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THE RELATION OF TYPHOONS TO PLANT DISTRIBUTION IN TAIWAN

- S2e  wel

In the Far Fast tropical cyclones ars called typhoons, They are great whirls intermediate
in size and local d:structivaness between tormadoss and the low of-cyclonic storms which
cause tha frequant changes of weather in middle latitudes, (Visher, 1925)

Typhooné when travel across Taiwan produce i’nany of the extremes of wing, temperature and
rainfall, and are of interest 1o the ecolozist as well as the meteorologist and the navigator,

Typhoons in geaeral orizinate from the place in sea between 137° and 160° East longitude
and 5% znd 17° North latitude, Their directions are abnormal, They travel eastward or nerth
wast, a1d pass through the Philippines and the coast parts of China to Taiwan orpass through

Taiwaa to the mainland of China,
According to the records from 1393 to 1918, there occurred on the average about twenty-

five tinas of typhiaons yearly in Taiwan, Most of them happened in July, August, September
and October, and less in February, March and April,
b

Destroctiveness of Typhoons
Typadots arz ecolozically significant in several ways, Typhoons with stroug velocity strip
off th: leaves, brea® off many branches, and frequently uproot trees or break trunks, The

effectiveness of the wind is increased by sudden changes in velocity and directness.

A bilef stuly was male of the trzes injured and killed by typhoons in Botanic Garden at
Quizechas ($4F£4) » in forest plantations at Kongkow (i) and Kaoszefu (754:#3) in .
Hanzchu (JEHE) » ‘anzi in natural forest and th: plantation at Lianhwacheh (FE{E8) in
Taichunz (241} » and ia Botanic Garden in Taipeh (ZZik) »

In table |, IT and II(, the numbzr of trees of different species injured are given.

Table 1. Number of trees injured and killed by typhoons
in Botanic Garden at Quizechao (f53-)

T)ph:)of‘is bap,k".ed Septenber and October, 1943 Septgmber, 1946

Trunk Ha!f Frunk Hﬁlf
brokes| uprooted"“mr‘m"'d broken uprootadivprmt"d

Ca:uannaieqf.%;g}s},n Lum'. 30 | 17 203 I 2

: |
Albizzia lrwg’ﬁﬁcj‘th_, 2 5 1 11| 15¢ l 20

Cassia siaea Lam, __ ./ o1 93l 83 10
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Caryota urens Linn,

Caesalpinia Sappan Linn,

Casuarina glauca Sieh,

Casuarina Cunninghamiana Mig,

Leycaena glauca Benth,

Pterocarpus indicus Willd,

Dalbergia latifolia Roxb.

Ficys retusa Linn,

Adenanthera pavonina Lion,

Peltophorum ferrﬁgineurn .Beuth,

Cedrela tcona F, Vill,
Cinnamoazrum zeylanicum Bl
Delonix rezgia Raf,

Swientenia’ Mahazoni Jacq.

Areca Catechu Linn,

Oreadoxa regia H. B, K.

Haematoxylon campechianurm Linn,

Fuphoria Lonzana Lam,
Pithecolobium lucidum Benth,
Acacia Richii A, Gray,

Heritiera littorralis Dryand,

Yicus elastica Roxb,

Bauhinia spp,

Bixa orellana Lino,

Cinnamomum Camphora Nees, et Ebeim,
Eugenia Jambos Linn,

Terminalia Chzbula Tetz,

Albizzia falcata Back.

Acacia Senegal Willd,

Ravenala madazascariensis J, F, Gmnal,

Araucaria Bidwihii Hook,

Swistenia macrophylla King,

Quazrcus variahilis Linn,
emecarpus veraicifera Hay, et Kawak,
Aleurites molvccana WWilld,
Mochilus Thunberzii Sieh, ot Zuce.

Casuarina Deplancheana Miq,

Grevillea robusta A, Cunn,

Bombax Ceiba Lian,

Manihat Glaziovii Muell, Arz,

Siotslum albun Linn,
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Tectona grandis Linn,
Pinus Inchuensis Mayer,
Cassia Fistula Linn,
Maba buxifolia Pers,
Anona spp, .
Livistona altissima Zoll,
Garcinia spicata Hook, f,
Spondias pinnata Kurtz,
Arenga pinnata Merr,
Canagium edoratum Baiil,
Terminalia angustifolia Jaca,
Lagerstroemia speciosa Pers,
Jatropha curcos L,
Albizzia procera Benth,
Terminalia Catappa Linn,
Quassia amara Linn,
Trachycarpus excelsus var, Fortunei Mak,
Melia Azedarach Linn, .
Actinophloeus Macarthurii Bece,
Heved brasilienzis Muell ~Are,
Archontophoenix Alexandrae wenglet Drud.
Crescentia Cujete Linn,
Raphia Ruffa Mast,
Bischefia jJavanica Bl,
Agathis alba Foxw,
Samanea Saman Merr,
Goniothalamus Amuyon Merr,
Cocos nucifera Lian,
Pandanus boninenensis Warb,
Eucalyptus Globulus Labill,
Hynmenaea Courbaril Linn,
Olea europea Linn,
Mallotus phifippinensis Mueli-Argz.
Calgyphyllum Inophyilum Linn,
Araucaria Cunninghamii Sweet,
Artocarpus cemmunis Yorst,
Tamarindus indica Linn,

Total

161
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Table 1. Numler of trees injured and killed by typheons
in forest plantation at Kongkow (3&D0)

Typhoons happened: September and October, 1943 September, 1946,
Names Trg?:ken!%;g)oted Up motedF%iﬁkm Ifxg)lrf)ote dl'UprOO[Ed
Delonix regia Raf, II T 4
Tamarindus indica Linn, I 3
Acacia Richii A, Gray, 2
Cassia sjamea Lam, i
Terminalia Catappa Linn, ) .1
Casuarina eduisetifo!ia Linn, 1
Quercus variabilis Bl 1
Albizzia faleata Back 1
Total 14
Table 1. Number of trees injured and killed by typhoons
in forest plantation at Kaoszefu (FH1:{%)
Typhoons happened: Seple:z_lber and October, 1945L September, 19460
Namres Trg:fken }li;i‘iotedEUpmélEdi r%r;!;hn,flf';igotedmpr ooted
Cryptomeria japonica D, Don, | h ‘ 35
Albzzia Lebbek Benth. ! i
Pinvs luchusnsis Mayer, 1 l
Total I 1 | 35

Eight'y-one different plant species at three sites in Hangchun had been injured orkilled by
typhosns happening in last two years, Among the total of 1383 trees injured by typhoons,
1096 had been uprooted, 123 hali-uprooted and 164 had trunks broken, All of them died away

“afterwards, Oaly a portion of the half-uprooted trees might reco\-_.er their growth after treatment,
Loss were mast heavy in trees of Casuarina species, Albizzia Lebbek, Cassia.siamea, Caryota

urens, Csesalpinia Sappan, Pterecarpus indicus and Leucaena glavca, All of the trees of eighty-
on= speciss, except Semecarpus vernicifera, Cinnamomum Camphora, Acacia Richiia, Albizzia
procers,*Evphoria Lonzana which are indigenous to Taiwan, are exotic species cultivated thirt;'

-eats afo by Japanese Silviculturizts, No sericus or parlicular damage to trees was noticeable
y



anywhere on the natural forest,

Trees damaged by tybhoons on September, 1946, in Eotanic Garden in Taipch were as
follows: ' '

Pinus spp., Taiwania cryptomerioides Hay., Salix glandulosa Seem, var, Warburgi Koidz,,
Celtis sinensis Per.-:,,'l‘re;:t crientalis B, Ficus retusa Lian, Ticus spp,, Cinnamomum Camphora
Nees, et Ebern,, Liquidambar formosana Hance,, Acacia Richil Merr,, Prerocarpus vidalianus
Rolfe., Pterocarpus indicus Willd,, Pierocarpus santalinus Linn, f,, Pterocarpus Marsupium
Roxb,, Acacia mollissima Willd,, Cassiz auriculata Linn,, Acacia Catechu Willd,, Dalrerzia Sisso
Rotb, Dalkerzia latifolia Rotb., Pengamia pinnata Merr, Cassia siamea Lam, Erytbrina spp,,
Cassia Fistula Lian,, Delonix segia Raf., HZematoxylon compachisnum L., Bauhinia spp., Bisc-
hofia javanica Bl, Tectona grandis Linn,, Eugenia spp,, Eucalypius citriodora Hook,, Schefflera
spp., Carissa Carandas Liﬁ.u,, Elzeocarpus elliptica Nakai,, Lazerzstroemia spaciora Pers,, Artar-
botrys uacinatus Miq.,, Archontophoenix Alexrandrae Wend] et Drude, Orendoxa regia, H, B, K,
Areca Catechu Linn,, Livistoma subzlobosa Martius,, Actinophloeus Macarthurii Bec®, Trachycar
pus excelsus Wend, var, typicus Nak, Pan{atus odoratissimus L, f',, Ravenala madazascariensis
Gmel, and Bambusa spp,,

Among the total of 45 speties over two-thirds of them are exotic species,

In natural forest at Liinhwachzh no damagze to treas was noticeable, Only trees of Cunn-

inghamia faaczolata in the plantation were unraofad by typhoon happening in October, 1946,

An eximination of tha table reveals the fact that artificial forests in Hangchun and Taipeh
were easily to be attacked by typhoms, The exotic trees were injured heavier than indigenous
ones, berause these tress da not become adjusted to withstand great wind pressure and as a
Coasequenc? the occasional severe storms often cause great damage. Losses of trees of some
species such as Casuarina species, Albizzia Lebbek and Caszia sismea etc, were greater than
might have been expected since these trees of species are generally considered as resistant ones
te wind althcuzh the percentage of thesz trees injured as compared wi_th other s;pecies was low,
Accoraing to W, C. Wu' s (M8¥ch) sugzestions it can be explained as follows:

(1) The deep root systems of trees such as Casuarina species had been modified after

the practice of transplanting,



(2) With widespreading and spherical crowns, the trees of these related species present-a
Iarze surface to wind,
Matural foresls were less attacked by typkacns, In woodlands at Hangchun and Lianhwacheh

no greater damage was to ba noticed, Trees had becamne adjusted to wind action and were able

to resizt damisge,

Fffects of Typhoons on Plant Distribution 1n Taiwan.

According to Wilson s investization (1022} the flora of Taiwan is closely allied to Chira,
espatiaily the conifers have clas:r relatisnship with thoss of ceatral western China,  Genkei
Masamuna (1932) concivded that the flara of Taiwan firstly had relation to that of China and
sccondly to that of Philippises, . The ligneous flora of Botel To[l:sgo (%Lﬁ,ii;ﬁ) is niore clozely
allised with that of the Philinpine than with Taiwan,  This fack was interpreted by RyoZo
Kamzhira (1935) as follows: *Wien Coatinental China, Formosa, Botal Tobago and the
Philipyines were counected in the Tertiary, the Asiatic eleiments in;;aded Botel Tobago more
strongly thm tha Philopine elements, Formosa acting as a bridge, While Botel Tobago was
apparently s:parated from ‘Formiysa before Formosa became separa;ed _from Centinental
Chiny there still remained a comsaction with the Thilippines tEraugh an isthmus, or a row of
continusus island, thus providiag the oppsrtunity of certain intermigzrations between Botel
Tobazo and the Philiopinas, hut nat at this time permitting Formosan-philippine intergrations,”
Evaa thouzh the continent of Asia had separatsd as suzgested by Ryozo Kanzhira and cthor's
(Merrill 1023, 1926), it seems doubtful that it has any direct refation to the flora of Taiwan,
It se2ns more prssihle that tvphaoas transnorting szeds and fruits of plants from the mainland
of China and the Philinnines to Taiwan and vice versa, and the climatic conditiens in Taiwan
ate the factars controllinz the distribution of plants in Taiwan,

Taiwan is nzar by the coast of Chiza and not awa_{,- from the Pailippines, The distance
from Ba'zl Tobizo which lizs o1 thc south east of Taiwan to B:titn (ope island of the
Pailippines)is about 4@ miles, and the distance to the coast of mainland of Chira is about 240 Km,
Taiwan is very momtain,us, with a ceitral axis stretching from south with an averaze heizht
of 2500-300dn, which is  compirablz tothat of in central and western China, Typhoons with
a valicity of I5to 70 Kon, par hour could travel ail over these rezions within a short time, The
climatic cenditions of thoss mouttain rezions are thought be similar, -

Not only the seeds or frults of wind-distrisibuted species but also the heavy fruits or

seedds are easily hrouzht and distributed by typhosns from the Philippines and China to Taiwan,



and vice versa,

The 1513178 of Kralitoa, whoiz vezelation was entirely destroyed by a2 volcanic eruptisn in
1333, s ahout 12 miles {9 the neavest islard anl absut 27 miles to tha coast of Java., The
first plants fouad in island werz thallophytes and brophytes from wind blown spores, The
first vascular plants to appear in abundance were feras, whose spores are readily scattered by the
wiad, Fifteey years after iha. erup!iin, 33 species of secedbearing plants had reached the island,
Of these it was estimated that 60 per cent, chiefly shore forms, was brouzdt by ocean current,
32 per ceat by wind and 8 par cent by animals (Ernst, 1903), This esample explains that
islaad such as Taiwan, if eatirely withaut any vezetatisn would be easily covered by plants
migrating from China, th: Pailippines and other neighboring places, by typhooas as a sszed
distrbuting agent, within a period of one huzdred years,

Stronz winds cause hize wawves and strong ocean cursents which are aZents of dispersal of
szeds and fraits of hydrophytes or water~horned plante, Paleotropic trees of wide distribution
often grown ia tilal or manzrove forests in Taiwan are the examples of planis that have been
disparszd by tha se2a current,

The island with distinctly higa altitudes and abundant rainfall and hizh humidity support
a very rich flora as comnpared with that of same neighboring regions, With great variatison and
saarp lacal contrast i;n clinate, a Zreat number of plants eadenic in these regions could have
been crossed from hybridization among organisms belonging to different species in the course of
timaz (Shull 1933),  Thz pollzas us:d for pallination may be transported by wind from remote
lands, Ga the other hand by the actinn of typhoons in dispersing seeds and fruits, endemic
piants have mizrated and are stit! migrating to other plices and other exotic Plaats are baing
brouzat to tha island coatinupusly, Tais exphing why Taiwan is comparatively rich in ninber
of zzaera but poor in enlemizn,  Tae facts that the flora of Taiwan has relation to that of
China gnd szcoadly to that of Philippinaf ¢a1 bz explained as {ollaws:

(1) Most of pliits have the opportunity to migrate from the' Philippines and the
mailad of China to Taiwan and vite verss, whenr typhaas travel ac‘rdsé these regions,

(2) Ta: myiatains ia Taiwan with average of 2303 to 3033 m, are ‘ca‘"ﬁ;)amb!e Yo that
of mouatains in ceatral and westera China, With sinilar cJinatic coaditisns in mountaing tha

san: trees may grow luxuciously in Taiwan, as well’ as China,
Sumrmary

In the Far East tropical cyclones are called typhooas,  Thz ways they travel are various
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and the directions are abnormal, Freqnently they travel eastward or northwest and pass
thraugh ths FPhilippines amnd ths coast parts of Taiwan or from Taiwan to the mazinlind of
China, In Taiwan most of them bappened in July, August, september and October,

Typhoons with strong velocity frequently uproot trees or break trunks, A brief study was
mide of the trees injured and killed by typhoons in three sites in Hunzchun, in Botanic
Garden in Taipeh and in natyral forest and the plantation at Lianhwacheh,

Artificial fofest were easily to be attacked by typhoons. The exotic trees were injured or
killed more heavier than indigenous ones Trees in natural conditions were less injured and
rarely killed, because they had tecoms adjusted to wind action and were able fo resisi damage,

Typhoans with a velocity of IS to 70 Km, per hour are very easily toreach Taiwan from
the Philippines and China and cther countries in a shert time. Not only the teeds or
fruits of wind-distributed species but also the heavy seeds or fruits are easily brought and
distributed to and fro between thete regions, The transportation of plants by typhoons frem
the maioland of China and the Philippines to Taiwax_l and vite versa are the primary causs
in developing the flora of Tajwan, By helping of typhoons much endemic plants have migrated
and are still migrafing to cthar places and other exotic plants are being broughted {o the
island, This is why  Taiwan is compa¥atively rich in number of genera but poor in ende-
wism, |

The flora of Taiwan firstly has relation to that of China and secondly to that of philippines,
It is partly due to the action of typhpons in transporting plants beiween these regions and
partly due to the similar climatic conditiens in high mountains in Taiwan lé these of central

and western Ching,
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i 2 #if el me | v (van an
*® 23 *H (Ca.suarina equisetifolia Linn,) ‘l 30 17 | 203 9
& #£ & Pk (Albizzia Lebbek Benth.) 51 11| 15¢ 20
g 7] A (Cassia siamea Lam,) 11| 28! & 10
H B - (Caryota urens Linp,) | 17 4 51 5
3 A (Ca.esalpinia Sappan Linn,) sl M
lgg X K X (Ca;éuzrinz glauea Sieb.) 3 5 30
EXRAKREY (C;';‘suarina' Cuninghamiana Mia,) 4 6| 24
3z #r Leucaena glauca Benth.) 11 8 29
47 mgﬁﬁ (Pterocarpua indicus W ﬂld) 20 | 6 20
.ng £ K W (Dalbergia latifolia Roxb,) L2 20
B B4 (Ficus retusa Linn)) | 19 3
HIEE s 1B % (Adenantbera pavenina Linn,) 1 9 i8
BT A —fa (Peltophorum ferrugineum Batai) 8 9! 17
',sg; % T (Cedrela tocna F. VilL) 1 | 3! 17 3
S H B E (Cinnamomum zeyganicum B!) 4 17
©HIg . Bk (Delonix regia Raf.) 14 5
£ E 0 R (Swientenia Mahagoni Jaca.) 3! 2 i1 5
% iz (:\r;ca Catecha Linn,) A 2 11
o ';:’5 =4 (On;odoxa rezia H. B, K.) 2 9 2
o oA gg;}.]e.r)mtaxylon campechiznum 1D I 15 8
FH £l (EBuphoria Longana Lam,) 2, 8
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2 F (Pithecellobium lucidum Penth,)

M B B (Acaria'Richii A Gray)

vl = f}’- (Heritiera littoralis Dr)and)
£ Bf 8 B #i(Ficus elastica Roxh)

2 ps & (Bavhinia spp.)

A # (Bixa oreliana Linn,)

" (Cinnamomum Camphora Nees,
;ﬁ_ ) ti et Eberm,)
Bt ¥ §3 (Euzenia Jambos Linn,)
s = (Terminaliz Chebula Tetz)}
“ £ (Abizzia falcata Back.)

.ETEL' 5 {7 B3 B (Acacia Senegal Willd)
avenala madwaacanensxs J.

3 (R

EARBER E Gma) . ‘

Rl 1 # (Anucaria Bidwillii Hook,)

3 3 W (Swiétenia- macrophylla King.)

L3 B H (Quercus \anablhs Linn,)
(Cemecarpus vernicifera Hay, et

ﬁ f i‘g hﬂl"ﬂk )

A = (A!aunte; mo!uccana \‘v’xl!d)

Machilus Thunbe Sieb, et
Bi 45 » ‘d"ﬁgiuccf)lu un rgn ieb, ¢

g AR A (Ca:uarma D(,pl:mcheana Miq. )

sn 3 p (Grevillea robusta A, Cunn,)
A » BEFLE (Bombax Ceiba Lmn)

4 BB 14 (Manihot G!azm\y Muell, Arg_)
i 1€ (Santalum album Linn_)

_é‘é} & (Tectona grandis L'inn,) _

R ¥ ¥ (Pinus luchuensis Mayer.)

USRI, sy (Cassia Fistula Linn,)
& & i (Maha buxifolia Lin, Pers,)
H & 4% (Anona spp,)

25 2 — f§ (Livistena altiszima Zulb)
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] H¢ (Spondias pinnata Kurtz,) Y 2

% {8 (Arenza pinnata Merr) 1 | ; g ¥

5 7k i (Canagium odoratum Baill,) D) 1

B #E B 1= (Terminalia angustifolia Jacq) 1 { 9

’ﬁ:\f # — f(Lagerstroemia speciesa Pers.) | 2

FEE 8 » R{E4% (Jatropna curcos L.) D)

T » P17 (Albizzia Precera Benth,) 2

B {= (Terminalia Catappa Linn,) ! 9

# A (Quassia amara Linn,) 9

£ | " %_'i‘:’?:r?gir.;\rﬁf:)excelsus vat, , 9

2 4 (Melia Azedarach Linn.) | 9

T 9 2% 5 AN gziii.t;ophloeus Macarthurii 2 : 1

& 7 8 2 4§ (Hevea brasiliensis Muell~Are,) | ! 1

i (chanonts e |

B hr E] @ t] (Crescentia Cujete Linn)) ! 1[ 1

B. % #f 3+ (Raphia Ruffa Mart,) 1

H B A 4 & (Bischofiia javanica Bl) 2 1

H 8 # (Acathis alba Foxw,) 1

B A (Samazea Saman Merr,) 1 1

T #§ % (Goniothalamus Amuyon Merr.) | 1

£ - (Cocos nucifera Lion,) ; 1 3 5

£ 5 13 (Pandanus boninenensis \Warb.) 'l 1

¥ $# 8 (Eucalyptus Globulus Lakill,) 1

3% &1 £ B 14 (Hymenzea Courbaril Linn,) 1

5] 71 i (Olea curopea Linn.) , 1

e B . 55 ﬁ\igllllﬂﬂ;}))hilippinensis 1

9B ¥ 3 Y (Calophyllum inophyllun Linn,) 1

¥ 2 W & ¥ (Aravcariz Cumninzhamii Sweet.)‘l 1

L & B (Artocarpus commuais Forst,) 1

¥ & F, &3 B (Tamariadus indica Linn.) 1 3
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B J& A&(Delonix regia Raf.) 4
BT, B B (Tamarindus indica Linn)) 3
m B i (Acacia Richii A, Gray)) 4 9
¥ 7 A (Cassia sigmea Lam,) 1
BE 4= (Terminalia Catappa L nn.) 1
A B 9% (Casuarima equisetifoliz Lian.) . 1
B K B (Quercus variabilis BL) E 1
& T — B (Aizia faleata Back)) ! 1
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- H%; Séi)fgrtomcri;;a}—);;;; D, ' T _ 35
4 % 4 %% (Alblzia Lebbek Benth.) _ 1
£ 23 ¥4 (Pinus luchuensis Mayer,) i 1
2 & ! 1 38







