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Methods and Discussion

Assembling a working group

A mitigation-design working group
was formed to guide development of the
process of offset identification and
integration of spatial data into the site
selection process. All participants had
expertise and involvement with the
biological systems affected by the Pinedale
Anticline Field development; the group
included representatives from state agencies
(Wyoming Game and Fish Department,
Wyoming Landscape Conservation
Initiative), federal agencies (Pinedale BLM
Field Office), oil and gas consulting firms,
and NGOs. This group helped secure the
most current spatial data on species of
concern, assessments of the predictive
models being developed, and insights into
the process being developed. We sought to
apply rigorous, objective measures of
conservation value whenever possible,
recognizing that a quantitative assessment
would have to be supplemented by expert
opinion.

Study area

Our study area was the 200,000 ha
Pinedale Anticline natural gas field in
western Wyoming (figure 1) where QEP
Corporation is actively drilling new gas
wells. The Pinedale Anticline Field is a
high-desert xeric shrubland ecosystem that
provides critical habitat for pronghorn, mule
deer, pygmy rabbit, sage-grouse, songbirds,
and raptors, in the sagebrush basin of the
upper Green River. Greater sage-grouse
(Centrocercus urophasianus) populations
within the field are also a significant
concern, a species recently considered by
the US Fish and Wildlife Service for the
endangered species list. The FWS issued a
“warranted, but precluded” listing,
signifying the species need for protection,

but delaying full protection to give
corporations and agencies time to consider
how to best respond. Significant research on
the plant and wildlife populations within the
Pinedale Anticline Project Area has already
occurred. As a result, data on many species
within and adjacent to the field are well-
documented and mapped.

Spatial data for biological targets

Spatial data were used to quantify
impacts associated with development on the
Pinedale Anticline natural gas field and to
guide selection of offset sites. We used a
combination of point and polygon survey
data, vegetation maps, and predictive model
estimations from various sources (Table 1).
We checked for rare plant occurrences
within the Pinedale Anticline Field in the
2009 Wyoming Natural Diversity Database
and found one (Phlox pungens) with
potential habitat in the study area. If survey
data were sufficient for estimating
occurrence patterns, we relied on these data;
in many cases, we used data collected from
various PAPO survey efforts. For golden
eagle nests, bald eagle nests, and sage-
grouse leks we created buffers around nest
and lek locations (1/2, 1, and 2 miles,
respectively). To represent vegetation across
the study area, we relied on the NW ReGAP
(2009) digital ecological systems vegetation
maps, using minimum viable size criteria to
select only occurrences of those vegetation
types that were large enough to be viable by
standard ecological guidelines [1].

If survey data were insufficient to
estimate occurrence patterns across the
study area, we developed inductive and
deductive predictive models based on
species occurrence, observation, and survey
data from the Wyoming Natural Diversity
Database (WYNDD), Wyoming Game and





Fish Department (WGFD), and the Bureau
of Land Management (BLM). We used
species predictive habitat models developed
for pygmy rabbit and white-tailed prairie
dog from the Jonah offsite mitigation
planning project led by The Nature
Conservancy. Detailed methods for these
models can be found in Kiesecker et al.

([2D).

Setting offset goals and selecting potential
offset sites within MARXAN

We quantified field level impacts
using a relatively simple approach of
counting impacts as the number of hectares
of each of the biological targets within the
initial development area, as defined by QEP
Corporation (Map 1). Spatial data assembled
for each of the biological targets were
overlaid onto the field boundaries, and
estimated hectares of habitat within the
bounds were included as impacts at a rate of
one to one (Table 1). Ultimately, a refined
estimate of impact and the value of offset
actions will determine the amount of offset
needed to reach no-net-loss. The impacted
hectares represent the input goals for the
MARXAN algorithm or the minimum offset
spatial goals.

When the decision to use offsets is
made, the choice of offset location that best
balances proximity to the impact site with
effectively achieving conservation benefits
is often unclear. Here, we used the
MARXAN (version 2.1.1) site-selection
algorithm developed by Ball and
Possingham ([3]) to illustrate how this tool
can be used to determine an appropriate
location and spatial extent for offset design.
We developed criteria to ensure offsets
would serve to mitigate onsite impacts (see
below), then we ran analyses at
progressively broader spatial extents, with
the intention of selecting offsets at the
smallest spatial extent at which goals could
be met. We chose an offset area in

accordance with both biological and
political constraints, defined by the
boundaries of the Pinedale Field Office of
the BLM and Wyoming Game and Fish
Department Sublette Mule Deer Herd Unit,
since mule deer are a key species of concern
in this area.

MARXAN, a siting tool for
landscape conservation analysis, explicitly
incorporates spatial design criteria into the
site selection process. MARXAN operates
as a stand-alone program and uses an
algorithm called “simulated annealing with
iterative improvement” as a heuristic
method for efficiently selecting regionally
representative sets of areas for biodiversity
conservation [4]. MARXAN allows inputs
of target occurrences represented as points,
lines, or polygons in a GIS environment, and
makes it possible to state conservation goals
in a variety of ways, such as percentage area
or numbers of point occurrences. The
program also allows the integration of many
available spatial data sets on land-use
patterns and conservation status, and enables
a rapid evaluation of alternative
configurations. The ultimate objective is to
minimize the cost of the reserve system (i.e.,
cost = landscape integrity, conservation cost
in dollars, size of the reserve, etc.) while still
meeting conservation objectives. For each
MARXAN run, we used the “Annealing and
Iterative Improvement” algorithm for 500
runs, 1,000,000 iterations, and a boundary
length modifier of 20 for clustering the
output solution.

The working group selected 500-ha
hexagons (derived from a uniform grid) as
the unit of analysis for running MARXAN
because this spatial resolution was sufficient
to represent biological targets and also large
enough to permit efficient analyses across
broad landscape scales. The effectiveness of
a contiguous set of hexagonal units for
defining natural variability, especially
among spatially heterogeneous data sets, is





well documented [5]. Use of hexagons
resulted in 3508 analysis units (1,646,821
ha) for the study area. Each hexagon was
populated by summing the area of suitable
habitat for the targeted community or
species.

In addition to the biological
information used to select potential offset
sites, we incorporated a series of additional
rules. First, we guided site selection to areas
of high biological integrity [6]. This is
equivalent to the “cost” function used by
MARXAN [3]. Given the difficulty of
restoration in this dry sagebrush system [7],
the team felt it necessary to select areas with
high integrity and allow mitigation funding
to keep these systems from becoming
degraded. We considered using a probability
function [8] to incorporate the threat of
future oil and gas development
(vulnerability) into one of our offset
scenarios. QEP [9] developed net sands
maps of producing formations to map areas
of greater than 90% likely over having high
oil and gas potential within the Green River
Basin. Due to the potential for future energy
development in this area, we thought it
would be prudent to increase the cost of
selecting areas with high future development
potential for offsets to avoid establishing
offset sites that may themselves need to be
offset. Moreover, the high cost and
regulatory uncertainty associated with
working in areas with high resource
potential constituted another reason to avoid
selecting these areas. However, our initial
site results from MARXAN did not
significantly overlap with areas of high oil
and gas probability, so we chose not to run
additional scenarios to avoid the small
overlap areas. Any investment in offsets in
areas with oil and gas development potential
would need to secure restrictions on
development to ensure long-term viability of
the offset.

Offset goals achieved

The result of our optimal MARXAN
run includes 18 portfolio sites encompassing
304,500 hectares of lands consistent with
our offset goals. The portfolio sites selected
included a mix of largely public (BLM) and
to a smaller extent private lands. In our
preferred scenario, the options for private
land conservation (i.e. easements) are small
(especially in the southern end of the basin)
and point to many restoration, stewardship
and land management opportunities.

Discussion
Use of the Analysis Results

These analysis results can be used to
complement the planning and analysis work
conducted as part of the Environmental
Impact Statement for the Pinedale Anticline
Field. The identification of areas where
additional conservation improvements could
be conducted could serve to provide a way
to offset impacts associated with
development through improvements targeted
at species impacted by development. For
example, offset sites could be utilized in a
number of ways to compensate for impacts
associated with development. A simple
approach may be for BLM to establish a
surface disturbance (or activity) threshold on
a section by section basis (or some other
spatial unit) and if development exceeds
these disturbance caps it would trigger they
need to offset the wildlife values within that
section. Alternatively, monitoring plots both
within development areas and outside
development areas could be established for
key wildlife targets. Monitoring that reveals
departures (declining trends in populations
or habitat quality indices) between
development and non-development areas
could trigger the need for offsets and could
be directed at declining species.





If offset are used a number of criteria
will need to be address to ensure they can be
provide the needed benefit. Critical to their
usage will be the demonstration of
additional conservations benefits ([10],[11])
that accrue to impacted wildlife species and
systems. Areas selected will only be
valuable as offsets if opportunities exist to
either restore (i.e. improve conditions for
target species) habitat or abate future threats
(i.e. prevent invasive weed establishment) to
habitat in a manner that improves the
condition for target species (See [11] for an
example). Reaching no net loss from
impacts associated with development will
come from on-site actions that minimize
impacts or restore habitat, combined with
off-site actions that provide additional
benefits. As on-the ground projects are
considered, a finer currency that
incorporates the size of the impact and
offset, as well as values associated with
ecological functions, quality, and integrity
will need to be established. For the
sagebrush ecosystem, several site
assessment tools are available for use (i.e.,
USFWS 1980, habitat evaluation
procedures; USNRCS 1997, ecological site
descriptions;[12], habitat hectares
approach). If sites are to be used as offset
sites to compensate for onsite impacts, then
these sites will need to ensure that oil and
gas development be curtailed to the degree
consistent with the conditions needed for the
target (or targets) it is intended to offsets and
during the period that the site would serve
its offset roll.
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Table 1. Data notes and sources

Conservation Data Notes Source/Date

Target

Mule deer Crucial winter range and migration WGFD (2007, 2009), Sawyer
corridors/transitional range (2009)

Pronghorn Crucial winter range and migration WGFD (2007)
corridors/transitional range

Pygmy rabbit Predictive habitat model TNC (2008), WYNDD (2009)

White-tailed Predictive habitat model TNC (2008), BLM/Hayden

prairie dog and
associated targets

Wing (2009)

Sage-grouse

Occupied leks buffered by 2 miles,
breeding and wintering habitat models
from sagebrush vegetation within core
areas

WGFD (2008), NW ReGAP
(2009), Doherty et al.(2009)

Golden eagle Y mile buffer from nests WYNDD (2009), BLM (2009)
Bald eagle 1 mile buffer from nests WYNDD (2009), BLM (2009)
Beaver rim phlox | Predictive habitat model WYNDD (2008)

Wetlands Emergent, Forested/Shrub, Pond National Wetlands Inventory

Wetlands

Ecological systems

Inter-Mountain Basins Big Sagebrush
Steppe, Inter-Mountain Basins Big
Sagebrush Shrubland, Wyoming Basins
Dwarf Sagebrush Shrubland and Steppe,
Inter-Mountain Basins Greasewood Flat,
Western Great Plains Riparian Woodland
and Shrubland, Northwestern Great Plains
Mixedgrass Prairie, Inter-Mountain
Basins Montane Sagebrush Steppe

NW ReGAP (2009)
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Introduction

Development by Design for the
Pinedale Anticline

In many cases the environmental mitigation
process for development projects is ad hoc, opaque,
and insufficient, failing to deliver effective
outcomes for biodiversity conservation [1].
Mitigation planning too often reflects a reactive,
piecemeal approach, focused on site-level impacts
of the next proposed project. Here we seek to
balance the needs of planned developments with
those of biodiversity conservation. The aim is to
bring greater efficiencies to development planning
and impact mitigation, and more effective
conservation outcomes. We seek to improve
implementation of the “mitigation hierarchy” at each
stage — avoid, minimize/restore, and offset — in a
way that is transparent and transferable to industry
and regulators, and complementary to the
environmental assessment [2]. By evaluating threats
and impacts at regional and site levels, in a proactive
fashion, mitigation planning can steer development
projects away from conservation priorities and
ensure mitigation provides a higher return for
conservation. We generated this information by
harnessing decades of conservation planning
experience, extensive ecological data, and advanced
computer-modeling tools to assess the onsite
conservation values, as well as to locate
compensatory mitigation opportunities.

Mitigation frameworks often ask developers
if they have followed the mitigation hierarchy [3] of
seeking to avoid, minimize and restore biodiversity
on site before considering an offset for the residual
impacts. However, no quantitative guidelines exist
to guide this decision making process. Landscape
level planning and associated tools provides a
framework to address this problem. Identifying
wildlife values at a landscape scale and
understanding the landscape value of local
occurrences can guide decisions regarding when

impacts should be avoided or when they can be
offset. Placing mitigation design within a landscape
level planning framework can ensure that
development actions are consistent with
conservation goals.

Biodiversity offsets (aka offsite mitigation,
compensatory mitigation) seek to ensure that
inevitable negative environmental impacts of
development are moderated by environmental gains,
with the overall aim of achieving a net neutral or
positive outcome [1,4]. The goal of our offset
analysis was to design an approach that seeks to
ensure that offsets are ecologically equivalent to
impact site, would persist at least as long as onsite
impacts, and would achieve a net neutral or positive
outcomes for impacted wildlife targets.

Here we outline an analysis of important
wildlife habitat and resources within the Pinedale
Anticline development area, highlight onsite
occurrences of high value from a landscape
perspective and suggest compensatory mitigation
opportunities. Our analysis highlighted both (1) high
quality habitats and (2) known locations of selected
species and ecological systems. In addition, we
examined potential impacts associated with
development and identified a set of offset sites that
were selected to compliment landscape level
conservation goals. This report provides an
overview of the methods and results from these
analyses. All methods are adapted from Kiesecker et

al. ([4],[2,5]).
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Development By Design

A science based process to identify, incorporate and

implement the mitigation hierarchy across a region

(e.g. basin) or site (e.g. permitted area) based on
potential impacts and goals for species and habitats.
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Development By Design
Key Questions

» Conforming with mitigation hierarchy
*When should impacts be avoided vs. offset?

» Selecting suitable offset sites

= Ecological equivalence?

" Proximity to impact site?
=* Contribution to landscape level conservation
goals?

» Achieving no net loss

" Accounting framework?
* How much is enough?
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Mitigation Planning: portfolio design process
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Conservation Targets by Site

Sage
Grouse
Mule Deer Mule Pronghorn Sage Breeding  Golden
Crucial Deer Crucial Pronghorn Pygmy Grouse  Winter Eagle Bald Eagle Beaver
Site ID Acres Range Corridors Range Corridors Prairie Dog Rabbit Leks Habitat Nests  Nests Rim Phlox Wetlands
1 4,942 No No No No Yes Yes No No No No Yes No
2 65,483 No No Yes Yes Yes Yes No Yes No No Yes Yes
3 3,707 No No No Yes Yes Yes Yes Yes No No No No
4 239,692 Yes Yes Yes Yes Yes Yes Yes Yes No No Yes Yes
5 148,263 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6 29,653 Yes Yes No Yes Yes Yes Yes Yes No No No Yes
7 19,768 Yes No Yes Yes Yes Yes Yes Yes No No Yes Yes
8 29,653 Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes
9 17,297 Yes Yes No Yes Yes Yes Yes Yes No No Yes Yes
10 2,471 Yes Yes No No Yes Yes Yes Yes No No No Yes
11 129,730 Yes Yes No Yes Yes Yes Yes Yes Yes No Yes Yes
12 2,471 Yes Yes No Yes Yes Yes Yes Yes No No No Yes
13 25,946 Yes Yes No Yes Yes Yes Yes Yes No No No Yes
14 2,471 No Yes No No No No No No No No No No
15 9,884 Yes Yes No Yes No Yes Yes Yes No No No Yes
16 3,707 No Yes No No No No No No No Yes No Yes
17 12,355 No No No No No No No No No Yes No Yes

18 4,942 No Yes No Yes No No No No No Yes No Yes





Vegetation Targets by Site

Intermountain
Basins Big
Sagebrush
Shrubland

1 Yes
2 Yes
3 Yes
4 Yes
5 Yes
6 Yes
7 Yes
8 Yes
9 No
10 No
11 Yes
12 No
13 No
14 No
15 No
16 No
17 No
18 No

Intermountain
Basins Big
Sagebrush Steppe

No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No

Intermountain
Basins
Greasewood Flat

Yes
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
No
Yes
Yes

Yes

Intermountain
Basins Montane
Sagebrush Steppe

No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No

Northwestern
Great Plains Mixed
Grass Prairie

Yes
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
No
Yes
Yes

Yes

Western
Great Plains
Riparian

No
No
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
No
No

Wyoming Basins
Dwarf
Sagebrush
Shrub Steppe

Yes
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No
Yes
No
Yes
Yes

Yes
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Target ID Conservation target Target Goal (Acres) Target Acres in Solution

1 Mule deer crucial winter range 3,863 186,568
2 Mule deer migration corridors 4,201 74,421
3 Pronghorn crucial winter range 19,039 99,567
4 Pronghorn migration corridors 12,755 75,922
5 White-tailed prairie dog and associated targets 1,567 183,187
6 Pygmy rabbit habitat 47,621 220,116
7 Sage-grouse occupied leks, buffered by 2 mi 44,461 229,652
8 Sage-grouse breeding and wintering habitat 54,090 310,588
10 Golden eagle nests, buffered by 0.5 miles 501.613 502
11 Bald eagle nests, buffered by 1 mile 2011.394 6,846
12 Beaver Rim Phlox (Phlox pungens) 9,002 57,548
16 Emergent, Forested/Shrub, Pond Wetlands 1,473 9,110
17 Inter-Mountain Basins Big Sagebrush Steppe (117) 20,648 90,694
18 Inter-Mountain Basins Big Sagebrush Shrubland (97) 37,396 197,761
20 Intermountain Basins Greasewood Flat (159) 331 1,290
21 Western Great Plains Riparian Woodland and Shrubland (198) 1,203 2,685
22 Northwestern Great Plains Mixedgrass Prairie (130) 487 1,209

23 Inter-Mountain Basins Montane Sagebrush Steppe (118) 707 24,515
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