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Abstract. Butterfly diversity and abundance were sampled across eight 1-ha silvicultural treatment plots
in southern Cameroon. The plots included a cleared and unplanted farm fallow, cleared and replanted
forest plots, and uncleared forest plots. The replanted plots were line-planted with Terminalia ivorensis,
but differed in the degree and method of clearance. A total of 205 species of butterflies were collected
over two different seasons. Several sampling methods were used, including hand collecting and baited
canopy traps. Sites with the greatest degree of disturbance and lowest level of tree cover had the lowest
number of individuals and species of butterflies. The farm fallow had substantially fewer individuals and
species of butterflies than the other plots. The replanted plots were intermediate between the farm fallow
and uncleared forest in terms of abundance, richness and composition. With all three forms of
multivariate analysis (Morisita similarity index clustering, detrended correspondence analysis and two-
way indicator species analysis) largest differences were found between the farm fallow and uncleared
forest plots. The butterfly fauna of the uncleared forest more closely approximated that of the manually
cleared plot than that of the mechanically cleared plot. We found that although, in general, young
replanted forest plots are a poor substitute for native forest, they do provide habitat for some forest
species and that this may increase over time as the plots mature.

Introduction

Forests continue to show massive loss in many tropical countries around the world
(FAO 1999). Deforestation is as high as or, in some countries, even higher than in
previous decades (Myers 1980, 1989). The combination of such high rates of
tropical deforestation with the high species richness of tropical forests means that
tropical forests are likely to be extinction hotspots (Lovejoy 1980; May et al. 1995).
However, empirical data demonstrating the link between tropical logging or total
deforestation and extinction are largely lacking, particularly for diverse groups such
as invertebrates (Brown and Brown 1992; Heywood et al. 1994; Mawdsley and
Stork 1995; Brooks and Balmford 1996).

There are two options for reducing the area of tropical forests deforested each
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year: reducing the level of timber extraction, or concentrating timber extraction in
smaller areas by intensifying production (e.g., by replanting). So far, intensification
of forestry in temperate forests and tropical forests has led to both increased levels
of pests, particularly insect pests, and the loss of biodiversity. Many tropical
silvicultural practices are being developed to improve the rate of regeneration of
disturbed or harvested areas, such that harvesting of tropical forests can be both
sustainable and economic (e.g. Leakey and Newton 1994). In one such programme
of research in Cameroon a number of different silvicultural treatments have been
tested to determine their usefulness for improved yields of the endemic hardwoods,
Triplochiton scleroxylon and Terminalia ivorensis. Selective logging of natural
forest for such species might normally be expected to produce 1–2 usable stems per
hectare. Intensification through various silvicultural treatments might be expected to
increase the yield 20- to 40-fold. These treatments have been studied to determine
the likelihood of insect pest damage (Watt and Stork 1995) and to see how
silvicultural practice affects the diversity, abundance and community structure of
insects (Watt et al. 1997a, b, 2002). These treatments have also formed the focus for
a detailed study of the impacts of forest change on a wide range of other organisms
including termites, ants, beetles, soil nematodes, birds and butterflies (Eggleton et
al. 1995, 1996; Lawton et al. 1998). Lawton et al. (1998) included summary data on
butterfly abundance across forest treatments ranging from uncleared forest through
replanted forest to fallow land. Here we examine in more detail how the diversity
and abundance of butterflies differ in these forest treatments in the context of other
studies of butterflies and other insects in disturbed forest habitats.

Butterflies are arguably the best known of all invertebrate taxa and with around
20,000 species worldwide, they often figure prominently in conservation or
biodiversity assessments. The butterfly fauna of Cameroon numbers about 1500
species, or about 45% of the known Afrotropical butterfly fauna (Ackery et al.
1995). Cameroon is probably the richest country for butterflies in Africa and
outranks all other countries in the world, except for the South American tropical
rainforest countries such as Peru, Ecuador, and Brazil. The impact of logging and
silviculture on butterflies is therefore of considerable conservation interest.

Butterflies are also a particularly useful group to examine the effects of forestry
on biodiversity for practical reasons: the butterflies of West Africa are well known,
can usually be readily identified and, being very visible insects, are relatively easy to
catch in a replicable manner. Furthermore, previous studies of the effects of forest
disturbance or silvicultural treatment on insect diversity and community structure
have concentrated on groups that are predominantly ground-based decomposers or
predators such as termites, nematodes, ants and dung beetles (Nummelin and Hanski
1989; Holloway et al. 1992; Belshaw and Bolton 1993; Eggleton et al. 1995, 1996).
There also have been numerous studies on butterfly community structure and how
this changes with both natural gradients and disturbance (e.g. DeVries 1987;
Bowman et al. 1990; Kremen 1992; Pinheiro and Ortiz 1992; Spitzer et al. 1993,
1997; Hill et al. 1995; DeVries et al. 1997; Hamer et al. 1997; Hill 1999; Hamer and
Hill 2000), but none have looked directly at the impact of silvicultural treatments on
butterfly communities. In the present study we address this issue and have used a
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variety of sampling techniques to determine the impact of silvicultural treatment on
butterfly diversity and abundance.

Methods

Study sites

Field work was carried out on eight 1-ha treatment plots (Figure 1; see also Watt et
al. 1997a) in the Mbalmayo Forest Reserve (11829–118319 East, 38239–38319 North,
altitude about 650 m above sea level) some 50 km to the south of Yaounde, the
capital of Cameroon. The Mbalmayo Forest Reserve covers about 9000 ha of
primary and near-primary forest and, although under some form of government
protection, includes areas of secondary forest, forest and farm experimental areas.
Hunting, foraging and subsistence agriculture, often illegally, are undertaken by
local villagers. The forest of this area is generally consistent with the moist
pre-montane tropical forest classification of Holdridge et al. (1971) with annual
rainfall averaging 1520 mm, most falling during two wet seasons (March–June and
September–November). Average monthly temperatures range from 22.6 8C in
August to 25.5 8C in January. Although logging has taken place several times within
the reserve, there was no evidence of recent logging in this area. Plantation trials
have been established in the reserve since 1970 and the study plots are situated in
three areas which are about 10 km apart. Four 1-ha treatment plots were established
at both Ebogo and Bilik and planted with T. ivorensis seedlings in 1987 and 1988,
respectively (Lawson et al. 1990). A more extensive programme of 1-ha research
plots was established at Eboufek in 1991 and planted with both T. ivorensis and Tr.
scleroxylon. The plots follow a gradient of disturbance, arranged below from least to
most disturbed:

(a)The Bilik uncleared forest plot was left undisturbed apart from minor manual
ground vegetation clearing for narrow access lines. The lack of logging roads and
presence of larger trees (10% larger than on the Ebogo uncleared forest plot, below)
suggest that this is the oldest forest amongst our plots and has been labeled as ‘near
primary’ in other papers (Eggleton et al. 1995; Lawton et al. 1998). The Ebogo

(b)uncleared forest plot was also left undisturbed. Again, there is no indication of
previous tree removals on this plot (G. Lawson, personal communication). The

(c)Eboufek uncleared forest plot was also left intact, but there was some indication
of recent disturbance as one of the unmade access roads passed through one corner.
Eggleton et al. (1995) termed this ‘old secondary forest’. In the Ebogo partial

(d)manual clearance plot , ground vegetation and some trees were removed in 1987
by chainsaw and poisoning. The plot was then line planted with T. ivorensis at 5 m

(e)spacings. In the Ebogo partial mechanical clearance plot a bulldozer was used
in 1987 to remove most undergrowth and some large trees, resulting in the loss of
about 50% canopy cover. Planting was as in the previous plot. All trees in the Ebogo

(f)complete clearance plot were felled by chainsaw in 1987 and removed by



390

Figure 1. Map of the section of the Mbalmayo Forest Reserve area in southern Cameroon showing the
location of the three main study sites and the different silvicultural treatment plots at each site (see Watt et
al. (1997a) for a full explanation of all available silvicultural plots). Those plots used for this study are
marked (a)–(g) (see Methods); the farm fallow plot (h) was at a farm site nearby.

bulldozers, along with tree stumps, other smaller trees and remaining vegetation.
(g)Planting was as in the previous two plots. The Eboufek complete clearance plot

was also completely cleared with chainsaw and bulldozers and then replanted, but
(h)the clearing and planting were carried out later, in 1991. The farm fallow plot

was previously secondary forest which had been manually cleared of trees by
chainsaws and machetes (without the use of heavy machinery) in 1990 and then left
fallow. The site was not replanted with trees, and was weeded to prevent tree
regeneration (Eggleton et al. 1995). This plot was sited at the International Institute
of Tropical Agriculture farm less than 20 km from the other sites.

These plots represent a gradient in disturbance allowing us to examine general
effects of disturbance intensity on butterfly communities. The plots at Ebogo
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compare three methods of clearance with an uncleared forest control plot. Although
these treatments are not replicated over sites in the study, the other two uncleared
forest plots at Eboufek and Bilik give an indication of the range of variation between
sites. Although we have not surveyed these plots through time, temporal changes
can be approximated by comparing the more recently cleared plot at Eboufek with
the older complete clearance plot at Ebogo.

Butterfly sampling

Butterflies were sampled in November 1993, in the early part of the wet season, and
in March 1994, at the very beginning of the dry season. In both years, sampling
included collecting specimens for later identification by T.B.L. In March 1994
sampling also included estimates of abundance using visual counts. In all cases,
butterflies were killed by thoracic compression (squeezing between head and
thorax), and stored in appropriately labeled wax envelopes. We had three aims
behind our collecting strategy: to collect both ground and canopy species, to
compare abundance and richness between plots by carefully ensuring equal sam-
pling effort amongst plots, and to catch enough butterflies to allow useful com-
parisons of composition and rarefied richness between plots. These multiple goals
required using a combination of methods, described below. We emphasize that
although several methods were used, all plots were sampled using the same suite of
methods and with equal sampling effort for each method.

Local collectors (November 1993 and March 1994): Experienced local butterfly
collectors were used to collect butterflies with hand nets. Collectors were rotated
every 15 (November 1993) or 20 min (March 1994, including handling time)
between plots to give a total each year of approximately 16 h sampling per plot.
Differences between collectors in the number of butterflies collected on the same
plot were only marginally significant in 1993 (F 5 3.30, P 5 0.05) and not in3,15

1994 (F 5 1.23, P . 0.05). Any effect of collector bias on our final results was3,9

minimized by circulating collectors evenly around the plots and pooling butterflies
for each plot. All plots were sampled in 1994, and all plots except Bilik uncleared
and the farm fallow were sampled in 1993. Note that in November 1993 it rained for
short periods during the sampling at the two Eboufek plots, probably affecting
abundances.

Timed catches (March 1994): In each plot, butterflies were caught by D.S. using a
hand net during six 10-min periods (three in the morning, three in the afternoon).
Unlike the collecting periods for the local collectors, these 10-min periods exclude
handling time, giving a more accurate estimate of abundances. No sampling was
done on the very edge of the plot. March represents the interface of the dry and wet
seasons in Cameroon, so most plots were sampled in roughly equal proportions of
sunny and cloudy weather (no sampling in rain). Collecting periods at Ebogo manual
were cloudier than average and at Ebogo complete clearance were sunnier than
average.

Baited traps (March 1994): The previous two methods only collect butterflies at
ground level. Butterflies were also collected higher in the canopy with standard
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butterfly traps (BMNH 1974), baited with a semi-fermented mixture of bananas and
beer. One trap was hung in the center of each plot, at canopy height, which ranged
from 2.5 m in complete clearance plots to 12 m in uncleared plots. Butterflies were
trapped on two separate days (ca. 9 h /day) for each plot, and pooled over days.

Extra catch (March 1994): When the butterflies collected using the above three
methods were summed, it was obvious that some plots were represented by fewer
specimens than the rest. Since we did not want differences in abundance to affect
our analyses of composition, extra butterflies were caught by D.S. with a hand net
until all plots were represented by at least 50 specimens.

In all of the four methods described above, all butterflies captured were killed and
retained for identification.

The above methods give a rough indication of abundance, but such estimates are
compromised by differences between plots in weather conditions and time-of-day
(even though we tried to minimize these effects). More accurate estimates of relative
abundance are provided by abundance counts conducted in March 1994. The
number of butterflies observed in each of several 5-min walks around each plot was
recorded. No attempt was made to catch or identify the butterflies and therefore care
was taken not to include repeat observations of the same butterflies during each
walk. Walks were only done in sunny weather from 10:30 A.M. to 1:00 P.M. to
minimize weather and time-of-day effects. Abundances were recorded for a total of
10–16 walks per plot.

Data analysis

Species richness
Variable numbers of butterflies were collected from each site. We rarefied the
species richness estimates (Hurlbert 1971; Krebs 1989) to allow comparison for a
standard sample size (either 29 or 47 individuals per site, depending on year and
comparison). Rarefaction calculates the expected species richness when a given
number of individuals are randomly selected (without replacement) from species-
abundance data.

Composition
The similarity in the species composition of the butterfly fauna of different plots was
assessed using the Morisita index (C ) (Morisita 1959; Krebs 1989). Averagel

linkage cluster analysis (SAS 1999), using the resulting similarity index values, was
then carried out to group sites according to their similarity. In addition, different
plots were classified according to their butterfly species composition by detrended
correspondence analysis (DECORANA) and two-way indicator species analysis
(TWINSPAN) (Hill et al. 1975; Hill and Gaunch 1980; Hill 1994).

Butterfly identification

The butterflies were identified by Torben Larsen, who has been working on the
origins, natural history, diversity and conservation of the butterflies of West Africa
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for over a decade (Dall’Asta et al. 1994; Larsen 1997). The authorities for species
and subspecies taxa are found in Ackery et al. (1995).

Results

Faunal composition

A total of 748 butterflies of 205 species were collected; 278 individuals of 123
species in November 1993 and 470 individuals of 132 species in March 1994 (Table
1 and Appendix 1).

Abundance

The most accurate estimates of relative abundance are provided by the 5-minute
walks. Abundances in the three uncleared forest plots were several times higher than
those in the three completely cleared / farm fallow plots (Figure 2; Tukey’s tests
following plot effect in ANOVA, F 5 25.7, P , 0.05). The two partially cleared7,92

plots had abundances intermediate between those of the uncleared forest and
complete clearance plots (Figure 2).

The same general trends in abundance between plots are apparent in the timed
catches, with fewer individuals caught in the more cleared plots (Table 1). The
unexpectedly low capture rate for Ebogo manual and high capture rate for Ebogo
complete clearance are due to weather differences (always semi-cloudy during
Ebogo manual collections, always sunny during Ebogo complete clearance collec-
tions). By contrast, the numbers of butterflies caught by the local collectors, in either
year, do not reflect these patterns in abundances (Table 1). Presumably, this is

Figure 2. Mean number of butterflies encountered in 5-min walks averaged over 2 days (plus positive
standard deviations) on different plots. Sites which do not significantly differ (Tukey’s tests, P . 0.05) in
abundance are identified by a common letter (a–c).
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because handling time was not excluded from total sampling time (collectors were
limited by how quickly they could process the butterflies, not by how quickly they
could encounter them).

Species richness

For between-plot comparisons within each year, we rarefied richness using the
maximum possible number of individuals (29 in 1993, 47 in 1994). The between-
year comparisons are based on 29 individuals for both years. For this analysis, data
are pooled across methods but not years. In both years, many of the plots did not
differ significantly in terms of rarefied richness (Figure 3). In 1993, the only
significant pairwise comparisons occurred between Eboufek and Ebogo plots.
Eboufek plots had significantly lower rarefied richness than the Ebogo plots (two-
tailed Tukey’s tests, P , 0.05, rarefied n 5 29), which may simply reflect the poor
weather conditions during the collection of the Eboufek butterflies. In 1994, we also
sampled the farm fallow and Bilik plots. Again, rarefied richness was generally
uniform amongst plots with the following exceptions. Rarefied richness was
markedly lower in the farm fallow plot than in the other plots and substantially
higher in the Eboufek forest plot than in the other plots (two-tailed Tukey’s tests, P
, 0.05; rarefied n 5 47). The rarefied richness of the Ebogo forest plot was
significantly different from that of all plots but the Ebogo manually cleared plot, and
intermediate in value between that of the Eboufek forest plot and the remaining plots
(two-tailed Tukey’s tests, P , 0.05, rarefied n 5 47). All other pairwise com-
parisons amongst plots were nonsignificant (two-tailed Tukey’s tests, P . 0.05;
rarefied n 5 47).

Finally, there are obvious seasonal effects in the data; the four Ebogo plots had
consistently more species per 29 individuals in November 1993 than in March 1994

Figure 3. Rarefied species richness estimates (number of species /29 individuals) plus positive standard
deviations for (a) (grey bars) the baseline collections in November 1993; (b) (black bars) all collections in
March 1994. Sites which do not significantly differ (Tukey’s tests, P . 0.05) are identified by a common
letter (lowercase for 1993, uppercase for 1994; note: no comparison is made between years).
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(Figure 3; two-tailed Tukey’s tests, P , 0.05), although this pattern did not hold in
the two Eboufek plots (Eboufek complete: P . 0.05; Eboufek forest: March .

November, P , 0.05).
In 1994 the Ebogo plots differed greatly in abundance but only slightly in rarefied

richness. This suggests that when sampling is carried out in these plots over limited
periods of time, plot differences in the recorded number of species should track
abundance closely. Although we were not able to identify butterflies to species on
our 5-min abundance walks, we can estimate from the above rarefaction curves that
the mean number of species seen per walk would have been lowest in Ebogo
complete clearance (8.3 1 0.9 species), intermediate in Ebogo mechanical and
manual clearance (10.8 1 0.7 species; 10.9 1 0.7 species), and highest in Ebogo
uncleared (17.0 1 1.1 species). These differences are predicted to disappear with
infinitely long sampling periods if, and only if, the patterns in species accumulation
rate suggested by our rarefaction curves (Figure 3) are accurate when extrapolated
to much larger sample sizes.

Faunal similarity between plots

Three different methods were used to analyze similarity in species composition
amongst the plots. These multiple analyses allow us to identify as spurious those
results particular to only one type of analysis and concentrate instead on the
common trends.

In all three analyses, the largest difference in butterflies assemblages occurred
between the farm fallow plot and the uncleared forest plots, especially Bilik. The
Average linkage analysis of the Morisita index separated the farm fallow plot first
from the Bilik uncleared forest plot and then from the other forested plots (Figure
4A). The TWINSPAN analysis separated the farm fallow and other heavily dis-
turbed plots from the uncleared forest plots (Figure 4B). The DECORANA analysis
(Figure 4C) also widely separates the farm fallow and Bilik plots. While all three
analyses emphasize treatment differences, site differences are also evident in the
DECORANA ordination plot: axis 1 (eigenvalue 0.72) ranks the plots from low to
high disturbance, while axis 2 (eigenvalue 0.29) separates the four sites (Eboufek,
farm fallow at IITA, Bilik, Ebogo).

Butterfly assemblages in the partially cleared and replanted plots were generally
intermediate between the complete clearance / farm fallow plots and the uncleared
forest plots. For example, in the Morisita similarity analysis, one partially cleared
plot clustered with the complete-clearance plots while the other clustered with the
uncleared forest plots. By contrast, the TWINSPAN analysis clustered all the
partially cleared plots with the complete clearance / farm fallow plots. The DE-
CORANA analysis placed the Ebogo partially cleared plots closer to the older
complete clearance plot at Ebogo than to the Ebogo uncleared forest plot, but at an
intermediate position between the other uncleared forest plots and the younger
complete clearance / farm fallow plots.

Finally, in all the analyses, the butterfly fauna of uncleared forest appears to be
more closely approximated by the manually cleared plot than the mechanically
cleared plot. This is most dramatically shown in the Morisita cluster diagram, but is



397

Figure 4. Faunal relationships of the eight sample plots based on summed butterfly species data using:
(A) Morisita similarity index tree, (B) TWINSPAN average linkage cluster tree, and (C) Detrended
Correspondence Analysis ordination (using DECORANA; note that axes 1 and 2 are effectively scaled in
terms of b-diversity).
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also evident in the DECORANA analysis. The TWINSPAN analysis illustrates the
same pattern in a different way, showing the butterfly fauna of the Ebogo complete-
clearance plot to resemble more the mechanically cleared than the manually cleared
plot.

Discussion

Are plantations useful surrogates for intact forest in terms of butterfly habitat?

The answer to this question is complex. Clearly, a replanted forest is superior
butterfly habitat compared to a completely deforested area. Compared with the farm
fallow plot, replanted plots had substantially higher abundance and diversity of
butterflies, and contained more species characteristic of intact forest (Figures 2–4).
However, replanted plots were by no means identical to the uncleared forest plots in
terms of butterfly habitat. Replanted plots had consistently lower butterfly abun-
dance than uncleared plots (Figure 2).

Of course, species richness is not a fail-safe indicator of a site’s conservation
value: a site with a few species but all with restricted ranges may be far more
valuable than a site with many ubiquitous species. In other words, species identity is
also critical. In all our analyses of community similarity, butterfly communities were
substantially different between replanted and uncleared plots, and usually inter-
mediate in composition between those of the farm fallow plot and uncleared forest
plots (Figure 4).

Although the replanted plots were generally poor substitutes for the butterfly
habitat provided by intact forest, they did provide habitat for some forest species.
The degree to which these replanted plots substituted for intact forest depended on
the method of clearance (although, since we sometimes sampled only one plot per
clearance method, the following comments are more speculative than statistically
accurate). The differences between replanted plots are subtle and are more apparent
in the analysis of community similarity (Figure 4) than in the comparisons of
abundance or diversity (Figures 2–4). Generally, butterfly communities of the intact
forest were more closely approximated by communities of the partially cleared plots
than by communities of the completely cleared plots (even the complete clearance
plot of equal age). Amongst the partially cleared plots, the manually cleared plot had
butterfly assemblages most characteristic of intact forest. The manually cleared plot
had less soil compaction and more large trees left than the mechanically cleared
plot, which in turn had more undisturbed vegetation than the complete-clearance
plot. Obviously, the butterfly communities in each replanted plot will change over
time as the vegetation matures (evidenced by the differences in abundance, richness
and composition between the younger and older complete-clearance plots: Figures
2–4). It is possible that, as they age, the replanted plots will become indistinguish-
able from uncleared forest in terms of butterfly habitat.

Scale dependent diversity

Although we are not aware of any other studies directly examining the effects of
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silvicultural treatment per se on tropical butterflies, there are a number of studies
comparing tropical butterfly communities in logged and unlogged forests. These
have been analyzed by Hamer and Hill (2000), who found that in some studies
butterfly abundance and diversity are greater in unlogged forests and (e.g. Holloway
et al. 1992; Hill et al. 1995) in other studies are less in unlogged forests (Raguso and
Llorente-Bousquets 1990; Hamer et al. 1997), and sometimes the same in both
logged and unlogged forests (Wolda 1987). Their analyses of these studies showed
that the effects of forest disturbance on species diversity are heavily scale depen-
dent. They found that both species richness and species evenness increased at a
significantly greater rate with spatial scale in unlogged forest than in logged forest.
The plots we sampled in the current study were relatively small (1 ha) and
differences between plots therefore reflect small-scale habitat preferences rather
than large-scale processes. It would probably be difficult to extrapolate from our
study on the impacts of converting large areas of intact forest to plantation
management on butterfly diversity. In addition, our treatments were unreplicated
across sites and only the plots at Ebogo and Eboufek represented several treatments.
Differences between the farm fallow plot and the other plots could represent either
site or treatment effects. Similarly, differences between the uncleared forest at Bilik
and completely or partially cleared plots could reflect either site or treatment effects.
We attempted to partially remedy the lack of replication by surveying uncleared
plots at several sites, which gives an indication of spatial variation in butterfly
communities.

The effect of plantation forestry on animal species may depend critically on the
tree species in cultivation, as shown for moth communities in Sabah by Chey
(1994). Obviously the results from our study cannot be generalized beyond the
plantation species, T. ivorensis. Similarily, our conclusions cannot be extended to
other invertebrate or vertebrate taxa. Termites, ants, beetles, birds, and nematodes
have also been studied on the same plots as used in the study (Eggleton et al. 1995;
Bloemers et al. 1997; Watt et al. 1997a, b; Lawton et al. 1998), and often show fairly
different patterns in species richness (Lawton et al. 1998). These taxa are very
different from each other in both a taxonomic and ecological sense, however, and it
is possible that groups more closely related to butterflies (e.g. moths) or occupying a
similar niche (e.g. hummingbirds) may show similar responses to forestry manage-
ment (Didham et al. 1996).
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