Mics et al.: Rainforests at the beginning of th& @dntury
-1 -

RAINFORESTSAT THE BEGINNING OF THE 21°" CENTURY

Mics, F1—Rozak, A.H.?—Kocsis M. —~HoMoRoODI, R} —HUFNAGEL, L.**

'Department of Mathematics and Informatics, Adaptato Climate Change Research Group
of Corvinus University of Budapest,
1118 Budapest, Villanyi ut 29-43., Hungary
(phone: +36-1-482-6261; fax: +36-1-466-9273)

’Cibodas Botanic Gardens — Indonesian Instituteciéi®es
JI. Kebun Raya Cibodas, Cipanas, Cianjur, West #82b3, Indonesia
(phone: +62-263-520448; fax: +62-263-512233)
e-mail: andes.hamuraby.rozak@lipi.go.id

*Department of Management and Marketing, Corvinui/éhsity of Budapest
H-1118 Budapest, Villanyi Gt 29-43, Hungary
(phone: +36-1-482-6171; fax: +36-1-482-6331)

*Corresponding author
e-mail: leventehufnagel@gmail.com

(Received YMay 2012; accepted Danuary 2013)

Abstract. Rainforests are situated at low latitude whereedty enjoy steady and strong radiation.
Biodiversity in rainforests has been very high, ligstorical and climatic reasons. The number otigse

is very high and tends to increase with preciptatand decrease with seasonality. Disturbance, soll
fertility and forest stature also influence the @ps richness and high turnover of species coritilbo
diversity. Field observation and studies revealted large scale deforestation could alter the regiand
global climate significantly. Deforestation altettse surface albedo which leads to climate change.
Regional land use contributes to climate changeutiin surface-energy budget, as well as the carbon
cycle. Forest fragmentation, logging, overhuntifige and the expanding agriculture threaten the
biodiversity. Rainforest covered area has signifisashrunk in the last decades. It is hard to gubthe
forests because of the growing demand for agrirallitarea and forest-derived products. Most measures
proved ineffective to slow down the destruction.nele, more forest will be lost in the future.
Conservationists should take into considerationsitbeondary forests because biodiversity can be high
enough and it is worth protecting them.
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Richness of rainforests

An interesting phenomenon can be observed in thegliworld: the number of
species and the biodiversity is decreasing fronEipeator to poles (Willig, 2001; Qian
et al.,, 2003; Weiser et al., 2007; Moya-Larano, @0With a few exceptions, this
observation is true, regardless of the continentgeup of organisms. From the
beginning of the 1950’s scientist tried to deterihe magnitude of species richness in
equatorial moist forests and the processes whitdbksh and maintain the extremely
high variability (Schemske, 2002). Beside corafsgt&opical rainforests represent the
highest biodiversity and species richness (Myed§02. For instance in the Tesso Nilo
National Park in Indonesia was found 900 speciegastular plant in the sample area
of 1800 nf (Gillison, 2001). In particular, the Western Amazamea is very rich in the
soil of terra firme (Gentry, 1988a; Valencia, 19%iyican forests are relatively poor in
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species, in comparison to other continents, duthdoeffect of the last glacial period
(Permantier, 2007). But even here, there are avhase the number of endemic species
and the biodiversity are considerably high: fortamee the Ngovayang forest in
Cameroon, where 293 tree species was found in ectade of forest (Gonmadje,

2011). In recent decades, our knowledge has langelgased about the ecology of
rainforests, thanks to extensive research.

Table 1. Biomass distribution of the major terrestrial biosn®ata from Chapin, F.S.,
Matson, A.P., Vitousek, M. (2002): P. Principlesesfestrial Ecosystem Ecology.-
Springer-Verlag, New York

Biome Shoot (gm™?) Root (g m?) Root (% of total) | Total (gm™)
Tropical forests 30 400 8400 0.22 38 800
Temperate forests 21 000 5700 0.21 26 700
Boreal forests 6100 2200 0.27 8300
Mediterranean 6000 6000 0.5 12 000

shrublands
Tropical savannas 4000 1700 0.3 5700
and grasslands
Temperate 250 500 0.67 750
grasslands
Deserts 350 3500 0.5 700
Arctic tundra 250 400 0.62 650
Crops 530 80 0.13 610

Table 2. The biomass of rainforests in some tropical coestrData from Brown, S. (1997):

Estimating biomass and biomass change of troparaist. - A Forest Resources Assessment
publication, Urbana, Illinois, USA

Country Forest type General climate Aboveground
biomass (T/ha)
Africa
Cameroon closed forest moist 310
Ghana Closed forest moist-short dry season 395
Republic of Congo closed forest Moist 276
Asia
Bangladesh closed Moist 210
Cambodia Dense moist 295
Malaysia-Peninsular Superior to moderate Moist 245-310
hill
Malaysia-Sarawak Mixed dipterocarps moist 325-385
dense
Philippines Old-growth dipterocarp moist 370-520
Sri Lanka Evergreen Moist 435-530
America
Bolivia closed forest moist 230
Brazil closed forest moist 315
Ecuador closed forest moist 182
French Guyana closed forest Moist 309
Guatemala closed forest Moist 254
Guyana mixed forest Moist 275
Nicaragua mature forest Moist 240
Panama high density mixed Moist 239-366
Peru Primary Moist 210
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And now, let us consider the factors establishimg anaintaining biodiversity.
Firstly, the geographic and abiotic factors areyvienportant. Near the Equator the
climate is warm all the year and the annual préatijein is considerably high. At least
1600 mm rainfall is needed to maintain the floraeTvegetation and animals do not
suffer from the lack of water. Therefore, it is eb&ed that when the length of dry
season decreases, the number of species growstefiperature is never too low and
thus the cold does not cause stress to flora amdafaThe favourable climate must
persist for long time, in order to create such aglex system. The steady warm
climate promotes evolving of species and rapid wiahary changes (Gilbert, 1980;
Terborgh, 1983). The observed species richnessaigesl by edaphic and topographic
factors. The conditions, which are necessary fagamisms to grow, survive and
reproduce, are spatially and temporally very vadeiabJhon, 2006). Hence, the
composition of communities varies along the ecaalggradients. Different type of
soils can cause large changes in species richnessomposition, and facilitate the co-
existence of species (Bohlman, 2009). Differentcise adapt to different edaphic
conditions, allowing the maintenance of speciesrmass. On different type of soil and
different water supply different plants can growdaurvive. The plants compete for
light, water, nutrients and pollinators. They ukeitt resources in different ways to
maintain the co-existence. Most of the abiotic veses are located in certain places, the
micro-topographical changes in soil structure, mupésand nutrient content can vary in
a short distance from hill to valley (Potts, 2009pst of the plants are for some extent
linked to a particular microhabitat, which is chaesized by a soil type, water supply
and nutrient content. The following detailed exaenputlines the importance of water
supply and how the water can influence the distidimuof plants Mora excelsdives on
creek-banks and the water carries the séddsa gongrijpii is distributed a few metres
further from creek-banks and too much water kills seeds. But it can absorb water
from relatively dry soils. These twdora species represent the two extremities, the two
endpoints of the gradient. Along with othdora species, they occupy the whole water
supply gradient. This gradient contributes to th@&ntenance of alpha diversity. The
spatial variability contributes to the developmehtiversity, but does not fully explain
the richness. Warm climate is favourable for higlanp productivity and rapid
development. High productivity increases biodivigrsind complexity. Along with the
complexity of vegetation the number of habitatsréases and also the number of
organisms that occupy them. The high biodiversstgharacterised by high turnover,
individuals rapidly rotate. Dead organisms are dbpreplaced by another species.
Rapid rotation allows for long term coexistence i{ipis, 1994). Due to the high
productivity a lot of species can coexist even orelatively small area. Too high
density has a negative effect on the survival divilduals. Herbivore insects and pests
which are specialised in a certain host speciegraup of host species can proliferate
rapidly if the host species’ density is high. Hedyes and pests have an important role
in the maintenance of diversity. One species caccupy too large an area. If the host
species’ density grows, the density of pests valisequently reduce the survival of the
host (Hubba, 2001). There will be an increasingnckahat a certain individual has a
neighbour of a different species. According to adgt the distribution of 80% of
species is affected by pests or herbivores on Baotorado Island, Panama. Wet, warm
climate is favourable for parasites; therefore thidlpence the vegetation richness and
complexity. Drier climate is favourable for the guxtion of secondary metabolic
products and decreases the productivity. The nundbeparasites and herbivores
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decreases and cannot influence the distributionplahts and density-dependent
mortality diminishes (Givnish, 1999). Wet weatherfavourable for the parasites and
natural enemies increase the mortality becausebfdonsumption.

Table 3. Biodiversity of some tropical areas. Data from MgeM., Mittermeier, A.R.,
Mittermeir, G.C., da Fonseca, G.A.B., Kent J.(20@¥pdiversity hotspots for conservation
priorities.- Nature 403: 853-858.

Original | Remaining Area Plant | Endemic | Vertebrate | Endemic
extent of original protected | species | plants( species vertebrates
primary | vegetation (km? % of (% of
vegetation | (km?) (% global global
(Km?) of original plants, vertebrates,
extent) 300 000) 27 298)
Tropical 1 258 000 314500 | 79687 | 45000 20000 3389 1567 (5.7%)
Andes (25) (25.3) (6.7%)
Mesoamericg 1 155 000 231 000 138437 | 24 000 5000 2859 1159 (4.2)
(20) (59.9) (1.7%)
Brazil's 1227 600 91 930 33084 | 20000 8000 1361 567 (2.1)
Atlantic (7.5) (35.9)
Forest
Western 1 265 000 126 500 | 20324 9000 2250 1320 270 (1)
African (10) (16.1) (0.8)
Forest
Sundaland 1 600 000 125000 90000 | 25000| 15000 1800 701 (2.6)
(7.8) (72) 5)
Wallacea 347 000| 52020 (15) 2041510000 1500 1142 529 (1.9%)
(39.2) (0.5)
Philippines 300 800 9023 (3) 3910| 7620 5832 1093 518 (1.9)
(43.3) (1.9)
Indo-Burma | 2 060 00Q 100 000 100 000 | 13 000 7000 2185 528 (1.9)
(4.9 (100) (2.3)
Western 182 500 12 450 12 450 4780 2180 1073 355 (1.3)
Ghats/Sri (6.8) (100) (0.7)
Lanka

When a big tree falls down, a gap is formed indheopy and the light can penetrate
and reach theforest floor. In other words, a spegace is formed where the intensity
of light is increased. The high rainfall makes #w@l loose and the shallow roots
increase the chance of falling. This is very impottfor new individuals to appear. The
species of new individuals depends on the compositf the surrounding vegetation.
Some seeds germinate exclusively under open cammghyhey require a certain amount
of light. The total of 75% of species need light §@rmination and growth of seedlings
according to a survey in La Selva Biological StaticCosta Rica. This result was
confirmed in Australia, Malaysia and Africa. In tlaeea of the gap, the intensity of
growth and the chance of survival become increaSed. of the seedlings will take the
place of the fallen tree. The gap itself is a ca@wpiabitat and rapidly changes spatially
and temporally. Numerous species share the ardheofjap and the resources. The
individuals who cannott exploit the resources dffety will not survive. Falling down
of trees is a random event, that is why chancealrate in the maintenance of diversity
(Denslow, 1987). Most plants live under the canapyshade. Thanks to the warm, wet
weather and fertile soil the compensation pointois and this way they tolerate the
shade better. In turn, more species and individaals live under the canopy. The
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fertility of soil depends on structure, chemicahgmosition, air and water supply. Less
fertile soil decreases the productivity and proside favourable environment for the
production of tannins and phenols. Comparing timelgand fertile soils we can see that
trees on sandy soil produce twice more tannins tmafertile soil. Furthermore, the P
concentration is twice higher than on sandy soia¢klay et al., 1978). Differences in
leaf structure and nutrient content lead to letanisive consumption by herbivores.

High rainfall facilitates nutrient uptake and thecdmposition of organic matters.
Cations get into the soil easier (Clinebell et 8095). In contrast, as the altitude grows
the nutrient uptake slows down. In general, on éigdititude the temperature of soil is
lower and the process of mineralisation is slowdre decreased nutrient availability
has stronger effect than high rainfall (Tannerlgtl®90). An interesting phenomenon
was observed in rain forests: lots of plants preduey, fleshy fruits that are eaten by
animals that distribute the seeds. This phenomeésnianore frequent in moist forests
than in drier areas. This promotes the diversityewalutionary scale (Gentry, 1988b).
The large biomass, richness and complexity of \amet involve the increase of the
number of animals. Vast amounts of diverse resguace available for the next trophic
level. The complex vegetation provides diverse tagbifor animals.

Table 4. Vertebrate species and endemism. Data from Myerditermeier, A.R.,
Mittermeir, G.C., da Fonseca, G.A.B., Kent J.(20@pdiversity hotspots for conservation
priorities.- Nature 403: 853-858

Bird species Mammal Reptile Amphibian Total species
and species and species and species and and
endemism endemism endemism endemism endemism

Tropical Andes| 1666| 677 414 66 479 218 830 604 338667
Mesoamerica 1193 251 521 21p 685 391 60 307 285959 1
Brazil's 620 181 261 73 200 60 280 258 1361 567
Atlantic Forest
West African 514 90 551 45 139 46 116 89 1320 270

Forests
Sundaland 815 139 328 11% 431 266 2P6 179 1800 701
Wallacea 697 249 201 123 252 159 84 65 1142 529
Philippines 556 183 201 111 252 159 84 6b 1093 518
Indo-Burma 1170 140 329 73 484 201 202 114 2185 528

Western 528 40 140 38 259 161 146 116 1073 365
Ghats/Sri
Lanka

Table 5. Note that ecoregions differ in size, which lintlite comparability of mean plant
species richness per ecoregion. Data from. Kierolgle, Mutke, Jens., Dinerstein, Eric.,
Ricketts, H. Taylor., Kiper, Wolfgang., Kreft, Halg Barhlott, Wilhelm. (2005): Global
patterns of plant diversity and floristic knowleddeurnal of Biogeography 32:1-10

Biome M ean plant speciesrichness per ecoregion
Tropical moist broadleaf forest 3161
Temperate broadleaf and mixed forest 1909
Boreal forest 822
Tropical grassland/Savanna 1731
Temperate grassland 1372
Tundra 438
Desert and xeric shrublands 1078
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Human activity and climate change

The effect of climatic change on tropical vegetatitas become global and regional
concern because of its high biodiversity and themal feedback to the carbon, water,
and nutrient cycles (Ostendorf et,&001). Tropical forests are one part of the trabpic
vegetation that has already been facing threats fleforestation, fragmentation and
habitat degradation (Giam et al., 2010). They &yl to encounter further challenges
from the ongoing and impending changes in climatéhough the role of tropical
forests, as they are both sinks and sources of G&3 been well recognized, less is
known about the impact of climate change on trdpimatas (Bawa and Markham,
1995).

Tropical forests are among the biologically richesbsystems on Earth, but they are
being rapidly degraded and destroyed by habitate@on (Myers et gl 2000). These
forests are also vulnerable to global warming atitero large-scale environmental
changes, but much uncertainty exists about ther@atind magnitude of these
anthropogenic impacts on tropical forest organifimasirance et al2011).

Climate is one of the primary constraints on spedestribution and ecosystem
function. Ecologists face with the challenge of eftasting species range shifts,
extinction risks, biome shifts, altered disturbanegimes, biogeochemical cycling, and
other ecological responses to climate change (@il et al 2007). A simulation study
in order to investigate the response of vegetatmrglobal warming and rainfall
anomalies has been done by Whatel (1999). Whiteet al predicts four key changes
in vegetation:

1. Some areas of the tropical evergreen forest in Amiaz will change to
savanna, grassland or even desert by 2080s, ionesfgo a warming of over
7°C and a decreases in rainfall of up to 500mm y

2. Large areas of tropical C4 grassland (e.g. in thlee§ India and Australia)
will be lost to desert by 2080s in response to viragmincreasing CO2 level
and decreasing rainfalls, or will be supersede®@Bygrassland where rainfall
increased.

3. Annual precipitation will decrease by up to 200mm gesulting in the
conversion of large areas of the temperate foegjrassland or savanna in
southern Europe and eastern United States.

4. Needle-leaved boreal forests will extend northwardsesponse to warming
with loss of tundra, and will extend southwards Asia in response to
increased precipitation.

Another study in a tropical forest located in Nerth Queensland, Australia has been
done by Ostendorét al. (2001). Ostendorét al evaluate how the spatial arrangement
of a forest pattern may constrain vegetation chaageredicted by the spatially static
artificial neural network (ANN) model. In the modehey evaluate the effect of an
increase in the mean annual temperature Byahd the decrease of the mean annual
precipitation by 10%. Depending on the strengthspétial effects included in the
model, the predicted future vegetation patternediy 1% to 10% from the study area.
However, if in addition to spatial constraints exptal constraints are also considered,
the predictions may differ by as much as 27% shgwainrelatively strong dependence
of prediction on assumptions about patch-level gsees.

Tropical montane forest ecosystems are also affelsjeclimate change. Foster’s
study (2001) tried to explain the negative poténimapacts of climate change on

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



Mics et al.: Rainforests at the beginning of th& @dntury
-7 -

tropical montane cloud forests. He argues thatcchmwests will also be affected by

climate changes, particularly in cloud formation.nAmber of global climate models

suggest a reduction in low level cloudiness with ¢bming climate changes. One site in
particular, Monteverde — Costa Rica, appears &adly be experiencing a reduction in
cloud immersion. The coming climate changes appegy likely to upset the current

equilibrium of cloud forests. Results will includeodiversity loss, altitude shifts in

species’ ranges and subsequent community reskhyffind possibly forest death. He
also mentions that the difficulties for cloud fdrepecies to survive in climate-induced
migrations include no remaining location with shleaclimate, no pristine location to

colonize, migration rates or establishment ratamot keep up with climate change
rates and new species interactions.

In other perspectives, million hectares of fordsase turned into unforested area
caused by forest fires, illegal loggings, land akanges (Flannigan et.a2000). The
deforestation of an area is affecting the regiatiatate especially by increasing green
house gasses (van der Werf et al., 2008). McGetffial. (1995) describes the impacts
of tropical deforestation on regional climates arnts of change detected in five
regions, i.e. Northern Amazon, Southern Amazon t@eAmazon, Southeast Asia, and
Africa. For each of these regions, seasonal digiohs of three climatic variables are
discussed which are the ground (or soil) surfaogegature, the total precipitation and
the atmospheric moisture convergence. McGuffie'sulte show that precipitation
always decreases following tropical deforestatidithough the ground surface
temperature increases in southern Amazon and ossmBas a whole, the northern
Amazon, Southeast Asia and Africa all exhibit dases in ground temperatures. Then,
atmospheric moisture convergence decreases in itizén. In contrast, the moisture
convergence increases over Southeast Asia andilarseffect can be seen in Africa.
These changes suggest that regional-scale circnldtas been affected by tropical
deforestation. If this is the case, then it is pmesthat locations distant from the
disturbed tropics may also be affected.

Abundance of vegetation depends on climatic factérstly, radiation, temperature
and rainfall determine the complexity of vegetati®zcondly, physical and chemical
attributes of soil and water supply influence thenps. Rainforests can exist in areas
where rainfall is high enough, the dry season igrtsbr does not exist at all and
attributes of soil allow constant water supply foots of plants. Previously, it was
thought that the mechanisms that maintain the beydity of rainforests are
independent of the vegetation. By now we know #iatospheric processes are not
independent of forests. Vegetation or lack of vatieh can influence the weather.
Consequently, current climate and rainforests niiytursfluence each other and are in
dynamic balance. This means that disturbing theadhya balance influences the entire
system (Sato et al.,, 1989). The increasing pacdefdrestation continues on each
continent. The economic development will accelerate tropical countries and
deforestation will be intensified (Skole et al.,909. Amazon forest is the largest in
extent, but the area of forests rapidly dwindlee Temaining forests will disappear
within 100 years. Approximately 22 000 kmf forest disappears every year (Costa and
Foley, 1998). As a consequence of deforestatienyiather may change after the area
had been cleared. It is difficult to estimate theéent of change caused by lack of
precipitation and increased mean temperature. Aaugr to calculations,
evapotranspiration is responsible for more than S%recipitation Thus, the water
easily gets back to the atmosphere through the epsocof evapotranspiration.
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Considering the whole area of rainforest, this rsetirat a vast amount of water is
moving between the surface and the atmospherevdpeur has a considerable effect
on the atmosphere. After cutting the forest, orzigiga land or plantation the rate of
evapotranspiration and the number of cloudy dagslacreased (Henderson-Sellers and
Gornitz, 1984). On deforested area the albedo vaniea wide range throughout the
year. This important biophysical attribute dependsthe structure and phenology of
vegetation, hydrological properties of the soilocw and surface roughness (Berbet and
Costa, 2002; Roelandt, 2001). The varying albedaoroadify the weather. The albedo
is less variable in case of pristine forests. Isecaf pasture the albedo is very variable
because of the lack of trees (Wright et al., 1989&)ng with albedo, radiation rises and
the precipitation falls. This is true for soybedantations, too. As the forests disappear
evapotranspiration becomes reduced, daily meandeatyes vary in a wide range and
the annual mean temperature increases. The ambpnémpitation decreases and the
dry season becomes longer. As a consequence, tiee eamtent of the soil decreases
(Zeng and Neelie, 1999). Due to lack of water #maaining forest begins to perish and
savannah is formed in the place of rainforestss Pinocess reinforces itself that's why
the pristine area is affected. Agriculture is ayvénportant sector in developing
countries. Farmers will need larger and larger safea pasture and plantations in the
future and the importance of biofuel is rising. el production increases the demand
for new agricultural area and loss of forests. @as, which are affected by logging the
forest is forced back. The remaining forest patches very susceptible for many
elements of anthropogenic activity, particularlyefiTaylor et al., 1999). Effects of
wind are stronger there, making the shallow-rosensitive trees to fall down. More
parasites dwell there and the survival of treedinkecTrees are prone to dehydration.
High mortality rate reduces the complexity of fasgschanges the biogeochemical
cycles, evapotranspiration and increases, mission (Laurance et al., 2000).
Rainforests contain large amount of carbon andrabsast amounts of carbon from the
atmosphere every year. In recent decades, the mivatten of CQ grew continuously.

In the 19’ century the C@concentration was 275 ppm in air. By now the cotregion
has increased to 350 ppm (Houghton, 1991). Oneneas high CQ is the combustion
of fossil fuels. It takes two third of the whole ¢€@mission. Deforestation is
responsible for another one third. Logging of terafee forests has slowed down, so
new balance is formed between emission and abearpin this area. Rapid
deforestation is responsible for the vast scalstofed CQ emission. According to
estimations the amount of released.G©between 0.4x10 and 2.5x1¢ g C a year
(Detwiler and Hall, 1988). According to the expeeimh of Carvalho et al. (2001) the
amount of carbon released as gas into the atmasptas about 69 Mg HaDuring the
process of photosynthesis the plants absorb f@@n air, and exhale or build it in.
Later, carbon gets into soil as organic matter.imuthe process of decomposition,
carbon-dioxide is released into atmosphere. Surveygal that near Manaus one
hectare vegetation absorbs 30.4 t of carbon andl@xX4.8 t of carbon. 15.6 t of carbon
is the net primer productivity that is built in thedy of plants. The carbon remains in
this form for 16 years on average. And then, tlhrbaa located in soil for 13 years on
average. After decomposition, it gets into air agdlalhi and Grace, 2000). Currently,
rainforests store about 90-140 billion tons of cari¢SoaresFilho et al., 2006) (Nepstad
et al., 2008). After cutting the forest, the obgservwarming and rising CO
concentration enhance each other’s effect andoiheéimpact on exerted on the climate
will be bigger than the two effects of two separfetors. In situ measurement and
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simulations show that average monthly precipitatidrops by 26.4 mm after
deforestation and in case of high £€»ncentration (Zhang et al., 1996). Zhang et al.,
(2001) assessed the joint impact of climate chamgiedeforestation. Result shows large
reduction in evapotranspiration on surface (by &bb80 mmyt) and precipitation (by
about -312 mm yh) over the Amazon Basin and the surface temperaises by +3 °C.
Strength and directions of currents change and dheyation has an influence on
precipitation. Decreased radiation is accountabtettie cooler upper air layer and, in
turn, this induces the temperature dependent aitiom, which leads to decreased
amount of precipitation. Carbon-dioxide would irase slightly the rainfall without the
effect of deforestation, but deforestation is tleendhating factor. High carbon-dioxide
concentration would have positive effect on evapapiration, but the combined effect
of altered albedo and increased carbon-dioxidellfineads to a decline (Costa and
Foley, 1998). Thanks to dry weather lots of plaesiccate and die. Dry dead plants
can catch fire easily and fire becomes more freguéres, caused by people, make the
situation worse. The fragmentation increases th@ach and frequency of fire
(Cochrane and Laurance, 2002). Under the processomibustion vast amounts of
greenhouse gases are released and enhance theogreeeffect (Tinker et al., 1996).
Shifting cultivation is common practice in tropicauntries. Farmers set fire to forest
to obtain new lands for agriculture. This practoatributes to climate change because
of the released gas (Carvalho et al., 2001). Famsed to set fire on a small area of
forest and after abandonment the forest could esgés rapidly. But nowadays vast
areas of forests are burnt to satisfy demands arestf will not regenerate, they will
disappear in the long run. Dry weather causesidralsange in vegetation. New species
will appear which can tolerate the lack of watera(M et al., 2008). For instance, over
the Guinean Coast evergreen forests will decregs#9Bo and deciduous forests will
increase by 56% in 2084-2093 comparing with theemixbne hundred years earlier.
Over Sahel Region precipitation will increase by@B summer and grass cover will
increase by 31% according to the study of Aga arah§V(2010). Results of this
simulation show that vegetation can response toaté change to some extent.

Another phenomenon of interest is the growing meamperature of oceans. When
the temperature of water is high in the Westerrt parthe Pacific Ocean, severe
drought is observed in Indonesia and Brazil. THimatic phenomenon is called El
Nino and can modify the weather all over the Ed&Barlow and Peres, 2004). Above
Atlantic Ocean between Africa and the Caribbeaioreg similar climatic phenomenon
exists and called North Tropic Atlantic Anomaly. dan cause drought too. These
climatic phenomena will be more frequent becausthefaccumulation of greenhouse
gases, and enhance the human effect on forestdoiidst fire threatens large areas and
vast amounts of gas and ash get into atmosphedevigloping countries policy-makers
consider that the short-term benefit of deforestais more important than the long-
term benefit of maintaining rainforests. Protectioh biosphere should be more
important, because change in atmosphere, climadelamd use affect the climate
system, the ecosystems and sustainable develop8ieoe the main element of climate
change is the anthropogenic activity, human inteiea@ can influence the rate and
magnitude of change (Ni, 2011). There are numesocasarios to predict the weather in
the future. For instance, surface temperature,ipitaton and evapotranspiration are
simulated by high HASM (High Accuracy and Speed el in study of Yue (2011).
He used data from 2766 weather observation stasdnated all over the planet for
surface modelling. Observation stations employedDPigital Elevation Model) on
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resolution of 13.5x13.5 km as auxiliary data. Reshbws that the size of polar, alpine
areas and rainforests will decrease continuouslyt. d@her tropical ecosystem types,
like savanna, dry forest and desert would increas@eneral, climate change would
cause a continuous decrease of ecological diverSigussen and Esch (1994) used
BIOME model to simulate the vegetation under thgime of elevated carbon-dioxide
concentration according to IPCC scenario. They dothvat the largest changes would
occur for boreal forests, and little change is s&anrainforests and Sahara. This
simulation predicts changes in conditions favowrdbl certain biomes. Herzschuh et
al. (2011) show in their simulation that elevatedbon dioxide concentration leads to
more humid, warm climate and increases net prirpasgluction without logging. These
results show that some scenarios predict oppossponses and there is severe
uncertainty about the ecological impact (Bachelei.e 2001).

Consequences of human activity

Human activity causes serious damages to rainfamedtthe whole biosphere too.
Therefore, organisms lose their habitat due tostimenking rainforests (Wright, 2005;
Sodhi et al., 2007). Rapid disappearance of forestespecially spectacular in
Southeast-Asia where biodiversity and number o€igges very high (Owen, 2009). In
this area the area of forests is especially ragdiindling compared to other continents
(Sodhi et al., 2004). In addition, the number ofl&mic species is very high. Studies
show that rainforests are very fragile and sensidet to human disturbance. In the last
decades the forests suffered large scale distuebahhis biota tolerates human
disturbance less compared to boreal forests (Ma2640). Every group of organism
showed reduced reproductive rate. Hence, unfavtugdgimographic trends begin as a
result of reduction in reproductive success. Inginanted forests, biodiversity is
reduced because a lot of species cannot live il gratch of forest or re-colonize the
distant fragments (Fahrig, 2003). After logging fleeest the circumstances change
dramatically. The flora and fauna undergo signiftoehange too, because lot of species
cannot tolerate the new circumstances. But differgroup of organisms react
differently to new environment. The effect on algheersity is less significant than on
beta diversity (Kessler et al., 2009; Pastro et2&l11). Although there is consensus that
human activity has a serious impact on biodiversitg know very little about the
impact on ecological processes and communities r{8Jor2010). The reduced
biodiversity influences or ruins the ecological ggsses. Current knowledge about the
connection between biodiversity and ecological esses resulted from small-scale
studies (Montoya et al., 2006; Duffy, 2009). Ecatad systems depend on different
kind of processes and these processes involventbactions of organisms over trophic
levels (Reiss et al.,, 2009). Decreased number etiep has a negative effect on
ecological processes. The effect depends on tkehelspecies plays in the system. The
extinction of an important species has an impadhenwhole system (Hillebrand et al.,
2008; Sethi and Howe, 2009). Beside biodiversitg, tcomposition of communities is
very important. Human activity alters the amound alstribution of resources. This
fact entails alteration of abundance and distrdout®f organisms (Slade et al., 2011).
Those animals which are more mobile can seek néditats and resources. They are
somewhat more protected against extinction andocenpensate the species loss to
some extent. New species appear on the loggednadieh can adapt to the open field.
The composition of communities may undergo sigaiiicchange. For instance, the
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community of birds changed a lot after a forest-iim Southeast-Asia. One year after
the fire the number of species and abundance wgngisantly altered compared to
pristine forests. Three years after the fire tiekbress was similar to the unaffected area
but the community structure had been altered. Sepexies disappeared, but new
species enriched the community. Less complex vegetas accountable to altered
animal communities because it doesn’t provide ehdwpitats for animals to live. For
instance, most insectivorous birds disappeared,nbatar and seed eater birds could
persist or their abundance even rose after ariBrazil (Slik and Van Balen, 2006).
The result is that some generalist species domit@&ecommunity because they can
adapt to new circumstances. Specialist speciesnmeecare or extinct because they
prefer closed canopy. Spatial variability of vegjera and extent of canopy were
reduced which resulted in less resource for animalsat’s more, new pioneer plant
species appeared after fire (Slik et al., 2008)s Emntails appearance of new animal
species preferring open areas. Amazonia also suftgeat losses every vyear.
Establishment of new settlements, pastures andgbians occupy more and more area
and logging destroys vast amounts of forest evegey yn Brazil. The eastern part of the
country especially loses large areas of vegetaikomm 2000 to 2008 the three eastern
states have lost 40% of their forests. Annual chtgeforestation is approximately 7500
km? in this region. In the whole country 70 000 %of forest is degraded every year
(Briant et al., 2008). Near the edge of the forestsmmunities are particularly
vulnerable to damage. Warmer and drier micro-clamatolves here; therefore plants
suffer from lack of water and desiccate (Giambealwt al., 2003). During drought
foliar conductance and water use is reduced. Thig plants try to limit the severity of
drought (Hanson and Weltzin, 2000). But this apitif plants is limited in rainforests.
Patchiness makes the forest vulnerable to be imlvagleother vegetation class. Hence,
patchiness accelerates degradation (Gao et al4)20tcreased desiccation leads to
higher mortality rate within 100 m distance frone tadge. But sometimes the impact
can be detectable within a 300 m area. Dead pilattsase the concentration of carbon-
dioxide further in atmosphere and decrease the atrafubiomass. The fragmentation
largely threatens the biodiversity and the gerdtiersity of populations because of the
weaker connections among populations (Keyghobal@7). After disturbance, small
populations and decreased genetic variability Idadgenetic shift, and increases the
possibility of endogamy: evolutionary potential lilees which may lead to extinction
(Reed and Frankham 2003). The chance of extinafigpends on the mobility of
species. If the species can migrate to new hadstsity, it will avoid extinction. Further,
survival depends on the extent of specialism.dpecies is specialized to a certain food
or condition, the individuals will not find food asther resource after disturbance.
Bigger animals are in more intense jeopardy bec#usg need more feed and larger
area to live. The second largest rainforest isteta Congo-Basin which is about 2.2
million km? (Geh Meh, 2011). The biggest threat to rainfoie$vgging. Loggers look
for the most valuable trees. These are rare, aftenor two specimens are found per
hectare (Hall et al., 2003). This does not causensch harm to forest, but if this
selective logging occurs repeatedly it can causmha the ecological system, because
the large trees represent a vast amount of biorfiagse species may become extinct in
the affected area. Selective logging can repremaother type of harm, because it opens
the forest to colonization. Loggers construct neads which facilitates establishment
of new settlements on previously uninhabited afead then, they start agricultural
activity. Farmers rapidly destroy the forest, asytimeed more and more agricultural
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area (Laurence, 2001). The rainforest is a souirgeeat variety of products for human
population. Hunters can acquire vast amount of nfieah forest. The intensity of
hunting is growing to satisfy demand. Most of thunted species are endemic and live
exclusively in rainforest. For instance, 80% of meames from the forest. Hunting is
cheap and easy method of acquiring meat. Thereforeas an important role in
nutrition (Wilkie and Carpenter, 1999). Hunters caach pristine forests on new roads.
The intensive hunting and loss of habitats may teaelxtinction of species in the long

run.

Table 6. Tropical deforestation rates (RAN 1999)

Country Area of country Original Forest Present Forest Annual rate of
km? Cover km? Cover km Defor estation km?
Bolivia 1 098 581 90 000 45 000 1500
Brazil 8 511 960 2 860 000 1 800 000 50 000
C. America 522 915 500 000 55 000 3300
Columbia 1138891 700 000 180 000 6500
Congo 342 000 100 000 80 000 700
Ecuador 270 670 132 000 44 000 3000
Indonesia 1919 300 1 220 000 530 000 12 000
Ivory Coast 322 463 160 000 4000 2500
Laos 236 800 110 000 25 000 1000
Madagascar 590 992 62 000 10 000 2000
Mexico 1967 180 400 000 110 000 7000
Nigeria 924 000 72 000 10 000 4000
Philippines 299 400 250 000 8000 2700
Thailand 513 517 435 000 22 000 6000

Conservation

It is important to protect rainforests because rtin@st species live there. Policy-
makers and management of companies don’t considgeqgiion and sustainable
farming to be a priority. However, today we can semasures to preserve wildlife. For
example, authorities have taken successful measaresrb deforestation in Brazil.
Government made the permits of exploitation momngent. Unauthorized forest
clearing was strictly punished. This measure wasessful in Mato Grosso state from
1999 to 2001. It attests that government was ablsldw down the deforestation
(Fearnside and Barbaros, 2003). Establishmentseives is also very important where
nobody is allowed to cut trees. But the establigiinoé infrastructure is an unavoidable
threat to vegetation. Therefore, it is not enouglhdésignate the area, but it must be
taken into consideration when the infrastructuremgroved (Fearnside and Graca,
2006). The development of economy is the most itapbrfor government, so the
number of sawmills and pastures are growing cotigtaBut most of the measures
proved ineffective because of expanding populatiboggers cut trees and build
sawmills in contempt of retribution. Conversely,cacing to some observations,
urbanization may slow down the deforestation bezahe people live in relatively
small area and it is unnecessary to clear newttesstablish settlements (Wright and
Muller-Landau, 2006). This observation howevequgstioned.
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Figure 1. Distribution of secondary forests in the tropic890, in million hectares). Data from
Society for Socio-ecological Programme Consultancy

There are measures that indirectly cause forest le@r example, a slaughterhouse
received a bank loan to develop equipment in Man@las management could take up
more staff but more people wanted rising cattle @adred more forest to establish new
pasture (Fearnside, 2008). There is another, rattept in Africa. A campaign was
launched to render popular the shadow coffee. Shadtdfee is produced under the
canopy as undergrowth to save the forest. Qualfityhadow coffee was low because
the numerous parasites, and did not become so gropké light coffee grown on
conventional plantations (Rappole et al., 2003)ci&ecological status of countries
strongly influences the fate of natural vegetationmost countries the measures are
ineffective or government gives priority to shagtrh economical benefits and they are
not interested in saving wildlife. Despite the kitio insufficient measures it is very
important to take steps to save the remaining terdarstly, conservationists should
identify the most diverse and richest areas. Thasas are most valuable for the
purpose of conservation and it's worth saving. Tlbguld establish national parks
there (Faith et al., 2001; Felinks et al., 2011)t Bhis is not an easy task because the
economical state of the countries: nearby settlésng@opulation expansion and climate
change should also be taken into consideratiomolild be important to standardize
protocols for measuring biodiversity because glabahitoring of biodiversity would
benefit from it. Standardizing should be accompaiig provision and training in their
implementation. This should increase the capacftytrapical countries where the
majority of species live (McMahon et al., 2011).tBue climate changes the vegetation
and trees may disappear. Some species becometextiseek new habitat. If corridors
are left among forest patches it can help aninma|setsist and migrate among patches.
Corridors may decrease the chance of endogamyramelase the chance of survival.
But it is not true in many cases because theyarenarrow. As mentioned above, the
edge effect prevails in corridors so they shouldnoee than 300 m in width. This effect
was studied in Queensland, Australia. Six arbone@inmals were observed migrating
among bigger fragmentations. Scientist consideriglthwlength and vegetation of the
corridor. The most threatenddemibelideus lemuroidsvas observed only once in a
corridor. Two other specie®seudochirulus herbertensend Dactylopsila trivirgata
were common there, and they liked this area androed frequently in the less rich
secondary forestTrichosurus vulpeculaPseudochirops archeriand Dendrolagus
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lumholtzioccurred in remote isolated fragment using theidors. If the corridors are
wide enough and vegetation is more diverse aninvdlsuse it or live there. A wide
corridor promotes migration. But if the corridorpsor in plants species and consists
only of Acacia species it's hard to colonize remdbeest fragments for animals
(Laurence and Laurence, 1999). If a plantatiorbendoned, succession will begin with
colonization of new species and a secondary faesves. There are areas where 40%
of vegetation is made up by secondary forestshdée forests are properly managed,
after some decade loggers can cut trees againhangdréssure on pristine forests will
ease. Hence, these forests can be used for sud&ai@@onomical and conservation
purposes. There is an opportunity in Puerto Ricettmly different land use practices’
impact on succession progress. Intensive loggingceountable for forest loss. This
country has lost 90% of its forests and agricultareupied the area (Marconi-Vega et
al., 2002; Birdsey and Weaver, 1982). Today, econaimfted from agriculture to
industry. More and more farmers abandoned theiddaand new forests occupy the
area. 32% of the area of the country was occupyddrest in 1990 (Franco et al., 1997,
Helmer, 2004). The most important agricultural pretds coffee in Puerto Rico (Cruz-
Baez and Boswell, 1997). It is very important toownfor conservationists that
secondary forests grown on abandoned pasturesffeeqaantations are how different
or similar to each other or to pristine forests.yé@rs after ending the cultivation, two
secondary forests were very similar to each othee diversity was nearly as high as
before agricultural activity. Species compositioaswsimilar on former pasture and
plantation (Marcano-Vega et al., 2002). As a restilan another study 60 years after
ending the cultivation the structure of vegetatias similar to each other and
converged to original forest but the species comiposwas different even after such a
long time (Pascarella et al., 2000). Lot of rard andemic species were absent from the
secondary forest. Those species could not recaotiiat area. Tree plantations are
established in tropical countries mainly for timipgoduction. Extent of plantations is
about 140 million hectares and this area is groveingually by 2-3%. But plantations
are established to reduce erosion and for recregtioposes. So far, it was thought that
a plantation has a low diversity and only some igselove there, and it doesn’t provide
habitat for many species to live. Recent studigeakthat rare species can live in tree
plantations but fewer specimens are observed thamristine forests. In comparison
with soybean, coffee plantations and pasture thdiersity is considerably higher in
tree plantations (Brockerhoff et al., 2008). Theref tree plantations and secondary
forests must be taken into consideration when ervesis established. These would be
valuable for conservationists. The cost of maintegmational parks is a very important
issue for politicians and the country’s economy.dAmw much revenue may come
from national parks and tourism? For instance Maira Forest is 300 khof lowland
tropical forest in Uganda and it is surrounded gycaltural area. It is located 50 km to
north of the capital. Indigenous people frequently trees and burn the forest. So, the
pressure is very high on the forest. A centre vwsabdished for tourists in 1996. From
that time, a growing number of tourists came to theewildlife. Today, the revenue
from tourism almost covers the entire cost of namhg the reserve. Tourists are ready
to pay for untouched forest (Naidoo and Adamowi2@(5). If the revenue from
tourism covers the costs of maintaining forestshaee a chance to save wildlife. This
revenue may compensate the indigenous populatiothéoloss of agricultural income.
The climate change and environment pollution a#félce entire planet and directly and
indirectly destroy rainforests. This destructioruicbbe hold up or, at least, slowed
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down by international collaboration. However, it déficult to carry out because

policymakers consider the short-term benefits mon@ortant than environmental

protection. It would be important to standardizetpcols for measuring biodiversity
because global monitoring of biodiversity would éfnfrom it. Standardizing should

be accompanied by provision and training in theiplementation. This increases the
capacity of tropical countries where the majority species live (McMahon et al.,

2011).

[1]
[2]

[3]

[4]
[5]

[6]
[7]

[8]

[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

Aga, A.C., Wang, G. (2010): Role of dynamic vegetain regional climate predictions
over western Africa. — Clim. Dyn. 35: 907-922.

Bachelet, D., Neilson P.R., Lenihan, M.J., DrapkR. (2001): Climate Change Effects
on Vegetation Distribution and Carbon Budget inltheted States. — Ecosystems 4: 164-
185.

Barlow, J., Peres, A.C. (2004): Ecological resperiseEl Nin™ o-induced surface fires in
central Brazilian Amazonia: management implicatibmsflammable tropical forests. —
Phil. Trans. R. Soc. Lond. B 359: 367-380.

Bawa K.S., Markham, A. (1995): Climate change angital forest. — Trends in Ecology
and Evolution 10(9): 348-349.

Berbet, L.C., Costa, H.M. (2002): Climate Changerafropical Deforestation: Seasonal
Variability of Surface Albedo and Its Effects onePBipitation Change. — Journal of
Climate 16: 2099-2103.

Birdsey, R.A.,Weaver, P.L. (1982): The forest reses of Puerto Rico. — U.S. Dep.
Agric. For. Serv. Resour. Bull. SO-85, 59 p. Softr.. Exp. Stn., New Orleans, La.
Bohlman, A.S., Laurance, F.W., Laurence, G.S., Masagto, E.M.H., Fearnside, M.P.,
Andrade, A. (2009): Importance of soils, topograpayd geographic distance in
structuring central Amazonian tree communitiesowrdal of Vegetation Science 19(6):
739-894.

Broadbent, E.N., Asner, G.P., Keller, M.E.K.D., ¥@iira, P.J.C., Silva, J.N. (2008):
Forest fragmentation and edge effects from defatiest and selective logging in the
Brazilian Amazon. — Biological Conservation 1414%71757.

Brockerhoff, G.E., Jactel, H., Parrota, A.J., QuiReC., Sayer, J. (2008): Plantation
forests and biodiversity: oxymoron or opportunityBiodivers Conserv. 17: 925-951.
Brown, S. (1997): Estimating biomass and biomasagé of tropical forests. — FAO
Forestry Paper, Urbana, lllinois, USA.

Chapin, F.S., Matson, A.P., Vitousek, M.P. (20Rjnciples of of Terrestrial Ecosystem
Ecology. — Springer, New York.

Chuyong, B.G., Kenfack, D., Harms, E.K., ThomasDW.Condit, R., Comita, S.L.
(2011): Habitat specificity and diversity of trgmesies in an African wet tropical forest. —
Plant Ecol. 212: 1363-1374.

Claussen, M., Esch, M. (1994): Biomes computed freimulated climatologies. —
Climate Dynamics 9: 235-243.

Clinebell, H.R.R. Phillips O.L., Gentry A.H., Stakk, Zuuring, H. (1995): Prediction of
neotropical tree and liana richness from soil atichatic data. — Biodiversity and
Conservation 4: 56-90.

Cochrane, A.M., Laurence, F.W. (2002): Fire asrgdascale edge effect in Amazonian
forests. — Journal of Tropical Ecology 18: 311-325.

Costa, M.H., Foley, A.J. (1999): Combined Effectls eforestation and Doubled
Atmospheric C@ Concentrations on the Climate of Amazonia. — in&te 13: 18-34.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



[17]
[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]

Mics et al.: Rainforests at the beginning of th& @dntury
-16 -

Cruz-Béez, A.D., Boswell, T.D. (1997): Atlas PueR@&o. — Cuban American National
Council, Miami.

Detwiler, R.P., Hall, A.S.C. (1988): Tropical Fai®sand the Global Carbon Cycle. —
Science 239: 42-47.

Duffy, J.E. (2009): Why biodiversity is importand tthe functioning of real-world
ecosystems. — Front Ecol Environ 7: 437-444.

Emrich, A., Pokorny, B., Sepp, C. (2000): The Sigance of Secondary Forest
Management for Development Policy. — Deutsche @edelft fir Technische
Zusammenarbeit (GTZ) GmbH, Eschborn.

Fahrig, L. (2003): Effects of habitat fragmentatiom biodiversity. — Annu. Rev. Ecol.
Evol Syst. 34: 487-515.

Faith, P.D., Margules C.R., Walker, P.A., Stein, Natera, G. (2001): Practical
application of biodiversity surrogates and percgattargets for conservation in Papua
New Guinea. — Pacific Conservation Biology 6: 283-3

Fearnside, M.P.(2008): Amazon Forest Maintenancea a@Source of Environmental
Services. — Annals of the Brazilian Academy of 8cas 80(1): 101-114.

Fearnside, P.M., Barbarosa, R.l. (2003): Avoidefbmstation in Amazonia as a global
warming mitigation measure: The case of Mato Gross@/orld Resour Rev 15: 352-
361.

Fearnside, P.M., Graca, P.M.L.A. (2006): Brazil'am4us-Porto Velho Highway and the
potential impact of linking the arc of deforestatito central Amazonia. — Environ
Manage 38: 705-716.

Felinks, B., Pardini, R., Dixo, M., Follner, K., thger, P.J., Henle, K. (2011): Effects of
species turnover on reserve site selection ingnfemted landscape. - Biodivers Conserv
20:1057-1072.

Flannigan, M.D., Stocks, B.J., Wotton, B.M. (200QJimate change and forest fires. —
The Science of the Total Environment 262: 221-229.

Foster, P. (2001): The potential negative impaétglabal climate change on tropical
montane cloud forests. — Earth-Science Review333:06.

Franco, P.A., Weaver, P.L., Eggen-Mclintosh, S. {)9Borest resources of Puerto Rico,
1990. — Resource Bulletin SRS-22. U.S. Departménfgriculture, Forest Service,
Southern Research Station, Asheville, NC.

Gao, Q., Yu, M., Wang, J., Jia, H., Wang, K. (200Rglationships between regional
primary production and vegetation patterns. — Egpold Modelling 172: 1-12.

Geh Meh, G. (2011): Deforestation in the Congo Baainforest, the trend in Cameroon
and Democratic Republic of Congo. Efforts of therlavide Fund for Nature (WWF)
in conserving the Congo Basin. — Sodertorns Hogskxtpartment of Life Sciences.
Master Thesis. Fourth semester.

Gentry, A.H. (1988a): Changes in plant communityeds$ity and floristic composition on
evironmental and geographic gradiens. — Annals@Missouri Botanical Garden 75: 1-
34.

Gentry, A.H. (1988b): Tree species richness of ugpraazonian forests. — Proceedings
of the National Academy of Sciences of the Unitéates of America 85: 156-159.

Giam, X., C.J.A. Bradshaw, Tan, H.T.W., Sodhi, NZ10): Future habitat loss and the
conservation of plant biodiversity. — Biological i&ervation 143: 1594-1602.
Giambelluca, T.W., Ziegler, A.D., Nullet, M.A., Tong, D.M., Tran, L.T., (2003):
Transpiration in a small tropical forest patch. griBultural and Forest Meterology 117:
1-22.

Gilbert, L.E. (1980): Food web organization and seywmation of neotropical diversity. —
In: Soule, M.E., Wilcox, B.A. (ed.) Conservatioroluigy: an Evolutionary-Ecological
Perspective. Sinauer Associates, Sunderland, Massaits.

Gillison, A.N. (2001): Vegetation survey and habaasessment of the Tesso Nilo forest
complex. — Research Report for WWF-US, Indonesia.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]
[56]

[57]

Mics et al.: Rainforests at the beginning of th& @dntury
-17 -

Gonmadije, F.C., Doumenge, C., McKey, D., Tchoutd.B., Sunderland, C.H.T.,
Balinga, P.B.M., Sonké, B. (2011): Tree diversitglaonservation value of Ngovayang's
lowland forests, Cameroon. — Biodivers Conserv2ZB27-2648.

Gvinish, J.T. (1999): On the causes of gradientsapical tree diversity. — Journal of
Ecology 87: 193-210.

Hall, J.S., Harris, D.J., Medjibe, V., Ashton, P9V.(2003): The effects of selective
logging on forest structure and tree species coitiposin a Central African forest:
implications for management of conservation areaSorest Ecology and Management
183: 249-264.

Hanson, J.P., Weltzin, F.J. (2000): Drought dishtade from climate change: response of
United States forests. — The Science of the TatgirBnment 262: 205-220.

Helmer, E.H. (2004): Forest conservation and laedetbpment in Puerto Rico. —
Landscape ecology 19: 29-40.

Henderson-Sellers, Gornitz, V. (1984): Possiblematic impacts of land cover
transformations, with particular emphasis on trapideforestation. — Climatic Change
6(3): 231-257.

Herzschuh, U., Ni, J, Birks, B.J., Buhner, J. (201Driving forces of mid-Holocene
vegetation shifts on the upper Tibetan Platealy @mphasis on changes in atmospheric
CGO, concentrations. — Quaternary Science Reviews @W7-1917.

Hillebrand, H., Bennett, M.D., Cadotte, W.M. (200&onsequences of dominance: a
review of evenness effects on local and regionakystem processes. — Ecology 89:
1510-1520.

Houghton, R.A. (1991): Tropical deforestation antin@spheric carbon-dioxide. —
Climatic Chang 19: 99-118.

Houghton, R.A. (1999): The annual net flux of carlo the atmosphere from changes in
land use — Tellus B 51(2): 1850-1990.

Hubbel, P.S., Ahumada, A., Jorge, C.R., Foster, BRB01): Local neighborhood effects
on long-term survival of individual trees in a rmepical forest. — Ecological Research
16: 859-875.

John, R., Dalling, W.J., Harms, E.K., Yavitt, B.3tallard, F.R., Mirabello, M., Hubbel,
P.S., Valencia, R., Navarette, H., Vallejo, M., teos B.R. (2007): Soil nutrients
influence spatial distributions of tropical treeesjes. — PNAS 104(3): 864-869.

Jr. Carvalho, A.J., Costa, S.F., Gurgel Veras, A%andberg, V.D., Alvarado, C.E.,
Gielow, R., Jr. Serra, M.A., Santos, C.J. (200B)omass fire consumption and carbon
release rates of rainforestclearing experimentsdwcted in Northern Mato Grosso,
Brazil. — Journal of Geophysical Research 106(18877-17887.

Kessler, M., Abrahamczyk, S., Bos, M., Buchori, Butra, D.D. (2009): Alpha and beta-
diversity of plants and animals along a tropicaldluse gradient. — Ecol Appl. 19: 2142-
2156.

Keyghobaldi, N. (2007): The genetic implicationhathitat fragmentation for animals
Canadian Journal of Zoology 85(10): 1049-1064.

Kier, G., Mutke, J., Dinerstein, E., Ricketts, H.Kuper, W., Kreft, H., Barhlott, W.
(2005): Global patterns of plant diversity and i#itic knowledge. — Journal of
Biogeography 32:1-10.

Laurance, W.F. (2001) Tropical logging and humavagions. — Conservation Biology
15: 4-5.

Laurance, W.F., Delamonica, P., Laurance, G.S.cdfa=los, L.H., Lovejoy, E.T.
(2000): Conservation: Rainforest fragmentatiorsKilig trees. — Nature 404: 836.
Laurence, G.S., Laurence, F.W. (1999): Tropicaldiifé corridors: use of linear
rainforest remnants by arboreal mammals. — Biokdionversation 91(2-3): 231-239.
Laurance, W.F., D.C. Useche, L.P. Shoo, S.K. Her2dg Kessler, F. Escobar, G.
Brehm, J.C. Axmacher, I.-C. Chen, L.A. Gamez, RetHiK. Fiedler, T. Pyrcz, J. Wolf,
C.L. Merkord, C. Cardelus, A.R. Marshall, C. Ah-Be.H. Aplet, M.D.C. Arizmendi,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]

[70]

[71]
[72]

[73]

Mics et al.: Rainforests at the beginning of th& @dntury
-18 -

W.J. Baker, J. Barone, C.A. Bruhl, R.W. BussmannClguzza, G. Eilu, M.E. Favila, A.
Hemp, C. Hemp, J. Homeier, J. Hurtado, J. JankqvidkKattan, J. Kluge, T. Kromer,
D.C. Lees, M. Lehnert, J.T. Longino, J. Lovett, PMartin, B.D. Patterson, R.G.
Pearson, K.S.-H. Peh, B. Richardson, M. Richarddbd, Samways, F. Sanbeta, T.B.
Smith, T.M.A. Utteridge, J.E. Watkins, R. Wilson,ES Williams & C.D. Thomas.
(2011): Global warming, elevation ranges and thénenability of tropical biota. —
Biological Conservation 144: 548-557.

Lewis, T.0. (2009): Biodiversity change and ecosystfunction in tropical forests. —
Basic and Applied Ecology 10: 97-102.

Malhi, Y., Aragao, L.E.O.C., Galbraith, D., Huntiiegd, C., Fisher, R., Zelazowski, P.,
Sitch, S., McSweeney, C., Meir, P. (2009): Explgrihe likelihood and mechanism of a
climate-change-induced dieback of the Amazon ra@#fio — Proceedings of the National
Academy of Sciences 106(49): 20610-20615.

Malhi, Y., Grace, J. (2000): Tropical forests artth@spheric carbon dioxide. — Tree
15(8).

Marcano-Vega, H., Aide, T.M., Baez, D. (2002): Rbneegeneration in abandoned coffee
plantations and pasturesin the Cordillera Centr&werto Rico. — Plant Ecology 161: 75-
87.

McGuffie, K., Henderson-Sellers, A., Zhang, H., Didge, T.B., Pitman, A.J. (1995):
Global climate sensitivity to tropical deforestatio- Global and Planetary Change 10:
97-128.

McKay, D., Waterman, P.G., Mbi, C.N., Gartlan, JSruhsaker, T.T. (1978): Phenolic
content of vegetation in two African rainforestspkgial implications. — Science 202:
61-64.

McMahon, M.S., Harrison, P.S., Armbruster, W.S.itB&, J.P., Beale, M.C., Edwards,
E.M., Kattge, J., Midgley, G., Morin, X., PrentideC. (2011): Improving assessment and
modelling of climate change impacts on global wrial biodiversity. — Trends in
Ecology and Evolution 26(5): 249-259.

Montoya, M.J., Pimm, L.S., Solé, V.R. (2006): Eaital networks and their fragility. —
Nature 442(7100): 259-264.

Morris, J.R. (2010): Anthropogenic impacts on ooptcal biodiversity: a network
structure and ecosystem functioning perspectivhit: Trans. R. Soc. 365(1558): 3709-
3718.

Moya-Larafio, J. (2010): Can Temperature and Wateail&bility Contribute to the
Maintenance of Latitudinal Diversity by Increasitng Rate of Biotic Interactions? — The
Open Ecology Journal 3: 1-13.

Myers, N., Mittermeier, A.R., Mittermeier, G.C., #@ncesca, A.B.G., Kent, J. (2000):
Biodiversity hotspots forconservation prioritiedNature 403(6772): 853-858.

Naidoo, R., Adamowicz, L.W. (2005): Economic betse6f biodiversity exceed costs of
conservation at an African rainforest reserve. - ABN02(46): 16712-16716.

Nepstad, C.D., Stickler, M.C., Soares-Filho, B.,riMeF. (2008): Interactions among
Amazon land use, forests and climate: prospects foear-term forest tipping point. —
Phil. Trans. R. Soc. 363: 1737-1746.

Ni, J. (2011): Impacts of climate change on Chinesasystems: key vulnerable regions
and potential thresholds. — Reg. Environ. Chang&49-S64.

Ostendorf, B., Hilbert, D.W., Hopkins, M.S. (200The effect of climate change on
tropical rainforest vegetation pattern. — EcologMadelling 145: 211-224.

Parmentier, I., Senterre, B., Malhi, Y., WhittakBr,J., A.T.D.N.3, Alonso, A., Balinga,
M.P.B., Bakayoko, A., Bongers, F., Chatelain, Comiskey, J., Cortay, R., Kamdem,
M.N.D., Doucet, J.L., Gautier, L., Hawthorne, W., Issembe, Y. A., Kouamé, F. N.,
Kouka, L.A., Leal, M.E., Lejoly, J., Lewis, S.L.,usbaumer, L., Parren, M.P.E., Peh, K.
S.H., Phillips, O. L., Sheil, D., Sonké, B., So3dfS.M., Sunderland, T.C.H., Stropp, J.,
ter Steege, H., Swaine, M.D., Tchouto, M.G.P. , Gemerden, B.S., van Valkenburg,

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



[74]

[75]

[76]

[77]

[78]

[79]
[80]
[81]
[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Mics et al.: Rainforests at the beginning of th& @dntury
-19-

J.L.C.H., Wéll, H. (2007): The odd man out? Mighimate explain the lower tree &-
diversity of African rain forests relative to Amamdan rain forests? — Journal of Ecology
95: 1058-1071.

Pascarella, J.B., Aide, T.M., Serrano, M.l., Zimman, J.K. (2000) Land-use history and
forest regeneration in the Cayey Mountains, PuRito. — Ecosystems 3: 217-228.
Pastro, A.L., Dickman, R.C., Letnic, M. (2011): Bimg for biodiversity or burning
biodiversity? Prescribed burn vs. wildfire impacis plants, lizards, and mammals. —
Ecological Applications 21: 3238-3253.

Phillips, O.L., Hall, P., Gentry, A.H., Sawyer, S,Aasquez, R. (1994): Dynamics and
species richness of tropical rain forests. — Ecplly 2805-2809.

Potts, D.M., Davies, J.S., Bossart, HW., Tan,Nair Supardi, M.N. (2003): Habitat
heterogeneity and niche structure of trees in tapital rain forests. — Oecologia 139(3):
446-453.

Qian, H., Song, J.-S., Krestov, P., Guo, Q., WuShen, X., Guo, X. (2003): Large-scale
phytogeographical patterns in East Asia in relatmhatitudinal and climatic gradients. —
Journal of Biogeography 30: 129-141.

Rainforest Action Network (RAN) (1999):
http://www.ran.org/ran/info_center/factsheet/04imint

Rappole, H.J, King I.D., Vega, R.H.J. (2003): Ceffind Conservation. — Conservation
Biology 17(1): 334-336.

Reed, D.H., Frankham, R., (2003): Correlation betwétness and genetic diversity. —
Conservation Biology 17: 230-237.

Reiss, J., Bridle, J.R., Montoya, J.M., Woodward, (8009): Emerging horizons in
biodiversity and ecosystem functioning researchrends Ecol Evol 24: 505-514.
Roelandt, C. (2001): Coupled simulation of potdmigtural vegetation, terrestrial carbon
balance and physical land-surface properties with ALBIOC model. — Ecological
Modelling. 143: 191-214.

Sato, N., Sellers, P.J., Randall, D.A., Schneifidf., Shukla, J. Kinter, J.L., Hou, Y.T.,
Albertazzi, E. (1989): Effects of implementing t8ample Biosphere Model in a general
circulation model. — J. Atmos. Sci. 46: 2757-2782.

Schemske, D.W. (2002): Ecological and evolutionpgyspectives on the origins of
tropical diversity, pp. 163-173. — li€hazdon, R., Whitmore, T. (eds.), Foundations of
Tropical Forest Biology: Classic papers with comtaeies. Univ. of Chicago Press,
Chicago, IL.

Sethi, P., Howe, H.F. (2009): Recruitment of holtrtispersed trees in hunted and
logged forests of the Indian Eastern Himalaya. Ag@ov Biol 23: 710-718.

Skole, D.L., Chomentowski, W., Nobre, C.A. (1990)ew estimates of Amazonian
deforestation in the late 1970s using a Geograptimrmation System. — Center for
Complex Systems Research, University of New HampsBiurham, NH.

Slade, E.M., Mann, D.J., Lewis, O.T. (2011): Biaatisity and ecosystem function of
tropical forest dung beetles under contrasting ilegygegimes. — Biol. Conserv. 144:166-
174.

Slik, JW.F., Van Balen, S. (2006): Bird communityanges in response to single and
repeated fires in a lowland tropical rainforestaeafstern Borneo. — Biodiversity and
Conservation 15: 4425-4451.

Slik, J.W.F., Bernard, C.S., Van Beek, M., Brem&t., Eichhorn, K.A.O. (2008): Tree
diversity, composition, forest structure and abowagd biomass dynamics after single
and repeated fire in a Bornean rain forest. — @egall58: 579-588.

Sloan, D.J. (1987): Tropical rainforest gaps aeé species diversity. — Ann. Rev. Ecol.
Syst. 18: 431-51.

Soares-Filho, B.S., Nepstad, D.C., Curran, M.LigQeira, C.G., Garcia, R.A., Ramos,
C.A., Voll, E., McDonald, A., Lefebvre, P., Schleger, P. (2006): Modelling
conservation in the Amazon basin. — Nature 440:52%)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



Mics et al.: Rainforests at the beginning of th& @dntury
-20 -

[93] Sodhi, N.S., Brook, B.W., Bradshow, C.J.A. (200T)opical conservation biology. —
Blackwell Publishing, Oxford, UK.

[94] Sodhi, S.N., Koh, L.P., Brook, B.W., Ng, K.L.P. (0): Southeast Asian Biodiversity: an
impending disaster. — Trends in Ecology & Evolutik®{12): 654-660.

[95] Tanner, E.V.J., Kapos, V., Freskos, S., Healey,, RReobald, A.M. (1990): Nitrogen
and phosphorous fertilization of Jamacian montarest trees. — Journal of Tropical
Ecology 6: 231-238.

[96] Taylor, D., Saksena, P., Sanderson, P.G., Kucer§l999): Environmental change and
rainforests on the Sunda shelf of Southeast Astught, fire and biological cooling of
biodiversity hotspots. — Biodiversity and Conseioat8: 1159-1177.

[97] Terborgh, J. (1973): On the Notion of favorablenassplant ecology. — American
Naturalist 107: 481-501.

[98] Tinker, P.B., Ingram, S.I1.J., Struwe, S. (1996)eEfs of slash-and-burning agriculture
and deforestation on climate change. — Agricultie®systems and Envirom. 58: 13-22.

[99] Valencia, R., Balslev, H., Paz, Y., Mifio, C.G. (299High tree alpha-diversity in
Amazonian Ecuador. — Biodiversity and Conversafiofl1-28.

[100] Van der Werf, G.R., J. Dempewolf, S.N. Trigg, JRanderson, P.S. Kasibhatla, L.
Giglio, D. Murdiyarso, W. Peters, D.C. Morton, GQollatz, A.J. Dolman & R.S.
DeFries, (2008): Climate regulation of fire emissi@nd deforestation in equatorial Asia.
— Proceedings of the National Academy of Scien©&g5I1): 20350-20355.

[101] Weiser, M.D., Enquist, B.J., Boyle, B., Killeen,JT,. Jargensen, P.M., Fonseca, G.,
Jennings, M.D., Kerkhoff, A.J., Lacher Jr., T.E.oMeagudo, A., Vargas, M.P.N.,
Phillips, O.L., Swenson, N.G., Martinez, R.V. (2Q0lZatitudinal patterns of range size
and species richness of New World woody plants.leb& Ecology and Biogeography
16: 679-688.

[102] Wilkie, S.D., Carpenter, F.J. (1999): Bushmeat imgntin the Congo Basin: an
assessment of impacts and options for mitigatiomiadiversity and Conservation 8:
927-955.

[103] Willig, R.M. (2001): Latitude, Common Trends Within- In: Levin, S. (ed.)
Encyclopedia of Biodiversity, Academic Press, Sagb, California.

[104] Wright, ILR., and Coauthors (1996): Towards a GCMhifaxce parameterizationfor
Amazonia. — Amazonian Deforestation and Climatd,d. Gash et al. (Eds.), John Wiley
and Sons, 473-504.

[105] Wright, S.J. (2005): Tropical forests in a changemyironment. — Trends Ecol. Evol. 20:
553-560.

[106] Wright, S.J., Muller-Landau, C.H. (2006): The fugwf tropical species. — Biotropica 38:
287-301.

[107] White, A., Cannell, M.G.R., Friend, A.D. (1999):i@hte change impacts on ecosystems
and the terrestrial carbon sink: a new assessméddlobal Environmental Change 9: 521-
530.

[108] Williams, J.W., Jackson, S.T., Kutzbach, J.E. (3087ojected distributions of novel and
disappearing climates by 2100 AD. — ProceedinghefNational Academy of Sciences
104(14): 5738-5742

[109] Yue, T.X., Fan, Z.M., Chen, C.F., Sun, X.F., LiLB(2011): Surface modelling of global
terrestrial ecosystems under three climate chaogeasios. — Ecological Modelling 222:
2342-2361.

[110] Zeng, N., Neelin, J.D. (1999): A land—atmosphernerarction theory for the tropical
deforestation problem. — J. Climédt2: 857-872.

[111] zhang, H., Henderson-Sellers, A., McGuffie, K. (2R0The Compounding Effects of
Tropical Deforestation and Greenhouse Warming ama&e. — Climatic Change 49(3):
309-338.

[112] Zhang, H., Henderson-Sellers, A., McGuffie, K. (&R9 Impacts of Tropical
Deforestation I: Process Analysis of Local Climaicange. — J. Climate 9: 1497-1517.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):-20.
http://www.ecology.uni-corvinus.he ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



