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Abstract: Although renewable energy holds great promise in mitigating climate change, there are
socioeconomic and ecological tradeoffs related to each form of renewable energy. Forest-related
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bioenergy is especially controversial, because tree plantations often replace land that could be used
to grow food crops and can have negative impacts on biodiversity. In this study, we examined
public perceptions and ecosystem service tradeoffs between the provisioning services associated
with cover types associated with bioenergy crop (feedstock) production and forest habitat-related
supporting services for birds, which themselves provide cultural and regulating services. We com-
bined a social survey-based assessment of local values and perceptions with measures of bioenergy
feedstock production impacts on bird habitat in four countries: Argentina, Brazil, Mexico, and the
USA. Respondents in all countries rated birds as important or very important (83–99% of respon-
dents) and showed lower enthusiasm for, but still supported, the expansion of bioenergy feedstocks
(48–60% of respondents). Bioenergy feedstock cover types in Brazil and Argentina had the greatest
negative impact on birds but had a positive impact on birds in the USA. In Brazil and Mexico, public
perceptions aligned fairly well with the realities of the impacts of potential bioenergy feedstocks on
bird communities. However, in Argentina and the USA, perceptions of bioenergy impacts on birds
did not match well with the data. Understanding people’s values and perceptions can help inform
better policy and management decisions regarding land use changes.

Keywords: aspen; biodiversity; Elaeis guineensis; eucalyptus; land use change; oil palm; Populus;
public perceptions

1. Introduction

Climate change is arguably the greatest environmental and sociopolitical threat of
our time. Addressing it will require all available mitigation strategies, including increased
development of renewable energy sources [1]. Such development must be tailored to
regional energy source availability [2]. Some regions are well-suited to wind or solar devel-
opment; others may have an abundance of forest and agricultural crop and residue, making
bioenergy a viable option. Biogeographic and economic suitability is an essential part of
building a portfolio of renewable energy sources (heat, power, or liquid transportation
fuels). Today, forest-related bioenergy crops and utilization technologies are contributing
to all three energy needs [3].

Despite the promise of renewable energy to mitigate climate change impacts, there
are socioeconomic and ecological tradeoffs related to each form of renewable energy.
Hydroelectric power from dams can negatively impact aquatic communities including
commercial and recreational fisheries [4]. Wind turbines can kill birds, bats, and flying
insects and negatively impact property values [5]. Similarly, forest-related bioenergy,
i.e., energy produced from forest plantation products such as fruit oil or wood pulp,
often involves social–ecological tradeoffs. Forests provide diverse supporting, regulating,
provisioning, and cultural ecosystem services [6]. However, there are sometimes trade-offs
among these services [7,8]. For example, in some parts of Argentina, converting grazing
land to eucalyptus (Eucalyptus spp.) tree plantations for bioenergy decreases ranching
jobs while increasing employment in the forestry sector [9]. Bioenergy from eucalyptus
may provide a lower net carbon source of heat or electricity compared with natural gas
or coal over its life cycle but it may negatively impact rangeland-adapted species that are
ecologically important and/or provide key ecosystem services to local people [10].

Mitigating the impact of forest-related bioenergy on biodiversity and associated
ecosystem services is essential, because approximately 40% of the Earth’s land surface
is already cultivated or grazed by domestic animals [11], and more than 25% of the net
primary production of potential global terrestrial vegetation has been appropriated for
human use [12]. In fact, one of the greatest challenges facing biodiversity conservation
is understanding how land-use change related to agriculture and forestry will influence
species composition and persistence [13,14]. Current nature reserves are not sufficient
to protect the majority of biodiversity [15], and so it is essential to protect and retain
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biodiversity and associated ecosystem services in sustainable production landscapes of the
future [10,16–19].

Birds are a component of biodiversity that are relatively easy for people to see, hear,
and appreciate [20], and birds are known to provide many ecosystem services in the form
of seed dispersal, pest control, scavenging, and pollination [21–24]. Beyond the material or
tangible benefits that birds provide to people, they provide many cultural services as well,
which are related to human perception and experience [24]. These types of benefits, which
include emotional attachment, spirituality and sense of place, may be just as important
to people as the direct economic benefits [25,26]. Some recent studies, primarily in urban
areas, have suggested a link between bird species richness (either real or perceived) and
psychological well-being [25,27,28].

Birds are highly mobile and often able to quickly evaluate and respond to subtle
changes in land cover, making them one of the most cost-effective bioindicators for mea-
suring the effects of land-use change on a broader suite of biodiversity, including whole
ecosystems that support many additional ecosystem services [10,29,30]. The value of tree
plantations for bird communities has been debated in the literature, e.g., [15,31]. However,
the consensus seems to be that plantation impacts on birds depend on several factors; it
is necessary to consider the wider context of a plantation forest and to take at least the
following into account: (1) previous land use, (2) alternative land uses, (3) plantation
tree species, and (4) type of plantation management. These factors as well as the habitat
specialization of bird species determine the way that tree plantations influence birds and
other biodiversity [10,31].

Here, we focused on ecosystem service tradeoffs between forest habitat-related sup-
porting services for birds (who in turn can provide cultural, regulating, and provisioning
services) versus provisioning services associated with bioenergy feedstock production [32].
We conducted social surveys in four bioenergy plantation/cover type landscapes across the
Americas to examine residents’ perceptions of the value of birds and the impacts of bioen-
ergy feedstocks on birds. We also conducted bird surveys in each landscape to determine
and the relationship of those perceptions with measured characteristics of the bird commu-
nities. Our research questions were: (1) do survey respondents value birds; (2) do survey
respondents favor bioenergy feedstock expansion; (3) are survey respondent’s perceptions
of bioenergy feedstock impacts on birds consistent with the actual measured bird diversity
in each type of feedstock? Our study sites included three Latin American nations and the
USA: (1) northern Argentina with local wood pellet production from eucalyptus (Eucalyptus
spp.) and pine (Pinus elliottii and P. taeda) plantations [33]; (2) northern Brazil, where multi-
ple industrial and smallholders have established oil palm (Elaeis guineensis) plantations for
use in biodiesel manufacturing and other food and industrial applications [34]; (3) southern
Mexico, where, similar to Brazil, extensive oil palm plantations have been established in
the last 30 years on ejido (cooperative), industrial and smallholder lands for a mix of food,
fuel, and industrial uses [35,36]. Finally, in the USA, we studied an area in the Midwest
where a regional bioelectricity plant was using woody feedstocks from regional aspen
(Populus spp.) and northern hardwood forests [37–43].

This paper makes a unique contribution by integrating ecosystem service measure-
ment of provisioning, supporting and cultural services that some have argued should
be more frequently incorporated in assessments [44]. We combine a social survey-based
assessment of local values with measures of bioenergy energy feedstock production im-
pacts on bird habitat. We also present potential mitigation strategies for reducing negative
habitat impacts on birds and other biodiversity. Our results highlight the importance
of understanding local values and how they are being impacted by changes in land use.
Understanding these connections can inform better policy and management to protect the
diverse values associated with land use changes brought about by expansion of forest plan-
tations or even food production systems. Finally, the paper fills a gap in social–ecological
studies that integrate social and ecological data with the goal of making policy and man-
agement recommendations [45].
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1.1. Background to Study Area
1.1.1. Feedstocks and Human Communities

Argentina: In Argentina, favorable policies have led to local and foreign investment
in tree plantations across the country, particularly in the northeastern regions of the coun-
try [46,47] where land traditionally used for cattle ranching and agriculture has been
converted to plantations [33]. From 1990 to 2015, the area of land dedicated to tree planta-
tions of mostly non-native eucalyptus and pine increased by 40%, and now covers over one
million ha in Corrientes, Entre Ríos and Misiones provinces [48]. These fast-growing trees
native to Australia (eucalyptus) and the southern United States (pine) were traditionally
used for timber and wood pulp for paper, and the woody residues were burned on site
to produce power at sawmills [33]. Recently, new renewable energy goals in Argentina
provide a different possible end use for these woody residues—pellets for bioenergy pro-
duction [33]. The first large-scale renewable energy project using woody residues to make
wood pellets opened in the city of Concordia, Entre Ríos, in 2015 [49]. In a study of public
perceptions of eucalyptus plantations in Entre Ríos, our group [33] found more positive
perceptions about tree plantations in a community near large eucalyptus plantations and
with a well-developed forestry industry, and more negative perceptions in a community
near small eucalyptus plantations and lacking a forestry industry. Both communities shared
concerns about labor conditions on tree plantations and loss of cultural values [33].

Brazil: In 2010, the Brazilian federal government launched the Sustainable Palm
Oil Production Program (SPOPP) in the Amazonian state of Pará, which attracted large
investments from national and international agribusiness and contributed to doubling the
area of oil palm in just four years (2010–2014) [50,51]. Oil palm production in the state was
marketed as being simultaneously a profitable business, a method of poverty reduction,
and a key resource for addressing climate change through bioenergy production and the
recovery of degraded pasture lands [52,53]. Policies were designed to restrict oil palm
expansion to degraded and marginal lands to avoid further deforestation [54]. Farming
via contracts was implemented to increase farmers’ control of their own labor, and the
Social Fuel Seal, a government certification, was provided to favor the inclusion of small
farmers in the oil palm agrochain [51,55,56]. In this region, oil palm plantations have
mostly replaced pasture, traditional crops such as maize, beans, and cassava, and forest
fragments [54], and this has led to a rapid process of urbanization in the communities
surrounding plantations due to the increase in salaried jobs [51,57]. Communities believed
that conversion to oil palm plantations impacted ecosystem services far more negatively
than conversion to traditional annual crops, and that water availability, air and water
quality were the most heavily impacted ecosystem services [51]. However, the majority
of participants supported expansion of oil palm in the region, since they recognized the
associated socioeconomic benefits in terms of job opportunities [51].

Mexico: Mexico has experienced heavy local investments in oil palm plantations since
the 1980s, with government subsidies and promotion programs favoring oil palm for the
purported purposes of generating rural employment, reducing imports of vegetable oil, and
producing biodiesel [58,59]. Current oil palm production occurs on both smallholder plots
and large plantations, and is concentrated in the states of Campeche, Chiapas, Tabasco, and
Veracruz [60]. Several types of government subsidies, totaling more than 10 million USD,
were made available for small producers that included cost-share and credit guarantee
programs for palm growers, financial support for palm oil processing plants, support
for producer cooperatives, technology transfer, and road improvements to facilitate the
movement of palm fruit shipments [58]. Local communities and small producers of oil
palm in the state of Tabasco tended to benefit more from production if they were organized
into a cooperative, based on the traditional ejidal system of shared ownership of land [58].
This likely stemmed from the cooperative providing both a framework for community-level
production and a way for them to interact with state and national governments [59,61].
However, some of the community members that had depended on local food cultivation
to supplement their diet reported that the transition to oil palm had reduced their access
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to locally grown food [58]. Furthermore, in communities where workers traveled to work
on large oil palm plantations, benefits were uneven and lack of enforcement of labor laws
left workers vulnerable to unsafe working conditions [58]. Overall, however, we found
that community support for oil palm was relatively high in Tabasco [35]. Most community
members believed the crop provided a moderate number of ecosystem services and that
the impact of future oil palm expansion would be positive [35].

USA: In the USA, most renewable energy policy is at the state level. More than half
of the states have a renewable portfolio standard or similar policy that requires utilities
to generate a percentage of their energy from renewable resources [37,62]. For states with
extensive forest cover, bioenergy or bioelectricity generated from woody feedstocks is a nat-
ural choice to help meet these renewable energy mandates [63]. In Wisconsin, forest covers
about half of the state, and for this reason, several utilities are focusing on bioenergy [41].
In the USA, there is broad public support for renewable energy development [64,65]. In
Wisconsin, communities near bioelectricity plants generally supported local bioelectric-
ity production, although there were some concerns about potential impacts on timber
prices and supplies and local environmental quality [41]. The communities interviewed
were also fairly knowledgeable about bioenergy, likely because of the presence of the
local bioelectricity plant [37,41]. Finally, the interviews showed that local landowners
valued resource-extractive ecosystem services more than other types of ecosystem services
generated from forests, such as cultural or regulating ecosystem services [41].

1.1.2. Feedstocks and Bird Communities

Aspen: Aspen (Populus tremuloides and grandidentata in North America and P. tremula in
northern Europe) is a group of fast growing, relatively short-lived trees that in many parts of
its range regenerates clonally via root sprouts, and with proper management, can be grown
in relatively monotypic stands over many cutting cycles [66]. In the northern Great Lake
states of the USA, these characteristics have made aspen popular for pulp and saw logs [67].
Stands are managed using a relatively short rotation of cutting at between 30–50 years [66].
Compared to pre-Euro-American settlement forests in this region, aspen (especially stands
less than 50 years old) now covers a far larger proportion of the landscape [68,69], which
has favored species associated with early successional aspen forests compared to other
forests with larger proportions of native trees such as eastern hemlock (Tsuga canadensis)
and white pine (Pinus strobus), which have declined [70]. Although both species of aspen
are native to eastern North America, their dramatically expanded spatial extent and long
history of short-rotation management has led to the widespread persistence of relatively
young monotypic stands with a plantation-like age class and tree community structure.

Studies of breeding bird use of aspen forests in the Great Lakes region have shown that
these forests support a rich diversity of native species [71,72], including some imperiled
species such as the golden-winged warbler (Vermivora chrysoptera) [43]. In the Great Lakes
region, aspen is usually managed by clear cutting and allowing root suckers to replace the
stand with varying amounts of retained conifer and hardwood species. Aspen breeding
bird communities differ based, in part, on the degree of retained legacy trees as well as the
age of the dominant aspen [73]. Although there is some overlap between bird communities
associated with different age classes of aspen, many bird species found in the youngest ages
will abandon stands as the stem density increases and average tree height and diameter
expands [74]. Unharvested aspen stands eventually break up as larger trees die and fall
and the canopy opens; bird community shifts accompany these changes [72]. In some parts
of the range of aspen such as Saskatchewan, Canada, 80–110-year-old stands supported
the greatest bird species richness [75], while in northern Wisconsin, it is often the youngest
stands (<15 years) that had the highest number of breeding species [42]. It thus appears that
there are regional differences in total bird species richness found in different age classes
of aspen. Importantly, the widespread finding that breeding bird assemblages change as
aspen ages suggests that land and forest managers should strive to maintain large blocks
of varying-age aspen stands at the landscape scale [72].
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Eucalyptus: Eucalyptus plantations have rapidly increased in extent throughout much
of South America, due to their fast growth and utility for wood products and bioenergy [10].
The impacts of these novel, non-native monocultures on native bird communities of the
region appear to be very negative. For instance, in the Atlantic forest of Brazil, only
eight bird species were recorded in <30-year-old eucalyptus plantations, while more than
100 were recorded in a nearby forest reserve [76]. Similarly, only six bird species were
captured in eucalyptus plantations without understory in the Cerrado region of Brazil [77];
understory plants are often controlled in eucalyptus plantations using herbicides or cutting.
Avian species richness was also extremely low in eucalyptus plantations in the Brazilian
Amazon [78]. When eucalyptus plantations are established in areas where shrub and
grassland ecosystems are the native plant communities, the tall tree monocultures contrast
greatly with the natural structure and composition of the vegetation, and negatively impact
native openland bird communities [79,80]. Nevertheless, these exotic tree plantations
can actually be more preferable than many other intensive land uses, such as annual
crops or pastoral activities, especially if managed in ways that provide habitat for native
biodiversity [31,81]. For instance, eucalyptus plantations managed to include scattered
native trees and early successional understory plants were associated with an increase in
the proportion of bird species from the regional pool able to occupy the plantations [82].

Oil palm: A recent analysis of land-cover change associated with oil palm plantation
expansion in Latin America found that roughly 79% of plantations replaced previously
farmed lands, mostly cattle pastures (56%), while the remaining 21% replaced forested
areas, especially in the Amazon and in northern Guatemala [83]. This result is in stark
contrast to Southeast Asia, where the majority (>50%) of oil palm plantations replaced
primary or secondary forest [84]. As the majority of oil palm plantations in Latin America
replaced previously farmed land rather than primary or secondary forest [83], the impact
of oil palm on biodiversity in this region is expected to be lower than in Southeast Asia.
Still, oil palm plantations are a relatively monotypic cover with management for a single
species, suggesting that they would support fewer native species compared to native
plant communities. In Brazil and Colombia, the functional diversity, in terms of the roles
that species play in the ecosystem, as well as the richness of birds, was lower in oil palm
plantations than in either forest fragments, riparian corridors or pasture [85–87]. In Brazil,
those functional traits most affected by oil palm were related to birds’ diet and foraging
stratum [85]. Brazilian oil palm also had far fewer birds that are range-restricted or sensitive
to environmental perturbation than forest fragments or riparian corridors, and a similar
species composition to pastures and agrarian land-uses [86]. However, forest fragments
within oil palm plantations contained a relatively species-rich bird community, including
several globally threatened species [86].

Using an experimental translocation of individuals, Knowlton et al. [88] found that
forest birds living within the forest fragments behaved as if oil palm were a barrier to their
movements and preferred to move between fragments via riparian corridors. Similarly, in
Venezuela, oil palm and plantain (Musa spp.) plantations contained only birds typical of
very disturbed ecosystems; cacao (Theobroma cacao) plantations had greater bird species
richness due to the greater structural complexity and lower use of agrochemicals and
inorganic fertilizers [89]. In an experimental manipulation of understory vegetation in oil
palm plantations in Guatemala, Nájera and Simonetti [15] found that oil palm plantations
where understory plants were allowed to persist had higher bird species richness than
those where the understory was actively controlled, and concluded that enhancing the
understory vegetation in oil palm plantations furnished significant benefits for birds and
other animals by providing food resources, refuge and breeding sites [15]. In addition, in
Guatemala, bird species richness was highest in forest, followed by guamiles (regeneration
sites) and finally oil palm plantations; only 11% of species and 5% of the total captured
birds were recorded in oil palm plantations [90].
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2. Materials and Methods
2.1. Survey Methods

Our social survey was designed with parallel sets of questions about local bioen-
ergy impacts and expansion as well as socioeconomic and environmental values across
communities next to bioenergy projects in all four countries (Argentina, Brazil, Mexico,
and the USA, Figure 1). These sites were paired with field studies of bird communities
(see Ecological Methods below). The survey was administered in Spanish, English, or
Portuguese—the dominant language of each country in which it was conducted.
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Figure 1. Location of the four study sites where ecological and social data were gathered for this
paper, and type of bioenergy feedstock examined at each site: Aspen in Wisconsin, USA; oil palm in
Tabasco, Mexico and Pará, Brazil, and eucalyptus in Entre Ríos, Argentina.

We randomized household selection within each community and the survey respon-
dent within each household was randomly chosen based on person with the next birthday
from each household’s adults over 18 years old. Due to low literacy rates and low familiar-
ity with survey completion, the survey was administered orally in person in Argentina,
Brazil, and Mexico. In the USA, it was administered using the drop off/pick up method [91].
This method involves sending households a pre-survey letter, visiting households and
meeting the residents to drop the survey off, and returning at a pre-arranged date to collect
the completed survey.

In Brazil, we attempted to survey 354 households, with 280 completing the survey
for a response rate of 79% percent. Mexico’s response rate was 83% (130 households
surveyed out of 156 attempted) and Argentina’s was 75% (215 households surveyed out of
286 attempted). The response rate in the USA was 61% (292 households surveyed out of
478 attempted).

Women were well-represented among respondents. Fifty-one percent of Argentinian
respondents were female (Brazil 53%; Mexico 56%; USA 45%). The percentage of Ar-
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gentinian survey respondents with at least a high school degree was 11% (Brazil 12%;
Mexico 19%; USA 90%). Only the minority of respondents’ work depended on the forest or
bioenergy sector for most of their income. Argentinian survey respondents included 10%
whose household received most of its income from work in the forest or bioenergy sector
(Brazil 22%; Mexico 15%; USA 23%).

2.2. Ecological Methods

We assessed avian species richness and abundance within a gradient of biofuel crop-
ping systems in replicated fields/stands in all four case study countries (Argentina, Brazil,
Mexico and USA, Figure 1). In each case, we examined bird species richness and abundance
across a range of land use intensities, from monocultures that are intensively managed
for biofuel feedstock production, to less intensive agroecosystems and natural land cover.
Given the intensive nature of the field measurements, we collected data in one country at a
time, rotating across the four case studies. The sampling methods differed slightly across
countries due to variation in local conditions and land uses.

2.3. Site Description

Argentina: The study region was in the Entre Ríos province of Argentina, near the
city of Concordia (31◦240 S, 58◦20 W). This area is within the pampas, once one of Earth’s
greatest native grasslands extending into Uruguay and Brazil [92]. Most of the pampas has
now been converted to pasture for livestock grazing and row crop agriculture. Climate in
this region ranges from a mean of 12.6 ◦C in the austral winter to 25.3 ◦C in the summer,
with an average of 1300 mm of rainfall annually [93]. We censused the avian communities
in 16 plots, four within each of four common land uses in Entre Ríos: (1) pastures used
for livestock grazing and rotational annual crops; (2) large-scale eucalyptus plantations
(100 ha); (3) small mixed-use farms with citrus, blueberry (Vaccinium spp.), pastures and
small-scale eucalyptus stands (<10 ha); (4) native espinal savanna woodland (see [10]).

Brazil: In Brazil, the eastern Amazonian state of Pará hosts the great majority (>80%)
of existing oil palm plantations, within the Belém Area of Endemism (BAE) biodiversity
hotspot [94,95]. The study area in Pará state within the Agropalma agroindustrial complex
(02◦36′18” S, 48◦47′06” W) consists of 64,000 ha of forest fragments (legal reserves) and
39,000 ha of oil palm plantations. The forest fragments are dominated by terra firme forest
and together account for between 5000 and 17,000 ha. Bird surveys were conducted in
24 plots; eight in mature oil palm plantations (>15 years), eight in riparian corridors, and
eight in adjacent fragments of native forest (see [85]).

Mexico: The study region in the state of Tabasco is characterized by a hot and humid
climate with the highest rainfall of any Mexican state [96]. The vegetation consists of
tropical lowland evergreen and semi-deciduous forests with extensive wetlands. The
native vegetation has now been almost completely replaced by pasture, banana (Musa spp.)
and tree plantations. The mean annual temperature is >25 ◦C and mean annual rainfall
varies from 1500 mm near the coast to 5000 mm in the highlands [97]. Three distinct
seasons include a dry period from April to June, a wet period from June to November, and
a period of northern winds and heavy rains from December to April [98]. Bird surveys
were conducted in 24 plots; six in mature oil palm plantations (18–20 years), six in young
oil palm plantations (4–6 years), six in cattle pasture, and six in forest fragments [99].

USA: The study region was within Vilas and Oneida Counties in Wisconsin. Twelve
coppiced, even-aged, no-retention aspen forest stands ranging from 8 to 45 years post-harvest
were selected and divided into 3 age classes: young (8–15 years), middle (20–44 years), and
mature (45 years), for a total of 4 study sites per age class (12 study sites total). Selected sites
were ≥16.2 ha in size and ≥5 km from other sites. The study area has a temperate continental
climate and mean monthly precipitation of 74 mm and a mean temperature of 19 ◦C during
the birds’ breeding season [100]. All study stands had been allowed to naturally regenerate
following harvest (see [72]).
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2.4. Point Counts

In each of our study countries, we conducted at least 30 ten-minute 25 m or 50 m
radius point counts in each land-use type. Each point was ≥200 m from any other point
and ≥50 m from roads and habitat edges. At each point, individual birds were tallied by
sight or sound for 8 min [101]. All point counts took place within four hours of sunrise and
were conducted at least twice at each site. Aquatic species (e.g., herons and ducks) and
species flying over were not considered.

Argentina: We conducted two rounds of point counts in each of the 16 study plots, for
a total of 459 points. In each 300 m2 plot, we randomly identified 10-point count locations
that were >200 m from one another and >50 m from a cover type edge. For each land use
type and transect, one of three observers (who trained together for one month prior to
beginning sampling) completed 8 min 25 m fixed-radius point counts at each point and
noted all birds seen or heard within 25 m, excluding those flying overhead [102]. Counts
were conducted from 1–19 September and 3–27 November 2014 during the breeding season
for most local birds. The point counts began near sunrise and were completed within 4 h,
allowing two observers to complete two replicates in one day. All counts were conducted
in clear, mild weather without rain, fog or excessive wind [10].

Brazil: We censused the bird community twice, once in May and again in December
2012. We used 10 sampling points in each plot, separated by a distance of 200 m from one
another, at which 10 min counts were conducted. In total, we sampled 128 points in oil
palm plantations and 160 in forested habitats. We recorded the number of individuals of
each bird species observed and/or heard within a radius of 50 m of the observer between
05:00 and 10:30 a.m. [85].

Mexico: We demarcated 203 points distributed within the 24 study plots (47 points
in secondary forest fragments, 47 in mature oil palm, 53 in young oil palm, and 56 in
pasture), and these were sampled three times during the year, covering the migratory and
non-migratory periods (June–July 2016, October–December 2016, February–March 2017).
The minimum distance between each point was 200 m, and all points were at least 100 m
from a habitat edge.

USA: We randomly located 3–12 points within each of the 12 study plots, based on site
area; each point was ≥200 m from others to minimize the probability of double-counting
individual birds. We also placed points 200 m from roads and stand edges to minimize the
impacts of edge effects. There was a cumulative total of 30 points per age class. Only one
observer conducted all surveys. Point counts consisted of a 5 min survey within a 25 m
fixed radius to reduce differences in bird detectability among stand ages that varied greatly
in vegetation density. Each point was surveyed twice: once between 21 May and 3 July 2015
and again between 3 July and 16 July 2015. Except in cases of inclement weather (strong
wind and heavy rain), we conducted point counts from sunrise through 10:00 a.m. [72].

2.5. Statistical Analyses

We used ANOVA or Kruskal–Wallis (if data did not meet assumptions of normality) to
test for differences in bird species richness and abundance between land-use types within
each country. Next, we compared differences in species richness of birds across plantations
and alternative land uses across countries using Cohen’s d effect size statistics. Cohen’s d
is calculated as the difference in mean species richness between two sites, divided by the
pooled standard deviation [103].

3. Results
3.1. Community Survey Results

This section presents descriptive survey results from communities in the four countries
regarding the value of birds and bird habitat, support for bioenergy expansion, and beliefs
about bioenergy feedstock and harvesting impacts on bird habitat. As the Argentine
communities, unlike communities in the other countries, were near significantly different
types of bioenergy feedstocks or processing conditions, results for those communities are
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presented separately. When survey questions were asked somewhat differently across the
countries, those differences are indicated.

As Table 1 shows, the vast majority of survey respondents valued birds and/or that
forests provide habitat for them. The lowest percentages stating that these things were
either important or very important to them were in Brazil (86%) and the USA (83%) but
these percentages were still quite high. Their mean scores on this item were similarly high,
with respondent scores from most countries/communities averaging 4.5 or higher on a
Likert scale set of answers where 5 indicated “very important”. None averaged below
4.3 (still solidly in the “important” category). The standard deviations were similarly low,
indicating generally high agreement in responses. Birds and bird habitat were important to
these respondents.

Table 1. How important are birds to you and your household (Argentina, Brazil, Mexico) OR is it important to you that
forests provide bird habitat (USA)? † Likert Scale: 1 = Not at all important, 5 = Very important.

Country Community or
State/Province

Feedstock
Type

Important/
Very Important

Mean
† Median Range SD N

Argentina Entre Ríos Eucalyptus/Pine 90% 4.5 5 4 0.7 176
Brazil Pará Oil Palm 86% 4.5 5 4 0.8 212

Mexico Tabasco Oil Palm 99% 4.6 5 2 0.5 130

USA Wisconsin Aspen/Northern
Hardwood Forest 83% 4.3 5 4 0.9 288

Table 2 illustrates how respondents had more mixed views about bioenergy feedstock
or harvesting (USA) expansion. The mean scores clustered in the “slightly agree” area with
a range of 3.3 to 3.5. Percentages of respondents supporting expansion were also fairly
similar with lower levels of support in the USA (48%) and Argentina (55%) and slightly
higher levels in Brazil and Mexico (both had 60% support). It is notable, however, that the
separate majorities supported expansion in most countries. The exception was the USA
where support was expressed by just short of a majority. Overall, a sizable number of
respondents supported expansion across the four countries, but a sizeable number was
also neutral about or did not support expansion.

Table 2. Support for bioenergy feedstock or harvesting expansion (“Considering everything, I support the expansion.”). †

Likert Scale: 1 = Strongly disagree, 5 = Strongly agree.

Country Community or
State/Province

Feedstock
Type

Support
Expansion

Mean
† Median Range SD N

Argentina Entre Ríos Eucalyptus/Pine 55% 3.3 4 4 1.4 181
Brazil Pará Oil Palm 60% 3.5 4 4 1.3 208

Mexico Tabasco Oil Palm 60% 3.5 4 4 1.0 128

USA Wisconsin
Aspen/

Northern
Hardwood Forest

48% 3.3 4 4 1.1 278

Survey respondents were asked whether their local bioenergy feedstock (eucalypts/pine
in Argentina, oil palm in Brazil and Mexico) provided habitat for birds (see Table 3). This was
asked as a “yes/no” question. Results here varied greatly with about one-third of respondents
in Brazil responding that it did provide habitat and significant majorities of those in Argentina
(71%) and Mexico (74%) saying that oil palm provided habitat. As the USA case was a
change in “end use” (shifting from harvesting for paper pulp or lumber to harvesting for
bioenergy) for harvested forest materials, as opposed to a change in “land use” with entirely
new, non-native species plantations, this question was not asked there.
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Table 3. Responses to the statement “Bioenergy feedstock cultivation provides bird habitat.” † Likert Scale: 0 = No, 1 = Yes.

Country Community or
State/Province

Feedstock
Type Yes Mean

† Median Range SD N

Argentina Entre Ríos Eucalyptus/Pine 71% 0.9 1 1 0.7 150
Brazil Pará Oil Palm 34% 0.4 0 1 0.5 182

Mexico Tabasco Oil Palm 74% 0.8 1 1 0.4 117

Table 4 presents our findings regarding to perceptions of bioenergy feedstock/harvesting
expansion and how it would impact birds. This was measured as a five-point Likert scale
(in contrast to the question presented in Table 3) and we present our findings focusing more
upon respondents who perceived negative effects. Results here varied widely across the
countries and feedstocks. Few respondents in Mexico (19%, oil palm) and Argentina (17%,
eucalyptus/pine) viewed expansion as negatively impacting bird habitats. In contrast, a slight
majority of respondents in Brazil (52%, oil palm) and a near majority of those in the USA
(48%, native forest harvesting) believed that expansion would negatively impact birds. Mean
response scores varied accordingly, with respondents in Brazil and the USA seeing expansion
as just slightly negative and those in Mexico Argentina viewing it as somewhat positive.

Table 4. Responses to the statement “The expansion of bioenergy feedstock cultivation or harvesting in your area would
impact birds [very negatively . . . very positively].” † Likert Scale: 1 = Very negatively, 5 = Very positively.

Country Community or
State/Province

Feedstock
Type

Negatively/
Very

Negatively

Mean
† Median Range SD N

Argentina Entre Ríos Eucalyptus/Pine 17% 3.6 4 4 1.2 173
Brazil Pará Oil Palm 52% 2.7 2 4 1.4 202

Mexico Tabasco Oil Palm 19% 3.7 4 4 1.1 125

USA Wisconsin Aspen/Northern
Hardwood Forest 45% 2.8 3 4 1.3 282

3.2. Ecological Results

Argentina: In total, we detected 107 bird species and 2134 individuals. Mean species
richness was 6.8 ± 0.85 SE in mature eucalyptus, 11.7 ± 1.20 SE in young eucalyptus,
22.8 ± 2.56 SE in the mixed-use farms, 20.5 ± 2.60 SE in the pasture/annual crops, and
36.3 ± 3.25 SE in the espinal savanna. These differences were significant for eucalyptus
compared to all other land uses, and espinal compared to all other land uses (p < 0.001).
Compared to the native vegetation, mature eucalyptus plantations had a mean of 81%
fewer bird species (Figure 2). Cohen’s d effect size difference between native vegetation
and eucalyptus was 6.209. The most frequently detected bird species in the mature euca-
lyptus plantations were the Rufous-collared Sparrow (Zonotrichia capensis), White-crested
Tyrannulet (Serpophaga subcristata), Picazuro Pigeon (Patagioenas picazuro) and Roadside
Hawk (Rupornis magnirostris), together accounting for more than 75% of all birds recorded
within the plantations [10]. In contrast, the native espinal savanna contained more than
40% of all the bird species detected in the study, including the endangered Yellow Cardinal
(Gubernatrix cristata). Furthermore, 27 species were detected only in this habitat.
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Figure 2. (A) Differences in mean bird species richness between feedstock/harvested landscapes
and native/unharvested landscapes in each of the four study countries. Error bars are +1 standard
error of the mean. (B) Percent differences in mean bird species richness between feedstock/harvested
landscapes and native/unharvested landscapes in each of the four study countries.

Brazil: We recorded 248 bird species, including 185 species in upland forest, 116 in
riparian forest and 58 in oil palm plantations, and a total of 4799 individual birds. The
mean species richness was 87.2 ± 7.0 SD in upland forest, 40.2 ± 8.7 in riparian forest, and
25.8 ± 5.7 in oil palm plantations; these differences were significant between all treatments
(p < 0.001). Compared to the native vegetation, mature oil palm plantations had a mean
of 70% fewer bird species (Figure 2). Cohen’s d effect size difference between native
vegetation and oil palm was 9.619. The most frequently detected species in the oil palm
plantations were the Southern White-fringed Antwren (Formicivora grisea), Silver-beaked
Tanager (Ramphocelus carbo), Palm Tanager (Thraupis palmarum), and Blue-black Grassquit
(Volatinia jacarina), which accounted for 30% of all birds seen in the plantations. The
upland and riparian forest contained 134 bird species that were never seen in the oil palm
plantations, while the oil palm plantations had 71 unique species.

Mexico: We detected a total of 123 bird species and 4333 individuals. Mean species
richness was 37.2± 7.6 SD in secondary forest fragments, 40.2± 6.6 in pasture, 19.3± 7.1 in
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mature oil palm plantations, and 27.3± 8.3 in young oil palm plantations. These differences
were significant between oil palm and forest fragments and pasture (p < 0.05). Compared
to the native vegetation, mature oil palm plantations had a mean of 48% fewer bird species
(Figure 2). Cohen’s d effect size difference between native vegetation and oil palm was
2.434. The most frequently detected bird species in the mature oil palm plantations were
the Brown Jay (Psilorhinus morio), Great-tailed Grackle (Quiscalus mexicanus), American
Redstart (Setophaga ruticilla), and Gray Catbird (Dumetella carolinensis), accounting for 57%
of the birds seen in the mature plantations. The forest fragments contained 40 species not
detected in mature oil palm, while mature oil palm had 10 bird species not seen in forest.

USA: A total of 972 individuals from 53 bird species were detected from 180 point-counts.
Young, middle, and mature stands had an average species richness of 33.5 (SE ± 0.33), 28.0
(± 0.22) and 26.0 (± 0.49) species, respectively. Species richness was not significantly different
among age classes (p = 0.58). Compared to the young stands, mature aspen stands had a mean
of 22% fewer bird species (Figure 2). Cohen’s d effect size difference between young and
mature aspen was 1.616. The most frequently detected species in both mature and middle-age
stands were Red-eyed Vireo (Vireo olivaceus), Ovenbird (Seiurus aurocapilla), and Black-capped
Chickadee (Poecile atricapillus), accounting for 40% of birds sighted in both age classes stands.
In young stands, Chestnut-sided Warbler (Setophaga pensylvanica), White-throated Sparrow
(Zonotrichia albicollis), Ovenbird, and Nashville Warbler (Leiothlypis ruficapilla) were the most
abundant, accounting for 36% of all birds in this habitat. Golden-winged Warbler (Vermivora
chrysoptera), a near-threatened species, was only recorded in young aspen stands. Five unique
species were recorded in young stands, four in middle-age stands, and three in mature stands.

3.3. Integrated Social–Ecological Results

Here, we integrate the social survey and ecological findings by comparing respondent
perceptions to actual impacts of bioenergy related land use/end use change (Table 5).

Table 5. Combined and ranked percentage survey respondents saying bioenergy expansion would negatively impact birds
and ecological data effect size for bioenergy feedstock versus native forest bird habitat. Bold numbers indicate a match
between the public perception of feedstock impacts and the actual ecological impacts.

Country

Ranking of
Perception of

Negative Feedstock
Impact on Birds

Perception of
Feedstock
Expansion

Impacts Mean
(Table 4)

Respondents Saying
Feedstock Expansion
Negatively Impacts

Birds

Feedstock Versus
Native Forest Bird

Habitat
Ecological Effect Size

Difference

Ranking of
Ecological
Effect Size
Difference

Argentina 4 3.6 17% 6.209 2
Brazil 1 2.7 52% 9.619 1

Mexico 3 3.7 19% 2.434 3
USA 2 2.8 45% 1.616 4

The country with the highest percentage of respondents rating bioenergy feedstock
expansion as negatively impacting birds was Brazil, followed closely by the USA, then
Mexico and Argentina; respondents from the last two countries, on average, expected
that bioenergy expansion would have a positive impact on birds. Based on the effect
size comparison, the country with the feedstock that had the largest negative impact on
birds was Brazil, followed closely by Argentina and then Mexico and finally the USA. It
is important to remember that in the USA, the young, recently harvested stands actually
had more bird species than older ones. Brazil, the region with the most negative bioenergy-
related bird habitat impacts, was also the region where the respondents viewed bioenergy
expansion most negatively with regard to impacts on bird habitats. However, the site with
the next most negative respondent perceptions was the USA, and this was actually the one
place where bioenergy had the smallest, and arguably positive, impact on birds. Mexico
had the third-place ranking in terms of percentage of people who thought bioenergy had
a negative impact on birds, and this social–ecological ranking matched up with Mexico
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having the third most negative impact on birds. Negative impacts on birds from eucalyptus
plantations were significant in Argentina, coming in at second place, but few respondents
saw them as such.

4. Discussion

Local environmental perceptions are rarely studied or considered, and yet these
perceptions can play a large role in ecosystem conservation [104,105]. We found that
respondents in all countries placed a high value on birds, rating them as important or
very important (83–99% of respondents). We also found that these respondents showed a
lower but still moderate enthusiasm for the expansion of bioenergy feedstocks (48–60%
of respondents). In terms of perceived impacts of bioenergy feedstocks on birds, the
country with communities near bioenergy projects that had the most negative impact on
bird habitats (Brazil) also had the fewest respondents seeing the bioenergy feedstock as
providing bird habitat. Interestingly, in Brazil, respondents were also more likely to see
bioenergy expansion as negatively impacting birds, although this number was still only
roughly half of the respondents. In Mexico and Argentina, few participants surveyed
recognized the negative impacts of bioenergy feedstocks on birds. In the USA, respondents
were nearly as likely to view expansion as negative for birds as in Brazil (almost half of
respondents). However, in the USA, aspen management for bioenergy may actually have a
somewhat positive impact on bird habitat.

The fact that all country communities: (1) valued birds highly and (2) generally sup-
ported bioenergy expansion, shows the challenges related to social choice and ecosystem
service trade-offs. People may either lack an understanding of the impacts of changing
land uses on birds or have the desire to benefit from bioenergy while minimizing impacts
to birds and other wildlife. Although ecosystems can simultaneously generate multiple
services, it is often not possible to manage them to maximize all services, resulting in trade-
offs [106–108]. Evidence from our study and others suggests that, although communities
often correctly perceive negative impacts of changing land uses to ecosystem services such
as those provided by biodiversity, they often still support the change in land use if it means
higher wages [51,109].

In this study, the ecosystem service trade-offs were between the provisioning service
of fuel generation and the cultural, regulating, and supporting services that birds provide.
The information we gathered presents an opportunity to communicate to landowners, man-
agers, and policy makers the importance of understanding where land use and commodity
production can support multiple values related to biodiversity. Moreover, our results
demonstrate the need to craft policy to provide outreach to communities and landowners
about the actual bird impacts and about strategies to mitigate them if bioenergy feedstock
expansion continues. In the case of the USA, it does appear that the multiple ecosystem
services of fuel generation and quality bird habitat can be met simultaneously, which
should also be communicated to community members and policy makers. That said, it
may be that respondents viewed bioenergy expansion as a change in cover type rather
than an intensification of an existing management practice or alternate end point for the
harvested material.

In Brazil, our findings on the effect of large-scale oil palm plantations on the bird
community were consistent with similar studies that show pronounced negative impacts,
e.g., [86]. The majority of birds detected in the oil palm were generalist species known to
do well in human-altered landscapes, while over 100 species were seen only in the forest
fragments. It is important for landowners, managers, and policy makers to understand
that local community members place a high value on birds, and that they mostly recognize
that oil palm can negatively impact their habitat. However, despite this awareness, 60% of
respondents still supported oil palm expansion, illustrating the challenge facing tropical
biodiversity conservation. Given that the Brazilian government incentivizes oil palm
expansion, knowing that local people value birds could affect their bioenergy policies.
On the other hand, the majority of people supported expansion of oil palm in the region,
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emphasizing the socioeconomic benefits of this crop in terms of stable jobs and more job
opportunities [51]. Similar to our results, a study in Indonesia showed that while local
people recognized the negative impacts oil palm plantations have on some ecosystem
services such as wildlife habitat, clean water, and cultural services, the majority were still in
favor of the oil palm plantations because of the extra income they provided [109]. If oil palm
expansion continues, the ecological data suggest that there are key strategies for mitigating
some of the negative impacts on birds through retention of nearby riparian and native
forest habitats (also see [88]), which may lessen the trade-offs between ecosystem services.

In Mexico and Argentina, respondents were less likely to recognize the negative
impacts of oil palm and eucalyptus/pine expansion on birds. In Argentina, we found
large negative impacts of eucalyptus expansion on birds (also see [10]), and yet only 17%
of respondents thought that this feedstock expansion harmed birds. The vast majority
of birds we detected in the mature eucalyptus plantations were habitat generalists that
are common near human habitation [10], while the native espinal savannah contained
27 unique species including Pampas endemics and one endangered species. Our previous
work in this country showed that communities near large eucalyptus plantations with a
strong forestry industry had many members employed by this industry, and this likely
contributed to their positive perceptions of these plantations [33]. Furthermore, afforested
pasture probably appears less detrimental to wildlife than the cutting of native forest
and planting of oil palm to the casual viewer. It would be informative to examine how
community members’ views on the expansion of eucalyptus might change if they knew
that these plantations were detrimental to bird diversity. However, as in the Brazilian case,
we suggest that they would still support the expansion as long as it provided extra income.

In Mexico, most community members did not tend to see oil palm as negatively
impacting birds, and the ecological data showed that the actual impacts were negative
but not nearly as bad as in Brazil. We found that while most species seen using the
oil palm were habitat generalists, many migratory birds were also detected. However,
the secondary forest fragments contained 40 species not seen in oil palm. The oil palm
plantations in Mexico (especially in the state of Tabasco where we worked) tend to be much
smaller than those in Brazil, and there is evidence that bird diversity and abundance are
higher in smallholder oil palm plantations than in large estates [110,111]. Thus, the public
perceptions in both Brazil and Mexico are fairly realistic in terms of the actual impacts to
birds and their habitats.

Finally, respondents in the USA were likely to see bioenergy harvesting as negatively
impacting the birds they valued even though it was actually having a positive impact
on total bird species richness in aspen-dominated northern Wisconsin forests. We found
that young, middle and mature aspen stands all harbored distinct bird communities,
pointing to the benefits of maintaining a heterogeneous mosaic of aspen stand ages for
conserving bird diversity at the landscape scale [72,75]. Furthermore, the most recently cut
stands (young age class) are the preferred habitat for the near-threatened Golden-winged
Warbler, and thus should be maintained in the landscape [43]. In this case, there appears
to be the rare circumstance of commodity provisioning and biodiversity support being
provided simultaneously. This information provides a key opportunity to communicate
these findings to policy makers, especially given that many U.S. states (including Wisconsin)
have policies requiring renewable energy consumption, including from bioelectricity, a
policy that has incentivized increased production. It would be valuable to communicate
these positive impacts (at least with the current mature–young forest mix) to the public,
landowners, and surrounding communities.

Public knowledge about the services people receive from wildlife, whether cultural or
other, along with perceptions of the abundance or scarcity of local wildlife, often influences
the value individuals place on wild species and can influence their motivation to support
various policies or management strategies [112]. Therefore, individuals’ perceptions can
play a critical role in effective resource management [112,113]. For instance, people may
not be motivated to adopt a conservation strategy for birds or other wildlife if they do not
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perceive certain agricultural landscapes as detrimental to these species [114]. Furthermore,
if people have no knowledge of the many ecosystem services provided by birds, such as
pest control, pollination, and seed dispersal, there may be little incentive to ensure that
these species thrive [115,116]. Taking stock of perceptions and values placed on wildlife
and ecosystem services and communicating the results of scientific studies in ways that
can be understood by local stakeholders are crucial elements of formulating plans for
sustainable resource management and navigating trade-offs in the future [112].

5. Conclusions

This paper is a rare example of a cross-national, social–ecological system (SES) study
that uses empirically based primary social and ecological data to better understand the SES
system and to make policy and management recommendations [45]. It demonstrates the
complexity of assessing relative ecosystem service tradeoffs within such a context and illus-
trates a path forward to better integrating SES data. We found that while all respondents
placed a high value on birds, local communities’ perceptions of the impact of bioenergy
development on birds is context-specific. In Brazil and Mexico, public perceptions aligned
fairly well with the realities of the impacts of bioenergy feedstocks on bird communities.
In these cases, policies should favor small-scale family or community owned oil palm
plantations over large ones and emphasize the importance of heterogeneity, including
polyculture food crops, to allow for landscapes that provide multiple ecosystem services
and support biodiversity [34,88]. In Argentina and the USA, perceptions of bioenergy
impacts on birds did not match well with the data, and education regarding land uses and
their impacts on ecosystem services and biodiversity should be a priority. There are no
clear patterns regarding these mismatches, as the two countries differ greatly in time since
bioenergy adoption and the level of contrast of these plantations with previous land uses.
Future research into how people form their perceptions of land use impacts, as well as on
wildlife and ecosystem services, would help land managers and conservation biologists
know how to better communicate with surrounding communities.
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