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Abstract  

The extent to which logging activities affect biodiversity is of primary importance to 

conservation since timber harvesting is the most lucrative existing forest use. Here we evaluate 

the usefulness of bioindicators as tools to assess biodiversity conservation in logged tropical 

forests. First, we surveyed the literature to assess animal responses to logging and, then, 

determined potential indicator taxa, and gaps and advances in this field. Mammals are the main 

subject of studies addressing the effect of logging on fauna. However, intrinsic characteristics  

and methodological constraints make their use as bioindicators problematic. Studies on the 

impact of logging on arthropods and herpetofauna are under-represented, making generalizations 

difficult. Within the same animal group, there are different responses to logging. Most of the 

study results are derived from different forest structures, taxa, methodologies, logging intensities 

and histories, resulting in a lack of comparable papers. Few studies have associated animal 

responses to functional groups or correlated responses with environmental changes after logging, 

complicating determination of cause-effect relationships. Further difficulties were taxonomical 

complexity, the small number of trained people, the costs of monitoring population trends, the 

lack of information on the relations between changes in different groups, and the lack of 

congruence between traditional scales of research (plots) and appropriate scales of land 

management. The results suggest that until now animal indicators for monitoring logging 

operations and their impact on fauna may be ineffective to implement in forest management, and 

should be used only when direct measurement is impossible or highly costly. Useful indicators of 

environmental health would actually be playing their role of early warning and truly contributing 

to management plans when, rather than simply showing a change in the ecosystem, they facilitate 

the assessment of the acceptable degree of habitat modification.   
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1- Introduction 

 

Timber harvesting is probably the most lucrative and widespread forest use (Johns 1996). 

It can have large environmental impacts as logging affects many forest attributes such as 

structure, composition and function (Putz et al. 2000). As logging will continue and protected 

areas will always be insufficient to ensure the protection of a vast proportion of tropical forest 

biodiversity, efforts are needed to guarantee as much as possible the conservation of native 

diversity in production forests. Therefore, assessing how logging affects biodiversity is of 

primary importance to conservation and good management. This review focuses on determining 

the usefulness and relevance of animal indicators as tools to assess biodiversity conservation in 

logged tropical forests.  

Animals have quite a long history in the assessment of responses to environmental 

perturbation (Rosenberg & Resh 1993; Williams 1993; Spellerberg 1993; McKenzie et al. 1995) 

but concerns about their general utility have been the focus of much debate (Landres et al.1988; 

Landres 1992; Pearman et al. 1995; Simberloff 1998). Indicator taxa or bioindicators are species 

or higher taxonomic groups whose characteristics (e.g. presence/absence; population density, 

dispersion, reproductive success) can be used as an index for attributes too difficult or expensive 

to measure for other species or environmental conditions of interest (Landres et al.1988; Hilty & 

Merenlender 2000). Many taxa have been proposed as indicators of environmental health. 

However, the very reasons that raise a taxon to the status of a good indicator are not always well 

presented in the studies (Hilty & Merenlender 2000). Authors, generally, defend the use of a 

given taxon as an indicator providing a list of several attributes (e.g. specialist behavior, sensitive 

to habitat changes, broad distribution) but do not always clearly state what the proposed indicator 

actually indicates. Few studies address the essential issue of the correlation between indicator 

status and changes in environmental variables (Hilty & Merenlender 2000). It is also desirable 

that an indicator can be used as a surrogate for changes in other groups (Block et al. 1987; 

Lawton et al. 1998). For communities with little species overlap, some authors have argued that 

functional groups may be a more useful concept as they transcend taxonomic boundaries and 

reduce apparent complexity (Andersen 1997b). 
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In forest management systems, some reviews have addressed the impact of logging on 

fauna (Johns 1997; Putz et al 2000), but an analysis of specific bioindicators of forest 

management and their usefulness for monitoring programs is still absent from the literature.  

In this review, we surveyed the current literature in order to compare the response of 

animals to logging in tropical regions. Then, we evaluated whether some of the studied animals 

can be potentially used in monitoring programs for sustainable forest management, analyzing the 

advantages and disadvantages of the use of animal indicators. 

 

2- Methods 

 

We searched the literature addressing relationships between the target animal species or 

community and forest management or timber harvesting in native tropical forests, looking for 

species or groups of species that could indicate the biological integrity of the community (in 

terms of animal diversity, composition and abundance) after the forest had been logged. 

We compared the studies based on four main attributes: (1) the target taxa or group 

(species, functional groups, communities); (2) the effect of logging on the target animal or groups 

based on: time since logging, intensity of logging, sampling area or effort, factors involved (e.g. 

logging, fire, conversion to other ecosystems) and variables analyzed (e.g. richness, 

abundance,composition); (3) the correlation of the response to any specific change in 

environmental variables; (4) the possible use as a surrogate for other groups. We simplified 

previously suggested criteria for determining indicators (see Hilty & Merenlenger 2000) to a 

maximum due to conflicts among criteria and disputes among authors about the best criteria to be 

used. We, therefore, considered as good indicators of forest management, taxa that have (1) good 

life history information, (2) practical attributes (e.g. easy to find and measure), and (3) 

correlation to the ecosystem changes established and ability to function as an early warning. 

Secondary attributes, such as large distribution, specialization, low mobility, and low variability 

were used to reinforce or discard the use of specific taxa after the three main criteria have been 

met. Information on attributes were obtained in the paper or in cited studies. Although this may 

underestimate existing knowledge of some criteria, most papers discussed these issues to some 

extent in their text while addressing the role of indicators or the impact of forest disturbance on 

animals.  
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3- Results 

 

3.1- Animal response to logging 

3.1.1.- Invertebrates: 

The effects of logging on forest invertebrates are still poorly understood. There is a great 

variability among the few studies addressing this issue in terms of time since logging, intensity of 

logging and studied taxa (Appendix 1). Many of these studies were of short duration and with 

low sampling effort, possibly casting doubt on the conclusions. There is, however, evidence that 

logging history is an important variable to explain changes in arthropod assemblages, especially 

if the intensity of logging is high. In the short term (i.e. <5 years) species composition appears to 

be altered in most cases (Kremen 1992, 1994; Spitzer et al. 1993, Wood & Gillman 1998; Oliver 

et al. 2000). 

Ants and butterflies seemed to show the strongest response to logging (Appendix 1). 

However, actual effects and recovery patterns varied within and between animal groups. For 

instance, ants of Pheidole genus seemed to show a rapid response to logging in Amazonian forest 

(Kalif et al. 2001) but this was not observed in other ant genera (Vasconcelos et al. 2000; Kalif et 

al. 2001). Indirect effects (e.g. increase of fire events, cumulative rainfall) may also increase the 

intensity of the arthropofauna’s response (Oliver et al. 2000; Nummelin 1996). For butterflies, 

Ghazoul & Hellier (2000) consider that no single guild stands out as a useful indicator group and 

that measures of species richness, abundance or species diversity do not make good indicators of 

recovery after logging given their erratic response to disturbance. On a 20-year-old logged forest 

in Peninsular Malaysia, Intachat et al. (1999) found that geometroid moth diversity did not differ 

significantly between logged and unlogged forests but there was some reduction in the 

abundance of individuals in the logged forests and a shift in species composition (higher number 

of unique, specialist species in primary forests). 

Few studies exist on the relation between changes in richness and composition of the 

arthropod assemblages and changes in environmental variables. Oliver et al. (2000) suggested the 

measurement of percent cover of sub-canopy and ground-layer characteristics (e.g. litter depth, % 

cover of litter and bare ground) as performance indicators for changes in ant richness, and Willott 

et al. (2000) suggested the canopy cover for butterflies. In Thailand selective extraction of Shorea 



 6

siamensis trees resulted in changes in the foraging behaviour of its Trigona bee pollinators which 

in turn affected the trees’ reproductive output (Ghazoul et al.1998)  

Few studies considered the use of invertebrate taxa as surrogates for changes in other taxa 

and results appear somewhat disappointing. A study that analyzed the use of eight animal groups 

(birds, butterflies, flying beetles, canopy beetles, canopy ants, leaf-litter ants, termites and soil 

nematodes) in a gradient of forest disturbance as surrogate for changes in other taxa, found that 

not one group served as a good indicator taxon for changes in the species richness of other 

groups (Lawton et al. 1998). Hughes et al. (2000) found that dipteran species richness was 

correlated with the number of insect orders but they also note that this may have been caused by 

the fact that the sampling points used in these correlations were not independent. 

Most of the studies were at assemblage level but few correlated their findings with 

functional groups (e.g. Andersen 1997b). Based on data provided or cited by the authors, none of 

the studied taxa satisfied all three main criteria selected here for indicators. However, ants and 

butterflies may be promising taxa based on some of the main criteria or secondary attibutes. 

 

3.1.2- Vertebrates: 

3.1.2.1- Herpetofauna  

The majority of the few studies that focus on amphibians or reptiles (Appendix 2), concern 

anurans and lizards. Among those, few indicated the intensity of logging and were systematic 

about the time since logging (some studies were carried out without distinguishing between 2 to 

20 year-old logged sites). These issues make the drawing of a general picture for amphibians or 

reptiles a difficult (or currently impossible) task. However, a few trends can be discerned. Based 

on these studies, the richness and composition of amphibians and lizards differed little between 

primary and logged forests (e.g. Pearman 1997; Vitt et al. 1998; Lima et al. 2001). Nevertheless, 

changes in species abundance have been shown for both groups after timber extraction. The 

abundance of forest-interior species (e.g non-heliotherm lizards and Eleutherodactylid frogs) 

decreased in logged forest (Pearman 1997; Vitt et al. 1998; Azevedo-Ramos et al. not publ.), 

whereas the abundance of generalist frogs (e.g. hylids) and heliotherm lizards (e.g. Kentropyx, 

Mabuya) common at the edge or in forest gaps increased after forest disturbance (Pearman 1997; 

Vitt et al. 1998; Lima et al. 2001). 
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 Few studies related the response of herpetofauna to changes in environmental variables. 

The diversity of Eleutherodactylus decreases with the stand basal area (Pearman 1997) and 

Amazon lizards seem to respond –differently depending on their life traits - to canopy openness 

(Vitt et al 1998; Lima et al. 2001). Many animals have their life history associated with some 

important habitat features (e.g. presence of aquatic environments, humidity, vegetation cover, 

refuges) but the correlation between these habitat features and population changes in logged 

forests has been overlooked. Currently, there is no clear indication that changes in one of these 

groups may reveal changes in other groups in logged forests. Overall, no taxon satisfied the three 

main selected criteria for a bioindicator. 

 

3.1.2.2- Birds  

Birds have been suggested to be good biological indicators of landscape degradation 

because they respond to habitat changes at several scales, perform important ecological functions 

in forests (e.g. predators, pollinators and seed dispersers) and are easily detected (Whitman et al. 

1998).  

Surprisingly, the literature that focuses on the impacts of logging on tropical bird 

communities is not extensive (Appendix 3). Existing studies analyzed sites logged from 1 to 50 

years, with large differences in intensity of harvest and sample size, making difficult 

comparisons between studies. In the Neotropics, Mason (1996), Johns (1991a), Marsden (1998) 

and Thiollay (1992) reported significant decreases in bird species richness and diversity in 

logged forests, especially in recently logged sites. Thiollay (1997) also reports having recorded 

only slight differences in species diversity following logging despite large changes in species 

richness. In southeast Asia (Wong 1986; Johns 1992; Lambert 1992; Johns 1996), Liberia 

(Kofron & Chapman 1995), Atlantic forest of Brazil (Aleixo 1999) and Amazonia (Azevedo-

Ramos et al, not publ.) the richness of bird communities in unlogged and logged forest were 

similar, although important changes in species abundance and composition did occur. In Sabah, 

higher species richness in disturbed forest was due to an increased number of common edge 

species (Johns 1996). Such differences among studies may reflect the differences in variables 

used, such as time since logging, which may confuse interpretation of the results. For instance, 

bird diversity decreased one year after logging but returned to levels similar to unlogged forests 5 

to 10 years later (Thiollay 1992; Mason 1996). One of the main drawbacks of the studies is the 
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lack of association between cause and effect (Whitman et al. 1998). Although most of these 

studies analyzed environmental changes after logging (Thiollay 1992; Mason 1996; Marsden 

1998; Whitman 1998; Aleixo 1999), they did not correlate them with changes in bird 

communities. 

Amongst bird communities, the guild of insectivores, especially understory species 

showed pronounced reduction (up to 90%) both in number of species and abundance of 

individuals after logging (Johns 1991b; Thiollay 1992; Johns 1995; Mason 1996; Cannaday 

1996; Aleixo 1999). In contrast, frugivores or nectarivores seem to be favored by logging (Johns 

1989b, 1991b; Dranzoa 1995; Nordin & Zakaria 1997; Owiunji & Plumptre 1998). 

No study provided enough information to complete our criteria for selection of bird 

species as good bioindicators. However, the evidence showing that insectivores decrease while 

frugivores increase in logged forests may be promising. Ghazoul and Hellier (2000) consider that 

insectivores appear to be the best avian group for monitoring forest recovery but also that within 

the insectivore guild different species exhibit different responses – some species may increase 

even if most decrease.  

 

3.1.2.3- Mammals 

Mammals have been the most intensively studied group regarding logging impacts and 

studies cover almost all tropical forests (Amazonia, Africa, Southeast Asia and Australia). It 

seems that many mammal species are able to adapt their behavior to the new conditions, with few 

consequences for their survival in the altered habitat. Basically, they change their period of 

activity and their diet composition, with little change in their home range (Johns 1986). 

Although the methodologies adopted in different studies concerning mammal populations and 

logging are comparable, there are great differences in time and intensity of logging and in the 

size of sampled areas (Appendix 4). An important factor that should be considered when looking 

at mammals is hunting. After logging, the intensity of hunting increases primarily because of 

easier access to remote forests by new roads and of the greater human presence in the area 

(Bennett & Robinson 2000; Putz et al. 2000). Changes in animal populations due to indirect 

effects like hunting are difficult to distinguish from the more direct effects of logging. However, 

only three of the reviewed studies indicated the presence of hunting in their study sites. 
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Below we included some details on some mammals, but in general there is a lack of 

information on correlations with changes in environment and the use of species as surrogates, 

which difficult the election of good indicators. 

Primates- Amongst mammals, primates have received special attention from the researchers and 

are by far the most studied group (Appendix 4). Most of these studies evaluated population 

variation comparing logged and unlogged sites in the same region in a short term. As an 

exception, a study in Kibale forest in Uganda has sampled the same area at different times over 

28 years (Chapman et al. 1999).  

The result of the studies showed a large variation in primate responses. While some 

primate species seem highly dependent on undisturbed forest (specialists like Hylobates spp; 

Cercophitecus spp; Chiropotes spp), others prefer disturbed habitats and will be more likely to 

survive in disrupted areas (generalists like Macaca spp; Colobus spp; Cebus spp). In general, 

primate species tolerate logging with few alterations in species diversity, but some few species 

could disappear, especially species with a specialist diet in areas where logging has been 

particularly intensive (Johns 1997).  

Logging mostly affected primate populations in their density. In Appendix 4, 43 % of 

species show no difference in density after logging, while 28 % decrease and 28 % increase. 

Nevertheless, the same species can respond in different ways. For example, chimpanzees 

populations (Pan troglodytes) have been reported to increase (Hashimoto 1995), decrease (White 

1992), and to not respond to logging (Plumptre & Reynolds 1994), but study sites, time since 

logging and methodology were not the same. 

 

Other mammal species- Other mammal groups are rather poorly studied. Some species or 

groups have only one study case (eg. mouse deer, Heydon & Bulloh 1997; shrews, Laidlaw 2000; 

civet, Heydon & Bulloh 1996; Amazonian ungulates, Johns 1986). Due to a lack of “linear” 

results and to the differences in time and intensity of logging of each site, there seems to be no 

clear pattern of how logging affects these animals. For instance, while Ochoa (2000) showed an 

increase in marsupial diversity and density in Venezuela, Laurance & Laurance (1996) found no 

significant effect on 5 of 6 Australian marsupials, even after high logging intensity.  

However, in Africa, changes in richness, diversity and abundance of small rodents was 

still detectable more than 10 years after logging (Malcom & Ray 2000). In Venezuela, frugivore 



 10

bats seemed favored in relation to carnivore and insectivore bats after logging due to the increase 

in abundance of colonizing plants (Ochoa 2000).  

Although there are few other studies focusing on the impacts of logging on small rodents 

and bats , some authors (Malcolm & Ray 2000; Medellin et al. 2000) have argued that these 

groups should receive more attention in the future due to characteristics (e.g. abundant, diverse, 

widespread, responsive to disturbance and easy to sample) that increase their potential as 

bioindicators.  

 
4- Discussion 

 

4.1- Potential bioindicators for forest management:  
 

Currently, there is a scarcity of comparable papers that analyze the response of fauna to 

logging and most of the results are derived from sites with diverse forest structure, species 

composition, logging histories and intensities. In most cases, surveys are not comparable because 

of the lack of standard sampling methodologies. 

As the response of a proposed indicator varies greatly depending on the taxa and the intensity 

of habitat disturbance, high diversity or endemism should not be accepted as a measure of high 

conservation value without a true understanding of the ecological community in question 

(Spector & Forsyth 1998). Most importantly, animal species that respond quite strongly to 

logging may not be good practical indicators for forest management due to low density, difficulty 

of sampling or the need of highly specialized taxonomic experts. For instance, the sensitiveness 

of forest-interior species to habitat disturbance (e.g. frogs and non-heliotherm lizards; Pearman 

1997; Vitt et al 1998; Lima et al. 2001) may suggest a value as indicator species. However, as 

they usually occur in low densities in tropical forests, requiring a substantial sampling effort and, 

sometimes, the need for assistance in identification, they may be a poor choice of indicator due to 

practical reasons. Additionally, there is no current evidence that changes in one of these groups 

reveals changes in other groups. 

In high diversity tropical forests, taxonomic complexity and the few number of trained 

specialists limit the number of animal groups that can be evaluated. Actually, the demand for 

biodiversity information greatly exceeds the delivery capacity of scientific institutions and the 

scientists that work in the tropics (Lawton et al. 1998; Spector & Forsyth 1998). Sometimes, this 
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limitation has resulted in basing surveys on the best-known taxa (usually game species) but with 

questionable usefulness in terms of “good” forest management indicating value. Game species, 

though the most commonly studied animals in logged forests, are usually not good indicators 

because their population dynamics and distribution may be affected by hunters and other indirect 

effects not related to the specific habitat modification (Landres et al.1988); some species (e.g. 

mammals) need great effort (e.g. time of observation and/or area sampled) to be accurately 

sampled, which usually jeopardizes their chances of being successfully incorporated in 

monitoring protocols for logging operations; and they have many attributes (e.g. low 

reproductive rates; large-body sizes; high trophic level ) that make them less useful as early 

warning detectors (Hilty & Merenlender 2000). 

Although the avifauna is the group for which the most studies addressed environmental 

changes after logging, the lack of information on tropical bird ecology prevents a better 

understanding of the effects of habitat modification on community parameters. Further studies 

are, therefore, badly needed to confirm the usefulness of some promising indicators 

(insectivores). 

The number of papers addressing the impact of logging on invertebrates is still too small to 

draw general conclusions. Ants and butterflies seem, however, promising taxa for local 

monitoring due to their rapid response, well-known taxonomy, specialization and facility of 

sampling. For over 20 years, the Australian mining industry has used ant species richness and 

composition as indicators of restoration success (Andersen 1997a), and these protocols have been 

exported to Brazil (Andersen 1997b). 

A number of factors argue against the use of animal indicators. The costs of monitoring 

animal populations to show significant trends may be excessively high (e.g. more than one 

million dollars per year to detect a 10 % change between years in population of pileated 

woodpecker, Dryocopus pileatus; Verner 1986). Five scientist-years were required to process a 

sample of 2000 species (over 10,000 scientist-hours), however, the number of species was 

underestimated due to incomplete inventories and may approach 100 times this number (Lawton 

et al. 1998). Therefore, a detailed inventory, even for one area, would require a huge effort, 

exceeding any attempted sampling so far anywhere in the world (Lawton et al. 1998). 

Another issue is the lack of overlap in community composition within a same region (e.g. 

Azevedo-Ramos & Galatti 2002). Therefore, good species indicators may vary between places, 
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leading to an endless search. Nevertheless, taxa with restricted ranges are being used as target 

species. They can be useful for monitoring specific sites, but they will be of less use for settings 

regional priorities, for which broadly distributed taxa are preferred as indicators (Noss 1990; 

Pearson & Cassola 1992). However, cosmopolitan species conflict with recommendations for use 

of specialized taxa (Hilty & Merenlender 2000). An alternative may be to place a greater 

emphasis on a demonstrated relationship with habitat attributes of interest than with the status of 

the indicator in a specialist-generalist continuum. 

Few studies analyzed the use of the proposed indicator as a surrogate for other taxa and 

showed, generally, a low correlation between different taxa (e.g. Lawton et al. 1998). Given the 

extreme complexity of natural systems, it is very unlikely that a single species could serve as an 

index of the structure and functioning of a community (e.g. Block et al. 1987; Lawton et al. 

1998). This approach should be avoided unless justified by research over an extensive area and 

time (Landres et al.1988). In the same sense, the guild-indicator approach may fail on conceptual 

and empirical grounds. Species that exploit similar environmental resources are not necessarily 

alike in other ways they use and respond to the habitat (Landres 1983; Verner 1984). Also, it is 

unlikely that population trends among guild members would change in a parallel fashion as they 

may vary in mechanisms of population regulation (e.g. weather, disease, predation, habitat 

disturbance). 

In a recent survey of faunal indicator taxa for monitoring ecosystem health involving 100 

vertebrate and 32 invertebrate species, only 1 and 3 % of the taxa, respectively, referred to 

studies correlating changes in the indicator status with changes to the ecosystem (Hilty & 

Merenlender 2000). Identification of causes for change is necessary to avoid spurious 

conclusions over the short run (Landres et al.1988). Evaluation of the degree of habitat 

modification that can be supported by animal groups before causing an alteration in the 

assemblage structure may be an indirect but cheaper way to assess the status of some groups. The 

quantitative and qualitative determination of habitat disturbance in logged and unlogged forests 

and the correlation with animal responses may give an indication of the mechanisms behind 

animal population changes and how to mitigate the negative effects of forest disturbance. The 

success of this approach depends on a good understanding of the animal’s life-history. Although 

the biological literature is full of life-history studies, the findings have not been incorporated into 

practical animal monitoring protocols for forest management systems or even into studies that 
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test their applicability. In a simple example, if the frog assemblage of a given area responds to 

changes in humidity, the measurement and monitoring of humidity is certainly an easier and 

cheaper task than the monitoring of the whole assemblage (or even some species) of frogs. 

However, this correlation and its applicability in logged forests remains to be determined in 

many cases.  

The scarcity of comparative data on the effects of high- versus reduced-impact logging (RIL) 

practices on fauna was surprising. RIL has proven environmental advantages over conventional 

logging techniques (Barreto et al. 1998). However, its comparative effect on animal communities 

is still unknown. This is particularly damaging now as criteria and indicators for sustainable 

forest management are being developed to better define and measure progress towards achieving 

international standards and demands.  

Extremely important is the observation of a lack of congruence between traditional scales of 

research (plots) and appropriate scales of land management (Andersen 1997b). It is desirable that 

future research projects involve larger-scales studies, including the natural variability of forest 

types and the diversity of logging practices, thereby reaching broader conclusions.  

 

4.2- Practical considerations when selecting or using indicators for forest 

management 

 

First, as surveys are expensive and time consuming, animal indicators should be used only 

when direct measurement is impossible or costly. Second, when such indicators are used, the 

reasons for selection of a given indicator should be clearly stated and based on objective criteria 

(see Hilty & Merenlender 2000 for a step-wise decision-making framework for selecting 

indicator taxa). 

Differences in habitat attributes, genotype and species interactions may produce variation in 

phenotype, physiology and behavior within a species. Therefore, the response of an indicator 

should not be extrapolated to another area without proper verification of the indicator’s response 

in each area (Landres et al.1988). 

It is unlikely that a single taxon can accurately reflect the multiple changes in an ecosystem 

after human disturbance. Therefore, the selection of multiple indicator taxa is necessary 

whenever possible. 
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Indicator taxa with well understood natural histories and which provide ecosystem services 

(e.g. pollination, nutrient cycling or seed dispersal) should be prioritized and incorporated in 

survey designs of forest management programs. Invertebrates should be considered in these 

programs and in future studies as many of their attributes (low mobility, high reproductive rate, 

specialization, abundance and the availability of life history information for some of them) make 

them an useful tool for early warning (Hilty & Merenlender 2000). If they are used, the taxa 

chosen should be “stable” taxonomically to permit accurate identification (Pearson & Cassola 

1992) as the use of morphospecies or higher taxonomic levels is plagued by a lack of equivalency 

and does not permit a biogeographical approach. 

Habitat specialists are useful to identify habitat degradation. However, highly sensitive taxa 

are of less usefulness if all species go locally extinct in response to minimal disturbance. Also 

specialists may be less abundant than generalists, leading to sampling problems and higher costs 

(Landres et al.1988). It is argued that useful indicators of habitat alteration must be capable of 

displaying a narrow tolerance to the factor being indicated (Patton 1987; Landres et al.1988). 

Alternatively, Spector & Forsyth (1998) maintain that indicators should display a gradient of 

responses to a gradient of environmental change. It seems that what is missing in forest 

management is a demonstrated relationship of the potential indicators with habitat attributes of 

interest. 

As animals might respond differently depending on logging history, it is also highly 

recommended that, at minimum, the study sites should be chosen considering their comparability 

in terms of forest structure, time since logging and intensity of logging. The use of standard 

sampling methodologies is also a priority if the goal is to increase the prediction power of 

monitoring programs in forest management systems. 

 

5- Conclusions 

 

Broadly speaking, animal species based approaches to monitoring logging operations and 

their impact on fauna seem either ineffective or impracticable to implement in large-scale forest 

management units. When use of animals is desirable or appropriate, changes in guilds or 

community parameters might tell us more about disturbances in tropical forests in a 

biogeographical approach. But then again, incongruences in the ecological concept of guilds and 
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their applicability in forest management should be taken into account and the use of guilds must 

be based on earlier detailed studies.  

The use of indicator taxa for forest management advanced slowly in the last two decades. 

It is interesting to note that questions and doubts raised in the 80’s (e.g. Patton 1987; Block et al. 

1987; Landres et al.1988) are still largely unsolved. Probably, the main reason for that is the 

conflict associated with the term “management indicators” and their use in conservation biology. 

Indicators are intimately associated with particular environmental conditions and their absence or 

changes in ecological parameters indicate changes in these conditions. Management often 

involves changes in environmental variables to increase the production of target species or 

ecosystems. Therefore, more than implicit to the management activity, changes are desirable in 

many cases and useful indicators of environmental health must show much more than simply a 

change in the ecosystem. Proposed indicators would actually be doing their role of early warning 

and truly contributing to management plans when facilitating the assessment of the acceptable 

degree of habitat modification. 
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 Appendix 1: Response of invertebrates to logging. When a paper addressed a gradient of habitat disturbances, only the results related 

to logged areas were shown in this table. (? = not informed or confuse; D = decrease; I = increase). 

 

Animal 
Group 

Time 
since 
logging 

Logging 
intensity 
m3/ha 

Logging 
intensity 
trees/ha 

% 
tree 
lost  

Sampling 
area or 
effort 

factor Variables Effect Area  Source 

Ant 
assemblage 

5-15 (low) ? ? ? Logging 
history 

Richness/ 
composition 

No Australia/ 
eucalyptus 
forest 

Oliver et al. 
2000 

  (high) ? ? ? Logging 
history 

Richness/ 
composition 

Yes   

Beetle 
assemblage 

5-15 Low & 
high 

? ? ? Logging 
history /Fire 
history 

Richness/ 
composition 

No   

Dung 
Beetles 

15 14-21 ? ? ? Logging and 
plantation 

Richness 
abundance 

No 
No 

Kibale; 
Uganda 

Nummelin 
& Hanski 
1989 

Bettles- 
Coccinelids 

15 14-21 ? ? ? Logging and 
plantation 

Richness 
Abundance 
Composition 

I 
I 
Yes 

Kibale; 
Uganda 

Nummelin 
& Fürsch 
1992 

Dung & 
carrion 
beetle 
assemblage 

10  ? ? ? ? (Effort: 4 
nights in 
each place 

Logging/ 
convertion 
to plantation 

diversity/ 
composition 

No Danum 
area of 
Sabah; 
East 
Malaysia 

Holloway et 
al. 1992 

Moth  
assemblage 

10 ? ? ? 4-10 ha; 2-
5 nights 
each place 

Logging/ 
convertion 
to plantation 

Diversity 
Abundance 

D 
I 

Danum 
area of 
Sabah; 
East 
Malaysia 

Holloway et 
al. 1992 
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Animal 
Group 

Time 
since 
logging 

Logging 
intensity 
m3/ha 

Logging 
intensity 
trees/ha 

% 
tree 
lost  

Sampling 
area or 
effort 

factor Variables Effect Area  Source 

Ant 
assemblage 

4 & 10 ? 8 ? Three 4-ha 
plots per 
site (360 
1m2 of 
litter) in a 
month 

logging Richness; 
Evenness; 
Abundance 
 
Density 

No 
 
 
 
I 

Amazonia, 
Manaus, 
Brazil 

Vasconcelos 
et al. 2000 

Ant 
assemblage 

3 25 3-5 ? 20 0,25 m2 
plots in 
each area 

Logging 
technique 

Richness; 
Abundance; 
 
composition 

No 
 
 
Yes 

Amazonia; 
Pará, 
Brazil 

Kalif et al. 
in press 

Arthropod in 
the soil 

15-20 14-21 ? ? 800 
sweeps/ 
month for 
2 years in 
five sites 

Logging Abundance Yes Kibale 
forest; 
Uganda; 
Africa 

Nummelin 
1996 

Beetle and, 
grass-hopper 
assemblage 

15-20 14-21 ? ? 800 
sweeps/ 
month for 
2 years or 
498 pitfalls 
traps 
(Dung 
beetles) 
 

Logging Abundance no  Kibale 
forest; 
Uganda; 
Africa 

Nummelin 
1998 
 

canopy ants; 
beetles; 
termites- 
assemblage 

40-70 ? ? ? 1-5 ha 
each 
sample 
plot 

logging richness no  Cameroon; 
Africa 

Lawton et 
al. 1998 
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Animal 
Group 

Time 
since 
logging 

Logging 
intensity 
m3/ha 

Logging 
intensity 
trees/ha 

% 
tree 
lost  

Sampling 
area or 
effort 

factor Variables Effect Area  Source 

litter ants; 
butterflies; 
nematodes-
assemblage 

40-70 ? ? ? 1-5 ha 
each 
sample 
plot 

logging Richness I Cameroon;
Africa 

Lawton et 
al. 1998 

Butterfly 
assemblage 

5 ? ? ? 10 
transects 
(15.6 km) 
during a 
month 

logging Richness; 
Abundance; 
Evenness; 
composition 

D 
 
 
 

Buru; 
Indonesia 

Hill et al. 
1995 

Butterfly 
assemblage 
(180 spp) 

6 70 8 50 8 sites; 8 
50-m 
transects in 
each area 
for 9 
months 

logging Richness; 
Abundance 
 
 
 
Diversity 
composition 

I 
I (due 
largest 
to 2 
spp) 
No 
Yes 

Sabah; 
Borneo 

Willott et al. 
2000 
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Appendix 2: Response of amphibians and reptiles to logging. When a paper addressed a gradient of habitat disturbances, only the 

results related to logged areas were shown in this table. (? = not informed or confuse; D = decrease; I = increase). 

 

Animal 
Group 

Time 
since 
logging 

Logging 
intensity 
m3/ha 

Logging 
intensity 
trees/ha 

% 
tree 
lost  

Sampling 
area or 
effort 

factor Variables Effect Area  Source 

Amphibian 
assemblage 

? ? ? ? 50 ha; one 
month 
inventory 

Logging  Richness I Peninsular 
Malaysia 

Heang et 
al. 1996 

Amphibian 
assemblage 

? ? ? ? ? Logging abundance D Kalimantan; 
Borneo 

Lang 2000 

Lizard 
assemblage 
 

? ? ? ? 1 km2 treefall gaps abundance 
(heliotherm 
lizards) 

I  Western 
Amazonia; 
Brazil 

Vitt et al. 
1998 

Lizards - 3 
spp 

4 & 10 44-107 8 ? Three 24- 
ha blocks: 
4 ha plots 
in each 
block 

Logging Abundance 
(one of three 
species) 

I  Central 
Amazonia; 
Brazil 

Lima et al. 
2001 

Amphibia 5-20 ? ? ? 23 0.5- ha 
plots 

Logging to 
pasture 

Richness; 
compositionh
ylids 
Eleutherodact
ylus 

No  
 
I  
D 

Amazonia, 
Ecuador;  

Pearman 
1997 

Reptiles 2-12 ? ?  <10 % ? Logging Abundance;c
omposition 

No 
No 

Kirindy 
forest 

Bloxam et 
al. 1996 

Amphibia 3 25 3-5 ? 3 blocks of 
100 ha 

Logging 
techniques 

Richness; 
composition 

No 
 

Eastern 
Amazonia; 
Brazil 

Azevedo-
Ramos et 
al., not 
publ. 
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Animal 
Group 

Time 
since 
logging 

Logging 
intensity 
m3/ha 

Logging 
intensity 
trees/ha 

% 
tree 
lost  

Sampling 
area or 
effort 

factor Variables Effect Area  Source 

 
Reptiles 3 25 3-5 ? 3 blocks of 

100 ha 
Logging 
techniques 

Richness; 
Abundance- 
heliotherms 
lizards; 
composition 

No 
I  
 
 
No 

Eastern 
Amazonia; 
Brazil 
 

Azevedo-
Ramos, not 
publ. 
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Appendix 3: Response of birds to logging. When a paper addressed a gradient of habitat disturbances, only the results related to 

logged areas were shown in this table. (? = not informed or confuse; D = decrease; I = increase). 

 

Animal 
Group 

Time 
since 
logging 

Intensity 
m3/ha 

Intensity 
tree/ha 

% tree 
loss 

Sampling 
size or 
effort 

factor Variable Effect Site Source 

Insectivore 
Small 
Frugivore 

1 and 10 10 3 38% 
under-
growth 
destroyed 

234 ha logging 
(hunting 
YES) 

Richness 
 
Abundance 
 
 
Diversity 
Composition  
Insectivore 
Small frugiv 
Dominant 
species 

D 27-
33% 
D 
42% I 
or = 
34% 
D 
12%   
≠ 45%  
D 70-
90% 
 
I 
 

French 
Guiana 
 

Thiollay 
1992  
 
 

Nectarivore/ 
opportun. 
Frugivore 

8 90 ? 62-80% 30 ha logging 
(hunting 
?) 

Nectarivore/op
portun. 
Frugivore 
Some sp 
Bird activity 

I 
 
 
D 
I 

Sabah, 
Borneo 
(SE Asia) 

Lambert 
1992 

Nectarivore 
Insectivore 

3 5,8-14,2 2,9-7,3 ? ?? logging 
+silvicult
ural 
treatment
s 

9% sp 
72%sp 
18%sp 
Nectarivore 
Insectivore 

I 
D 
Disap
pear 
I 

Venezuela Mason 
1996 
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Animal 
Group 

Time 
since 
logging 

Intensity 
m3/ha 

Intensity 
tree/ha 

% tree 
loss 

Sampling 
size or 
effort 

factor Variable Effect Site Source 

(hunting 
?) 

D 

Birds 6 ? ? ? 25.3 h in 
unlogged 
site 
18.3 h in 
logged site 

logging 
(hunting 
?) 

Diversity 
Density 

D 
D 

Seram, 
Indonesia 

Marsden 
1998 

Birds 40-70 ? ? ? 1-5 ha Disturban
ce 
gradient 
(1o for.-
clear cut) 

Richness  D Camerron 
Africa 

Lawton 
et al. 
2000 

Birds 1 1,8 0,5 ? 3 km2 Light 
logging 
(hunting 
?) 

Richness  
Composition 

No 
diff. 

Subtropical 
forest –
Belize 

Whitman 
et al. 
1998 

Frugivore 
Insectivore 
Granivore 

25-50 20-80 ? ? ? Logging 
(hunting 
NO) 

Frugivore 
Insectivore 
Granivore 

I 
= 
= 

Uganda Owiunji
& 
Plumptre 
1998 

Frugivore 
Insectivore 
Granivore 

25 21 ? ? ? Logging 
(hunting 
NO) 

Frugivore 
Insectivore 
Granivore 

I 
= 
I 

Uganda Dranzoa 
1995 

Frugivore 
Insectivore 

6-7 18 ? ? ? Logging 
(hunting 
?) 

Frugivore 
Insectivore 

I 
- 

Malaysia Johns 
1989b 

Frugivore 
Insectivore 

11 ? 3-5 ? ? (hunting 
?) 

Insectivore 
Frugivore 

D 
= & I 

Amazonas, 
Brazil 

Johns 
1991a 
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Animal 
Group 

Time 
since 
logging 

Intensity 
m3/ha 

Intensity 
tree/ha 

% tree 
loss 

Sampling 
size or 
effort 

factor Variable Effect Site Source 

 Richness 
Abundance 

I 
D 

Insectivore 
Frugivore 

? ? ? ? ? Logging 
(hunting 
YES) 

Richness 
Composition 
Insectivore 
 
Frugivore 

I 
≠ 
D & 
disap 
= 

Atlantic 
Forest, 
Brazil 

Aleixo 
1999 

Insectivore ? ? ? ? ? Logging 
(hunting 
?) 

Richness 
Insectivore 

I 
D 
 

Malaysia Johns 
1996 

Insectivore 
Frugivore 

3-4 79 ? ? ? Logging 
(hunting 
NO) 

Insectivore 
Frugivore 

=/- 
I 

Sabah, 
Malaysia 

Nordin & 
Zakaria 
1997 
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Appendix 4: Response of mammals to logging. When a paper addressed a gradient of habitat disturbances, only the results related to 

logged areas were shown in this table. (? = not informed or confuse; D = decrease; I = increase). 

 

Animal  
group 

Time 
Since 
logging 

Intensity 
m3/ha 

Intensity  
tree/ha 

%  
tree 
lost 

Sampling 
 size or  
effort 

factor Variable Effect Site Source 

marsupials 3 50-55 8-10 Modera
te 

150 Logging 
(hunting: 
No) 
 

Abundance 
(5 species) 

= 
(1 sp 
decrease)  

Queensla
nd 
Australia 

Laurance& 
Laurance 
1996 

Mammals 3-5 ? ? ? Walked 
distance: 
27 km in 
primary 
forest; 
59 km in 
logged 
forest 

 Diversity 
 
Density 

= 
 
D 
 

East 
Kalimanta
n 
 
Indonesia 

Wilson & 
Johns 1982 

Mousedeer(
Ungulates) 

2,5 and 
12 

78 7% 
(n=130-
170) 

? Two 2-3 
km 
transects 
in each 
area 

 Density 
 

D 
(higher 
in large 
species) 

Northern 
Borneo 
 
Malaysia 

Heydon & 
Bulloh 
1997 

Primates 
 
 
 
squirrel 

6 m 
 
1 y 
 
1 y 

? 8 
 
3 
 
12 

? 54 ha 
 
37 ha 
 
300 ha 

 Density 
 
 
 
Density 

4  I 
5 = 
1 D 
 
D 

East 
Kalimanta
n 

Wilson & 
Wilson 
1975 
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Animal  
group 

Time 
Since 
logging 

Intensity 
m3/ha 

Intensity  
tree/ha 

%  
tree 
lost 

Sampling 
 size or  
effort 

factor Variable Effect Site Source 

Primates ? ? ? ? ? logging Body size 
Diet 
 

Large 
Body 
size & 
frugivory 
more 
susceptib
le - 44% 
of 
response
s 

Several 
 

Johns & 
Skorupa 
1987 

Bat 
 

? ? ? High ? Corn 
field, 
Old field, 
Cacao 
field, 
Forest 

Richness 
Abundance 
Composition 
Diversity 
index 
# rare sp. 

D 
I 
D 
 
 
D 

Mexico Medellin et 
al. 2000 

Primates 
5 sp 
 
 
Primates 
5 sp 

28  
 
 
 
28 

21 
 
 
 
14 

7,4 
 
 
 
5,1 

50% 
 
 
 
25% 

347 
 
 
 
405 

logging Density 
 
 
 
Density 
 
 
 

3 sp D 
1 sp 
recovers 
1 I 
5 sp = 

Kibale 
NP 
Uganda, 
Africa 

Chapman et 
al. 1999 

Bats 
Small     
rodents 
Opossuns 

? 
(logged 
in 1987 
1990) 

7,1 2,3 low 1904 h 
nest 
 
10,320 

logging  Bats: 
-canopy-
associated sp. 
abundance 

 
 
 
D 

Venezue-
lan 
Guyana  

Ochoa 2000 
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Animal  
group 

Time 
Since 
logging 

Intensity 
m3/ha 

Intensity  
tree/ha 

%  
tree 
lost 

Sampling 
 size or  
effort 

factor Variable Effect Site Source 

 traps-ngt -Carnivore 
and 
Insectivore  
-Frugivore  
 
Rodents & 
Marsupials: 
-Abundance 
-Trophic 
structure of 
non volants  
-Semi-
arboreal 
predator-
omnivores  
 

 
 
D 
I 
 
 
 
I 
 
 
simplify  
 
 
dominant 
guild 

civet 2-5-12 
yrs 

118 (avg) Removed 
7 % 

62-80% 122 km logging abundance D in RIL 
site  
(Carnivore 
are more 
affected) 

Borneo, 
Malaysia 

Heydon & 
Bulloh 
1996. 
 

Mammals 8-36 yr ? ? ? (some 
areas 
was 
logged 
twice) 

Plots of 2-
2744 ha 

logging Richness 
 
 
 
 
Composition 

D (22 
years old 
site) 
Tend to I 
(9 years 
old site) 
 
D 
(specially 

Peninsula
r 
Malaysia 

Laidlaw 
2000 
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Animal  
group 

Time 
Since 
logging 

Intensity 
m3/ha 

Intensity  
tree/ha 

%  
tree 
lost 

Sampling 
 size or  
effort 

factor Variable Effect Site Source 

to largest 
carnivores 
and 
herbivores) 

Chimpanze
e 

±20y (only 2 sp) ? Low 0,35 to 
0,39 km2 

Logging 
(hunting:y
es) 

Density I number 
of nest 
I 2 sp 
= 3 sp 

Uganda, 
Africa 

Hashimoto 
1995 

Nocturnal 
Primates 

±23 y  
 
21 
 
14 

3  to  4 
 
7,4 

? 70 km of 
census 

logging Density D 2 sp  
 
 

Uganda, 
Africa 

Weisenseel 
et al. 1993 

Small 
mammals 

12-19 ? ? High 
(along 
skid 
trails) 

24x280m 
transects 
11,592  
trap/ngt 

 Richness 
Diversity 
Abundance 
 

I in 12y 
I in 12y 
I in 19y 

Africa Malcolm & 
Ray 2000 

Small 
mammals 
(tenrec) 

1-5-8 10 ? (light) 250 
trap/ngt/y 

Logging 
(hunting: 
yes) 

Density D 1 sp 
=  1 sp 

Western 
Madagascar 

Ganzhorn 
et al. 1990 

Primates 1-2; 
3-4; 
5-6 

? 18 ? ? Logging Density 
 
 
Biomass of 
primates 

I 2 sp 
= 1 sp 
D 1 sp 
I in 3-4 y 
old site) 

West 
Malaysia 

Johns 1983 

Primates 6-12 
 
 
 

? 
 
 
 

20 
 
 
 

32-58 
% 
 
 

? 
 
 
 

Logging 
 
 
 

Density 
 
 
 

I  2 sp  
= 4 sp 
D 1 sp 
 

Ulu 
Segama 
 
 

Johns 
1989 
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Animal  
group 

Time 
Since 
logging 

Intensity 
m3/ha 

Intensity  
tree/ha 

%  
tree 
lost 

Sampling 
 size or  
effort 

factor Variable Effect Site Source 

0-12 ? 18 51 % 
 

? 
 

logging 
 

Density 
 

I  4 sp  
= 1 sp 
 

Tekam, 
 
Malaysia 

 
 
 

Primates 11 ? ? 60 % ?  Density I 7 sp  
D 2 sp 
= 1 sp 

Ponta da 
Castanha 
Brazil 

Johns 
1991a 

Primates 0-4 ? 10 54 ? Logging Density 
 

D 5 sp  
 ? 1 sp  

Nanga 
Gaat, 
Malaysia 

Dahaban, 
1996 

Primates 1-50 ? 6-25 +50 ? logging Density I  2 sp  
= 3 sp  

Uganda, 
Africa 

Plumptre & 
Reynolds, 
1994 

Primates 
(Lemur)  

2 & 7 ? ? ? ?  Density 3 sp I 
 

Madagasc
ar 

Ganzhorn 
1995 

Primates 1-15 ? 1 11 ? logging Density = 7 sp  
D 1 sp  

Gabon, 
Africa 

White 1992 

Primates 
Squirrels 
Small 
mammals 

30 
(two 
sites;one 
explored 
twice) 

? ? ? ? Logging, 
Plantation
, 
fragmenta
tion 

Density: 
primates 
Tree shews 
Squirrels 
 
Diversity: 
primates 
Squirrels 
Tree shews 

 
D 
I 
I 
 
 
I 
I 
I 

Malaysia Laidlaw 
1998 
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