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N
atural disturbances and the biological
legacies produced by them are often
poorly understood by policy-makers

and natural-resource managers. Recent large-
scale natural disturbances include wildfires
that burned nearly 10 million ha in Indonesia
in 1997–98, 7 million ha in Russia, 5.4 mil-

lion ha in Canada,
and 4 million ha in
Brazil (1–2). In for-
ests, recouping of
economic losses is

usually attempted by salvaging large volumes
of timber. Major salvage harvesting opera-
tions began in Australian wet forests follow-
ing the 2002–03 wildfires (3). Salvage oper-
ations are likely in extensive areas of North
American forests burned this summer (4). 

To many ecologists, natural disturbances
are key ecosystem processes rather than eco-
logical disasters that require human repair.
Recent ecological paradigms emphasize the
dynamic, nonequilibrial nature of ecological
systems in which disturbance is a normal
feature [see, e.g., (5)] and how natural distur-
bance regimes and the maintenance of biodi-
versity and productivity are interrelated (6). 

Major disturbances also can aid ecosys-
tem restoration by recreating some of the
structural complexity and landscape het-
erogeneity lost through previous intense
management of natural resources. For ex-
ample, large floods can reshape riparian ar-
eas through mass sediment and debris
movement and can revitalize human-modi-
fied aquatic ecosystems (7). Similarly, ma-
jor wildfires generate dead and downed
trees, which provide habitats but which are

depleted by traditional forestry practices
(8). Species recovery and ecosystem revi-
talization are strongly influenced by types,
numbers, and spatial arrangements of bio-
logical “legacies” remaining after natural
disturbance (8, 9). They maintain biodiver-
sity and key ecosystem processes in num-
rous ways, from facilitating species recov-
ery to restoring nutrient levels (9).

Salvage harvesting activities undermine
many of the ecosystem benefits of major dis-
turbances. For example, extensive salvage
harvesting after the 1938 New England hur-
ricane produced a long-lasting shift in hy-
drological regimes on a regional scale (10).
Hurricane-damaged forests exert strong bi-
otic regulation over biogeochemical and hy-
drological processes. In Baxter State Park,
Maine, soils in blown down forests where
salvage logging occurred were more affected
by a subsequent fire (as measured by hori-
zon depth, organic soil coverage, and percent
combustible organic matter) than soils in
comparable forests in the park where salvage
logging was not allowed (11). 

Second, removal of large quantities of
biological legacies can have negative im-
pacts on many taxa. For example, salvage
harvesting removes critical habitat for
species, such as cavity-nesting mammals,
woodpeckers, invertebrates like highly spe-
cialized beetle taxa that depend on burned

wood, and bryoflora closely associated
with recently charred logs (12–14).
Salvage logging after the 1939 wildfires in
Victoria contributed to a shortage of cavity
trees for more than 40 species of verte-
brates, including highly endangered ones
like Leadbeater’s possum (Gymnobelideus
leadbeateri). This problem may take more
than 200 years to be rectified (14). 

Third, salvage logging can impair
ecosystem recovery. In Southeast Asia, sal-
vage logging of burned rainforests led to
substantial forest deterioration and loss,
with major negative impacts on the regen-
erative potential of stands (15). 

Fourth, some taxa may be maladapted
to the interactive effects of two disturbance
events in rapid succession. In the forests of
southeastern Australia, understory plants
such as tree ferns can survive wildfires but
are significantly reduced by the combined
impacts of fire and logging (16). Similar
effects are known in other ecosystems (17)
such as rainforests (15). 

Large-scale salvage harvesting is often
begun soon after a wildfire, when resource
managers make decisions rapidly, with long-
lasting ecological consequences. A better ap-
proach would be to formulate salvage har-
vesting policies before major disturbances
occur. Such policies should make provision
for the exemption of large areas from sal-
vaging such as national parks, nature re-
serves, and watersheds closed to human ac-
cess to maximize water quality (8). Further-
more, good planning should guide the timing
and intensity of salvage harvesting. 

References and Notes
1. Food and Agriculture Organization of the U.N., State

of the World’s Forests (FAO, Rome, 2001).
2. Canadian Council of Forest Ministers, Canadian

Wildland Fire Information System, Forest fire statis-
tics 1970–2002 (CCFM, Ottawa, 2003).

3. Department of Sustainability and Environment,
Salvage Harvesting Prescriptions for the 2003 Eastern
Victoria Fire (DSE, Melbourne, 2003).

4. P. Kennedy, Globe and Mail (Toronto), 5 September
2003, p. B1.

5. C. Pahl-Wostl, The Dynamic Nature of Ecosystems:
Chaos and Order Entwined (Wiley, New York, 1995).

6. R. A. Bradstock et al., Eds., Flammable Australia: The
Fire Regimes and Biodiversity of a Continent
(Cambridge Univ. Press, Melbourne, 2002).

7. S. V. Gregory, in Creating a Forestry for the 21st
Century, K. A. Kohm, J. F. Franklin, Eds. (Island Press,
Washington, DC, 1997), pp. 69–85.

8. D. B. Lindenmayer, J. F. Franklin, Conserving Forest
Biodiversity: A Comprehensive Multiscaled Approach
(Island Press, Washington, DC, 2002).

9. J. F. Franklin et al., Conserv. Biol. Pract. 1, 8 (2000).
10. D. R. Foster et al., BioScience 47, 437 (1997).
11. S. B. Hansen, thesis, University of Maine (1983).
12. R. L. Hutto, Conserv. Biol. 9, 1041 (1995).
13. J. S. Hoyt, S. J. Hannon, Can. J. For. Res. 32, 1881 (2002).
14. D. B. Lindenmayer, J. F. Franklin, Conserv. Biol. 11,

1053 (1997).
15. M.G.Van Nieuwstadt et al.,Conserv. Biol. 15, 1183 (2001).
16. K. Ough, J. Ross. Aust. For. 59, 178 (1996).
17. R. T. Paine et al., Ecosystems 1, 535 (1998).

E C O L O G Y

Salvage Harvesting Policies

After Natural Disturbance 
D. B. Lindenmayer,1 D. R. Foster,2 J. F. Franklin,3 M. L. Hunter,4

R. F. Noss,5 F. A. Schmiegelow,6 D. Perry7

1Centre for Resource and Environmental Studies, The
Australian National University, Canberra, ACT, 0200,
Australia. 2Harvard Forest, Harvard University,
Petersham, MA 01366, USA. 3College of Forest
Resources, University of Washington, Seattle, WA
98195, USA. 4Department of Wildlife Ecology,
University of Maine, Orono, Maine 04469–5755, USA.
5Department of Biology, University of Central Florida,
Orlando, FL, 32816–2368, USA. 6Department of
Renewable Resources, University of Alberta, Canada,
T6G 2H1. 7University of Hawaii, Kapa’au, Hawaii,
96755, USA.

*To whom correspondence should be addressed.
E-mail: davidl@cres.anu.edu.au

POLICY FORUM
C

R
E
D

IT
:D

.B
.L

IN
D

E
M

A
Y

E
R

Post-wildfire salvage harvesting in the Australian

Capital Territory has degraded this stream.
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