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Patch dynamics in tropical forestsand the maintenance of tree species diver sity/ CAO Min®? ,FU Xian- Hui® ,
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Abgtract Asoneof the dements contributing to landscape , patches have direct effectson the gatid patterns
of landscape and functiona interactions among the landscape cdls. Patch dynamicsleads to the change in land-
cgpe patterns. Heterogeneous patches commonly occur in tropica forests. Thisis to say, dimax forest d<
mai ntains patches of different gecies compodtion and community structure. Forest growth cycle induced by
natural eventsor human disturbance brings about the gatiad mosaic of different patches. In any ot of forest ,
the patches at different growth phases, i.e. , ggp phase, building phase and mature phase, turn over. Inthe
process of the growth cycle, the replacement of floristic dements takesplace, too. These patches, on theoth-
er hand, shift on theforest background. The gecies diversty of tropica forestsis maintained in the dynamics
of forest patches.
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Table1 Some main charactersof pioneer and dimax tree geciesin tropicd rain foress

Foneer

Cimax

Common dternative
names
CGermination

Seedlings

Seeds

Soil seed bank

Digers

Dormancy

Gowth rate

Compensation
point

Height growth

Light-demander , (shade)intolerant ,
secondary

Only in canopy gaps open to the sky
which receve ome full sunlight

Cannot survive beow canopy in
shade, never found there

1 ’

Small , produced copioudy and more
or less continuoudy, and from early
in life

Many species

By wind or animds, often for a con-
dderable distance

( ),
Capable of dormancy (orthodox) ,

commonly abundant in forest il asa
seed bank

Carbon fixation rate, unit ledf rate,
and reative growth rates high

High

Fast

Shade bearer , primary
Usualy below canopy

Can survive below canopy , forming a “ seedling
bank"

: ; (
) ,
Often large, not copious, often produced annu-
aly or less frequently and only on trees that
have (almost) reached full height

Few gecies

By diverse means, incuding gravity, ome
timesonly a short distance

( ),

Often with no capacity for dormancy (recalci-
trant) , sddom found in il seed bank

These rates lower
Low

Often dow

Long, dow turn-over rate

Led life Short , high turn-over rate

Herbivory L eaves susceptible, ooft , little chemi-
ca defense L eaves sometimes less susceptible due to me-

chanica toughnessor toxic chemica

Wood Usudly pae, low dendty, not| Variable, pae to very dark, low to high dens-
dliceous ty , ometimes sliceous

Ecologica range Wide Someti mes narrow

Longevity Often short Sometimes very long

From Whitmore (1990)
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25
,Phillips et a. (1994) :
1 ) ( ) )

, , (Dendow ,
1995) , ,
(Qvnish ,1999) Barro Colorado Paoh 50 hm?
, (frequency- dependent processes) ( )
(Wills & Condit ,1999)
(norrequilibrium hypothes s)

’ 1 ’

, , " (intermediate disturbance hypothe-
ds) (Gime,1973; Horn,1975; Connel & Yatyer ,1977; Connell ,1978 ; Huston ,1979 ; Dendow ,
1980 ; Wilkinson ,1999) : ,

(gradua change hypothess) (Hutchinson ,1961 ;Cheson & Huntly ,1997)

, ” (Allmon et a. ,1998)

) , “ ” ,
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) (Tilman ,1999) ,

Allmon W D, Morris PJ, McKinney M L , 1998. An intermediate disturbance hypothessof maxima eciation.
In: McKinney M L , DrakeJ A (eds.) , Biodiversity Dynamics: Turnover of Populations, Taxa and Com-
munities, New York: Columbia Univerdty Press, 349 376

BarnesB V , Zak D R, Denton SR, Surr S H, 1998. Forest Ecology (4th edition). New York: John Wiley &
Sns, Inc, 409 442



178 8

Brokaw N V L , 1982a. The definition of treefal gap and its efect on measuresof forest dynamics. Biotropica, 14:
158 160

Brokaw N V L , 1982b. Treddlls, frequency , timing and consequences. In: Leigh E GJr, Rand A S, Windsor D
M (eds.) , The Ecology of a Tropical Forest —Seasonal Rhythms and Long-term Changes, Washington D.
C. : Smithonian Ingitution Press, 101 108

Burrows CJ, 1990. Processesof Vegetation Change. London: Unwin Hyman, 330 358

Cao Min, 1998. Canopy gap , il seed bank and tropica forest dynamics. In: Jiang Hangiao , Ou Xiaokun (eds.) ,
Biodiversity Conservation and Sustai nable Development in the Biosphere Reserves, Kunming: Yunnan U niver-
dty Press, 220 229

Ca0 Min, Zhang Jianhou, 1996. An ecological pergective on shifting cultivation in Xishuangbanna, SW China.
Wallaceana, 78: 21 27

Chandrashekara U M, Ramakrishnan P S, 1994. Vegetation and gap dynamicsof a tropica wet evergreen forest in
the Western Ghatsof Kerda, India. Journal of Tropical Ecology, 10: 337 354

Cheson P, Huntly N, 1997. The role of harsh and fluctuating conditions in the dynamics of ecologicad communi-
ties. American Naturalist , 15: 519 553

Condit R, Hubbdl SP, Foster RB, 1995. Mortdity ratesof 205 neotropica tree and shrub gecies and the impact
of a svere drought. Ecological Monographs, 65(4) : 419 439

Conndl J H, 1978. Diverdty in tropicd rain forests and cora reefs. Science, 199: 1302 1309

Conndl J H, Satyer RO, 1977. Mechanismsof successon in natura communities and ther rolein community star
bility and organisation. American Naturalist, 111: 1119 1144

Cook J E, 1996. Implicationsof modern successona theory for habitat typing: a review. Forest Science, 42(1) :
67 75

Crow T R, 1980. A ran fores chronicle: a 30 year record of change in structure and composdtion at H Verde,
Puerto Rico. Biotropica, 1: 42 55

Dendow J S, 1980. Patternsof plant gecies diverdty during successon under different disturbance regimes. Oe
cologia, 46: 18 21

Dendow J S, 1987. Tropica rainforest ggpsand tree ecies diverdty. Annual Review of Ecology and Systematics,
18: 431 451

Dendow J S, 1995. Disturbance and diversity in tropica rain forests: the dendty efect. Ecological Applications,
5: 962 968

Dendow J S, 1996. Functiona group diversty and regponses to disturbance. In: Orians G H, Dirzo R, CushmanJ
H (eds.) , Biodiversity and Ecosystem Processes in Tropical Forests. Berlin: Soringer-Verlag, 127 151

Foser D R, Huet M, Boose E R, 1999. Human or natura disturbance: landscgpe scale dynamics of the tropica
forestsof Puerto Rico. Ecological Applications, 9 (2) : 555 572

FrangiJ L, Lugo A E, 1998. A flood plain pam forest in the Luquillo Mountains of Puerto Rico five years ater
hurricane Hugo. Biotropica, 30(3) : 339 348

Gvnish TJ, 1999. On the causesof gradientsin tropicd tree diverdty. Journal of Ecology, 87: 193 210

GimeJ P, 1973. Competitive exdugon in herbaceous vegetation. Nature, 242: 244 247

Hartshorn G, Bynum N, 1999. Tropicd forest synergies. Science, 286: 2093 2094

Hartshorn G S, 1978. Treddls and tropicad fores dynamics. In: Tomlinson P B, Zimmermann M H (eds.) ,
Tropical Tress as Living Systems, Cambridge: Cambridge Universty Press, 617 638

Horn H S, 1975. Markovian propertiesof forest successon. In: Cody M L , DiamondJ (eds.) , Ecology and Evo
lution of Communities, Cambridge, Mass. : Bdknap, 196 211

Huston M, 1979. A generd hypothessof ecies diversty. American Naturalist, 113: 81 101

Hutchinon G E, 1961. The paradox of the plankton. American Naturalist, 95: 137 145

Martinez Ramos M , Sarukhan J, Pinero D, 1988. The demogrgphy of tropica treesin the context of forest gap dy-
namics: the case of Astrocaryum mexicanum at Los Tuxtlas tropica rainforest. In: Davy A J, Hutchings M
J, Watkinoon A R (eds.) , Plant Population Ecology , Oxford: Blackwell Scientific Publications, 293 313

Pahl-Wostl C, 1995. The Dynamic Nature of Ecosysems: Cheosand Order Entwined. New York: John Wiley &
Sns, Inc, 30 43

Petraitis P S, Latham R E, 1999. The importance of scale in testing the origins of aternative community states.
Ecology, 80(2) : 429 442

PhillipsO L , Gentry A H, 1994. Increadng turnover through time in tropica forests. Science, 263: 954 958

PhillipsOL , Hal P, Gentry A H, Sawyer SA, Vasquez R, 1994. Dynamics and gecies richnessof tropica rain
forests. Proceedings National Academy of Sciences USA , 91: 2805 2809

Poorter L , 1999. Growth reponsesof 15 rain-forest tree geciesto alight gradient : the reative importance of mor-



2 : 179

phological and phydologica traits. Functional Ecology, 13: 396 410

Putz F E, Milton K, 1982. Tree mortdity rateson Barro Colorado Idand. In: Leigh E GJr, Rand A S, Windr
DM (eds.) , The Ecology of a Tropical Forest —Seasonal Rhythms and Long-term Changes. Washington,
D.C. : Smithonian Ingitution Press, 95 100

Richards P W, 1952. The Tropica Rain Forest. Cambridge: Cambridge Univerdty Press, 49 53

Roberts M R, Glliam F S, 1995. Patterns and mechanisms of plant diversty in forested ecosystems: implications
for forest management. Ecological Applications, 5(4) : 969 977

RussHl GJ, 1998. Turnover dynamics across ecologica and geologicd scales. In: McKinney M L, Drake J A
(eds.) , Biodiversity Dynamics: Turnover of Populations, Taxa, and Communities, New York: Columbia
Univerdty Press, 377 404

SddarriagaJ G, West D C, Tharp M L, Uhl C, 1988. Long term chronosequence of forest successon in the upper
Rio Negro of Colombia and Venezuda. Journal of Ecology, 76: 938 958

Smiet A C, 1992. Forest ecology onJava: human impact and vegetation of montaneforest. Journal of Tropical E-
cology, 8: 129 152

Swaine M D, Whitmore T C, 1988. On the definition of ecologica pecies groupsin tropica rain forests. Vegeta-
tio, 75: 81 86

Tilman D, 1999. The eoological consequences of changesin biodiversty: a search for genera principles. Ecology,
80(5) : 1455 1474

Vandermeer J, Boucher D, Perfecto |, dela Cerda | G, 1996. A theory of disturbance and ecies diversty: evi-
dence from Nicaragua after hurricane Joan. Biotropica, 28(4a) : 600 613

Wadsworth F H, Englerth G H, 1959. Hfect of the 1956 hurricane on forestsin Puerto Rico. Caribbean Journal
of Science, 20: 38 51

Watt A S, 1947. Pattern and processin the plant community. Journal of Ecology, 35: 1 22

Weaver PL , 1986. Hurricane damage and recovery in the montane forestsof the L uquillo Mountainsof Puerto Ri-
co0. Caribbean Journal of Science, 22: 53 70

Webb L J, 1958. Cydonesas an ecologicd factor in tropicd lowland forest , North Queendand. Australian Journal
of Botany, 6: 220 228

Whitmore T C, 1978. Grgpsin theforest canopy. In: Tomlinson PB, Zimmermann M H (eds.) , Tropical Tres
as Living Systems. Cambridge: Cambridge Univerdty Press, 639 655

Whitmore T C, 1989. Canopy gaps and the two mgor groupsof forest trees. Ecology , 70(3) : 536 538

Whitmore T C, 1990. An Introduction to Tropicd Rain Forests. Oxford: Clarendon Press,23 28,99 132

Wilkinon D M, 1999. The disturbing history of intermediate disturbance. Oikecs, 84: 145 147

Wills C, Condit R, 1999. Smilar norrrandom processes maintain diverdty in two tropica rainforests. Proceedings
of the Royal Society of London, SeriesB, 266: 1445 1452

Wiloon E O, 1988. The current state of biologicd diverdty. In: Wiloon E O, Peter F M (eds.) , Biodiversity,
Washington, D. C. : Nationd Academy Press, 3 18

Zhang Jianhou, Cao Min, 1995. Tropicd forest vegetation of Xishuangbanna, SW China and its secondary
changes, with pecid reference to ome problems in loca nature conservation. Biological Conservation, 73
(3):229 238



