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PREFACE
This document is the third in a series of step-down
plans that characterizes the scope and context of the
Intermountain West Joint Venture’s (IWJV) science
investments. The plan prioritizes wetland conservation science strategies as an initial step towards the
development of biological planning that will identify
information needs and habitat objectives required to
sustain avian populations at regional and continental
scales. The intent of the plan is to identify how IWJV
will prioritize science planning activities relative to
^L[SHUKOHIP[H[ZV]LY[OLUL_[Ä]L`LHYZ;OPZLMMVY[PZ
intended to inform conservation science investments
and enable limited resources to be focused on priority
wetland landscapes with the expectation of returning
measurable biological outcomes (e.g., population demographics, habitat productivity) at multiple scales.
This strategic approach will strengthen linkages between continental avian population goals, regional
habitat objectives, and local conservation actions.
Continued development in biological planning and
conservation science will ensure investments made
at local levels have relevance to regional and continental scales. The results of this process and the
methods used to identify and prioritize wetland conservation strategies have been reviewed by the IWJV
Technical Committee to ensure that the conclusions
YLHJOLK HYL HWWYVWYPH[L HUK WYV]PKL JSLHY Q\Z[PÄJHtion of IWJV priorities. The planning horizon for this
KVJ\TLU[PZUV[PUKLU[LK[VL_JLLKÄ]L`LHYZ^P[Oout formal review by IWJV science staff and Technical
Committee.
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INTRODUCTION

in relation to wetland and bird resources in the Intermountain

As the largest U.S. Habitat Joint Venture, the IWJV
provides habitat that supports the needs of birds
across all major annual cycle events: breeding, migration, and wintering. The task of working across a landscape

WSHUUPUN PU]LZ[TLU[Z I` [OL 0>1= :WLJPÄJHSS` [OL VIQLJ[P]LZ VM

West that present clear opportunities for science and biological

as large and ecologically diverse as the IWJV imposes formidable
challenges to avian conservation planning. Indeed, the requirement to develop locally relevant conservation objectives across
the Intermountain West for four bird guilds outstrips the current
capacity of the IWJV. To develop and achieve long-term avian population and habitat conservation goals in the Intermountain West
it is essential that limited resources be allocated strategically in
ways that maximizes the integrity of priority landscapes (Bottrill
et al. 2008, Thogmartin et al. 2011). This reality necessitates the

this plan include:

OBJECTIVE 1: Develop and communicate
a science-based strategic process that identiÄLZHUKWYPVYP[PaLZ^L[SHUKSHUKZJHWLZPTWVY[ant for avian conservation investments in the
Intermountain West.
OBJECTIVE 2: +LÄUL [OL PUP[PHS ZJVWL VY
geographic extent of IWJV conservation science
WYPVYP[PLZV]LY[OLUL_[Ä]L`LHYZ¶

adoption of a strategic framework by the IWJV to guide planning
efforts (National Ecological Assessment Team 2006, Donnelly and
Vest 2012a). Strategic conservation planning involves geographic
prioritization at continental, regional, and local scales. Because
regions are heterogeneous with respect to resource values for
birds in the Intermountain West, choices must be made among
competing opportunities to prioritize how to strategically invest
science-based planning efforts. Identifying strategies that maxPTPaLZWLJPLZILULÄ[Z^V\SKPKLHSS`ILZLSLJ[LKHZOPNOLYWYPVYP[PLZYLHSPaPUN[OH[P[PZYHYLS`PML]LYWVZZPISL[VTH_PTPaLILULÄ[Z

BACKGROUND: WETLANDS
AS PRIORITY HABITAT FOR
IWJV SCIENCE
The IWJV is responsible for the regional implementation of four continental avian conservation plans, including the North American
Waterfowl Management Plan, US Shorebird Conservation

MVY[OLM\SSZ\P[LVMZWLJPLZH[SVJHSVYZP[LZWLJPÄJZJHSLZ

Plan, North American Waterbird Conservation Plan, and the

The conservation of wetland habitats has been a focus of the

four plans are focused on wetland or aquatic obligates. Over 140

IWJV since its inception (Ratti and Kadlec 1992; IWJV 1995, 2005).

wetland dependent and wetland associated bird species from 25

Wetland habitats are widely dispersed across the Intermountain

families rely on wetland habitats in the region (Gammonley 2004).

West and characterized by high biological diversity and productiv-

As many as 12–18 million ducks, 1–2 million geese, and 60,000

ity which make them among the most important wildlife habitats

swans utilize wetlands of the Intermountain West for roosting and

in the Intermountain West (IWJV 1995, McKinstry 2004, Donnelly

feeding habitat during fall migration with similar numbers occurring

and Vest 2012b). Indeed, at least 67% of IWJV priority species are

during spring (IWJV 1995). Wetlands of the Intermountain West are

directly dependent on wetland habitats (IWJV 2005, Donnelly and

regularly used by 33 of 50 species of shorebirds that commonly

Vest 2012b). However, wetland systems in the Intermountain West

occur in North America (Oring et al. 2000, Brown et al. 2001) as

OH]LILLUOPNOS`TVKPÄLKI`HU[OYVWVNLUPJMVYJLZHUKYLTHPUH[

well as approximately 40 species of waterbirds (Ivey and Herziger

considerable risk to loss and degradation (IWJV 1995, McKinstry

2006). Furthermore, wetland complexes in the Intermountain West

2004, Copeland et al. 2010). Consequently, science-based con-

host substantial proportions of continental populations for many of

servation strategies linked to measurable objectives are required

these bird guilds (Table 1.)

North American Landbird Conservation Plan. Three of these

to ensure adequate wetland resources are provided to meet the
needs of trust resources (Thogmartin et al. 2011).

Much of the Intermountain West is characterized as North American
Desert Biome (58%) resulting in water limited systems (CEC 1997;

This plan outlines initial steps taken to develop strategic con-

Figure 1). Limited precipitation combined with high evaporation

servation planning for wetland systems in the Intermountain

rates also constricts the distribution of water resources. Conse-

West relative to migratory birds and attempts to provide clear

quently, historical (1870s) estimates indicate only 8 % of all wetland

Q\Z[PÄJH[PVUVMZ[YH[LNPLZHUKWYPVYP[PLZPKLU[PÄLKMYVTHZ[Y\J[\YLK

HJYLZPKLU[PÄLKPU[OLJV[LYTPUV\ZSV^LYZ[H[LZVJJ\YYLKPU[OL

science-based framework. The goal of this plan is to identify how

Western United States (Dahl 1990). However, wetland systems (in-

IWJV science resources and planning activities will be prioritized

cluding riparian habitats) of the Intermountain West are among the

over the next 5 years (2013–2018). The intent of the analytical

region’s most important natural resources due to their biological,

exercise described herein is to identify outliers among landscapes

economical, and social value. Despite their limited abundance,
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wetland systems in the Intermountain West can be described as

[OL0U[LYTV\U[HPU>LZ[PUJS\KPUNO\U[PUNÄZOPUN^PSKSPML]PL^PUN

keystone habitats because they help drive ecosystem form and

HUK UH[\YL WOV[VNYHWO` ^OPJO HYL ZPNUPÄJHU[ LJVUVTPJ KYP]LYZ

function, and they structure biotic communities far beyond their

for many western communities (Ingram and Lewandowski 1999).

areal extent (McKinstry 2004). Over 80% of wildlife species com-

Additionally, wetland systems are critical to ranching economies in

mon to the region depend on wetlands to meet some portion of

[OL>LZ[LN^L[TLHKV^ÅVVKPYYPNH[LKOHIP[H[Z"3V]]VYUHUK

their annual cycle needs though these habitats encompass a small

Hart 2004). Some have argued wetlands provide a higher level of

footprint in the Intermountain West (Brown et al. 1977, Williams and

ecosystem services than other systems stating that wetlands may

Dodd 1979, Ratti and Kadlec 1992, McKinstry 2004). Wetlands

be 15 times more valuable than forests and 64 times more valuable

also provide important ecological goods and services beyond

than grasslands and rangelands (Costanza et al. 1997). Given the

ÄZO HUK ^PSKSPML OHIP[H[ PUJS\KPUN [LTWVYHY` Z[VYHNL VM Z\YMHJL

limited distribution and critical functions they support, wetlands

^H[LYPLÅVVKJVU[YVSH[[LU\H[PVUHX\PMLYYLJOHYNLZ[YLHTÅV^

are inordinately valuable to wildlife and people in the Intermountain

maintenance, sediment retention, shoreline stabilization, carbon

West. Consequently, the conservation of wetland systems remains

storage, and transformation of nutrients and pollutants (Dugan

a high priority for the IWJV (IWJV 1995, 2005, 2012; Donnelly and

1990, McKinstry et al. 2004, Copeland et al. 2010). Wetland sys-

Vest 2012b).

tems also provide important outdoor recreational opportunities in

TABLE 1. Percent of continental bird populations of note occurring in the Intermountain West Joint Venture.
LIFE CYCLE
GUILD

SPECIES

WATERFOWL

Cinnamon Teal

BREEDING

SHOREBIRDS

WINTER

DATA SOURCE
Sum of unpublished breeding waterfowl survey estimates from CA, OR, NV, UT;
^
Based on N of 300,000 identified in Bellrose (1980), Gammonley (1996),
NAWMP (2004)

>60%

Northern Pintail

30%

Fleskes and Yee (2007), IWJV (2012), Utah Division of Wildlife Resources
unpublished data

Tundra Swan
(Western )

80%

Pacific Flyway Council (2001), Aldrich and Paul (2002), Fleskes and Yee (2007),

Trumpeter Swan
(Rocky Mountain)

10%

Greater White-fronted
( Pacific Flyway, Tule)
Geese

>80%
>50%

Subcommittee on Rocky Mountain Population Trumpeter Swans (2008), Olson
(2010)
Pacific Flyway Council (2003), Fleskes and Yee (2007), IWJV (2012)

American Avocet

56%

Black-necked Stilt

69%

Shuford et al. (2002), Morrison et al. (2006), IWJV (2012)

Snowy Plover (Interior )

75%

Shuford et al. (2002), Morrison et al. (2006), IWJV (2012), USFWS unpublished
data (2007-08 Western Survey)

Long-billed Curlew

57%

Shuford et al. (2002), Morrison et al. (2006), IWJV (2012)

93%

Shuford et al. (2002), Morrison et al. (2006), IWJV (2012)

Marbled Godwit

75%

Shuford et al. (2002), Melcher et al. (2006), Morrison et al. (2006), IWJV (2012)

Wilson’s Phalarope

50%

Shuford et al. (2002), Morrison et al. (2006), Lesterhuis and Clay (2010), IWJV
(2012)

Dowitchers

53%

Shuford et al. (2002), Morrison et al. (2006), IWJV (2012)

White-faced Ibis

73%

Ivey & Herziger (2006), Moulton (2009), USFWS unpublished data (Western
Waterbird Survey 2009-2011)

California Gull

75%

Ivey & Herziger (2006), USFWS unpublished data (Western Waterbird Survey
2009-2011)

Eared Grebe
WATERBIRDS

MIGRATION

American White Pelican

90%

Cullen et al. (1999), Aldrich and Paul (2002), Ivey & Herziger (2006)

32%

King & Anderson (2005), Ivey & Herziger (2006)

Greater Sandhill Crane

Central Valley

42%

>90%

Pacific Flyway Council (1997), Ivey & Herziger (2006)

Lower Colorado
River Valley

100%

>90%

Pacific Flyway Council (1995), Ivey & Herziger (2006)

Rocky Mountain

100%

100%

90%

Ivey & Herziger (2006), Subcommittee on Rocky Mountain Greater Sandhill
Cranes (2007)

Lesser Sandhill Crane

Pacific Flyway

INTERMOUNTAIN WEST JOINT VENTURE

>90%

Pacific Flyway Council (1983), Ivey & Herziger (2006)
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1 Arctic Cordillera
2 Tundra
3 Taiga
4 Hudson Plain
5 Northern Forest
6 Northwestern Forested Mountains
7 Maine West Coast Forest
8 Eastern Temperate Forests
9 Great Plains
10 North American Deserts
11 Mediterranean California
12 Southern Semiarid Highlands
13 Temperate Sierras
14 Tropical Dry Forests
15 Tropical Wet Forests
16 Water
Intermountain West Joint Venture Boundary

FIGURE 1. Commission for Environmental Cooperation (CEC)
Level I Ecoregions. Figure illustrates IWJV intersection of
three major North American biomes: Northwestern Forested
Mountains, North American Deserts and Temperate Sierras.
North American Desert biome encompasses approximately
58% of the IWJV area.
Although wetland abundance is relatively low compared to other
regions of North America, wetlands occur throughout the Intermountain West and primarily occupy areas of high hydrologic discharge within and adjacent to high elevation mountainous regions.
Wetland systems in the Intermountain West are largely driven by
accumulating winter snowpack (Lemly et al. 1993, Engilis and Reid

areas result in intermittent and ephemeral wetland patterns. Combined, these characteristics sustain exceptionally dynamic wetland
cycles that exhibit high annual rates of temporal and spatial variability across regional scales. The dynamic nature of these wetland
systems results in very high rates of biological productivity when
favorable environmental conditions occur (Kadlec and Smith 1989,
Ratti and Kadlec 1992, McKinstry 2004). However, the importance
of these habitats has historically been challenging to recognize
due to their ephemeral nature and relatively low density across
the region. In part, these characteristics make wetland habitats
in the Intermountain West especially important to migratory bird
populations.

1996, Lovvorn et al. 1999). Snowmelt in mountain streams peak

In stark contrast to the dynamic nature of wetland cycles in the west

from late spring to early summer and result in intermittent surface

was the need by American settlers moving into the region during

ÅV^Z [OH[ MLLK THU` ^L[SHUK IHZPUZ :[YLHT KPZJOHYNL YH[LZ

the early 1900s to have dependable water sources. This disparity

can vary widely and are affected by annual and decadal shifts in

ultimately transformed the Intermountain West landscape. The

precipitation patterns. Additionally, high evaporative rates in many

major impact on wetland and riparian areas in the Intermountain

INTERMOUNTAIN WEST JOINT VENTURE
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West has been from the development and subsequent depletion

+LZWP[L [OL ZPNUPÄJHUJL VM ^L[SHUK YLZV\YJLZ [V ZVJPL[` HUK

of water resources for energy, agricultural, industrial, and domestic

wildlife, especially migratory birds, in the Intermountain West

uses (McKinstry 2004). Wide-scale and systematic development of

ZPNUPÄJHU[ PUMVYTH[PVU NHWZ YLTHPU YLNHYKPUN PU]LU[VYPLZ [V

water resources began in earnest with the passage of the Federal

adequately assess regional distribution and trends of wetland

Reclamation Act in 1902. Large water projects in the west that

habitats (IWJV unpublished data, McKinstry 2004). In perhaps

were intended to stimulate expansion of agricultural industries had

the most comprehensive review of Intermountain West wetland

tremendous impacts on wetland systems. Damming and diversion

systems, McKinstry et al. (2004) emphasized the dearth of

of streams and rivers reduced or stabilized historic discharge rates

recent information and research regarding wetland and riparian

HUKH[[LU\H[LKWLHRY\UVMMWLYPVKZ[V[OLILULÄ[VMKV^UZ[YLHT

habitats in the Intermountain West. Much of our understanding

irrigators. Consequently, these and other anthropogenic mod-

of wetland function, management, and conservation is derived

PÄJH[PVUZ YLK\JLK [OL HI\UKHUJL VM ^L[SHUKZ PU ^LZ[LYU Z[H[LZ

from research over 30 years old and from systems outside of

30–91% between the 1780s and mid-1980s (Dahl 1990; Table 2).

the Intermountain West which may have limited applicability

The exact rate of wetland loss that has occurred since the 1870s
is currently unknown, but has likely accelerated in response to
increased human development in the region. Population growth
rates in the Intermountain West have increased dramatically
since the 1990s (Hansen et al. 2002). For example, the cities of
Albuquerque NM, Boise ID, Denver CO, and Salt Lake City UT
observed an average growth rate of 18.5% between 2000 and
2010 (U.S. Census Bureau 2011). Population projections for some
states such as Utah indicate the human population will double
by 2050 . In many parts of the West, population growth has not
followed a traditional pattern of concentrated growth in areas
adjacent to urban centers but has grown in more rural and remote
locations (Ingram and Lewandrowski 1999, Hansen et al. 2002).
Correspondingly, limited wetland habitat continues to be impacted
I`HU[OYVWVNLUPJTVKPÄJH[PVUZ+HOS *VWLSHUKL[HS
Long-term wetland loss has placed increased pressure on remaining wetland habitats to provide most of the resources required to
sustain wildlife populations.

TABLE 2. Percent of total wetland loss, by state, between the
1870s and mid-1980s from Dahl (1990).
State

to this region (McKinstry 2004). Additionally, avian population
and wetland habitat relationships at landscape scales are
SLZZ^LSSX\HU[PÄLKHUK\UKLYZ[VVKPU[OL0U[LYTV\U[HPU>LZ[
compared to other biomes (Robinson and Warnock 1996, Haig
et al. 1998, Gammonley 2004). As a result, we are challenged
to measure or understand the cumulative impacts of wetland
loss or conservation at landscape scales. The need to identify effective conservation strategies capable of addressing
complex water and land use needs related to wetland habitats
of the West is imperative given the likelihood of continued
wetland loss and demands on water resources (McKinstry
2004, Copeland et al. 2010). Consequently, additional science
investments are required to develop the information which will
inform effective conservation strategies for wetland resources
in the Intermountain West that are linked to continental and
regional objectives.

IDENTIFYING PRIORITIES
FOR WETLAND
CONSERVATION SCIENCE

Loss 1870s-1980s

To achieve the objectives stated in this document, we used a

Arizona

-36%

two-phase approach, detailed below, to identify priority strategies

California*

-91%

for investment in wetland conservation science and planning. The

Colorado

-50%

ÄYZ[ ^HZ HU LJVYLNPVUHSIHZLK HZZLZZTLU[ ^OPJO L]HS\H[LK [OL

Idaho

-56%

relative extent, distribution, abundance, and ownership patterns of

Montana*

-27%

wetland habitats in the Intermountain West. Secondly, we evaluat-

Nevada

-52%

New Mexico

-33%

Oregon

-38%

Utah

-30%

Washington

-31%

Wyoming

-38%

ed the relative annual cycle dependence of a suite of wetland birds
^P[OPUHZ\P[LVM^L[SHUKHZZVJPH[LKSHUKZJHWLZPKLU[PÄLK[OYV\NO
an ecoregional assessment. These species and landscape values
^LYL JVTIPULK PU H TVKLS [V PUMVYT [OL YLSH[P]L ZPNUPÄJHUJL VM
landscapes for further investment of IWJV science resources over
the next 5 years (2013–2015).

* Majority of wetland loss occurred in areas of the state outside the IWJV.
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To assess wetland abundance and distribution, a grid summary

PHASE I: WETLAND ASSESSMENT
The ecological diversity and scale of the Intermountain West pose
considerable challenges to biological planning. The relatively
sparse human population and perception of limited natural resource
value in the Intermountain West has resulted in a lack of interest

analysis was conducted using NWI data. Wetland density was
summarized by measuring wetland abundance within an array
of 16 km² grid cells. Results were interpolated using an inverse
weighted distance technique for mapping and display (Figure 2).

for the development of data important to characterizing landscape
settings when compared to other regions of the U.S. (McKinstry

WETLAND DENSITY

2004). Therefore, a number of data summaries and analyses were
conducted to evaluate wetland abundance, distribution, and land
ownership patterns across the region. These assessments were
PKLU[PÄLKHZHOPNOWYPVYP[`MVY[OL0>1=PU[OL

0TWSLTLU[H[PVU

Plan (IWJV 1995, page 21). Outcomes of these exercises provide
M\Y[OLY Q\Z[PÄJH[PVU MVY [OPZ WSHU WYVWVZHS [V PU]LZ[ YLZV\YJLZ PU
wetlands conservation and identify characteristics important to
conservation strategies. The results of these summaries were used
as data inputs to complete conceptual landscape prioritization
models described later in the ‘Phase II: Avian Species & Wetland
Landscapes’ section of this plan (page 15).

WETLAND DATA, RELATIVE DENSITY,
AND DISTRIBUTION
The most extensive wetland inventory available for the Intermountain West was conducted by the U.S. Fish and Wildlife Service’s
National Wetlands Inventory (NWI) Program. The NWI program was
established in 1974 to conduct a nationwide inventory of wetlands
to aid in conservation efforts. The inventory utilizes a wetland habP[H[JSHZZPÄJH[PVUVYPNPUHSS`KLZJYPILKI`*V^HYKPUL[HS  [OH[
has been accepted as the federal standard for wetland delineation
(adopted by the Federal Geographic Data Committee on July 29,

Low

High

1996: 61 Federal Register 39465 and updated in 2009). To date,
1

the NWI program has completed digital wetland inventories for
63% of the Intermountain West. Summarization of NWI data revealed the mean acquisition date of this data to be 1981. The current status of NWI data creates two challenges to planning; (1) data
extent and (2) relevance to current conditions. The current extent
of NWI data leaves substantial portions of Idaho, Montana, Utah,
Colorado, Arizona, and New Mexico without digital NWI coverage;
however, the majority of these areas are not known to contain high
wetlands densities. A series of national wetland status and trends

Intermountain West Joint Venture Boundary

FIGURE 2. Wetland density and distribution assessed using
available digital National Wetlands Inventory (NWI) data and 16
Km² sampling grid. Results were interpolated using an inverse
weighted distance technique. Data was obtained from the NWI
program at http:www.fws.wetlands/Data//Download.html.

reports conducted by Dahl (1990, 2000, 2006, 2009) indicate a
loss and declining trend of fresh water palustrine wetland systems
over the past three decades within the U.S. Consequently, existing
NWI data likely over represents the current extent of palustrine
wetlands in the Intermountain West. Regardless of these shortcomings, NWI data still provides the best available representation
of wetland habitats within the region and for the purposes of the
biological planning conducted here it is assumed adequate.

1
Digital wetland inventory are those inventories that are available in a geographic information
system (GIS) data format.
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The results indicate a clear pattern of wetland clustering occurring across the region. Wetlands in the Intermountain West are
largely concentrated in areas of high hydrologic discharge within
and adjacent to mountainous regions containing abundant winter
snowpack (Laubhan 2004, Lovvorn et al. 1999). Analysis of wetland clustering patterns derived from the grid summary indicate
approximately 87% of wetland abundance across the Intermountain West occurs in only 10% of the landscape area (Figure 3).

Results were aggregated into ecological regions (Commission for
Environmental Cooperation 1997) in order to integrate wetland
abundance and distribution patterns into a landscape context.
,JVSVNPJHSYLNPVUZLJVYLNPVUZHYLKLÄULKI`KPZJYLL[IV\UKHYPLZ
that encompass similar biotic, abiotic, anthropogenic, terrestrial,
HUK HX\H[PJ JHWHJP[PLZ HUK WV[LU[PHSZ 6TLYUPR   +LÄUPUN
wetland patterns within this framework provides additional insight
to regional ecological drivers and stressors associated with system

WETLAND DISTRIBUTION SUM

processes (e.g., physiographic setting, hydrology, and land use

1

practices; Donnelly and Vest 2012b). Wetland associated ecore-

0.9

NPVUZ ^LYL PKLU[PÄLK [OYV\NO L]HS\H[PVU VM ^L[SHUK HI\UKHUJL

0.8

Landscape Area

IDENTIFYING WETLAND LANDSCAPES

and distribution data. Existing IWJV and partner planning docu-

0.7

ments were also evaluated as ancillary inputs to this process to

0.6

LUZ\YLHSSYLNPVUHSS`ZPNUPÄJHU[^L[SHUKSHUKZJHWLZ^LYLPUJS\KLK

0.5

From this exercise, 18 areas of high relative wetland abundance

0.4
0.3

and importance to partners in migratory bird conservation were

0.2

PKLU[PÄLK-PN\YL

0.1
0

Ecoregional extents and wetland distributions exhibited strong
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Wetland Abundance

spatial correlations. The extent of the 18 wetland associated
landscapes encompasses approximately 6% of the Intermountain

FIGURE 3. Data distribution summary calculated from National
Wetlands Inventory 16 km² grid summary within the geographic
boundary of the Intermountain West Joint Venture. Results
indicate a concentrated pattern of wetland distributions across
the region.

West, but account for 50% of the inventoried emergent palustrine
wetland systems in the region. Understanding the pattern of
wetland distribution provides important insight to conservation
strategies. Regions of concentrated wetlands provide essential
habitats to a broad range of wildlife species and present likely

WETLAND LANDSCAPES
1. Bear River-Eastern Idaho

10. Greater Yellowstone

2. Carson-Lahontan Valleys

11. Idaho Panhandle

3. Centennial Valley

12. Laramie Basin

4. Channeled Scablands

13. Middle-Upper Rio Grande

5. Colorado Peaks

14. NE Nevada

6. Columbia Basin

15. NW Montana Valleys

7. East Front Sierras

16. SONEC

8. Goshen Hole

17. Snake River Plain

9. Great Salt Lake

18. Upper Green River

Intermountain West Joint Venture Boundary

FIGURE 4. Distribution and extent of wetland ecoregions across
the Intermountain West. Wetland landscape boundaries were
derived by intersecting wetland grid summary results with
Level IV Commission for Environmental Cooperation (CEC,
1997) ecoregional classes.
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conservation targets due to their high ratio of species dependence

Bureau of Land Management (BLM) was used to summarize

and small habitat footprint. Conservation actions targeting these

surface ownership and wetland ownership. The results showed

areas are likely to provide higher returns on species and habitat

that 70% of emergent wetland resources in the Intermountain

ILULÄ[Z^OPSLKP]LYZPM`PUN[OLWV[LU[PHSMVYMH]VYHISLJVUZLY]H[PVU

West occur on privately owned lands (Figure 6, see page 9). This

V\[JVTLZLNILULÄ[Z[VT\S[PWSLZWLJPLZ")V[[YPSSL[HS

suggests land ownership patterns do not occur randomly and that
they are correlated to the distribution of wetland ecosystems. It

WETLAND OWNERSHIP

supports the notion that early settlement patterns of the west were

Wetland abundance and distribution was also summarized in

of water needed for the development of agricultural, grazing, and

the context of the conservation estate (surface land ownership)
to further inform potential conservation strategies. Understanding
land ownership patterns provides insight to the levels of wetland
habitat protection or vulnerability that affect the range of potential
conservation strategies. This analysis is particularly informative in
that the percentage of public land ownership in the west is far
greater than in other regions of the United States. A total of 70%
of the Intermountain West surface ownership falls within federal,
state, or tribal trust (Figure 5).

strongly associated with the limited distribution and abundance
mining operations (Marzluff 2001, Lovvorn and Hart 2004, Leu et
al. 2008). These results also highlight the potential vulnerability of
wetland systems occurring in the Intermountain West. Wetland
resources on private lands are more susceptible to environmental
threats than those that occur on public lands (Odell et al. 2003).
The potential impact to wetlands is alarming when considering issues of water supply and demand across the West. The continued
expansion of human development (i.e. urbanization, mining, and
LULYN`L_[YHJ[PVUWSHJLZZPNUPÄJHU[Z[YHPUZVU^H[LYZ\WWSPLZ[OH[

Summarizing wetland habitats by current ownership patterns is

in many areas are already over allocated (Downard 2010).

[OLÄYZ[Z[LWPUPKLU[PM`PUNZ[HRLOVSKLYKLTVNYHWOPJZLNWYP]H[L
state, or federal resource ownership). Data provided by the U.S.

SURFACE OWNERSHIP
Bureau of Land Management

Private

Bureau of Reclamation

State

Core of Engineers

Tribal

Dept. of Defense

US Dept. of Agriculture

Dept. of Energy

US Forest Service

National Park Service

US Fish and Wildlife Service

Intermountain West Joint Venture Boundary

FIGURE 5. Distribution of federal, state, and tribal land ownership
across the western United States. Surface ownership data obtained
from the U.S. Bureau of Land Management.
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WETLAND LANDSCAPES
AND ANTHROPOGENIC IMPACTS
The impact of human development in the Intermountain West can
be described by examining Human Footprint data developed by
the U.S. Geological Survey (Leu et al. 2008; Figure 7). The Human
Footprint is an amalgamation of spatially explicit models developed to aid landscape conservation planning efforts by quantifying
potential ecological impacts across the West. The models account
for direct habitat impacts (e.g., invasion of exotic plant species,
O\THUJH\ZLKÄYLLULYN`L_[YHJ[PVUHUK^PSKSHUKMYHNTLU[H[PVU
HZ^LSSHZPUÅ\LUJLZVMZ`UHU[OYVWPJWYLKH[VYZPLWYLZLUJLHUK
risk of corvids, domestic cats, and domestic dogs).

HUMAN FOOTPRINT WETLAND LANDSCAPES

Intermountain West land ownership demographic

1

6

2

7

3

8

4

9

5

10

Intermountain West palustrine wetland ownership demographic

FIGURE 6. Surface ownership demographics (left) and palustrine
wetland area by ownership (right) within the Intermountain
West Joint Venture. Private land ownership comprises 29.5% of
the regions area, but encompasses 70.1% of the wetland acres.

INTERMOUNTAIN WEST JOINT VENTURE

1 = Minimal ecological impact
10 = Greatest ecological impact

Wetland Landscapes
Intermountain West Joint Venture Boundary

FIGURE 7. Human Footprint model results indicating levels of
anthropogenic impacts across the Western United States (Leu
et al. 2008) overlaid with 18 wetland ecoregional boundaries.
Spatial correlation among wetland landscapes and regions of
higher ecological impact are apparent.
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Human footprint data from Leu et al. (2008) was summarized

These summaries have provided a better understanding of basic

within the boundaries of 18 wetland associated ecoregions (iden-

wetland distribution, ownership, and human development patterns

[PÄLKLHYSPLYPU[OPZKVJ\TLU[[VTLHZ\YLHU[OYVWVNLUPJPTWHJ[Z

in the Intermountain West. From the continental scale, the ecolog-

among wetland habitats. The results indicate a strong association

ical integrity of the Intermountain West is often characterized as

with areas of higher anthropogenic affects and suggest that areas

more intact than other regions of the United States (Sanderson et

of high wetland values are associated with regions of considerable

al. 2002). This broad representation can be misleading when taken

human development (Figure 8).

Among wetland landscapes,

out of context to the limited distribution and potential threats as-

the mean human footprint class was six, indicating substantial

sociated with wetlands in this region. High private ownership rates

anthropogenic impacts compared to the remainder of the region

and high spatial correlation with regions of human development

(mean = 3). This information further supports the notion that hu-

increase the likelihood of future wetland habitat loss (Copeland et

man development in the West has been closely associated with

HS;OLZLÄUKPUNZZ\NNLZ[Z\JJLZZM\S^L[SHUKJVUZLY]H[PVU

the abundance and distribution of water and wetland resources.

strategies should be focused geographically in a manner that

High human impact zones are typically characterized by relatively

targets regions of high wetland abundance. These regions provide

SVUNLYNYV^PUNZLHZVUZSV^LYLSL]H[PVUZHUKÅH[YP]LYÅVVKWSHPUZ

disproportionately high habitat values and conservation efforts fo-

necessary to provide productive soil and irrigation for agricultural

cused in these regions should be expected to yield higher returns

development (Leu et al. 2008). Therefore, the human settlement

VUJVUZLY]H[PVUPU]LZ[TLU[Z;OLÄUKPUNZHSZVHJRUV^SLKNL[OL

pattern in the Intermountain West has disproportionately affected

importance of incorporating private landowners and local stake-

areas of high biological productivity and biodiversity because

holders into wetlands conservation strategies. High rates of private

these regions are generally more productive than the surrounding

wetland ownership highlight the vulnerability of these habitats to

landscapes (Leu et al. 2008). These areas have historically provid-

increased human development pressure and the uncertainty of fu-

ed crucial habitats for vertebrate species that breed in adjacent

ture environmental threats. Biological planning must also continue

high elevations but winter at lower elevations or for migratory

to address the considerable information needs of the Intermountain

bird species that require stopover sites during migration periods

West that are required to constructively engage policy decisions

(Skagen et al. 1988, Skagen and Knopf 1993).

that impact wetland conservation (IWJV 1995). Wetlands occupy
areas of historically high biological productivity and contain highly
valued natural resources required for maintaining urban and in-

10

dustrial growth within this region. Increased levels of conservation
will be needed to address continued reallocation of limited natural

Human Footprint

8

resources (e.g., water) that will undoubtedly impact wetlands in the
6

future (IWJV 1995, Copeland et al. 2010).

4

PHASE II: AVIAN SPECIES
& WETLAND LANDSCAPES

2

SONEC

Upper Green River

Snake River Plain

NE Nevada

NW Montana Valleys

Laramie Basin

Middle-Upper Rio Grande

Idaho Panhandle

Greater Yellowstone

Goshen Hole

Great Salt Lake

East Front Sierras

Colorado Parks

Columbia Basin

Centennial Valley

Channeled Scablands

Bear River-Eastern Idaho

Carson-Lahontan Valleys

Evaluations of the abundance and distribution of known wetlands
HJYVZZ [OL 0U[LYTV\U[HPU >LZ[ PKLU[PÄLK  ^L[SHUK HZZVJPH[LK
landscapes (i.e., approximately 50% of wetland abundance in the
0U[LYTV\U[HPU>LZ[[OH[HSPNULK^P[OSHUKZJHWLZPKLU[PÄLKPUWYPVY
IWJV and existing partner planning documents. However, that
process did not explicitly consider bird utilization or annual cycle
dependence. Additional inputs were therefore required to further
assess these landscapes in the context of avian habitat value.

FIGURE 8. Human Footprint data results summarized within 18
IWJV wetland associated landscapes. Results indicate wetland
landscapes are often characterized by considerable anthropogenic
impacts associated with agriculture, irrigation infrastructure, and
rural urban development (Leu et al. 2008). (Note: Great Salt Lake
and Carson Sink human footprint scores are low as a result of the
considerable area of open water and/or dry playa that contributed
to the summary results and does not reflect the adjacent urban
footprint and effects of Salt Lake City and Reno metropolitan areas.)

INTERMOUNTAIN WEST JOINT VENTURE

A modeling approach consistent with Structured Decision
Making (Clemen et al. 1996, Clemen and Reilly 2001) was used
to evaluate relative landscape value via a suite of representative
wetland dependent birds in the IWJV. We used a suite of species
with high population reliance on habitats and landscapes within
the Intermountain West (i.e., strong continental scale linkage) and
represented the diversity of wetland and aquatic habitats within
[OL0>1=>LPKLU[PÄLK^H[LYMV^SZOVYLIPYKHUK^H[LYIPYK

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 10

species to use in model development (Table 1). Each of these

2.5

migration, winter). For each landscape, species dependence

SONEC

Upper Green River

Snake River Plain

NE Nevada

NW Montana Valleys

dence and utilization during major annual cycle events (breeding,

Laramie Basin

Landscape values were assessed by individual species depen-

Middle-Upper Rio Grande

2004, USFWS 2012).

Idaho Panhandle

conservation planning (Sanderson et al. 2002, Coppolillo et al.

0.0
Greater Yellowstone

consistent with criteria used to identify “landscape species” for

Goshen Hole

extent, heterogeneous habitat use, socio-political importance)

0.5

Great Salt Lake

Many of these species possess attributes (e.g., broad geographic

East Front Sierras

Regional Shorebird Plan), and prior IWJV planning documents.

1.0

Colorado Parks

Regional Bird Habitat Conservation Plans (e.g., Intermountain West

Columbia Basin

Conservation Plans, Partners for Fish and Wildlife Strategic Plans,

1.5

Centennial Valley

State Wildlife Conservation Strategies), USFWS Migratory Bird

Channeled Scablands

Central Flyway Management Plans, State Wildlife Action Plans (i.e.,

2.0

Bear River-Eastern Idaho

5(>47 <::*7 5(>*7 YLNPVUHS WSHUZ Z\JO HZ 7HJPÄJ HUK

Carson-Lahontan Valleys

by at least one planning document including continental bird plans

Landscape Assessment Score

ZWLJPLZOH]LILLUWYL]PV\ZS`PKLU[PÄLKHZZWLJPLZVMPTWVY[HUJL

and utilization were ranked within annual cycle events on a 0–3
scale where 0 = no/minimal, 1 = low, 2 = moderate, and 3 = high.
Available population information was used to inform annual cycle
assessments to limit subjectivity and bias. Although our knowledge
of population level relationships to each of these landscapes was
inconsistent and often lacking, this approach was consistent with
a Structured Decision Making and Rapid Prototyping Framework
[OH[MHJPSP[H[LKSHUKZJHWLHZZLZZTLU[Z:[HYÄLSK



FIGURE 9. Boxplot of landscape assessment scores for 18
wetland associated landscapes in the Intermountain West
based on relative wetland abundance and annual cycle
dependence for a suite of umbrella avian species including
waterfowl, shorebirds, and waterbirds. Boxes represent
25th–75th quartiles (i.e., 50% of the data), line in box
represents median, whiskers represent lower (0–25th) and
upper (75–100th) quartiles, and circles represent outliers.

Annual cycle scores were summed by species for each landscape
and multiplied by a wetland habitat variable. Wetland habitat vari-

,]HS\H[PVUVMZJVYLZHUKIV_WSV[ZPKLU[PÄLK[^VSHUKZJHWLZ^P[O

ables were calculated for each landscape as a proportion of their

distinctly high values, the Great Salt Lake (GSL) and Southern Or-

wetland habitat area relative to the total wetland area contained

egon-Northeast California (SONEC). The disproportionately high

^P[OPU[OLPKLU[PÄLK^L[SHUKSHUKZJHWLZ!

]HS\LZMVY[OLZL[^VSHUKZJHWLZ^LYLPUÅ\LUJLKI`[OLKP]LYZP[`
of wetland dependent birds that rely on these ecoregions during

L

multiple annual cycle events (primarily breeding and migration) as

Speciesac xwj

well as the overall abundance of wetlands within each landscape.
These two landscapes alone comprised 49% of the wetland area

Where: L = Landscape Assessment Score, Speciesac = sum of

among the 18 landscapes that were assessed within the IWJV.

individual species annual cycle scores, where i = individual spe-

Consequently, approximately 25% of overall wetland abundance in

cies, and s = number of species, and

the IWJV occurs in GSL and SONEC landscapes. Consequently,

wetland acresj

Wj =
 wetland acres

j

where j = acres in individual landscape.

Results were then scaled to a 0–100 range to facilitate interpreta-

GSL and SONEC landscapes should be considered high priority
landscapes for science-based planning and conservation by the
IWJV in both near and long-term planning horizons.

tion. Subsequently, boxplots were used to evaluate the variation in
scaled species-landscape assessment scores (Figure 9).

INTERMOUNTAIN WEST JOINT VENTURE
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ADDITIONAL WETLAND
CONSERVATION
CONSIDERATIONS

landscape-scale wetland conservation strategies through development of an information matrix. Secondly, a set of variables were
developed which sought to characterize each species’ geopolitical
connectivity, relevance to conservation partners, population dependence within the Intermountain West, and degree of popula-

Focus of IWJV science resources on SONEC and GSL in the nearterm is expected to develop conservation strategies in a strategic

[PVUOHIP[H[PUMVYTH[PVUH]HPSHISLMVYWSHUUPUNLMMVY[Z:WLJPÄJHSS`
the following variables were included in the evaluation matrix:

MHZOPVU^OPJO^PSSOH]LZPNUPÄJHU[IPVSVNPJHSILULÄ[ZH[JVU[PULU[HS

1. GEOPOLITICAL CONNECTIVITY – the number of

and regional scales. However, not all species may be equally

states where the species commonly occurs (scale: 0–11).

served by focusing on two ecoregions. Consequently, an evaluation of alternative wetland conservation strategies was explored.
The use of surrogate conservation strategies focuses on a single
or small group of biological resources as a proxy for a broader
Z\P[LVMZWLJPLZVYLJVSVNPJHSILULÄ[Z>PLUZL[HS<:->:
;OPZHWWYVHJOPZTLHU[[VTH_PTPaLJVUZLY]H[PVULMÄJPLUJ`
by minimizing conservation planning needs to those individual
species characterized by large scale and heterogeneous habitat
needs (i.e., landscape species). The use of landscape species
confers an important umbrella role in securing the habitat conservation needs of many other species, species assemblages,
and larger-scale ecological processes (Sanderson et al. 2002).
Therefore, use of a surrogate species approach to conservation
WSHUUPUN ^HZ PKLU[PÄLK HZ H Z\P[HISL HS[LYUH[P]L WSHUUPUN MYHTLwork to the focused SONEC and GSL approach.

use of landscape species
“ The
confers an important umbrella
role in securing the habitat
conservation needs of many
other species, species assem-
blages, and larger-scale
ecological processes.

”

(Sanderson et al. 2002)

2. PARTNER RELEVANCE – the number of conservation and management plans the species is referenced
or identified with some level of importance or prioritization (scale: 0–∞). Refer to section ‘Phase II’ (page 16)
for types of planning documents.

 767<3(;065 (55<(3*@*3,+,7,5+,5*,
– Relative score (0–5) of how dependent the species is
upon habitats within the Intermountain West (e.g., percent of continental population found within IWJV), and
the number (0–3) annual cycle events (i.e., breeding,
migration, winter) the species undertakes in the IWJV.
Final score results from multiplying population dependence score (0–5) by annual cycle events score (0–3).

4. AVAILABLE DATA – the relative amount of existing
population demographic (0–3) and habitat/landscape
inventory (0–3) available to inform or develop population-habitat models. Final score results from multiplying
the 2 independent scores.
Scores were assigned to each of these variables based on information assessed from partner planning documents described
previously. Scores were normalized to facilitate graphical interpretation of the relative value of each species within assessment
variables. Scores were normalized by calculating the ratio of each
species score to the summed value across all species within each
assessment variable.
;OLL]HS\H[PVUPKLU[PÄLK:HUKOPSS*YHULZHZHSHUKZJHWLZWLJPLZ
most appropriate to a surrogate conservation strategy. Sandhill
Cranes had the broadest connectivity to partners across the In-

(WWYVWYPH[LSHUKZJHWLZWLJPLZ^LYLPKLU[PÄLK[OYV\NOH[^VZ[LW

termountain West, had high population reliance on Intermountain

process. First, the suite of wetland species used in the original

West landscapes, exhibited strong relationships to wetland habi-

analyses (Phase II) were reevaluated by summing their SONEC

tats amenable to existing conservation programs, and possessed

and GSL landscape assessment scores and then evaluating the

Z\MÄJPLU[ WVW\SH[PVUOHIP[H[ KH[H [V PUMVYT WSHUUPUN TVKLSZ

distribution of these summed values across all species. Individual

(Figure 10, see page 13). While other species may have scored

species scores at or below the median value of summed SONEC

relatively high within individual assessment categories, Sandhill

HUK.:3ZJVYLZ^LYLHZZ\TLK[VILULÄ[SLHZ[MYVTHMVJHSSHUK-

Cranes possessed relatively high scores for all categories. Conse-

scape conservation strategy in SONEC and GSL. Based on these

quently, development of habitat conservation planning based on

criteria Greater Sandhill Crane, Cinnamon Teal, Trumpeter Swan,

the biological needs of Sandhill Cranes may be valuable to the

>OP[LMHJLK 0IPZ HUK (TLYPJHU >OP[L 7LSPJHU ^LYL PKLU[PÄLK

IWJV partnership and likely achievable in a meaningful timeline

MVY M\Y[OLY L]HS\H[PVU HZ [V [OLPY LMÄJHJ` HZ ]LOPJSLZ MVY IYVHKLY

within the limits of current capacity.
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1.00

0.80
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0.40

0.20

0.00
Sandhill Crane

Cinnamon Teal

Trumpeter Swan

FIGURE 10. Summary of compatibility assessments for wetland
obligate species in the Intermountain West.
Sandhill Cranes occupy wetland and upland complexes with close
association to privately owned, working ranchlands throughout
[OL 0U[LYTV\U[HPU >LZ[ >L[ TLHKV^Z HUK ÅVVKPYYPNH[LK WHZtures are especially important by providing nesting, foraging, and
colt-rearing habitat. In winter, they rely heavily upon agricultural
waste grain to meet energetic demands. Consequently, sustaining
populations of Sandhill Cranes will be closely tied to ranching and
agricultural land use patterns which are hallmarks of the Inter-

further develop cooperative conservation partnerships with this
community.

White Faced IBIS

7VW\SH[PVU[HYNL[ZOH]LILLUPKLU[PÄLKI`[OL7HJPÄJHUK*LU[YHS
Flyway Councils and reliable population survey data exists to inform
landscape scale planning efforts for Sandhill Cranes. Additionally,
ZL]LYHSYLNPVUHSHUKSVJHSWSHUUPUNKVJ\TLU[ZOH]LPKLU[PÄLKRL`
information needs to develop conservation strategies that can
sustain these populations of birds:
1. Association of Fish and Wildlife Agencies (AFWA)
-Priority Information Needs for Sandhill Cranes:


mountain West landscape and culture. These associations provide
ample opportunity to link to existing conservation programs and

American White Pelican

r Assessing effects of habitat change on Rocky
Mountain Population of Sandhill Cranes

2. Central and Pacific Flyway management plans for
Sandhill Cranes:


r Inventory and prioritize habitat needs to better
understand changes and threats to species

L_WLYPLUJLK ZPNUPÄJHU[ WVW\SH[PVU KLJSPULZ K\L [V WYLZZ\YLZ VM



r Measure habitat fragmentation and urbanization rates

O\THU KL]LSVWTLU[ HUK ^L[SHUK TVKPÄJH[PVUZ ;OPZ \S[PTH[LS`



r Conserve and improve private wetland complexes
utilizing a variety of wetland protection and
enhancement strategies

Sandhill Crane populations in the Intermountain West historically

resulted in contracted and fragmented breeding distributions
across the region. The ability of Sandhill Cranes to recover from
WVW\SH[PVUWLY[\YIH[PVUZK\L[VSHUKZJHWLZJHSLOHIP[H[TVKPÄJHtions is limited because they exhibit naturally low recruitment rates
(i.e., delayed maturity, small clutch size, long-term monogamy).
Recruitment rates in the Intermountain West are among the lowest
for North American Cranes and believed to be an important factor

State Conservation Plans (New Mexico, Washington):


r Predicted impacts to crane populations resulting
from changes in farming and land management
practices (e.g., irrigation practices).

limiting population growth (Drewien et al. 1995).
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Crane habitat occurs on private lands. Consequently, they also

NEXT STEPS

recognize trends in agricultural programs, intensity of agricultural

Development of more detailed conservation objectives within

These planning documents recognize the majority of Sandhill

activities, and rural development will primarily determine long-term
trends of populations in the Intermountain West.

SONEC, Great Salt Lake, and Greater Sandhill Crane strategies
will require engagement of regional, local, and issue-based
stakeholders. This action is necessary to gather information and

DISCUSSION

develop consensus regarding conservation information needs

Organizations are forced to allocate resources that account for the

conservation science to be meaningful (e.g., addresses population

ILULÄ[ZJVZ[HUKV\[JVTLZHZZVJPH[LK^P[O[OVZLPU]LZ[TLU[Z

and/or landscape limiting factors), linkages among local, regional,

to develop effective conservation strategies. This philosophy is

and continental priorities must be synthesized and prioritized

important to the IWJV which operates at a geopolitical and ecolog-

among stakeholders. These steps will help ensure conservation

ical scale that exceeds the limited capacity of the organization and

actions that occur at local levels have relevant conservation

partnership to meet all conservation needs. Therefore, it becomes

impacts (i.e., support population goals and habitat objectives)

essential to identify strategies that allocate limited resources within

at regional and continental scales. Development of individual

priorities to maximize conservation returns (Bottrill et al. 2008).

working groups for each strategy is anticipated. Outreach will

;OPZKVJ\TLU[OHZL_WSVYLKHUKPKLU[PÄLK[OYLL^L[SHUKJVUZLY-

occur through associated State Conservation Partnerships, the

vation science priorities focusing on SONEC, Great Salt Lake, and

IWJV partnership network, and known stakeholder groups and

Greater Sandhill Cranes that embrace the principles central to a

individuals. Invitations to participate in working groups will be

strategic conservation framework. The IWJV believes the initiation

inclusive and will be extended to all interested stakeholders willing

of this strategic approach for the subsequent planning horizon

to participate. Additional details associated with the development

demonstrates a logical process to resource allocation based

and formalization of SONEC, Great Salt Lake, and Greater Sandhill

on the high biological value, trends in habitat loss, and private

Crane working groups will be forthcoming in the following months,

land ownership patterns associated with wetland habitats in the

available on our website (www.iwjv.org).

and priorities required to support biological planning. In order for

Intermountain West. The consequence of this approach will be the
restriction of IWJV science support for conservation needs that
MHSSV\[ZPKL[OLJVU[L_[VM[OLPKLU[PÄLKZ[YH[LNPLZPU[OLPTTLKPH[L

SUPPLEMENTAL MATERIAL

future. Focusing science resources within the proposed wetland

Supplemental information regarding geodatabase of wetland

conservation strategies does not disregard the value of other
wetland landscapes or avian habitats. These strategies simply de-

landscapes available at: http://www.iwjv.org/

ÄUL[OLIV\UKZ\UKLYJ\YYLU[SL]LSZVMZJPLUJLJHWHJP[`PU^OPJO
development of habitat objectives and conservation strategies
linked to regional and continental population goals are likely to be
effective.
Conservation science investments in SONEC, Great Salt Lake,
and Greater Sandhill Crane strategies are anticipated to yield high
JVUZLY]H[PVUYL[\YUZH[T\S[PWSLZJHSLZ;OLZLWYPVYP[PLZKLÄUL[OL
geographic and contextual scope of science-based conservation
investments being proposed by the IWJV over the near-term
planning horizon. However, these priority strategies do not identify
more detailed habitat objectives or information needs. The next
steps of stakeholder outreach, biological planning, and conser]H[PVU KLZPNU YLTHPU [V IL PKLU[PÄLK VY KL]LSVWLK ^P[OPU [OLZL
WYPVYP[PLZILMVYLZWLJPÄJJVUZLY]H[PVUULLKZJHUILTL[

INTERMOUNTAIN WEST JOINT VENTURE

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 14

INTERMOUNTAIN WEST JOINT VENTURE

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 15

LITERATURE CITED
Aldrich, T. W., and D. S. Paul. 2002. Avian ecology of Great Salt Lake.
Pages 343–374 in J. W. Gwynn, editor. Great Salt Lake: an overview of
change. Utah Department of Natural Resources and Utah Geological
Survey Special Publication, Salt Lake City, Utah, USA.
Bellrose, F. C. 1980. Ducks, geese, and swans of North America.
Stackpole Books, Harrisburg Pennsylvania, USA.
Bottrill, M. C., L. N. Joseph, J. Carwardine, M. Bode, C. cook, E. T.
Game, H. Grantham, S. Kark, S. Linke, E. McDonald-Madden, R. L.
Pressey, S. Walker, K. A. Wilson, and H. P. Possingham. Is conservation triage just smart decision making? Trends in Ecology and Evolution 23:649–654.
Brown, D. E., C. H. Lowe, and F. F. Hausler. 1977. Southwestern riparian communities: Their biotic importance and management in Arizona.
In: Importance, Preservation and Management of Riparian Habitat: A
Symposium. R. R. Johnson and D. A. Jones (Tech. Coords.) p. 201209. USDA Forest Ser. Gen. Tech. Rep. RM-43. Rocky Mountain Forest and Range Exp. Sta., Fort Collins, CO.
Brown, S., C. Hickey, B. Harrington & R. Gill, eds. 2001. United States
Shorebird Conservation Plan, Second edition. Manomet Center for
Conservation Sciences, Manomet, MA.
Clemen, R. T. 1996. Making Hard Decisions: An Introduction to Decision Analysis. Duxbury Press.
Clemen, R. T., and T. Reilly. 2001. Making hard decisions with decision
tools. Duxbury Press, pacific Grove, California, USA.
[CEC] Commission for Environmental Cooperation (CEC). 1997. Ecological Regions of North America, Toward a Common Perspective.
Published by the Communications and Public Outreach Department
of the CEC Secretariat. Technical Report.
Copeland, H. E., S. A. Tessman, E. H. Girvetz, L. Roberts, C. Enquist,
A. Orabona, S. Patla, and J. Kiesecker. 2010. A geospatial assessment on the distribution, condition, and vulnerability of Wyoming’s
wetlands. Ecological Indicators 10:869–879.
Coppolillo, P. H. Gomez, F. Maisels, and R. Wallace. 2004. Selection
criteria for suites of landscape species as a basis for site-based conservation. Biological Conservation 115:419–430.
Costanza, R., R. d’Arge, R. de Groot, S. Farberk, M. Grasso, B. Hannon, K. Limburg, S. Naeem, R.R. O’Neill, J. Paruelo, R. G. Raskin, P.
Sutton, M. van den Belt. 1997. The value of the world’s ecosystem
services and natural capital. Nature 387: 253–260.
Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and deepwater habitats of the United States. U.S.
Fish and Wildlife Service Report FWS-OBS 79-31.
Cullen, S. A., J. R. Jehl Jr. and G. L. Nuechterlein. 1999. Eared Grebe
(Podiceps nigricollis), The Birds of North America Online (A. Poole,
Ed.). Ithaca: Cornell Lab of Ornithology. Available Online: http://www.
bna.birds.cornell.edu/bna/species/433
Dahl, T. E. 1990. Wetland losses in the United States 1780’s to 1980’s.
U.S. Department of Interior, Fish and Wildlife Service, Washington,
D.C., USA.
Dahl, T.E. 2000. Status and trends of wetlands in the conterminous
United States 1986 to 1997. U.S. Department of the Interior, Fish and
Wildlife Service, Washington, D.C. 82 pp.

INTERMOUNTAIN WEST JOINT VENTURE

Dahl, T.E. 2006. Status and Trends of Wetlands in the Conterminous
United States 1998 to 2004. U.S. Department of the Interior, Fish and
Wildlife Service, Washington, D.C. 112 pp.
Dahl, T.E. and M.T. Bergeson. 2009. Technical Procedures for Conducting status and trends of the nation’s wetlands. USFWS, Division
of Habitat and Resource Conservation, Washington, D.C. 74 pp.
Donnelly, J. P., and J. L. Vest. 2012a. Science Principles and Framework. Intermountain West Joint Venture Technical Series 2012-1. Intermountain West Joint Venture, Missoula, Montana, USA.
Donnelly, J. P., and J. L. Vest. 2012b. Identifying Science Priorities:
Habitat Prioritization. Intermountain West Joint Venture Technical Series 2012-2. Intermountain West Joint Venture, Missoula, Montana,
USA.
Downard, R. 2010. Keeping wetlands wet: The hydrology of wetlands
in the Bear River Basin. 2010. All Graduate Thesis and Dissertations.
Paper 829. Utah State University. Graduate Studies, School of DigitalCommons@USU. Available online: http://digitalcommons.usu.edu/
etd/829/
Drewien, R.C., W.M. Brown, and W.L. Kendall. 1995. Recruitment in
Rocky Mountain Greater Sandhill
Cranes and comparisons with other crane populations. Journal of
Wildlife Management 59:339-356.
Dugan, P. J. 1990. Wetland conservation: a review of current issues
and required action. IUCN, Gland, Switzerland.
Engilis, A. and F. A. Reid. 1996. Challenges in wetland restoration of
the western Great Basin. International Wader Studies 9:71–79.
Fleskes, J. P., and J. Y. Yee. 2007. Waterfowl distribution and abundance during spring migration in southern Oregon and northeastern
California. Western North American Naturalist 67:409–428.
Gammonley, J. H. 1996. Cinnamon Teal (Anas cyanoptera), The Birds
of North America Online (A. Poole, Ed.). Ithaca: Cornell Lab of Ornithology. Available online: http://www.bna.birds.cornell.edu/bna/species/209
Gammonley, J. H. 2004. Wildlife of natural palustrine wetlands. Pages
130–153 in M. C. McKinstry, W. A. Hubert, and S. H. Anderson, editors. Wetland and Riparian Areas of the Intermountain West: Ecology
and Management. University of Texas Press, Austin Texas, USA.
Haig, S. M., D. W. Mehlman, and L. W. Oring. 1998. Avian movements
and wetland connectivity in landscape conservation. Conservation Biology 12:749–758.
Hansen, A. J., R. Rasker, B. Maxwell, J. J. Rotella, J. D. Johnson, A.
W. Parmenter, U. Langner, W. B. Cohen, R. L. Lawrence, and M. P. V.
Kraska. 2002. Ecological causes and consequences of demographic
change in the New West. BioScience 52:151–162.
Ingram, K., and J. Lewandrowski. 1999. Wildlife conservation and
economic development in the West. Rural Development Perspectives
14:44–51.
[IWJV] Intermountain West Joint Venture. 1995. Intermountain West
Joint Venture Implementation Plan. Intermountain West Joint Venture,
Salt Lake City, Utah, USA.

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 16

[IWJV] Intermountain West Joint Venture. 2005. Coordinated Bird
Conservation Plan Version 1.1. Intermountain West Joint Venture, Salt
Lake City, Utah, USA. Available online: www.iwjv.org

Melcher, C.P., A. Farmer, and G. Fernández. 2006. Version 1.1. Conservation Plan for the Marbled Godwit. Manomet Center for Conservation Science, Manomet, Massachusetts.

[IWJV] Intermountain West Joint Venture. 2012. Draft 2012 Implementation Plan. Intermountain West Joint Venture, Missoula, Montana,
USA.

Morrison, R.I.G, McCaffery, B.J., Gill, R.E., Skagen, S.K., Jones, S.L.,
Page, G.W., Gratto-Trevor, C.L. & Andres, B.A. 2006. Population estimates of North American shorebirds, 2006. Wader Study Group Bull.
111:67–85.

Ivey, G. L., and C. P. Herziger. 2006. Intermountain West Waterbird
Conservation Plan, Version 1.2. A plan associate with the Waterbird
Conservation for the Americas Initiative. U.S. Fish and Wildlife Service, Portland, Oregon, USA. Available online: http://www.waterbirdconservation.org/pdfs/regional/maintextv12nocover.pdf\

Moulton, C. E. 2009. Idaho Bird Inventory and Survey (IBIS) 2008
Annual Report. Unpublished Report. Idaho Department of Fish and
Game, Boise, Idaho, USA. Available online: http://fishandgame.idaho.
gov/cms/wildlife/nongame/birds/IBIS_2008report.pdf

Kadlec, J. A., and L. M. Smith. 1989. The Great Basin marshes. Pages
451–474 in L. M. Smith, R. L. Pederson, and R. M. Kaminski, editors.
Habitat management for migrating and wintering waterfowl in North
America. Texas Tech University Press, Lubbock, Texas, USA.

[NEAT] National Ecological Assessment Team. 2006. Strategic Habitat Conservation. Final report of the national ecological assessment
team. U.S. Fish and Wildlife Service and U.S. Geological Survey.
Available online: http://www.fws.gov/science/doc/SHC_FinalRpt.pdf

King, T. D., and D. W. Anderson. 2005. Recent population status of
the American White Pelican: a continental perspective. Waterbirds
28:48-54

[NAWMP] North American Waterfowl Management Plan, Plan Committee. 2004. North American Waterfowl Management Plan 2004. Implementation Framework: Strengthening the Biological Foundation.
Canadian Wildlife Service, U.S. Fish and Wildlife Service, Secretaria
de Medio Ambiente y Recursos Naturales.

Laubhan, M. K. 2004. Variation in hydrology, soils, and vegetation of
natural palustrine wetlands among geologic provinces. Pages 23–51
in M. C. McKinstry, W. A. Hubert, and S. H. Anderson, editors. Wetland and Riparian Areas of the Intermountain West: Ecology and Management. University of Texas Press, Austin Texas, USA.

Odell, E.A., D.M. Theobald, and R.L. Knight. 2003. Incorporating Ecology into Land Use Planning: The Songbirds’ Case for Clustered Development. Journal of the American Planning Association 69(1):72−82.

Lemly, A. D., S. E. finger, and M. K. Nelson. 1993. Sources and impacts of irrigation drainwater contaminants in arid wetlands. Environmental Toxicology and Chemistry 12:2265–2279.

Omernik, J.M. 1987. Ecoregions of the conterminous United States.
Map (scale 1:7,500,000). Annals of the Association of American Geographers 77(1):118-125.

Lesterhuis, Arne J., and R.P. Clay. 2010. Conservation Plan for Wilson’s Phalarope (Phalaropus tricolor). Version 1.1. Manomet Center
for Conservation Sciences, Manomet, Massachusetts.

Oring, L.W., L. Neel, K. E. Oring. 2000. Intermountain West Regional Shorebird Plan, version 1.0. Regional report of the U.S. Shorebird
Conservation Plan. Manomet Center for Conservation Sciences.,
Manomet, Massuchesetts. Available online: www.manomet.org

Leu, M., S. E. Hanser, and S. T. Knick. 2008. The human footprint in
the West: a large-scale analysis of anthropogenic impacts. Ecological
Applications 18: 1119–1139.
Lovvorn, J. R., and E. A. Hart. 2004. Irrigation, salinity, and landscape
patterns of natural palustrine wetlands. Pages 105–129 in M. C. McKinstry, W. A. Hubert, and S. H. Anderson, editors. Wetland and Riparian Areas of the Intermountain West: Ecology and Management.
University of Texas Press, Austin Texas, USA.
Lovvorn, J. R., W. M. Wollheim, and E. A. Hart. 1999. High Plains
wetlands of southeast Wyoming: salinity, vegetation, and invertebrate communities. Pages 603–633 in D. Batzer, R. B. Rader, and S.
A. Wissinger, editors. Invertebrates in freshwater wetlands of North
America: ecology and management. Van Nostrand Reinhold, New
York, New York, USA.
Marzluff, J. M. 2001. Worldwide urbanization and its effects on birds.
Pages 19–47 in J. M. Marzluff, R. Bowman, and R. Donnelly, editors.
Avian ecology and conservation in an urbanizing world. Kluwer Academic, Boston, Massachusetts, USA.
McKinstry, M. C. 2004. Conclusions and future directions. Pages 397–
303 in M. C. McKinstry, W. A. Hubert, and S. H. Anderson, editors.
Wetland and Riparian Areas of the Intermountain West: Ecology and
Management. University of Texas Press, Austin Texas, USA.
McKinstry, M. C., W. A. Hubert, and S. H. Anderson. 2004. Wetland
and riparian areas of the Intermountain West: Ecology and Management. University of Texas Press, Austin, Texas, USA.

INTERMOUNTAIN WEST JOINT VENTURE

Pacific Flyway Council. 1983. Pacific Flyway Management Plan: Pacific Flyway Population of Lesser Sandhill Cranes. Pacific Flyway Study
Committee. US Fish and Wildlife Service, Portland, Oregon, USA.
Pacific Flyway Council. 1995. Pacific Flyway Management Plan for the
Greater Sandhill Crane Population Wintering along the Lower Colorado River Valley.
Pacific Flyway Council. 1997. Pacific Flyway management plan for the
Central Valley Population of Greater Sandhill Cranes, Pacific Flyway
Study Committee. US Fish and Wildlife Service, Portland, Oregon,
USA.
Pacific Flyway Council. 2001. Pacific Flyway management plan for the
western population of tundra swans. Pacific Flyway Study Committee, Subcommittee on tundra swans. Unpublished report. US Fish and
Wildlife Service, Portland, Oregon, USA.
Pacific Flyway Council. 2003. Pacific Flyway management plan for the
greater white-fronted goose. Greater White-fronted Goose Subcommittee, Pacific Flyway Study Committee. US Fish and Wildlife Service,
Portland, Oregon, USA.
Ratti, J. T., and J. A. Kadlec. 1992. Concept plan for the preservation
of wetland habitat of the Intermountain West: North American Waterfowl Management Plan. United States Fish and Wildlife Service,
Portland, Oregon, USA.
Robinson, J. A., and S. E. Warnock. 1996. The staging paradigm and
wetland conservation in arid environments: shorebirds and wetlands
of the North American Great Basin. International Wader Studies 9:37–
44.

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 17

Sanderson, E. W., M. Jaiteh, M. A. Levy, K. H. Redford, A. V. Wannebo,
and G. Woolmer. 2002. The human footprint and the last wild. BioScience 52:891–904.
Shuford, D. W., G. W. Page, and L. E. Stenzel. 2002. Patterns of distribution and abundance of migratory shorebirds in the Intermountain
West of the United States. Western Birds 33:134-174.
Skagen, S. K., and F. L. Knopf. 1993. Toward conservation of midcontinental shorebird migrations. Conservation Biology 7:533–541.
Skagen, S. K., C. P. Melcher, W. H. Howe, and F. L. Knopf. 1988.
Comparative use of riparian corridors and oases by migrating birds in
southeast Arizona. Conservation Biology 12:896–909.
Starfield, A. 1997. A pragmatic approach to modeling for wildlife management. Journal of Wildlife Management 61: 261–270.
Subcommittee on Rocky Mountain Greater Sandhill Cranes. 2007.
Management plan of the Pacific and Central Flyways for the Rocky
Mountain population of greater sandhill cranes. Joint Subcommittees,
Rocky Mountain Population Greater Sandhill Cranes, Pacific Flyway
Study Committee, Central Flyway Webless Migratory Game Bird Technical Committee. US Fish and Wildlife Service, Portland, Oregon, USA.

Thogmartin, W.E., B. A. Potter, and G. J. Soulliere. Bridging the conservation design and delivery gap for wetland bird habitat maintenance and restoration in the Midwestern United States. Journal of
Conservation Planning 7:1–12.
Wiens, J. A., Hayward, G. D., Holthausen, R. S., Wisdom, M. J. 2008.
Using surrogate species and groups for conservation planning and
management. BioScience. 58(3): 241-251.
Williams J.D. and C.K. Dodd, Jr. 1979. Importance of Wetlands to
Endangered and Threatened Species. pp. 565-575. In: Phillip E. Greeson, John R. Clark, and Judith E. Clark (eds.), Wetland Functions and
Values: The State of Our Understanding. American Water Resources
Association.
U.S. Census Bureau, Statistical Abstract of the United States: 2012
(131st Edition) Washington, DC, 2011. Available online: http://www.
census.gov/compendia/statab/
[USFWS] U.S. Fish and Wildlife Service. 2012. Draft Guidance for selecting species for functional landscapes. Unpublished report, April
2012. U.S. Fish and Wildlife Service, Arlington, Virginia, USA.

Subcommittee on Rocky Mountain Trumpeter Swans. 2008. Pacific
Flyway management plan for the Rocky Mountain Population of Trumpeter Swans, Pacific Flyway Study Committee. USFWS, Portland, Oregon. Unpublished Report.

INTERMOUNTAIN WEST JOINT VENTURE

IDENTIFYING SCIENCE PRIORITIES: 2013–2018: WETLAND FOCAL STRATEGIES | 18

