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ABSTRACT

The fate of ecosystem services (ESS) in the dritiates (U.S.) depends on the actions
of private | andowners and operators (fAfar mers
quantitative method to understand farmer knowledge of ESS and willingness to manage lands
from an ESS perspective. Fourteenmiwvs were conducted to analyze farmer understanding
of ESS within the context of conservation management. Two hundred surveys of Indiana farmers
and 33 surveys of Indiana U.S. Department of Agriculture Natural Resource Conservation
Service (NRCS)conseavt i oni st s (fAconservationistso) were
knowledge derived from varied land types. Though most farmers and conservationists were
unfamiliar with ESS, both groups consistently recognized environmental benefits from land
types ancconservation practices. They were also able to identify-nffiden ESS when
managing lands for maximum food production. Farmers and conservationists differed in their
views of the beneficiaries and stewards of ESS, which also varied by land typell,@visr
study shows that while Indiana farmers and conservationists are aware of ESS concepts, some
ecosystem services are more easily recognized and understood than others. By understanding
how farmers view and describe ESS, we can start applyingS8ec&ncept to agricultural

management in the U.S.

! This work was funded by the North Central RegionSastainable Agriculture Research and Education (GNC 10
140.2). This paper is the ppriblisher formatted version of the manuscript which was published in January 2015 in
the International Journal of Biodiversity Science, Ecosystem Services & Management
(http://dx.doi.org/10.1080/21513732.2014.998711)
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1 INTRODUCTION

Ecosystem services (ESS) are defined as benefits the natural environment provides to
humans, and are divided into four categories: provisional, regulatory, cultural, and supporting
(MEA 2005).The ESS concept provides a holistic framework for understanding links between
human actions on the natural environment and humarbegly, which makes it practical for
land management decisiomaking. Humaraltered landscapes have existed for thousahds o
years; however, in the past century, rates of land conversion have accelerated (Foley et al. 2005).
Specifically, natural landscapes have been increasingly converted to agriculture; over 40% of the
worl dés terrestrial e ¢ onaged (Foeyres aP@0%).dn tmsaype oh g r i c u
land conversion, ESS are often diminished or lost in order to increase food provision (Faley et al
2005; Rodriguez et a2006; Wratten et al. 2013). However, this loss can create a negative
feedback loop that nyaunintentionally undermine food provisioning (Rodriguez et al. 2006).

The ESS concept can aid in evaluation of these 4pffideand development of sustainable
management strategies.

Al t hough the ESS concept i s noltisgowing, itads
(Seppelt et al. 2011; Von Haaren and Albert 2011; Sandhu et al. 2012; Logsdon and Chaubey

2013). The U.S. Department of Agriculture (USDA) established an Office
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of Environment al Mar kets (OEM) i n 20Co0r@lof USDA
Advisors on Science and Technology released a report on ESS for protecting society and the
economy (Holdren and Lander 2011). This coincides with the fact that approximately 60% of

land in the U.S. is owned by private landowners, the majoiryhach is cropland or

pasture/rangeland (USDERS 2006). In the U.S. Corn Belt, which includes Indiana, 95% of the

land is privately owned (USDARS 2006). This suggests that if U.S. lands are to be managed

for multiple ESS, cooperation from private laménagers is needed.

USDA Natural Resource Conservation Service (NRCS) programming and accompanying
state agricultural conservation programs have long established a culture and system of delivery
for agricultur al conser vvaattiioonn o rtehfreorurgehdo utto) .s i
design of structural and managembased conservation practices in agriculture was intended to
target specific improvements in environmental quality, practice implementation inherently
enhances multiple ESS

Private lndowners, farm owners, and farm operators can be considered key stakeholders
in managing ESS, and their knowledge and perceptions of ESS are relevant (Purushothaman et
al. 2013). Farmers generally view themselves as good stewards and land manage@nfAgtnstr
al. 2008; McGuire et al. 2013). Despite this sentiment, managing lands for restoration of multiple
ESS could be more complicated and require significant farmer training and involvement
(Benayas and Bullock 2012).

Multiple studies have examined thdeet of farmes perceptions on conservation efforts
(Ryan et al. 2003; Pannell et al. 2006; Ahnstrom et al. 2008; Prokopy et al. 2008; Greiner et al.
2009; Greiner and Gregg 2011; Reimer et al. 2011; Arbuckle 2012; Arbuckle 2013), how

payments for ESS tarmers could be implemented (Powlson et al. 2011; Hayes 2012), and ESS
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assessment in agriculture (Wratten et al. 2013). More recently, studies outside the U.S. have
focused on understanding farrmegderceptions of ESS (Sandhu et2007; Sandhu et al. 24;
Smith and Sullivan 2014). This study, however, is a first step in exploring the extent of U.S.
farmer knowledge of the terms and meanings within the MEA ESS framework. We also aim to
demonstrate the opportunity to engage U.S. farmers to improve aoickreSS.

The overall goal of this work was to evaluate awareness and perceptions of ESS among
Indiana farmers (owners and operators) and NRCS conservationists. Four research questions

motivated this work:

(1) Have farmers (or conservationists) heard oféhetm fiecosystem services
know its MEA meaning?

(2) Do farmers (or conservationists) recognize the ESS provided by landscapes, and do they
value these services?

(3) Who do farmers (or conservationists) consider to benefit directly from ecosystem
servies, and who do they belieiseresponsible for maintaining ESS?

(4) If U.S. farmers are decisiemakers for restoring and improving ESS in their lands, what

are effective methods of engaging them in policy discussions?

This research aimed to gain a baselineg@egtion of ESS through4idepth interviews and
statewide surveying of Indiana farmers and conservationists. Interviews provided qualitative data
needed to contextualized farmersdé perceptions
2011) . F asesplanguage theyausegd, and concepts they were familiar with in the

interviews aided creation of the survey.
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2 MATERIALS AND METHODS

2.1 Study Area

Indiana was chosen as the study area because it is located in the Corn Belt ecoregion of
the Midwestern Unitedt8tes Figure2.1 Location of Indiana in the U.S., along with number of
farmer responses per county (indicated by number in county) and number 8f ldRidnses by
district (indicated by color of distric}).This region of the l&. produces over 40% of the global
corn and soybean crops and is one of the most productive regions in the world (Guanter et al.
2014). Indiana can serve as a microcosm for Midwestern agriculture and help to better
understand the views of private ownerd aperators who control a large portion of U.S.

agriculture.
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Figure2.1 Location of Indiana in the U.S., along with number of farmer responses per county
(indicated by number in county) and number of NlR@sponses by district (indicated by color
of district).
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2.2 Sampling Tools and Methods
2.2.1 In-depth Interviews

Individual interviews with Indiana farmers were conducted to explore knowledge and
perceptions surrounding ESS within the context of agriculturadezeation practices. Two
guestions were included to define and describ
6ecosystem services?0 and (2) fAHow would you
farmers were asked to describe benefits of elevereceatson practices. These questions were
included in a longer interview script as part of a broader study designed to evaluate an adaptive
targeting approach to conservation (Kalcic et al. 2013).

Interview participants were targeted in two small watershedippecanoe County,
Indiana. Fourteen farmers were interviewed, containing twelve actively farming and two retired
farmers. Participating farmers were identified using publicly available parcel ownership data,
and while total land area farmed by mviewees accounted for approximately 33% of study
watershed land area, the response rate was nearly 100% from farmers contacted by mail and
phone. Farmers who operated in the remaining

2.2.2 Farmer Survey

Indiana farm owners and operators were the target study group. A sample of this
population was obtained using the USDA Farm Service Agency (FSA) payment records,
accessed using a Freedom of Information Act request. After removing duplicates and entries with
non-Indiana mailing addresses, there were 66,051 producers who received a USDA FSA
payment in 2011. This modified database was thersanipled using a randomized algorithm,

weighted by county farmland percentage. One of the three hardcopy surveys wasdberyran
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distributed to the resulting 1,0qi®erson mailing list. Three rounds of haxapy surveys were
sent based on a modified Dillman method (Dillman 2000).

The survey was developed and reviewed in multiple stages to ensure it would address the
objectivesof this study through a method that was quick and easy for participants to complete.
Initial questions were developed using qualitative results from the interviews. The survey was
pretested in focus groups with undergraduate students with agricultukgrdacds. These
focus groups helped examine and improve wording and formatting that might be confusing,
misleading, or ofputting for participants. The final survey is providedha Appendix The

survey consisted of questioypes described imable2.1.
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Table2.1 Specific questions and categories of questions asked on the farmer survey.

Category Questions Asked
Ecosystem 1 Doyouknowvi at an fiecosystemo
Servic.e T Have you heard of the tef
Questions f What would you guess that
Conservation | 1 What conservation practices do you implement on your
Questions farm?
1 What federal or state conservation programsheu
participated in?
91 Do you consider yourself to be conservatiomded in
your views of agricultural production?
Information 1 Where do you get information when making farm
and management decisions?
Willingness to| §  Would you be morsvilling to implement conservation
Change Farm practices i f you knew hoy
Practices ecosystems?
1 What resources would you consult for information aboy
the environmental benefits on your farm?
Value, 1 How often ddland type] provide the following benefits tq
Beneficiaries, society?benefits provided ifable2.3
and Stewards | § If you checked that one of the benefits was provided by
of [land type], how valuable is this benefit to you?
Environmental §  Who benefits fronjland type]?
Benefits f Who should be responsible for maintain[tend type]
benefits?
1 Of those responsible, who do you believe is most
responsible for maintaining benefits fofland type]?
Personal and | What counties do you farm in Indiana?
Farm 1 How many apes do you farm?
Demographics §  What types of crops do you produce?
1 What livestock do you have on your farm?
1 How many years have you farmed in the area?
1 Did you grow up on a farm?
1 What is your gender?
1 What is your age?
1 What best describes your work?
1 Do you identify as aacial minority?
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Each participant received one of three versions of the survey, each focusing on a different
ecosystem or fAland typeo: croplands, forestl a
would recognize differences in ESS providgddifferent ecosystems. Questions about the given
land type included the environmental benefits it provided, associated value of those benefits to
society, and who they think are the primary beneficiaries and stewards of those benefits. This
was not inteded to be a valuation study; therefore, the valuation questions focused broadly on
what ESS were most important for society. Based on the interviews, we did not anticipate
farmers would know the term fAecosysniethe ser vi c
survey would I|Iikely cause confusion, so in mo
instead. Some MEA definitions were reworded to aid compreheriBaime.2). In addition,
we found that farmers shied awfagm the term regulation during interviews, so we asked about
erosion regulation twice in different ways in the environmental benefits section: using MEA
based | anguage fAregul ate erosionodo as wel |l as

thewor d fAregul ationodo in ESS | anguage, though no
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Table2.2 Wording changes to convey ecosystem service as a benefit provided by ecosystems.

Category Ecosystem Service (Typ  Survey Wording 1
of Service) Environmental Benefits
Provisioning  fiber provision provide plant fibers
food provision provide food
fresh water provision provide fresh water
fuel provision provide fuel
genetic resource provision provide genet resources
medicine provision provide medicines
Regulatory air quality regulation provide clean air
climate regulation regulate local climate
erosion regulation regulate erosion/reduce soil lo
flood regulation reduce flooding
Cultural aesthetic values are aesthetically pleasing
recreation provide opportunities for
recreation
sense of place provide a sense of place
spiritual and religious inspire spiritual connection
values
Supporting biodiversity maintain species diversity
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2.2.3 Conservationist Survey

An almost identical survey was sent to Indiana NRCS conservationists via email by the
Indiana State NRCS Office using Qualtrics; participation in the survey was voluntary.
Conservationists were randomly assigned a survey landTiyeethree ESS questions were
identical to the farmer survey, with an added
up i n discussions with farmers?0o The Al nform
category of questions were asked about éxsnnstead of themselves. Instead of asking farming
demographic questions, we asked how long they have been with NRCS, the district they serve,
and the type of work they do for NRCS.

2.3 Data Analysis
2.3.1 In-depth Interviews

Interviews were transcribed verbatimdacoded using a grounded theory approach as
detailed in Miles and Huberman (1994) for a number of themes related to ESS and conservation.
The final set of coded a&ble2.3) was developed based on commonly used ESS definitions
(MEA 2005). Coding was performed by one researcher andchnes&ed for reliability by

other members of the research team.
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Table2.3 Final set of 19 codes used to categorize statements related to ecogysieas.s

Codes Description

Farmer mentions aesthetic benefits of conservation.
Aesthetics example, enjoying the sight of quail or watching haw!

nesting in fencerows.

Farmer mentions biodiversity benefits of conservatio
Biodiversity® Must speciically comment on diversity beyond

statements related only to creation of wildlife habitat,

Climate regulation

Farmer mentions climate regulation benefits of
conservation.

Crop pollinatior?”

Farmer mentions the importance of crop pollination.

Disastemregulation

Farmer mentions the importance of natural disaster
regulation. This would include drought
mitigation/regulation, but not flooding regulation, as i
has its own category.

Disease regulation

Farmer mentions disease regulation benefits of
conservéon.

Education

Farmer mentions the education value of ecosystems
cropping systems. For example, noting that Purdue
University has test plots that will show how cover crg
can be used to improve farmland.

Erosion regulation

Farmer mentions soil erasi benefits of conservation.
The farmer may mention both soil and surface water
flow related to soil erosion, or wind erosion.

Flood regulation

Farmer mentions the importance of flood regulation.
example, commenting on how a practice might mitig
flooding, or talking about how flooding is a problem i
the landscape.

Food provisioning

Farmer mentions the importance of food provisioning

Fresh water
provisioning

Farmer mentions the importance of fresh water
provisioning, and any water quality bengbf
conservation.

Genetic resources

Farmer mentions the importance of genetic resource
the farm or elsewhere. For example, a farmer
emphasizes the difficulties that come with a lack of
genetic diversity in the crops he grows.

Habitat®

Farmer nentions wildlife habitat benefits of
conservation. Coded any time a farmer mentions tha
practice provides wildlife habitat, or statements that
reveal a more general value of wildlife.
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Table2.3 (Continued)Final set of 19 codes used to categorizeestants related to ecosystem
services.

Farmer mentions nutrient cycling benefits of
conservation. For example, water quality concern
the streams could be addressed by a practice (e.g
Nutrient cycling® nutrient "filtering” by wetlands or grassed
waterways), and soil nutrient cycling (e.g. cover
crops or legumes improving nutrient compaosition ¢
the soil).
Farmer mentions pest regulation, and benefits of
conservation.
Farmer mentions recreational activities, and the
Recreation benefts of conservation, such as hunting, fishing,
trapping and walking trails.
Farmer mentions a "sense of place" felt when in
natural or conserved area. This can be hard to
determine, but examples include simply loving to
visit the restord wetland on his property.
Farmer mentions soil formation benefits to
conservation. Soil tilth, reducing soil compaction,
and improving infiltration/drainage are included.
Could be in the context of better plant growth, and
since soiltilth is in the eye of the beholder, and our
beholders are farmers, they're considering soil hed
for the purpose of growing crops.
Farmer mentions a spiritual connection to nature @
the land. For example, any time a farmer n@i
Spiritual connection  God in relation to preserving the environment, suc
as "That's how the good Lord intended it to be" wh
talking about a more pristine landscape.
@ denotes a supporting ecosystem service.

Pest regulation

Sense of place

Soil
formatiort®

Pagel4 of 54



2.3.2 Farmer Surveys

Early in the survey participants were edko define ESS. In order to better understand
what the term could mean to producers upon first hearing it, responses to this question were
grouped according to a number of common themes that emerged, similar to those identified in
the indepth farmer iterviews

The majority of data collected, other than demographics, were categorical. In order to
analyse differences in farmer responses to the three survey typsquahed tests were used.
Chi-squared tests were used to examine the differences imeespamong the survey types for
(1) what benefits participants felt that land type provided, (2) of the benefits that land provides,
how valuable the benefits were to society, and (3) who participants felt was most responsible for
maintaining those benedit

2.3.3 Conservationists Surveys

The same chsquared analyses were completed for the NRCS data as for the farmer data.
However, for some tests with low sample sizes, thesghared tests results were compared with
Fi sher 6s Ex ac t-sqliaeed tsts uairsg MangelChrlo sirsulatdm to estimate p
values to confirm the interpretation. Conservationist results were also compared with farmer
survey results using similar techniques to examine similarities and differences between the two
stakeholders.

3 RESULTS AND DISCUSSION

3.1 In-depth Interviews
Of the 14 farmers interviewed, none produc
serviceso, and only two had heard of the term
context of agricultural conservation, andtmaularly the benefits received from conservation
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practices explicitly discusse#ifure3.1). Some farmers focused almost exclusively on one or
two ESS (e.g. erosion regulation), while others discussed an assortment of Efa8neébk
recognized freshwater provisioning and erosion regulation. Most ESS were only recognized by
some of the farmers, although failing to mention a service does not indicate that the farmer does
not recognize that service on their laiidastead, itmay i ndi cate that they
specific conservation practices discussed provide that particular service.

Provisioning and regulating services were emphasized more frequently than cultural
services. Soil erosion regulation was the most disdusserice at over 100 references in
fourteen interviews, with food provisioning and freshwater provisioning ranking second and
third. Il tds possible that farmers referred
as the context of the inteew was on targeting conservation practices to locations where they
would do the most good, and NRCS conservation practice standards were shown to the farmers
on sheets of paper during the conversation. In most cases, however, farmers answered the
guestionwith their own opinion, as evidenced by frequently neglecting to provide answers

available on the NRCS practice standard sheets.
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Figure3.1 Total number of references to ecosystem services over founteeviews. Each
interview is given a particular color across all bars. Services are arranged by prevalence within
service type (provisioning, regulating, and cultural services). Supporting ecosystem services are

denoted with an (s)
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The emphasis ondshwater provisioning and erosion regulation may also be an outcome
of longterm, targeted education and outreach activities to farmers by federal and state
conservation agenc-by@290 0Dwc lt aanp atilgen . NRGS muT t ane
also focsed efforts on nonpoint source reduction campaigns, such as the Indiana Department of
Environmental Management (IDEM) Section 319 Gifamhded Watershed Management and the
|l ndi ana Department of Agricul tur eodsquéltyean Wat
emphasis of these programs may have increased farmer awareness and recognition of freshwater
provisioning as a key benefit. Understanding the institutions that already influence farmers can
help reveal preferences for ESS provision (Spangenbetg2§14).

The following sections detail how farmers perceived the major provisioning, regulating,
and cultural services to be relevant to their work and agricultural conservation. Actual

guotations are provided ifable3.1.
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Table3.1 Actual quotes from farmer interviews.

FP-1

AThat was natureds way of taki
made it, you know, more specialized and more productive. Becaus
how many people cane feed off of these acres today, versus what
did fifty years ago? And t hat

thing more efficient. o

Al guess it jJjust goes back to
we areéprodusetbabfspsbdunt peo
Awedre all about yield out her
an acre, then hopefully that W
A[ Water protection] i s more in
econonic survival is first. But [it is] secondary to not contribute my

nitrogen, phosphorus and potas

FWP AnKeeping those soluble nutrien

-2 dondt want them to go dwoynpl awe
give them away down the creek.
Orl eans and on south to have t

FWP Al was al ways very conscientioo

-3 hog barns, tried not to do it wheeit could run off, potentially get into g
stream. 0

FWP Al think the previous year, wh

-4 |l eaching, you couldndét get rid
why we | each nutr i en tcedrainfroldemiitt
was basically going out the ti

GRP it 6s kind of nice, i1itos an eco

-1 ecosystems. So, [there are] s
practical agricultural beriei t . 0

GRP fithere is some habitat there f

-2 grass. o

GRP njust for habitat, homes for W

-3

GRP "nThe DNR [ Department of Natur a

-4 and check this about every year, walk ithwbu, and every once in a
while theyéd say oOowell thereds
that was lost to the area. They were tickled to death, you never se
[these species], so [conservation] works. Like | said, build it and th
will come. 0

GRP Al't would be helpful [to do so

-5 of production, thatdés anot her

GRP AThis bench here is a big area

-6
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Table3.1 (Continued)Actual quotes from farmer interwies.

ER1 Al will do virtually whatever
soil | eaving our property.o

ER2 nABasically the soil i's the mo
have anything el se. 0

ER3 Al think ever yb o dofwhatthgirtsoil losses are
where they occur, and how to

ER4 Athereds a fine |Iine of being
keep everything usabl e, o

ER5 AYeah, itdéds just a probl em.e
all plugged, so it erodes the top of the ground and starts huge erq
di tches, l 6m al most at wits e
are available 1061l line up fo
erosion on this 78 acres of farm ground tbarall the other acres |
have. o

ER6 MAAgain, the biggest deal , it
the soil much more in place, controls erosion, depending again o
topography. o

ER7 ASl owing the water downf tolescape
without carrying with it much

ER8 AAnd | can see, this one part
sloping |l and, and i f you get
silt, top soil , t hfofshese kills.plt,cant h
only |l ast so | ong. o

ER9 Al guess, if it was something
way, | mean | certainly look forward to taking care of the next
generati on. Someone took car

FR-1 Adr ai namlgonwitavas veryrigily ou have to

FR-2  "When it rains, anything more than an inch and three quarters to
incheseéif we have had some r a
that 150 acres. That has happened about one in threeyears.

A-1 ABi odiversity. And eve l and
| andscape | ooks, 0 or dAaWell , i
kind of Iike to see it, diver

A-2 Al think probably we ogkstdanfort m
anything. o

A-3 Altés fun, 1itbés just a fun pl
go out and walk. We mow the edges [of the wildlife area] and md
through it a little so | can

out there ad spend an evening, go out after supper and just walk
it was always fresh out there
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3.1.1 Food Provisioning

Many farmers stated clearly that food provisioning was their primary goal. One farmer
emphasized that the goal of fangiin general is to increase crop yields{EJPAnother
suggested that food provisioning is at the core of the identity of his professi@). (Hie
importance of crop yields went beyond the satisfaction of sustaining human life oh earth
sustaining hig crop yields is necessary for farm profitability. Some made direct references to
food provisioning as a factor in economic sustainability-8iFP

Farmersodo statements displayed an understan
provisioning and seval supporting services, particularly soil formation and nutrient cycling.
While direct references to food provisioning services were common, farmers frequently focused
on related supporting services. Soil compaction, soil tilth, nutrient and organés oaattent of
soils, as well as water availability were emphasized because of their importance to crop growth.

3.1.2 Freshwater Provisioning

Freshwater provisioning was highlighted as another primary benefit of conservation
practices, and was also acknowledge@ &hallenge for intensive agriculture. Most farmers
expressed a desire not to pollute waters with fertilizer runoff for two main reasons: fertilizer loss
impacts their economic bottom line and it causes harm to humans and the environment
downstream. Wik loss of nutrients to surface waters is a cost to the farmer, some farmers
believed water quality consequences of farming were assumed by neighbouring lands or society
at large (FWPL, FWR2).

Farmers primarily emphasized the water quality aspeceshivater provisioning rather
than quantity. Many farmers used conservation practices intended to reduce the impact of

nutrient leaching (FW8). However, one farmer highlighted the inherent difficulty of keeping

Page21 of 54



nutrients out of surface waters, espegialhder the Indiana climate and subsurface drainage
conditions (FWP4). Overall, most farmers cared about freshwater provisioning primarily for
practical (lost fertilizer value) and ethical (not wanting to contribute to problems downstream)
reasons. Somfarmers showed heightened awareness of water quality concerns related to
subsurface tile drainage, while others presumed that water quality protection only need occur
along open waterways.
3.1.3 Genetic Resource Provisioning

Genetic resource provisioning waswel as less synergistic with food provisioning
the main goal of most farmeideading to discussion of ESS tradfs. Farmers primarily
discussed the benefits of species diversity in the context of habitat restoration conservation
practices. Many faners suggested that diversity is important for sentimental or ideological
reasons rather than practical ones. One farm
chose not to drain because of 0 oricdtwatbeneftenef it
(GRP1). Another farmer chose not to mow grass areas on his farm until after wildlife breeding
periods so that there was habitat for certain types of birds-@RPne farmer converted a large
piece of farmland to wetland, native prejrand food plots for wildlife. His sole justification
was habitat benefits for wildlife (GR®). He went on to share how endangered sparrows had
inhabited the conservation land (GRR This is also an example of how state and federal
agency conservatmoutreach and encouragement can support and influence farmer priorities.

Ideological reasons, however, are not always sufficiently compelling in the face of
practical constraints, such as economics, invasive species, and inconvenience. One farmer
broughtup the declining bird populations due to decreased habitat, but stated that he may not be

comfortable creating habitat from good farmland (&3P Still others brought up difficulties of
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keeping invasive species out of conservation lands such astfilpsr (6RR6). Between the
economic bottom line of intensive agricultural production and the inconveniences of managing
diverse lands on the farm, many were not able to justify conservation measures intended to
increase genetic resources.

3.1.4 Erosion Regulatio

Soil erosion regulation was the ESS stressed most by farmers regarding conservation,
sustainability, and personal farm management goals. One farmer expressed the importance of
soil conservation as a priority for his management strategied JE&othersuggested that soll
conservation is the most basic need of farming-#ERAnother farmer suggested that soil
conservation is a responsibility all farmers share-BERvet many farmers mentioned the
difficulty of balancing soil erosion and other farm po#@ne noted that it is difficult to maintain
topsoil, in the context of the practicality and inconvenience of using conservation practices in his
farm management (ER). Another lamented the difficulty of controlling soil erosion when other
managementractices fail (ER5).

Soil erosion regulation was often connected to freshwater provisioning, and farmers
generally expressed greater concern over erosion by surface runoff than wind erosion (ER
Another farmer suggested that the goal of conservatisntevslow runoff so that it could not
carry away topsoil (EF). Soil erosion was tied to loftgrm sustainability of farming more than
any other service in the interviews. One farmer even expressed a sense of urgency over soil
erosion occurring on oneagled farm field (ERB). Another more directly expressed a desire to

sustain the farm for future generations, and that doing so requires soil preservai®n (ER
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3.1.5 Flood Regulation

The importance of flood regulation emerged repeatedly in the need for swasurf
drainage in the fairly flat, poordgirained agricultural fields that are characteristic of west central
Indiana. Farmers generally did not discuss the environment as providing flood regulation, but
rather as being the cause of the problem. Whileltdehage may not be a natural ESS provided
by the land, a preoccupation with drainage revealed farmer knowledge of its importance to their
operations. All farmers had extensive tile drainage on at least some of their fields, and many had
plans to increasthe number of tile drains in the wettest fields they worked. One farmer spoke
of a mentality where drainage was equivalent to religionrlFR. Anot her f ar mer 6s
demonstrated how maintaining farm productivity depends on tile drainage, and poagérain
can result in considerable yield losses. In his case, a main tile drain had broken, leaving his land
susceptible to ponding (FR.

It is notable that while farmers viewed freshwater provisioning and nutrient cycling
services as beneficial to humamslahe environment downstream, they did not connect the
problem of downstream flooding to their tile drainage management. Were the landscape to
return to presettlement conditions, where extensive poaligined soils were wetlands,
downstream lands woulagenefit from reduced flooding in the Wabash River and its tributaries.

Yet in this condition, wdrained farmlands would not be nearly as productive for crops.
3.1.6 Aesthetics

Aesthetics was the cultural ESS most frequently mentioned, and was generallycedrod
in the context of wildlife and restoring diverse landscapes. When asked the benefits of
conservation intended to create wildlife habi

diversity and wildlife of the landscape{B3. When asked why thaysed these practices, one
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commented that aesthetics was a main influene2)(AVhen farmers had installed a
conservation practice for wildlife, they often told stories of the cultural services provided, such
as spending an evening walking around andyamgothe landscape (8).
3.2 Farmer and Conservationist Surveys
3.2.1 Sample Characteristics

The response rate for the farmer survey was 20% (N = 200), including 71 cropland
surveys, 61 forestland surveys, and 68 reservoir surveys. The responses were spatinaltediist
across Indiana, with 82 of the 92 counties having at least one respanse?2.1). The
majority of respondents were male (75%), 55 or older (75%) and either the farm owner (45%) or
farm owner and operator (42%). Thekamographics correspond to National Agricultural
Statistics Service (NASS) statistics from Indiana in 2007 which report that Indiana farmers are
90% male and the average age is 55 (USDA 2011). Corn, soybean, hay, and wheat were farmed
by 80%, 83%, 34%, anb%, respectively, with 16% of the respondents growing something
other than these crops, and 4% growing no crops (most indicated they were retired). Respondents
generally implemented conservation practices, participated in conservation programs, and
farmed hundreds to thousands of acréal{le3.2).

The response rate for the conservationists survey was 16% (N=33) with 10 cropland
responses, 8 forestland responses, and 15 reservoir responses. There were at least two responses
from each of the NRCS conservation districts in Indidfigyre2.1). The majority of
respondents who chose to indicate their gender were male (64%) and most respondents were
under the age of 55. This is significantly different from thrmer responses, as the majority of
respondents were over the age of 55 (p<0.05). The most common positions held by participants

were District Conservationists (35%), Soil Conservationists (18%) and Engineers (12%)
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Table3.2 Minimum, maximum and mean conservation participation and farm size of farmers.

Farm Demographics Min Mean Max
Conservation practices (no.) 0 2.8 7
Conservation programs (no.) 0 1.2 4
Land farmed (acres) o* 405 3,000
*Reasonsfarmes mar ked fAnoo | and a
renting their land, they retired recently, or they had fruit or
trees, not farmland
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3.2.2 Baseline Knowledge of Ecosystem Services

Most of the farmer participanteg v(itZ2%). owe rOd
55% of surveys that provided a definition, only 11 respondents (6%) gave definitions consistent
with MEA (Table3.3). Farmers who had heard of the term were not significantly more likely to
provide the correctdei ni t i on t han farmers who hadndét hear
incorrect) definition provided by respondents was a category of responses we refer to as
Aconservation consultant, 0 where participants
ggoup to assess and i mpableBy)eThis defmition is §insilartodhe e c o sy
idea of crop or soil and water conservation service consultants, and the similarity of language is
likely one reason they commonlypv i ded t his definition. Other ¢
management , 0 where participants gave a defini
the |l andscape for the benefit of the ecosyste
participantsprovidd a gener al statement about protectin
where participants gave the definition of an ecosysieablé3.4).

Al t hough the percent of conservationists w
did not differ significantly than the percentfafmers who had heard of the term, a significantly
| arger percentage (30 %, U=0.05) of conservat.
The conservationist responses were readily gr
responseslable3.4). Three conservationists who provided a correct definition of ESS also said

the term had come up in conversations with farmers.
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Table3.3 Results of baseline assessment of participaasystem service knowledge

Heard of Term Not Heard of Term

Definition Right 6 5

Definition Wrong 24 65
Table34Qual i tative coding of farmer and | andown:e
yougess that Oecosystem servicesd means?0 C

representative definitions in that code group, are provided

ES definition group Group description
No response The definition is left blank.
Vague Cannot be grouped becausesitoo vague.
Irrelevant Response is irrelevant to the question.
Not sure Participant states they are not sure what the definition is
does not guess a definition.
Ecosystem Definition is that of "ecosystem"

General environment Only a general uretstanding that ecosystem services relat
the environment in some way.

Land management Focus is on humans managing the land in ecologi
relevant ways, without the mention of an external consu
educating or helping the farmer or landowner. Husnare
providing a service to the land.

Conservation Emphasis is on an outside consultant from governn

consultant private industry, academia, etc. helping farmers
landowners manage land in "environmentally friendly" wa
Focuses on external carnnts providing a service to the la
or landowner.

Correct definition Definition is in line with the ecosystem service conct
Focus is on the environment providing benefits to humansg
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Table3.4 (Continued)Qualitative coding of farmer and lando®r responses to the question

i What wo ul

d you

guess

that Oecosystem

with representative definitions in that code group, are provided.

ES definition group

Response % (number)

Farmers

NRCS

Representativedefinitions

No response
Vague
Irrelevant

Not sure

Ecosystem

Land management

Conservation
consultant

Correct definition

45% (90)
1% (1)
4% (8)
5% (9)

3% (5)

General environmen 4% (8)

10% (20)

24% (47)

6% (11)

18% (6)
0% (0)
3% (1)

3% (1)

3% (1)

0% (0)

26% (9)

15% (5)

30% (10)

IA

Management, inf
You want to co
my land. Tax me or penalize me
doing it yolu
"t knowbo

N
n
A

—
>

o St S
oo

system for me
community of organisms with
vironmento
full habitat sy
Somet hing to d
racticeso

Bal ance of soil
Met hod otecting he
nvironmento
A plan that wol
productive ecosy
AHow to maintai
protect the envi

f

o

StD St SO St St D

ASomebody wh o
ecosystms 0

AHel p from a Gg
or Group to assist farmer to impro
their farm and in turn improve th
ecosystemo
Consulting to I
he ecology of t
The benefits
ecosyst mo

"Services provided by nature th
would otherwise be necessary 1

o ) B e 1

humans to perf orn
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3.2.3 Recognition and Value of Ecosystem Services

3.2.3.1 Farmers

Al t hough many farmers had not heard of Hfdec
correctly define it, it waslear that farmers recognized benefits that different kinds of landscapes
provided Figure3.2) . By indicating the presence (al ways
societyo provided by a | &eirdecogntipneof, ESBEdvesn f ar mer s
though they may not use the term ESS. Based on the responses from the three different survey
types, it was also clear that farmers recognized that different landscapes provide different
benefits (or ESS) with some tradés (Figure3.2).

When comparing responses of the forestland and cropland surveys, there was a
significant difference in recognized benefits for all services except fiber provision. Moreover, all
ESS except food provision were chosarbeing provided significantly more often by
forestlands than croplands. This shows a t@fflef ESS between these two land types
consistent with ESS literature (Groffman et al. 2007) and notably depicted in conceptual trade
offs identified by Foley eal. (2005), where an intensively managed agroecosystem has increased

food provision at the expense of other ESS.
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Figure3.2 Farmer (a) and conservationist (b) recognition of Indiana anddi@nefits. Farmer
(c) and conservationist (d) recognition of Indiana forestland benefits. Farmer (e) and
conservationist (f) recognition of Indiana reservoir benefits.
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Figure3.2 (Continued)Farmer (a) and conservationist (b) recognitod Indiana cropland
benefits. Farmer (c) and conservationist (d) recognition of Indiana forestland benefits. Farmer (e)
and conservationist (f) recognition of Indiana reservoir benefits.
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In comparing the cropland and forestland survey responses &Es#r@air responses
(Figure3.2), it is clear that farmers felt reservoirs provided significantly less ESS. Between
forestlands and reservoirs, only freshwater provision, flood regulation and recreation services
provided by both lad types were not significantly different. Between croplands and reservoirs,
only erosion regulation, sense of place, aesthetics, and habitat for species were not significantly
different. The fact that farmers felt reservoirs provide significantly lessfitethan forests and
croplands could be due to a perception of reservoirs asmade rather than natural systems.
Farmers were also asked to choose whether
Asometi mesodo being provided we rvea lfuaal bw d8gwseco, sfioscoi
3.3). Between the cropland and forestland survey responses, the valuation of the benefits
recognized by farmers was not significantly different for the majority of services listed. Only
valuations ofood provision, climate regulation, recreation, and aesthetics were significantly
di fferent (U=0.05). Food provisioning from cr
from forestlands, whereas recreation, climate regulation, and aestheticssifem@fitorestlands

were valued higher than croplands. The higher valuation of food from croplands by farmers is

expected as those lands are typically managed primarily for providing food.
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Figure3.3 Farmer (a) and conservationist (b) valuation of recognized Indiana cropland benefits.
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Figure3.3 (Continued)Farmer (a) and conservationist (b) valuation of recognized Indiana

cropland benefits. Farmer (c) and conservationist (d) valuation of recognized of Indiana

forestland benefits. Farmer (e) and camationist (f) valuation of recognized Indiana reservoir
benefits.
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Benefits provided by reservoirs were typically valued lower than benefits provided by
forestlands and croplands. Compariftggestlands and reservoirs, only the valuation of
freshwater praision was not significantly differenE{gure3.3). For all other services, the
valuation of benefits provided by forestlands was higher than those provided by reservoirs.
Between croplands and reservoirs only the valuationooéation was not significantly different.
For all other services, farmers valued the benefits provided by croplands higher than the benefits

provided by reservoirs.

3.2.3.2 NRCS Conservationists

Similar to the farmers, conservationist responses showed the rémognitradeoffs
between different land typeBi@ure3.2). Comparing the forestland responses to the cropland
responses showed that food provision, freshwater provision, flood regulation, air quality
regulation, spirituality, asthetics, and habitat benefits provided were significantly different. Of
these benefits, only food provision was selected as being more often provided by croplands,
whereas the rest were chosen as being more often provided by forestlands. Foff inade
services from a natural system to an intensively managed agricultural landscape is clearly shown
in the conservationistsé response.

The comparison between croplands and forests to reservigjtsd€3.2) shows that
similar to farners, conservationists felt reservoirs provided less benefits overall. Between
forestlands and reservoirs medicine provision, fiber provision, erosion regulation, aesthetics, and
habitat were the only benefits shown as being provided differently betwetwothend types.
The responses indicated that forestlands were providing these benefits more often than
reservoirs. Comparing cropland and reservoir responses showed that food provision, medicine

provision, freshwater provision, erosion regulation, aidigueegulation, and spirituality were
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significantly different. Food provision, medicine provision, and erosion regulation were seen as
being more often provided by croplands, whereas freshwater provision, air quality regulation,
and spirituality were seeas being more often provided by reservoirs.
Conservationists were also asked to value
Asometi meso pr digured.®.d helvgluatiors ef fotestlands arid croplands
showed that only food provision, spirituality, and aesthetics were valued differently between the
two land types. Food provision was valued higher for croplands, whereas spirituality and
aesthetics were valued higher for forestlands. This suggests thaayrfiker$, conservationists
think the food grown on croplands is more valuable, perhaps because croplands are primarily
managed for food. Comparing the valuation of benefits provided by forestlands and reservoirs,
all benefits were valued the same. This maggest that conservationists think that ESS, despite
the land type they were provided from, have similar value. Yet, in comparing croplands and
reservoirs, food provision was valued differently, indicating that conservationists valued food

provisioning hidper on croplands.

3.2.3.3 Comparing Farmers and NRCS Conservationists

We compared the responses of farmers and conservationists for benefits provided by each
land type and the valuation of those benefits. In general we found that valuation of services did
not differ considerably, but recognition of services derived from croplands and reservoirs did
vary.

While farmers and conservationists thought food provisioning was the dominant service
provided by croplands, they differed widely in their views of other Eg§i(e3.2). Farmers
and conservationists who took the cropland surveys differed in how often croplands provide

erosion regulation, air quality regulation, sense of place, and aestpeti®s05). Farmers
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identified these benefias being provided more often than did conservationists. Valuation of
these benefits differed only in fuel provisioning, spiritual connection, and aesthetics, and again
farmers valued these higher on croplands than did conservationists. The divergkace in
val uation of cultural services derived from c
aesthetics of croplands agrees with findings that Midwest farmers value an aesthetically pleasing,
tidy landscape (Ryan et al. 2003; Ahnstrom et al. 20@83. unclear from this survey why
farmers would view croplands as more spiritually inspiring than conservationists, although it
may pertain to attachment many farmers feel to their land (Ryan et al. 2003). The discrepancy
between farmer and conservatsiniiews of benefits provided by croplands might come from
true differences or sampling bias. Farmers may have a more positive view of croplands because
they own and/or work on them. Alternatively, the sample of farmers may be biased towards
conservatiormindedness and these farmers may be thinking of their own specific farm, whereas
conservationists may be generalizing across multiple farms.

When responses were compared for the forestland surveys, only erosion regulation and
sense of place were recogrdza significantly different levelp(< 0.05) and no services were
given different valuesHigure3.2). Most farmers thought forests always regulated erosion while
most conservationists thought forests sometimes regulate erdsyamn, farmers rated sense of
place and erosion regulation from forestlands higher than conservationists, and the difference is
considerable.

Farmers and conservationists exhibited differing views of ecosystem benefits from
reservoirs yet no significadifference in valuation({= 0.05) Figure3.2 & Figure3.3).
Recognition of fuel provision, erosion regulation, climate regulation, sense of place, recreation,

and spirituality benefits differed sigraintly between farmer and conservationist respomses (
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0.05). Fuel provision, climate regulation, and spirituality were chosen by conservationists as
being more often provided by reservoirs, whereas erosion regulation, sense of place, and
recreation wer seen by farmers as being more often provided. These differences between farmer
and conservationist recognition of ESS from reservoirs may be partially due to variation in the
particular fAreservoiro each par ttheogasgvairsin wa s
your town and in the state of Indiana. o
3.2.4 Beneficiaries and Stewards of Ecosystem Services

Both farmer and conservationist responses show slight differences in who they perceived
to benefit from ESS provided by different land typeggre3.4). For croplands, respondents
identified owners and operators as benefiting the most, with society and local community just
behind. Similarly for forestlands, both conservationists and farmers felt owner/operators and
societytommunity benefited the most. Fewer beneficiaries were chosen for the benefits provided
by reservoirs, which may be due to the lower amount and value of the benefits that farmers and
conservationists felt reservoirs provided.

There was a significant diffence overallg = 0.02) in who respondents believed was
most responsible for maintaining benefits provided by the three land &igese3.5).
However, comparing farmer and conservationist responses within each land type statvicad
croplands and forestlands there was no significant difference in who they believed were primary
stewards, but there was a significant difference 0.003) for primary stewards of reservoir
benefits. For croplands, both conservationists and f@rmesrwhelmingly felt farm owner
and/or operators were responsible for maintaining benefits they identified as being provided to
society. The majority of farmer responses that fell into the combination category chose both farm

owner and operator. There sganore farmer respondents that felt forestland benefits were the
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responsibility of various levels of government. For reservoirs, farmer respondents felt
government was the major entity that should be responsible for maintaining these benefits,

whereascamer vati oni sts felt this to be primarily
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Figure3.5 Participant response for who was most responsiblmaintaining benefits provided
to society by the different land types.
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