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Abstract

Most tropical forest will not be conserved, but instead will be used in some way, most often for logging, agriculture, or both.

Management of tropical forest landscapes for diversity depends upon an understanding of how many and which species can

persist in different types of managed ecosystems. I compared the effects of logging and conversion of forest to agriculture or

pasture on ant, bird, and lepidoptera species richness by combining data from 34 studies from tropical forests in Africa, Asia, and

the Americas. Forest conversion to agriculture or pasture decreased the species richness of ants and of animals overall, whereas

logging did not decrease species richness overall or of ants, birds or lepidoptera. After sites were abandoned, the diversity of

logged sites did not change over time. In contrast, the diversity of old fields increased with time. Ants, birds, and lepidoptera

responded similarly to forest clearance or disturbance, whether it be for logging or conversion to agriculture or pasture. In terms

of faunal diversity, selective logging appears to have much less impact on faunal diversity than does forest conversion, both

initially and after sites are abandoned.

# 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Despite the frequent call for more research on the

effects of tropical forest disturbance on fauna (e.g.

Didham et al., 1996; Watt et al., 2000), our under-

standing of which types of disturbance most adversely

and persistently affect tropical fauna remains poor.

The same could be said for our understanding of the

relative susceptibility of different faunal groups to

disturbance (Lawton et al., 1998). This is not due to

a paucity of studies, but instead to a lack of compara-

tive studies. With very few exceptions (e.g. Blair,

1999; Burghouts et al., 1992; Gascon et al., 1999;

Lawton et al., 1998; Watt et al., 1997), most of the

many studies of the effects of logging, agriculture,

hurricanes, and other disturbances on animals focus on

a single taxonomic group and a single disturbance

type.

As it is prohibitive, in terms of both time and money,

to conduct replicated large-scale comparative experi-

ments (Lawton et al., 1998), such studies will probably

always be rare. Large-scale studies of anthropogenic

disturbance have had little success in discerning

differences among disturbance types or taxa even

when they have been conducted (Gascon et al., 1999;

Forest Ecology and Management 191 (2004) 215–224

E-mail address: r.dunn@curtin.edu.au (R.R. Dunn).

0378-1127/$ – see front matter # 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.foreco.2003.12.008



Lawton et al., 1998). When significant differences in

the effects of different types of disturbance are found,

it is impossible to know whether the patterns seen at a

single location will hold at other sites. For example,

Lawton et al. found that in Cameroon different types

of forest clearance had different effects on different

taxa. The diversity of birds and ants was reduced more

by clear-cut logging than by forest conversion for

small-scale agriculture. Unfortunately, without other

large comparative studies it is impossible to know if

the patterns documented by Lawton et al. (1998) are

generalizable. Qualitative reviews of the published

literature have suggested that taxa may differ consis-

tently in their response to logging and forest conver-

sion to agriculture or pasture (Bawa and Seidler, 1998;

Ochoa and Soriano, 2001). Similarly, a number of

studies have suggested that forest conversion may alter

animal diversity less than does forest conversion to

agriculture or pasture (e.g. Vasconcelos et al., 2000).

Both hypotheses need to be tested explicitly.

In lieu of more large-scale studies like those in

Cameroon (Lawton et al., 1998) or purely qualitative

reviews of published studies, meta-analyses of multi-

ple data sets have the potential to shed insight on large-

scale questions (see Bender et al., 1998; Hartley and

Hunter, 1998). Using data from 34 published studies in

29 field sites, I compared the effects of forest conver-

sion to agriculture and logging of a variety of inten-

sities on the species diversity of lepidoptera, birds and

ants. I compared the change in diversity of those same

groups over time as logged sites and old fields were

abandoned. I also compared the relative effects of

different logging intensities on ant, bird and lepidop-

tera richness.

2. Methods

I chose to focus on ants, birds and lepidoptera

because these three taxa are often advocated as indi-

cator taxa and because they are the taxa for which the

most data are available. A priori, these taxa might also

represent a gradient in specialization and disturbance

susceptibility, with lepidoptera being the most host-

specific, birds intermediate and ants the most general-

ized (e.g. Lawton et al., 1998).

I searched for published studies that examined the

relationship between forest conversion or logging and

the species richness of particular taxa in tropical rain

forest regions. I located papers on Web of Science

(1994–2001) and Cambridge Scientific Abstracts

(1982–2001) using the keywords, logging, selective

logging, disturbance, secondary forest, succession

and pasture. I then used the references found in those

papers to locate other studies. I distinguish between

converted sites and different kinds of logged sites, but

not between different types of converted sites. While it

might be interesting to compare different types of

converted sites (e.g. pastures versus agricultural

fields), the data presently available do not permit such

analyses.

Some of the studies I included in the analyses

presented multiple measures of species diversity, some

presented only species richness and others only spe-

cies density. When studies presented multiple mea-

sures of diversity, I always used species richness

values, defined as the number of species observed

after some standardized number of individuals has

been collected. In cases in which species richness

values were not presented in the original studies, I

used species density data. I define species density as

the number of species collected after a standardized

area has been sampled. Species density is potentially

more biased than is species richness (Colwell and

Coddington, 1994; Gotelli and Colwell, 2001). There

is no reason to expect such a bias to affect the diversity

of logged forests and forests converted to agriculture

(the two principal treatments I am comparing), in

different directions, since a similar proportion of

logged and converted data points come from studies

that used species richness and species density respec-

tively (11/15 and 19/29). Nonetheless, the measure of

diversity used for each data point, species diversity or

density, was included as a variable in the analyses, to

assess whether the measure of diversity used

explained some of the variation in the response vari-

able, standardized species richness.

Unless all of the species from a site have been

collected (a rarity in the tropics), both species density

and species richness are estimates of the true diversity

at a site. To make valid comparisons among multiple

sites it is therefore necessary to take into account the

fact that different numbers of individuals (and areas)

have been sampled at different sites. One method

would be to sample the same number of individuals

from every sample at every site (or the same amount of
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area for species density), an impossibility given the

information provided in the studies I am including

here. Instead, I chose to standardize the results from

multiple sites by converting the species diversity of the

study taxa in each sample in each site to a standardized

species richness value. Standardized species richness

in disturbed or regenerating forests was measured

separately within each study site for each treatment

and taxon. Standardized richness for a given treatment

within a site is the diversity or richness of the focal

taxon in that treatment divided by the respective

measure of the focal taxon in a comparable mature

forest in the same region. Thus, standardized richness

can be greater than one hundred percent when a

disturbed or secondary forest plot is more diverse

than the corresponding mature forest.

The data points included in the analyses were not

necessarily independent. For example, data from a

given study might contribute data points for both

logged sites and converted sites of several ages.

Because the data were sometimes non-independent,

I chose to use randomization-based ANOVAs and

randomization based regressions (Edgington, 1980;

Manly, 1997). I used a randomization based ANOVA

to compare the initial effects of logging and forest

conversion on faunal species richness, where the

response variable (Y) was standardized richness and

the independent variable (X) was clearance type (log-

ging or conversion). For each ANOVA, Y-values were

randomized with respect to the categorical variable,

clearance type. The observed group variance was then

compared to the distribution of group variance values

from the simulations. A thousand randomizations

were used for each ANOVA and each other randomi-

zation-based analysis.

I performed a regression with taxon, type of forest

clearance (conversion or logging), log10 (years since

abandonment þ 1), years since abandonment, sample

size, and measure of diversity (species density or

species richness) as independent variables and stan-

dardized species richness as the response variable (Y).

I then randomized Y variables relative to all indepen-

dent variables. Once data were randomized, I com-

pared the observed F-ratios to the distribution of

F-ratios from the randomized data. An F-ratio was

considered significantly large if it was among the

highest five percent of randomized values (Edgington,

1980; Manly, 1997). The simplest model, with only an

intercept term, was fit first and then additional vari-

ables were added stepwise. Once the overall model

was fit, I regressed the residuals for logged sites

against logging intensity (percentage of trees har-

vested). Since many studies of the effects of logging

do not document logging intensity, it was often neces-

sary to estimate logging intensity from nearby sites.

I compared the slope of regression lines between

logged sites and converted sites using a separate set of

simulations run using Visual Basic. Each individual

coordinate pair (e.g. log (age þ 1) ¼ 0.1, standardized

richness ¼ 110) was fixed, but the labels correspond-

ing to those points (e.g. ‘‘logged’’ or ‘‘converted’’)

were randomized. The difference between the

observed slopes for logged and converted sites was

then compared to the difference between the simulated

slopes (Cushman et al., 1993; Manly, 1998).

3. Results

The 34 studies I included were from Africa, Asia,

and the Americas, although most studies were from

West Africa and South America (Appendix A). Only

two studies compared different disturbance treatments

and only two studies compared multiple taxa. The rest

of the studies examined the effect of a single distur-

bance type on a single taxon and then the recovery of

the richness of that taxon over time for a forest

chronosequence. Logging intensity varied from a

few trees per hectare (e.g.Whitman et al., 1998) to

clear-cut logging. All clear-cut data came from a

single study (Lawton et al., 1998), where clear-cuts

were relatively small (�1 ha). All results were quali-

tatively similar whether those clear-cuts sites were

included or not. Because of the small number of clear-

cut sites included in the analyses, the comparisons

here are essentially comparisons of forest conversion

to agriculture and pasture, and selective logging.

Converted forests actively in use for agriculture or

as pasture had a lower overall standardized species

diversity than did recently logged sites. Converted

forests also had a lower standardized species diversity

relative to logged forests for ants considered sepa-

rately, but not for birds (Table 1). Overall and for ants

and birds separately, forest conversion reduced stan-

dardized species diversity relative to mature forest

comparisons (Poverall ¼ 0:001, Pants ¼ 0:04, Pbirds ¼
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0:009). Lepidoptera were not considered separately,

because sample size was too small. Logging did not

significantly reduce standardized species diversity

relative to mature forest comparisons overall, for

lepidoptera or for birds (Poverall ¼ 0:19, Plepidoptera ¼
0:29, Pbirds ¼ 0:33). No significant effect of logging

on the standardized diversity of ants was detected

(P ¼ 0:1).

In the overall regression, the effect of forest clear-

ance type (logging or conversion to agriculture or

pasture) was highly significant as were the effects

of log (years since abandonment þ 1) and the measure

of diversity used (P ¼ 0:001, 0.001 and 0.04, respec-

tively). Standardized diversity increased with log

(years since abandonment þ 1). Standardized richness

was also higher in logged sites than in converted sites

and higher when species density was used as a mea-

sure of diversity than when species richness was used.

Forty-six percent of the variation in standardized

species diversity was explained by the regression

model that included only log (years since abandon-

ment þ 1), measure of diversity, and clearance type as

variables (Poverall ¼ 0:001). Neither taxon (ant, bird or

lepidoptera) nor sample size was a significant pre-

dictor of standardized species richness in the overall

regression model (P ¼ 0:4, 0.5). Years since abandon-

ment did not explain a significant amount of variation

once log (years since abandonment þ 1) was already

in the model (P ¼ 0:34), so years since abandonment

was dropped from the final model.

Logged sites and converted sites differed signifi-

cantly in the slope of the regression of standardized

richness against log transformed years since abandon-

ment (P < 0:01; Fig. 1). After logged sites were

abandoned, there was no statistical change in standar-

dized species diversity with time since abandonment.

After old fields and pastures were abandoned, stan-

dardized species diversity increased with log (years

since abandonment þ 1) (Fig. 1). Standardized species

diversity was not correlated with logging intensity

(percent of tree basal area removed; P ¼ 0:25,

R ¼ 0:04).

4. Discussion

My results demonstrate that selective logging has a

less direct impact on faunal species richness than does

conversion to agriculture or pasture. Overall, I found

that forest conversion to agriculture reduced the rich-

ness of ants, birds, or lepidoptera, more so than did

logging. Forests recovering from conversion to agri-

culture or pasture remain less diverse than mature

forests and logged forests for at least a decade. Though

several authors have suggested that forest conversion

may have greater effects on fauna than does logging

(e.g. Vasconcelos et al., 2000), this is the first study, to

my knowledge, that empirically supports such a claim.

Higher intensity and larger-scale logging increases

disturbance to habitat and food resources and may

allow more disturbance-specialists to establish (Fim-

bel et al., 2001); essentially rendering logged sites

more like converted sites. Consequently, more inten-

sive logging practices may have a greater impact than

lower impact logging. There is evidence that mam-

mals are more susceptible to higher impact logging

than to low-intensity logging. Mammal diversity and

species composition are both more affected by high

impact logging than low intensity logging (Chapman

et al., 2000; Ochoa and Soriano, 2001). Similarly,

Taylor and Haseler (1995) found that Tasmanian bird

diversity was higher in less intensively logged sites.

I found no significant correlation between logging

intensity and ant, bird or lepidoptera diversity. How-

ever, the metric of logging intensity I used, number of

trees removed, provides only a very rough estimate of

true logging intensity. Two sites with the same number

of trees removed may differ greatly in the actual

Table 1

Initial effects of forest conversion to agriculture or pasture and

logging on animal standardized richness

Converted Logged P-value

Mean (var) Mean (var)

All taxa 89.2 (495) 45.3 (344) 0.02

Ants 101.25 (156) 57.3 (456) 0.04

Birds 68.7 (2422) 26.5 (283.9) 0.28

Lepidoptera 94.8 (116) 65 (n ¼ 1) NA

Comparison includes data from recently logged sites (<1 year

previously) and converted sites actively in use as agricultural fields

or pastures. Values indicate the mean standardized richness for

logged and converted sites for all taxa combined, and ants, birds

and lepidoptera separately. P-values are for comparison of mean

standardized diversity in converted and logged sites. NA indicates

that the statistical test was not applicable because n for lepidoptera

in active converted sites was one.
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impact. In addition, the measurement of percent basal

area removed varied greatly among studies.

In both logged and converted areas the richness and

composition of species is affected by the habitat

quality or template (Fimbel et al., 2001), the species

pool of the surrounding area (Daily et al., 2001) and

the dispersal ability of the taxon in question. Less

vagile taxa and taxa with more specific habitat require-

ments have been hypothesized to be more susceptible

to disturbance than other groups (Lawton et al., 1998).

I found that ants, birds, and lepidoptera respond

similarly in terms of species richness to both initial

forest clearance and the abandonment of converted

and logged sites. However, the three taxa are all

relatively vagile. Ants, birds, and lepidoptera can all

fly into newly abandoned sites. Consequently, the

responses of the taxa studied here may represent a

best-case scenario. Less vagile or more host specific

taxa, such as canopy organisms and parasites respec-

tively might respond very differently, but have been

poorly studied. There is some evidence that small

relatively poorly dispersing mammals and habitat

sensitive bats (Chapman et al., 2000; Ochoa and

Soriano, 2001; Soriano and Ochoa, 2001) are more

negatively affected by logging than are other taxa, but

there were not enough mammal data available to

consider mammals in the comparisons included here.

Even when species richness is not substantially

reduced by logging or conversion, species composi-

tion and relative abundance may still be affected.

Unfortunately, many studies of disturbance do not

include comparisons of animal species composition

among forest types, or stands. Those studies that do

present species composition data use a variety of

indices, making an overall statistical comparison dif-

ficult. Nonetheless, in converted sites, it has been

shown that species composition is usually more

affected by initial forest clearance than is species

richness, and may in some cases never completely

recover (Dunn, in press). Where it has been studied,

logging also appears to affect species composition

(Johns, 1992; Mason, 1996; Aleixo, 1999; Kalif

et al., 2001; Vasconcelos et al., 2000; Willot, 1999;

Willot et al., 2000) but not consistently (Lewis, 2001;

Owiunji and Plumptre, 1998; Whitman et al., 1998).

Thus, the fact that species diversity is often not

dramatically decreased by logging hides the fact that

in most cases some mature forest species are being

replaced by disturbance or edge specialists (Willot

et al., 1998), that are often more widespread and less
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Fig. 1. Standardized species richness vs. log10 (years since abandonment þ 1) by clearance type. Slopes of the two lines differ significantly

(P < 0:01). Slope and intercept of the line fit to the data from converted sites are significantly different from the random expectation, whereas

those for the logged sites were not. Best-fitting line for the converted sites was, y ¼ 40:2 þ 34:6x (R ¼ 0:67). Best-fitting line for the logged

forest data was Y ¼ 91:37 þ 9:93X (R ¼ 0:20).
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likely to be at risk of local or global extinction

(Fjeldsá, 1999).

Some of the variation among studies in terms of the

effects of logging and forest conversion is due to the

measure of diversity employed. The measure of spe-

cies diversity that was used in a study explained 6.8%

of the variation in standardized species richness. Stu-

dies that used species richness as a measure of diver-

sity had higher standardized species richness in logged

and converted forests than did studies that used species

density. The observed pattern is likely a consequence

of the fact that fewer individuals are often sampled in

secondary and logged forests. Species density is easily

biased by differences in the number of individuals

sampled among treatments (Gotelli and Colwell,

2001). The fewer individuals are sampled, the lower

species density will be, regardless of the true diversity.

In all but a few exceptions (e.g. Moutinho, 1998),

studies that used species density as a measure of

diversity sampled fewer individuals in logged and

converted forests than in mature forests (Andrade

and Rubiotorgler, 1994; Bowman et al., 1990; Johns,

1991; Willot, 1999). In the future, studies would

benefit from presenting both species richness and

species density, so that the results obtained from the

two measures of diversity can be compared directly

within studies (Gotelli and Colwell, 2001).

After the complete model, including forest clear-

ance type and forest age, was fit to the data, sixty four

percent of the variation in standardized species rich-

ness was still left unexplained. Many spatial variables

could be influential, including variation among sites in

size of clearings, the distance to source populations,

and spatial scale, all of which have been shown to

affect measures of species richness (Gotelli and

Colwell, 2001; Hamer and Hill, 2000; MacNally,

1997; Ricketts et al., 2001). We remain naı̈ve with

regard to interactions between these variables and the

effects of different types of disturbance. Some varia-

tion among studies may be due to differences among

forest types. Most studies of the effects of disturbance

on tropical forest fauna have focused on wet forest

(see Appendix A), but different forest types may

respond very differently to disturbance.

Overall, both small-scale, swidden-type agriculture

and logging appear to be potentially reconcilable with

conservation of species diversity—a relatively hopeful

message for tropical forest management (Lugo, 1999).

However, where converted lands are not allowed to

regenerate, species richness will stay low or even

decline further. Similarly, while many species can live

in logged forests, logging is often part of a more

complicated series of social and political actions.

Logging is often associated with increased hunting

pressures, arrival of colonists, fire (Nepstad et al.,

2001; Nepstad et al., 1999; Struhsaker, 1997) and a

variety of other factors that can act synergistically to

magnify the direct impact of logging, with the poten-

tial for much greater effects on diversity.
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Appendix A

Studies included in analyses are the studies with the same number after ‘‘country’’ were done at the same or nearby sites

Country Forest

type

Taxon Ages of

sites (years)

Clearance

type

Div. Reference

1 Brazil (1) HT Birds MF, Cl. Log. SD Aleixo, 1999

2 Colombia (2) HT Birds MF, 17-7, 1–5 Cult. SD Andrade and Rubiotorgler, 1994

3 Ghana (3) MSD Leaf litter ants MF, 8–40 Cult. SR Belshaw and Bolton, 1993

4 Costa Rica (4) HT Birds MF, 20, 25–35 Cult. SR Blake and Loiselle, 2001

5 Papua New Guinea (5) HT Lepidoptera MF, 26, 8, 4, 2, 1 Cult. SD Bowman et al., 1990

Papua New Guinea (5) HT Birds MF, 26, 8, 4, 2, 1 Cult. SD Bowman et al., 1990

6 Colombia (6) CF Leaf litter ants MF, 25, 10 Past. SD Bustos and Ulloa-Chacón, 1996–1997

7 Colombia (7) CF Leaf litter ants MF, 20, 10, Cl. Past. SD Estrada and Fernandez, 1999

8 Mexico (8) HT Birds MF, Cl. Past., Cult. SR Estrada and Coates-Estrada, 1997

9 Bolivia (9) SD Birds MF, Cl. Log. SD Fredricksen et al., 1999

10 Indonesia (10) HT Lepidoptera MF, 5 Log. SD Hill et al., 1995

11 Brazil (11) HT Birds MF, 11, 1, Cl. Log., Cult. SD Johns, 1991

12 Malaysia (12) HT Birds MF, 12, 6 Log. SD Johns, 1996

13 Brazil (13) HT Leaf litter ants MF, Cl. Log. SD Kalif et al., 2001

14 Malaysia (12) HT Birds MF, Cl. Log. SR Lambert, 1992

15 Cameroon (14) SD Birds MF, 40, 1 Log. SD Lawton et al., 1998

Cameroon (14) SD Leaf litter ants MF, 40, 1 Log. SD Lawton et al., 1998

16 Belize (15) HT Lepidoptera MF, 1 Log. SR Lewis, 2001

17 Mexico (16) HT Leaf litter ants MF, Cl. Cult. SD MacKay et al., 1991

18 Indonesia (17) HT Birds MF, 1–5 yr Log. SD Mardsen, 1998

19 Venezuela (18) HT Birds MF, 6, 1 Log. SD Mason, 1996

20 Brazil (19) HT Leaf litter ants MF, 30, 4 Past. SD Moutinho, 1998

21 Uganda (20) SD Birds MF, 45, 32, 11 Log. SR Owiunji and Plumptre, 1998

22 Panama (21) HT Birds MF, Cl. Past. SR Petit et al., 1999

23 Costa Rica (4) HT Leaf litter ants MF, 20 Cac. SR Roth et al., 1994

24 India (22) HT Birds MF, 100, 25, 10, 5, 1 Cult. SD Shankar Raman et al., 1998

25 Peru (23) HT Birds MF, Cl. Cult. SR Terborgh and Weske, 1969

26 French Guiana (24) HT Birds MF, 10, 1 Log. SD Thiollay, 1992, 1997
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Appendix A. (Continued )

Country Forest

type

Taxon Ages of

sites (years)

Clearance

type

Div. Reference

27 Brazil (25) HT Leaf litter ants MF, 13, 10, 1 Past. SR Vasconcelos, 1999

28 Brazil (26) HT Leaf litter ants MF, 10, 4 Log. SD Vasconcelos et al., 2000

29 Peru (27) HT Leaf litter ants MF, Cl. Past. SD Verhaagh, 1991

30 Cameroon (14) SD Leaf litter ants MF, Cl. Log. SR Watt et al., 1997; Watt et al., 2000

Cameroon (14) SD Lepidoptera MF, 1, Cl. Log. SR Watt et al., 1997

31 Belize (15) HT Birds MF, 1 Log. SD Whitman et al., 1998

32 Borneo (28) HT Lepidoptera MF, 5 Log. SR Willot, 1999

33 Borneo (28) HT Lepidoptera MF, 5 Log. SR Willot et al., 2000

34 Malaysia (29) HT Birds MF, 23 Log. SD Wong, 1985

Forest types are as follows: HT: humid tropical, MSD: moist semi-deciduous, SD: semi-deciduous, CF: cloud forest. Ages of sites represent years since abandonment. Clearance

type indicates the original reason that mature forest was cleared from sites, where Cult: cultivation, Past.: pasture, Log: logging and Cac.: cacao. Div. indicates how diversity was

measured in each study; SD: species density or species count, SR: species richness.
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