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Abstract
The ecosystems of the Williston Basin provide direct 

and indirect benefits to society. These benefits include carbon 
sequestration, flood control, nutrient rich soils for agricultural 
productivity, and habitat for wildlife. This chapter’s main 
focus is on the effects of energy development on species that 
occupy the ecosystems in the Williston Basin. We compiled 
a list of documented species of conservation concern that are 
of most interest to Federal regulators and resource managers. 
Species of concern were either listed as endangered or threat-
ened under the Endangered Species Act or listed by States 
as species of concern in Natural Heritage Program checklists 
or State Wildlife Action Plans. All told, we determined that 
357 species of concern likely occupy the Williston Basin. 
These species represented seven different taxonomic groups: 
plants (native and nonnative), terrestrial invertebrates, birds, 
mammals, reptiles and amphibians, and fish and mussels.

We reviewed the existing scientific information pertain-
ing to potential effects of energy development on these taxo-
nomic groups. Currently, little is known about the abundance 
and distribution of many of these species. But some informa-
tion exists that may be useful in predicting the potential effects 
of energy development on certain taxonomic groups. Most 
of this information has been developed through scientific 
research focused on effects to mammal and bird populations. 
Effects to other taxonomic groups seems to be understud-
ied. In general, it seems that disturbances and modifications 
associated with development have the potential to negatively 
affect a wide range of species; however, many studies produce 
uncertain results because they are not designed to compare 
populations before and after energy development takes place. 
Most of these studies also do not monitor resources over mul-
tiple years and thus cannot detect population trends. Likewise, 
there are few examples of landscape-scale assessments of 
the cumulative effects of energy development that could be 
used for species or habitat management purposes. We suggest 

that more research needs to be completed to measure poten-
tial effects to a broad range of species in multiple taxonomic 
groups. This may require also developing some understand-
ing about the basic ecology of many of the species covered in 
this report. In concert with this more basic research, we also 
suggest that more comprehensive assessments of potential 
negative cumulative effects across the Williston Basin should 
be developed in an effort to guide more strategic management 
of biological resources.

Overview
This chapter summarizes information about the effects 

of energy development on biological resources within the 
U.S. part of the Williston Basin, which includes the States of 
Montana, North Dakota, and South Dakota (fig. 1). We also 
included the area of the Bakken Formation, but the area cov-
ered in this chapter is referred to simply as the Williston Basin 
(fig. 1; also see Vining and others, 2022 [chapter B of this 
report], fig. 1). Land managers in the Williston Basin need up-
to-date information on the distribution of species of conserva-
tion concern and potential effects of oil and gas development 
(hereafter called “energy development”) on those species. This 
chapter serves as an introduction to these energy development 
topics.

This chapter is organized into three sections. The first 
broadly outlines the major ecosystems of the Williston Basin. 
The second introduces species of conservation concern that 
occupy those ecosystems. The species are organized into 
subsections by taxonomic group, and their distributions are 
coarsely described by whether they are present in counties 
within the Williston Basin. The third section synthesizes 
existing scientific literature on the potential effects of energy 
development on each of the taxonomic groups and documents 
where substantial information gaps exist and what should be 
done to inform those gaps.
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Figure 1. Land ownership and energy development within the Williston Basin and Bakken Formation in Montana, North Dakota, and South Dakota.
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Energy Development in the Williston Basin

The Williston Basin has been explored as a potential 
source of energy resources since the early 20th century; 
however, commercially viable petroleum drilling and recov-
ery began in earnest in the 1950s. When oil prices rose in the 
1980s, the number of wells also increased and then subse-
quently declined (Peterson, 1995; Tangen and others, 2014a). 
Interest in the Williston Basin increased again around 2006 
with the application of new drilling technology in the Par-
shall Oil Field. Since then, development has increased rather 
quickly (Tangen and others, 2014a). The North Dakota Depart-
ment of Mineral Resources reported an increase of more than 
10,000 producing wells between 2000 and the spring of 2016 
(North Dakota Industrial Commission Oil and Gas Division, 
2016). In total, 84 percent of those wells targeted the Bakken 
Formation. Most of this new development has been facilitated 
by advances in horizontal drilling and hydraulic fracturing 
technologies (Gaswirth and others, 2013). Recent estimates 
suggest that exploration and drilling activities are expected to 
continue for the next 20 to 50 years (Mason, 2012); how-
ever, future activity will likely ebb and flow in response to 
energy prices.

Development on Public Land

Although most energy has been developed on non-Fed-
eral property, more than 2,000 wells were started on federally 
managed lands in the three States that contain the Williston 
Basin between 2004 and 2015 (Bureau of Land Management 
[BLM], 2016), though these numbers do not reflect whether 
these wells targeted the Bakken Formation. Executive Order 
no. 13604 (March 22, 2012) directs Federal agencies to 
improve the timeliness of the permitting process for extract-
ing publicly owned minerals, while minimizing negative 
environmental effects. This means that Federal agencies need 
information about how energy development may affect other 
resources they are tasked with managing. One example of 
where information about potential effects may be useful is the 
BLM’s permitting process. Permits may include stipulations 
or special conditions that limit unforeseen negative conse-
quences or ameliorate potential conflicts of future develop-
ment. Federal agencies also need to coordinate permitting 
actions to ensure that development complies with existing 
regulations (for example, the Endangered Species Act [ESA; 
16 U.S.C. § 1531 et seq.] or the National Environmental Pro-
tection Act [42 U.S.C. § 4321 et seq.]), without unnecessarily 
restricting or delaying development. Part of this coordina-
tion entails agreeing on the information that will be used to 
assess the potential effects of development, which should also 
improve efficiency of the permitting process. Within the Wil-
liston Basin, a group of Federal agencies called the Bakken 
Federal Executive Group (BFEG; see Vining and others, 2022, 

table 1) is developing coordination strategies across numer-
ous energy-related issues on Federal lands. This report was 
developed in cooperation with the BLM and BFEG to provide 
them with the best available scientific information to support 
documentation of potential effects on resources that Federal 
agencies manage.

We developed the topic of this chapter based on a pri-
oritized list of informational needs for science topics elicited 
from the BFEG (Post van der Burg and others, 2022 [chapter 
A of this report], app. A1). The list was developed using a pro-
cess known as structured decision making or decision analysis 
(Gregory and others, 2012). This process began with an initial 
scoping workshop to determine the range of decisions made 
by those involved directly in managing energy development 
and resources on public land. U.S. Geological Survey (USGS) 
staff then developed a simple quantitative ranking tool to 
assess which information needs were of greatest importance 
to those decisions. More details about the process and types of 
information the group discussed are in Post van der Burg and 
others (2022, app. A1).

Ecosystems of the Williston Basin
The ecosystems of the Williston Basin reflect a semiarid 

to arid climate (see Vining and others, 2022) and are grouped 
into four categories, including grasslands; shrublands and 
woodlands; wetlands, lakes, and streams; and agricultural 
lands. These ecosystems provide direct and indirect benefits 
(also referred to as ecosystem services) to society (Millen-
nium Ecosystem Assessment, 2005). These services include 
carbon sequestration, flood control, nutrient rich soils for 
agricultural productivity, and habitat for wildlife. Although the 
topical focus of this report is on the latter of these services, it 
is important to recognize the other benefits that functioning 
ecosystems provide society.

We summarized the ecosystems in the Williston Basin 
using the land-cover classification system from the National 
Land Cover Database (NLCD; Homer and others, 2011), 
which aims to classify land cover into 1 of 15 classes based 
on satellite imagery (fig. 2). As a point of reference, we also 
summarized these systems based on USGS National Gap 
Analysis Program (USGS, 2011) land-cover classification, 
which aims to classify vegetation according to the National 
Vegetation Classification and the ecological systems specified 
in Comer and others (2003) (fig. 3). The ecosystem categories 
reflect the biotic and abiotic processes that influence biologi-
cal communities (figs. 2, 3). Very similar distributions of land 
cover types characterize the four major ecosystem categories 
that are described in this report: grasslands; shrublands and 
woodlands; wetlands, lakes, and streams; and agricultural 
lands (figs. 2, 3).
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Figure 3. Land cover classes in the Williston Basin and Bakken Formation based on the U.S. Geological Survey Gap Analysis Program, Montana, North Dakota, 
and South Dakota.

–100°–105°–110°

48°

45°

0 10050 75

75

25

25

MILES

0 10050 KILOMETERS

Base modified from the USGS GAP Analysis Program, the Montana 
Board of Oil and Gas, North Dakota Oil and Gas Division, and the 
South Dakota Department of Enviornmental and Natural Resources. 
Well data current as of July, 2016
Albers Equal-Area Conic projection
North American Datum of 1983

Fort Peck LakeFort Peck Lake

Lake Sakakawea

Lake Sakakawea

Lake O
ahe

Lake O
aheMONTANA

WYOMINGWYOMING

NORTH
DAKOTA

SOUTH
DAKOTA

UNITED
STATES

CANADA

MONTANA

NORTH
DAKOTA

SOUTH
DAKOTA

UNITED
STATES

CANADA



6  Potential Effects of Energy Development, Williston Basin—Species of Conservation Concern 

Grasslands

Grassland ecosystems have dominated the northern Great 
Plains since the last glacial period (Axelrod, 1985). Contem-
porary grasslands in the Williston Basin are categorized as 
northern mixed-grass prairie dominated by cool-season grasses 
(such as western wheatgrass [Pascopyrum smithii] and green 
needlegrass [Nassella viridula]) and patches of shortgrass 
(for example, blue grama [Bouteloua gracilis] and buffalo 
grass [Bouteloua dactyloides]) in drier ridges and south-facing 
slopes. Tallgrass (for example, little bluestem [Schizachyrium 
scoparium]) is typically found in more mesic swales, with 
relict woody vegetation (for example, eastern red cedar [Juni-
perus virginiana] and green ash [Fraxinus pennsylvanica]) 
in protected draws (Great Plains Flora Association, 1986). 
Maintaining species diversity of grasses and forbs is neces-
sary for optimal ecosystem function and the services provided 
by grasslands (Zavaleta and others, 2010). The diversity of 
animal species that live in grassland ecosystems is directly 
related to the plant species diversity (Rzanny and Voigt, 2012). 
Likewise, plant diversity seems to be a strong determinant of 
belowground (Wardle and others, 2003, De Deyn and others, 
2004) and aboveground community composition (Bezemer 
and others, 2005; Jordan and others, 2007). This suggests 
that those interested in conserving grasslands should pay as 
much attention to belowground as aboveground processes 
(Parton and others, 2015). Disturbances that change soil biotic 
communities, such as fire intensity (Owen and others, 2013), 
heavy vehicular traffic (Althoff and others, 2009), and inten-
sive agriculture (Postma-Blaauw and others, 2012), can persist 
over time and result in feedbacks such as increased occurrence 
of exotic or invasive plant species (Flory and Bauer, 2014).

 Fire and grazing by large ungulates are dominant 
disturbances that have maintained northern grasslands since 
the retreat of the last glacial period; however, altered fire and 
grazing patterns, as well as agricultural modification, have 
fragmented grasslands and reduced their species diversity. 
Grasslands that remain make up about 39 percent of the 
Williston Basin (based on the NLCD) and are the basis for 
the basin’s ranching industry. But, grasslands throughout the 
Great Plains states are becoming increasingly rare, with most 
of the tallgrass prairies having been converted to agriculture 
and less than 30 percent of the mixed-grass prairie remaining 
(Samson and Knopf, 1994). Recent trends suggest that North 
and South Dakota have lost more than 200,000 hectares of 
grassland since 2006 (Wright and Wimberly, 2013). This loss 
is of interest to some Federal agencies, such as the U.S. Fish 
and Wildlife Service (FWS), who invest millions of dollars to 
protect grasslands with easements on private property (Walker 
and others, 2013).

Shrublands and Woodlands

Woody vegetation was a dominant part of the Williston 
Basin before the expansion of grasslands at the end of the last 
glacial period (Axelrod, 1985). In the contemporary landscape, 
woody vegetation is present in savannas, woodlands, and 
forests (hereafter called “woodlands”), as well as shrublands 
(figs. 2, 3). Shrubs range in height from 0.2 to 5 meters (m), 
are often multistemmed, and several (with some important 
exceptions) recover from aboveground disturbances like fire 
by sprouting from roots. Trees are taller than shrubs (4 to 
40 m) and less likely to sprout from roots if aboveground 
stems are killed. 

Some shrublands and woodlands in the Williston Basin 
are present in large, contiguous stands (figs. 2, 3). Flood plain 
complexes of cottonwoods (Populus deltoides ssp. molonifera) 
are present along the Missouri River and its larger tributar-
ies. Many of these complexes have been severely degraded 
by flow regulation below dams, invasion of nonnative pasture 
grasses and noxious weeds, and overuse by livestock. Dixon 
and others (2012), for example, documented that nearly 
one-half of the flood plain forest and shrubland in the upper 
Missouri River flood plain has been lost after the large dam 
installation. Sagebrush steppe, where big sagebrush (Arte-
misia tridentata ssp. wyomingensis) intermixes with perennial 
grasses, is still extensive in the Montana part of the Williston 
Basin. Concentrations of quaking aspen (Populus tremuloides) 
and bur oak (Quercus macrocarpa) woodlands are present in 
the Turtle Mountains of North Dakota (see Vining and others, 
2022, fig. 1). Other woody species, such as green ash (Fraxi-
nus pennsylvanica) and chokecherry (Prunus virginiana), 
are present as small enclaves in ravines or along ephemeral 
streams.

Shrublands and woodlands compose a small part of the 
area in the Williston Basin (about 17 percent based on the 
NLCD; fig. 2). Many of them provide habitat for diverse verte-
brate species, especially birds (Sieg, 1991; Gentry and others, 
2006). Other woody vegetation types contain less species 
diversity but provide habitat for high-profile species such as 
the greater sage-grouse (Centrocercus urophasianus). Shel-
terbelts and other woody plantings in grasslands have fewer 
wildlife species than riparian corridors and tend to reduce 
the density of some grassland or herbaceous wetland species 
(Rumble and others, 1998; Naugle and others, 1999; Swanson 
and others, 2003; Gentry and others, 2006; Thompson and 
others, 2014).
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Wetlands, Lakes, and Streams

Aquatic systems (open water and wetlands) make up 
about 5 percent of the Williston Basin (figs. 2, 3). Many 
wetlands, lakes, and streams in the basin have glacial origin 
and range from ephemeral palustrine wetlands and streams 
to natural lakes, riverine impoundments, and large rivers and 
reservoirs (Cowardin and others, 1979; Dahl, 2014; Tangen 
and others, 2014b). Water chemistry in these ecosystems 
spans a wide range from fresh to highly saline (Swanson and 
others, 1988; LaBaugh, 1989; Euliss and others, 2014; Tangen 
and others, 2014b; Post van der Burg and Tangen, 2015). The 
wetland systems of the basin are north and east of the Missouri 
River, with maximum densities of 57 wetlands per square kilo-
meter in areas such as the Prairie Pothole Region (Dahl, 2014; 
Tangen and others, 2014a, b; see Vining and others, 2022, 
fig. 1 for location of the Prairie Pothole Region; figs. 2, 3).

Aquatic ecosystems in the Williston Basin are largely 
affected by variability in precipitation, evaporation, and water 
chemistry. Lacustrine wetlands and lakes are characterized by 
variable, but relatively permanent, open-water habitats with 
expanses of submersed aquatic vegetation in the shallow water 
zones. Smaller palustrine wetland habitats range from season-
ally dry soils to inundated areas with submersed or emergent 
vegetation or open water (Euliss and others, 2004). Vegetation 
in palustrine wetlands typically range from upland grassland 
species and sedges to emergent aquatic plants and submersed 
or floating-leaved vegetation (Stewart and Kantrud, 1971, 
1972; Kantrud and others, 1989). Periods of wetting and dry-
ing, as well as groundwater interactions, can affect wetland 
and lake productivity (Euliss and others 1999; Winter, 1989; 
Euliss and others, 2004). Rivers and streams are also subject to 
periodic flooding and drying. These systems are characterized 
by meandering channels that can carry large sediment loads 
downstream.

The diversity and biotic productivity of aquatic systems 
in the Williston Basin are highly valued for the ecosystem 
services they provide (Euliss and others, 2006; Brinson and 
Eckles, 2011; Gascoigne and others, 2011; Gleason and others, 
2011). Wetlands, lakes, and streams store carbon, recharge 
groundwater, retain or move nutrients from runoff, and provide 
recreational opportunities. These systems are also important as 
wildlife habitat (Gleason and others, 2011; Dahl, 2014). When 
combined with the grasslands of the basin, wetlands have been 
identified as critical habitats for a large part of North American 
waterfowl and other wetland-dependent birds. Wetlands also 
provide valuable habitat for upland gamebirds, deer, rodents, 
other mammals, amphibians, and fish (Swanson and others, 
1988; ; Fritzell, 1989; Petranka, 1989; Euliss and Mushet, 
2004; Dahl, 2014).

As pointed out earlier, however, grasslands are being 
rapidly converted to other land uses. Such conversion will 
likely affect the function and services provided by wetlands 
embedded in these grasslands (Wright and Wimberly, 2013). 
Wetlands are often drained in an effort to increase agricultural 

productivity. Johnston (2013) estimated that the annual loss 
of wetlands in the Dakota part of the Prairie Pothole Region 
was between 5,000 and 6,000 hectares per year. Much like 
grasslands, wetlands are often protected by Federal easements, 
and in many cases wetlands are also the subject to Federal 
regulations intended to limit draining and the subject of 
Federal programs to encourage their restoration (Gleason and 
others, 2011).

Agricultural Lands

Agricultural lands, which make up about 37 percent of 
the Williston Basin (based on the NLCD), consist of pasture/
hay and cultivated crops (small grains and row crops) (fig. 2), 
as well as rotational fallow fields. Plant species composition 
within croplands tends to be relatively homogenous because 
croplands are planted as monocultures. The expansion of 
agricultural lands since the late 19th century has generally 
replaced many of the ecosystems described above. Native 
grasslands, which are known for their productive soils, have 
been plowed and planted with crops. Still, crop production 
has benefitted wildlife, including some birds and mammals 
(for example, Krapu and others, 2004). Likewise, domestic 
hay lands, which are typically planted with alfalfa or smooth 
brome, provide some habitat for wildlife. Although agri-
cultural lands make up a large part of the Williston Basin 
landscape, they are typically privately owned (figs. 1–3). As 
already pointed out, Federal agencies are often interested in 
protecting or restoring native systems on private land, rather 
than optimizing ecosystem services.

Species of Conservation Concern in the 
Williston Basin

This chapter’s main focus is on the potential effects of 
energy development on species that occupy the ecosystems 
listed in the previous sections. Various authors have published 
reviews that document potential effects on individual species, 
taxa, or ecosystem types (Hebblewhite, 2008; Benítez-López 
and others, 2010; Dyke and others, 2011; Gilbert and Chal-
foun, 2011; Northrup and Wittemyer, 2012; Brittingham and 
others, 2014; Tangen and others, 2014b; Kirol and others, 
2015). But, individual reviews typically do not cover a wide 
range of taxonomic groups and have tended to focus on birds 
and mammals.

In this section, we present a list of documented species 
of conservation concern in the Williston Basin. These species 
are of most interest to Federal regulators and resource manag-
ers. For this report, species of concern were either listed as 
endangered or threatened under the ESA or listed by States as 
species of concern in Natural Heritage Program checklists or 
State Wildlife Action Plans (SWAPs). In the following section 
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we summarize what is known about the potential effects of 
energy development across the range of taxonomic groups 
covered in this chapter.

The ESA was passed by the U.S. Congress in 1973 to 
protect and recover imperiled species and the habitats upon 
which they depend. The ESA is administered by the FWS. 
Under the ESA, a species may be listed as either endangered 
(that is, in danger of extinction throughout all or a substan-
tial part of its range) or threatened (that is, likely to become 
endangered within the foreseeable future). The FWS also 
maintains a list of candidate species, which are species for 
which the FWS has enough information to warrant listing but 
is precluded from doing so by higher listing priorities.

The U.S. Congress also enacted the State and Tribal 
Wildlife Grants Program in 2000 to support programs that 
benefit wildlife and their habitats, particularly those having 
the greatest need for conservation without Federal protec-
tion under the ESA. To receive Federal funding under this 
program, Congress directed State fish and wildlife agencies 
to develop comprehensive wildlife conservation plans that 
identify species of greatest conservation need, key threats, and 
conservation actions needed to prevent ESA listings. By Octo-
ber 2005, all 50 States and 5 U.S. territories had completed 
their SWAPs. All three States in the Williston Basin recently 
updated their SWAPs, including South Dakota in 2014, and 
North Dakota and Montana in 2015.

Each SWAP assigns species of concern a priority level 
that reflects where conservation resources should be focused. 
The first level implies the highest priority, and levels two and 
three reflect decreasing levels of priority. Each State ascribes 
slightly different meaning to those levels, which are described 
in the individual plans (South Dakota Department of Game, 
Fish and Parks, 2014; Dyke and others, 2015; Montana Fish, 
Wildlife and Parks, 2015). Montana, North Dakota, and South 
Dakota do not have endangered species legislation that applies 
to plants, but their Natural Heritage Programs consider most 
taxa with a State Natural Heritage ranking of S3 (vulnerable), 
S2 (imperiled), S1 (critically imperiled), or SH (historically 
recorded in State but current status unknown) as species of 
concern. The lists in this report also highlight species listed as 
threatened or endangered by Canada that share habitat types 
with the United States, and species that are of public interest 
(for example, big game mammals) and may pose regulatory 
burdens in the future. Note that the tables throughout this 
chapter vary in terms of content based on available informa-
tion; for example, plant species of concern were derived from 
State Natural Heritage lists, rather than SWAPs. These lists 
include information on local and global status. The ani-
mal species of concern were derived from the SWAPs, and 
therefore, the focus of the report is only on the State rankings 
presented in those plans. Some taxa like birds have additional 
information on population trends, whereas all the others do 
not. In most cases, comprehensive species distribution infor-
mation was not available, so we relied on occurrences at the 
county level reported by NatureServe (2016). One should real-
ize that such information is extremely limited because of the 

difficulty in interpreting species occurrences and the different 
sources from which occurrence records were drawn.

Plants

The Great Plains biome has few endemic species, and 
most plant species tend to have broad geographic distri-
butions because the last glacial period only ended about 
10,000–11,000 years ago (Axelrod, 1985; Great Plains Flora 
Association, 1986). Abundances of native plant species vary 
greatly across the Williston Basin and are related to factors 
such as climate, soil, and topographic conditions, as well as 
land use. Currently, no federally endangered, threatened, or 
candidate plant species are present in the Williston Basin. The 
federally threatened Leedy’s roseroot (Rhodiola integrifolia 
ssp. leedyi [Rosend. & J.W. Moore], also known as Sedum 
integrifolium ssp. leedyi), has been present in a single location 
in South Dakota outside of the Williston Basin, but the rest of 
the State has not yet been thoroughly surveyed for the species. 
This wildflower grows on north- or east-facing talus slopes 
or cliff ledges where groundwater or air maintains a cool, wet 
environment throughout the summer (NatureServe, 2016). 
Elsewhere, Leedy’s roseroot has been present only in Minne-
sota and New York.

Current State Natural Heritage records indicate there 
are 156 State plant species of concern in the Williston 
Basin (table D1–1, available at https://doi.org/10.3133/
sir20175070D). There are 16 species of concern in South 
Dakota (C. Heimerl, South Dakota Game, Fish & Parks 
Department, written commun., April 21, 2015), 39 in Mon-
tana (M. Miller, Montana Natural Heritage Program, written 
commun., April 22, 2015), and 110 in North Dakota (C. Dirk, 
North Dakota Parks & Recreation Department, written com-
mun., May 7, 2015). Note that some species are on more than 
one State’s list. The habitat, distribution, and estimated viabil-
ity of each plant species of conservation concern are described 
in table D1–1. This list includes a variety of growth forms, 
from annual forbs to long-lived evergreen trees, but most are 
perennial forbs. Collectively, species of concern are present in 
a wide variety of habitats, from permanent wetlands and lakes 
to dry badlands. Most plant species, however, have relatively 
specific habitat requirements and are locally considered 
vulnerable or imperiled within the Williston Basin. In many 
cases, this is because the Williston Basin is on the margins of 
their geographic ranges. Nine of the plants are classified as 
globally vulnerable (Astragalus barrii, Botrychium campestre, 
Chenopodium subglabrum, Erigeron radicatus, Eriogonum 
visheri, Phacelia thermalis, Polygonum leptocarpum, Rorippa 
calycina, and Sisyrinchium septentrionale), and three of those 
species (A. barrii, E. visheri, and R. calycina) are endemic 
to the northern Great Plains region (table D1–1). These nine 
plant taxa are likely the most vulnerable to disturbances in 
the region.

Plant communities, which are distinctive assemblages 
of plant species, are also tracked by State Natural Heritage 
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Programs. But the criteria used by States to determine 
which plant communities are of concern, and subsequently 
monitored, varies widely. Natural Heritage records indicate 
70 North Dakota plant communities of concern (S3, S2, or 
S1) in the Williston Basin, just 3 in South Dakota, and none 
in Montana (table D1–2, available at https://doi.org/10.3133/
sir20175070D). On the other hand, Montana has 32 conserva-
tion sites, and North Dakota has 2 nature preserves in the Wil-
liston Basin. Each of these designated sites generally includes 
multiple plant communities of concern. Part of the discrepancy 
among States is due to the incompleteness of State databases 
(data exist but have not been compiled), but the discrepancy is 
also caused by the relatively recent development of a National 
Vegetation Classification system. Most States also lack legal 
protection for plant communities (other than jurisdictional 
wetlands as defined under the Federal Clean Water Act 
[33 U.S.C. § 1251 et seq.]) and lack dedicated funding for 
monitoring (D. Ode, South Dakota Natural Heritage Program, 
oral commun., August 6, 2015). Natural plant communities are 
critical biological resources because they typically constitute 
habitat for other species; however, knowledge about plant 
community abundance and distribution is much less complete 
than that for individual species or taxa.

Aside from native plant species and communities, non-
native and invasive plants are of concern to managers because 
of their effect on native ecosystems. Recognizing that the term 
“invasive” is value-laden, some nonnative species are not 
considered invasive, and some native species can be inva-
sive (for example, eastern redcedar [Juniperus virginiana]). 
As an example of conflicting values, smooth brome (Bromus 
inermis) presents a severe threat to native plant communities 
but also provides valuable forage for domestic livestock and is 
used as groundcover to help control erosion—in past decades 
smooth brome was valued and planted by the FWS for dense 
nesting cover for upland nesting waterfowl. The most consis-
tent means for quantifying the distribution of invasive plants 
in a given area is to focus on species legally controlled by 
Federal, State, or local law as a proxy for invasive species; 
however, caution should be used with such a classification 
because States do not necessarily always list these species 
by their greatest potential to affect ecosystems. Legal control 
includes requirements for landowners to eliminate or prevent 
the spread of a species from their land (most noxious weed 
laws), as well as the prohibition of movement of any material 
containing any part of the species, including seeds or rhizomes 
(for example, regulated nonnative plants in South Dakota). 
The only federally listed noxious weeds recorded in the Wil-
liston Basin are nonnative species of dodder (Cuscuta spp.), a 
genus of parasitic plants. In total, 67 plant species are clas-
sified as noxious or regulated within the Williston Basin in 
Montana, North Dakota, or South Dakota (table D1–3, avail-
able at https://doi.org/10.3133/sir20175070D). Most of these 
species are perennial forbs that are unpalatable or poisonous 
to livestock, but the list also includes species that choke 
waterways (for example, yellow flag iris [Iris pseudacorus]), 
alter riparian zone hydrology (Tamarix spp.), or increase fire 

frequency (cheatgrass or downy brome [Bromus tectorum]). 
These species are spread by wind, water, animals, vehicles, 
and as contaminants in hay, feed, and soil (table D1–3).

Terrestrial Invertebrates

Although some scientific literature has been published 
about the effects of disturbance on terrestrial invertebrates 
(reviewed in the “Potential Effects of Energy Development 
on Species of Concern” section), there is little comprehensive 
understanding about how disturbances affect invertebrate 
populations. The monarch butterfly (Danaus plexippus) is one 
exception that demonstrates how tightly linked invertebrates 
and habitat can be. The monarch is a migratory butterfly 
whose population has declined substantially during the last 
decade (Brower and others, 2012). Studies suggest that losses 
in breeding habitat and milkweed are potentially responsible 
for the decline of monarchs (Pleasants and Oberhauser, 2013; 
Flockhart, and others, 2015). These changes are likely to be 
of importance to agencies tasked with managing this species 
considering that milkweed is regarded as a noxious weed in 
many States (table D1–3). The State of North Dakota lists the 
monarch butterfly as a high priority species, and it has also 
gained more national attention as a species of conservation 
concern, but the species is not currently listed under the ESA 
(Semmens and others, 2016).

There are only two federally listed invertebrates that 
are present, or are likely to be present, in the Williston Basin 
(table 1): the Dakota skipper (Hesperia dacotae) and the 
American burying beetle (Nicrophorus americanus). The FWS 
has designated critical habitat for the Dakota skipper in North 
Dakota (McHenry, Rolette, and McKenzie Counties; FWS, 
2013). Although habitat requirements are not well understood, 
Royer and others (2008) suggested that this species tends to 
be in one of two types of sites: those that are flat with less 
compacted soils or those that have more relief but slightly 
compacted soils. They noted that grazing was compacting 
soils in flatter sites and speculated that this would alter soil 
moisture. Because larval skippers tend to be in nests near or 
on the soil surface, altered soil moisture could help explain 
why researchers detected fewer Dakota skippers in grazed 
sites (Royer and others, 2008). North and South Dakota once 
had 140 sites occupied, or about 50 percent of the known 
occupied sites across its range. Recent observations sug-
gest that about 21 percent of the sites in both States are still 
occupied (FWS, 2013). Observers detected high densities of 
Dakota skippers as recently as 2001 in the Towner-Karlsruhe 
prairie complex in McHenry County, North Dakota (FWS, 
2013). Dakota skippers typically disperse over distances less 
than 1 kilometer (Cochrane and Delphey, 2002), and genetic 
studies suggest that current Dakota skipper populations are 
isolated from each other (Britten and Glasford, 2002). As 
habitat is fragmented, each population has increased potential 
for genetic drift, a condition that can erode population genetic 
variability and fitness over time (Britten and Glasford, 2002). 
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Two other butterfly species, the Ottoe skipper (Hesperia 
ottoe) and regal fritillary (Speyeria idalia), are listed by some 
of the States as species of conservation concern. Both species 
are grassland dependent and are likely rare in the Williston 
Basin (Williams, 2002; Selby, 2005). Like the Dakota skipper, 
both of these species have only one reproductive event per 
year. Adults of both species are active for an extensive period 

from June to August or September (Shepherd and Debinksi, 
2005a; Environment Canada, 2010). Once hatched, larvae of 
both species overwinter under leaf litter. The relatively long 
active flight period of these species may make them more sus-
ceptible to vehicle strikes, but their ability to move may also 
make them more resilient to habitat fragmentation, if adequate 
refuges of native or restored grassland remain nearby; for 

Table 1. Invertebrate species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.

[N/A, not applicable; North Dakota State Wildlife Action Plan rank: I, high level of conservation priority; II, moderate level of conservation priority; III, moder-
ate level of conservation priority. South Dakota State Wildlife Action Plan rank: 1, State or federally listed; 2a, regionally or globally imperiled; 2b, regionally or 
globally secure; 3, species with characteristics making them vulnerable]

Scientific name Common name
Montana 

rank

North  
Dakota 

rank

South  
Dakota 

rank
Federal status Distribution1 Habitat

Danaus 
plexippus

Monarch  
butterfly

N/A I N/A N/A Apparently widespread in 
South Dakota, North 
Dakota, and Montana, but 
more common in eastern 
Dakotas

Breeding habitat in 
report region: milk-
weed patches.

Hesperia  
dacotae

Dakota skipper N/A II 2a Threatened2 North Dakota: Bottineau, 
Burke, Dunn, Eddy, 
McHenry, McKenzie, 
McLean, Mountrail, 
Oliver, Pierce, Stutsman, 
Ward, and Wells Counties; 
South Dakota: McPherson 
County

Unplowed native 
prairie and moder-
ately grazed prairie 
pastures.

Hesperia ottoe3 Ottoe skipper N/A N/A 3 N/A Montana: Sheridan County; 
North Dakota: McLean 
and Oliver Counties; South 
Dakota: Corson, Haakon, 
Harding, Perkins, Stanley, 
and Ziebach Counties

Undisturbed mixed-
grass and tallgrass 
prairies, dry fields.

Nicrophorus 
americanus

American 
burying 
beetle

N/A N/A 1 Endangered4 No records in the Williston  
Basin, but also 
understudied

Wide variety of con-
ditions; grasslands, 
old fields, forests.

Speyeria idalia Regal fritillary N/A I 2a N/A North Dakota: Burleigh, 
Logan and Sioux Counties; 
South Dakota: Campbell, 
Dewey, Haakon, Meade, 
Pennington, Perkins, 
Stanley, Walworth, and  
Ziebach

Grasslands and old 
fields.

1Greater than one or more occurrences in county (NatureServe, 2016).
2Under the Endangered Species Act, “Threatened” means any species which is likely to become an endangered species within the foreseeable future through-

out all or a significant portion of its range.
3Mentioned in Montana State Wildlife Action Plan in the Natural Heritage list.
4Under the Endangered Species Act, “Endangered” means any species which is in danger of extinction throughout all or a significant portion of its range.
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example, landscape analyses suggest that regal fritillary abun-
dance is likely dependent on maintenance of densely distrib-
uted grassland patches (Davis and others, 2007). 

The American burying beetle is not known to be present 
within the Williston Basin; however, this may reflect limited 
knowledge of its distribution (Bedick and others, 1999). Amer-
ican burying beetles have been in grasslands in South Dakota 
and in Canada. Currently, only the State of South Dakota and 
the Federal government list the species as a concern. Threats 
to the American burying beetle include nighttime light pollu-
tion and increased populations of other scavengers that com-
pete for small mammal and bird carcasses that beetles use for 
rearing larvae (FWS, 1991). Lomolino and Creighton (1996) 
also found that American burying beetle breeding success 
tended to be lower in grasslands compared to forests, suggest-
ing that availability of forests could restrict their range.

Given the limited knowledge we have about the Ameri-
can burying beetle and other invertebrates, it is perhaps not 
surprising that so few are listed as species of concern. A 
Biological Survey of Canada report series indicated that only 
37 of an estimated 60,000 Canadian grassland insect species 
had been “officially assessed” for conservation status (Hall 
and others, 2011). Given no other evidence, we may have 
to assume that species that are of concern in grasslands of 
Manitoba and Saskatchewan are potentially vulnerable in the 
U.S. parts of the Williston Basin. These may include 2 species 
of Coleoptera (Bembidion lachnophoroides and Coccinella 
novemnotata); 1 species of Hymenoptera (Bombus ashtoni); 
11 species of Lepidoptera (Apodemia mormo, Copablepha-
ron grandis, Copablepharon longipenne, Danaus plexippus, 
Hesperia dacotae, Hesperia ottoe, Melaporphyria immortua, 
Papaipema aweme, Schinia avemensis, Schinia bimatris, and 
Schinia verna); and 1 species of Orthoptera (Hypochlora alba) 
(Hall and others, 2011).

Birds

Because migratory birds are protected under national 
law and international treaties (for example, The Migratory 
Bird Treaty Act), they figure prominently in the assessment 
process associated with energy development. The Williston 
Basin contains part of the Prairie Pothole Region (fig. 2 and 
3; Vining and others, 2022, fig. 1), which is known to provide 
valuable stopover and breeding habitat for migratory birds 
(for example, Johnson and others, 2010). This may par-
tially explain why the U.S. government currently lists seven 
bird species as threatened or endangered, or as candidates 
for listing in the Williston Basin (table D1–4, available at 
https://doi.org/10.3133/sir20175070D). Three bird species—
whooping crane (Grus americana), Eskimo curlew (Numen-
ius borealis), and the interior least tern (Sternula antillarum 
athalassos)— are listed as federally endangered, and two 

species—piping plover (Charadrius melodus circumcinctus) 
and red knot (Calidris canutus rufa)—are listed as federally 
threatened. Of those five species, the Eskimo curlew is likely 
extinct because there have been no confirmed records of that 
species in recent decades. There are also species in the basin—
greater sage-grouse and Sprague’s pipit (Anthus spragueii)—
that are listed as candidate species under the ESA; however, 
in a recent decision (50 CFR 17), the FWS concluded that the 
greater sage-grouse and Sprague’s pipit do not require protec-
tion under the ESA.

A 1988 amendment (16 USC 2910 Sec. 13) to the Fish 
and Wildlife Conservation Act of 1980 mandated that the FWS 
identify species, subspecies, and populations of all migratory 
nongame birds that are likely to become candidates for list-
ing under the ESA. In 2008, the FWS Division of Migratory 
Bird Management published its most recent list of birds of 
conservation concern to carry out this mandate (FWS, 2008). 
The Birds of Conservation Concern was derived from assess-
ment scores from three bird conservation plans: the Partners in 
Flight North American Landbird Conservation Plan (Rich and 
others, 2004), the U.S. Shorebird Conservation Plan (Brown 
and others, 2001), and the North American Waterbird Conser-
vation Plan (Kushlan and others, 2002). The Birds of Con-
servation Concern (FWS, 2008) covered multiple geographic 
scales, with the smallest scale being the Bird Conservation 
Regions (BCRs) that were endorsed by the North American 
Bird Conservation Initiative. Two BCRs are within the Willis-
ton Basin: BCR 11 (Prairie Potholes) and BCR 17 (Badlands 
and Prairies). In total, 25 bird species of conservation concern 
are in each of these 2 BCRs (table D1–4).

Of the three States in the Williston Basin, only South 
Dakota maintains a separate list of State endangered and 
threatened species. Three species (whooping crane, peregrine 
falcon [Falco peregrinus], and the interior least tern) are listed 
as State endangered, and three species (osprey [Pandion hali-
aetus], bald eagle [Haliaeetus leucocephalus], and piping plo-
ver) are listed as State threatened (table D1–4). For the Wil-
liston Basin in South Dakota, 21 bird species were included 
in their SWAP, whereas North Dakota included 46 species 
and Montana included 44 (table D1–4). Overall, 70 bird spe-
cies of concern are likely present throughout the Williston 
Basin (table D1–4). In total, 63 percent of these species had 
declining populations at the continental level, 23 percent had 
increasing populations, and 15 percent had insufficient data to 
evaluate the population trend according to the Breeding Bird 
Survey (Sauer and others, 2014). Overall, 70 percent of the 
species of conservation concern are associated with grass-
lands, wetlands, or both habitats. In total, 73 percent of the 
species of conservation concern use the Williston Basin during 
the breeding season and during migration, 11 percent during 
migration only, 6 percent during winter and migration, and 
10 percent all year round.

https://doi.org/10.3133/sir20175070D
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Mammals

The Williston Basin is home to numerous species of 
mammals with diverse life histories and habitat needs. Some 
of these species are noteworthy for their rarity or for their 
recreational and economic importance (for example, hunting 
and trapping). For most, the effects of energy development 
are poorly understood and must be inferred from knowledge 
of life history, habitat preferences, or effects of other human 
activity. Several mammals are notably uncommon within the 
basin, and some of them have been classified as threatened 
or endangered by the Federal government or afforded special 
status by States. Conservation efforts often target notably rare 
species like the black-footed ferret (Mustela nigripes), swift 
fox (Vulpes velox), or gray wolf (Canis lupus); however, it is 
important to understand that present abundances and distribu-
tions of species within the basin may be a natural phenomenon 
or a legacy of human activity preceding more recent human 
disturbance. For the rarest species, the effects of such distur-
bance might be dealt with through current conservation pro-
grams. Informing such programs requires assessments of mor-
tality, natality, and distributions of mammals where effects are 
relatively likely and are also amenable to study, where such 
effects are likely to have substantial implications for ongoing 
wildlife management programs, and where obtainable infor-
mation is likely to be useful for management decisions (table 
D1–5, available at https://doi.org/10.3133/sir20175070D).

Ungulates in the Williston Basin include white-tailed deer 
(Odocoileus virginianus), mule deer (O. hemionus), pronghorn 
(Antilocapra americana), elk (Cervus elaphus), bighorn sheep 
(Ovis canadensis), and moose (Alces alces). Public interest in 
ungulates is related in large part to interest in hunting. Hunting 
opportunity is limited not by abundance necessarily, but rather 
by availability of a “harvestable surplus,” which is the part of 
annual production in excess of nonhunting mortality. If distur-
bance reduces survival or fecundity, or limits access through 
redistribution of populations, recreational opportunity will be 
reduced even if ungulate numbers are not. The importance of 
this issue to States and the public is reflected in demand for 
limited hunting opportunity and by formation of nongovern-
mental organizations devoted to species-specific conservation 
(for example, the Rocky Mountain Elk Foundation, Mule Deer 
Foundation, Wild Sheep Foundation, and North American 
Pronghorn Foundation).

Four species of carnivores also warrant special consid-
eration because they are listed by the Federal government 
as threatened or endangered, or because the Williston Basin 
includes a substantial part of suitable habitat (table D1–5). 
Gray wolves (Canis lupus), which are not established in the 
basin, are present sporadically as a result of dispersal from 
populations in surrounding regions. Gray wolves currently 
are classified as a federally endangered species (FWS, 2015). 
The swift fox (Vulpes velox) has been reintroduced in Mon-
tana and South Dakota, and in nearby Canada, where they 
are present in small, isolated populations. This species is 

classified as threatened in South Dakota. Occasional reports 
from elsewhere in eastern Montana, northwestern South 
Dakota, and western North Dakota suggest opportunity for a 
gradual expansion of the species back into its historic range 
(Bly, 2011; Stratman, 2015). River otters (Lontra canadensis) 
are rarely observed within the Williston Basin but have been 
reported along the Missouri and Yellowstone Rivers of eastern 
Montana and along the Missouri River in South Dakota. The 
Black-footed ferret (Mustela nigripes) is critically endangered 
and the focus of intensive captive breeding and reintroduction 
programs (Jachowski and Lockhart, 2009). Threats to fer-
ret recovery include disease (principally sylvatic plague and 
canine distemper [Thorne and Williams, 1988]), poor genetic 
diversity, and lack of suitable introduction sites. Ferrets have 
been introduced in South Dakota and eastern Montana, and 
have recently been observed on the Standing Rock Indian Res-
ervation near the North Dakota-South Dakota border (Gutzmer 
and Kelley, 2014). There are no known self-sustaining 
populations of ferrets in Montana or North Dakota (Jachowski 
and Lockhart, 2009). The status of gray wolves, swift foxes, 
black-footed ferrets, and river otters likely reflects direct and 
indirect effects of human settlement and widespread changes 
in land use. 

In addition to threatened and endangered species, two 
relatively common species also warrant special consideration. 
A relatively small, isolated population of mountain lions 
(Puma concolor) resides within the Williston Basin in the 
Badlands of southwestern North Dakota (Dyke and others, 
2011). In addition, bobcats (Lynx rufus) are widely distributed 
in South Dakota and Montana. In North Dakota, however, 
resident bobcats are rarely reported east of the Missouri River 
and are primarily in the Badlands of the Williston Basin (Dyke 
and others, 2011). Mountain lions and bobcats are long-lived, 
recruitment rates are modest, and population densities are low 
or largely unknown. Both species are secretive, and popula-
tion monitoring is notoriously difficult. Hunting, trapping, and 
vehicle strikes are often leading causes of mortality. 

Several species of small mammals and bats also have 
been identified by the States as species of conservation con-
cern (Montana Fish, Wildlife & Parks, 2014; Dyke and others, 
2015; table D1–5). The Williston Basin contains the peripheral 
range for shrews mentioned in this list, and for Richardson’s 
ground squirrel (Urocitellus richardsonii), northern myo-
tis (Myotis septentrionalis), and Townsend’s big-eared bat 
(Corynorhinus townsendii), which probably reflects limited 
availability of suitable habitat. For example, the pygmy shrew 
(Sorex hoyi) is present in eastern Montana and North Dakota; 
however, the presence of the species is known from just a few 
specimens (Seabloom, 2011; Hendricks and Lenard, 2014). 
Notwithstanding those few records, the species is known to be 
associated with boreal and montane habitats and was previ-
ously thought to be absent from the Great Plains (Hendricks 
and Lenard, 2014). Similarly, the Arctic shrew (Sorex arcticus) 
is present throughout much of the boreal forest region of North 
America but was not detected in Montana until 2001 (Perry 
and others, 2004). Townsend’s big-eared bat was first detected 
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in North Dakota in 2009 (Seabloom, 2011), the northern myo-
tis is known only from a few recent records, and Richardson’s 
ground squirrel is primarily east and north of the Missouri 
River (Seabloom, 2011). The big brown bat (Eptesicus fuscus) 
and little brown bat (Myotis lucifugus) are common in North 
Dakota (Seabloom, 2011). Concern for these and other bat 
species likely reflects recent outbreaks of white-nose syn-
drome, an emergent fungal disease that has decimated popula-
tions of some bat species in the eastern and southern United 
States, but has not yet been reported in bat populations in the 
Williston Basin (Frick and others, 2010). Although the distri-
bution and abundance of the black-tailed prairie dog (Cynomys 
ludovicianus) have been drastically reduced in the Williston 
Basin and throughout its historical range, effects of sylvatic 
plague, poisoning and shooting, and conversion of rangelands 
for agriculture (Antolin and others, 2002) are likely to pose 
issues for population growth.

Reptiles and Amphibians

The abundance and distribution of amphibians and rep-
tiles in the northern Great Plains seems to be largely governed 
by the quantity and quality of habitat that facilitates reproduc-
tion, overwinter survival, and dispersal across the landscape. 
Both classes of species require upland and aquatic habitats for 
various life stages (Mushet and others, 2012). The primary 
disturbance affecting reptiles and amphibians in the Williston 
Basin has been grassland conversion and wetland drainage for 
agricultural production (Blaustein and others, 1994; Cush-
man, 2006). The 3 States mentioned in this report have listed 
13 amphibians and reptiles as species of concern that are in the 
Williston Basin (table 2), but none of those are federally listed. 
It seems that some of these species have restricted distribu-
tions, whereas others are more widely distributed throughout 
the basin. It is difficult to ascertain whether these distributions 
reflect the amount of available habitat or simply incomplete 
information.

Information about the species was derived from Hoberg 
and Gause (1999), Fischer and others (1999), Ballinger and 
others (2000) and the NatureServe Explorer (NatureServe, 
2016). Currently, four species of turtle are listed as species 
of conservation concern that have distributions that may 
overlap the Williston Basin. Two of these species, smooth 
softshell turtle (Apalone mutica) and spiny softshell turtle 
(Apalone spinifera), are largely aquatic and tend to occupy the 
Missouri River and its reservoirs and tributaries. False map 
turtles (Graptemys pseudogeographica) are very rare in North 
Dakota and perhaps more common in South Dakota and tend 
to occupy the Missouri River drainage systems and associated 
backwater habitats. The common snapping turtle (Chelydra 
serpentina), as the name implies, is presumed to be wide-
spread throughout the Williston Basin and tends to occupy 
lakes, rivers, and large wetlands.

Four snake species of concern may be in the basin 
(plains hog-nosed snake [Heterodon nasicus], smooth green 

snake [Opheodrys vernalis], and the redbelly snake [Storeria 
occipitomaculata]). The plains hog-nosed snake and smooth 
green snake seem to be fairly widespread in the Williston 
Basin, whereas the redbelly snake seems to have a more 
restricted distribution. Two lizard species of concern (greater 
short-horned lizard [Phrynosoma hernandesi] and common 
sagebrush lizard [Sceloporus graciosus]) may also occupy the 
basin but seem to be somewhat restricted in their distributions. 
Currently, three species of toad (Great Plains toad [Anaxyrus 
cognatus], Canadian toad [Anaxyrus hemiophrys], and plains 
spadefoot toad [Spea bombifrons]) and one species of frog 
(northern leopard frog [Lithobates pipiens]) likely occupy the 
basin. All four species seem to be fairly widely distributed 
throughout the Williston Basin. Many of the same stressors 
that affect reptiles may also effect amphibian species. But 
recall that amphibians also use aquatic habitats, such as wet-
lands, for reproduction and early life stages; therefore, human 
activities that involve draining or modifying wetland hydrol-
ogy (such as water withdrawals and road development), or that 
may result in contamination of wetlands, are likely to have 
appreciable effects on amphibian populations.

Fish and Mussels
Numerous aquatic species are listed by the States in the 

Williston Basin (tables 3, 4). These include 15 species of fish, 
1 of which (the pallid sturgeon [Scaphirhynchus albus]) is 
listed as federally endangered. The list of species also includes 
nine species of macroinvertebrates, five of which are mussels 
and the remainder are insects. The macroinvertebrates are 
generally stream dwelling and threatened by habitat altera-
tions, changes in discharge regimes caused by dams, sedimen-
tation, and changes in water quality because of agriculture and 
urban development. Mussels, for example, are among the most 
imperiled taxa throughout the United States and Canada and 
are particularly sensitive to changes in water quality (Wang 
and others, 2007; Gillis, 2011).

The abundance and distribution of fish and mussel spe-
cies in aquatic systems within the Williston Basin is at least 
partially determined by fluctuations in precipitation (Winter 
and Rosenberry, 1995). Runoff from precipitation in this basin 
is relatively slow because of topography and soils; however, 
during periods of high precipitation, the area and volume of 
available aquatic habitat can change rapidly over a season and 
through multiple years. Newly flooded areas expand habitat 
and provide rich sources of nutrients for aquatic plants and 
phytoplankton. This increased primary production can lead 
to explosive growth for grazers and decomposers, and for the 
organisms within the trophic web that depend on them for 
food. Dry periods can limit available habitat within a season 
or across several years, which can dramatically affect fish 
and mussel species abundance and composition (Bataille and 
Baldassarre, 1993). Additionally, because the drainage rate 
is slow, evapotranspiration can play a large role in declining 
water levels.
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Table 2. Reptile and amphibian species of conservation concern within the Williston Basin part in Montana, North Dakota, and South 
Dakota.

[N/A, not applicable; Montana State Wildlife Action Plan rank: S1, high risk; S2, at risk; S3, potentially at risk; modifiers: migration (M), breeding season (B), 
the nonbreeding season (N), or year round. North Dakota State Wildlife Action Plan rank: I, high level of conservation priority; II, moderate level of conserva-
tion priority; III, moderate level of conservation priority. South Dakota State Wildlife Action Plan rank: 1, State or federally listed; 2a, regionally or globally 
imperiled; 2b, regionally or globally secure; 3, species with characteristics making them vulnerable]

Scientific name Common name
Montana 

rank

North  
Dakota 

rank

South  
Dakota 

rank
Distribution1 Habitat

Apalone mutica Smooth  
softshell turtle

N/A III 3 North Dakota: Emmons and Morton Counties; 
South Dakota: Pennington and Stanley Counties

Lakes, rivers, 
wetlands.

Apalone  
spinifera

Spiny softshell 
turtle

S3 III N/A Montana: Carter, Custer, Dawson, Garfield, 
Petroleum, Phillips, Prairie, Richland, Rosebud, 
and Wibaux Counties; South Dakota: Butte, 
Meadeand  Pennington Counties

Lakes, rivers, 
wetlands.

Anaxyrus  
cognatus

Great Plains  
toad

S2 N/A N/A Montana: Blaine, Carter, Custer, Garfield, Petro-
leum, Prairie and Rosebud Counties; Wide-
spread permanent resident of North Dakota and 
South Dakota

Grasslands, 
shrublands, crop 
fields, wetlands.

Anaxyrus  
hemiophrys

Canadian toad N/A I N/A Permanent resident of far northeast Montana, 
eastern and central North Dakota, and  
eastern South Dakota

Grasslands, wood-
lands, lakes,  
rivers, wetlands.

Chelydra 
serpentina

Common  
snapping turtle

S3 II N/A Montana: Carter, Custer, Dawson, Fallon, 
Rosebud and Wibaux Counties; widespread 
permanent resident of North Dakota and South 
Dakota

Lakes, rivers, 
wetlands.

Graptemys 
pseudogeo-
graphica

False map turtle N/A III 1 North Dakota: Emmons and Sioux Counties; 
South Dakota: Campbell, Corson, and  
Stanley Counties

Lakes, rivers, 
wetlands.

Heterodon 
nasicus

Plains hog-nosed 
snake

S2 I N/A Uncertain but likely widespread in report  
geography

Grasslands, ripar-
ian areas.

Opheodrys 
vernalis

Smooth green 
snake

S2 I N/A Montana: Daniels, Roosevelt, and Sheridan 
Counties; North Dakota: perhaps widespread 
but mostly norther; South Dakota: Meade and 
Pennington Counties

Grasslands, shrub-
lands, wood-
lands, wetlands.

Lithobates  
pipiens

Northern leopard 
frog

S1, S4 N/A N/A Widespread permanent resident of Montana, North 
Dakota, and South Dakota

Grasslands, 
wetlands, lakes, 
rivers.

Phrynosoma 
hernandesi

Greater short-
horned lizard

S3 II 3 Montana: Blaine, Carter, Custer, Dawson, 
Garfield, Hill, Liberty, McCone, Petroleum, 
Phillips, Prairie, Richland, Rosebud, Valley and 
Wibaux Counties; North Dakota: southwestern; 
South Dakota: Butte, Harding, Meade, Penning-
ton, Perkins, and Stanley Counties

Grasslands, shrub-
lands, wood-
lands.

Sceloporus  
graciosus

Common sage-
brush lizard

S3 III 3 Montana: Carter, Dawson, McCone, Phillips, and 
Rosebud Counties; North Dakota: McKenzie 
and Slope Counties; South Dakota: Custer and 
Pennington Counties

Grasslands, shrub-
lands, wood-
lands.

Spea bombi-
frons

Plains spadefoot 
toad

S3 I N/A Montana: Blaine, Carter, Custer, Garfield, Petro-
leum, Prairie, Rosebud, Sheridan, and Valley 
Counties; North Dakota: resident, western; 
South Dakota: resident, western and central

Grasslands, shrub-
lands, wetlands.

Storeria occipi-
tomaculata

Redbelly snake N/A II 2b North Dakota: eastern; South Dakota:  
Pennington County

Forests, 
woodlands, 
grasslands.

1Greater than one or more occurrences in county (NatureServe, 2016).
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Table 3. Fish species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.

[N/A, not applicable; Montana State Wildlife Action Plan rank: S1, high risk; S2, at risk; S3, potentially at risk; modifiers: migration (M), breeding season (B), 
the nonbreeding season (N), or year round. North Dakota State Wildlife Action Plan rank: I, high level of conservation priority; II, moderate level of conserva-
tion priority; III, moderate level of conservation priority. South Dakota State Wildlife Action Plan rank: 1, State or federally listed; 2a, regionally or globally 
imperiled; 2b, regionally or globally secure; 3, species with characteristics making them vulnerable]

Scientific 
name

Common name
Montana  

rank

North  
Dakota  

rank

South  
Dakota  

rank

Federal 
status

Distribution1 Habitat

Chrosomus  
eos

Northern red-
belly dace

S3 II 1 N/A Tributaries of the Missouri 
River including Heart, 
Knife and Cannonball 
Rivers. Populations in 
Rush and Sheyenne 
Counties

Slower stretches of rivers, 
with clear water and 
some vegetation.

Cycleptus 
elongatus

Blue Sucker S2, S3 I 3 N/A Missouri River and parts 
of Yellowstone River

Swift current of large, 
turbid rivers in areas 
with rocky or gravel 
bottoms.

Etheostoma 
exile

Iowa Darter S3 N/A N/A N/A Widespread throughout 
Montana, North Dakota, 
and South Dakota

Clear, slow-flowing 
streams with solid  
bottoms.

Lepisosteus 
platostomus

Shortnose Gar S1 N/A N/A N/A Missouri River dredge cuts 
downstream from Fort 
Peck Dam

Large rivers, quiet pools, 
backwaters, and oxbow 
lakes.

Lota lota Burbot N/A II N/A N/A Distributed in Yellowstone 
and Missouri Rivers

Missouri and Red River 
systems in North Da-
kota.

Macrhybopsis 
gelida

Sturgeon chub S2, S3 I 1 N/A Little Missouri River, but 
present in Missouri 
River and tributaries

Large turbid rivers, with 
sand or gravel bottoms.

Macrhybopsis 
meeki

Sicklefin chub S1 I 1 N/A Upper Missouri and Yel-
lowstone Rivers

Large turbid rivers.

Margariscus 
margarita

Northern pearl 
dace

N/A I 1 N/A Beaver Creek in the  
Missouri River  
drainage

Prefer cool, clear headwa-
ter streams 1–3 meters 
wide and less than 0.5 
meter deep.

Percopsis
omiscomaycus

Trout Perch N/A II 3 N/A Northwestern North 
Dakota

Typically in lakes but also 
in deep flowing pools 
of creeks and small to 
large rivers; usually 
over sand.

Chrosomus  
neogaeus

Finescale Dace N/A N/A 1 N/A Western South Dakota 
within tributaries to 
the Cheyenne, Belle 
Fourche, Little White, 
and Keya Paha River 
drainages

Prefer cool, headwater 
streams and ponds with 
dense aquatic vegeta-
tion.

Platygobio 
gracilis

Flathead chub N/A II N/A N/A Missouri and Yellowstone 
Rivers, Little Missouri, 
Yellowstone and upper 
Missouri Rivers near the 
confluence, tributaries 
such as the Knife, Heart, 
and Cannonball Rivers

Prefer slow turbid water 
such as is present in 
the upper Missouri and 
Yellowstone Rivers in 
North Dakota.
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Table 3. Fish species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.—Continued

[N/A, not applicable; Montana State Wildlife Action Plan rank: S1, high risk; S2, at risk; S3, potentially at risk; modifiers: migration (M), breeding season (B), 
the nonbreeding season (N), or year round. North Dakota State Wildlife Action Plan rank: I, high level of conservation priority; II, moderate level of conserva-
tion priority; III, moderate level of conservation priority. South Dakota State Wildlife Action Plan rank: 1, State or federally listed; 2a, regionally or globally 
imperiled; 2b, regionally or globally secure; 3, species with characteristics making them vulnerable]

Scientific 
name

Common name
Montana  

rank

North  
Dakota  

rank

South  
Dakota  

rank

Federal 
status

Distribution1 Habitat

Polyodon 
spathula

Paddlefish S2 II N/A N/A Missouri and Yellowstone 
Rivers, Montana, North 
Dakota, and South 
Dakota. North Dakota:  
Burleigh, Grant, Mercer, 
Morton, and Sioux 
Counties

Prefer slow or quiet turbid 
waters of large rivers or 
impoundments. Prefer 
large river systems, but 
collected only from 
tributaries of the  
Missouri River.

Sander  
canadensis

Sauger S2 N/A N/A N/A Throughout eastern Mon-
tana, North Dakota, and 
South Dakota

Inhabits both large rivers 
and reservoirs, but is 
mainly a river fish.

Scaphirhynchus 
albus

Pallid sturgeon S1 II 1 Endangered2 Missouri River and parts 
of Yellowstone River

Fast current areas with firm 
sand or gravel bottom.

1According to NatureServe (2016).
2Under the Endangered Species Act, “Endangered” means any species which is in danger of extinction throughout all or a significant portion of its range.

With regard to habitat for fish and mussels in Willis-
ton Basin, the picture is not necessarily very clear. Wetland 
habitat, for example, has been converted for agricultural use 
since European settlement, and periodic fluctuations in com-
modity prices may increase the rate of habitat alteration. For 
example, during periods of high commodity prices, marginally 
productive lands along wetlands and streams may be brought 
into production (FWS, 2014); however, the draining of wet-
lands may have some benefit for fish and mussel populations 
because it has consolidated water in larger basins that support 
these species (Anteau, 2012; McCauley and others, 2015a) or 
has connected noncontributing watersheds to stream networks 
(Wiltermuth, 2014). Such patterns also have likely changed 
the species assemblages of fish in the basin with invasive spe-
cies, such as carp or fathead minnows, which can alter primary 
and secondary productivity in wetlands (Anteau and Afton, 
2008; Hentges and Stewart, 2010; Anteau and others, 2011).

For many species of fish and mussels, loss of suitable 
habitat is the leading cause of population declines and changes 
in distribution. Suitable habitat has been lost for a range of dif-
ferent reasons from dams and channelization of rivers to loss 
and destruction of riparian habitat along waterways caused 
by changing land-use practices. The construction of dams and 
channelization fundamentally changes the function of rivers 
and streams. For instance, the headwaters of reservoirs trap 
sediment and reduced sediment loads and turbidity in flowing 
parts of rivers. Some dams release cold water lowering river 
water temperature. Dams also fragment aquatic habitat and 
restrict fish and invertebrate movement, which isolates popula-
tions and disrupts natural migration or reproductive cycles 
(Collier and others, 1996).
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Table 4. Aquatic macroinvertebrate species of conservation concern within the Williston Basin in Montana, North Dakota, and South 
Dakota.

[N/A, not applicable; Montana State Wildlife Action Plan rank: S1, high risk; S2, at risk; S3, potentially at risk; modifiers: migration (M), breeding season (B), 
the nonbreeding season (N), or year round. North Dakota State Wildlife Action Plan rank: I, high level of conservation priority; II, moderate level of conserva-
tion priority; III, moderate level of conservation priority. South Dakota State Wildlife Action Plan rank: 1, State or federally listed; 2a, regionally or globally 
imperiled; 2b, regionally or globally secure; 3, species with characteristics making them vulnerable]

Scientific name Common name
Montana  

rank

North  
Dakota  

rank

South  
Dakota  

rank
Distribution1 Habitat

Anepeorus rusticus A Sand-dwelling 
Mayfly

S1 N/A N/A Prairie regions of Saskatchewan 
and the Western Prairie States

Prefers large, warm water 
sandy rivers. 

Lasmigona  
compressa

Creek Heelsplitter 
(mussel)

N/A I 3 Northwestern North Dakota Found in headwaters of 
small and medium-
sized streams.

Leptodea fragilis Fragile Papershell 
(mussel)

N/A III N/A James River in North Dakota Streams with mud, sand 
or gravel bottoms.

Macdunnoa 
nipawinia

A Sand-dwelling 
Mayfly

S2 N/A N/A Upper Missouri River Large prairie rivers.

Potamilus ohiensis Pink papershell 
(mussel)

N/A I N/A North Dakota: Burleigh, Grant, 
Mercer, Morton, and Sioux 
Counties

Prefer large river systems, 
but collected only from 
tributaries of the  
Missouri River.

Raptoheptagenia 
cruentata

Mayfly S2 N/A N/A Powder, Yellowstone, and  
Missouri Rivers

Prefers cobble riffles 
and runs of with long 
stretches of shifting 
sandbar habitat.

Strophitus undulatus Creeper (mussel) N/A III N/A N/A Various.

Stylurus intricatus Brimstone Clubtail 
Damselfly 
(insect)

S1 N/A N/A Powder, Yellowstone and  
Missouri Rivers

Sandy-bottomed prairie 
rivers of the arid west.

Truncilla truncata Deertoe (mussel) N/A III N/A James River in North Dakota Medium to large rivers 
with mud, sand or 
gravel bottoms.

1According to NatureServe (2016).
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Potential Effects of Energy 
Development on Species of 
Conservation Concern

This section provides a synthesis of existing scientific lit-
erature on the potential effects of energy development on each 
of the taxonomic groups described prevuously. Additionally, 
this section documents where substantial information gaps 
exist and what should be done to inform those gaps.

Habitat Loss and Fragmentation by Energy 
Development

Placement and construction of energy infrastructure can 
lead to substantial losses of available habitat (that is, removal 
of habitat on the landscape) and habitat fragmentation (that 
is, division of larger, continuous tracts of habitat into smaller, 
more isolated patches; Brittingham and others, 2014). In the 
Williston Basin, the area occupied by native plant commu-
nities has been reduced considerably since settlement, and 
remaining native plant communities are highly fragmented 
by conversion of land to crops or other land uses. Energy 
development can thus be regarded as another form of land-use 
change that could contribute to losses of habitat for wildlife 
species of conservation concern. In a recent analysis, Preston 
and Kim (2016) suggested that almost 13,000 hectares of land 
in the Williston Basin were converted to oil and gas well pads. 
Nearly one-half of those hectares were formerly grassland, 
and the rest were in agricultural production. Preston and Kim 
(2016) then forecasted development into the future and esti-
mated that about 22,000 hectares of grassland would eventu-
ally be converted, with nearly the same amount experiencing 
secondary disturbances from the placement of well pads. 
Large-scale soil disturbances produced by energy develop-
ment, such as construction and earth-moving, also creates 
conditions more conducive to fast-growing and short-lived 
plant species (for example, annual plants), many of which are 
not native to the basin (Evangelista and others, 2011; Preston 
2015). The presence of nonnative plants can lead to further 
fragmentation of existing native plant communities.

Undoubtedly, loss and fragmentation of native plant com-
munities leads to loss and fragmentation of habitat for animal 
species that rely on those communities. This effect may be 
especially strong among terrestrial invertebrates. Disturbances, 
such as the development of new roads and increased traffic 
on existing roads, may degrade butterfly habitat and increase 
mortalities for other species, especially those with fairly small 
home ranges (Skórka and others, 2015). There is also evidence 
that postdisturbance reclamation of native habitat may not be 
very effective for terrestrial invertebrates. One study sug-
gested that grassland restorations seem to have limited success 
in increasing butterfly diversity or abundance for particular 
species like the regal fritillary (Shepherd and Debinski, 2005a, 
b). For other species, like the Dakota skipper, there is no 

information about whether their populations respond to resto-
rations (FWS, 2013).

Although evidence for effects of energy development 
on invertebrates in the Williston Basin is limited, especially 
for species of conservation concern, much more evidence 
exists for potential effects on bird species. Many breeding 
bird species in the Williston Basin are area sensitive (for 
example, Sprague’s pipit; Koper and others, 2009) or edge 
sensitive (for example, chestnut-collared longspur [Calcarius 
ornatus]; Davis, 2004). These species respond the strongest 
to the presence of oil and gas wells and other types of infra-
structure (Bayne and Dale, 2011; Thompson and others, 2015). 
Thompson and others (2015) determined that the Sprague’s 
pipit avoided areas within 350 meters of single-bore well 
pads, whereas other species tolerated oil-related infrastructure. 
Results from several studies outside of the Williston Basin 
indicate that Sprague’s pipits seem to avoid nongrassland 
features (for example, oil wells, trails, roads, cropland, woody 
vegetation, and wetlands; Sutter and others, 2000; Linnen, 
2008; Dale and others, 2009; Greer, 2009; Koper and oth-
ers, 2009; Hamilton and others, 2011), although some studies 
indicate that this species was not affected by oil and gas well 
proximity or density (for example, Kalyn Bogard and Davis, 
2014). These mixed findings illustrate that species responses 
may vary and that region-specific studies are needed to under-
stand the range of potential effects of energy development. 
But, some of these patterns may be somewhat predictable 
given species habitat requirements. As an example, one would 
expect specialist species to be more sensitive to disturbances 
from energy development than generalists. Ludlow and others 
(2015) determined that in mixed-grass systems of Alberta, 
endemic specialist species (Sprague’s pipit and Baird’s spar-
row [Ammodramus bairdii]) had lower densities and repro-
ductive success near oil wells, whereas species with broader 
habitat requirements had higher densities and reproductive 
success. Similarly, Greater sage-grouse, a sagebrush special-
ist, exhibited lower abundance, male lek attendance, numbers 
of active leks, and chick survival near energy developments 
(Holloran, 2005; Kaiser, 2006; Aldridge and Boyce, 2007; 
Walker and others, 2007; Doherty and others, 2008; Harju and 
others, 2010). Carpenter and others (2010) also determined 
that grouse avoided winter habitats within 1.9 kilometers of 
energy development.

Other general patterns among birds and energy devel-
opment are also evident. For instance, the development and 
increased use of roads reduces the abundance of some bird 
species in grasslands (Sutter and others, 2000; Dale and oth-
ers, 2009; Kalyn Bogard and Davis, 2014), sagebrush steppe 
(Ingelfinger and Anderson, 2004; Walker and others, 2007; 
Gilbert and Chalfoun, 2011), and other ecosystems (Bayne and 
others, 2008). Likewise the intensity of development, as indi-
cated by well density, has been linked to substantial declines 
in densities of grassland bird species (Gilbert and Chalfoun, 
2011). Additionally, increasing populations of avian predators, 
such as ravens, have been positively correlated with roads 
and infrastructure density and seem to be negatively affecting 
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the survival of prey species such as the greater sage-grouse 
(Dinkins, 2013).

Although the studies outlined above are generally 
focused on observational work that correlates abundance with 
variables that index energy development, all of them do not 
necessarily provide an understanding of how development 
might affect population or community processes. A few studies 
have determined effects of energy development on survival 
and reproduction, which can lead to changes in the abundance 
and distribution of certain species; for example, Van Wilgen-
burg and others (2013) estimated the magnitude of nest failure 
and recruitment loss that resulted directly from development 
in the grasslands and boreal forests of the Western Canadian 
Sedimentary Basin. They estimated nest losses to be in the 
tens of thousands per year, which they expected could have 
substantial effects on the abundance and distribution of forest 
and prairie bird species; however, their results did not put 
these losses in context with other sources of nest mortality, 
which makes it difficult to draw conclusions about the relative 
significance of these predicted losses. Hethcoat and Chalfoun 
(2015) determined that bird habitat loss associated with energy 
development was positively related to increased small mam-
mal activity and abundance, which may lead to higher nest 
predation. They speculated that a decrease in the abundance 
or activity of small mammal predators, such as coyotes (Canis 
latrans), American badgers (Taxidea taxus), and red foxes 
(Vulpes vulpes), associated with increased development may 
explain the increase in small mammals.

The picture looks a little different for large mammals, 
and those effects have been reviewed elsewhere (for example, 
Northrup and Wittemyer, 2012). Hebblewhite (2011) pointed 
out that most studies of the effects of energy development on 
habitat loss and fragmentation for large mammals indicate 
only weak inference as a result of poor study designs and low 
sample sizes. This conclusion suggests that large mammal 
population responses documented in the literature should be 
interpreted with caution. It seems that not all large mammals 
are negatively affected by energy development (Kolowski 
and Alonso, 2010; Rabanal and others, 2010); however, the 
perceived lack of effect may be related to when monitoring of 
potential effects took place. For instance, mule deer have been 
observed to avoid areas of energy development, which may 
alter their movement behavior and distribution on the land-
scape (Sawyer and others, 2006). Sawyer and others (2005) 
indicated that mule deer populations in Wyoming were seem-
ingly stable before development but that populations declined 
substantially more than 4 years post-development. This popu-
lation decline suggests that more subtle demographic effects 
of energy development may take some time to manifest and 
thus monitoring for more than just 2 or 3 years may be needed. 
Similarly, this decline points out that predevelopment monitor-
ing is critical in order to assess the magnitude and extent of 
effects from energy development.

The continuous year-round nature of energy develop-
ment can also put reptile and amphibian populations at 
increased risk by modifying or removing their habitat. Studies 

characterizing effects of energy development on reptiles and 
amphibians are notably lacking. For example, Northrup and 
Wittemyer’s (2012) literature review documented only a single 
study by Moseley and others (2009); nevertheless, what is 
known about the effects of agriculture-related disturbances on 
these species may help in projecting potential effects. Reptiles 
and amphibians require overwintering habitat to survive the 
relatively harsh winters in the Williston Basin (Lee and others, 
1992; Storey and Storey, 1992; Lannoo, 2005; Mushet and 
others, 2012). Once a reptile or amphibian selects an overwin-
tering site, they are fully committed to that site for the duration 
of the winter. If development alters the thermal properties 
of the selected site through altered soil depths, vegetation 
removal, or changes in water depth, any species overwinter-
ing at the effected site may become exposed to temperatures 
below their thermal tolerance limits. The longevity of these 
wintering sites is not known, but some species may use these 
sites for many decades (for example, prairie rattlesnakes [Cro-
talus viridis]; Alberta Environment and Sustainable Resource 
Development and Alberta Conservation Association, 2012).

Considering potential effects of energy development 
on amphibian and reptile populations also provides a useful 
example of the connection between the alteration of terrestrial 
habitats and potential effects on aquatic habitats. For instance, 
disturbance of upland areas surrounding wetlands can increase 
sediment and nutrient loads (International Petroleum Industry 
Environmental Conservation Association, 2010; McBroom 
and others, 2012; Brittingham, and others, 2014), which can 
reduce invertebrate egg viability and larvae survival (Glea-
son and others, 2003). Wetlands within croplands often are 
receptors of nutrient and pesticide runoff from adjacent fields 
that can affect amphibian eggs and larvae (Anderson and 
D’Apollonia, 1978). This is an important consideration given 
the important role that wetlands, rivers, and lakes play in the 
Williston Basin. In fact, based on a fairly general analysis, 
Entrekin and others (2015) forecasted a number of specific 
watersheds in the Williston Basin that are expected to be 
become vulnerable to biological degradation under future 
development, presumably because of upland modification.

Effects that such modification may have on aquatic spe-
cies are difficult to ascertain, mostly because these effects have 
not been studied in the Williston Basin. But scientists do know 
that when wetlands are drained, whether to improve crop 
production or for other reasons (for example, energy develop-
ment), the result is a loss of amphibian reproductive habitat 
(Semlitsch, 2000; Balas and others, 2012). Wetland habitat 
quality and availability also could be altered when wetlands 
in high watershed positions are drained into topographically 
lower wetlands, a process often referred to as consolidation 
drainage (McCauley and others, 2015a). These and other 
hydroperiod alterations can increase the abundance of aquatic 
predators in these habitats that negatively affect amphibian 
communities adapted to naturally short hydroperiods (Euliss 
and Mushet, 2004). This process of consolidation drainage 
can also affect habitats used by migratory waterbirds, such as 
piping plovers, by removing shoreline habitat (McCauley and 
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others, 2015b; thus, disentangling the effects of energy devel-
opment and other land-use changes may be a difficult task and 
will require long-term monitoring (before and after data) and 
sophisticated analysis to separate the degree to which different 
land-use changes effect wildlife habitat.

The increase in energy production in the Williston Basin 
means large quantities of water will be needed for the hydrau-
lic fracturing process (Scanlon and others, 2014). Develop-
ers may look to aquatic habitats for local sources of water. 
Whether these sources are surface water features such as 
lakes or reservoirs, or groundwater sources, the result is likely 
a reduction in the hydroperiods (that is, time water is held 
in a waterbody) and depths of adjacent or nearby lakes and 
wetlands. For species like the northern leopard frog, which 
overwinters in deep water habitats, drainage could lower win-
ter survival (Mushet, 2010). In arid and semiarid areas, such 
as the Williston Basin, these overwintering sites can be a rare 
feature on the landscape, especially during periods of drought 
(Winter and Rosenberry, 2004). Reductions in overwintering 
sites can result in the loss of this species from large parts of 
the landscape.

Construction of new roads may also modify aquatic 
habitats, especially where those roads cross streams. In places 
where streams are crossed by roads, culvert and berm con-
struction may be needed. Such structures can impede move-
ment of fish and invertebrate species (Warren and Pardew, 
1998), especially during low flow periods (Norman and others, 
2009). The ability for larval stages of mussels, for instance, 
to drift downstream also can be affected by impoundments 
created by road crossings, which could reduce the ability of 
aquatic organisms to colonize new habitats or escape drying 
streams and wetlands.

Presence of Tall Structures

Currently, little is known about the effects of tall, human-
made structures (for example, pump jacks, flare stacks, and so 
on) associated with energy development. Some inferences may 
be drawn from studies evaluating the effects of power lines, 
communication towers, or wind turbines on birds (for exam-
ple, Avian Power Line Interaction Committee [APLIC], 2006; 
Shuster and others, 2015). For example, some grassland birds 
seem to avoid nesting near tall structures (Bayne and Dale, 
2011), and larger species (for example, hawks and eagles) may 
be vulnerable to collisions (Wallace, 2014); however, some 
eagles and other birds may nest on tall structures and use them 
as a vantage point for locating prey (Fletcher and others, 2003; 
Aldridge and Boyce, 2007). Endangered piping plovers have 
avoided trees and steep hills (Maxson and Haws, 2000; Anteau 
and others, 2014), but whether or not this translates into avoid-
ance of tall industrial structures is unknown.

Artificial Lights Including Gas Flares

Scientists have documented the negative effects of 
artificial lighting on the behavior and population ecology of 
a wide variety of taxa (Longcore and Rich, 2004). Plants, for 
example, have been shown to exhibit altered growth and other 
physiological responses to artificial light, though very little 
research has been done on artificial light stress with plants 
(Bennie and others, 2016). Perhaps the most well-known 
examples of the effects of ecological light pollution (Longcore 
and Rich, 2004) are among invertebrates, especially lepidop-
terans (butterflies and moths). Frank (1988) suggested that 
artificial lighting is responsible for a wide range of disruptive 
effects on the movement, reproduction, and survival processes 
of moths. MacGregor and others (2014) suggested that moths 
provide important pollination services for a range of plant 
species and that artificial light pollution has the potential to 
disrupt these services. Among endangered invertebrates, like 
the American burying beetle, light pollution has been impli-
cated in population declines (FWS, 1991).

Studies have also determined that birds become disori-
ented by artificial light at night (Ogden, 1996), especially dur-
ing migration (Gauthreaux and Belser, 2006). There is some 
suggestion that immature migratory birds may be more sus-
ceptible to artificial lighting than adults (Gauthreaux, 1982). 
Moving toward light sources may increase the probability that 
migrating birds will collide with structures, be preyed upon, 
redirect their flight paths, or circle light sources and deplete 
their energy reserves (Kociolek and others, 2011). Some stud-
ies have suggested that artificial lighting may reduce breeding 
habitat and may affect avian nestling development, singing, 
breeding, molting, and migration (De Molenaar and others, 
2006). Lights may also disrupt important physiological and 
biochemical processes in birds that affect and control seasonal 
and diurnal behaviors (Dominoni, 2015). Flares associated 
with oil-drilling platforms in marine environments attract 
seabirds and, in some cases, result in death or injury (Wiese 
and others, 2001). Less is known about the effects of flaring 
or artificial lights on birds during other times of the year (for 
example, breeding or wintering seasons). Gas flares may be 
a source of artificial light but may also pose more direct risks 
to wildlife. For instance, Bjorge (1987) found carcasses of 
several thousand birds of 24 species within 75 meters (m) of 
a 104-m tall oil-industry flare stack in northwestern Alberta; 
based on necropsy and laboratory results, the author concluded 
that at least some of the deaths were related to stack emissions.

Although much is not known about the effects of arti-
ficial light on other wildlife, there is some suggestion that it 
may exacerbate other stressors, such as habitat fragmentation 
(Gaston and others, 2014). Large mammals such as black-
tailed deer (Odocoileus hemionus columbianus) and mountain 
lions avoid areas with artificial light (Beier, 1995; Bliss-
Ketchum and others, 2016), which could affect their ability 
to disperse through increasingly industrialized or developed 
landscapes. Increased attraction of flying invertebrates around 
artificial light also has attracted bats (Frank, 1988). Schoeman 
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(2016) determined that certain bat species were attracted to 
urban light sources like stadiums, while other species avoided 
these light sources. He suggested that urban light sources 
had the potential to reduce bat diversity because such pollu-
tion favored species that tolerated or exploited light sources. 
Some evidence suggests that amphibians and reptiles alter 
their foraging behavior in response to lighting conditions 
(Hailman, 1984; Schwartz and Henderson, 1991; Buchanan, 
1998). There is also some evidence that freshwater fish may 
be attracted to artificial light (Haymes and others, 1984) and 
that aquatic insects may be more vulnerable to the negative 
effects of artificial light than terrestrial invertebrates (Perkin 
and others, 2014).

Vehicular Traffic and Roads

Vehicular traffic has the potential to affect terrestrial and 
aquatic species through increased mortality, modification of 
animal behavior, habitat alteration, contamination, and the 
spread of exotic species (Trombulak and Frissell, 2000). In 
grasslands, soil disturbance along roads and trails can promote 
invasion by nonnative plant species (Evangalista and oth-
ers, 2011), which could alter habitat use by wildlife (Sutter 
and others, 2000; Trombulak and Frissell, 2000; Larson and 
others, 2001; Koper and Schmiegelow, 2006; Von Der Lippe 
and Kowarik, 2007; Hamilton and others, 2011). Although 
the alteration, or removal, of plant communities may be fairly 
immediate, the consequent indirect effects on other species 
may take more time to become apparent.

Most motile organisms are susceptible to mortality 
because of collision with vehicles. Baxter-Gilbert and others 
(2015) estimated that road mortality may account for annual 
losses of hundreds of billions of insect pollinators across 
North America. Skórka and others (2015) determined that 
butterfly mortality was generally higher near roads, but that 
mortalities were clustered in certain parts of the landscape. 
They suggested that this clustering pattern was related to poor 
grassland habitat in the surrounding landscape that encouraged 
butterfly dispersal (Skórka and others, 2013, 2015). This find-
ing suggests that habitat conditions in the landscape surround-
ing roads could modulate direct negative effects of roads.

Similarly, for birds, it seems that collision risk could be 
behaviorally related and could increase during the breeding 
season and migration. Ludlow and others (2015) determined 
that Sprague’s pipits and Baird’s sparrows avoided nesting 
within 100 m of trails and fledged fewer young from success-
ful nests near trails. Lyon and Anderson (2003) determined 
that light traffic disturbance associated with energy develop-
ment during the breeding season reduced greater sage-grouse 
nest initiation rates and increased distances moved from leks 
during nest-site selection. Dirt roads associated with energy 
development reduced densities of sagebrush obligate birds 
by as much as 60 percent within a 100-m buffer around these 
roads. Because roads are also likely to replace, fragment, or 
degrade existing habitat, one would expect road placement 

to have some effect on processes like dispersal or reproduc-
tion; however, the effects of road density on bird productivity 
is somewhat ambiguous. For example, Wallace and others 
(2016) had no evidence that ferruginous hawk (Buteo regalis) 
breeding performance was affected by road density or distance 
to well pads, whereas others have determined both positive 
(Zelenak and Rotella, 1997) and negative (Keough, 2006) 
relations between productivity and energy-related infrastruc-
ture like roads. These findings likely reflect species tolerances 
of roads.

Reptiles and amphibians are strongly affected by road 
development because both are dependent upon seasonal 
migratory movements and longer distance dispersal to carry 
out critical aspects of their life history. The increased density 
of roads and traffic on the landscape associated with energy 
development may potentially affect or even prevent these nec-
essary movements across the landscape. It is well documented 
that reptiles, especially snakes and turtles, are vulnerable to 
traffic associated mortality (Bonnet and others, 1994; Fahrig 
and others, 1995; Gibbs and Shriver, 2002; Mazerolle, 2004). 
In addition to the normal hazard of crossing a heavily traveled 
roadway, reptiles will often use sun-exposed road surfaces as 
basking sites, thereby greatly increasing the chance of being 
struck by a vehicle. Road mortality can be especially high dur-
ing amphibian migration events (Carr and Fahrig, 2001; Hels 
and Buchwald, 2001; Cosentino and others, 2014). Although 
the potential effects of these mass mortality events on amphib-
ian populations should not be discounted, the less visible but 
chronic effect of road kills on reptiles may have an equal or 
greater effect on their populations. The hazards associated 
with increased road density and traffic resulting from energy 
development would likely be similar for dispersing reptiles 
and amphibians.

Mammals generally avoid roads (Benitez-Lopez and 
others, 2010), but the results of studies may reflect more subtle 
species-specific avoidance patterns; for example, Northrup and 
others (2015) determined that mule deer tended to avoid areas 
near energy-related roads, but the strength of that effect tended 
to be stronger during the day compared to night. Dzialak and 
others (2011) had similar results for elk. As these studies dem-
onstrate, much of the focus of the effects of roads is related to 
the alteration of habitat caused by the installation of roads and 
other infrastructure (Hebblewhite, 2011; D’Amico and others, 
2016). Taxa like amphibians and birds are likely at higher 
risk of the direct effects of roads compared to large mammals 
(Garrah and others, 2015; D’Amico and others, 2016). On the 
other hand, a modeling exercise by Frair and others (2008) 
determined that increases in road densities associated with 
energy development and other activities have the potential to 
redistribute elk and increase mortality. The authors determined 
that elk tolerance to road densities was lower in regions where 
roads provided hunters more access to elk. This raises a poten-
tially interesting effect of roads on mammal game species. In 
other regions of the world, increases in roads associated with 
energy development seem to have increased illegal poaching 
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of wild game (Thibault and Blaney, 2003); therefore, access 
roads in the Williston Basin may provide opportunities for 
increased illegal hunting activity.

Road density and associated land-use changes also are 
correlated with increased turbidity in grassland streams and 
wetlands (Lenhart and others, 2011). Increased turbidity and 
sedimentation can lead to decreased primary production as 
light penetration is reduced to phytoplankton and submerged 
aquatic macrophytes. Some researchers have also suggested 
that increased sedimentation could reduce feeding abilities of 
sight-dependent organisms through the loss of water clar-
ity (Anteau and Afton, 2009; Anteau and others, 2011). The 
effects of increased sedimentation on reproduction of macroin-
vertebrates and fish have been well documented (Brittingham 
and others, 2014). Creuzer and others (2016) determined that 
closed-basin wetlands in North Dakota experienced more dust 
loading near dirt roads in regions with more intensive energy 
development; however, the authors suggested that this loading 
had only minimal effects on wetland water quality or soils.

Industrial Noise

There is some evidence that anthropogenic noise pollu-
tion may have an effect on wildlife species. Because many 
species of wildlife rely on sound to hear prey, communicate 
with others, avoid predators, or locate potential mates, indus-
trial noise associated with roads and energy development may 
reduce habitat quality for those species; however, as Francis 
and Barber (2013) pointed out, information on the specific 
effects of noise on a wide range of species is lacking, and 
known effects of noise are often simplified. In particular, they 
point out that habituation of a species to noise is often inter-
preted to mean little or no effect. This assumption might not 
be valid because chronic noise could mask the ability of spe-
cies to perceive important sounds that could aid foraging, mat-
ing, and survival (Francis and Barber, 2013). There are several 
sources of chronic noise associated with energy development, 
including pump jacks, booster stations, and compressor sta-
tions that run continuously (Bayne and Dale, 2011). Much of 
the literature on chronic noise effects on wildlife comes from 
research on birds. Noise is known to cause reductions in bird 
densities and affect demographic processes and behaviors, 
such as reduced pairing or nesting success, communications 
among flock members, defense of territories, and detection of 
predators (Habib and others, 2007; Francis and others, 2009; 
Kociolek and others, 2011). The degree to which birds respond 
to auditory disturbances seems to vary with the proximity and 
magnitude of anthropogenic noises (Bayne and Dale, 2011). 
Traffic noise can decrease bird abundance, species richness, 
and breeding activity near roads (Ingelfinger and Anderson, 
2004; Hamilton and others, 2011; Kociolek and others, 2011); 

but, the extent of these effects also may be related to habitat 
type. Effects of road noise seem to extend farther from roads 
in grasslands than in forests because the vegetative structure of 
forests attenuate sound (Forman and others, 2002).

Effects of energy development will vary by species 
depending upon how sensitive each species is to anthropo-
genic noise. Bayne and others (2008) determined that the 
interaction between chronic anthropogenic noise and the 
distance to compressor stations negatively affected the habitat 
quality of forest birds by reducing overall passerine density. 
Habib and others (2007) reported a substantial reduction in 
ovenbird pairing (Seiurus aurocapilla) success at compressor 
stations compared with noiseless well pads, regardless of the 
quality of the territory or individual males. Blickley and others 
(2012) demonstrated that experimentally applied artificial 
noise from natural gas drilling and from roads resulted in 29 
and 73 percent declines, respectively, in peak male attendance 
at greater sage-grouse leks relative to paired controls. Hol-
loran (2005) suggested that noise or chemical pollution were 
contributing factors to the decline (by as much as 50 percent) 
in attendance by male greater sage-grouse at leks that were 
downwind of deep natural gas developments. Within pinyon-
juniper woodlands of northwestern New Mexico, noise associ-
ated with natural gas extraction reduced breeding bird richness 
and abundance of some species. But, the same study deter-
mined that noise indirectly improved reproductive success of 
individuals nesting in noisy areas as a result of the disruption 
of predator-prey interactions (Francis and others, 2009). Other 
studies have indicated similar patterns with abundance and 
nest survival of some species being higher near compressor 
stations, which may reflect predators avoiding areas near noise 
(LaGory and others, 2001; Francis and others, 2009; Bayne 
and Dale, 2011).

There is little information on which to base predictions 
about the potential effects of noise for most other taxa. But 
the few studies that do exist show mixed effects of noise. One 
study in Wyoming, for example, determined noise associated 
with vehicular traffic had little or no effect on ungulate behav-
ior (Brown and others, 2012). Increased noise has potential 
to mask calls of male frogs and toads during their reproduc-
tive season, which could lower productivity (Sun and Narins, 
2005; Bee and Swanson, 2007). A review by Cott and others 
(2015) suggested that noise associated with energy develop-
ment could have several effects on northern fish species. 
Chronic noise associated with drills, compressors, seismic 
explorations, and traffic can lead to hearing loss in fish (Pop-
per and others, 2005), fish avoidance of stream reaches, and, 
in some cases, death of individual fish (Govani and others, 
2003). The potential for noise to disrupt natural processes 
is largely unknown, and highly detailed studies might be 
required in order to investigate effects of noise across a wide 
range of taxa.
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Toxic Contaminants

Oil and gas extraction involves the use of many poten-
tially toxic substances including lubricants, solvents, gasoline, 
diesel fuels, organic contaminants, and trace metals (Gordalla 
and others, 2013). As already mentioned, much of the oil pro-
duced in the Williston Basin comes from the Bakken Forma-
tion. Oil from this formation is classified as a light crude oil 
(Auers and others, 2014). As a group, light crude oils are gen-
erally known to have medium levels of acute toxicity to organ-
isms and potential for longer term contamination in aquatic 
systems (Boehm and others, 2013). Additional spill concerns 
in the Williston Basin come from the highly saline coproduced 
water associated with oil and gas extraction. Coproduced 
water, which is sometimes called brine, is the largest waste 
product for the industry (Fakhru’l-Razi and others, 2009; 
Sirivedhin and Dallbauman, 2004) and is suggested to be one 
of the main causes of water and soil contamination in oil-
producing regions (Kharaka and Otton, 2003; Gleason and 
Tangen, 2014). Such contamination is likely to have substan-
tial effects on plant and animal communities in this basin.

Wildlife may suffer negative effects from direct exposure 
to contaminants from oil production through contact, inges-
tion, or inhalation. Waterbirds, for example, rely on feathers 
for flight, insulation, and buoyancy (O’Hara and Morandin, 
2010). Oil-fouled feathers can result in hypothermia and 
reduced buoyancy. Breeding success of aquatic birds can also 
be affected if oil-fouled adults transfer oil directly to their eggs 
or chicks during brooding (King and Lefever, 1979). Birds 
also may consume compounds by ingesting contaminated food 
or while preening oil-fouled feathers. The timing and loca-
tion of an oil spill largely determines the extent of mortality 
or contamination, rather than the volume of oil spilled (Wiese 
and others, 2001). Shorebirds, waterfowl, and other waterbirds 
may be at particular risk of oiling and long-term contamina-
tion (FWS, 2009). Oiled piping plovers, for example, have 
been reported in several Atlantic Coast States (Burger, 1997; 
Donlan and others, 2003), along the coast of the Gulf of 
Mexico (FWS, 1996), and in Canada (Amirault-Langiais and 
others, 2007; FWS, 2014).

Another major concern is storage and disposal of waste 
fluids and coproduced water (brine). Waste fluids are occa-
sionally stored in open pits, tailing ponds, evaporation ponds, 
tanks, or other facilities that may be accessible to birds (Trail, 
2006; Ramirez, 2010). Open oil pits, which are no longer 
allowed in North Dakota (North Dakota Administrative Code 
43-02-03-19.3), Montana (Administrative Rules of Montana 
36.22.1207), or South Dakota (Administrative Rules of South 
Dakota 74:12:04:09), pose a threat to virtually all species 
of birds. Waste management practices may be especially 
important for species like the federally threatened whooping 
crane and red knot, which migrate through the basin (Lewis 
and others, 1992; Cannon, 1996; St. Clair and others, 2013; 
FWS, 2014). Beside the potential for direct negative effects on 

birds, chemical contaminants also may have direct effects on 
other species (for example, aquatic invertebrates) and indirect 
effects on the predators that feed upon them (for example, 
birds and mammals). Oil contamination can reduce prey popu-
lations and alter invertebrate communities that provide food 
for shorebirds and other aquatic species (FWS, 2014). Similar 
effects can also be expected with brine contamination.

In the Williston Basin, chloride is a dominant ion present 
in coproduced water, and the concentration of this ion often 
is used as an indicator of contamination (Preston and others, 
2014); however, unlike oil, chloride often is present natu-
rally in aquatic ecosystems. Natural chloride concentrations 
vary across the landscape because of geological features and 
connections to groundwater, and they also tend to fluctuate 
with water levels that are partially determined by local and 
regional climate (Winter and Rosenberry, 1998). Empirical 
investigations have determined that chloride concentrations 
in wetlands tended to be higher in areas with more oil and gas 
wells (Post van der Burg and Tangen, 2015); however, most of 
the observed concentration values were well within the natural 
range observed in wetlands that are apparently not affected by 
development. The U.S. Environmental Protection Agency sets 
chloride levels for the protection of aquatic life at 230 milli-
grams per liter (U.S. Environmental Protection Agency, 2016); 
many wetlands in the Williston Basin naturally exceed these 
thresholds. Species that are sensitive to chloride include may-
flies (Ephemeroptera) (Wichard, 1975; Struewing and others, 
2014), freshwater mussels (Mollusca) (Wang and others, 2007; 
Gillis, 2011), daphnids (Daphnia spp.) (Mount and others, 
1997), tubifex worms (Annelida), and snails (Gastropoda) 
(Birge and others, 1985; Khangarot, 1995). Fish are generally 
more tolerant of chloride, but some sensitive species include 
fathead minnows (Pimephales promelas), rainbow trout 
(Oncorhynchus mykiss), and bluegill (Lepomis macrochirus) 
(Birge, and others, 1985). Early life stages of aquatic organ-
isms are generally the most sensitive to chloride exposure as 
documented with the mussel Glochidia (Wang and others, 
2007) and newly hatched fathead minnows (Mount and others, 
1997), among others; thus, relatively small releases of highly 
concentrated brine may result in toxic effects on native aquatic 
species. High chloride concentrations can interfere with ion 
regulation, which may lead to an inability to retain osmotic 
homeostasis and ionic balance.

The inability to tolerate high salinity levels may affect 
other aquatic organisms such as amphibians. Although 
amphibian species have varying degrees of tolerances to salin-
ity (Mushet and others, 2012), all have fairly low thresholds 
and none can survive in the highly saline waters typically 
associated with a brine spill. Additionally, produced water as 
a de-icing agent can cause rapid and complete mortality of 
vegetation and, at low concentrations, can alter plant species 
composition (Souther and others, 2014). The environmental 
and toxicological effects of dust suppressants and soil stabiliz-
ers on wildlife or the environment are largely unknown (for 
example, see Fay and Kociolek, 2009).
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Nonnative Species

Research in the Williston Basin suggests that nonnative 
plants are a potential threat to biological resources because 
total nonnative species richness was substantially greater at oil 
well sites compared to sites farther from wells (Preston, 2015). 
Increased disturbances related to energy development have the 
potential to create conditions that favor the spread and estab-
lishment of exotic or invasive species (Evangelista and others, 
2011). As already pointed out, increased soil disturbance and 
long-distance movement of soil could transport seeds and 
propagules from site to site. Changes in water regimes and soil 
chemistry, from pumping and releases, and changes in climate 
could also produce shifts that favor nonnative species.

Alteration of plant species communities during construc-
tion of energy infrastructure may affect bird species by alter-
ing vegetation structure (Kalyn Bogard and Davis, 2014). For 
instance, introduction of nonnative invasive plant species may 
be associated with declines in greater sage-grouse popula-
tions (Holloran, 2005; Walker and others, 2007; Holloran and 
others, 2010). Ludlow and others (2015) determined that, of 
the variables that were related to energy development, the 
amount of crested wheatgrass (Agropyron cristatum), an exotic 
perennial grass introduced from Asia, had the most wide-rang-
ing effects on the density and reproductive success of grass-
land songbirds. They determined that as crested wheatgrass 
increased from 0 to 60 percent, Savannah sparrow density 
declined by 50 percent.

Energy development also has the potential to introduce 
aquatic nonnative and invasive species. Large volumes of 
water are often required during the drilling and extraction 
processes and for general infrastructure construction and 
maintenance. Much of this water is moved via water trucks, 
from one region to another. This movement may provide a 
vector for nonnative and invasive species, such as zebra and 
quagga mussels, and aquatic plants, such as milfoil. These 
threats can be minimized by implementing best management 
practices to prevent the spread of aquatic invasive species 
(International Petroleum Industry Environmental Conservation 
Association, 2010).

Mitigating the Effects of Energy Development on 
Ecosystems

Numerous literature reviews have been published that 
describe the state of knowledge about the effects of energy 
development and infrastructure on a range of taxa (Walker 
and Everett, 1987; Trombulak and Frissell, 2000; Erickson 
and others, 2005; APLIC, 2006; Trail, 2006; Bayne and Dale, 
2011; Kociolek and others, 2011; Northrup and Wittemeyer, 
2012; Brittingham and others, 2014; Souther and others, 2014; 
Cott and others, 2015; Shuster and others, 2015). Some of 

these reviews offer insights into the potential for mitigating the 
negative effects of development, but many of the suggested 
strategies are discussed as generalities, and the effectiveness 
of these strategies is largely unknown.

A few studies have pointed out that spatially and tem-
porally consolidating the development footprint in a region 
might have some benefit in minimizing loss of existing habitat. 
Ludlow and others (2015) recommended reducing the spread 
of crested wheatgrass and the disturbance of access roads 
associated with energy development by locating multiple wells 
on a single pad. Similar suggestions were made by Thompson 
and others (2015) in an effort to reduce negative effects on 
grassland birds. Preston and Kim (2016) point out that some 
States in the Williston Basin (for example, North Dakota) have 
proposed the development of energy corridors where roads 
and pads are oriented in a fashion that condenses development, 
leaving more area undisturbed. Others have also suggested 
that development ought to be targeted in places where human 
disturbance has already taken place (Moran and others, 2015). 
Although there may not be a preponderance of evidence to 
support the effectiveness of these recommendations, they 
make intuitive sense; moreover, consolidating activities on 
previous sites and existing infrastructure may also provide 
efficiency and economic benefits.

Gaston and others (2012) suggested that removing lights 
or reducing the diffusion of artificial light and purposely main-
taining “dark refugia” around lit areas may help to limit the 
negative effects of artificial light. They pointed out that reduc-
ing the intensity of light may have some benefit as well. Bayne 
and others (2008) suggested that noise mitigation at compres-
sor stations may be a best management practice to conserve 
high quality habitat for nesting birds and other wildlife. To 
mitigate the detrimental effects of roads, Kociolek and others 
(2011) recommended noise-reduction strategies and changes 
to roadway lighting, vegetation, and traffic flow.

But these considerations are dependent on an organism’s 
distribution staying relatively static. One may also need to 
consider how potential negative effects from roads and infra-
structure may change under predicted shifts in species distri-
bution because of climate change (Kociolek and others, 2011). 
Kalyn Bogard and Davis (2014) recommended that resource 
managers and the energy industry also implement remedia-
tion activities that encourage vegetative regrowth to reduce 
the potential degradation of vegetation structure as a result of 
energy development; however, one should consider that even 
if interference from invasive weeds is minimal, native seeds 
are available, and conditions for restoration are favorable, it 
can take more than a century for an ecosystem like a grassland 
to recover to its predisturbance condition (Baer and others, 
2010). All in all, much of the discussion around mitigation 
strategies is very general and highly speculative. More work 
must be done to test the effectiveness of mitigation actions 
across a range of taxonomic groups and habitat types.
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Critical Information Needs

Energy development in the Williston Basin has pro-
ceeded at a rapid pace within the context of broader land-use 
changes associated with agricultural development (Rashford 
and others, 2010). One of the major questions surrounding the 
management of biological resources in this basin is how the 
incremental effect of individual energy development projects 
accumulate in the context of ongoing landscape change (for 
example, Walker and others, 1987). Consider the work done 
by Schneider and others (2003) in the Western Canadian Sedi-
mentary Basin. They completed a simple simulation of future 
trajectories of current silvicultural practices along with current 
energy development practices. They determined that their 
indicators of forest structure and wildlife habitat had marked 
and rapid declines; however, adoption of best management 
practices that coordinated forestry and energy development 
seemed to reduce these declines. This example highlights a 
common assumption that management of individual develop-
ment projects will lead to fewer negative effects on biological 
resources; however, the appropriateness of this assumption 
varies with circumstances and the management practices used 
and thus needs to be tested.

Understanding the link between individual development 
projects and their cumulative effects on population processes 
across taxa will be critical if managers wish to plan for mini-
mizing negative effects to wildlife. A considerable challenge 
to evaluating individual and cumulative effects on ecosystems 
is that such systems are composed of complex physical and 
biological processes, and scientists often do not have the data 
to compare unmodified and modified ecosystem functions. For 
example, aquatic invertebrate abundance in wetlands in the 
Williston Basin follow a right-skewed distribution (Anteau, 
2006) and are temporally variable (Euliss and others, 1999), 
so it is unlikely that one could make meaningful compari-
sons about effects of any stressors among a small number of 
wetlands over a few years. In such systems, approaches like 
large-scale spatiotemporally replicated studies that evaluate 
oil and gas extraction in concert with other stressors or highly 
replicated before-after control-effect studies will be critical to 
understanding effects of oil and gas extraction.

Decision analytic tools may prove useful for planning 
projects and assessing the cumulative effects of regulatory 
choices under uncertainty; for example, Post van der Burg 
and others (2014) analyzed hypothetical well citing decisions 
and their effects on multiple stakeholder objectives, such 
as minimizing spills into wetlands and maximizing produc-
tion. Their results suggested that the optimal citing decision 
was determined by assumptions about the likely behavior of 
spills and the position of wells in the landscape; however, 
their work did not consider how the role of uncertainty played 
into assessing cumulative effects at a larger scale. Smith and 
others (2012) used a decision analysis approach to look at the 
trade-off between Marcellus Shale gas well development and 
brook trout (Salvelinus fontinalis) occupancy at a watershed 
scale. Their results suggested that more efficient allocation of 

development effort could minimize negative effects on trout 
occupancy, while still ensuring some new wells. But they also 
determined that the best decision was dependent on the type of 
response that could be expected from trout. As this last study 
points out, understanding the cumulative effects of energy 
development will require understanding the current state of a 
species’ population before development, analyzing scenarios 
and management strategies, and then establishing long-term 
multispecies monitoring programs to assess how species 
respond to development. This may be especially needed given 
that climate change may affect patterns of land-use change 
and function as a stressor on species more directly (Schneider 
and Root, 2002). A formal adaptive management program 
that is appropriately replicated may be especially useful for 
managing the effects of energy development in this context 
because it would provide a rigorous mechanism for updating 
knowledge about potential effects, without having to wait for 
new scientific studies, or making decisions in a trial-and-error 
fashion (Williams and others, 2009; Smith and others, 2012).

Despite such an approach, there are existing information 
needs that would aid in the development of decision support 
tools. Foremost among them are landscape-scale datasets that 
could be used to predict the distribution of species and assess 
cumulative effects of energy development. To our knowledge, 
such datasets do not exist for most species covered in this 
chapter; however, a few notable exceptions exist. Perhaps one 
of the better known landscape-scale datasets available is the 
Breed Bird Survey (Sauer and others, 2014). This dataset is 
freely available online and covers a large spatial extent during 
periods of time that span episodes of energy development in 
the Williston Basin. But using it to build rigorous distribution 
maps at a scale relevant to management requires consider-
able effort and complex modeling approaches (for example, 
see Royle and others, 2002; Royle and Wikle, 2005). Many 
species also have few detections along the routes used in the 
survey, which can make it difficult to model distributions. 
The USGS National Gap Analysis Program (USGS, 2011) 
has also developed models for some species listed in this 
report, which they serve online; however, these models predict 
“potential distributions” at a course scale based on assumed 
habitat suitability, rather than actual distributions. As a result, 
these models are of limited use for assessing potential effects 
of energy development. Federal and State agencies may also 
maintain some survey data on a few of the species covered in 
this report (for example, Dakota skipper surveys used in FWS, 
2013). These data tend to be site-specific, so to be useful in 
predicting distributions, rigorous modeling frameworks need 
to be developed in order to account for differences in how 
data were collected. Such modeling and assessment projects 
were beyond the scope of this report but could be developed 
with considerable effort. Given the amount of effort required, 
it would make sense for managers to prioritize which of the 
many species covered in this report would benefit the most 
from more in depth assessments and analysis.

Although distributional data and models would be a 
useful first step in assessing cumulative effects, more detailed 
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data on specific taxa or individual species would eventually 
be needed; for example, scientists do not fully understand the 
pollination and reproductive requirements for many plants of 
conservation concern outlined in this chapter. This is signifi-
cant because pollination is key to gene flow and long-term 
persistence of many of these plant species. An even more 
fundamental scientific gap is simply a systematic baseline 
inventory of plant species of concern and a system of monitor-
ing to assess their distributions and population trends before 
and after energy development. Improving understanding of the 
effects of energy development on plant communities will also 
help with developing better remediation strategies.

Terrestrial insects are vastly understudied in the northern 
Great Plains, which likely explains why so little is known 
about predisturbance populations and distributions in the 
Williston Basin; thus, more information is needed about how 
patterns in energy development and habitat fragmentation 
affect the apparent distribution of these species. Similarly, 
little is known about how less obvious threats to invertebrates 
such as light pollution or increased vehicular traffic may affect 
populations, or how dust associated with such traffic may 
affect insect nursery plants and juvenile survival.

Although birds have been studied more than most of the 
taxonomic groups mentioned in this chapter, more information 
is needed to understand how energy development might affect 
population processes (for example, survival and reproduction) 
of species in the Williston Basin; for example, the effects of 
light and noise pollution on bird reproduction and behavior 
remains poorly understood for most bird species of conserva-
tion concern. There has been minimal research on the effects 
of energy development on survival and mortality, reproduc-
tion, and dispersal and movement of many year-round resident 
bird species (for example, sharp-tailed grouse [Tympanuchus 
phasianellus] and resident woodland species) that carry out 
their entire lifecycle in the Williston Basin.

For mammals, the effects of energy development on 
population vital rates and distributions are poorly understood 
(Hebblewhite, 2008) but is requisite information for effect 
assessments, mitigation, and estimation or prediction of 
population trends for sustainable harvest. Studies that produce 
reliable results will need to be large-scale, long-term, large-
sample propositions. Small-scale effect assessments, which 
dominate the existing literature, cannot provide necessary 
information about population-level effects that are of great-
est concern to stakeholders. This sentiment is also true for the 
other taxonomic groups covered in this report.

Studies characterizing effects of energy development 
on reptiles and amphibians are notably lacking in the litera-
ture. Areas of research that would be especially important 
to include would be the effect of increased road density and 
traffic on the ability of reptiles and amphibians to success-
fully migrate and disperse, and the effects of water extrac-
tion on wetlands needed for reproduction. Similarly, studies 
are needed on the effects of increased light pollution on prey 

insect abundance and distributions, and the effects of noise 
pollution on call masking for frog and toad reproduction. 
Because of seasonal habitat requirements, studies also are 
needed of the overwintering ecology of reptile and amphib-
ian species to identify key habitat types and areas where 
disturbances should be minimized or avoided. Similar studies 
are needed for a range of aquatic species as well. Noticeably 
lacking are comprehensive toxicity analyses for a range of 
native aquatic invertebrates, fish, and mussels that can be used 
to inform potential negative effects of produced water and 
oil spills.

Summary
Energy development throughout the Williston Basin 

has the potential to effect numerous ecosystems that support 
a wide array of plant and animal species. Currently, little is 
known about the abundance and distribution of many of these 
species. But some information exists that may be useful in 
predicting the potential effects of energy development on 
certain taxonomic groups. Most of this information has been 
developed through scientific research focused on effects to 
mammal and bird populations. Effects to other taxonomic 
groups seem to be understudied. In general, it seems that 
disturbances and modifications associated with development 
have the potential to negatively affect a wide range of spe-
cies; however, many studies produce uncertain results because 
they are not designed to compare populations before and after 
energy development takes place. Most of these studies also 
do not monitor resources over multiple years and thus cannot 
detect population trends. Likewise, there are few examples 
of landscape scale assessments of the cumulative effects of 
energy development that could be used for species or habitat 
management purposes. More research needs to be completed 
to measure potential effects to a broad range of species in 
multiple taxonomic groups. This may require also developing 
some understanding about the basic ecology of many of the 
species covered in this report. In concert with this more basic 
research, more comprehensive assessments of potential nega-
tive cumulative effects across the Williston Basin need to be 
developed in an effort to guide more strategic management of 
biological resources in the basin.
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Appendix D1
Appendix D1 includes the following tables and is available for download as CSV (comma separated values) files from 

https//doi.org/10.3133/sir20175070D. 

Table D1–1. Plant species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.

Table D1–2. Priority plant communities within the Williston Basin in Montana, North Dakota, and South Dakota.

Table D1–3. Noxious or regulated plant species within the Williston Basin in Montana, North Dakota, and South Dakota.

Table D1–4. Bird species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.

Table D1–5. Mammal species of conservation concern within the Williston Basin in Montana, North Dakota, and South Dakota.

http://doi.org/10.3133/sir20175070D
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