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Incorporating both ecosystem services and disservices into land-use decisions is essential for meeting conservation and livelihood goals. We 
discuss the merits and challenges of this concept, termed net effects, for birds in agroecosystems. Although birds have widely documented impacts 
on agriculture (e.g., pest control, crop damage), the net effects of such activities are rarely quantified. This could be attributed to the complexity 
of measuring direct and indirect trophic interactions, and the necessity of cross-disciplinary collaboration to value biophysical outcomes in 
economic and other relevant terms. We suggest that the direction and magnitude of net effects is driven by biotic, farm-level and landscape 
factors. These factors, some within and others beyond farmer control, interact in potentially predictable ways. We propose a framework for 
making policy decisions about farming practices and land-use planning informed by net effects to help farmers and society achieve positive 
outcomes for biodiversity and agricultural production.
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Ecosystem services and disservices are aspects of   
the natural world that have positive or negative effects 

on human well-being (Shapiro and Baldi 2014). Considering 
both ecosystem services and disservices, or nature’s contri-
butions to people, is critical to achieving conservation and 
livelihood goals (Dunn 2010, Schaubroeck 2017, Diaz et al. 
2018). Therefore, land-use policy and practice should explic-
itly incorporate both the benefits and the costs of biodiversity 
to recipients (Zhang et  al. 2007), while also acknowledging 
that this balance will be highly context dependent (Saunders 
and Luck 2016).

Adopting a decision-making framework that integrates 
services and disservices is particularly appropriate for the 
large proportion of all bird species globally that use agricul-
tural habitats (Sekercioglu et  al. 2016). Despite the diverse 
functions they provide, the costs incurred and benefits 
conferred by birds are rarely quantified and incorporated 
into agricultural practice and policy (Whelan et  al. 2015). 
However, advancing understanding of the role of birds and 
other biota in agroecosystems could help conserve biodiver-
sity and meet the needs of a human population growing in 
size and wealth (Triplett et al. 2012).

Birds matter to science and society because they can induce 
strong cascading effects on vertebrates (Kross et  al. 2012), 
herbivorous insects, and plants (Mäntylä et al. 2011), thereby 
providing important services such as pest control (Karp 
et al. 2013), seed dispersal, and pollination (Sekercioglu et al. 
2016). Through bird watching and hunting, birds also provide 

a substantial source of revenue, pleasure, mental health, and 
subsistence to landowners and communities (e.g., Belaire 
et al. 2015, Cox et al. 2017). However, birds can also be the 
source of ecosystem disservices. Many species inflict damage 
directly through granivory or frugivory (Schäckermann et al. 
2014), or indirectly by consuming natural enemies of pests 
(intraguild predation; Martin et  al. 2013), with economic 
costs for producers. There is also increasing concern about 
birds transmitting food-borne diseases (Carlson et al. 2011), 
which has led some farmers to reduce bird habitat and bird 
access to farms (Karp et al. 2015). Other byproducts of bird 
habitat use, such as nutrient deposition, and the predation or 
dispersal of weed seeds, could either enrich or degrade agri-
cultural systems (Gillespie and Wratten 2017).

Understanding the net outcomes of bird-mediated services 
and disservices (“net effects”) for landowners and communi-
ties could help them design and manage agroecosystems to 
improve habitat for biodiversity while also increasing the net 
positive flow of bird-mediated services to farmers and society 
(Ekroos et al. 2014; figure 1). The appreciation of net effects 
may differ in magnitude and direction depending on the 
recipient group, because some services contribute to private 
goods (pest control) or costs (crop damage) and others to 
public goods (bird watching) or negative externalities (zoo-
noses). Measuring and acknowledging net effects is therefore 
important for avoiding policies and management interven-
tions that deliberately or inadvertently ignore bird activities 
and therefore increase one service at the expense of others, 
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or even escalate disservices (Bennett et al. 2009). Excluding 
birds from apple orchards may, for example, protect apples 
damaged by birds. However, without additional chemical 
inputs, excluding birds may also increase apple damage by 
pest insects, likely resulting in a net cost to orchard growers, 
as well as the loss of bird habitat (Peisley et al. 2016).

Understanding net effects could also be critical for increas-
ing resilience to climate change. Climate change is expected 
to result in shifts in the composition of biotic communities, 
which could significantly alter the structure or function of 
agroecosystems (Civantos et al. 2012). Bird, insect and plant 
abundance or distribution may change as a direct response to 
altered temperature or precipitation, or indirectly because of 
land-use changes as farmers adapt to new climate conditions. 
For example, future crops may be differentially vulnerable to 
bird damage, or the pest pressure that birds help reduce may 
change. Without understanding net effects of birds in today’s 
human-dominated systems, it will be difficult to predict 
whether and under what circumstances future climate change 

could tip net positive to net negative 
(or vice versa) outcomes for produc-
ers (Rasmussen et  al. 2017). Advancing 
understanding of net effects under cur-
rent and changing conditions could help 
identify interventions that could increase 
resilience to global change.

Despite their potential importance, 
net effects of birds in agriculture are 
rarely measured, and few practices and 
policies explicitly incorporate services 
and disservices into land-use decisions 
(Sekercioglu et  al. 2016). Of a recent 
review of all studies that measured the 
costs or benefits of bird activity on crop 
yield, only five investigated both in the 
same agroecosystem (Peisley et al. 2015). 
More often, studies were geographically 
and temporally segregated, with those in 
north temperate regions mostly assess-
ing costs, and those in equatorial regions 
mostly evaluating benefits. Studies in 
perennial crops appear more likely to 
report net benefits from bird activity. 
For example, Borkhataria and colleagues 
(2006) and Karp and Daily (2014) both 
found that birds in coffee farms have 
positive effects on pest control; birds 
reduce pests and don’t interfere with top-
down control by arthropod predators. 
Similarly, birds in apple orchards inflict 
little direct damage (Mangan et al. 2017) 
and can provide pest control services 
with net benefits to producers (Peisley 
et  al. 2016). In contrast, studies of bird 
activity in annual crops have shown 
mixed results, with net effects tending to 

be neutral or negative. For example, red-winged blackbirds 
both damage rice and provide pest control (Borkhataria et al. 
2012), with no significant effect on yield, and bird predation 
in wheat and oats disrupted pest control by mesopredators 
(spiders), with potential net negative effects for producers 
(Grass et al. 2017).

In this synthesis, we focus on birds and their trophic inter-
actions to (a) offer reasons why net effects are rarely mea-
sured, and (b) summarize the diverse and interacting factors 
that could influence the provision of bird-mediated services 
and disservices. We then (c) propose a research agenda for 
net effects research, outline a framework for policy and 
practice, and (d) highlight emerging tools that could provide 
new insights into bird-mediated services and disservices in 
agroecosystems. Finally, we discuss the promise and limita-
tions of the net effects approach for implementing policies 
and practices to support birds and the services they provide. 
Our intention is not to provide a comprehensive synthesis 
of the large body of literature on the trophic effects of birds 

Figure 1. Birds provide ecosystem services such as pest and weed control (a and 
c) and disservices such as intraguild predation and crop damage (b and d) 
in agroecosystems. This panel of images illustrates (a) an Eurasian hoopoe 
(Upupa epops) carrying a mole cricket, a potential crop pest; (b) an eastern 
bluebird (Sialia sialis) with a spider, demonstrating intraguild predation; (c) a 
twite (Carduelis flavirostris) feeding on weed seeds; and (d) a juvenile Lewis’s 
woodpecker (Melanerpes lewis) consuming an apple and causing crop damage. 
Photographs: (a) Matthias Tschumi, (b) Brian  Lasenby/Shutterstock.com, (c) 
Pettery Hytönen, and (d) Megan Miller.
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in agroecosystems (e.g., Tscharntke et  al. 2008). Rather, we 
hope to stimulate discussion of the compelling reasons for, 
and associated challenges with, advancing the science and 
practice of managing farms, landscapes and bird communi-
ties through the lens of net effects.

Why are net effects rarely measured?
Disservices are often direct effects of bird activity, whereas 
services are often indirect. Measuring the net effects of bird 
activity almost always demands an understanding of the 
nature and magnitude of interspecific interactions across 
three or more trophic levels (e.g., crop, pest, bird; Kross et al. 
2012). Bird activities that affect crops directly usually result 
in disservices, which are readily observed and more likely to 
be quantified in biophysical and economic terms relative to 
services (Shapiro and Baldi 2014, Peisley et al. 2015, Buij et al. 
2017). However, most services and some disservices are indi-
rect, and therefore more likely to be overlooked. For example, 
reduction of crop damage by consumption of crop pests, or 
disruption of pest control through intraguild predation can-
not be observed directly (Martin et al. 2013).

Stakeholders tend to focus on either services or disservices. 
For example, while producers and agricultural scientists tend 
to focus on identifying and mitigating crop damage by birds, 
conservation biologists often seek win–win situations—that 
is, cases in which birds provide benefits to producers and the 
producers provide habitat for birds. Both approaches have 
value but can be problematic in isolation (Saunders et  al. 
2016). Conservation biologists may be more likely to pub-
lish success stories or to select study systems in which high 
biodiversity is a priori harbored and in which birds are more 
likely to provide benefits (e.g., shade grown coffee). In con-
trast, producer perceptions of crop damage by birds are often 
greater than the actual loss (Luck 2013), and the presence of 
birds does not necessarily result in measurable impacts on 
crop yield (Borkhataria et al. 2012, Lindell et al. 2012).

Furthermore, measuring net effects requires a multidis-
ciplinary approach. To assess the effects of bird activity in 
terms meaningful to producers and society, it is often useful 
to translate biophysical metrics (e.g., the disservice of the 
percentage of crop damaged or the service of damage avoided 
by pest control by birds) into economic terms. These values 
can then be compared with the cost of mitigating disservices 
(e.g., netting) or replacement cost of services (e.g., chemical 
pesticides) using ecological–economic modeling to consider 
all services and disservices as well as potential substitute 
inputs (Wätzold et  al. 2006). However, some services such 
as human health benefits from reduced use of pesticides, 
and many cultural values, might be better assessed in non-
economic terms (Diaz et al. 2018). To fully assess the effect 
of bird activity on stakeholders at local, national and global 
scales, ecological investigators may need to work collab-
oratively with their agronomist, economist and social science 
colleagues to assess both market and nonmarket values. For 
example, similar bird communities could be predominantly 
associated with either services or disservices depending on 

farmers’ perceptions, which are partly linked to the farm-
ing system (Kross et  al. 2018). Furthermore, the scale of 
economic analysis must be made explicit (e.g., to distinguish 
among net effects to producers and the welfare of consumers; 
Hein 2009, Hanley et al. 2015).

The benefits and costs of birds in agroecosystems may 
also accrue differently across time and space. For example 
birds may provide net costs during the breeding season in 
one region (e.g., crop damage during the growing season), 
and then net benefits (e.g., weed control post harvest) during 
migration, posing management challenges. Similarly, birds 
that provide ecosystem services or disservices locally may, 
because they are mobile, also affect ecosystem services on 
neighboring properties and beyond. Finally, although small-
scale experiments are often used to evaluate net effects (e.g., 
exclosures), scaling up local effects to farm or landscape 
levels is crucial for policy and management interventions, 
but this requires making assumptions that are frequently 
untested (Muiruri et al. 2016).

Characteristics that influence net effects  
across scales
In a given agroecosystem, native plants, crops grown, the 
traits of the dominant arthropods associated with each 
crop, and the bird community could all influence net 
effects (Isaac et al. 2009). Bird body size is a central trait 
in food webs (Woodward et al. 2005), with predators gen-
erally favoring prey of a certain size relative to themselves 
(Brose et al. 2008). Because of higher metabolic rates rela-
tive to body size, the decline of common small European 
birds is expected to result in a disproportionate loss of pest 
control services (Inger et  al. 2015). This trait and others 
could therefore be used to predict the strength of interac-
tions among species (Schneider et al. 2012), the net effect 
of birds on pests, and thereby on crop production.

As an illustration, in systems in which herbivorous insects 
escape predation by birds because of their small size (e.g., 
aphids), songbird predation on larger arthropod preda-
tors (e.g., spiders) may lead to a predictable and consistent 
negative indirect effect (i.e., more crop pests). In contrast, 
the same bird community may be beneficial in another 
system in which average pest size is larger (e.g., caterpillars 
in orchards). These effects could also change in predictable 
but context-dependent ways. For example, Great Tits switch 
from predating on spiders to predating on caterpillars when 
these reach a certain size (Naef-Daenzer et al. 2000; figure 2). 
However, predictability may be limited where crops are 
affected by a range of pests that fluctuate in relative impor-
tance over time (e.g., Maas et al. 2013, Gras et al. 2016), and 
these relationships could be mediated by other traits such as 
palatability of the mesopredators, camouflage, and warning 
coloration in the pests (Philpott et  al. 2009, Lichter-Marck 
et  al. 2015)S. Many ecosystem services provided by birds 
are a function of their foraging behavior (Sekercioglu et  al. 
2016). Particularly during the breeding season, birds are 
central-place foragers that depend on landscapes containing 
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nest sites, roosting sites and foraging habitats (Ydenberg 
2007), all of which could affect how management practices 
in agricultural landscapes alter ecosystem services provided 
by birds. Pest control is generally higher in landscapes with 
higher native habitat cover, greater habitat heterogene-
ity, and in agricultural patches in close proximity to native 
habitats (Boesing et  al. 2017; figure  3). However, complex 
landscapes can also increase the importance of mesopreda-
tors, which serve as natural enemies to insect pests (Landis 
et  al. 2000), and birds can disrupt pest control through 
predation (Martin et  al. 2013, Tscharntke et  al. 2016). 

The landscape-moderated biodiversity 
versus ecosystem service management 
hypothesis (Tscharntke et al. 2012) pre-
dicts that fragmented landscapes are 
more likely to optimize movement of 
habitat generalists from natural habi-
tats to agriculture (Boesing et al. 2018), 
enhancing ecosystem services. However, 
habitat specialists (often of conservation 
concern) tend to thrive in landscapes 
with contiguous and high quality natural 
habitat (Smith et  al. 2014), which sug-
gests there may be fundamental trade-
offs in achieving positive net effects from 
bird activities, and protecting habitat 
for sensitive species (figure  4). Because 
many of these hypotheses have yet to be 
tested in diverse ecoregions, we argue 
that in addition to documenting the 
effects of farm-scale practices on bio-
diversity-mediated ecosystem services, 
research should be focused on land-
scape-moderated effects on birds.

Predictions and questions to 
advance science and practice
Given current knowledge of bird-
mediated ecosystem services in agricul-
ture, we predict the following factors will 
be associated with net positive or negative 
effects of bird activity on individual farms. 
We expect that net negative effects are 
more likely on farms embedded in simple 
landscapes so transformed by intensive 
agriculture that bird species and func-
tional diversity is extremely low. These 
landscapes may be more susceptible to 
midsize to large generalists that can travel 
far and in large flocks to feed opportu-
nistically on seeds, seedlings or fruits, 
because granivores more readily thrive 
in intensive agriculture relative to insec-
tivores (Frishkoff et  al. 2014). Similarly, 
we expect that farms within reach of large 
urban centers that host high densities of 

nesting birds with generalist diets (e.g., corvids; McGowan 
2001) are more likely to be subject to net negative effects, 
because large aggregations of these urban birds may spillover 
into agricultural areas and cause crop damage (Pereira-Peixoto 
et al. 2014). These scenarios would lead to net negative effects 
if the costs associated with crop damage outweigh any indirect 
benefits of pest control by these generalist birds.

In contrast, we predict that farms embedded in a mosaic 
of remnant natural habitat that support diverse bird and 
arthropod communities will be associated with net posi-
tive effects of bird activity. Natural habitat in and adjacent 

Figure 2. Net effects of birds can be context dependent, as is illustrated in the 
present figure with temporal changes in trophic interactions. Great tits (Parus 
major) predate on spiders (mesopredators of pest caterpillars) early in the 
season until caterpillars become large (a, b; Naef-Daenzer et al. 2000). In 
this case, small prey items (herbivorous pests such as early stage caterpillars, 
aphids) are a small part of the diet as shown by the thin arrow (a, b), despite 
high abundances. Therefore, the role of the bird as an ecosystem service 
provider can be dependent on the relative size and abundance of prey and 
mesopredators (c, d). Images: the spider image Zygiella x-notata is based on 
a photograph by F. Geller Grimm, CC BY-SA 3.0; the bird image is based on 
public domain artwork by pegasa, openclipart.org; the aphid and caterpillar 
are by Y. Clough.
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to crops can attract avian insectivores that consume crop 
pests. Therefore, we expect farms with natural habitat to 
experience net positive effects of bird activity if crops har-
bor sufficiently high densities of pest prey such that there 
is a higher probability of bird predation on pest rather than 
beneficial arthropods and if natural habitat provides shelter 
and nesting sites for insectivorous birds, and harbors fewer 
insect pests than adjacent croplands do. However, in some 
cases birds can also detract from pest control through sup-
pressing intraguild predation and natural habitat can also 
harbor crop pests (Tscharntke et  al. 2016). Furthermore, 
net positive effects of bird activity in heterogeneous farms 
and landscapes may in some cases be dependent on whether 
trees near or within crop fields serve as crucial breeding or 
roosting habitat for granivorous birds that depredate crop 
seeds (Schäckermann et al. 2014).

In light of our predictions that local and large-scale 
biota, habitat complexity, and landscape context will influ-
ence net effects (figure  3), clarifying which factors are 
within and beyond the control of individual producers 
will be critical to determining practices and policies that 

benefit biodiversity and production. We suggest that the 
following factors are within at least partial control of indi-
vidual producers: within-farm habitat heterogeneity, crop 
type and diversity, the level of inputs used to substitute for 
bird-mediated ecosystem services (e.g., pesticides), and 
the actions taken to exclude (nets) or enhance (nest boxes, 
hedges) local bird populations (Jedlicka et al. 2011).

In contrast, individual producers have little or no short-
term control over the following factors, each of which also 
could play a strong role in shaping bird communities and 
determining the net effects of birds to farmers and society: 
landscape composition, configuration and connectivity (e.g., 
proportion of natural habitat or urban sprawl), the average 
farm size, spillover effects from the actions of neighbor-
ing farms, and the nature and amount of external subsidies 
provided to enhance or mitigate biodiversity driven services 
and disservices (e.g., pesticides versus vegetated buffers; cf. 
Prager et al. 2012).

Given these predictions, we suggest that the net effects 
research agenda should include the following critical ques-
tions: First, at what threshold of complexity do landscapes 

Figure 3. The net effects of bird-mediated services and disservices depend on the abundance of key species and on the 
structure of bird assemblages. Biotic communities, embedded in farms and landscapes, are affected by practices and 
interventions at the level of individual farms, but also on the properties of surrounding landscapes, which provide 
resources for birds foraging at large spatial scales. These large-scale processes will have spillover effects that are less readily 
managed on the scale of individual farms.

D
ow

nloaded from
 https://academ

ic.oup.com
/bioscience/advance-article-abstract/doi/10.1093/biosci/biy104/5103316 by C

olorado State U
niversity user on 26 Septem

ber 2018



Forum

6   BioScience • XXXX XXXX / Vol. XX No. X	 https://academic.oup.com/bioscience

become sufficiently “simple” to experience net disservices 
from birds? Second, at what distance from urban centers are 
farms released from disservices associated with the poten-
tial spillover effects of human-adapted species that cause 
crop damage? Third, are there predictable circumstances 
(crop type, climate, proximity to and extent of natural habi-
tat) under which the bird-mediated benefits of embedded 
natural habitat (e.g., pest control) exceed the potential costs 
(e.g., crop damage and land loss to production)? Fourth, 
can functional traits of predators and prey, and changes in 
their relative abundance within season (figure 2), be used 
to predict patterns of pest-suppression by bird communities 
across ecosystems? Fifth, what is the functional relationship 
between the relative abundance of bird species, services 
and disservices (Gaston et al. 2018) in agroecosystems, and 
what thresholds are optimal for sustaining diverse human-
sensitive bird communities and achieving net benefits 
for producers? Finally, to what extent can bird-mediated 
services and disservices to crop production be managed at 
the farm level, and alternatively, when is farmer collabora-
tion or agricultural policies critical to achieving positive 
outcomes?

Given the objective of improving conditions for biodi-
versity, and the welfare of individual producers and society, 
we propose a net effects decision-making framework. This 
framework offers pathways for evidence-based decisions 
that also account for the factors within and beyond the 
control of single producers (figure 4). For example, if the net 
effects of birds in an agroecosystem are positive and those 
species are also of conservation concern, then this outcome 
represents a win–win outcome for conservation and produc-
tion and no action may be warranted. However, if net effects 
are negative and birds causing damage are of conservation 
priority, then producers are providing bird habitat at a 
cost and could be compensated to continue to provide this 
service. We suggest that through individual and collective 
action both producers and society have a strong role to play 
in applying the outcomes of net effects studies to land-use 
policy and practice.

The net effects toolbox
We highlight two of many existing and emerging tools for 
advancing a net effects research agenda. First, because the 
relationship between crop production, natural habitat and the 

Figure 4. Strategic policies and management recommendations for managing biodiversity in agroecosystems rely 
on understanding the direction and magnitude of net effects, the subset of the bird community driving services and 
disservices, and the farm and landscape level characteristics that influence bird habitat use and activity. This decision 
framework could help guide policymakers and managers seeking to conserve birds of conservation concern while also 
increasing the flow of bird-mediated services to producers.
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delivery of ecosystem services and disservices by birds is com-
plex, simulation models informed by well-designed experi-
ments in real systems could be an important tool for testing 
alternative predictions. For example, Railsback and Johnson 
(2014) used a spatial simulation model calibrated to field 
observations to evaluate how bird-mediated pest control affects 
the outcomes of land-sparing and land-sharing approaches to 
coffee production and bird conservation in Jamaica. They 
show that because of bird pest control, coffee farms with shade 
trees were more likely to benefit birds and coffee than were 
spatially segregating sun coffee and forest. Such modeling 
exercises can also identify important gaps in understanding to 
focus empirical research (e.g., where birds that consume pests 
roost and how far they will travel from roosting sites to forage 
in farm fields; Railsback and Johnson 2014).

The field of genomics also offers increasingly sophis-
ticated tools for addressing net effects questions. By 
characterizing the diets of entire bird communities in 
agroecosystems, individual bird species can be classified as 
pest predators, pests, or both. Advances in DNA sequenc-
ing of gut contents or feces are being applied to identify 
which species provide pest control services or act as pests 
themselves (e.g., Jedlicka et al. 2013, Karp et al. 2014). Once 
producers know which bird species are beneficial, which 
are detrimental, and which can be both (depending on con-
text), more species-specific management programs could 
be developed.

We emphasize that well-designed ecological field studies 
on net effects in diverse contexts are also warranted, and 
will be critical to the effective use of simulation modeling 
and genomics. Together with socioecological research, field 
studies, DNA barcoding, and modeling approaches are all 
promising pathways for producing new insights to guide sci-
ence, practice and policy that incorporates net effects.

Conclusions
We may have been quick to measure disservices in the past 
(Shapiro and Baldi 2014), but overemphasizing services 
(Schaubroeck 2017) is equally unproductive for gaining trust 
and credibility with the agricultural community, and will 
not ultimately meet the goal of sustaining both biodiversity 
and human well-being. Using a net effects approach, there 
may be opportunities to simultaneously reduce disservices, 
enhance services and conserve biodiversity, with the objec-
tive of sustaining current and future human well-being 
within ecological limits. Informed by net effects, evidence-
based policies and practices could be applied at the farm or 
landscape scale (Landis 2017; figure 4).

We note, however, that practices and policies adopted in 
response to bird-mediated net effects could conflict with 
services provided by other groups of species, or conservation 
of those groups, or exacerbate disservices. For example, add-
ing natural habitat (e.g., trees and shrubs) within or adjacent 
to crops could enhance habitat for birds that provide pest 
control services, but could also provide nesting or roosting 
habitat for granivores and frugivores that depredate crop 

seeds and fruits. Furthermore, in some contexts growing 
crops in close proximity to natural habitat increases the risk 
of crop damage and risk to human health from mammals 
such as wild pigs and primates (Hill 1997). Considering the 
net effects of multiple taxa is not trivial but may be criti-
cal, especially when there is reason to believe that a group 
provides a strong service or disservice, or that management 
interventions for one group will negatively affect another.

Although measuring net effects could reveal undiscovered 
synergies between conservation, production and human 
well-being, in other cases there may not be obvious win–win 
outcomes. Practices that benefit birds providing services 
and reduce the abundance of birds causing damage may 
not always be compatible with conservation objectives. The 
majority of bird-mediated services, for example, may be 
provided by only a small subset of relatively common bird 
species (Ekroos et al. 2014). In contexts in which policies to 
ensure bird conservation result in unavoidable net negative 
effects on producers, schemes to compensate landowners for 
crops lost in service to society may be warranted.

We anticipate a fundamental change in how we value 
bird-mediated services and disservices in a future in which 
clean air and water become increasingly scarce (Schewe et al. 
2014). If pesticide use becomes more regulated or if the costs 
of externalities associated with pesticide and herbicide use 
are incorporated into their market prices (e.g., through pes-
ticide taxes), natural pest and weed control may necessarily 
become an integral part of farm-level management and 
landscape scale policies. Wherever feasible, this approach of 
considering both positive and negative effects of biodiversity 
on human well-being should be incorporated into science 
and practice. During an era marked by increased division 
between scientists and society, net effects is a transparent 
and balanced approach to evidence-based decision-making, 
and an important first step in bringing conservationists and 
producers into productive dialogue.
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