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Abstract Preserving species diversity is critical to ensure ecosystem functioning; however, different components of diversity might respond to human disturbance in different ways. Similarly, trophic levels might have
uncoupled responses to the same disturbance, thus ameliorating or aggravating the persistence of ecological communities. In this study, we analysed how the density, richness and evenness of ﬂowers and pollinators respond
to four levels of woodland thinning intensity (0, 30, 50 and 70% of woodland basal area removed) over 2 years
in three contrasting sites. We found a mismatch in the response of ﬂowers and pollinators to thinning. Flower
density and richness had disparate responses, depending on the site and year, while evenness did not change
with thinning. In contrast, pollinator density and richness, but not evenness, consistently increased with thinning
among years and sites. These results suggest that thinning has a great inﬂuence on pollinators through changes
in abiotic conditions and, perhaps, ﬂower attractiveness rather than through small-scale changes in ﬂower density
and richness. At the site where tree ﬂowers were absent, bee pollinator community composition was impoverished, suggesting that trees provide important ﬂoral resources to pollinators. Our ﬁndings indicate that disturbance may diminish local plant abundance and richness, but pollinator abundance and richness are enhanced
after intense thinning at small scales.
Key words: animal–plant interaction, forest disturbance, pollinator diversity, temperate woodlands, thinning
intensity.

INTRODUCTION
Human disturbances induce changes in local species
diversity and abundances of natural communities
(Winfree et al. 2007; Hautier et al. 2015; Newbold
et al. 2016). However, it is unclear whether species at
different trophic levels respond in different ways to a
given disturbance. A possible mismatch in the response
to disturbance between trophic levels is particularly
interesting in the case of ﬂower and pollinator communities, since >85% of ﬂowering plants depend on animal pollination for their reproductive performance
(Ollerton et al. 2011). There is increasing evidence
supporting that pollinator abundance and richness usually enhance plant reproductive success (Fontaine et al.
2006; Frund et al. 2013; Garibaldi et al. 2013),
whereas ﬂower abundance and richness promote pollinator richness (Blaauw & Isaacs 2014a,b; Vrdoljak
et al. 2016). Anthropogenic disturbances are usually
related negatively to native bee abundance and richness
(Winfree et al. 2016). However, the magnitude and
direction of human-induced changes on ﬂowers and
pollinators vary depending on disturbance type and
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intensity (Aizen & Vazquez 2006). Understanding the
way in which plants and pollinators respond to human
disturbances will improve our capacity to predict
effects on plant reproduction and on the trajectory of
ecological systems.
The response of the diversity of sessile organisms,
such as plants, to disturbance is expected to be unimodal. In particular, the intermediate disturbance
hypothesis (Connell 1978; Huston 2014) predicts that
plant diversity reaches its maximum at intermediate
levels of disturbance. At low levels of disturbance,
diversity is reduced because of competitive exclusion,
whereas at high levels of disturbance only the most
tolerant species persist. However, how plant diversity
responds to disturbance depends not only on disturbance intensity and frequency, but also on site productivity as the dynamic equilibrium model posits;
hence, maximum diversity can be promoted at lower
or higher levels of disturbance according to local productivity (Grime 1973; Huston 1979, 2014). Despite
having received strong criticism (Fox 2013), these
theories explain observed patterns of local diversity of
sessile organisms across disturbance gradients (Connell 1978). Other factors seem to have an important
inﬂuence in the relationship between diversity of
mobile organisms and disturbance (Huston 2014).
doi:10.1111/aec.12771
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Predicting pollinator diversity response to disturbance may be more challenging than plants’ response.
According to the bottom-up theory (Hunter & Price
1992; Siemann 1998), plant richness has strong effects
on species abundance and richness at upper trophic
levels (Scherber et al. 2010). If ﬂoral resources become
scarce or are delivered by only a few species, we would
expect pollinator abundance and diversity to decline,
while the opposite would be expected if ﬂoral
resources become plentiful or more diverse. Therefore, we would expect at ﬁrst that disturbance effects
on pollinators to resemble those of plants; hence, a
unimodal response to disturbance would be expected
following the intermediate disturbance hypothesis.
However, disturbance usually changes many other
biotically related factors, for example vegetation structure (Sekercioglu 2002; Cavallero et al. 2015), as well
as abiotic factors, for example light (Aizen & Vazquez
2006; Burgess et al. 2006) that may govern the
response of pollinators more than the effect of taxonomic plant diversity (Brose 2003). Consequently, a
more linear response of pollinator diversity to disturbance intensity would be expected.
Forest thinning is an anthropic disturbance that may
affect pollinator communities indirectly, through
effects on the plants on which they forage, or directly,
through changes in environmental factors. Thinning
consists of the removal of woody aerial biomass, generating changes in vegetation structure and competition
among plants, additionally to changes in abiotic variables, such as increases in temperature (Weng et al.
2007) and light (Canham et al. 1990). The resources
released from biomass removal, commonly result in
positive effects on plant species diversity (Gerstner
et al. 2014) and may enhance both ﬂower abundance
and richness (Pengelly & Cartar 2010). In addition, it
can also affect physiological plant attributes related to
ﬂower visitor attractiveness such as ﬂoral display
(Cunningham 1997), phenology (Paritsis et al. 2006)
and nectar and pollen quantity and quality (Boose
1997; Etterson & Galloway 2002; Chalcoff et al.
2006). Conversely, changes in abiotic conditions after
thinning may be radical, with higher temperatures and
solar radiation increasing plant water stress and reducing ﬂoral resources. Although ﬂoral resources are generally the main variable positively related to pollinators
(Aizen & Vazquez 2006), their response to thinning is
likely to depend also on environmental conditions
affecting their mobility traits, physiological tolerances
and nesting resources (Williams et al. 2010). Thus,
pollinator responses will depend on the size of the
affected area and surrounding landscape context.
Some previous studies have reported decreasing pollinator abundance and diversity in crops with increasing
distance to natural areas or forest cover, demonstrating
these habitats can be essential for many pollinators
(Garibaldi et al. 2011; Saturni et al. 2016). In contrast,
doi:10.1111/aec.12771

other studies report impoverished pollinator communities with increasing forest cover, a pattern probably
related to decreased ﬂower and nesting resource availability in the shaded understory of dense tree canopy
(Winfree et al. 2007; Pengelly & Cartar 2010;
Rodrıguez & Kouki 2017). The direction and magnitude of local pollinator responses to anthropic disturbances, such as thinning, may thus depend on local
resource complementarity and landscape context.
Mixed Nothofagus antarctica forests and shrublands
of North West Patagonia (NWP) are particularly interesting for studying ﬂower-pollinator responses to thinning, because the ﬂora of this region has a great
dependency on animal pollination (Aizen & Ezcurra
1998). In this region, 85% of the woody genera
depend on animal pollination, and approximately 70%
of these genera are pollinated by insects (Aizen &
Ezcurra 1998), such as the showy protandrous ﬂowers
of Alstroemeria aurea (Aizen 2001). In these woods, the
main anthropogenic disturbance is represented by cattle grazing (Reque et al. 2007). Invasive species,
including exotic conifers (Lantschner & Rusch 2007),
are also commonly introduced after disturbance at
these sites, with possible effects on ﬂower-pollinator
interactions (Morales & Aizen 2006). Even though
optimal management is needed, the use of thinning as
an alternative sustainable resource exploitation strategy has not been explored in NWP (Rusch et al.
2017). In this context, because pollination changes
have the potential to affect vegetation community
structure, it is important to assess whether thinning
introduces changes in ﬂoral resources and their pollinators, and whether those changes may be moderated
by disturbance intensity. In this study, we investigated
how thinning intensity affects both plant and pollinator
communities, using experimental plots at three different shrubland sites. As diversity incorporates both
richness and evenness, we analysed density, richness
and evenness responses separately. Further, analyses
were conducted separately at the plant and ﬂower
level, to identify whether differences are related to
plant density or whether thinning also alters the number of ﬂowers per individual. For plants and ﬂowers,
we expected a unimodal response to thinning in line
with the intermediate disturbance hypothesis (Grime
1973; Huston 2014). As pollinators depend on ﬂoral
resources, but also are expected to be greatly affected
by abiotic factors, we predict a mismatch in the
responses of ﬂowers and pollinators to disturbance.

METHODS
Study system and experimental design
Shrublands in North West Patagonia (NWP) are dominated by wind-pollinated N. antarctica (Fagaceae), but
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animal-pollinated Lomatia hirsuta (Proteaceae), Diostea juncea (Verbenaceae) and Schinus patagonicus (Anacardiaceae)
are also found in abundance. In NWP, the slopes and valleys present a diversity of conditions in terms of solar radiation and water dynamics. This creates a heterogeneous
landscape in terms of productivity, species composition and
potential responses to thinning disturbance.
This study was carried out nearby the localities of ‘El
Foyel’ (S 41° 380 47″, W 71° 290 55″) and ‘Los Repollos’
(S 41° 460 32″, W 71° 280 18″), Rıo Negro province, in
NWP (Appendix S1). The study region is a forest/steppe
ecotone, with broad-leaf mixed shrublands dominated by
N. antarctica. In order to account for shrubland heterogeneity, we selected three contrasting sites which, among
other characteristics, differ in species composition, canopy
proﬁle, tree height, and slope degree and orientation. The
ﬁrst site, referred hereafter as ‘Tall’, is a shrubland with
the highest tree height (maximum stratum height between
5 and 8 m) located on a south-facing slope nearby El
Foyel. Other woody species found at the site include
D. juncea, S. patagonicus, L. hirsuta and Embothrium coccineum (Proteaceae). The ‘Medium’ site is a mid-tall
shrubland (maximum height between 3 and 5 m). It is
located on a north-facing slope and composed mainly of
N. antarctica, S. patagonicus, L. hirsuta, Fabiana imbricata
(Solanaceae) and E. coccineum. The third site, the ‘Short’
shrubland (height between 1.5 and 3 m), is located at the
bottom of a valley nearby Los Repollos. The tree stratum
is only composed of N. antarctica and, in contrast to the
other sites, individuals are stunted. The Tall and Medium
shrubland sites are located on the south and north faces
of the same hill; thus, they are at least 200 m apart, and
both are 14.3 km from the Short shrubland site. At each
site, we established eight 31.5 9 45 m plots and randomly
assigned them to one of the following thinning treatments:
0, 28.6, 47.6 and 66.7% of the basal area removed (hereafter referred as 0, 30, 50 and 70%, respectively). Two
replicates of each treatment were present at each site.
Plots from the same site were contiguous with one
another, and although for logistical reasons, some plots
were closer than others, and the distance between the
most distant plots within a site never exceeded 400 m.
Within a plot, a given thinning treatment was applied by
cutting all woody plants at the base along six equidistant
rows of 45 m with a varying width (1.5, 2.5 or 3.5 m
according to the thinning level). Thinning was applied
once between 2013 and 2014 (beginning of 2013 for Tall
shrubland, end of 2013 for Short shrubland and beginning
of 2014 for Medium shrubland). Fieldwork was carried
out during the austral ﬂowering season, from 24 October
2014 to 30 January 2015 and from 22 October 2015 to
20 January 2016, hereafter ‘Year 1’ and ‘Year 2’, respectively.

Vegetation survey
The total number of individual plants, number of ﬂowering
individuals, number of open ﬂowers and total number of
ﬂowers (including ﬂower buds, open ﬂowers, old ﬂowers
and fruits) per individual were recorded in two circular
subplots (4 m of radius) per plot. One subplot was located
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at the centre of each plot while the second subplot was
located in a randomly allotted position. In order to sample
ﬂowering individuals and open ﬂowers as the ﬂowering season progressed, plots were visited every 15–20 days. For
herbs and shrubs, as density is higher and distance among
individuals lower than for trees, we only surveyed half of
the subplot area (25.1 m2). For species from the Asteraceae
family, ﬂower heads were counted as ﬂower units. For species with >300 ﬂowers per individual, we estimated ﬂower
number by counting the number of ﬂowers on one branch
and multiplied this by the number of branches (or the
equivalent volume of ﬂowers of the branch) on each individual. As we were interested in how ﬂower resources and
plant ﬂowering respond to thinning, non-ﬂowering trees
(<1.5 m high) and non-entomophilous species were not
included in the survey. After consulting with taxonomists,
we identiﬁed a total of 65 plant species/morphospecies
(Instituto de Botanica Darwinion 2016).

Pollinator surveys
Since all ﬂower insect visitors are potential pollinators, we
considered that all visitors contacting ﬂower reproductive
parts were potential pollinators. For each ﬂowering species
in each plot, number and identity of pollinators were
recorded during 10-min censuses on sunny or partially
cloudy days between 09:30 and 19:00 h. All plots of the
same site were surveyed on the same days, and the order in
which plots were visited was randomised to avoid possible
‘day’ and ‘time of the day’ confounding effects among
plots. When possible, in order to consider possible variation
due to time of day in pollinator activity, we surveyed each
plot twice during the same sampling day (once in the
morning and once in the afternoon) and then averaged
these observations, so that we had one count per ﬂowering
species per plot per survey day. The number of sampling
observations varied across species, plots and sites because
species differ in ﬂowering duration, abundance and spatial
distribution. If weather conditions were suitable, the three
sites were visited in the same week, and each site was surveyed approximately once a week during the ﬂowering season of both years. In total, we conducted 3079 pollinator
censuses (513.16 h), but as some observations were replicated on the same day, we ended up with 2033 separate
observations after averaging observation per species per plot
per day. When possible, unknown pollinators were captured
for identiﬁcation. With the support of taxonomists, individuals were identiﬁed to the lowest taxonomic level possible.
Individuals that could not be identiﬁed to species level or
could not be distinguished in the ﬁeld were grouped by
morphotypes. Although we might be underestimating species richness by pooling several species as a same morphotype, we do not expect that it affects relative differences
among plots. Altogether we identiﬁed 73 species/morphotypes. It is important to note that we only evaluated the
activity of pollinators in response to thinning, rather than
their demographic response, as the spatial conﬁguration of
our experiment and plot sizes allows mobile organism to
move among treatment plots. This means that pollinators
may be using ﬂowers and other resources from more than
one treatment plot sequentially. Thus, our objective was to
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assess changes in pollinator abundance conditioned by thinning intensity at the local scale.

Response variables
As some herbs are not present for the whole ﬂowering season, plant density data correspond to the data recorded
during each species peak ﬂowering time. To account for
ﬂower density over time, ﬂower density was averaged across
all survey dates for each subplot. Flower richness was estimated based on the number of ﬂowers of each species at its
peak ﬂowering time. For pollinators, in order to estimate
the mean daily pollinator density per plot (No.
min1 m2), we summed the number of pollinators per
ﬂower per minute from observational records and multiplied this by ﬂower density of the corresponding species for
each plot and date. Pollinator richness was estimated with
each observation record as a sample using EstimateS software 9.1.0 (Colwell 2013). We considered Chao1 as the
most appropriate richness index, given that our samples differ in size because pollinators’ attraction vary among ﬂowers and plots (Hortal et al. 2006). For evenness, we used
the Eve function from the Fundiv package, which wraps the
Vegan package (Oksanen et al. 2017) and calculated the
EinvD index following the recommendation of Smith and
Wilson (1996). These authors recommend EinvD, especially when it is necessary for the index to respond adequately to an evenness gradient and be less affected by
species with low abundance.

Statistical analyses
We evaluated the effects of thinning intensity on the response
variables (plant density, plant richness, plant evenness,
ﬂower density, ﬂower richness, ﬂower evenness, pollinator
density, pollinator richness and pollinator evenness) using
generalised linear mixed-effects models, implemented in the
lme function from the nlme package (Pinheiro et al. 2017) of
the R software (R Core Team 2018). We modelled variances
using VarIdent function for categorical variables, varExp
function for numeric variables and VarComb when response
variables were both numeric and categorical. Density
response variables were log transformed when necessary. We
included ‘Thinning2’, the square of thinning, because we
expected non-linear responses, in line with the intermediate
disturbance hypothesis. The predictor variables included as
ﬁxed effects were ‘Thinning’ (numerical), ‘Thinning2’ (numerical), ‘Site’ (categorical), ‘Year’ (categorical), and the
two-way and three-way interactions of ‘Thinning’ and ‘Thinning2’ with ‘Year’ and ‘Site’. The ‘plot’ effect was always
included as a random effect. Despite our design being spatially explicit, by including ‘Site’ as a random factor implying
spatial dependence, we tested for spatial autocorrelation by
assessing the semivariogram on the residuals of each model.
We selected best ﬁtting models based on Akaike’s Information Criterion (AIC), using the function dredge from the
package MuMin (Bart
on 2016). Relative importance values
were calculated with the importance function in the package
MuMin, which sums the ‘Akaike weights’ over all models
including explanatory variables.

doi:10.1111/aec.12771

RESULTS

Site level differences
In general, most variability in the models was captured by Site (Figs 1, 3 and Appendix S3). Plant
density was generally higher at the Short shrubland
and lower at the Tall shrubland site, while ﬂower
and pollinator density were generally higher at the
Tall shrubland and low at the Short shrubland site
(Figs 1, 2 and Appendix S2). In contrast, plant and
ﬂower richness had the highest values at the Medium
shrubland site, while pollinator richness was similar
in all three sites (Fig. 3, Appendix S4).
In the Tall shrubland site, the most abundant ﬂowers were from woody vegetation, including the shrub
species Discaria Chacaye (Rhamnaceae), S. patagonicus and Maytenus sp. (Celastraceae). The most common pollinators were the sweat bee Ruizanthedella
mutabilis (Halictidae) and a group consisting of Heterosarus sp. (Andrenidae), Halictillus reticulatus (Halictidae) and Lasioglossum (Dialictus) sp. (Halictidae)
(grouped together as they were indistinguishable in
the ﬁeld), followed by the sweat bee Corynura aureoviridis (Halictidae; Appendix S2). In the Medium
shrubland site, the most abundant ﬂowers were
found in woody vegetation, including S. patagonicus,
L. hirsuta and F. imbricata. The most common pollinators were ants (Formicidae) and the same bees that
dominated at the Tall shrubland site (Appendix S2).
In the Short shrubland site, the main ﬂoral resources
were provided by herb stratum, including Baccharis
maguellanica (Asteraceae), Gamocarpha selliana
(Calyceraceae) and Quinchamalium chilense (Schoepﬁaceae) and the most common pollinators were
coleopterans belonging to the Buprestidae family
(Appendix S2).

Density, richness and evenness correlations
Pollinator density was highly correlated with ﬂower
density in both years (Table 1). Plant density had a
negative or null relationship with ﬂower and pollinator densities as well as all other variables. Plant richness was positively related to ﬂower and pollinator
density (Table 1). Flower density was negatively
related to plant density in the ﬁrst year, but this association was weaker in the second year (Table 1).
Plant, ﬂower and pollinator richness were all positively related, although plant-pollinator richness relationships were generally weak (Table 1).
Focusing on the relationship between the three
indicators at each level, evenness had a negative or
no evident relation with density and richness, and the
same happened with evenness among plants, ﬂowers
© 2019 Ecological Society of Australia
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4
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4
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Thinning (% basal area)
Fig. 1. Plant, ﬂower and pollinator density. Plant, ﬂower and pollinator density responses to thinning intensity in three forest sites in north-western Patagonia with contrasting tree height (‘Tall’, ‘Medium’ and ‘Short’). Each point is the average
value of a plot, and lines are the predicted values.

and pollinators (Table 1). Richness relationships with
density, although not always signiﬁcant, were negative for plants and positive for ﬂowers and pollinators
(Table 1).

Thinning effects
Thinning explained part of the variation in almost all
response variables (Appendices S3 and S4). In all the
regression models, there was a quadratic response to
thinning (Appendices S3 and S4), although in some
cases this quadratic term was negative (decelerating
increase, i.e. plant density) and in others positive (accelerating increase, i.e. pollinator density). Density
variation in plants, ﬂowers and pollinators was
© 2019 Ecological Society of Australia

explained by thinning intensity, year and site (Appendices S3 and S4).
Even though pollinator density was strongly associated with ﬂower density (Table 1), thinning treatment changed that pattern in two of the three sites.
During the ﬁrst year, ﬂower density increased (Short
shrubland), decreased (Medium shrubland) or
remained the same (Tall shrubland) along the thinning intensity gradient. In the second year, ﬂower
density increased slightly (Tall shrubland) or sharply
(Short shrubland) with increasing thinning (Figs 1,
2). Instead, pollinator density increased with thinning
intensity both years. Moreover, at the site where thinning intensity had the smallest effect on ﬂower density (Tall shrubland), it had the largest effect on
pollinator density and viceversa. Plant density was
doi:10.1111/aec.12771
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Fig. 2. Herb, shrub and tree ﬂower density. Herb, shrub and tree ﬂower density responses to thinning intensity in three forest sites in north-western Patagonia with contrasting tree height (‘Tall’, ‘Medium’ and ‘Short’).

always greater in plots with lower and medium thinning intensities (Fig. 1), suggesting that although
thinning removed trees, it favoured the growth of
more herbs at moderate intensities. However, at the
Tall and Medium shrublands, trees were always the
main ﬂoral resource, and except for the ﬁrst year at
the Medium shrubland, tree ﬂower density always
increased at some level of thinning (Fig. 2). In consequence, at high level of thinning, ﬂower density did
not decrease with the same general pattern as plant
density, highlighting the differences among communities in ﬂowering response.
Thinning effects on richness differed among plants,
ﬂowers and pollinators. Pollinator richness increased
doi:10.1111/aec.12771

sharply with thinning and did not vary with Site or
Year (Fig. 3, Appendices S3 and S4, Appendix S2),
while ﬂower richness had unimodal responses with
maximum values at low, intermediate or high intensities depending on the site. In both years, plant richness decreased with thinning in the Medium
shrubland site and increased at the Tall and Short
shrublands (Fig. 3). Again, differences between plant
and ﬂower responses make evident a thinning effect
on ﬂowering that differs among sites.
Consistent changes in evenness with thinning were
only observed for pollinators (Appendices S3 and S4,
and Fig. 4). In this case, pollinator evenness marginally decreased with thinning intensity (Fig. 4).
© 2019 Ecological Society of Australia
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Fig. 3. Plant, ﬂower and pollinator richness. Plant, ﬂower and pollinator richness responses to thinning intensity in three
forest sites in north-western Patagonia with contrasting tree height (‘Tall’, ‘Medium’ and ‘Short’). Each point is the average
value of a plot, and lines are the predicted values from mixed-effects models. For pollinators, the dotted line represents the
model shared by the three sites.

Changes in pollinator evenness may be attributed
mainly to an abrupt increase in density of one or two
species/morphospecies over the rest (Appendix S2).
At the Tall shrubland, these species were mainly
R. mutabilis, followed by the group of other Andrenidae and small solitary bees (Halictidae) (Bee 1 and
Bee 2 at Appendix S2). At the Medium shrubland,
we observed no consistent changes in relative densities. At the Short shrubland, density of one coleopteran morphospecies increased steeply over the rest
(Buprestidae sp1; Beetle2 in Appendix S2). In general, species occurring at thinned plots and not at
control plots (0% thinning) were usually in low
abundance (grey dots at 70% Appendix S2). Among
pollinator species that only occurred at control plots,
© 2019 Ecological Society of Australia

and thus may be especially vulnerable to thinning,
are the Nemestrinidae ﬂy Tricophtalma porteri and the
solitary bee Chalepogenus caeruleus (grey dots at 0%
Appendix S2).

DISCUSSION
Understanding how disturbance affects biodiversity at
different trophic levels is key for sustainable management of natural resources. Flower and pollinator
abundance and diversity are usually positively related
(Ebeling et al. 2008), so we expected pollinator
responses to thinning to follow those of ﬂowers.
Here, the only relatively consistent positive
doi:10.1111/aec.12771

8

C . C O U L I N ET AL.

Table 1. Response variables correlation. Spearman's correlation coefﬁcients among density, richness and evenness of plants,
ﬂowers and pollinators. Signiﬁcant results are highlighted in bold (P < 0.05)
Density
Plants (Log
(No.m2))
Year
1

Density
Richness

Evenness

Year
2

Density
Richness

Evenness

Flowers
Visitors
Plants
Flowers
Visitors
Plants
Flowers
Visitors
Flowers
Visitors
Plants
Flowers
Visitors
Plants
Flowers
Visitors

0.42
0.27
0.23
0.22
0.15
0.12
0.10
0.01
0.21
0.32
0.22
0.26
0.22
0.49
0.05
0.57

Flowers (Log
(No.m2))

Visitors
(No.min1 m2)

Evenness
(EinvD)

Plants

Flowers

Visitors

Plants

Flowers

0.84
0.59
0.76
0.37
0.06
0.44
0.30

0.42
0.74
0.17
0.02
0.57
0.52

0.60
0.33
0.37
0.11
0.07

0.36
0.02
0.57
0.27

0.08
0.31
0.48

0.04
0.15

0.32

0.92
0.57
0.34
0.38
0.12
0.50
0.29

0.51
0.25
0.42
0.03
0.37
0.36

0.74
0.33
0.08
0.75
0.02

0.42
0.17
0.58
0.36

0.00
0.01
0.03

0.04
0.16

0.11

relationship between ﬂowers and pollinators was in
terms of density, but ﬂowers and pollinators did not
respond similarly to increasing thinning intensity. In
particular, pollinator density showed stronger
responses to thinning intensity at the sites where ﬂower
density showed weaker response to thinning and vice
versa. Therefore, our results highlight a decoupling
between the short-term response of ﬂowers and pollinators to thinning in north-western Patagonia.
Pollinator density and richness increased with thinning independently of plants and ﬂowers. This ﬁnding
supports the hypothesis that pollinator response to
thinning is governed more by changes in ﬂower attractiveness, abiotic conditions or vegetation structure,
rather than small-scale changes in ﬂower density and
richness. One possibility is that for mobile organisms,
such as pollinators, detectability and accessibility to
resources may be more important than resource abundance in determining patch choice. Thinning reduced
the number of trees but could have increased ﬂower
production per individual (Cunningham 1997), in
addition to increasing nectar and pollen production
quantity and/or quality per ﬂower (Boose 1997; Etterson & Galloway 2002; Baude et al. 2011), making
individual ﬂower patches more isolated but more conspicuous and rewarding, and thus more attractive
(Charnov 1976; Goulson 1999; Ohashi & Yahara
2002). Another non-exclusive mechanism is that abiotic conditions introduced by thinning, especially the
increase in light and temperature could enhance pollinator activity and diversity (Herrera 1995). This is
consistent with the fact that in the Tall shrubland,
where tree cover is greater and light more limiting, the
doi:10.1111/aec.12771

Richness (Chao1)

enhancing effect of thinning on pollinator activity is
the greatest, whereas in the Short shrubland this effect
is the weakest. The percentage of bare soil, although
not evaluated here, is another abiotic factor that may
also increase with thinning intensity and may provide
greater nesting availability, contributing directly to
pollinator density and richness (Rodriguez & Kouki
2015). Therefore, our results provide evidence that
changes in vegetation structure and abiotic factors in
temperate forest systems are key drivers of pollinator
density and richness.
Overall, evenness response to thinning was weaker
than richness. Only pollinators’ evenness marginally
responded, with a decrease at high levels of thinning.
Although it seems to be logical that disturbance may
affect pollinators differently, we do not recognise any
general trait that may be associated with thinning
effects on evenness. Only at the Tall shrubland, we
could relate decrease in evenness with a steep increase
in small soil-nesting bees at high thinning intensity.
Other studies have also reported association between
soil-nesting bees and disturbance (Williams et al.
2010), and small-sized bees associated with a smaller
grain size response to resources given their more
restricted foraging range (Torne-Noguera et al. 2014).
In any event, thinning did not seem to have affected
the relative abundance of soil-nesting bees at the Medium and Short shrublands, suggesting that soil-nesting
resources are only limiting at the Tall shrubland.
Evenness for both plants and ﬂowers was highly variable among plots, which may be accounted for a rapid
turnover of species with individuals with very different
traits. In general, richness and evenness indices were
© 2019 Ecological Society of Australia
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Fig. 4. Plant, ﬂower and pollinator evenness. Plant, ﬂower and pollinator evenness responses to thinning intensity in three
forest sites in north-western Patagonia with contrasting tree height (‘Tall’, ‘Medium’ and ‘Short’). Each point is the average
value of a plot, and lines are the predicted values from mixed-effects models. For pollinators, the dotted line represents the
model shared by the three sites.

negatively related or not signiﬁcantly related at all,
supporting the fact that these variables alone, as well as
other diversity indices, are not enough for representing
the complexity of diversity (Wilsey et al. 2005;
Bock et al. 2007; MacDonald et al. 2017).
Plant and ﬂower richness varied with thinning
intensity and among sites, but not in accordance with
tree stratum height as expected by the dynamic equilibrium model. Maximum richness was expected at
higher thinning intensities in the Tall shrubland,
while the inverse was expected in the Short shrubland. Although unexpected, our results may be a
consequence of differences in community composition. At the Short shrubland, the most common trees
are non-entomophilous ﬂowering species; therefore,
© 2019 Ecological Society of Australia

entomophilous ﬂowers are mostly produced by herbs
and shrubs, which are favoured by thinning. Consequently, in this case, thinning acts less as a disturbance and more as a resource liberation factor (light,
soil resources, etc.), thus explaining the accelerated
increase in richness along with thinning intensity.
Pollinator richness, besides not following plant and
ﬂower responses to thinning, did not respond as
expected by intermediate disturbance hypothesis and
dynamic equilibrium model. Nevertheless, the relationship among trophic levels after disturbances at a
large spatial scale may have different responses from
the ones we show here, as other landscape and population factors may greatly inﬂuence pollinator responses
(Steffan-Dewenter 2003). Thus, DEM prediction for
doi:10.1111/aec.12771
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pollinator responses may be working at larger spatial
scales, while at the plot scale pollinator richness is positively affected by forest thinning.
Pollination is crucial for plant reproductive success,
and pollinator abundance and diversity increase this
ecological function in most systems (Garibaldi et al.
2013; Winfree et al. 2018). Increases in species richness are considered to be positive for ecosystem functioning, because species vary in functionality and in
their capacity to respond to perturbations (Hooper
et al. 2005). Although a decrease in evenness is considered to be related to a decrease in function efﬁciency (Mason et al. 2005; Fontaine et al. 2006), the
fact that pollinator abundance and richness increased
sharply (and evenness decreased marginally) with
thinning intensity suggests that pollinator functionality could be favoured in woodland patches after a
small-scale disturbance, ensuring plant reproductive
success (Klein et al. 2003; Albrecht et al. 2012;
Blaauw & Isaacs 2014a,b). However, pollination service in the neighbouring forest may be reduced via
pollinator-mediated competition between scattered
and low-density ﬂowering patches in the forest and
the more attractive ﬂowering patches of disturbed
areas (Cartar 2005; Pengelly & Cartar 2010). In summary, the increased pollinator richness and abundance after thinning is promising for plant recovery in
disturbed patches, although a demographic response
at the landscape scale remains to be tested.
Here, pollinator abundance, richness and evenness
responses to thinning were independent of plant and
ﬂower responses. Our ﬁndings highlight that woodland
disturbance effects on plants and ﬂower community
attributes are different in terms of directions and magnitudes depending on the speciﬁc site characteristics
and species composition. Particularly, short-term thinning effects on pollinator community at this scale are
weakly related to changes in ﬂower species abundances. Patterns of pollinator responses to small-scale
thinning were very robust, with a consistent effect
among sites and years, especially for pollinator richness. For both plants and pollinators, evenness showed
weaker responses to thinning than abundance and
richness, implying that it is important to analyse the
different components of diversity. Therefore, it is clear
that tree thinning conducted at a small scale enhances
pollinator presence at Northern Patagonia shrublands,
suggesting that a small-scale forest management that
preserves surrounding undisturbed forest can be recommended among sustainable forestry practices for
the many beneﬁts it provides.
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