (Cunninghamia
konishii) China fir (Cunninghamia lanceclata). They damage china fir much more than Taiwania (Taiwania crypio-
merioides). According to, of my fellow students preceding works, the repelient compounds of Taiwania exist in it's resin.
1 used the column chromatography to separate non-polar resin. I used the following washing solvents; (1) 100% benzene;
75% benzene — 25% ethyl acetate; (2) 50% n-hexane — 50% beniene; 100% benzene; (3) 25% n-hexane — 75% benzene;
100% benzene; (4} 90% benzene — 10% ethyl acetate; 75% benzenc — 25% ethyl acelate.

Aflter collecting the washing so]utlons, corn would be scaked in these solutions respectively.

Then 1 worked on bicassay. I fed the squirrels w1th corn under the lollowing treatments respectwely {a) control
(b) cotn soaked in the different solvents. (c) com soak in the different washing solutions.

The results have shown that the repellent compounds exists in the following part: the washing solutions of 25%
n-hexane — 75% benzene to 75% benzene — 25% ethyl acetate.
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RELATIONSHIP BETWEEN THE DAMAGE OF
SQUIRREL AND WOOD CHEMICAL COMPOSITION (II)

Ching Kao. Tyh-Yann Shyn  Feng-Dann Hwang

In our preceeding paper, we [ound that the squirrel repellents in Taiwania were in the crude resin.

Wood of Taiwania was exiracted in dichloromethane, then, evaporated in a vacumn evaporator. The concentrated
cxtract was pbur into a silica column. Two hundred ml. of one ol the following washing solvents was used to wash the
colummn is sequence (1)} n-hexane (2} 50% n-hexane and 50% benzene (3} 25% n-hexane and 75% benzene, (4) 100%
benzene (3} 75% benzene and 25% ethyl acetate (6} 50% benzene and 50% ethyl acetate (7) 100% ethanol.

The described washed solutions were collected respectively. -

Twenty five grams of crushed corn were divided into three parts (1) check (2) soaked in one of the described solvents
(3) soaked in one of the described solutions respectively.

Alter scaking, these corn were dry in room temperature for 48 hr., then, were used for feeding one squirrel. After
two feedling days, the residue corn were collected and weighed.

The replicates were used in these experiments.

We found that there was no squirrel repellent in (1) n-hexane (2) 50% n-hexane and 50% benzene, neither in (1) 75%
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benzene and 25% ethyl acelate, and (2 ethanol parts.
The squirrel repellents were jsolated in (1} 25% n-hexane and 75% benzene (2) 100% benzene and (3) 75% benzene
and 25% ethyl acetate parts.
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BREEDING OF SQUIRREL-RESISTANT STRAINS OF
CUNNINGHAMIA LANCEOLATA-(1) RELATIONSHIP BETWEEN
BARK RESIN CONTENT AND SQUIRREL RESISTANCE

Song-Gen ‘Huang - Jui-Chung Shieh ' Zou-Yung Kung Chao-Hsien Fu

Cunninghamia lanceolzta is heavily damaged by squirrels in Taiwan. Usually, the squirrels are poisoned by I.I.Sil:lg
pills to prevent or reduce the trees damage. However, there are difficulties in using this methods for a large scale protec-
tion. Hence, breeding of squirrel-resistant Cunninghamin lanceolata has received considerable attention in recent years.

" It is suggested that any tree with higher resin content in the bark may increase its resistance against squirrels attack.
Therefore, this study is to investigate whether the high-resin content theory does apply 1o breeding of squirrel-resistant
strains of Cunnminghamia-lanceolata. .

. Results of this study reveled that tﬁe damaged t[ées had significant lower bark resin content than those of the unda-
maged trees. The test data indicated that the average content of the bark resin in the winter season was higher than
the rest of the seasons. Hence, the degree of the squirrel damaged was very limited in the winter time.

A feeding test was also carried out and the resulls showed that the squirrels did not eat those foods with high resin
content. We therefore concluded that the resistance of Cunningham:h lanccolated to squirrels damage is related to high
resin content in the bark.
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RADIO-TRACKING OF A RED-BELLIED TREE SQUIRREL.
' AT TUNGHAI UNIVERSITY

Paul S. Alexander .

INTRODUCTION

In August 1975, 13 female and 11 male squirrels (Calloseiurus erythraeus) from Nantou Country were released in the
campus wo_ods_ of Tunghai University (Cheng, 1976). It was intended to stuay the reproductive ecology and habits of
these squirrels in the convenient campus area for comparison with other studies of this species begun in 1974 (Chang
1976 and 1982; Tang and Alexander, 1979), X I

Although many noles have been recorded for the campus.squirrels by the author and his students duripg the past
nine years, no systematic study of the whole campus population of squirrels has been carried out. This paperis a brief
note reporling the movements of an adult female squirrel for two weeks in April 1979. T

METHODS

On April 9, 1979 a mature female Red-bellicd Tree Squirrel. was trapped in an Acacdia tree within 18m dislance from
the author's home. A tiny radio-transmitter altached to a Nitted collar {Wild-life Matenials, Inc., U.8.A.) was placed oﬁ the
squ-irrel’s neck before release in the same place. With the use of a radio-receiver from the same company, the squirrel’s
movements were followed from April 11-24 with the cxception of one day on April 21 when the author was absent from
campus. Alter April 24 no subsequent signal could be recorded. On May 22 the squirrel was sighted about 100m from
the site of trapping, and no signal was obtained at close range, indicating that the radio-transmitter battery was dead.
The squirrel was.trapped on September 11, 1979 about 50m from, the site of trapping and was autopsied to ex-;_amine its

reproductive condition.
"RESULTS AND DISCUSSION

Figure 1 shows the location of the female squirrel from the date of first trapping on April 9, during the perod of
radijo-tracking April 11-24, on May 22 after the [ailure of the radio-transmitter battery, and on Seplember 11 when it was’
finally trapped and autopsied. The densely wooded area covered by the squirrel was approximately two heetares, 200m
long and 100m wide, between a rocky gully and four residential buildings. A total of 35 positioﬁs was recorded for the
perod April 11-24. The greatest distance between recorded positions in one day was about 150m on Apnil 15, endi)zlg
with an over-night rest in a nest in a bamboo 10m behind the author’s home. The squirre] also spent the night of April
23 in the same nest. The overningt position of the squirrel was located additionally only for the night of April 12 at the
upper limit of its range near the student dormitories. On other nights a weak signal received at the author’s home sug-
gested the position to be in the upper half of the squirrel’s home- territory,

During the period of these daily observations only one additional squirrel was seen or heard in this territory at the



same time l-hal the position of the marked squirrel was known. Thercfbre,— it was a great Isu_rprise to find that traps set
in this area in early September and again in Ear!y October caught a total of 10 squirrels, Among these squirreis' were three
nearly fulkgrown, sexually immature squirrels and three small squirrels. The female squirrel with the “dead” radio-
transmitter was captured on September L1 and found to be lactating. Three thick uterine scars suggest that this squirrel
was the mother of the three small squirrels.

It is quile possible that she was also the mother of the three larger, immature squirrels captured. Three are two
breeding peaks for this specics in winter and late spring (Tang and Alexander, 1979).

The home range of this female squitrel in the Tunghai campus, estimated Lo be approximately two hectares, is much

larger than the home ranges estimated by Lin and Yo (1981) and Chang (1982} for squirrels trapped at Chitou {Nantou
Country). L
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THE SQUIRREL-RESISTANT MECHANISM IN TAIWANIA (1V)
THE I|SOLATION OF THE SQUIRREL REPELLENTS
FROM TAIWANIA BY COLUMN CHROMATOGRAPHY

Ching Kao  Tsai-Ming Lee

The conifer plantation in Taiwan is damaged by formosan red-bellied tree squirrels { Calloscitrus erythaeus roberti
Bonthote). Luanta fir (Cunninghamia konishii), Cryptomera (Cryptomeriz japonica) and China r (Cunninghamiz
lanceolata}) were damaged severly, but there is less or even no harm in Taiwania { Taiwania crytomerioides).

There is a serial research in finding the reason why the squirrels distaste Taiwania. According to previous experiments,
we found there is related with resin. ’

In this experiment, we use column chromatography to separate the dichloromethane extract from the wood of
Taiwania,.me solvent system of elution is (1) 100% n-Hexane (2) 50% n-Hexane+50% Benzene (3) 10% n-Hexancet
90% Benzene (4) 100% Benzene (5) 90% Benzenet10% Ethyl acetate (6) 80% Benzenet+20% Ethyl acetate (7) 75%
Benzenet+25% Elhyl acetate {8) 50% Benzenet50% Ethyl acetate and collect those effluent respectively.

The squirrels are used to test each of these fractions and choose the [ractions which the squirrel are more deterrent.

The fractions in using 100% bengene, 90% benzenet+10% ethy acetate and 80% benzenet20% ethyl acelate, as

the running solvents, have shown the significant deterrent effect.
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- BEHAVIORAL STUDY OF THE HED-BELLIEb TREE SQUIRREL,
CALLOSCIURUS EYRTHRAEUS

Lien-Siang Chou  Yao-Sung Lin  Hin-Kiu Mok

The behavior of the red-bellied tree squirrek; Callosciures erythracus was studied from July 1981 through March
1983 at the Taipei Botanical Garden. The patterns of locomotive, alert, exploratory, feeding, debarking, eaching, auto-
greoming, resting, nest-building, apgressive, amicable and mating behavior were described and theirmonthly activities
were.analyzed.

The behavioral patterns are more similar to those of other tree squirrels than those of other ground squirrels. This
may be due to the difference in arboreal and terrestrial life styles. Monthy change in fgeding and resting activities may be ‘
related to energy adjusr.ment.. 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 frequently in autumn, and is elicitated by certain kinds
of drupes and their falling periods. .

The adult is more aggressive than the juvenile and the female is more aggressive than the male. The chasing activities
of males may be due to pursuing mates or getting rid of juveniles. The appearance of amicable behavior is frequently
conducted by mother-children, siblings and nestmates. The separation of mother and children probably occurs in August
and December. Usually, some apression exists between male and female. When the courtship begins, several males
will chase ore female in the same time, and the males will compell each other away for competition. Finally, the last

persistent one is accepted by the female.
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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

F
The conifer plantation in Taiwan is damaged by formosan red-bellied tree squirrels ( Callosciurus erythaeus roberti
Bonthote). Luanta fir {Cunninghamia konishii), Cryptomeria {Crypromeria japonica) and China Nr {Cunninghamia
lanceolata) were damaged severly, but there is less or even no harm in Taiwania ( Taiwaria crytomeriodies).

There is a serial research in [inding the reason why the squirrels distaste Taiwania. According to previous experi-
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ments, we found there is relaled with resin.

In this experiment, we use column chromatography to separate the dichloromethane extract from the wood of
'i‘aiwama 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% Benzenc + 10% Ethyl acetate (6) 80% Benzene + 20% Ethyl acetate (7) 75% Benzene
+25% Ethyl acetate (8) 50% Benzene + 50‘% Ethyl acetate. .

The squisrel are used to rest cach of these fractions and choose the fraclions which the squirrels are more deterrent.

- The fractions in using 100% benzene, 90% benzene + 10% ethyl acetate and 80% benzene + 20% ethyl acetate as
the running solvents, have shown the signiﬁcerit cffect.

Analyzing these fractions by gas chromatography, we found that there are four main materials. After reanalyzing
in column chromatography and detecting in GC coinjection, infrared spectraceopy and nuclear magnetic resonance
spectroscopy, we consic_ler these four compounds aré, according their retention time, (1) in 29.95 min is T-Cadinol (2) in
30.37 is T-Murrolo! (3) in 31.52 min is e-Cadinol (4) in 57.15 min is unknown yet.

Using the purified compounds of -T-Cadinol, T-Murrolol and &-Cadinol in bioas-say, we (ind out that there isn’t-
_ deterrent effect to formosana red-bellied tree squirrel in T-Cadinol only but is significant in T-Cadinol and T-Murrolol

mixture.
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MI:_I'HODS‘-OF SAFEGUARDING NONTARGET WILDLIFE
WHEN. CONTROLLING RODENTS

Rex E. Marsh

There are many techniques that can be sued in Taiwan to safeguard nontarget wildlife when controlling rodents,
in addition to wildlife-pesticide education. They include the ai:propriate selection of rodenticide, bait type and formula-
tion, the rate and distribution of the bait, restricting accessibility of nontarget species to the bait, and timing of control.
The ir_nportance of the type or kind of grain used for bait, the concentration of toxicant in the bait, artificially colored
baits, conditioned aversion, and emetics is also détailed. Innovative baits and b'ait stations are discussed :;s they relate

to protecling wildlife from exposure. Several examples are given ol {uture directions for continuing efforts to provide
new safeguards to nontarget wildlife.
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THE BEHAVIOR!&L STUDY OF THE RED-BELLIED TREE SQUIHREL
- {(CALLOSCIURUS ERYTHRAEUS)

Yao-Sung Lin - Ling-Ling Lee

This study was conducted at the natural forest and neighboring 60-5 plantation forest (Crypfomeria japonica) at
Chitou from July, 1979 to December, 1980 to study _-the behavior and activity of the red-bellied tree squirrel {Catlos- -
ciurus erythraeus),

Through 710 hours of field observation, a total of 850 times of squirrels were observed. They were solitary most of
the time (88.6%), in pairs some times (10.3%), and occasionally in group of three or more (1.1%). The daily activity of
the squimrels on trees showed a binomial pattern. They were more active at dawn (Sunrise-8:00 am ) and dusk {4:00 pm-
sunset), and less active at mjdday during which time they appeared in the underbrush,

Ninety bait stations were set in 60-5 plantation forest before May, 1980. Three hundred grams of sweet potatoes
were distributed to each station daily, and this attracted many squirrels to that area. An average ol 1.21 individual squirrels
can be sighted per hour during that time period. Bcginniml; in May, 1980, the amount of bait was gradually reduced and
baiting was completly stopped in July, 1980. The number of squirrels sighted dropped to only 0.26 individual per hour
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in average. _

The fiekl observation on the squirrel behavior was rather difficult. Qut of the 850 times of squirrels sighted, 498
times of the squirrels were just passing by the viewer. The behavior of the remaining 352 times of inindividual squirrels
can be divided into: (1) foraging behavior {2) grooming behavior (3) playing behavior (4) ncsting behavior (5) parental

care behavior (6} resting behavior (7) agonistic behavior (8) following behavior {(9) vocalization. All these behaviors
were described, analyzed and discussed.
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_CfANNIBAL BEHAVIER OF CAGE-RAISED ANIMAL OF THE RED-
BELLIED TREE SQUIRREL (CALLOSCIURUS ERYTHRAEUS)

Pao-Chang Kuo

- Tt has been a common practice for the author to conduct a study concerning food preference of squirrel. After
squirrels were brought in by hunters, they were raised in the middle (60x50x45cm) or large {120x50x45cm) cages which
nermally contained lour to seven animals for several weeks or month to become habiteated before regular study is
undertaken, Such arrangement has never caused any killing between squirrels raised in the same cage. Observation made in
1982 were based on four to seven squirrels raised for about half an yelar. The total number of test squirrels was about 100,
Sixty five squirrels were killed when they were raised in the same cages. Such fact was cruel and unbelievable. The red-
bellied tree squim;.ls are very shy and are always hidden in the cage when people working near them. One culm moming
dl_lring the summer of 1982, belore Anﬁy typhoon hit Taipei, we observed squirrel jumped and yelled in the cages indica-
ting that the typhoon was coming soon. In that evenjﬁg, Andy typhoon came, seriously broke the roof and five squirrg:ls
dead.
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STUDY OF THE MAINTENANCE BEHAVIOR OF
THE RED-BELLIED TREE SQUIRREL,
CALLOSCIURUS ERYTHRAEUS

" Lien-Siang Chou Yao-Sung Lin Hin-Kiu Mok

The maintenance behaviors of the red-bellied tree squirrel, Callosciurus erythracus, were studied {rom November
1981 through October 1982 at the Taipeil Botanical Garden. The patterns of locomotive, alert, exploratory, feeding,
debarking, caching, autogrooming and resting behaviors are decribed and the monthly change in the latter 5 behavioral
activities are analysed. The behavioral patterns are more similar to those of other tree squirrels than those of other -
ground squirrels.” This may be due to the dilference in arbereal and temestrial lile styies. Monthly change in leeding 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 frequently in autumn, and is

elicited by certain kinds of drupes and their falling periods.
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POPULATION ECOLOGY OF THE RED-BELLIED TREE SQUIRREL (CALLOSCIURUS
ERYTHRAEUS)N JAPANESE FIR PLANTATION IN TAIWAN

Shao-Pin Yo’ -,

The population ecology of red-bellied tree squirrels (Callosciurus erjvrhrc_reus) was studicd at Chitou, an experimental
forest station ol National Taiwan Univérsity, by using mark-recapture ﬁethod from August 1978 to May 1983. Mulﬁplq
recapture data were used to analyze the life history, home range dynamics and population dynamics of red-bellied tree
squirrels. _ ' _

Subadult squirrels grow rapidly after weaning in summer or fall and reach adult body mass in winter, The body mass
growlh pattern was [itted belter by the logistic model than either the Von BertalanflTy or the Gompertz model, One year
is required for the subadult to reach reproduclive maturity. Adult females produce one litter per year. Summer and fall
are the main brecding seasons and the mean body weight of lactating females was heavier than the mean body weight of
non-actating femalcs.

Home range of resident squimrels was measured with a non-parametric method, The mean home range of squirrels
in summer was smaller than the imean home range of squirrels in other seasons. Adult female squirrel§ ocgupied stable
home ranges, while adult males and subadults shifted their home ranges with feod fluctuation in the habijtat and re-
productive seasons, Subadult squirrels shifted their home range apparently so as not to compete with their mothers in
winter. Food supply is more important than population density in regulating home range sizes of the squirrels.

Three population esiimation methods, MNA, Jolly-Seber and Otis ct al., were compared by using the same mulliple
recapture data. MNA was thc best estimation method for red-bellied tree sq‘uifrels. Otis et al. method underestimated
population sizes in 24 -cut of 31 months, while Jolly-Seber method was not reliable when the sample size was small.

Population dynamics of red-bellied tree squirrels was analyzed to determine the impact ol applying Klerat baits,
warfarin baits and habitat manipulation on the squirrel populations, Treatment with Klerat bails reduced 50% of squirrel
population in one year, but there were no significant changes in estimated seasonal survival rates after applying Klerat
baits. The survival rate of subadults was higher than adults after applying warfaring baits, )

Habitat manipulation, especially weeding, reduced the survival of squirrels, but the squirrels inhabiting the sur-
rounding areas used the unoccupicd space in the treated area as transients. '

Red-bellied tree quirrel recruitment patterns were studied in plantation number 168 and 51-5. These sites differed
in habitat quality, New squirrels replaced old squirrels more rapidly in 168 than in.51-5. Subadults were likely to stay
longer in a poorer habitat like 168, while adulls occupied the better quality habitats like 51-5. Adult females survived
belter than adult females. . . -

Sex ralio (maleffemale} was not significantly differcnt from 1:1 based on the yearly pooled data. However, the
courtship behavior with groups of males chasing one female caused a male biased sex ratio in spring. The male biased

subadult sex ratio supgested that subadult males have a greater tendency to disperse away from their nesting home after
weaning.



Home ranges of 148 red-bellied tree squirrels were analyzed with univariate, bivariate and non-parametric statistical: -
models. The non-parametric model is more precise and realislic than univariate and bivariate models, -

A scasonal fluctuation of home range size was found in the red-bellied tree squirrel population. The mean home
range of squirrels in summer was smaller than the mean home range of squirrels in other seasons. Most adult females
hold stable home range areas. Adult males and subadults of both sexes shifted their home range more frequently than
adult I'emales.- Home range shifts by adult males were related to changes in seasonal food supply, while subadults shifted
their home ranges alter weaning to avoid the competition with their mothers for food in winter.

A signilicant correlation was found between the number of red-bellied trec squirrels with overlapping home ranges
and the population size. Food distribution and abundance are more important than population density in regulaling the

heme range sizes of red-bellicd tree squirrels,
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PRELIMINARY STUDY ON THE DIFFERENCES OF DISTRIBUTION OF .
RED-BELLIED TREE SQUIRREL (CALLOSCIURUS ERYTHRAEUS) .
IN CHITOU AND SANLINCHI CRYTOMERIA PLANTATIONS

Chung-Hsien Chen

From February 1985 to February 1986. This study was conducted at Crypiemeria plantations located in Chitou

- and Sanlinchi, Squirrel population was estimated during two periods by mark recapture method. Number of squirels

captured showed that squirrel population in Chitou is higher than that in Sanlinchi. It also reveals that squirrel damage is
severer in Chitou than that in Sanlinchi. .

The differences ol distribution of squirre] population may be due to varations in temperature, soil and availability
of food planis. Plantations in Chitou has warmer temperature, good soil and higher site index and more foqd plants
than that in Sanlinchi. Sanlinchi plantations secms not very suitable for squirrel habitat, because of low tcmiberature,
poor soil and less distribution of Tood plants.

Availability of food plants to squirrel can be a key [actor which results in the differences of squirrel distribution in
Chitou and Sanlinchi. However, soil and site quality to some extend affect the growth ol cover plants, but low tem-

perature may be a minor facter in the distribution of both squirrel and cover plants, This requires a further study.
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CHEMICAL CHARACTERISTICS OF THREE CONIFERQUS!INNERBARKS AND
THEIR INFLUENCE ON .THE [SUSCEPTIBILITY TO SQUIRREL DAMAGE

Chi-Shih Chu

Red-bellied tree squirrel fed on the bark of Taiwania, Cryptomeria, and China-fir at the different rate. Whether
nutritional compounds and others in these trees affected the squirrel feeding. We collected the experimental materials
in Chi-Tou Districl of Experimental Forest of National Taiwan University.

Afler extracting them with methanol and cleaning tannins out by ACLA method, the quan-tity of total sugars and
. reducing sugars were determined; the quality and quantity ol [ree amino acids were determined by paper chromatography

and autc-amino acid analyser. Other innerbark compositions such as moisture, oven-dry-wood, nonpolar crude resins,
starch, benzene-ethanol extracts, lignin, pentosans, cellulose, soluble tannins, and ash were determined.
Seasonal changes of the quantity of total sugars and reducipg sugars and the quality and quantity of {ree amino -
~acids were determined. The quantity of total sugars were all lowest in July but Taiwania was highest in September and
Cryptomena and China-fir were highest in December. The quantity ol reducing sugars were alj highest in March. -

The innerbark of Taiwania and China-fir had 12 kinds of free afhine acids. 8ix of them might be essential amino



acids ol squirrel, these were histidine, thrconine, valine, ispleucine, leucine, and pheny]a]ér;inc. The innerbark of
Cryptomenria had 11 kinds of free amino acids. It might have the same essential amino acids of squirre] in Taiwania and
Chinz-fir except phenylalanine. The quantity of free amino acids were alj lowest in December but Taiwania was highest
in February, Cryptomeria was highest in Apnril, 2nd China-fir was highest in July, _ _ ]

The chemical composilions of innerbark except tannins and nonpolar crude resins which may be the deterrents

for Taiwaniz were no relation to tree damage by red-bellied Lrec squirrel.



LSAEBHHRME  ( Tech, Bull., Exp. Forest, N.T.U.)
12,20pp. { 1957) HAEEK

EEREBERAZTNE
TR

RE 45 £ 2 B BEREBADERKEREREZ I ~EZAR - BXE ~ BARBRATEFS
Pt HEBEREREZNY » B#URRR -

BRRERRZEE - RABGTR : REEEESBA NN | TAXEEGIHAE > 1
EER o ‘ :

BESRBZHER » NERTBRE R « SREBE2EHN - ENRREEHE -

BEBERAZIL  UBE—HERRS  BE_REKZ  REZRENRZ - HREZH
fir > MR RERI » HRBEEEKZ | RHEEEEREKE -

MM A w2 FEHY » KRREHK o

HRABMBRBELE » BYBHET  SHEREBFIVRFEDS » REBERS ~ BRRMNTEE D

A PRELIMINARY SURVEY OF SQUIRREL
DAMAGE TO FOREST TREES
IN TAIWAN

Pao-Chang Kuo

A good many important trees in the mountains of central Taiwan have been injured by various species of squirrels.
The two species of squirrels, namely Caflosciurus erythraeus ceniralis (Bonhote) and Témfops swinhoei formosanus
(Bonhote), were found at Chi-tou District of the Experimental Forest of National Taiwan University. The effect of
their injuries becomes a very serious problem in forest protection. Not only is the wood quality of the damaged tree
greatly reduced, but, also the rate of growth of the tree is retarded. In one instance an entire plantation of the exotic
Japanese cypress (Chamaecyparis obtusa S. & Z.) tumed out to be a failure due to the excessive injury by squirrels.

Observations of squirrel damage were carried out in compartments 2, 3, 5 and 6 of the Chi-tou Distrct in 1956.
On 45 circular plots of 0.0]1 ha each, a total of 740 trees of S species, namely Cryptomeria (Cryptomeria japonica
D. Don.), China fir (Cunninghamia lanceolata Hook.), Luanta fr (Cunninghamia konishii Hay.), Japanese cypress
(Chamaecyparis obtusa S. & Z.),and maiden_ha.ir_ tree (Ginkgo biloba L.), ranging [rom 12 to 37 years old, was examined.
During the observation, special aftention was paid to thé three races of Cryptomeria (Yoshino, Satsuma and Kumano).
Over a period of two yea:s-in the forest, the author had learmed the cause of the scars and trunk deformities in the
various species. They were caused by the removal of strips of bark by squirrels. This cause was proved by the presence
of teeth marks of squirrels on all the damaged trees, It is believed that the objective of the squirrels in stripping up the
bark is to eat the gelatingus cambium which lies just inside the bark of the trees.
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INVESTIGATION. OF SQUIRREL DAMAGE
TO FOREST TREES IN TAIWAN

Yau-Teh Fan
SUMMARY

A good many important tree-species in the mountains of Taiwan have been injuried by squirrels. The effcet of
their injuries becomes a very scrious problem in lorest protection in Taiwan. Not only is the wood quality of the

damaged tree greatly reduced but also the rate of growth of the tree is retarded.
EXTENT OF INJURY i

{ Extent of injury to tree species & stands, at pure stands of softwood, the exotic treespecies, is {he highest, excepl
those 'wilh horiz-onlal dchiseing barks, like Hookpine, & wilh barks of rcsir.lous or special taste & aromatic, thus as pine
specics of Loblolly-pine & Slash-ping. Japanese cypress. Criplomeria. China-fir & Taiwan incense cedall', their [ibrous, &
‘longitudinally dehiscent barks are (o strip off from the boles, So that their exlent of injury is highcr than pines &
Hook-pine. But the native species of Taiwan incense cedar, suffercd little damage pure stands of hardwood, such as
Golden éhower senna. Honduras mahogany. Mahogany & tanniferous bark of Taiwan acacta was not injuries by squirrels;

_ but exotic tree species of Malaco albizzia Bombay black senna, Teak, Burmses rése wood is higher than olher tree species.
Exotic tree species_forests at low altitudes, arc with higher damage than thosc of medium ailiudes. As o softwoods,
the squirrel damage of mixed stands are lighter than those of pure stands, The squirrel damage ol hardwood purc &
mixed stands are different in tree species, as shown in Table III, IV & VIII.

Qbservations of squirrel damage in 20 tree species, serious injuries was found on the Cryptomeria, China {ir. Malaca
albizzia. Bombay black senna. Teak. Burmese rose wood. Taiwan incense celar. Palimara alstonia. Chinese cork oak.
Wbodoil tree. Silk tree, Para rubber tree, Honduras mahogany. Mahogany. Slash pine. Loblolly pine, Hook-pine, &

Taiwan acacia. Golden shower senna were no found.
FREQUENCY & POSITION OF INJURIES

No matter what tree species is the frequencies of squirrel injury position lo each injuried tree are all the same.
Injury at one place is the highest, iwo injuries was higher & three injuries was not found. Injuries occurod (as shown in

Table V.) mostly on the bole, less than top, the least damage at branches.
INFLUENCE OF SQUIRREL DAMAGE ON TREE GROWTH

Estimates of the cffcct of squirrel damage upon growth of the 20 tree species were made by observation of weakness
& death among injured trees as compared to normal trees in vigor & growth. In all stands investigated, dying trees are the

least, weakened trees are the highest.
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A RESEARCH ON DAMAGED CONDITIONS OF TREES SQUIRRELS AND
THEIR EFFECTS ON PHYSICAL AND MECHANICAL PROPERTIES
- , OF MAJOR PLANTED SPECIES IN TAIWAN

Ta-Cheng Kao

Cryptomeria japonica and Cunninghamia lanceolata are the most cxtensively planted species in Taiwan. However, in
view of theijr extensiveness and guantities they have been subjected to wildlife problems. Young stands were reportedly’
damaged by the gnawing of tree squirrels. The loss was tremendous. This thesis deals with the damaged conditions and the
elfects of tree squirrels on physical and mechanical properties of major planted specics.

Among the seven species of Taiwan tree squirrels, three Callosciurus species caused seripus damages to forest. - They
are C. erythraeus thaiwanensis (Bonhote), C. erythracus roberti (Bonhote) and C. eryrhraeus oentralis (Bonﬁote). No
matter whether they were native or exolic species, suffering of damages by tree squirrels was just the same. But the
" difference of damage was alfected by the habitat. As a result of tree squirrel infury caused by bark peeling, it induces the
delay of growth, deformation of bole, decay of xylem and death,

After two to three years, the differences in physical and mechanical properties between normal and damaged woods

of Cryptomeria japonica were more significant than those of Cunninghamia lanceolata. -
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A STUDY ON DAMAGED CRYPTOMERIA (CRYPTOMERIA
JAPONICA D.DON.) AT CHI-TOU DISTRICT BY NORTH
FORMOSAN RED-BELLIED TREE SQUIRREL
(CALLOSCIURUS ERYTHRAEUS ROBERT! BONHOTE)

John Jung Yuan

This study is aimed at dctermihing basic information which can be used to design 'ecological controls' which can be
applied through manipulation of the forest stand itself.

North-formosan red-beilied tree squirrel (Callosciurus erythraeus roberti BONHOTE) dominant species of tree
squirrel in Chi-Tou district, whose ecological habitat can be used to trace the ongin of tree squirrel peeling Cryptomeria
(Cryptomeria japonica D, DON.) '

The research will also aim at discovering the interrclation between damaged ﬁarts of tree and different age c_]asses.

And finding the relation between seasonal altemation and squirre!l injuries will be considered too.
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SQUIRREL DAMAGE TO ECONOMIC FORESTS IN TAIWAN
— RELATION BETWEEN SQUIRREL DAMAGE AND THE
SPECIES AND AGE OF FOREST PLANTATIONS—

Tze-Ting W_ang Pao-Chang- Kuo

It is essential in the control of squirrel damage to lorest plantations in Taiwan that a careful sﬁudy be made of th§ ‘
squirrels that exist in the forest. This involves a study of the species, habitat, food habits and ecology of the squirrels.
The damage caused by squirrels in this study refers to the bark-peeling by squirrels which usually retards the growth of
trees and reduces the wood qualiiy of the timber. Squirrel damage to forest plantations has been a critical problem in
Taiwan in its reforestation program due to lack of knowledge of the sguirrels and their habits and of control mea:sures.

The objectives of the study are:
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1. To iden(il‘y the species of squirrel that damage the forest plantations.
2. To find out the species of trees which are damaged by squirrels.
3. To find out the relationship between squirrel damage and the age of forest plantations.

The area of study covers rhany forest districts under the control of the Taiwan For;:étry'Bureau. Most of the results
obtained were from the Chitou District of the Experimental Forest of the National Taiwan University located in the
middle part of Taiwan,

It was found from this study that the main squirrel damage to Taivgan forest plantations was caused by the red-
bellied tree squirrel (Callosciurus erythraeus). Two other species of squirrels: Formosan stripped squirrel (Tamiops
marritimus) and Perny's long-nosed squirrel {Dremtomys pernyt} have caused less damage to forest pia.ntations as com-
pared to the red-bellied tree équirrel. Therefore, the results reported in this study are mostly about those damages caused
by red-bellied squirrel. _

Red-bellied tree squirrels are distributed all ovér this island from the fowlands to the high mountains. However,
an elevation of 800 to 1,500 meter provides the best condition for their habitat. Squirrels start their intensive activity
in the forest twice a day: in the early morning and early cvening. It is belived that more squirrels come out in the morning
than in the evening. Squirrels like to eat tree fruits, especially the kinds with high sugar and juice content.

There are seasonal differences in the squirrel damage to forest plantations Less damage occurs during the winter due
to the plentiful production of hardwood fruits from the natural forests, The summer and autumn seasons also have less
damage because of a pood supply of passion fruit. Spring presents the most serious damage becausc of the short supply
ol natural food, There are two. other reasons that may explain the occurrence of serious damage: trec sap running in
the spring may attract squirrel to lick the juice and the gnawing behavior of squirri:ls permits necessary wear of
incisors.

Squirrel damage to forest plantations varies greatly with the species of trees. As a rule, conifers are more heavily
damaged than the hardwoods. Introduced tree species, such as Cryptomeria { Crypiomeria japonica), China fir {Cunning-
hamia lanceclata), Luchu pine {Pinus luchuensis) and slash pine (Pinus elliottii) are easily damaged by squirrels. Native
tree species such as Taiwania (Taiwania cryptomerioides), Taiwan red pine (Pinus faiwanensis), Taiwan red cypress
{ Chanaecyparis formosensis} and Taiwan white pine (Pinus morrisonicola) are less susceptible to their damage. However,
some locally distributed trees such as Taiwan incense cedar { Calocedrus formosana) and Luanta fir ( Cuntninghamia konishii)
are liable to be heavily damaged by squirrels. '

In the hardwoods, the fruits and Mower buds are the main food of the squirrels, while in conilerous {orests the bark
is peeled by squirrels. .

There is a significant correlation between the ape of Cryptomera trees and the squirrel damage to trees as observed
in this study.-Young and old plantations appear less damaged than the moderate-aged stands. In the sapling stage, the
lower part of the trunk is more heavily damaged. However, the darhage will proceed upward_to tfia crown of tree as

tree grows older.
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SQUIRREL DAMAGE TO FOREST TREES IN TAIWAN

Pao-Chang Kuo

Squirrel damage to conifer plantations has becn a critical problem in Taiwan forest protectioﬁ. One which called
red-bellied tree squirrel is cousing the most damage to forest trees. Squirrel strongly selects conifer for debarking. Intro-
duced trees present heavier damage than that of indigenous. Less damage on hardwood species observed. Wounds caused
by squirrel is secldom healed second damage by subsequent lungus infection is very common resulted in a decay of gmoq.
It reduces the growth of tre;e: and deform of the trunk or causes the failure of plantation establishment. Sapling trees
are more susceptible to squirrel damage than that of young or old trees. The damage proceeds upward to the crown as
the trec grows older.

A rice-paraffin bait block 6f warfarin has been used dominantly for poisoing squirre]l with some success. Silvicul-
tural treatments including weeding, pruning and thinning seem effective in the manipulation of squirrel habitat to reduce

the population density of squirrel. Selection of reforestation tree species that have been highly resistance is a key step

to control squirrel damage.
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OBSERVATION ON SQUIRREL DAMAGE TO
PLANTATIONS OF TAIWANIA AND CHINESE GUGER TREE
—WITH SPECIAL REFERENCE TO SQUIRREL -
PROBLEMS IN THE HUESUN EXPERIMENTAL
FOREST, NATIONAL CHUNGHSING UNIVERSITY—

Pag-Chang Kuo Un-Ching Lin  Yung-Kuen Fang

Huesun Experimental Forest of National Chungsing University has still reserved quite area of natural foresl together
with its unique feature of terrain and scenery, there is a good potential in the development of lorest research and
recreation implementation. Due to its large arca of forestation program under taken mainly with conifers, plantations.
established have encoutered with varied extendsof squirrel damage. Especially plantations of Taiwania and Chinese
guger tree which show light o moderate squirrel debarking that have never been observed in this Station or other Forest
Disiricts of Taiwan. There are squirrel problems of other tree species in this Station. Such problem has been increasing
as the establishment of conifer plantation increases. Planling of tree species that.are highly susceptible to squirrel damage
should incorporate with an intensive forest care and control measures. Forestation effort can hardly be achieved if

squirre! problem is not under control.
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ANALYSIS OF SQUIRREL DAMAGE TO FOREST PL—ANTATiONS IN
CHITOU WITH REFERENCE TO GENERAL CONDITION OF SQUIRREL
DAMAGE IN THE EXPERIMENTAL FOREST, NATIONAL TAIWAN UNIVERSITY

Pao-Chang Kuo  Chia-Hwa Chiang

Chitou, one of five tracts of the Experimental Forest of Nattonal Taiwan University, was developed much earlier
than other [our tracts in term of forestation and management. Extensive planting of conifer trees has been undertaken
following clear-cutting ol natural hardwood stands. Such intensive management may be the major reason for squirrel
darnages to the conifer plantations. It caused a great economical loss as well as diminished our forestation efforts. Because
of wide range ol damage distribution and good accommodation (acility, Chitou has become a center of research for
ecdlogica] studies of squirrel and prevention measures of this pest animal, Findings from the past studies showed that
poorly managed plantations are more susceptible to squirrel damage. Plantations adjacent to the natural hardwoods had
higher damages: Pole-sized stands are easier to become damaged than the &c_»ung or old stands. The application ol 2 kg

klerat per hectare seems very effective to reduce the new damage caused by the squirrels,
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EFFECTS OF FOREST COMPOSITION ON THE SQUIRREL
DAMAGE IN CONIFEROUS PLANTATIONS

Pao-Chang Kuo Tze-Ting Wang Bor-Tsang Chen  Wai-Lan Li

Condition of forc;st platation is considered to be imporlant factors to-determine the preference of the habitat for
the squirrels. In this study it is intended to find out the effects of forest composition on the squirrel damage to conilerous
plantations,

The investigated areas were chosen including plantations of Cryptomeria, China-fir and Taiwania established in the
Experimental Forest of National Taiwan University located in the central part of Taiwan. The effects of tree species,

h their composition and planting spacing on Cryptomeria plantation were investigated.

The following results are obtained through the present-works: Tatwania is the only undamaged species by squirrels.
Pure stand of either Cryptomeria or China-fir are more severely damaged. Squirrel damage in mixed stand of Cryptomeria
and China-fir is lower than in the pure stands of either tree species. In mfxed stand, squirrel damage on China-fir is signi-
ficantly higher than that on Cryptomeria in the same stand.

Squirrel damage is low when planﬁng space is large. For example, in Cryptomeria plantation, plar{ting space of
4% 4 mand 5x 5 m showed a lower damage than thatof 1 x | m, 2 x 2 m, and 3 x 3 m spacings. The damaged part by
squirrel tends te go up from trunk to crown as planting space increases. Dominant trecs seem more susceptible to squirrel
damage than the suppressed trees. However, planting space shows highly signil-'lcant on the squirrel damage when tree

growth is vigor. Dense stand of China-fir also shows higher damage than sparse stand of the same species.



Due to wood decay caused by squirrel barking, the stem utilization percentage of Cryptomena and China-fir has
decreased to 0.53 and .55 respectivily when the stem utilizaliésn percentage of healthy wood is 0.7. This figure shows
about 20 percent decrease. A form factor of tree stem was decreased to 0.40 and 0.38 for Cryptomeria and China-fir
respectivily. On both species it corresponds 10 percent less than the form factor of 0.45 for healthy trees. In fact both
form factor and utilization percentage of stem are key factors {or the calculation of stem volume in forestry. Squirrel
damage seriously reduced the growth of both species of tree cspecially on volume growth which was decreased remarkably
as the degree of damage increases. The effects of squirrel barking on the growth of diamter and height was significantly
different among the various class of damage. The lendenc.y is more remarkable in the p]imtation of Cryptomena, China-

fir showed irregular trend on the growth pattern as related to squirret damage.
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THE EFFECTS OF SQUIRREL DAMAGE ON TREE
GROWTH AND WOOD LOSS

Pao-Chang Kuo

The economical losses and reduction of reforestation effort due to squirrel barking has became a big problem in
Taiwan forestry. This study intends to estimate the influences of squirrel damage on the growth of trees, stem utilization
percentage and form [actor. '1"119. rel-ationsh.ip between wood loss and age of tree damaged, number of wounds, location.
of wounds were also studied. The result of the study will serve an information for evaluation of trees lost by squirrel
barking and propose baseline for forest management after damaged. _

The present work was conducted with 106 felled trees of 20-year Cryptomeria and China-fir. Location and number
of wounds. of trees damaged by squirrel were recorded. The volume and utilization percentage of trees and their form
factor of various damaged trees were calculated. Four trees from each damaged class were sampled for tree stem analysis.
It was used to determine the growth of height, diamter and volume of trees of various classes of squirre] damage. The

relationship between age damaged, number and location of wounds were investigated from the trunk disk.
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IDENTIFICATION OF DAMAGE-C)\USING ANIMALS
OF SCIURIDAE TO FOREST PLANTATIONS
— BASED ON THE PIECES OF DAMAGED BARK—

Pao-Chang Kuo -Hung-Yu Ho

In Taiwan for many years the study and control of squirrel damages to forest plantations has been concentrated on
red-bellied tree squirrels. Because it is believed to be the main culprit of damage-causing aminal. However, there is a
definite evidence shown that Nying squirrels have been involved in tl:le debarking problems. These two kinds of animals
belonging to _Sciuridae basically inhabite in the same habitat and depending on forests for living. It 15 inportant to
identify the—damage-causing aminal for a better contrel implementation. This study selected small portion of infested
plantations in the Forestry Districts of Yushan and Luanta, Taiwaﬁ ‘Forestry Bureau and the Experimental Forest of
National Taiwan University located in Cenfral Taiwan where squirrel damages have been mostly a serious problem.
Three types of bark damaged by pest animals were classified according to the characteristics of bark pieces damaged,
The classification of bark types was based on the location of would from the ground, clear length of the damaged tree
and weight of bark damaped for a single tree and tooth markings which included the angle and distance between the
marks. From the criteda for the classilication of bark pieces three damage-causing animals were identified in accordance
with the major pecuiarities observed. They werc red-bellied tree squirrel { Callosclurus erythraeus), Formosan giant flying

squirrel (Petaurisia petuarista grandis), and white-faced flying squirrel (Petaurisia aldorus lena).
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CALLUS FORMATION AND ANATOMICAL STUDIES 'ON TREE on'NDs OF
CHINA-FIR DEBARKED BY FORMOSAN RED-BELLIED
" TREE SQUIRREL (CALLOSCIURUS ERYTHRAEUS)

Shi-Shin Lin  Pao-Chang Kuo

This study, callus formation and anatomical studies on tree wounds of China-fir (Cunninghamia lanceolata) debarked
by Formosan red-bellied tree squirrels, was conducted in Hoshe and Lienhwachi China-fir plantatiolns from March 1986
to March 1987, )

Study results revealed that shape of wounds and their locations on the trunk varied with the study site and time of
debarking. Dcbarked wounds located were two times higher in Hoshe than Lienhwachi, this possibly was due to the
difference in age of the trees and clear-length of trunk or human disturbence near the study site would probably couse
squirmrel debarking in the higher locations of the trunk.

Callus formalion was originated from threc sources: phloem, canbium and young exlem or spring wood., Wounds
were healed when these three tissues developed together. Major en_vironmental Tactores involved in callus formation
were temperature and rainfall. Temperature in Lienhwachi was 3°C higher than Hoshe and the range of temperalure was

also smaller and with its high rainfall so that climate in Liecnhwachi greatly lavoredd the growth of callus Lissue than that



in Hoshe. In both study sites, the development of callus was most luxuriant from June to Seplember of the year.
Under an optimum temperalure condition, rainfall bacame an important factor to delermin the development of

callus tissue. Size of w;ounds less than 0.8 cm could be healed within one year.

’ Humidity showed insignificant effect on the development of callus formation. Besides, high humidity would result

in a discoloration of wood in the wounds. Young trees of China-fir below ten-year old, disregrading the size of wounds,

wood discoloration might result and microorganism infection would appear, when wounds were exposed in the air over

six months alter debarking by the squirrels,
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Control of Mammal Pésts, p.35—44 ( 1987 )
Taylor & Francis, London.

SQUIRREL DEBARKING AND DAMAGE TO FOREST PLANTATIONS

P. C. Kuo T.Y. Ku

Sludies conducted over the past five years have shown that the red-bellied tree squirrel (Callosciurus erythraeus)
is closely involved in the debarking problem affecting Taiwan’s forest plantations. Debarking by this pesl animal means
the stripping or peeling of bark from the trunk of a tree. Variation in debarking susceptibility among different tree
specics is considerable. Conilers are ggnci-al!y more susceplible to dcbarkingl than hardwoods. Conifers with a high sugar
contenl in the bark appear to be very susceptible to debarking. Data show that more damage occurs in the spring when
the sugar content is high. Tooth marks observed on the inner bark suggest that debarking is for food. Trees reaching
the sap]in'g stage show more damage than young or old stands. However, trees with dead tops caused by squirrel girdling
in the upper trunk are also common in old stands. 'Sq_uirrcl damage was considered to be a local problem but in recent
years many larger areas of plantations have also been involved. This is due mainly to the conversion of natural hardwood
stands into monocultured conifer plantatio-ns. Heavy debarking and subsequent {ungal infection of Crypromeria and
China [ir have greatly reduced the dian:leter growth and volume yield of thess trees. Squirrel damage can also reduce
tree survival in the early stages ol plantations. Trunk deformation and wood decay resulting [rom debarking reduce -
wood gualily and the sale prices of timber,
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STUDY ON THE EFFECT OF DIFFERENT RODENTICIDES TO SQUIRREL

Chia-Hwa Chiang Neng-Yih Shih  Whei Tsai

Mao-Hsiung Chen  Cheng-Chi Lii Hwan-Chong Giang
Wei-Hsiung Tang  Wen-Tsuen Chien Bing-Jen Yen
Ya-Nan Wang Hsiac-Hsing -Liu

The recent forest improvement operation has induced a large scale of the artificial forest to replace the original
natural forest. In the matter of course, it brought a remarkable shortage of hardwood fruits and nuts in the habitat of
Formosan squirrel. Then, the squfrre]s are compelled to immigrate to the artilicial forest to attack the bark of some coni-
ferous trees. In addition, the extinguishment of the natural enemies, such as carnivorous mammal hawks enhanced the
virulence of squirrel damage in the artificial forest. Therelore, the squirrels are recognized as one of the most destructive
animals to forest for the last ten years. And the establishment of the squirrel control methods are urgently demanaded
on the point of forest protection view. -

In the present situation, the application of the poison bait is considered as the most rapid and advisable control
method against the squirrel. To set this aim, the present work is conducted for the purpose of designing the preferable use
of poison bait for the squirrel control. The work was done with following 4 rodenticides. They are: Warfarin, Diphacin,
Zinc phosphide and Sodium monoflucroacetate, Among them, the first two are acute chemicals and the others are known
as chronic ones, '

The result ¢f the laboratory test reveals the fact that, the optimum concentrations for the prepamtion of a poison

bait are 0,025, 0.005, 2 and 0.25% for Warfarin, Diphacin, Zinc phosphide and Sodium monofluoroacetate respectively.



The field test was carried out with the poison bait which contains 0.025% Warfarin. Then, no new squirrel damage
was observed in the bait-treated area, However 2% of newly damaged tree are estimated in the untreated area,

Sodium monofuoroacetate is recognized as an unfavorable rodenticide for the squirrel control because of its high
toxicity {o the manking and lai::king (;f an effective antidote.

The further field test is still on proceeding with the other threc rodenticides.
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TESTING ON THE ACCEPTANCE OF SOME
ATTRACTANTS BY RED-BELLIED TREE
SQUIRREL (CALLOSCIURUS ERYTHRAEUS) .

Pao-Chang Kuo Lii-Chang Leu

The objectives of this study was to test two groups of attractants on the comsumption by red-bellied tree squirrel
Attractants tested included a group of sugar and salt: saccharin, salt, and banana oil, all had two concentrations and a
group of vegetable oils: lard, peanut oil, corn oil, salada oil, sesame oil and vineger, all had single concentration. -

1t was found from this study that 0.1% of banana_oil added to the baijt showed the highest consumption by the
squirrel than that of saccharin and salt. Saccharin was secondary good. A 5% of vinegar added _to__the bait showed-the
highest consumption by the squirrel than the four vegetable oils tested. Four ;regetable oils showed no effect on the
consumption by the squirrel. The findings mentioned above all indicated stalisticaliy differences. It is concluded that
0.1% of bapana oil and 5% of vinegar were highly accepted by the squirrel in term of food consumption. Saccharin

either 0.1% or 0.2% indicated moderate high acceptance by the squirrel.
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MECHANISM AND EFFICACY OF KLERAT
IN THE CONTROL OF FORMOSAN -
RED-BELLIED TREE SQUIRREL

Pao-Chang Kuo Sze-Ling Ying Lii-Chang Leu Chi-Ying Lin

In Taiwan, reforestation has been greatly hindered due to the extensive damage of forest plantations caused by
squirrel debarking. For many years, poisoning has been the main measure and fairly effective means in the control of
squirrel damage. This report consists of results obtained from studies conducted by the ‘authors and local experis of
similar field to draw an integrated conclusion of some rodenticides especially klerat and others in their mechanism and
elficacy over Formosan red-bellied tree squirrels, Detailed results include LDg, of klerat, minimum amount ol rice-
paraffin block of klerat that will kill the animal, etc. Together with the results of klerat applied in the lorest plantation,
1his report can serve as basic information in the klerat application for squirrel control in Taiwan forestry.
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STUDY ON THE EFFECT OF DIFFERENT RODENTICIDES

Chia-Hwa Chiang Neng-Yih Shih Whei Tsai
Mao-Hsiung Chen  Cheng-Chi Lii  Hwan-Chong Giang
Wei-Hsiung Tang Wen-Tsuen Chien  Ya-Nan Wang
Hsiao-Hsing Liu  Lain-Chun Chung Bing-Jen Yen

Due to the recent forest improvement operations, large scale.ofl the artificial forests have been converted {rom
natural [orests. In the meantime, remarkable shortage of hardwood fruits and nuls of Formosan squirrels in the habitat
happens. Then, the squirrels are forced to immigrate to attack the coniferous trees in the plantations. In addition, the
decrease of the natural enemies of squirrels, such as carnivorous mammal hawks enhanced the virulence of squirrel damage
in the man-made (orest. The squirrels are generaily recognized as one of the most destructive aminals to man-made
forest [or the last ten yeérs. Therefore the squirrel control is urgent,

At the present time, poisoning is considered as the most cffective and recommended for its control. The purpose
of this paper is to test and choose suitable poison baits for the squirrel control, The work is done with following six
rodenticides; Warfarin, Diphacin, Klerat, Bromadiclone, Zinc phosphide and Sodium moncofluorcacetate. Among them,
Lhe first four are acute ¢ffect and the rest are chronic.

The result in laboratory test revea]; that, the optimuni concentrattons lor the poison are §.025, 0.005, 0.005, 0.005,

2 and 0.25% lor Warfarin, Diphacin, Klerat, Bromadiolc;ne, Zinc phosphide and Sodium monofluoroacetate respeclively.

REANRBHER » DRBBRERE0.025% ~ TRA 0.005 R 0.005 %2 ik FiF



In the field tests, the treatments are 0.025% Warfarin, 0.005% Klerat and 0.00;5% Bromadiolone respectively: So

far, no new damage was found in the all-treated plots, but 2% of newly damaged trees are calculated in the check.
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GENERAL APPROACH TO AN EFFECTIVE
EVALUATION OF SQUIRREL CONTROL
WITH KLERAT IN FOREST PLANTATIONS

Pao-Chang Kuo Wai-Lan Li I-Hsien Liu

In Taiwan forestry, an extensive program of squirrel control with klerat has been carried out in many Forest Districs
during past few ycars. Good result shown by the reduction of newly damaged trees after control indicates that klerat
has been a promising rodenticide in use. Howcever, there is a [acking of squantitative information on the actural result
ol squirrel controlled. It is essential to develop a model for damage assessment and control evaluation of the klerat
application for a belter implementation, This report concludes factors that will affect the elficacy of the application of
rodenticides in foresiry. A field observation was done on three infested forest plantations selected from the Experimental
Forest of National Taiwan University and Taiwan Forestry Bureau. In the past two ycars both considerations for bait
placement and lechnigues ofefficacy cvaluation of squirrel control were observed. Results derived [rom the investigation
can serve as a primary information in the development of a model to evaluate effort acomplished in squirrel control
with klerat, Detailed studies undertaken by the authors hopefelly would su’pp]y additional information on the construc-
tion of a better model.
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PRELIMINARY STUDY ON THE CONTROL ;rECHNIQUES AND
EFFICACY EVALUATION OF POISONING RED-BELLIED
TREE SQUIRREL (CALLOSCIURUS ERYTHRAEUS)

[-Hsien Liu

A study on tl'1‘c iil-nprovement and evaluation of squirrel control with Klerat has been caﬁied outf in plantations
established by Taiwan Forcst Brueau and the Expé:rimental Forest of N.-T.U. The objective of this study is to develop
a resonable model for the evaluation of squirrel control and its control techniques.

Food Comsumption Index (FCI) and Marking and Release Method have been used to evaluate the efficacy of the
Klerat application in two squimel infested forest plantations were selected and studied from Feb. 1985 to Mar. 1986.
Results derived from the investigation can serve as a primary information to improve the evaluation effort and control
praclices of squirrel damages in forest plantations.

Food Comsumption Index can be used to ev;qluate the cfﬁcﬁcy of squirrel control just as good as means of Marking
and Release and more si mple and economy.

Wher{ plastic. bag of bait is used as a means of settling bait, the amount of a bag should not exceed 10 gr., and the
application of the bait should be less than 0.3 kg/ha. |
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CONTROL TECHIQUES AND EFFICACY EVALUATION
OF POISONING FORMOSAN RED-BELLIED TREE
SQUIRREL (CALLOSCIURUS ERYTHRAEUS)

_Pao-Chang Kuo |-Hsien Liv  Sze-Ling Ying

Formosan red-bellied tree squirrél (Callosciurus erythraeus) has becn a squirrel in Taiwan that caused a major
damage to forest plantations. Thereby, reforestation elfort was seriously reduced. It was believed that short supply of
natural food to the squirrels in the monoculture plantation would be the main reason for trunk debarking. Reduction of
squirrel population b:,-r poisoning has been effective and considered as a major practice in the control of squirrel damage
to forests, This study, summarize technical aspects of squirrel control based on results of research conducted in Jast five
years by the authors to provide information for a success prevention of squirrel damage. Details of guideline on time,
location and dosage of poisoning squirre! to be applied in the infested plantation were concluded. In addition, efficacy
evaluation model was developed which serves as a baseline in assessing how a control program of poisoning- squirrel can
_ be ellectively conducted. ‘
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APPLICATION OF FOOD CONSUMPTION AND MARK-RECAPTURE
IN THE CONTROL OF FORMOSAN RED-BELLIED TREE SQUIRREL
— AN ESTIMATION OF THE ACTIVITY AND DISTRIBUTION OF
THE SQUIRREL IN AN INFESTED PLANTATION OF CHINA -FIR—

Pao-Chang Kuo  I-Hsien Liu

Since 1980 the damage of squirrel to trees has been greatly reduced by the appliu_:ation ol poison bait of klerat
in the forest plantations in Taiwan Forestry Bureau and the Exﬁaerimental Forest of National Taiwan University. How-
ever, the actual effeciency of squirrel damage reduced still need a quantitative verification. Therefore, to develop an
oplional and feasible model for evalualing the efficacy of squirrel control by poisoning has becn an essential measure
in the forest protection of sqﬁirrel damage in Taiwan forestry.

— 67 —



This paper was 4 major part of a MS thesis for the co-author and a study conducted in Naimopu tract of the Ex-

perimental Forest of Naiional Taiwan University from 1985_ to 1986. The objective of this study was to estimate the

activity and distribution pattern of the pest squirrel in an infested plantation of Chinair by testing two methods: Food

consumtion and mark-recapture of the animal together with the analysis of some forest and cover plant factors. Its was

hoped to provide information for an effective control of the squirre! when poisoning measure is applied.

The following findings are obtained from the study: . '
The activity and relative density of squirrel population in thie infested plantation can easily, and economically bemg
detected through the apphcat.\on of I‘oud consumption. )

The major factors that control the activity and distribution of squirrels in the forest plantation are the a\rai]abih'ty;
of food plants and density of canopy closure of the stand inhabited, .
When vinyl bag of poison bait is used for controlling the squirrel in the plantation, mate of.riCe-paraffin poison:
cake of klerat should not exceed 10 gr. per bag and 0.3 kg of the.cake per hectare. The research reveals that 98
percent of efficacy of control was obtained with the above rate applied. 'a
Very similar result can be cbtained in the estimation of the activity and rclative density of the squirrel populallon
by the apphcat:on of focd consumption just as good as by mark-recapture method. Either method can be used’
to achieve the goal depending on the objective of study and economical adjustment of research. .
Readers may get useful reference from an article: Control techniques and efficacy evaluation ol pcnsomng Formosan
red-bellied tree squirrel (Calloscious erythraeus) by the authors published in the previous issu 1(3): 1-16, 1987,
of the same technical report (Q. J. Expt. Forest NTU), because part of this study’s result has been quated in that;
paper fo_r information used to develop a model for evaluating squirrel control efficacy by poisoning in Talwan'
forestry.
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INVE;‘.‘;TIGATION AND CONTROLLING STUDY OF SQUIRREL DAMAGE
TO THE EXPERIMENTAL PLANTATION AT LU-KUE§ BRANCH

Song-Gen Huang  Zou-Yung Kupng Da-Chuan Tsai

The Lu-Kuei Experimental Forest of Taiwan Forestry Research lnstitute covers the arca of 9952.8 hectares. To
meet the needs of economical construction and experiments, the over-age natural stands were gradually cut-off since
1970, and regenerated high-value tree species. However, the trees always suffer from squirrel’s injury, Therefore, an
investigation and protecting study against such damage was initiated in 1975. The thn;.e-year data werc analyzed and
preliminary results are shown as foliows:

1. Investigation on the kinds of squirrel
As the result shows, there are three kinds ol squirrel existing in Lu-Kue; area:
(1) Callosciurus crythraeus roberti
(2) Callosciurus caniceps laiwanensis
(3) Petaurista pecteralis. Woodfibers were fqund to be one of the component of nest-building materials, indi-
cating that the three kinds of squirrel are all able to injure trees.
2. Investigation on the e.x tent of damage
(1) The extent of damage of young trees: one or two year-old trees usually were not injured, but the trees were
started to suffer the damage from the third year. The damage percentage of five-year-old stands of Luanta-fir is 32.7%
(mortality 5.01%) the four-year-old Cryptomeria stands js 1.67%, but stands of Ta_iwan red cypress and Taiwania
have not been damaged yet.
(2) The exte'pt of damage of trees with more than ten years of age: Stands of broad-leaf trees were found not to
be injured, but damage on coniferous stands were common and the extents differ between tree species. Luanta-{ir
stands suffered most seriously, the rate up to 89.90%, China-lir 82.08%, Formosan Douglas-fir 72.63%, Cryptomeria -



55. 10%, Taiwan incense cedar 47.53%, Pmes 3l 08%, Taiwan red cypress 18.18% and Taiwania 11.49%.

(3) The extent of damage at different elevations: The average percentage of damage of China-fir, Talwan red
cypress, Cryptomeria and Taiwan incense cedar at various elevations are as follows: 60.78% at 1400m, 50.61% at
1200m.44.33% at 1600m,29.83% at 1000m,0.03% at 600m, indicating that the appropriate habitable areas for squi-
rrels are at elevatios from 1200m to 1400m. - -

. {4) Investigation of damage portions on trees: As the results showed, the damage portion of four coniferous
species is trunk, not branch. About 14-15% of trees have 45 damaged spots, 12% trees have 3 or 6 spots, 11.26%
trees have 2 spots and 3% (rees have 8 to 11 spots.

3. Study on browsing habit of squlrrels

(1) Favorite food: squirrels are the wild animal with multiple browsing habits. Besides fruit and seed of tree,
they also lavor papaya, sweet potato, peanut,l and chicken feed. About 40-100 ounces of feed are usually taken by one
squirre_l per day. This amount is approximately 10-12 times of its body weight.

(2) Reasons of browsing tree bark: Squirrels usually browse bark along the trunk longitudinally, but not trans-
versely or in sm all scale-llke pleces. The bark they take is for feed, tooth-fncnon, playing or nest-building.

4. Controllmg study .

- (1} Study on the contfo! of‘ squiitel damage to forest trees: The present experiment contains three treatments;
coaling tree bark with repellents, setting straw-man and contrast. From July of 1976 to June of 1977, we found
only two trees were injured at plot (_Jf repellent-coating. However, two months later, when the straw-men were all
blown down by typhoon in July of 1977, -we lound the number of damaged trees is 8 at straw-man plot and repellent
coating plot, 5 at contrast plot. This result indicates that seiting slraw-men on plantation have the frghtful effect
against squirrels,

(2) Study on 'toxic effect: 1% Zinc phosphate and 2% Vacor all showed significant toxic cffect to squirrels.
The lethal dosage are 1.2g and 5.6g respectively. Squirrels will be dead within 4.1-5.4 hours after they took Zinc
phosphatelor Vacor, 1% Vacor, 0.025%, 1%, 2%, 3%, Warlavin and 0.5% Warfavin powder supplying continuously

‘?I%r 24 hours, may only make squirrels have stomach ache or stolidity, but not be lethal to squirrels in short time.
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} SOLVING TREE SQUIRREL DEBARKING PROBLEMS IN TAIWAN-A REVIEW -

Pao—Ch‘ang Kuo

Extensive forest conversion of the low-valued natural hardwood forest inilo coniferous plantations is the possible
cause of the crtical problem of squirrel debarking. The tree squirrel that causes the major damage is the red-bellied tree
squirrel {Callosciurus erythraeus). Conifers are more susceptible to the damage than are hardwood specics, especially the
exotics. Intermediate-aged ]-;‘.Iantations appear to have the highest debarking. More damage occurs in the spring than the
other seasons. The lower part ol the trunk is more heavily debarked than the uppér. Debarking is progressively upward to
the crown as the tree grows older. Home ra'nge, food habif and behavior of the red-be]lie-d tree squirrel are under intensive
study ﬁnd some preliminary results have been obtained. ) ’

Selection of ti-ee species less susceptible to squirrel debarking has been a main step to control the damage. In tensive
weeding and thinning may reduce much of the squirrel preferred habitat and therefore reduce damage. Leaving :;ny
natural hardwood lorest within or adjacent to the coniferous plantatians may provide squirrels with a more attractive
cover and food supply. A rice-paraffin bait block of warfarin has been used to poison them with some success. But Jabora-
tory studies show klerat (brodifacoum) has a [aster lethal ef(icacy than warfarin. Application of baits and other trapping

method to control squirrel populations necd more study and evaluation.
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SILVICULTURAL STUDIES ON DAMAGE TO FOREST PLANTATIONS
BY THE FORMOSAN RED-BELLIED TREE SQUIRREL
AND ITS CONTROL PROCEDURES

Pao-Chang Kuo

In Taiwan the natural hardwood forest that occupies tw:o—thirds of the total forest land used to be very rich in flora
and fauna, It was a habitat lor squirrels and other forms of wildlife. However, large areas of natural hardwood forest
were burned and changed to grasslands due to hunting and practice of shifting cultivation by aborigines in the mountain
area. Because of the low commercial value of natural hafdwood, accessible forest has been cleared and converted to
pléntatiom of coniferous trees for better timber production. As a result, both habitat area and food source for the

squirrel have becn greatly reduced, foreing the squirrels to live in conifer plantations. Those could not support a sulficient



number of potential predators and population gn:.:tvﬂh of the squi.r}els has been greatly encouraged. These are the main
reasons for the squirrel damage in plantations of the is]nnd.

The objective of this paper is to assess the forest damage-caused by squirrels and possible silyicultural control
measures. Japanese studies on the red-bellied squirrel have been cited, as have other US and Japanese publications

concemning pest animal damage to Lhe forest.
About the Pest Squirel

There are three species of tree squirrels in Taiwan only one of which is causing forest damage. It is called red-bellied
trec squirrel (Calloscivrus erythraeus), the largest of the squirrel. In Taiwan, squirrel damage was recorded in the 1940,
However, serious damage did not oc‘cur until the 1960's when there was a big program for cutting and reforestation
progressively -undertaken as part of the efforts for forestry development

Two species of flying squirrels also debark trees. The toothmark of the red-bellied tree squirrel is different from
that of the flying squirrel (Fig. 3). The incisor of red-bellied trce squirrels is narrower in width and more closely arranged
tﬁan that of ﬂying squirrels. The monthly growth rate of incisor for this squirrel is 2.3mm. ‘

The red-bellied tree squirrel is diurnal. "It moves mostly in the early moming and less in the late evening. This -_
squirrel is inactive during continuous rainy weather.

_ This squirrel used to nest in the dense crowns of large trees. The squirrel preferred fruit, particulary passion fruit

{ Passiflora edulis), a vine grown in the plantations. This fruit is juicy and a little sour. There is no damage on trees during
the rispening season ofl this climber. Bait having 0.1% banana oil is highly attractive to this squirrel. So is bait with 0.1%

0.2% saccharin and 5% vinegar.
The Effect of Squirrel Damage

Forest damage varied with tree age. Young plantations are damaged least. Damage becomes progressively more
serious as (rees grow older. Squirre] barkwounds do not heal. Secondary in!‘eclidns of wood decay fungus two ycars
after bark damage is common. " The damage results in a significant decrease in rate of growth and in stemn deformation.
Log grades are reduced by the deformation and wood decay. Stem analyses of a 20-year old heavily damaged planlation
of Cryptomeria in Chitou Experimental Forest, showed that number of wounds and amount of wood decay are the
highest at age 13-14, and in the lower parts of the trunk. ) '

The physical and mechanical properties of Cryptomeria are greatly affecled by wood decay. Testing of an 8-year
old Cryptomeria showed a lowering of the following wood properties: radial shrinkage, modulus of elasticity in static

bending, longitudinal tensil strength and impact bending.
Squirrel Damage and Forest Condition

The total squirrel damaged area in Taiwan is 7,239 hectares (Table 16), mostly at mid-elevatlion mountains in central
Taiwan. Plantations in northern Taiwan have less damage. Damage has been greatset in national forest land. There are
larger areas and greater concentrations of Cryptomeria and China-fir plantations'of national forest land thah on oiher land.

In conifer plantations, there is more damage to the trunk than to the crown. Trunk damage is found in juvenile
to mid-agf.ql- plantations and crown damage is in old plantations. Most damaged trees have a single debarked area, but
some as high as ten.

Squirrel. barking of trees affects only certain si:aecies of conifers. Chamaecyparis obtusa (Hinoki-cypress) and Calo-
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cedrus formosana (Taiwan incense cedar) are very susceptible to squirrel damage, but Charmaecyparis formosensis (Taiwan
red cypress) sustains a relatively little damage. Crypromeria japonica (Cryptomeria) ar;d Cunninghamia lanceofata (China-
fir) and Cunninghamia konishii (Luanta-fir) are heavily damaged but the closely related Ta:‘wam';x cryptomerioides (Tai-
wania) sustains little damage. Different strains of Cryptomeria have different amounts of damage. Squirrel damage
may be related to amount ;:Jf sugar content in the cambium as aaﬁage is'greatest in species with high sugar content i.e.,
Cryptomera and China-fir, and in the period December to April supar content is high. It is revealed that plantations of
‘hardwood species sustain little damage. Squirrel damage is less in mixed than in pure stands, and in sparse than in dense
plantations. Within a stand it is greatest on the most vigorous trees.

In Tajwan, squirrels inhabit mainly mid-elevations with warm temperature and high humidity. This type of area was
occupied by hardwood [orest, which was the squirrel’s original habitat, As a result of clearcutting and planting of coni-
lers, the natural habilable areas for squirrel have greatly diminished. Squirrels have been forced to move into plantations
and cause damage during periods of food shortage, As plantation areas gro“;, squirrels are {orced to rely on planted trees.
Within a plantation, damage to conifers is lcast in open areas having alternating food supplies. '

Suitable sites for planting Cryptomeria and China-fir preferred habitat coincide with the squirrels! A few Cryp-
tomeria and China-fir plantations have shown two specics having little squirrel damage, possibly becausc of adverse site
condition. Sanlinchi plantations (el&valion 1,700m) of Cryptomeria near Chitou have a dry climate. They have little
undergrowth and show very low squirrel damage. Plantations at high elevations also show little squirrel damage possibly
due to the cold weather. In forest recrcalion areas, plantations close to carriping sites have a low squirrel damage rate.
Thal is possibly due to visitor's disturbance as red-bellied trec squirrels are shy. However, Plantations along roads which
are aot used intensively in early moming or late evening may have considerable damage. There is little damage on trees
adjacent to good foocd supplies such as fruit orchards or bamboo groves. Intensively managed stands are often lightly
attacked.

Squirrel Damage Control

There are two basic principles of squirrel damage control: reduction of squirrel population and habitat manipula-
tion. With high population densitics, the first principle should be applied. Shooting in the carly morning and trapping
have produced high capture rates sincc Government bounties were started in 1265, but have not been eflective in reducing
forest damage. Chemical control with an anti‘coagulent toxicant such as Klerat has met with some snccess. Ilowever,
poisons pose some difficulties in application and evaluation. .

Habitat manipulation has obtained good results in both the control of squirrel appearance and the barking damage.
Pruning of trees forces squirrels to go up and damage CIOWns rather than stems. That results in less damage to wood
quality., Clearing of underbrush shows excellent control over squirrel damage. Heavy thinning is effective. However,
neilher measure completely eliminates squirrel damage. For total control, population reduction is also necessary. In
further plantations, Taiwania and hardwoods may be substituted for squirrel-susceptible species. Consideration should

be given to the mix-culture approach incorporated with intensive lending care.
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INTEGRATED PEST MANAGEMENT CONCEPTS
AND TREE SQUIRREL CONTROL

Shao-Pin Yo Yao-Sung Lin Rox E. Marsh  Walter E. Howard

The concepts of Integrated Pest Management (IPM) in vertebrate control of crop ecosystems can be applied to
forest ecosystems. However, the parameters used in crop ecosystems are not realistic lor forest ecosystems due to the
different life history patterns of the pests. Researches on ecological and economic models of forest ecosystems will be
needed before IPM concepts become a reality. The multiple control methods including habitat modilication, control -
with toxic baits, biological control and the use of chemosterilants were discussed as potential IPM tools for tree-squi.rrel'

control in Taiwan.
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ACTIVITY OF FORMOSAN RED-BELLIED TREE SQUIRRELS AND THEIR
DAMAGES TO TREES IN CRYPTOMERIA PLANTATIONS FOLLOWING
~ WEEDING AND THINNING OPERATIONS

Pao-Chang Kuco  Yue-Ken Liao

The objective of this study were to lcarn the effects of forest fending care or habitat manipulation on the activity
of squirrels and their damages to trees. Trom September 1980 to February 1985, three Cryptomeria plantations of
8, 20, and 18 years old in Chitou Tract of the Experimental Forest, National Taiwan University were selected for study
sites. Weeding and light and heavy thinnings were applied in the study sites respectively. Findings from mark-recapture
on squirrel’s activity in [four study years reveals that tending would definitely reduce the activity of squirrel in the treated
plots. Hewever light thinning couid reduce the tree damage only during abnormal weather in the winter ol i982 when

there wasa continued rainstorm occured {or about three months.
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ECOLOGY AND CONTROL OF DEBARKING BY TREE SQUIRRELS

Walter E. Howard

,The different types of tree squirrel debarking damage to conifers in Taiwan and the Uniled States are compared.
Suggestions as to how the trec squirrel problem in Taiwan might be resolved are discussed, using as.examples habitat
manipulation, neck snares, traps, toxic baits, shooting, and other miscellancous methods. A greal variety of control

methods is actually needed because of the diversity in environmental conditions in the different conifer planiations.
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___ ACTIVITY OF FORMOSAN RED-BELLIED TREE SQUIRRELS AND,
THEIR DAMAGES TO TREES IN CRYPTOMERIA PLANTATIONS
FOLLOWING WEEDING AND THINNING OPERATIONS

Yue_-!&eh Liao .

The objectives of this study were to learn the effects of forest tending care or habitat manipulation on the activity
of squirrel and their damage to trees. From September 1980 to February 1985, three Cryptomeria p.lantations of 8, 20,
and 18 years old in Chitou Tract of the Experimental Forest, National Taiwan University were selected for study sites.
Weeding and light and heavy thinnings were applied in the study sites respectively. Findings from mark-recapture on
squirrel’s activity in four years reveal that tending would definitely reduce the activity of squirrel in the treated plots.
However light thinning could reduce the tree damage only during abnormal weather in the winter of 1982 when there

was a continued rainstorm occured for about three months.
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DAMAGE AND CONTROL OF SQUIRREL DEBARKING
IN FORESTS OF TAIWAN

Pao-Chang Kuo Chia-Hwa Chiang’

One species of tree squirrel (Callosciurus erythraeus) is the main culprit responsible for the debarking problem
in Taiwan lorests. Consequent tree damage from secondary infection by fungus iﬁ the barkwounds results in a reduction
of wood quality and may cause death of young trees, The main reason [or debarking could be due to seasonal shortage
of natural food supply in the plantations, asevidenced by the large amount of cambium layer found in squirrel stomachs
at the time of debarking. Drastic har\rest'ing-of squirre] predators in the past has encouraged rapid growth of squirrel
populations. Squirrel debarking varies with tree species. Conifers are more susceptible to damage than hardwoods. This
animal prefers tree species with high sugar content in the bark. ) ‘

In squirrel control, shooling has not proved to be very effective. Poisoning with klerat has provided some good
results in reducing new damages. However, the population density of squirrels soén builds up in one to two years alter
poisoning. Applicztion of poison baits accidentally kills hon—larget animals living in the plantations. An approach vsing
permanent bait stations is under study. Tt is hoped that an improved squirrel control method with high security to wild-
life will be developed. Choice of tree species with high resistance to squirrel debarking should be a basic preventi\;re
measure for damage contrel. Habitat manipulation through application of weeding or thinning of infested plantations

is very efleclive in reducing squirrel activity but is not very effective in preventing new damages.
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EFFECTS OF WEEDING ON THE ACTIVITY AND DAMAGE OF RED-BELLIED
TREE SQUIRREL. IN A CRYPTOMERIA PLANTATION

Hsueh-Yuan Shieh

The purpose ol this study was to find out the effects of weeding in forest plantation on Lhe activities and damage of
red-bellicd squirrels to trces of Cryptomeria. The result of the study can be used as re{:erence in the planning of lorest
. management and squirrel control program. The study was conducted in an 8-years old plantafion of Cryptomeria and a
naturzl hardwood stand in adjoining ‘area, Activity and damage ol squirrel to trees, changes in cover plants were

observed before and after treatment of wccdiné during Oclober 1985 to March 1987. -
. The results showed that population density and activity frequency of squirrels were higher in the natural stand
than that. in plantation. Weeding had significontly affected the activitics aﬁd damage of squirrel in study plantation.
New damages occured in weeded plots caused by squirrels immigrated {rom adjacent check plots, For a better control
of squirrel damage in the [orest, it is suggested to operale weeding intensively togather with trl‘tpping andfor poisoning
. in the edged area between plantation and naturﬁl hardwood stand. Because there was where the high frequency of
squirrel activities occured. \

The experimental design applied in this study had some advantages for a similar 'study ol squirrel problem. A
- wider-sized plot c.g. one hectlare in double-check paired plots pave good results of observation, A bufler set along thel_
plots had elimanted the error of weeding on the activities of squirrels in the study plots. It seemed that this stﬁdy‘had

greatly improved a previous study of similar objective conducted in Chitou in 1981-1986 by Kuo and Liao.
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SIGNIFICANT DAMAGE OF FLYING SQUIRRELS TO FOREST PLANTATIONS

Pao-Chahg Kuo

In Taiwan, due to the damage caused by trec squirrels, relorestation effort of conifers has been greatly reduced.
While measures were taken to control the problem of squirrel debarking, flying squirrels (Petaurista spp.) have been
identified as a secondary culprit involved in debarking mammals to forest plantations. This makes the damage caused
by squirrels even more seripus wﬁicﬁ should not be neglected. This paper is intended to bring the general understanding
of Mying squirel deﬁarking in some of Taiwan’s conifer plantations, and to outline the ecology and damage of flying
squirrels to Japanese plantations as needed information for rescarch and control of flying squirrels in Taiwan.
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ECOLOGICAL STUDY OF THE FLYiNG SQUIRREL IN CENTRAL TAIWAN

James Wan-Fu Chang

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 Perauns.'a alborufus lena Thomas, Pefau-
rista petaurista grandis Swinhaoe and Belomys pearsoni kaleensis’ Swinhoe. Distribution from 1200-3750m, 700-2600m

and 400-2000m.
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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 returncd at one or two hours before sunrise. There are two peaks of activity period through
the night. The most intense active occurs 8:30-9:30 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 ﬂyin_g squirrel are folivores. Diet was chiefly of leaves and 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 ol animal materials from P. alborufus, and 12 species of plant of materials from P, pefaurisia.
Only samples taken in spring season found cambiom for several trees in the slomaches of both flying squirrels. The
quantity, quality and availability of flying squirrel food are various in different season but also afféct carry capacity of
the habitats.

Breeding occured in February to April and August to October. As for the distribution of neslirig,' they are pre-
{ered 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 densé branches. Twigs, leaves and tree barks were chosen as nesting metexials.

There is a periadicity to tree damage during the year, bark stripping occured; in February and March.
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- BIBLIOGRAPHY OF PETAURISTINAE (RODENTIA, SCIURIDAE)

Yao-Sung. Lin Donald R. Progulske
~ Pei-Fen Lee  Yeong-Tyi Day

Flying squirrels (Petauristinae) are l'u'upd in America, Asia, and Europe, including 33 species grouped into 11 generﬁ
(Honacki et al., 1982). An unusvally rich Petauristine fauna _oc':::urs in east and southeast Asia. Flying squirrels are
nocturnal gliders and hide in the holes or leal dreys during daytime (Walker, 1964). Most of them are confiined to
forested regi-cns. The degree of he'rbivor'y' of speciés is dependent on their body size; the smaller size species tend to be
less herbivorous and the largest are the most herbivorous (Muul and Lim, 1978). There are only five other mammali'an
families that share the same niche as the Petauristinine species (Thorington and Heaney, 1981).~ Thesc are the scaly-tailed
flying squirrels (Anomaluridae, Rodentia), the gliding possum (Acrobates, Peraurus, and Schoinobates, Marsupial) and
flying lemurs (Cynocephalidae, Dermoptera).

‘é‘etauristinae suffer from habitat loss by clear cutting of primary forests, especially in southeast Asia (Muul and
Lim, -1978). In a series of studies on the biology of the giant flying squirrels in Taiwan we collected all the possible

literature on flying squirrels which is compiled herein as a benelit Lo researchers interested in these animals,
METHODS

We utilized “BIOSIS PREVIEWS® databasc (1969-1981) provided by the Scicnce and Technology Information
Center of the National Science Council, ROC to search for articles pertaining to {lying squirrels. Other titles were found
in current journals. Most original papers on the descrptions of the new species were not included, but, those of Taiwan,
including Petaurista petaurisia grandis, P. alborufus lena. and Belomys pearsoni kaleensis. were listed (Swinhoe, 1862;
Thomas, 1907; 1908). Bibliography of original papers pertaining to the other species can be obtained from Walker's
{1964) Mammals of the World (volume 3, pages 156-183).

RESULTS
Relatively few papers have been published on the (Tying squirrels. One hundred and sixty-six articles or books were
[ound and calegorized:into 7 subjects under each species (Table 1). Among the Petauristinae; North American flying

squirrel (Glaucomys volans) is studied mosl intensively. Nearly all of the papers were written in English; five were in
Japanese and three in Chinese.
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Table 1, Numbers of papers perfaining to flying squirrels according to subjects

Beﬁ' General '
Species & Disease Dist. . Gen, Par. - Tax. Total
biology .

Glaucomys . ]
volans 29 9 6 14 2 7 1 68
sabrinus 15 ] | 2 1 1 21

Petaurista
Petaurista 2 2 3 i) 3 16
alborufus 1 1 1 1 5 9
leticogenys 8 1 1 10
magnificus 1 6 7
elegans ) 2 2

Pteromys .
valans 4 1 -3 ] 1 10

Belomys
pearsoni 1 1 2 4

Hylopetes
alboniger 1 1 1 3
lepidus 1 1

Pteromyscus
pulverulentus 1- 1 2

Petinomys
genibarbis 2 2
morris 1 1

General 2 1 3 11
{no specific) - )

Unknown* 1 3 ! 1 2 8

*#: Literature were not reviewed.
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. DEBARKING ON CRYPTOMERIA TREES BY RED-GIANT FLYING
SQUIRREL (PETAURISTA PETAURISTA) IN CHITOU

.Yao-Sung Lin Pei-Fen Lee

This research, conducted at the Crypromeria plantations in Chitou from March 1982 to June 1984, was to study the
debarking problem of réd-giant flying squirrel (Petaurista petaurista) by nighlly behavioural observations in-field and barks
analysis in laboratory. We compared the damage condition caused by 'S petaurista and that by red-bellied tree squirrel
{Callosciurus erythraeus) in order to establish the identification criteria of Crpyromeria damage by Lhese two squirrel-
species in hope to providee reference to the control of squilrrel damage in Taiwan-

From our observations, we confirmed P. pe!aunsfa debarked Cryp!omena and this damage can last l'or 3 or more
months. Thus, the stripped areas in trce were enlarged as time pased which in turn caused death of tree top due to the
circular girdling or rot of tree trunks due to fungi infection. The damaged areas were located within | to 4m from the
trees” tops. A high correlation (r=0.95, p < 0.001) was found between the midpoint height of damaged areas in trees and
tree height. The collected Crypromeria barks were classified into 3 typical types (I, I, and IIT). Type II was debarked by
P. petaurista, while type I and III were done by C. erythraeus. Other evidences, namely direct nightly observations,
location of damage areas in trees, lime ol debarking, and relationships between the teeth mark widths in barks and
squirrels; incisor widths, all partly supported our findings. The debarking period of P. petaurisia lalled from September
to next April, while that of C, erythraeus were in February to April and August to November.
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ECOLOGICAL STUDIES ON TWO SYMPATRIC, PETAURISTA
' SPECIES IN TAIWAN

Pei-Fen Lee  Donald R. Progulske - Yao-Sung Lin

The study, conducted at Chitou, was to describe the general ecology and behavior of the two species of gaint flying
squirrel (Pefaurista petaurista and P. alborufus), to determine if they debark conifer plantations, and to compare their
habitats and feeding. We made obscrvations primarily at night during 1800-2400 hrs along established trails by spot-
lighting the tree canopy from October 1981 to May 1983. .

The two species appeared tolerant to each other while out feeding or loafing: Although sighting of singles was the .
_norm, pairs and triples were sometimes observed. Three types of behavior: mating, feeding and foHowing, were
recognized when two or more individuals of the same species were seen at the same time. Mating behavior was observed
in December, January, and June for P, pefaurista. and in June for P. alborufus. -

Each species has unique vocalizations, Counts revealed Lhat P. petaurista celled more [requently than F. alborufus.
Most calls were from the tree canopy but individual squirrels sometimes called from a tree cavity. ‘

Eighteen trec cavities used for nestiﬁg were located. Nearly all cavities were built in the trecs of Lauraceae and
Fagaccze. Two leal nests used by P. pelaurista were also found, )

Both species of squirrels showed strong preference for the hardwood forest. P. alborufus were at higher allitudes
than P petaurista although the ranges overlapped, Both species utilized many of the same tree species [or fecding and
resting. P. petaurisia usually used lower layers ol vegetation for their dajly activity, while P. alborufus used higher layers.
Seasonal abundance of foed in different tree layers influenced where the squirrels would be. Two P pefaurisia were
observed feeding on bark of Cryplomeria japonica. a plantation tree, and when they were collected, their stomachs were

nearly Tull of bark.
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