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BYLNAPIER SHELTON 
Most of the world's tropical forests which 
manage to escape conversion to agricultur-
a la'lnd in the future will be subjected to
selective logging. The survival of plants0-aand animls inhabiting trpic forests 
-one half of the world's spcics-mav 
well dePend on whether they-can copevith an eniviroinment dirupted by logging,

National parks IA'nd other, protected 
areas will be critically important for 
species preservation, but they may betoo 
small and isolated to do the whole job: 
Much larger *-areas of commercial forestmight provide enough additional space to ensure viabl.populations of most tropical
fore, t species.' 

S the qucstions are: How does logging
affect the. forest as wildlife (including
plant) habitat? And, what logging prac-
ic ibe emplo yed to reduce the im-

pact on wildlife? Before there is any point
in answering these two questions,, how-
ever, one must ask a third: Can natural 
commercial forests be retained in the face 
ofhe Ssurefro shiftin
m cletivation and 
agricultural the ntl foof gvermentprojects, plantation lare pctgroupforestry, Logging in Southeast Asia is moreand other nonforest uses of forest land? 
The assumption here, although perhaps
optimistic, isthat the answer isyes, at least 
in some parts of the tropics.

At the moment, however, the prospect
isdini for long-term maintenance of natur-
al commercial forests in the Americaii'and 

- rican tropics. "The almost universal am-
bitibn of forestry departments [in Latin 
Americal,". writes Dr John"Terborgh, a 
leading student of ecology and conserva-tion in the tropics, "is to remove the tropi-
cal forest and replace it with monocultures 
of exotic species such as pine and eucalyp-tus" (1). The-relentless push of landless 
farmers and wholesale clearance for cattle 

-' ranching and other big agricultural opera-
. 'tions threaten to remove all remainng-

primary torest in Central America bv th,' 
Sead'ofIthis century. Point out Terborh, 
"Exploitation of the Amazon, although in 
its early stages, is beginning to give cause 
for concern. Loggers in search of rare and 

' valuable timbers are already penetrating
into the furthest reaches ofthe Basin." 

West Afican forests suffer extensively 
rorn invasion bv' farmers after logging,

and from fire. In the spring ot1983, for 
Instace, the Ivory Coast lost 10 percent of
its - a ndy severely depleted forests to 

ibush vast lightly populatedfires (2). 1he 
0foestsCono onof the Basin the other 

d tt exploited -omnerciolly 
on a large scale. 

venwhere forest.., renx'n in Atica and
'the ncotropics, hunting miay decimatetheir wildlife' "fIniuch of Latin Amen-

ays 1erborgh "there. simply i-s no
wildlife Something similr can be said 

' 

of West African forests, where meat hun-
ters roam almost at will. Therefore the 
question of tropical wildlife's coexisting
with selective, logging may, for the nearfuture, be academnic inthe-Americas and 

'Africa,.' 
Tropical Asia, however, offers more reason to look into the matter. Here the 

forests contain a much higher proportion
of commercially valuable trees (primarily
members of the' family Dipterocnrpaceae),
giving more incentive to retain forests for 
long-term production, Forest management
and research in the region go back more
than 100, years, -Although these forests, 
too, are being cleared at a disturbing pace,
most governments of Southeast Asia are
committWd to . keeping large sections as 
forest reserves. This history and intention,
of continuity may have encouraged the 
severaexisting studies of wildlife in rela-
tion to logging. Enough has been done to 
at least outline the effects of elective log-
ging on the forests and their life, and to 
suggest practices that might reduce the im-

traumatic than it is in the temperate zone. 
Many of the trees are huge, with broad,
interlocking crowns, laced with woody
vines. When one trec is cut, it usually
brings down several others,

Truck roads and tractor trails destroy
large areas of forest and lead to heavy.
erosion and siltation of streams. What re-
mains after taking out 5 to 20 trees pe', 

. hectare is a patchwork of open gaps, 
where trees were cut and small untouc'hed tans from returning soon to the logedstands with nomarketable trees.A typica oret they oc on at v lo'v' ' Malaysian logging operatioit' in lowland 
forest reduces the canopy coverage fromnear 100 percent before logging to about 
50 percent averaged over the whole con-
cession, and to about 30, percent in hill 
forest. It is almost axiomatic that damage
increases with the scale of logging. The
largest operators use the heaviest equip-
niont and, because they have the best-
knowledge of mark:ts, harvest the most 
species. - 7 ' 

Apart from these moe obvious effects,
tropical logging compacts the soil; causes 
loss of soil structure, micro-organisms, and 
nutrients (through leading, run-off, and 
removal of logs); induces more rapid run-
off; and changes the internal climate of 'he
fost (3.-

Thc last effect probably has the greatest
impact on plant life. In primary rinforest,
rlati,,e humidity at ground level stays 
near 100 percent, temperature fiuctuates 
little, and iwnnin. lar raditiion v,mu
kess that, I percen t of that at- the canopysurface, 13 o'pcnino the forest to sunlight,
logging loweis the relative humtidit i 
ciuse grounddevcl tciperature s t tfltc 
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~oL 

tuate. If as little as 30 percent of the_ 
canopy is removed, according to Dr Ben
jamin Stone, a botanist t the University
of Malaya'? much of the ground vegetationdedies-off because of desiccation and the 
other, environmental chnnges. With dis 
tance above theshrub level-in the sub
canopy, canopy, and scattered emergent
trees-the microclimatic effect is progres.
sively less? The geneial reSUlt of logging. . 
then, is an open forest.,, 

EFFECTS ON WILDLIFE 
Anima~llife responds to this massive alrer
ation in.ways ranging from total withdraw. 
al or extirpation to riotous multiplication.
But certain generalizationscan be made. 
Species dependent on undergrowth, large,
fruit trees, or a continuous canopy (for
travel, etc). suffer the most. "Ede'
species, browsers, and those adapted to 
using, scattered, unpredictable' food 
sources such as small frui s may all benefit. 

Primates are probably, 'the best studied
 
with respect to logg%ig. Even within
this small assemblage of sp cies,, reactions 

vary widely. Orangutans' are :extremely
sensitive to such disturbance, fleeing be
fore the chain saws, like civilians from ar. 
They head for quiet, mature forest, if any
is available, 'where they undoubtedly upset.
the resident orangutans and may, by such
crowding inhibit reproduction (4). Loss of ,

aerial pathways, cover,' and many of the 
fruit trees, such as large strangler figs, ap
parently is what most. disc urages oranu

sities in logged forests.
 
Gibbons, leaf%monkevs, and macaques
are less seriously affected. Gibbons, being

fiercely t-rritorial .-and, afraid of meeting2
other gibbon groups, hanron in whatever 
remains of their home, while leaf monkeys
and macaques, being less territorial, can 
move farther to s security. Andrew 
Johns, a Cambridge University!graduate .
student, closely observed these kinds of 
primates during and after logging of a con
cession in Peninsular Malaysia, . Helie 
noted that logging activity' caused extreme ;
agitationamong the adults and that within 



a aew months after logging many of thei 
infants had disappeared. IHe concluded 
that they probably died fiom falls or aban
donment afto r whenfalls their mothers 
had to leap across wide gap; insufficit. 
food was anothlr possibility
The immedeite rcsponse of indiVidu Ml

animals o logging is little known 'ince 
ridii-col i m'r k-3 Itmiliu. iure sudm:
have not been coniducted. fiut most Species
secn to be reduced. \hethet this happen" 

"
thl'Oindu0 'deth) .iliipro-on tin :is!i mosi
stadieii. ikt'i t A'i lthle, iii m11ii,sa
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animals. An Asian elephant, for instance, ously present in pri1ar forest were found 
' needs only about two-thirds asof logged" fore,,t much area to have reappeared "in 15-vear-ola" of l'iMnurV fore',t loggedin fore',t (15). Dcrjottt1.% oi tieL. cIlnterhtn-

Malatsia. lick-aite hognitlg 
 lcas to an inl-crease oigrasscs arid palis hich are ma 
..jor elephlant food,, (7). )er, \ich arebrowsers, nd Ire crsso-;itillg caIur (Boyiik'it rro,)also do well. 

II Latin Anerica tiid Africa, 'nie*mates pri-join the lis.t of aninal,, tIt scem to
increase aftier loggi,. Dr (urtis Frecese of 

," the US Fsh arnit'ildlife Service \rites 

.
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The survival of plants and animals Inthe world'stropical forests depends on how they can adapt toan environment disrupted by logging. 

a few large species-Suvmtran rhinoceros 
(Diccrorhinu suniatrensis), honey bear 
(lclarctos malavanus), wild dog (Cuo, al-

pinus). and the previously meniticired 
orangutan (Pongo pygmie.s)-appear to
flee a,the first signs of logging activity,

Birds that are hardest hit include insecti-
vores of the understory and hornbills. T.,
understor, birds, such as babblers, pitas, 
::ugons, and small forest kingfishers. 
prcbably are more affected by loss ofcover arid microcli rnatic changes than byreduction in insect food, which is probabl' 
relatively minor (6). ltornbills suffer from
loss of large fruit and cavity-hearing trees
needed for nesting. 

The secreti'eness of reptiles and am-
phibians makes it difficult to assess their
abundance, especially in tropical forest
where many li\c in trees. Dr Kie\ Borni,
Fleang, a zoologtm at the University 'f sh-mw an early decrease followcdMalaya, considers a 5(0 percent loss of canopy to be veiy hard on ground-level
amphibians, which can't tolerate desicca-
tion. Most snakes, lizirds, and tortoises,
he says. are better adapted to dL. nirion-
ments and therefore can survive in loi:ged
forest if enough food and ground co'ver 
remain. Fishes andraLjlatic inercerates
are dcci mated through tle impact of silta-
tion on their environment 

After the shock of hLging, a iajirchange it1the species minx occurs, and the-
comes a 'rad ual return tow'ard the p!;it-

anital complme nt of the originalosry prisi
forest. Scientists disagree. ho\%cvcr, aboutthe rate and degree to which logged forest
biota can approach those of vircmi forests. 

There is no argument with the fact that
life thrives in recently logged forest. With-
in the first few \ears, erasses, palns. wild
gingers, and tree seedlings flourish. Scc.
ondary tree species, nianv bearing small
fruits, spring up in openings every\,hcre.
Vines swarrii up small trees, 

Some animals benefit, or at least do not
totally move away from lIgged forest. 
They are principally the browsers, the 
"edge" species, and the predators of those 

that in the neotropies, "...,lie of the 
smaller species, suchioset (eec elityg as filpigmiv ar-w ) an a y o 

the taijis (So,'ouns" slip.)and rnar-Smosets (('idltriht spp. ) may do as well or
better in secondary forest or heavily dis-
turLed primary forest than in pri mareforest" (8). The black-tnd-\vhite colohus 
,onkey ( ('olobus gntv'eza) in bLInda nmayLespond tIhe same wa,'to logging (9,. 
II tlleri of anilal bionass,. that of re-

-:tl) logged forest may he siritilar to 
levels in priniry forest, and important
citiine species maV increase. This promptsforesters in Southeast Asia. as well as intemperate countries, to talk with pride 
about what they have done for wildife by
harvestinic trees. 

But species diversity, and abundance of
man\, species, may take a long time to 
return to near-original levels. Studies of
primate populations it. prima,,; .id lotged
forest of various ages suggest that the fu!l
impact of locing on primate numbers niay
not he felt for several \'ears. Studies in
Kalimantan, Indonesia, indicated consid-
erablv lower numbers of pririates in 3 to 5 
.year-old logged forest than in one-year-oldlogged fcrest (10. 11). Clive Marsh andWendell Wilson, after a survey in Peninsu-
lar Malaysia. hypothesized that (nonmi-
gratory) gibbons reach their lo,\est num-

bers about ) years after logging, because 
of reduced recr.itment to the adul, class,
and then very slok ly increase (12). They'
reasoned that leaf monke's, beiricn s

territorial, move more frecly :,nd therefore 

within 
two or three years by the begirning of afairly rapid recovery which is -oosted by
the return of some groups.

Marsh and Wilson suggested that gibbon
populations could recover to riear primary
forest levels in 20 to 30 years, and leaf 
monkeys within 10 to I years. Gln 
Davies and John PaVne, hio\we\er, foundthat nuibers of both gibbons and leat
nionkevs in Sabah were substantially lower 
it 20-vear-old logged forest than in pri-mary forest (but hunting niay have con-
tihbuted to this result) (13). 

h best data on bird populations withrespect to loggiri come from the Pa',ohForest Rescrse, an important ecolo,,ical
re!eatch site inPeninsular Malaysia \\,here
Dr David Wells ar*d others have cartied 
out long-term studies, Ilere. birds were
mist-netted ointwo !(-hcctarc plots,. one in
virgin forest and one in 25-year-old logged
forest (14). Of 83 species netted ittthe
virgin forest, all but three wcre also netted 
or oibserved in the 25-year-old hiigged
forest. This suggests that birds can recol-
onize logged forest in a relatively short 
time. 

In Sarawak, all hornbill species previ-

da.' a block amoLint-iir to one-fiftieth of
the reserve would be logged each year. If
alternate blocks were left nnlogged until
the second 25 years, there would always beat least 25 blocks of 25 to 49 year-old log-
Led fore,;: distributed evenly throughout
the reserve. These blocks would be adja
cent to more recently logged blocks, whichwould thus have a nearby refuge andsource of Seeds and animal colonizdrs.
 

Timber contractors would object to
working in this sw'ay, however, because itwould require contimnous, expensive
tmaintenance of the central road. The stan
dard practice in Malaysia is to build aroad 
into the most remote part of the conces
sion, then to abandon the farther sections
of it as logging progresses back toward the 
entrance point.

Under present practices, annuals may
have no c.cape route to mature forest, and 
mature forest may be some distance from
the logged blocks that need recoloniza
lion. A practical solution to this problem
of access and circlaton isto maintainun
logged buffer strips along watercourses. Ifthis practice were extended ev.'n to fairly
small hill streams. then n parts of a 
concession w'ould be linked I corridors ofniature forest. Such corridors should in-
Chide a strip of high forest (usually con
tainng dipterocarps inNlalavsia) as well asthe shorter riverine vegetation immediate
1'adjacent to lowland streams, wvhich gen
orally is loggednot anyway '1hse
coridors would have the major justifica
tion of protecting streams, water supplies,
and downstreai engincering works an
argumierit that carries more weight these
days than doe!. wildlife conservation. 

The corridor concept, as eipliasized in
conservation strategies no\- heing de
veloped for the individual Malhysian state'. 
cy the World Wildlife Fundi/Malaysia.
should also be toapplied watercoturscs 
through agricultural regions. This would 

hills, which are more dcpcrit;dit on tigtree,, for frlril,, :,ri, arert,.m, ;%-.than 
the smaller specis, may take a much 

l'oi0cr tille Itrecovert.ae m'Ihio11h there Is disagreement isto the 
rate at which populations of primary forestplants and a;iimals return to\\ard their
oriLinal revel, there seems to be amajori
tv agreement that the biota eventually
-perhaps in 25 to 50 yealrs-approximates 
that of the undistturbed forest, assumingu e ae l i inlcisity oil slopes less 
than 2i0 or so, and proximity of fairly malure forest which can act as a refuge during 
Ioeini,and as a source of recolonization 

once the loggers move on. 
The latter point raises crucial questions:

ho\ to maintain areas of older forest within a logiging concession, and 'hat would be 
their most useful spatial arrangement. The 
n,'tcr looks considerably different to
biologists and timbermen. 

ANOTHER WAY TO "CUT THE CAKE" 
One biologically attractive pattern would
be to cut in a checkerboard pattern. In a
forest reserve managed or,a 5-year rota
tion. which is fairl) typical inMalaysia to-
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Loading a felled tree trunk In the Usambara Mountains of northeast Tanzania. Photo: Lars Krdll 
 .
 

rvdextend Protectionnt of Wateruality, and If sufficient public and governmental troduce a new but probably not totallyprvie atral avenues betwen frst re. will existed, many such steps could be tak- negative'set of parameters to the wildlifeserves, 
 en to improve the value of tropical logged logging equation.•Another measure that would help wild- forest for maintaining genetic diversity, studies will be meaningless, however, ., 	life coexist with lo0gging is simply to leave Although it appearS that,-"ost vertebrate unless, Southeast Asian forests and their -S 	certain patches witinfres eev n and woody rainforest species inSoutheast wildlife eventually are., freed from the
cut. In Malaysia, many reserves contain a Asia could 
 live with logging, much more pressures of landl-hungry, meat-hungry?:•small Virgin Jungle Reserve, which is in- research is needed to determine biological rural people. Because ofieconoic: 'tended for research, preservation of genet- effects of various practices. The Nelfare of 	
and 

ic res~urces, andl, n some cases, 	 populatin reds ii:pssbl.. ahivrecrea- inve rteb rates, and nonwoody plants 	 next century,iSposbldndis a this %ithmn ted~he Ohewhile a..
'.i~.Unfortunately, is. poor more obsceure matter. Clear cutting 'andprotectiion significant areaof forest still remains.,The

and many of these hvbenlogged, but commercial use of all tree species, which is survia ftoia oet nohrrgosthe idea isstill a good one. According to slowly coining to:tropical forestry, will in- however, appears to ie le ss secure.> David Wells, a zoologist at the University 
"'4 

,ofMalaya, unlogged patches, within 'a 
9~.9~ 4#forest reserve should be at least 400 lie- "	 44~ 

,tares to have significant value for wildlife ..
 
7: 	conservation.
 
....Preservation of cavity-bearing trees, a
 

practice that is gaining favor in United
 
Saefoety, would assist a host 'of
species from tree frogs and flying squirrels 
 ""
 .ot hornbills. Present regulations in lalay-,


'.sia prohibit cuitting of such trees,(as well as-
?=!
 

: :fruit trees valuable to humans and, in .
 some places, species favored by honey'"""

bees fo r building hives),.Loggers generally References and Notes ,' ...
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