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Abstract. Pollinators may be declining globally, a matter of concern because animal
pollination is required by most of the world’s plant species, including many crop plants.
Human land use and the loss of native habitats is thought to be an important driver of decline
for wild, native pollinators, yet the findings of published studies on this topic have never been
quantitatively synthesized. Here we use meta-analysis to synthesize the literature on how bees,
the most important group of pollinators, are affected by human disturbances such as habitat
loss, grazing, logging, and agriculture. We obtained 130 effect sizes from 54 published studies
recording bee abundance and/or species richness as a function of human disturbance. Both bee
abundance and species richness were significantly, negatively affected by disturbance.
However, the magnitude of the effects was not large. Furthermore, the only disturbance
type showing a significant negative effect, habitat loss and fragmentation, was statistically
significant only in systems where very little natural habitat remains. Therefore, it would be
premature to draw conclusions about habitat loss having caused global pollinator decline
without first assessing the extent to which the existing studies represent the status of global
ecosystems. Future pollinator declines seem likely given forecasts of increasing land-use
change.
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INTRODUCTION (Williams et al. 2001, Ghazoul 2005a). These limitations
notwithstanding, European pollinator monitoring pro-
grams have found significant declines in pollinators as
well as the plants they pollinate (Biesmeijer et al. 20006,
NRC 2007). Although pollinators have been monitored
less intensively outside of Europe (but see Roubik 2001),
declines of some prominent taxa have been documented.
For example, several North American bumble bee
(Bombus) species are undergoing such steep declines
that they are largely absent from much of their former
range (NRC 2007).

Human disturbance, particularly the loss of natural
and semi-natural habitats, is regarded as a primary
cause of pollinator decline (Kearns et al. 1998, Aizen
and Feinsinger 2003, Goulson et al. 2008). The negative

Pollinators are a critical component of natural
ecosystems because the majority of the world’s plant
species rely on animal pollinators for sexual reproduc-
tion (Linder 1998). Pollination by animals is also an
important ecosystem service: 35% of the global plant-
based food supply comes from crops that benefit from
animal pollination (Klein et al. 2007). There is concern
that pollinators may be declining at a global scale
(Buchmann and Nabhan 1996, Kearns et al. 1998, NRC
2007), but our understanding of potential declines is
limited by a lack of long-term data on population trends
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effect of habitat loss on biodiversity in general is well
documented (Fahrig 2003) and acts through a variety of
mechanisms that decrease reproduction and survival.
These mechanisms include the loss of forage and
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breeding habitat, population subdivision and the resul-
tant demographic and genetic stochasticity, and disrup-
tions in behavior and interspecific interactions (Fischer
and Lindenmayer 2007). Our meta-analysis focuses on
bees, which are the primary pollinators of both wild
plants and crops (Aizen and Feinsinger 2003, Klein et al.
2007). Until recently there had been little research on
how bees are affected by habitat loss, with previous
reviews finding fewer than 10 such studies (Cane 2001,
Aizen and Feinsinger 2003). Since that time research has
accumulated rapidly, but there has been no quantitative
synthesis of this growing literature. One might expect
bees to be negatively affected by habitat loss as is the
case for many better-studied taxa (Fischer and Linden-
mayer 2007). In addition, the pollination and reproduc-
tion of animal-pollinated plants is negatively affected by
habitat loss, suggesting that pollinators are negatively
affected as well (Aguilar et al. 2006). On the other hand,
many bee species are associated with open habitats
(Klemm 1996) and due to their small body size might
benefit from even small habitat fragments (Tscharntke
et al. 2002). Furthermore, because different habitat
types can provide the complementary resources bees
need to complete their life cycle (Westrich 1996, Fahrig
2003), some bees might persist or even thrive in
moderately human-disturbed landscapes.

Declines in the primary managed crop pollinator, the
Western honey bee (Apis mellifera), have emphasized the
need to better understand native bee ecology and
conservation. Over the past few decades, managed
honey bee populations in the United States have been
reduced by 58% due to parasites, disease, and other
problems (NRC 2007). Since 2006, honey bees have
been affected by a new and as yet unexplained syndrome
termed “colony collapse disorder,” raising concern
about the sustainability of an agricultural pollination
system that relies almost exclusively on a single bee
species (Cox-Foster et al. 2007, Stokstad 2007). There
are at least 17000 other bee species globally (Michener
2000) and many of these are known to pollinate crops,
either in situ as an ecosystem service (Ricketts et al.
2008), or potentially as managed species (Kevan et al.
1990).

In this paper we use meta-analysis techniques to
review and synthesize the published literature on how
bee abundance and species richness are affected by
human disturbance. We address the following ques-
tions: (1) Do different forms of anthropogenic distur-
bance affect bees similarly? (2) Do results differ between
more- and less-disturbed study systems? (3) Is there
variation among bee taxa in their response to distur-
bance? (4) Do social and solitary bees exhibit different
responses to disturbance? (5) Are the bee fauna of
different biomes differently affected by disturbance? We
performed separate analyses for unmanaged wild
species, and for honey bees. Although these meta-
analyses are based on studies conducted at local and
regional scales, strong negative trends in bee abundance
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and richness with increasing human disturbance might
be indicative of a more widespread global decline.

METHODS
Literature search

To identify published studies of how pollinators
respond to anthropogenic disturbance, we conducted
an ISI Web of Science search covering the time period
from 1945 to March 2007 using the following search
terms: (pollinator* OR bee OR bees OR Apoidea OR
pollinat*) AND (fragmentation OR disturbance OR
perturbation OR grazing OR fire OR deforestation OR
pesticide®* OR landscape). We also used the bibliogra-
phies of 24 recent papers, including a 2007 U.S.
National Academy of Sciences report on the status of
pollinators (NRC 2007), to search for additional studies.
Our final database included 54 independent studies, 44
studies reporting abundance, and 38 studies reporting
species richness, that were used in the meta-analyses (see
the Supplement for the list of studies). Two of these
studies were experimental and the rest were observa-
tional.

Our criteria for including a study in the meta-analysis
were that the study (1) presents data on how pollinator
abundance or species richness changes with anthropo-
genic disturbance; (2) includes replication; (3) reports
the sample size; and (4) reports either the mean and
standard deviation of each treatment (for categorical
independent variables), or statistics such as correlation
or regression coefficients (for continuous independent
variables), as these are necessary to calculate effect sizes.

Authors of the original papers estimated bee abun-
dance or richness by different means such as visitation
frequency to flowers, transect surveys, pan and nesting
traps, netting, etc. If a study reported multiple years of
data, we used the year with the largest sample size, or if
sample sizes were equal, the last year of data collection.
We contacted authors for statistics on nonsignificant
results, so that we could include these in the meta-
analysis and avoid a bias against nonsignificant findings.

We here provide brief descriptions of the six
unpublished studies used in our meta-analysis. C.
Kremen (unpublished a), C. Kremen (unpublished b),
and S. S. Greenleaf (unpublished) are described else-
where (Greenleaf and Kremen 2006, Ricketts et al.
2008). N. M. Williams (unpublished) studied bee
communities on farms and in oak woodland in Yolo
and Solano counties, California, USA; bees were
collected by hand-netting every three weeks between
March and August 2002. C. Fenter and G. LeBuhn
(unpublished) studied bee communities in 15 parks of
differing area in San Francisco, California, USA; bees
were collected by pan trap and hand-netting once per
month from April through September 2005 within a 0.5-
ha circular plots. G. LeBuhn (unpublished) studied oak
woodland plots surrounded by varied degrees of
vineyard agriculture vs. oak woodland in Napa and
Sonoma Valleys, California, USA; bees were collected
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by pan trap and hand netting every other week from
March through September in 2002 within 1-ha plots.

Grouping the data for analysis

We performed a first analysis for honey bees alone.
We expected that the abundance of managed honey bees
would be determined by where hives are placed rather
than by human disturbance in the landscape. However,
in many parts of the world honey bees exist as feral
populations, and these feral bees could be affected by
human disturbance. We therefore grouped the data on
honey bees according to whether bees were managed or
predominantly feral (unmanaged) in the researcher’s
study system. Sample sizes for honey bees were too small
to consider further grouping variables.

We performed a second analysis for all unmanaged
bees, in which we included studies of honey bees in areas
where they were predominantly feral. We grouped the
data on unmanaged bees according to four variables
that could be important in determining outcomes:
disturbance type, taxonomic category, bee sociality
system, and biome. Disturbance types included the loss
and/or fragmentation of habitat surrounding the study
site (we were not able to distinguish habitat loss from
habitat fragmentation in the studies we reviewed, and
hereafter use the term “habitat loss,” which is the
dominant effect; Fahrig 2003), agriculture, logging,
grazing, fire, pesticide use, and tillage. Bees were
grouped into four taxonomic categories, which was the
maximum number that was possible based on the
taxonomic resolution reported in the original papers:
Bombus (any species belonging to this genus), Apis
(mostly Apis mellifera), non-Apis (all species that are not
Apis, including Bombus in some cases where the authors
did not distinguish Bombus as a separate category), and
non-Apis and non-Bombus (any species that were neither
Apis nor Bombus). Apis and Bombus are common genera
reported in many studies, whereas the other 425 genera
worldwide were too rarely reported to be analyzed
separately. In a second classification, bees were grouped
according to whether they were social or solitary, using
the information provided by the authors and/or
published information on the sociality of different taxa.
Studies that did not separate social and solitary bees, or
that included semi-social taxa, were not included in this
analysis. Finally, study system biomes were categorized
following Olsen et al. (2001).

Sample sizes and calculation of effect size

The studies obtained in the literature search yielded 11
data points (effect sizes) for managed honey bee
abundance, 8 data points for feral honey bee abundance,
71 data points for unmanaged bee abundance, and 48
data points for unmanaged bee species richness. Most of
the studies compared bee abundance or richness between
less vs. more disturbed sites (categorical designs; we
include multiple-level ANOVA designs here because we
used the lowest and the highest levels to calculate the
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effect size). Thus, we used Hedge’s unbiased standard-
ized mean difference (Hedge’s d) as the metric of effect
size for the meta-analyses. The effect size, d, can be
interpreted as the inverse-variance-weighted difference
in abundance or richness of bees between natural and
disturbed conditions, measured in units of standard
deviations. Large differences and low variability gener-
ate the largest effect sizes (Hedges and Olkin 1985,
Rosenberg et al. 2000, Gurevitch and Hedges 2001).
Positive values of the effect size (d) imply positive effects
of anthropogenic disturbance on bee abundance or
richness whereas negative d values imply negative
effects.

To calculate Hedge’s d we obtained from each
published paper the mean values, sample sizes, and
standard deviation of bee abundance or richness in each
of the two contrasting conditions (Gurevitch and
Hedges 2001). For studies with continuous designs we
obtained sample size along with one of the following
metrics, in descending order of preference: ¢ from
multiple regression, r> from single regression, Pearson’s
r from parametric correlation, or Spearman’s p from
nonparametric correlation. We then obtained Hedge’s d
through arithmetical transformations using the Meta-
Win Calculator (Rosenberg et al. 2000).

Analyses of effect size and heterogeneity

The analyses were conducted using MetaWin version
2.0 (Rosenberg et al. 2000). Confidence intervals of
effect sizes were calculated using bias-corrected boot-
strap resampling procedures as described in Adams et al.
(1997), except for groups with small sample sizes (<10
effect sizes), in which case bootstrap procedures were
not used because they are biased due to resampling from
the same small set of values (Bancroft et al. 2007). An
effect of anthropogenic disturbance was considered
significant if the 95% confidence intervals (CI) of the
effect size (d) did not overlap zero (Rosenberg et al.
2000). Data were analyzed using random-effect models
(Raudenbush 1994), which are preferable in ecological
data synthesis because their assumptions are more likely
to be satisfied (Gurevitch and Hedges 2001).

The heterogeneity of effect sizes was examined with Q
statistics (Hedges and Olkin 1985), which can be used to
determine whether the variance among effect sizes is
greater than expected by chance (Cooper 1998). For the
categorical comparisons (types of disturbance, biome,
etc.) we examined the P values associated with Qpe,
categories (where the subscript “bet” stands for “be-
tween”), which describe the variation in effect sizes that
can be ascribed to differences between the categories.

Analyses of habitat-loss studies

Habitat loss was the most frequently studied distur-
bance type, accounting for 66% of our data points. We
therefore did further analyses with the habitat-loss
studies alone. Studies differed in the levels used for the
habitat loss “treatment,” in terms of either the range of
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variation or the extreme values encompassed. Studies
including a greater range of variation, or more extreme
treatment levels, might be more likely to detect
significant effects. To assess the importance of the range
of variation in treatment levels within a study, we
divided the studies into two similar-sized groups using
natural breaks in the data. This resulted in the “large
range of variation” group consisting of studies in which
the sites experiencing the greatest and the least habitat
loss differed by >100 ha, >50% natural habitat cover in
the landscape, or >1 km from natural habitat (depend-
ing on whether habitat patch area, percentage habitat
cover surrounding the site, or distance to the nearest
natural-habitat patch was used to measure habitat loss).
Studies in the “small range of variation” group had less
variation than this. To assess the importance of
including extreme treatment levels, we compared study
systems that did or did not include a site experiencing
extreme habitat loss. “Extreme habitat loss” was defined
as a habitat patch <1 ha in extent, a site surrounded by
<5% natural-habitat cover, or a site >1 km from the
nearest natural habitat. Systems classed as having
“moderate habitat loss” did not include sites this
extreme.

Publication bias

We explored the possibility of publication bias using
funnel plots, which allow one to visually assess whether
studies with small effect sizes are missing from the
distribution of all published effect sizes. We also ran
Spearman rank correlations on the same data, to
examine the relationship between the standardized effect
size and the sample size across studies (Begg 1994). A
significant correlation would indicate a publication bias
whereby larger effect sizes are more likely to be
published than smaller effect sizes, when sample size is
small. Finally, we used Rosenberg’s 2005 fail-safe
number calculator to estimate the number of nonsignif-
icant, unpublished studies that would need to be added
to a meta-analysis to nullify its overall effect size
(Rosenthal 1979).

REsULTS
Bee abundance

Anthropogenic disturbance had a significant negative
effect on unmanaged bee abundance: the overall
weighted-mean effect size was —0.32 (95% CI = —0.55
to —0.08; Fig. 1a). Studies of different disturbance types
showed different effect sizes (Qpe = 12.1, P =0.02). In
particular, studies addressing effects of habitat loss on
bee abundance showed a collective negative response
that differed significantly from 0, whereas other
disturbance types such as logging, agriculture, and fire
were not significant (Fig. 1a).

Taxonomic and ecological characteristics of unman-
aged bees were less important predictors of bees’
response to anthropogenic disturbance. Groups defined
according to coarse taxonomic affiliation criteria did not
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differ significantly in their response to disturbance (Fig.
2a; Qper = 3.33, P =0.39). However, the abundance of
Bombus spp. (weighted-mean effect size =—0.63, 95% CI
=—1.33t0o —0.07) and also the abundance of species that
were neither Bombus spp. nor Apis spp. (weighted-mean
effect size = —0.52, 95% CI = —0.97 to —0.11) were
significantly negatively affected by disturbance (Fig. 2a),
while the other taxonomic groups were not. Similarly,
although the difference between social and solitary bees
was not significant (Qper = 2.61, P = 0.12), social bees
were significantly negatively affected by disturbance
(Fig. 2a; weighted-mean effect size = —0.60, 95% CI =
—0.97 to —0.22), whereas solitary bees were not (Fig. 2a;
weighted-mean effect size = —0.08, 95% CI = —0.65 to
0.49).

Biome type did not affect how unmanaged bees
responded to disturbance (Qpe, =4.07, P =0.60). Honey
bee abundance was not significantly associated with
human disturbance: the weighted-mean effect size was
0.09 (95% CI=-0.16 to 0.35). Managed and feral honey
bees showed similar responses to disturbance (Qpe; =
0.12, P=0.69).

Bee species richness

Anthropogenic disturbance had a significant negative
effect on unmanaged bee species richness: the overall
weighted-mean effect size was —0.37 (95% CI =—-0.68 to
—0.07; Fig. 1b). In contrast to the case for abundance,
bee species richness was not differentially affected by
different types of disturbance (Qpe = 6.4, P=0.15). This
lack of significance, however, may have been due to
small sample sizes for some disturbance categories (Fig.
1b). As was the case for bee abundance, habitat loss was
the only disturbance category that showed a significant
effect on bee species richness (Fig. 1b; weighted-mean
effect size =—0.50, 95% CI =—0.82 to —0.15).

Taxonomic and ecological characteristics of bees had
less explanatory value for species richness than for
abundance; again this lack of significance may have been
due to our smaller sample sizes for species richness.
Effect sizes on bee species richness did not differ
significantly among taxonomic categories (Qpe, = 2.63,
P =0.55), and none of the categories showed an effect
that differed significantly from zero (Fig. 2b). The
difference between social and solitary bees was not quite
significant (Qpe; = 3.29, P =0.07), although the richness
of social bees was significantly, negatively affected by
disturbance (Fig. 2b; weighted-mean effect size =—0.85,
95% CI = —1.55 to —0.15) whereas the richness of
solitary bees was not (Fig. 2b; weighted-mean effect size
= —0.17, 95% CI = —0.744 to 0.405). The effect of
disturbance on bee species richness was similar across
biomes (Qper = 2.16, P = 0.63), and always nonsignif-
icant.

Analysis of habitat-loss studies

Studies done in systems experiencing extreme habitat
loss showed significant negative effects of habitat loss on
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Fig. 1. Overall weighted-mean effect sizes and effect sizes of the different disturbance factors on (a) unmanaged bee abundance
and (b) unmanaged bee richness. Error bars are 95% confidence intervals (CI), and effects are considered significant when a CI does
not overlap 0. The CIs for tillage (truncated in the figure) are —8.49 to 7.30. Sample sizes (numbers of effect sites) are given in

parentheses.

bee abundance (weighted-mean effect size =—0.67, 95%
CI =-0.92 to —0.46; Fig. 3a) whereas studies done in
systems experiencing only moderate habitat loss did not
(weighted-mean effect size =—0.12, 95% CI =—0.52 to
0.14; Fig. 3b). This difference between the extreme and
moderate systems was highly significant (Qpei=7.45, P=
0.006). Likewise for bee species richness, studies done in
extreme systems showed significant negative effects
(weighted-mean effect size =—0.70, 95% CI =—1.21 to
—0.21; Fig. 3a) whereas the studies done in moderate
systems did not (weighted-mean effect size =—0.38, 95%
CI=-1.03 to 0.07; Fig. 3b). For richness, however, the
difference was not significant (Qpe = 0.69, P =0.41).
In contrast, the range of variation in habitat loss
treatment levels within a given study did not predict bee

responses to fragmentation in terms of either abundance
(for low vs. high range of variation, Qe = 0.61, P =
0.44) or species richness (Qpe = 1.93, P =0.16).

Publication bias

Visual inspection of funnel plots suggested that no
publication bias exists, and statistical analysis is
consistent with this conclusion (for abundance, Spear-
man’s p=0.01 and P =0.93; for richness, p=—0.14 and
P = 0.33). Calculation of fail-safe numbers rendered a
similar result: for abundance, the fail-safe number was
513 studies, and for richness it was 272 studies. Thus,
these analyses suggest that the above results on bee
abundance and richness were not the result of publica-
tion bias.



August 2009

a) Abundance

All but Apis (31)

All but Apis and Bombus (21)
Apis (8)

Bombus (10)

Solitary (13)

Social (25)

BEES AND ANTHROPOGENIC DISTURBANCE 2073

%

|

[ E—

—e—

-30 -25 -20 —-15 —-1.0 -05

[
|
|
|
|
}
0

05 10 15 20
Hedge’s d
b) Richness |
l
All but Apis (29) |—o—=—|
|
All but Apis and Bombus (13) |—o—=-1
I
Bombus (3) | ® : {
|
I
I
|
I
Solitary (8) —
Social (7) ——e—

—4.0 -85 -3.0 -25 -20 -15 -1.0 -05

|
|
|
|
| —
0 05 10 15 20

Hedge’'s d

Fic. 2. Weighted-mean effect sizes as a function of bee taxon and sociality trait for (a) unmanaged bee abundance and (b)
unmanaged bee species richness. Error bars are 95% confidence intervals, and effects are considered significant when Cls do not

overlap zero. Sample sizes are given in parentheses.

DiscussioNn

We found a significant negative effect of human
disturbance on the abundance and species richness of
wild, unmanaged bees (Fig. 1). These findings represent
the first quantitative review and synthesis of the literature
on pollinators and human disturbance, and contribute
important evidence to the debate about whether polli-
nators are in decline globally (Kearns et al. 1998,
Ghazoul 20054, b, Steffan-Dewenter et al. 2005, Bies-
meijer et al. 2006, NRC 2007). Because pollinators are
negatively affected by human land use (Fig. 1), and
increasing land-use change is predicted to be the greatest
cause of biodiversity losses in the future (Sala et al. 2000),
future losses of pollinators seem likely. Pollinators
perform a critical function in ecosystems, and their
decline could affect plant communities and the pollina-
tion of crops (Kearns et al. 1998, Aizen and Feinsinger
2003, Aguilar et al. 2006, Kremen et al. 2007, Ricketts et
al. 2008; but see Ghazoul 20054). Many wild plant

populations show pollen limitation of reproduction, i.e.,
increases in seed set with experimentally supplemented
pollination (Ashman et al. 2004; but see Knight et al.
2006). This suggests that the population growth of many
wild plant species could decrease with increasing human
land use and subsequent pollinator decline.

On the other hand, the effect of disturbance on bees was
not strong (weighted-mean effect size = —0.32 for
abundance and —0.37 for species richness), using a rule
of thumb whereby effect sizes <0.2 are considered “small”
and those <0.5 are “medium” (Cohen 1969). Further-
more, bee abundance and richness were significantly
reduced by habitat loss only in systems experiencing
extreme habitat loss (Fig. 3). For study systems with only
moderate loss, there was no significant effect on either bee
abundance or species richness, although the trends are
negative (Fig. 3). At present, between 50% (Vitousek et al.
1997) and 75% (Ellis and Ramankutty 2008) of the earth’s
land surface is converted to human use, yet 61% of the
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FiG. 3. Weighted-mean effect sizes for changes in bee abundance and species richness in study systems where habitat loss was
(a) extreme and (b) moderate (for definitions see Methods). Error bars are 95% confidence intervals, and an effect is considered
significant when the CI does not overlap 0. Sample sizes are given in parentheses.

studies in our meta-analyses were conducted in systems
with extreme habitat loss where, for example, >95% of the
land is converted to human use (see Methods for the
complete definition of “extreme habitat loss”). This
suggests that the studies in our meta-analysis may not
be a random sample of global ecosystems. Rather, there
may be a research bias whereby researchers choose to
study habitat loss in systems where extreme habitat loss
has occurred. If this is the case, then the appropriate scope
of inference for our results is limited to ecosystems with
levels of habitat loss similar to those that were studied.
Expanding the scope of inference to all global ecosystems
could lead to erroneously pessimistic conclusions about
current global pollinator declines. To fully resolve this
issue, more studies in systems with only moderate habitat
loss are needed. In our review, we found only 20 studies,
from a total of eight study systems, that were done in
systems with moderate habitat loss.

The approach we take here provides a “snapshot” of
pollinator declines across short time scales and spatial

disturbance gradients. This is a proxy for long-term
pollinator monitoring, which as yet has been done only
in a few locations throughout the world (NRC 2007). In
Western Europe, where pollinators are best monitored
and where human land use is intensive, many bee species
have declined over time (Mohra et al. 2004, Biesmeijer et
al. 2006, NRC 2007). These findings are consistent with
the results we report here.

Our meta-analyses suggest that the response of bee
abundance and richness to disturbance may vary among
disturbance types. Bee abundance and richness declined
significantly only for one disturbance type, habitat loss.
This result could reflect statistical power, given the
substantially larger sample size we had for habitat loss
(Fig. 1). Interestingly, however, several disturbance
types showed a positive effect on bee abundance or
species richness, although the uncertainty was large and
sample sites small (Fig. 1). This result might indicate
that, in some ecosystems, some forms of human
disturbance are not detrimental to pollinators (Klemm
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1996, Ghazoul 20054, Winfree et al. 2007), but more
studies on these disturbance types are required.

As expected, we found that the abundance of managed
honey bees is not associated with anthropogenic
disturbance. More interestingly, even feral honey bees
were little affected by disturbance. This indicates that
honey bees may be less sensitive to landscape disturbance
than other bee taxa, and that they might provide a
“rescue effect” for pollinator-dependent plants (Aizen
and Feinsinger 1994, Dick 2001, Aguilar 2005, Chacoff
and Aizen 2006, Ricketts et al. 2008). However, in our
analysis this difference between honey bees and other bee
taxa was not significant, possibly due to the small sample
size of honey bee studies (Fig. 2a). More work on the
population dynamics and function of honey bees in
human-dominated ecosystems is merited (NRC 2007).

We found that social bees were more sensitive to
disturbance than were solitary bees (Fig. 2). Our finding is
consistent with previous work reporting the greater
sensitivity of social bees to human disturbance in tropical
forest systems (Klein et al. 2003, Ricketts et al. 2008) but
inconsistent with other work finding solitary bees to be
more sensitive to disturbance in temperate grasslands
(Steffan-Dewenter et al. 2006). One possible explanation
for this inconsistency is that some social, often tropical
bees such as the meliponines and feral Apis use mature
forest trees as nest sites, and should therefore be sensitive
to forest loss, whereas other social, predominantly
temperate-zone taxa, such as Bombus and some halictids,
are ground-nesting and can nest in disturbed areas (Kim
et al. 2006, Osborne et al. 2008). In other words, the
variation in results across studies may reflect which taxa
constituted the social bees in each study. In contrast to the
findings for social and solitary bees, we did not find strong
patterns with regard to the biome in which the study took
place.

In conclusion, we found that bees are negatively
affected by human disturbance. However the magnitude
of this effect was not large, and it was statistically
significant only in study systems where habitat loss was
extreme. This work lends support to the overall view
that pollinators are threatened by increasing human
land use. It also stresses the large heterogeneity existing
in the response of different bees to disturbance, and the
fact that extrapolation of small-scale studies to the
global scale should be done only with care.
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