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GRANT COUNTY INTERVENORS AND JEWELL JINKINS INTERVENORS 
 

 
 
Grant County Intervenors and Jewell Jinkins Intervenors are informal associations of 
landowners, residents, and farmers who have intervened in the Grant County Solar docket 
(PSC Docket 9804-CE-100) and Badger Hollow dockets (PSC Dockets 9697-CE-100, 9697-
CE-101, and 5-BS-228).  In the process of participation in these dockets, we have learned 
much about solar, and Jewell Jinkins Intervenors that raised the issue of the need for rules 
for solar siting, PSC Docket 1-AC-254.  This docket, 5-AFR-700, is a good first step by 
establishing filing requirements specifically for solar, and should be implemented quickly, 
and retroactively for those projects now in the solar CPCN process.  We thank the 
Commission for the opportunity to comment on these AFR Draft proposals. 
 
Grant County Intervenors and Jewell Jinkins Intervenors (hereinafter “Intervenors”) note 
that on this docket’s service list, there are no individuals or groups representing the interests 
and raising the concerns of landowners or groups, and no individuals or landowner groups 
who have intervened in solar dockets.  We learned of this docket by accident, and have 
begun to spread word as best we can.  The Commission should work to be more inclusive.   
 
Rulemaking 
 
As above, Jewell Jinkins Intervenors petitioned the Commission for a rulemaking, which 
was denied. PSC Docket 1-AC-254.  In CPCN review, the Commission and the public have 
learned much about permitting large utility scale solar project and the potential impacts, and 
demonstrated impacts of large solar projects.  This AFR docket begins to address important 
issues which should be promulgated into rules.  Rules would have stronger impact, and a 
rulemaking proceeding would necessarily involve increased public input and consideration.  
 
Grant County Intervenors and Jewell Jinkins Intervenors request that this AFR effort be 
implemented as soon as possible, and then also shifted into formal rulemaking for 
incorporation into PSC Code. 
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Substantive Comments 
 
These substantive comments are not all inclusive – if an area is missed, it’s likely due 
to time limitations. 
 
Throughout, where an IPP is applying, but the project is under contract to be sold instantly 
on approval of the IPP CPCN, the project should be regarded as a utility project and should 
have to provide all the information a utility is required to provide.  IPPs are circumventing 
review using the “site/acquire” model. NOT OK! 
 
Draft Order, p. 1 – regarding Type I, II or III Action, the Commission should regard utility 
scale solar projects, using an acreage or megawatt threshold, as Type III and require 
environmental review, specifically an Environmental Impact Statement.  The impacts of a 
project covering thousands of acres, with mitigation required, has admittedly substantial 
environmental impact and is comparable to those projects listed for Type I characterization.  
The experience of water issues in the Two Creeks and Badger Hollow projects is another 
demonstration of the substantial impacts.  An Environmental Impact Statement is needed. 
 
Completeness review is the “enforcement” of AFRs, and the Commission must take AFRs 
seriously.  For example, the brownfield requirement for generation siting has not been taken 
seriously, and projects thus far do not give adequate consideration to siting on brownfields 
by ignoring the definition of brownfields, and only consider brownfields on the EPA list, 
and do not consider siting on brownfield if one brownfield cannot contain the entire project.  
Abandoned, idle, and underused sites, brownfields under Wisconsin law, are not considered.  
The Commission’s AFRs should be binding, and applicants not providing a complete 
application should be required to request an exemption or variance, which should only be 
granted for good cause.  The information is necessary to process an application, and 
considerable delay occurs when information is not forthcoming and must be unearthed 
through Data Requests. 
 
In siting solar, shuttered coal and nuclear plant properties should receive priority, as 
infrastructure, particularly transmission, in this brownfield site is readily available.  In 
closing coal plants and nuclear plants, the Commission should require siting of solar as 
a condition to approval of plant closure, and as a requirement in any decommissioning 
plan. 
 
Draft AFR p. 2. During pre-application, the Commission should solicit names and contact 
information of interested parties, and add to notice and services lists, with service list 
winnowed down after application and intervention deadline has passed.  Affected 
landowners and residents often do not have adequate notice of a project. 
 
Draft AFR, p. 2-3. Draft plan to DNR should also be available publicly, because water, 
drainage, and erosion concerns are primary to landowners in a project area. Based on Two 
Creeks and Badger Hollow water issues, and failure of projects to take water concerns 
seriously, it is important for landowners in a project are to know of plans, and be able to 



3 
 

contribute information – landowners are “on the ground” and know more about water in 
their area than anyone.  Their expertise should be utilized. 
 
Draft AFR, p. 3-4 – Notice of the Engineering Plan must be widely provided, by direct mail, 
newspaper, and radio PSAs.  Requirement of this should be incorporated into the AFR.  P. 5 
refers to “property owners,” but notice should also be sent to “resident” where property 
owner address and property address are different.  Renters such as Brianna and Henry Frear 
have been left out and not provided notice due to this “property owner” focus.  The mailing 
list should also include interested parties who have contacted the applicants. 
 
Draft p. 6 – CEII is a specific characterization that is misused.  CEII is only information 
submitted to FERC, and does not include much of the MISO information that companies 
like to declare CEII.  PSC should verify that any information classified by applicant as CEII 
is indeed CEII as defined legally. Odds are it is not. 
 
Draft, p. 7 – Completeness.  A completeness declaration starts the clock ticking towards 
Notice of Proceeding and time deadlines.  If an application is not complete, it would be 
better to issue a letter with deficiencies listed, rather than declare it “complete” but for 
identified deficiencies. 
 
Draft, p. 9 – There are people in the project area without internet access, by choice, or due to 
limited access – for example, cell service and internet service are very poor in the area of the 
Grant County Solar project.  Each time I call my clients the signal is terrible and we are cut off 
regularly, several times per call.  The morning of the Grant County Solar hearing, the Frears 
internet dropped off five times, and Frears were witnesses!  In Cardinal-Hickory Creek, Old 
Order Amish participated, and they of course did not have internet access.  Paper copies should 
be available to those without internet access. 
 
Draft, p. 10 – Alternative Project Areas must include brownfield sites -- PLURAL. Applicants 
must be encouraged to group array sites together to include in the 25%, and for the project 
overall. 
 
Draft, p. 11 – Applicants should be encouraged to break projects into small projects, but remain 
under the full project umbrella, to enable distributed generation siting. 
 
Draft, p. 12 – Need and Purpose.  The project MW should match the interconnection MW.  In the 
Grant County solar project, the project is designed as 300MW, but only 200MW is approved by 
MISO for interconnection.  What happens to that other 100MW?  
 
Draft, p. 12, Need and Purpose – in this section, the project should disclose whether or not there 
is a direct link to reduction of greenhouse gas, i.e., is this project contractually replacing fossil 
fuel facility; is this project to be built on fossil fuel brownfield site; to address whether 
construction of the project will reduce greenhouse gas generation, or whether it is planned to just 
increase generation on the market. 
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Draft, p. 12 – Efficiency.  Solar projects are inherently inefficient when compared to most other 
generation.  In the efficiency section, the projects must provide energy loss information such as 
losses in conversion from DC to AC, losses inherent in the collector system, and energy losses in 
transmission over grid and cost of transmissions service (all projects should include information 
on losses).  These losses are costs.  Losses could be reduced by balancing loss cost with gains of 
distributed generation near load, with no transmission construction and no transmission service 
cost. 
 
Draft, p. 13, brownfields – Applicant must address how brownfields were considered, including, 
as the statute includes, ABANDONED, IDLE, AND UNDERUTILIZED INDUSTRIAL AND 
COMMERCIAL SITES.  Logically, any big box, warehouse, strip mall, etc. without solar on 
the roof could be an “underutilized industrial and commercial site.”  Closed fossil fuel plants 
would fall under the statutory brownfield definition, ditto with nuclear. 
 
Draft, p. 13, setbacks – project application must provide basis for setback distances with support. 
 
Draft, p. 14 – Good Neighbor Agreements – a full copy of good neighbor agreement used should 
be provided, and no good neighbor agreement should be allowed where signator must give up 
rights, waive, hold harmless, etc., as they have no idea of the possible impacts. 
 
Draft, p. 14 – Easement Agreements/Leases – lease agreements should be scrutinized to 
determine whether lease has clause to transfer decommissioning to landowner if project owner 
fails to decommission or abandons project.  This type of arrangement is against the public 
interest, and is assuredly against the landowners’ interest! Any project with such a clause in the 
lease should not be approved. 
 
Draft, p. 14, consistency with local setbacks – local setbacks should be disclosed and observed if 
distances are greater than project proposes. 
 
Draft, p. 14 – Decommissioning.  Decommissioning plans are not new. Both utilities and IPPs 
must provide decommissioning plans that include financial assurance and a commitment to 
recycle.  Project must take full responsibility for decommissioning and must not have lease 
option of transferring decommissioning responsibility to landowner – financial assurance must 
be sufficient to preclude abdication of decommissioning responsibility.  Decommissioning plans 
are available online, and these plans should be a part of the CPCN process for review and 
comment by the Commission, parties, and the public. 
 
Draft, p. 15 – IPP Decommissioning. Same as above: Both utilities and IPPs must provide 
decommissioning plans that include financial assurance and a commitment to recycle.  Project 
must take full responsibility for decommissioning and must not have lease option of transferring 
decommissioning responsibility to landowner – financial assurance must be sufficient to 
preclude abdication of decommissioning responsibility.  Decommissioning plans are available 
online, and these plans should be a part of the CPCN process for review and comment by the 
Commission, parties, and the public.  See attached Exhibit A -Two Creeks Decommissioning 
Plan. 
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Draft, p. 15 – DATCP – due to the large amount of acreage of a utility scale solar project, and 
siting common on Farmland Preservation land, an Agricultural Impact Statement must be 
required.  Surveys must be sent out to all landowners, renters, farmers within (? 2 miles? 5 
miles? 10 miles?) of the project area, with mailing list and affidavit of mailing filed on ERF, and 
responses filed on ERF.  This survey process has been problematic in the past, with large 
landowners, and likely smaller landowners as well, excluded from the process.  The survey 
should also be posted online for people who did not receive a survey to complete it, and for ease 
of response.  The project applicant should also post notice of this survey with a link for local 
farmers’ participation. 
 
Draft, p. 16 – Identification of manufacturer and model of solar panel.  This has not been done 
with the Grant County solar project, likely due to the monetary commitment required to order 
700,000+ panels.  Solar panels differ greatly in output, lifetime, and robustness of design. It is 
not reasonable for the Commission to grant a permit for a project when the panels are unknown.  
This must be declared prior to grant of a CPCN.   
 
Draft, p. 16 – inverters and tracking system – noise characteristics of each must be disclosed – a 
manufacturer brochure with specifications would be helpful. 
 
Draft, p. 16 – Perimeter fencing is a significant concern for a project with thousands of acres, 
both for wildlife and for those living in the area.  See attached ungulate study. 
 
Draft, p. 17 – Collector Circuits should all be underground, no overhead. 
 
Draft, p. 17 – Foundations.  Impact of long term foundations, 30-50 years, including concrete 
leachate, should be addressed, and how removal and restoration would be done. 
 
Draft, p. 18 – Spill containment – Spill plan should be filed. 
 
Draft, p. 18 – Construction Site Lighting – downward lighting should be required for temporary 
and permanent lighting. 
 
Draft, p. 18 – Substation – stormwater holding ponds should be identified in or adjacent to 
substation area.  Stormwater treatment should be addressed, including contaminants expected in 
substation stormwater runoff. 
 
Draft, p. 18 – Security requirements, provide citation and link to source of requirements, i.e., 
NERC Critical Infrastructure.  Shots were fired into a California substation a few years ago, and 
the applicant should address this type of threat. 
 
Draft, p. 19 – Transmission and Distribution Interconnection – good requirements! 
 
Draft, p. 20 – O & M Building – the applicant should disclose whether local land use plans allow 
an O&M building where applicants plan to put it. 
 
Draft, p. 20 – Lighting – downward lighting should be required to limit disturbance to neighbors. 
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Draft, p. 20-21 – Battery storage – good to incorporate this into requirements, as battery storage 
has arrived and is alternative to transmission, per Wellinghoff testimony, Cardinal-Hickory 
Creek transmission docket.  Specifications of batteries should be disclosed (mfg brochure with 
specs would be useful). 
 
Draft, p. 21 – Construction Sequence & Schedule – Applicant should disclose influence of tax 
credits or other subsidies on construction schedule, likewise tariffs and embargos, etc. 
 
Draft, p. 22 – Workforce – Applicant should address security and public health concerns 
associated with large workforce influx, including man camps, sex trafficking, etc., and what 
applicant will do to monitor and protect the public, and address increased needs for local law 
enforcement and emergency response. 
 
Draft, p. 22 – Construction Equipment and Delivery Vehicles – Good details.  This seems mostly 
a road agreement section, with details that should be considered in road agreement.  Section 
should start with “identify local governments’ road agreements” and include copy of such.  See 
Exhibit C – Road Agreement.  The road agreement should identify in narrative, and on a map 
with legend the roads to be used, with any limitations and conditions clearly stated. 
 
Draft, p. 23 – Maps – the Application narrative should include a project map in the introduction, 
referencing detailed maps in Appendices. 
 
Draft, p. 23, 4.1.1 – another bullet point – Identify local roads covered under road agreement. 
 
Draft, p. 23, 4.1.2 – Collector systems should be underground, no overhead. 
  
Draft, p. 24, Substation. “Adjacent landowners” should be defined. Contiguous? Within ½ mile? 
??  Lighting ID’d on plan, and always downward lighting. 
  
Draft, p. 24-25 – Identify “adjacent landowners,” as above, and ID lighting, always downward. 
  
Draft, p. 25, Battery Storage – Fencing – if barbed wire, say so. Are there security issues with 
battery storage? 
  
Draft, p. 25 – 4.1.7.2 – Maps need to include drainage systems, including drain tile.  Drain tile 
should be located and mapped and included in application. 
  
Draft, p. 25, Land ownership maps – for “Current parcel boundaries and landowners – when 
landowner address differs from property address, applicant should determine whether it is used 
as residence, and add resident to lists, here and in notices, etc., even if just “resident” for mailing 
purposes.  Non-owners residing in and near the project equation should be included, not left out.  
ID land in conservation programs. 
  
Draft, p. 25, Public lands – looks good.  
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Draft, p. 25-26 Land cover – local roads should be on map, with roads AND road easements 
drawn in. 
  
Draft, p. 26 – Community maps – show zoning, plus community areas, such as schools, 
hospitals, community centers, town halls, going out 2 miles. 
  
Draft, p. 26 – Airport information is crucial, impacts of glare must be considered, not just in 
FAA required direct landing, but also for circling and non-standard approaches.  Whether there is 
a tower at airports also determines whether FAA tower glare studies are required, so application 
must disclose this fact. 
  
Draft, p. 26 – Communication infrastructure – looks good. But “line of site” should probably be 
“sight.” 
  
Draft, p. 26-29, GIS – not up to speed on GIS! 
  
Draft, p. 29, Photo Simulations. Make sure photo simulations are simulations of view FROM 
properties (not from road TOWARDS properties).  Simulations should have simulations of 
driving through project on local roads with fences and project shown, and birds eye view. 
  
Draft, p. 29-30, site geology, good to include groundwater and infiltration rate measurements. 
  
Draft, p. 30, include map to show all public and private wells within 2 miles. 
  
Draft, p. 30, regarding grading activities, describe how grading activities will impact 
decommissioning and return to original state. 
  
Draft, p. 30-31, it would be useful to know distance/length and acreage of land within setback 
from fence (outside of fence), i.e., 150 foot setback around 2,000 acres = how many acres, to 
provide additional information about how much land is affected. 
  
Draft, p. 31, Invasive Species – Will sufficient vegetation management be utilized, sufficient 
seeding, to prevent invasive species of plants? 
  
Draft, p. 31, Vegetation Mgmt, site restoration – Vegetation Management Plan should be public 
to greatest extent possible (see Grant Co. Solar, all but cost made public). 
  
Draft, p. 31, Wildlife – criteria for determination of wildlife pre-construction studies should be 
stated.  Final report/s and/or analyses should be reported, added to application, and ERF. Post-
construction wildlife monitoring and response protocol should include posting results on ERF, an 
thresholds for putting in front of Commission. 
  
Draft, p. 32, DNR and USFWS Comments and recommendations should be filed with 
application, and DNR testimony required, USFWS testimony encouraged (can’t make them 
testify!). 
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Draft, p. 32 – Public Lands and Recreation – resources listed should also be on map with clearly 
defined boundaries. 
  
Draft, p. 33, Contaminated Sites.  Should also have section to list brownfield sites, including 
specific for EPA Brownfield sites, abandoned sites, idle sites, underutilized commercial and 
industrial, i.e., FoxConn, coal plant properties, nuclear plant properties, idle and/or abandoned 
frac sand mines, etc. 
  
Draft, p. 33 – Local Zoning.  In area with agricultural zoning, applicant should go through 
zoning process for change to industrial zoning. 
  
Draft, p. 34 – Township road safety 5.12.4 and 5.12.6, 7 – road agreement should be required. 
  
Draft, p. 34 – Land Use Plans – where project inconsistent with local land use plans, applicant 
should have to apply for exemption, variance, or local land use plan change. 
  
Draft, p. 34 – Archaeological and Historic Resources.  Where archaeological and/or historic 
resources are near or within the project siting area, applicant should contact entity overseeing 
that historical/archaeological site, particularly tribal entities, to assure project is respectful 
distance from site and that it does not interfere with use and preservation of the site. 
  
Draft, p. 35 – Agricultural impacts.  First and foremost, Farmland Preservation and land zoned 
agricultural should be identified. 
  
Draft, p. 35, Drainage District – farm drainage patterns must also be identified, not only formal 
“Drainage Districts.” 
  
Draft, p. 36, Ag conservation and ag tax incentive programs – identify economic value of these 
programs for land in project area, and identify and itemize cost of loss in this section and in 
“cost” section of application.  
  
Draft, p. 36, pre- and post-construction stray voltage testing is required.  Applicant must submit 
stray voltage testing plan. 
  
Draft, p. 36, Airports – information about airports is crucial for glare testing, required by FAA 
generally for approach, and also for testing of glare within airport towers.  5.16.3.3 seems 
unnecessary as solar projects aren’t high.  Application should include glare studies and  FAA 
interference reports, if any. 
  
Draft, p. 37, Communication towers – applicant should provide a complaint process and 
mitigation plan.  If there is an issue requiring mitigation, the landowner/resident must not be 
required to sign waiver/hold harmless to receive mitigation. 
  
Draft, p. 37, EMF.  Applicant should disclose on a legible map the distances from collector 
systems and tie line of all residences within 300 feet. 
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Draft, p. 37, Noise.  Applicant’s pre-construction noise modeling should include substation, 
inverters, tracking motors, and any other noise producing components of the solar project. 
  
Draft, p. 38, 5.19.3 – Applicant should also provide manufacturer’s disclosure of component 
noise characteristics. 
  
Draft, p. 38, 5.19.5 – Application should provide complaint process, including the discussion of 
mitigation measures. 
  
Draft, p. 38, Glint or glare: FAA requires only approach glare studies, and applicant should 
model glare from project to more than that limited approach area.  5.20.3 – Application  should 
include complaint process and mitigation options for glare. 
  
Draft, p. 39 – Local Governments – 6.1.2 should specifically include “road agreement.” 
  
Draft, p. 39, 6.2 – should include any additional emergency response personnel, equipment, and 
training needs. 
  
Draft, p. 39 – Landowners Affected – it’s not just landowners.  Project lists must include 
residents, as in 7.1.1.  This has been an issue in solar project proposals. 
  
Draft, p. 39 – Contact lists & Public Outreach – Notices of project open houses should be sent to 
landowners and residents, and not rely on a small ad with little information in a local paper, as 
was done for the first open house for Grant County Solar.  Radio stations are hungry for local 
information, and Public Service Announcements (free) should be utilized by applicants. 
  
Draft, p. 40 – Waterway/Wetland Permitting Activities.  An important lesson learned is that 
waterway/wetland issues occur in projects not ostensibly requiring a DNR permit.  DNR should 
be required to review all testimony and information in the docket regarding waterways, wetlands, 
drainage, soil erosion. 
  
Draft, p. 45, Mapping Wetland and Waterway Locations, Impacts, and Crossings.  This is 
absolutely necessary information, and should include agricultural drainage systems.  This is 
crucial because water does not observe project boundaries, and non-participants can be severely 
affected by errant water, both above ground and below. 
 
Draft, p 47-48, Erosion Control and Storm Water Management Plans.  In addition to Erosion 
Control and Storm Water Management under DNR permits, the applicant should also be required 
to include a water complaint process and mitigation plan exclusive of DNR permits.  This 
Complaint process should include a contact person, steps to take with water issues, and 
mitigation that applicants commit to performing, and steps if applicant response does not 
alleviate the problem. 
 
The Commission should establish a filing requirement of a formal complaint process to cover all 
the above issues, with, as above, a contact person, steps to take with water issues, and mitigation 
that applicants commit to performing, and steps if applicant response does not alleviate the 
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problem.  There should be regular reporting to the Commission of all complaints, with details of 
steps taken, resolution, and that complainants have option to proceed to the Commission if 
problems are not resolved, with a designated Commission contact person for each project.  Each 
CPCN Order should require this Complaint process and the Order be provided to those within 
and directly adjacent to the project area, and to parties in the CPCN docket. 
 
At this time, Grant County Intervenors and Jewell Jinkins Intervenors have no further comments, 
due to the time constraint.  We ask that in the future the Commission make an effort to be more 
inclusive and provide notice to landowners, residents, farmers near solar projects, and to all those 
commenting and intervening parties to solar dockets.  Such notice could easily be provided 
online to those with an interest in solar project application requirements. 
 
Thank you for the opportunity to comment. 

 

Dated: February 15, 2021     
__________________________________ 

       Carol A. Overland             MN Lic. 254617 
Attorney for Grant County Intervenors  
Legalectric 

       1110 West Avenue 
       Red Wing, MN   55066 
       (612) 227-8638 
       overland@legalectric.org 
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Abstract
1. As human activities expand globally, there is a growing need to identify and miti-

gate barriers to animal movements. Fencing is a pervasive human modification of 
the landscape that can impede the movements of wide-ranging animals. Previous 
research has largely focused on whether fences block movements altogether, but 
a more nuanced understanding of animals' behavioural responses to fences may 
be critical for examining the ecological consequences and prioritizing conserva-
tion interventions.

2. We developed a spatial- and temporal-explicit approach, Barrier Behaviour Analysis  
(BaBA, available as an r package), to examine individual-level behaviours in re-
sponse to linear barriers. BaBA classifies animal-barrier encounters into six behav-
iour categories: quick cross, average movement, bounce, back-and-forth, trace and 
trapped. We applied BaBA to wide-ranging female pronghorn Antilocapra ameri-
cana and mule deer Odocoileus hemionus in an area of western Wyoming, USA, 
with >6,000 km of fencing.

3. We found both species were extensively affected by fences, with nearly 40% of 
fence encounters altering their normal movements, though pronghorn were more 
strongly affected than mule deer. On average, an individual pronghorn encoun-
tered fences 250 times a year—twice the encounter rate of mule deer. Pronghorn 
were more likely to bounce away from fences, whereas deer engaged in more 
back-and-forth, trace and average movement near fences.

4. We aggregated these behavioural responses to demonstrate how BaBA can be 
used to examine species-specific fencing permeability and to identify problematic 
fence segments in order to guide fence modification or removal.

5. Synthesis and applications. Our work provides empirical evidence on how fences 
affect wildlife movement. Importantly, Barrier Behaviour Analysis (BaBA) can be 
applied to evaluate other linear features (such as roads, railways and pipelines) 
and habitat edges, enhancing our ability to understand and mitigate widespread 
barrier effects to animal movement.

K E Y W O R D S

animal movement, BaBA package, barrier mitigation, conservation prioritization, fence, linear 
barriers, ungulate, wildlife migration
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1  | INTRODUC TION

Animal movements connect disparate habitats in space and time, 
and sustain critical ecosystem functions and services (Bauer & 
Hoye, 2014; Lundberg & Moberg, 2003). Yet the movements of 
wide-ranging animals also render them vulnerable to landscape 
fragmentation caused by anthropogenic barriers (e.g. roads, pipe-
lines). Fencing, which has been implemented since the beginning of 
human civilization, is among the most pervasive of these barriers 
(Jakes et al., 2018; Kotchemidova, 2008). The total length of fenc-
ing around the world may now exceed that of roads by an order of 
magnitude (Jakes et al., 2018), and continues to grow due to a global 
trend towards land partition and privatization (Linnell et al., 2016; 
Weldemichel & Lein, 2019; Yu et al., 2016).

Terrestrial wide-ranging mammals, such as migratory ungulates, 
are particularly susceptible to fence effects because fences directly 
block movement paths. Some of these effects are intentional and 
carry conservation benefits. For instance, fences are used to reduce 
roadway mortality (Clevenger et al., 2001), control disease transmis-
sion (Mysterud & Rolandsen, 2019) and facilitate endangered species 
recovery (e.g. woodland caribou, Cornwall, 2016). Fences also carry 
indirect conservation benefits in some systems, such as the US West, 
where maintaining livestock grazing as a viable land use may protect 
some wildlife habitat from exurban development (Cornwall, 2016; 
Jakes et al., 2018). However, fences also carry conservation costs. 
Impermeable fences, such as border and veterinary fences, com-
pletely block animal movement and often induce drastic population 
declines subsequently (Said et al., 2016; Woodroffe et al., 2014). 
Semipermeable fences allow a degree of connectivity, but may still re-
duce movement efficiency and compromise animals’ ability to access 
valuable resources (Cozzi et al., 2013; Jakes et al., 2018). In some cases, 
animals avoid areas near fences altogether, such that high fence den-
sity significantly diminishes habitat effectiveness (Zhang et al., 2014). 
The nature and strength of fence effects vary by species, according to 
such factors as movement capacity, diet preference and adaptability 
to disturbance (Burkholder et al., 2018; Cozzi et al., 2013).

To date, most studies on fence effects have focused on measur-
ing animal crossing rates (Bauman et al., 1999; Jones et al., 2020), 
mortality risk (Harrington & Conover, 2016) or population distribu-
tion (Said et al., 2016; Stabach et al., 2016; Zhang et al., 2014). While 
this information is valuable for basic management and land-use 
planning, animals' behavioural responses to fencing appear substan-
tially more complex. For example, upon encountering a fence line, 
animals may ‘patrol’ along boundaries, seeking breaks for crossing 
opportunities (Gates et al., 2011; Nandintsetseg et al., 2019) or im-
mediately deflect away (Vanak et al., 2010). Animals may also move 
more quickly in the immediate vicinity of fences (Mark Peaden 
et al., 2017). For animals less sensitive to fencing, there might be 
no visible changes in movement patterns at all (Cozzi et al., 2013). 
Identifying the full suite of behavioural responses, and how these 
vary by species, is a key step towards understanding the conse-
quences for individual physiology, population demography and spe-
cies interactions.

A better understanding of wildlife responses to fencing is also 
critical to conservation. Increasingly, land and wildlife managers 
seek to facilitate ungulate movement through fence removal (e.g. 
Alexander & Ferguson, 2010) or fence modification to meet ‘wild-
life-friendly’ standards (Paige, 2015; Paige & Stevensville, 2008). 
Studies have shown that proper modification locations are crit-
ical for mitigation effectiveness (Burkholder et al., 2018; Jones 
et al., 2018, 2020). Given the sheer amount of fencing in some areas 
(e.g. Løvschal et al., 2017; Poor et al., 2014; Sun et al., 2020) and 
the costs of removal and modification (Huijser et al., 2009, B. Gray 
and A. Hemenway, pers. comm.), the ability to identify problematic 
fences is a major challenge for land and wildlife managers. Recent 
advances in animal tracking technology have created new oppor-
tunities to identify movement behaviours near fences, and to link 
behaviours to spatially explicit fence maps.

In this study, we examined near-fence behaviours of two migra-
tory ungulate species which are of growing conservation concern 
across the western US, pronghorn Antilocapra americana and mule 
deer Odocoileus hemionus. Pronghorn ecology remains relatively 
poorly understood among North American ungulates, but the spe-
cies is subject to intensive conservation and restoration efforts in 
some parts of the range (Jones, 2014; Sawyer et al., 2019), includ-
ing habitat improvement and fence removal and modification (Jones 
et al., 2020). Meanwhile, mule deer is a species of conservation con-
cern in a number of western US states, sometimes due to habitat loss 
and potentially barriers (Sawyer et al., 2017). We adopted a compar-
ative approach because these species often co-occur, but exhibit dif-
ferent general responses to fences. Specifically, mule deer are known 
to jump over fences readily, whereas pronghorn prefer to crawl under 
fences (Jones, 2014; Jones et al., 2018). The reluctance to jump means 
that pronghorn movements can be completely blocked by woven-wire 
sheep or barbed-wire fences with low bottom wires (<40 cm)—the 
two most common types of fences across their home range in North 
America (Gates et al., 2011). To investigate these two species' be-
havioural responses to fences, we developed and applied a repeat-
able method that categorizes individual movement behaviours in 
response to linear barriers such as fences (Barrier Behaviour Analysis, 
BaBA). We conducted this work in western Wyoming, USA—a re-
gion known for some of the longest remaining ungulate migrations in 
North America and where fencing is a ubiquitous landscape feature 
(Middleton et al., 2020; Sayre, 2015). We identify extensive, complex 
behavioural responses of these wildlife to fences, examine spatial and 
temporal characteristics of these responses and demonstrate how 
BaBA might be used to inform conservation efforts.

2  | MATERIAL S AND METHODS

2.1 | Study area

Our study area (17,420 km2) is located in western Wyoming 
(110.03 W, 42.907 N, elevation 1,949–3,997 m, Figure 1). This semi-
arid region provides habitat for thousands of migratory pronghorn 
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and mule deer that migrate 30–160 km between seasonal ranges 
(Sawyer et al., 2005). The southern part of the area is the lower el-
evation Green River Basin, characterized by sagebrush (Artemisia 
sp.) and sagebrush grasslands interspersed with riparian tributaries 
of the Green River. The landscape shifts into mountainous terrain 
as elevation increases towards the northern end, characterized by 
mid-elevation aspen Populus tremuloides and lodgepole pine Pinus 
contorta, and higher elevation Engelmann spruce Picea engelmannii 
and alpine fir Abies lasiocarpa. Most fencing in the study area is as-
sociated with livestock pastures, private property and right of ways 
along roads. Fence density is higher in the rangelands of Green River 
Basin compared to the forested areas to the north. Most fences 
in the region are four- or five-strand barbed wire, sometimes with 
woven-wire attached at the bottom (Figure 1). We refer readers to 
Sawyer et al. (2019) for a more detailed description of this area.

2.2 | Animal tracking data and fence data

For each species, we used GPS (Telonics) locations collected from 
12 adult females in 2014 and 12 different adult females in 2016 (Xu 
et al., 2020). We focused on tracking females because they repre-
sent the reproductive segment of the population. We selected indi-
viduals that followed a variety of migration routes, which allows us 

to examine larger numbers of fences across the area (Figure S1). Data 
for each individual spanned January 1 to December 31. GPS positions 
were collected every 2 hr and each animal-year had fix rate success of 
≥99% (refer to Sawyer et al., 2017, 2019 for detailed animal capture 
and data collection protocols). The 24 mule deer were all migratory 
and travelled from a shared winter range in the basin to three general 
summer ranges in higher elevation forest areas (Figure 1). In contrast, 
the 24 pronghorn varied across a migration behavioural continuum 
(Cagnacci et al., 2011) from long-distance migrants to residents. The 
two species shared a general winter range, but tended to spatially seg-
regate in summer when mule deer migrated to higher elevation areas 
(Sawyer et al., 2005). For each species, we defined their home range 
using 95% kernel density estimation on all GPS points. We also calcu-
lated cumulative movement distances by summing all step lengths for 
each individual in the corresponding year.

We combined existing digital fence layers from the Bureau of 
Land Management, U.S. Forest Service and Wyoming Game of Fish 
Department. We validated our fence layer by manually checking 
fence lines against the submetre resolution (0.3–0.5 m) remote sens-
ing imagery base maps in ArcGIS 10.5. To label each fence line, we 
dissolved all fence features before applying the ‘multipart to single 
part’ tool in ArcGIS (Xu et al., 2020). Our fence compilation process 
identified the location of fences but did not distinguish between 
fence types (e.g. woven wire vs. barbed wire).

F I G U R E  1   Study area and typical fence structure in the area. Upper right: four-strand barbed wire fence. Lower right: woven wire sheep 
fence
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2.3 | Fence Behaviours Analysis

Barrier Behaviour Analysis is a spatial- and temporal-explicit 
method to identify and classify barrier behaviours based on GPS 
tracking data relative to linear spatial features. We categorized 
each animal's response to a fence encounter into three general 
categories (Figure 2). The first was normal movement, wherein the 
encounter location is permeable enough for the animal to quickly 
cross the barrier (quick cross), or the animal does not change its 
movement pattern notably (average movement). Although normal 
movement may still cause extra energy expenditure, the barrier 
does not conspicuously influence animals’ mobility. The second 
was altered movement, wherein the animal either quickly moves 
away from the barrier (bounce), stays close by going back and forth 
(back-and-forth) or moves along the barrier (trace). Note that back-
and-forth and trace may sometimes lead to successful crossings, but 
the behavioural response caused a prolonged delay in the move-
ment pattern, so we consider the event as an altered movement. 
The third was trapped, wherein animal locations are constantly near 
barriers, indicating the animal might be constrained, or choose to 
stay, in one enclosed area (trapped). Trapped also includes cases 
where the animal is able to cross one barrier line but only to enter 
in the proximity of another one.

With GPS data and fence location as input, BaBA identifies con-
tinuous GPS locations that fall within fence buffer area as encounter 
events. These events are subsequently classified into one of the six 
barrier behaviour types based on the encounter duration, straight-
ness of the encounter movement segment and numbers of trajec-
tory–fence intersections. The output of BaBA is a spatial data frame 
with each row representing an encounter event annotated with an-
imal ID, time of occurring, duration of the event, numbers of inter-
sections between fences and this movement segment and classified 
event type. A step-by-step BaBA guide can be found in Appendix S1.

For pronghorn and mule deer, we used BaBA with fence buf-
fer distances every 10 m from 50 m to 150 m and used quick cross 
events as indicators to identify the optimal fence buffer distance 
that best captured animal crossing attempts (Appendix S1). To com-
pare pronghorn and mule deer fence behaviours, we calculated the 
mean and the standard deviation of numbers of each type of fence 

behaviour across individuals, by species. We conducted a sensitivity 
analysis of BaBA results by adjusting parameter settings and GPS 
temporal intervals (Appendix S2).

2.4 | Identifying and prioritizing problematic fences

We spatially joined the BaBA result generated from the optimal 
fence buffer distance with the fence layer to create a fencing evalu-
ation map. We characterized each fence line by the total number of 
animal encounters that occurred along it, the total number of unique 
individuals that interacted with it and the total number of each bar-
rier behaviour along it. For each fence line, we calculated a permea-
bility index to evaluate how often it alters animal movement, defined 
by the ratio of non-normal movement events (bounce + trace + back-
and-forth + trapped) to total encounter events, weighted by numbers 
of unique individuals encountered and scaled to 0–1. Because not 
all mapped fences were encountered by animals equally, we only 
included ones with at least 10 encounters to ensure sufficient infor-
mation exist for calculating the permeability index. All analyses were 
programmed in R (R Core Team, 2020), and the script is available in r 
package BaBA at https://github.com/wx-ecolo gy/BaBA.

3  | RESULTS

3.1 | Fence and home range

Fencing digitization and correction generated 6,244.33 km of fence 
in the study area, with a density of 0.36 km/km2 (Figure 1). Results 
of home range and movement distance calculations confirmed a 
widely dispersed movement pattern of pronghorn (Figure S1). The 
total range size of the 24 pronghorn was 5,726.7 km2, with an ac-
cumulated movement distance of 1551.4 ± 201.0 km per year, 68% 
longer than that of a mule deer (991.8 ± 91.0 km). Deer were more 
migratory and the range of the 24 individuals (3,793.9 km2) delin-
eated their seasonal habitats and migration corridor. The average 
fence density in pronghorn range was 0.91 km/km2, compared to 
0.59 km/km2 for mule deer.

F I G U R E  2   The six behavioural types 
identified in Barrier Behaviour Analysis. 
When a fence does not represent a 
significant barrier to movement, an 
animal can conduct normal movement, 
including (1) quick cross and (2) average 
movement. Otherwise, animals may (3) 
bounce away from fences or (4) move 
back-and-forth and (5) trace along the 
fence to seek a potential crossing. In some 
cases, an animal may become (6) trapped 
in a fenced area and forced to remain 
in proximity to fences for a prolonged 
period

https://github.com/wx-ecology/BaBA
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3.2 | Fence Behaviours Analysis

For pronghorn, a 110-meter fence buffer best captured the quick 
cross events, while for mule deer, this optimal distance was 90 m 
(Figure 3; Appendix S1). Pronghorn encountered fences on an aver-
age of 248.5 ± 94.8 (mean ± SD, same below) times per year, twice 
the rate of mule deer (119.3 ± 86.2). Both species had similar quick 
crossing rates, with 51.0 ± 6.1% for pronghorn and 51.6 ± 10.5% 
for mule deer. Among non-crossing behaviours, pronghorn bounced 

away from fences (76.4 ± 7.6%) more frequently than mule deer 
(64.7 ± 12.5%; Mann–Whitney p < 0.05). When animals did spend 
time near fences and were not trapped (i.e. they were engaged in av-
erage movement, back-and-forth or trace behaviours), mule deer were 
more likely to maintain average movement patterns than pronghorn 
(63.8 ± 14.2% vs. 57.0 ± 13.1%, Mann–Whitney p < 0.05). For both 
species, the back-and-forth to trace ratio was about 3:2.

Pronghorn were impacted by fences more in summer than in win-
ter (Figure 4), as fence encounters increased May through September 

F I G U R E  3   Annual individual frequency of barrier behaviours. Grey bars show the standard deviation of total fence encounters across 
the 24 individuals. The optimal distance for capturing fence crossing behaviours is 110 m for pronghorn, and 90 m for mule deer (highlighted 
bars)

F I G U R E  4   Seasonal variability of barrier behaviour. Pronghorn (n = 24) had a large, single peak seasonal variation in fence encounters 
with more bounce and quick cross behaviours during the summer (May–September, pink shade) compared to the winter (November–March, 
blue shade). Mule deer (n = 24) showed variable barrier behaviours throughout the year, with a slight, but not significant, increase in 
frequency during the summer
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(summer encounters increased by 52.1 ± 46.5% compared to the 
winter encounters, Mann–Whitney p < 0.05). Specifically, pronghorn 
performed more bounce and quick cross behaviours, but other longer 
lasting behaviours did not increase as much. In contrast, some mule 
deer individuals even encountered fences less in the summer, and 
the changes were not significant across individuals between winter 
and summer (Mann–Whitney p = 0.26).

3.3 | Identifying and prioritizing problematic fences

Fence segments elicited different behavioural responses from prong-
horn and mule deer, indicating some were more permeable than 
others. Cumulative levels of behavioural responses weighted by the 
number individuals detected at each fence segment provided a spa-
tially explicit map, revealing a species-specific permeability landscape 
for pronghorn and deer. The highest concentration of problematic 
fences appeared to coincide with the central part of the study area 
that both pronghorn and deer utilize as winter range (Figure 5a,b). 
Notably, fences in the southeast corner of the study area with higher 
impermeability for mule deer also appeared to be problematic for 
pronghorn. Figure 5c,d showcase one fence that was problematic for 

both species and this zoom-in view further demonstrated species dif-
ference at a finer scale. Pronghorn often bounced at the southern sec-
tion of this fence, yet mule deer encounters tended to happen at the 
west with high occurrences of back-and-forth.

4  | DISCUSSION

Scientists and conservationists increasingly recognize the ubiquity and 
potential impacts of fencing on global biodiversity, and have called for 
empirical studies of fence ecology to guide conservation and manage-
ment (Durant et al., 2015; Jakes et al., 2018). Our work answers this 
call, revealing extensive effects of fencing on the movement behaviour 
of two wide-ranging ungulate species in western North America, ef-
fects which are expressed via a suite of specific behavioural responses. 
Specifically, the pronghorn and mule deer we studied crossed fences 
about half the time they encountered fences, but in the other half of 
these encounters mainly adopted bounce, trace and back-and-forth 
behaviours to avoid fences or find potential crossings. We show how 
fence effects vary in space and time and affected these two highly 
mobile ungulate species differently. Importantly, we demonstrate that 
when summed and mapped, these behaviours can aid in identifying 

F I G U R E  5   Fencing mitigation prioritization for (a) pronghorn and (b) mule deer movement. Only fence lines that had more than 10 total 
encounters are highlighted in colours. (c and d) show the zoom-in view of the boxed area in the top panels overlaid with classified fence 
encounter events
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problematic fence segments, potentially aiding in mitigation pro-
grammes. Our method, BaBA, is applicable to any linear barrier and 
habitat edges, illustrating how future work can harness tracking data to 
understand and ameliorate constraints on animal movements.

Importantly, our study shows that behavioural responses to fences 
are more complex than simply crossing or not crossing them. For both 
pronghorn and deer, nearly 40% of fence encounters altered their 
normal movement. Among the non-normal fence behaviours, bounce 
was the most common for both species, indicating that animals often 
move away from fences if they cannot quickly cross. Such avoidance 
of fences can drive animals away from high-quality resources and re-
duce habitat use effectiveness (Jones et al., 2019)—a barrier effect re-
ported for a wide range of species including wildebeest Connochaetes 
taurinus (Stabach et al., 2016), African elephant Loxodonta africana 
(Vanak et al., 2010) and Przewalski's gazelle Procapra przewalskii (Zhang 
et al., 2014). The other two altered fence behaviours, back-and-forth 
and trace, could be particularly costly, especially when resources are 
not available along fences. For example, Mongolian gazelle Procapra 
gutturosa were observed to trace border fences for as long as 59 days 
(Nandintsetseg et al., 2019). Lastly, although not frequently detected 
in our study, trapped events often occurred in areas with high fence 
density—for example, near exurban properties or livestock pastures. 
Constraining animal movements for prolonged periods within limited 
areas may trigger human–wildlife conflicts (Zhang et al., 2014).

Our results are likely a conservative estimation of actual fencing 
impacts in our study area. For highly mobile animals like pronghorn 
and mule deer, our moderate 2-hr GPS interval might not capture 
nuanced movement changes caused by fencing in a shorter time pe-
riod (Appendices S2 and S3). Fine-scale GPS tracking data manifest 
high spatiotemporal autocorrelation. While we focused on barrier 
behaviours of females in this study, males might be more constrained 
by fences because their large horns could prevent them from cross-
ing underneath. Altogether, though the wildlife can still move across 
the study area, it is conceivable that connectivity and habitat func-
tion are substantially compromised across large portions of the 
landscape due to the cumulative effects of fence behaviours. Our 
future research will focus on evaluating potential ecological and de-
mographic consequences of the different types of fence behaviours.

Our results also illuminate the species-specific nature of fence 
impacts on wildlife. Compared to mule deer, pronghorn encountered 
fences twice as often, which might be associated with their longer 
cumulative movement distance and dispersed movement patterns 
(Figure S1). It is possible that fences contribute to the relatively long 
movement distances of pronghorn by constantly redirecting them 
and making directed point-to-point movements difficult. Similarly, 
Ockenfels et al. (1997) found that fenced roads significantly constrain 
the shapes of pronghorn home range. At a broader scale, fence con-
struction across the American West (Sayre, 2015) could shape the geo-
graphic distribution of pronghorn, confining them to a portion of their 
historical range. Pronghorn also exhibited larger seasonal variations in 
fence behaviours than mule deer, encountering fences 1.5 times more 
in summer than in winter. This pattern is likely a result of pronghorn 
simply moving more than deer during the summer and the spatial 

distribution of fences in our study area. Most pronghorn are an obli-
gate to open plains and basins, whereas mule deer migrate into moun-
tainous areas where fences are sparse, resulting in a much higher fence 
density in pronghorn year-round home range. It is generally recog-
nized that winter is a critical season for pronghorn fitness and survival 
(Keating, 2002). However, our study underlines an unexpected conser-
vation challenge that summer as well is a costly season for pronghorn 
considering energy spent interacting with fences. Given one recent 
estimate of over 1 million km of roadside fences and pasture fences 
in the American West (McInturff et al., 2020), fence modifications for 
conservation might be more urgent than currently recognized.

The spatial-explicit BaBA results, when viewed cumulatively, can 
be used to prioritize fence modification efforts (Figure 5). The distinc-
tive distributions of problematic fences for the two species highlight 
the importance of the species-specific perspective when evaluating 
conservation needs in fenced landscapes. Pronghorn and deer shared 
several of the most problematic, or least permeable, fences, which 
highlight obvious areas to prioritize fence mitigation. The prioritization 
maps also highlight conservation challenges for conserving wide-rang-
ing animals. Our map resulted from only 24 sampled animals. Additional 
animal tracking data might further expand the numbers and the distri-
bution of problematic fences, especially for pronghorn because of their 
expansive movement pattern. Furthermore, problematic fences were 
dispersed widely across the study area, overlapping with a complex 
mosaic of public and private land ownerships (Middleton et al., 2020). 
Collaborative efforts and integrated land use management are likely 
necessary to ensure success of fence modifications for these wildlife.

Although we focus on fences here, BaBA can be widely applied to 
other types of linear barriers (e.g. roads, pipelines) and habitat edges 
(e.g. woody-cultivated ecotones). These applications can potentially 
aid in a wide range of conservation projects—such as constructing 
wildlife passages at optimal locations along highways and railroads 
(Xu et al., 2019). Yet, we caution that types of barrier behaviours clas-
sified by BaBA are solely based on physical characteristics of move-
ment trajectories, and its application and interpretation should be 
informed by species movement characteristics, spatial precision of 
barrier locations and temporal resolution of GPS data (Appendix S1). 
For example, the trace behaviour can be extremely costly (Gates 
et al., 2011; Nandintsetseg et al., 2019) or can be a navigation tac-
tic that boosts animal foraging and movement efficiency (e.g. Dickie 
et al., 2017; Rostro-García et al., 2015). Second, for demonstration 
purposes, we chose individuals that range over relatively large areas. 
Yet, when applied to management of populations, we recommend a 
more representative sampling design, ideally with multiple years of 
data to obtain sufficient encounter rates across fences.

To date, most fences on earth are still undocumented or un-
mapped (Jakes et al., 2018). Our study area alone contained 
6,244 km fences, more than double the length of the US–Mexico 
border (3,145 km). Yet this only represents a small fraction of the 
total amount of fence in north America and beyond (McInturff et al., 
2020). With the increasing availability of high-resolution remote 
sensing images and the rapid development of the field of computer 
vision, methods like deep learning can be applied in detecting fences 
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systematically at a landscape scale (Christin et al., 2019). With the 
benefit of such technological advancement, we hope BaBA can 
be strengthened and play a significant role in generating synoptic 
knowledge across species and systems, underpinning the burgeon-
ing subdiscipline of fence ecology and conservation.
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