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Logging in the Amazon >2.3 million hectares (1999) (Matricardi
et al. 2001).

Burn Comparison

16,800 km? sample landscape showing combined effects of
deforestation (black), fragmentation (yellow/orange), fire in
1999(red) and selective logging 1992-1999 (gray).
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Logging operations frequently result in Discussion

0.5 the death of 6 trees for every tree The connection between fragmentation, selective logging and fire is clear. As the forests are
o < 5 extracted (Uhl et al 1997) increasingly fragmented, more and more of the remaining forest is associated with nearby
PLLLLLEELLL LSS EL L LS E S edges. Fire use is prevalent along forest edges and adjoining pastures, and edge forests are

obviously vulnerable to fire incursion. Logging disturbs the forest and makes them more
susceptible to fire. As forest edges and distrubance proliferate so does the chance for forest
burning.

Distance

Fragments become progressively smaller

Selective logging (the removal of a few valuable trees),

increases the probability (fold) of a forest burning. Data Eragment number and size distribution

Although most fires are strongly associated with edges they also occurred deep

below show that even 7 years after logging, affected forests Paragominas|1354 19911993 [1995 A 2N forest fire: The first _ _ within the forest interior. While the data do not definitively indicate either the cause or origin
are more likely to burn. Size (ha) # | # | # | # _mazon'an Oresttire. 1nemrs Burning Sumauma tree (2m diameter): of these fires, it is clear that most burning is occurring within several hundred meters of the
:Ddgguﬂnunn j S g é f“’e mf_:ly be of very low _ Subsequent fires can be much more forest edge. Fires that were contiguous with edges penetrated at least 2.5 km into forests.
Abstract 100 <1 000 = 120 [ 18 | =1 Intensity (<50 kw/m) but is extreme and exceed the capabilities of Additional, isolated burns, which may have been caused by loggers or hunters, occurred as far
_ _ _ _ _ =10 =100 40 | 41 | 48 | 53 slow moving and kills 40% of manual firefighting (Cochrane et al. 1999) as 5.5 km from any forest edge. Ina sense, these additional burns can be considered a large-
Tropical forests are increasingly impacted by degrading =1 =10 147 | 157 | 143 | 156 the t ' scale edge effect (Cochrane and Laurance, in press), as they are probably much more common
activities as well as outright deforestation. Landscapes ;ltm ;g; l?f 3?3% 3%53 € Lrees (Cochrane and Schulze 1399) within the first 10 km of edges than further into the forest.
have been transformed from continuous tracts of unbroken : . : : :
forest into mosaics of pastures, agricultural plots and forest Tailandia 1931 (1993 | 1995 |1997 &00 : There Is clear evidence that the_ d_|s_turban0(_a regime at t hesc_a S|t_es has_been changed
fragments that have often been subiected o varvin Size (ha) e | & | & | & dramatically. Although there are no definitive studies of the historic fire regimes for these
de grees of increased disturbance from sJun wind fireyang -10,000 3 | 2 | 4 | 4 - forests, data from charcoal studies (Sanford et al. 1985, Saldarraiga and West 1986, Turcq et
gré : ) ' T Ap0=<t00o0 [ 2 |3 [ 1 |1 = al. 1998) suggest a fire-return interval of at least 500-1000 years (Cochrane 2000). At present,
logging operations. Multitemporal case studies from within =100 <1000 = 111 |3 | 03 == L T o
. : : = Third fire: 730 however, the existing fire rotations in sudy areas suggest that over half of the forest at each
the Brazilian Amazon are used to illustrate the linkages and 10 <100 G4 | BE | 94 | 94 KWim: 205 of : : : ) e ) : ..
svnerav between forest fragmentation. selective loagin 31 <10 107 166 | 193 | 193 X > m; % o site will experience a fire every 5-10 years. This fire-return interval is much more similar to
aBr: d f?r/est fire. A 0eoara h?c informat’ion svstem isg?heg 1 40 | 88 | 103 | 104 b E':';ﬂ'zi:;m the fire frequency experienced by fire-associated ponderosa pine (Pinus ponderosa) forests
used o uaniitati\g/el J arr)l d spatiall relatg disturbance Tatal 224 | 338 | 418 | 419 "D 400 (Agee 1993) than that of tropical rain forests. Jackson (1968) found that rainforest vegetation
ACTOSS tr?e lan dscaye 50 tphat Bs/ atiallv  articulated E could not persist with fire frequencies of <90 years. The current fire frequency being
disturbance redimes cpan be manped 'T'hese B:na s provide Y= Second Fire: 410 experienced throughout the majority of the studied forests is sufficient to prevent any
both knowled ge of the current E'Eatte.o £ oxistin pforpests s o = kWim: 273 of significant regeneration of current canopy trees from occurring. Because these study areas are
J: : J Dispropottionate representation of fires along forest = canapy saver typical of anthropogenic landscapes in the region, these results suggest that rainforests could
well as the likely future of given parcels of forest. edges. Table gives the distance from the forest edge o destroyed ) _ )
_ : where fire was disproportionately experienced in each QL be replaced by degraded, fire-resistant vegetation throughout much of the eastern Amazon.
Preliminary results have shown that forest fragmentation ear and ot each site. The percentace of all burmin = . - . : :
: : ) N : ¥ - mEP g urning ™ o Regional climatic change could also contribute to the decline of closed-canopy forests in the
and forest fire are directly linked with fires becoming edge fepresiﬂzfd by the given distance and year is also First fire: 55 Amazon (Laurance and Williamson 2001)
effects that penetrate kilometers into standing forests. P 0 . > ';::":;fﬁi of '
Selective logging also exacerbates fire probability but with . tParaEEf;mz{'ajt o Tﬁﬂ?ﬂﬂ - 100 50 0 destroyed Many forest stands in the study areas were burned more than once. The chances of recurring
larger effects at larger distances from forest edges. In 1984 360 5% ? D? % Canopy Cover fires are increased by changes in the microclimate of the forest interior caused by the initial

i I i 1991 180 75% 180 3%
typlcal anthr(_)pogenlc_ landscapes, fragmentation eﬂ_‘e(_:ts, ol e e o0 =
fire and logging can involve nearly all of the remaining 1995 270 3% 270 76%
forests and pose special challenges for sustainable =l : = %
management of these resources.

fires (Cochrane and Schulze 1999). Recurrent fires are more intense because the mortality
induced by previous fires results in significantly increased fuel loads, counter-intuitively, each
fire creates more fuels than it consumes (Cochrane and Schulze 1998, Cochrane et al. 1999).
Large canopy trees have little or no survival advantage in these recurrent fires (Cochrane and
Schulze 1999). Though large trees typically have thick enough bark to survive the initial low
intensity fires, subsequent fires have more fuels and can be too severe for any trees to survive.
Repeatedly burned forest stands are extensively thinned, having been reported to support as
few as 18 live trees (>10 cm DBH) ha? (Cochrane and Schulze 1999). Such minimally
forested areas are likely to appear deforested in satellite imagery analyses. In this study, cross
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The cumulative capacity of recurrent tropical forest fires (Cochrane 2000)

Spatially articulated fire regime: Fire rotation values by
distance for a 250,000 hectare study region. Indications are
that forests within 2 km of current edges can not persist under
the current disturbance regime and will be replaced with grass

Distance distribution of forest, fires and fire rotations. Data are presented as the
percentage of the total forest and percentage that burned for each given yvear and study
stte. The fire rotation walues are those implied by the observed forest burning. The
detected fires are from 1-2 years and so the data are presented as a range.

Faragominas e or scrub vegetation (Cochrane 2001) tabulation of the imagery classifications showed that, in comparison to unburned forest, once-

| 1984 1991 1993 1995 (Years) burned forests were twice as likely to be classified as having been deforested while twice and
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orest edge lead to changes of everything from Forests as a function of distance from deforested (black) otance (m)
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increased tree mortality (Laurance et al. 1997) with a 1999)

disproportionate effect on large trees (Laurance et al.

2000). Such structural changes are likely to mimic Meters from Norforest
selective logging processes which fracture the forest I O - 300 2
canopy, increasing fuel loading and overall fire I 200 200 PERU
susceptibility (Holdsworth and Uhl 1997, Cochrane and =gm 1200
Schulze 1999). 1% 1%
Fire has been recognized as a growing problem 11800 - 2100
in the tropics due to the synergistic nature of fire- gm%
maintained land cover such as pastures in close proximity 3700 - 3000
to logged or otherwise damaged forest (Uhl and g%% -
Buschbac;her 1985) Large-scale flreS In bOth |nd0neS|a 3500 - 3800 I:l Normal Deforestation - Pasture - Forest - Fire-Induced Deforestation
and Brazil (Cochrane and Schulze 1998, Cochrane 2000) ] 3600 - 4200
have illustrated the magnitude of the problem that fire =g%:ﬂ
presents for standing tropical forests. Tropical 4800 - 5100 . : T BOLIVIA
rainforests, though resistant to fire propagation, are =EEE’% An example of fire-induced deforestation. The white lines are the R
extremely vulnerable to fire damage because of the thin B 400 ashes from trees WhICh were completely consumed by fire. A

bark that is characteristic of its trees (Uhl and Kauffman
1990). Once a forest does burn, fire susceptibility
increases and recurrent fires can become endemic
(Cochrane and Schulze 1999). The new fire dynamic can
become a runaway process as each fire increases on-site
fuel loading and the subsequent fire’s severity. This
process results in catastrophic fires that can kill even the
largest, thickest barked trees (Cochrane et al 1999).
These modified fire regimes may be prevalent across vast
expanses of the Amazon and pose the risk of deflecting
succession in these areas to scrub or savanna (Cochrane
et al. 1999, Cochrane 2001). Such fires can act as a
large-scale edge effect (Cochrane and Laurance in press)
and pose a special risk to forest fragments (Gascon et al.
2000).
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for conservation

Hope for the future: To sustainably supply the demand for timber,
approximately 700,000 km? of the Amazon forest needs to be brought
Into well managed production. Our results indicate that 1.15 million
km? of forests (23% of the Brazilian Amazon) could be established as
National Forests in a manner that will promote sustainable forest
management while acting as buffer zones for fully protected areas
(Parks and Reserves) (Verissimo et al. 2002). The Brazilian government
IS beginning to implement this plan (400,000 km?).
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