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The Intermountain West Joint Venture (IWJV) 
contains eight areas of continental significance that 
are recognized in the North American Waterfowl 
Management Plan (NAWMP 2004), including the 
Klamath Basin, Malheur Basin, Carson Sink, Ruby 
Lake, Great Salt Lake and marshes, Yellowstone-
Intermountain region, Columbia Basin, and Bitterroot 
Intermountain. The IWJV also is the only US habitat 
Joint Venture sharing boundaries with both Canada 
and Mexico. Wetlands of the Intermountain West 
thus provide habitat throughout the annual cycle of 
waterfowl–breeding, migration, and wintering. Winter 
conditions in much of the Intermountain West tend to 
be relatively severe, and many species of waterfowl 
migrate out of the Intermountain West for winter. 
However, some waterfowl species such as Canada 
geese, Mallards, Redheads, Common Goldeneye, and 
the Rocky Mountain Population of Trumpeter Swans 
rely on lake and river systems during winter. Overall, 
the primary contribution of the Intermountain West 
to continental populations of waterfowl lies mainly 
within the breeding and migratory periods of the 
annual cycle.

Intermountain wetlands are often highly productive 
but often set in predominantly xeric landscapes and 
hence are reliant on annual variation of snow-pack 
for water supplies. Particularly within the Great 
Basin, marshes and wetlands are of higher value to 
waterfowl than are many areas in wetter regions; 
the very rarity of marshes in a dry region adds to 
their inherent value. At upper elevations, lakes 
of glacial origin and wet meadows often provide 
substantial benefit as breeding habitat but generally 
minimal value in migration or winter periods. Lower 
elevation marsh and lake complexes in valley floors 
thus provide the majority of migration habitat for 
waterfowl in the Intermountain West.

Although the IWJV partnership has been successful at 
wetland conservation in the Intermountain West, this 
has occurred without explicit linkages to NAWMP 
goals. The NAWMP (2004) is predicated on the 
premise that cumulative effects of many targeted 
local-scale management actions will ultimately 
benefit continental waterfowl populations through 
improvements in recruitment and survival. A primary 
NAWMP objective is to provide sufficient habitat to 
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INTRODUCTION

maintain continental waterfowl populations at goal levels 
during periods characterized by “average environmental 
conditions.” This IWJV Waterfowl Implementation Plan 
Update is an initial effort to link local and regional habitat 
objectives to continental population goals set forth in 
NAWMP.

This initial planning effort focuses on three regions that 
are recognized as continentally significant by NAWMP 
and also expected to host the greatest concentrations 
of waterfowl in the Intermountain West during the 
nonbreeding period. These include the Columbia Basin 
of Washington and Oregon, southern Oregon and 
northeastern California (SONEC) which includes Klamath 
and Malheur basins, and the Great Salt Lake (GSL) 
marshes of Utah; all areas have been identified in the 
NAWMP (2004, 2012). Although the IWJV maintains 
significant importance to breeding waterfowl (indeed the 
IWJV was established based largely on its importance to 
breeding waterfowl), sufficient information is currently 

lacking to establish breeding habitat objectives linked to 
demographic parameters at meaningful scales. Breeding 
waterfowl planning in the IWJV will evolve in future 
planning iterations.

Habitat objectives for non-breeding waterfowl were 
generated based on available information regarding life 
history requirements for selected waterfowl species, and 
these objectives are directly linked to regional population 
objectives. The intent in this plan is to establish explicit 
regional population and habitat goals and also to assemble 
recent research results to increase planning effectiveness. 
A science-based process was used in the planning 
process for setting objectives, a process that identified 
assumptions that requiring testing to improve subsequent 
iterations of the plan. Although the document was written 
with goals expressed over a 15-year time horizon, the plan 
is dynamic and will be refined as knowledge of regional 
waterfowl conservation improves and new spatial data can 
be incorporated.

Photo by USFWS



Intermountain West Joint  Venture  |  C o n s e r v i n g  H a b i t a t  T h ro u g h  P a r t n e r s h i p s  |  www.iwjv.org4.4

NON-BREEDING WATERFOWL

Structure of Non-Breeding Waterfowl Plan
In 2005 NAWMP underwent the first assessment in 
its 20-year history, an assessment focused on Joint 
Ventures and their collective efforts to meet the needs of 
waterfowl in North America. The NAWMP Assessment 
steering committee identified several characteristics 
believed important to Joint Venture success, and these 
traits were incorporated into a matrix describing desired 
characteristics of a Joint Venture implementation plan. 
Concurrently the USFWS introduced its Strategic Habitat 
Conservation framework or SHC (National Ecological 
Assessment Team 2006). The SHC framework promotes 
a more strategic approach to habitat conservation, where 
the traditional emphasis on more – more protection, more 
restoration – gives way to the science of “how much 
more” and “where?” SHC relies on an iterative cycle 
of Biological planning, Conservation Design, Habitat 
Delivery, and Monitoring and Research to achieve 
landscapes that meet a predetermined goal – e.g. support 
bird populations at some desired and sustainable level.

The Joint Venture matrix and SHC share the same principles 
for developing effective conservation programs. Moreover, 
all elements of the Joint Venture matrix can be nested under 
one of SHC’s four major components. The structure of the 
IWJV plan (hereafter “JV”) reflects this integration. This 
plan is structured and organized around three important 
ecoregions to waterfowl within the IWJV: 1) Columbia 
Basin, Washington, 2) SONEC, and 3) the GSL. Within 
each ecoregion, planning is organized by SHC’s major 
components. Biological Planning and Conservation Design 
serve as primary headings in the plan, while elements of 
the Joint Venture matrix occur as subsections under these 
headings (Fig. 1). Habitat Delivery is addressed in a separate 
chapter of this current Implementation Plan. Monitoring and 
Research will be addressed in a separate JV document.

Figure 1  Organizational structure of the nonbreeding 
waterfowl section. Habitat Delivery can be found 
in the separate Habitat Delivery chapter of the 
2012 Implementation Plan Update.

Biological Planning
Within the Biological Planning section for each 
ecoregion the JV waterfowl spatial planning units are 
generally defined and the seasonal importance of these 
units to waterfowl is described. This section provides a 
general description of each planning unit and defines its 
geographic location within the IWJV. Historic and current 
habitat conditions in each planning unit are compared and 
habitat changes evaluated from a waterfowl perspective. In 
many cases it is simply not possible to restore landscapes 
in ways that closely resembles ‘historic” conditions. 
Irreversible changes in hydrology, alternative land uses, 
and political realities often prevent the re-creation of 
historic conditions on anything but very small scales. Still 
it is important to understand how waterfowl were adapted 
to these historical landscapes and to design conservation 
programs that reflect those adaptations. In the Biological 
Planning section, population objectives for priority 
waterfowl species are also established. Factors thought to 
limit these populations arestated explicitly in the context 
of species / habitat models. Similar limiting factors are 
identified for each ecoregion, and similar species/habitat 
models are used to understand relationships between 
nonbreeding waterfowl and their habitats. Therefore, an 
overview of these limiting factors and modeling process is 
provided here.
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Limiting Factors/Species–Habitat Models: 
TRUEMET
This plan addresses the biological needs of waterfowl 
during the non-breeding period, which includes fall and 
spring migration as well as winter. Food availability is 
a key factor limiting waterfowl during migration and 
winter (Miller 1986, Conroy et al. 1989, Reinecke et al. 
1989), and habitat conditions during the non-breeding 
period may influence reproductive success (Heitmeyer and 
Fredrickson 1981, Kaminski and Gluesing 1987, Raveling 
and Heitmeyer 1989). The JV assumes that food limits 
populations during migration and winter. Specifically, 
food is the primary need of waterfowl during migration 
and winter. Providing adequate foraging habitat for 
priority species will ensure that survival outside of the 
breeding season does not limit their population growth.

Joint Ventures have been encouraged to develop biological 
models that explicitly link bird population objectives to 
habitat objectives, and to undertake rigorous analysis of 
habitat carrying capacity based on these population-habitat 
models (NAWMP Assessment 2007). The bioenergetic 
model TRUEMET (Central Valley Joint Venture 2006) was 
used to evaluate current habitat conditions for priority 
waterfowl species and to inform future habitat objectives. 
TRUEMET is a type of daily ration model which provides 
an estimate of population food-energy demand and 
food-energy supplies for specified time periods (Fig. 
2). Population energy-demand is a function of period-
specific population objectives and the daily energy 
requirement of individual birds. Population energy supply 
is a function of the foraging habitats available and the 
biomass and nutritional quality of foods contained therein. 
A comparison of energy supply vs. energy requirements 
provides a measure of carrying capacity relative to bird 
population objectives.

Figure 2  Hypothetical population food energy demand vs. 
population food energy supply as estimated by 
the TRUEMET model in kilocalories (kcal). Food 
energy supplies are deemed adequate if supply 
exceeds demand.

Results produced by TRUEMET are a function of model 
structure and parameter inputs. Thus, two types of 
inherent error must be considered in any such modeling 
exercise: conceptual (theoretical assumptions used to build 
the model) and empirical (the availability, precision and 
accuracy of data used for model inputs). Model structure 
was determined by the set of rules that dictated how birds 
foraged. It was assumed that: 1) birds were ideal free 
foragers (Fretwell 1972) and were not prevented from 
accessing food resources due to interference competition; 
2) birds switched to alternate foods when preferred foods 
were depleted below some foraging threshold; 3) the 
functional relationships that determined population energy 
demand and population food energy supplies were linear; 
and 4) that there was no cost associated with traveling 
between foraging patches. Empirical work has shown 
these assumptions to be false in some cases (Nolet et al. 
2006); but valid in others (Goss-Custard et al. 2003, Arzel 
et al. 2007,). Additional studies of waterfowl foraging 
ecology could either improve model structure or confirm 
the validity of the daily ration approach.

Although the model can be used to evaluate carrying 
capacity of existing landscapes, it can also be used 
to predict how changes in policy, land use, or habitat 
programs might impact priority bird species. Six explicit 
inputs are required for each model run:

1. Time periods being modeled.

2. Waterfowl population objectives.

3. Waterfowl daily energy requirements.

4. Amount of each habitat type available in each time 
period.

5. Biomass of food in each habitat type on day one.

6. Nutritional quality of each food type.

Time Periods Being Modeled
Within TRUEMET the user must first define the length 
of the non-breeding period (e.g. October to April). The 
non-breeding period can then be sub-divided into as may 
time segments as desired. For example, population energy 
demand vs. habitat energy supply may be modeled on a 
daily, weekly, or monthly basis within the larger non-
breeding period. The length of these time segments is 
usually determined by data restrictions. Modeling energy 
demand vs. supply on a bi-weekly or monthly basis is 
most common (e.g., Central Valley Joint Venture 2006).

NON-BREEDING WATERFOWL
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Waterfowl Population Objectives
Waterfowl population objectives used in TRUEMET are 
specific to each time segment (e.g. the month of October). 
Ideally, these time specific population objectives are 
derived from the NAWMP.

Waterfowl Daily Energy Requirements
Within TRUEMET the user may sub-divide waterfowl 
into separate foraging guilds that have access to specific 
foraging habitats. For example, population objectives for 
each dabbling duck species may be combined into a single 
“dabbling duck” guild. TRUEMET requires an estimate of 
the daily energy requirement of the average bird in each 
foraging guild. To estimate the daily energy requirement 
of this average bird a resting metabolic rate (RMR) is 
calculated using the following equation (Miller and Eadie 
2006), where RMR is multiplied by a factor of three to 
account for energy costs of free living:

RMR (kJ/day) = 433 * (body mass in kg) 0.785

Body mass is equal to the average body mass of birds in a 
foraging guild within a specified time period.

Habitat Availability and Biomass 
and Nutritional Quality of Foods
TRUEMET requires information on the availability of 
waterfowl habitat, the biomass of foods in those habitats, 
and the nutritional quality of those foods. Habitat 
availability is a function of habitat area (e.g. acres) and 
the ability of waterfowl to access foods produced in a 
habitat type. For example, managed wetlands may total 
500 acres but these habitats may only become available 
after October 1 when they are intentionally flooded.

Estimates of Food biomass are obtained by local sampling 
or from published sources. However, waterfowl abandon 
feeding in habitats before all food is exhausted because 
at some point the costs of continuing to forage on a 

diminishing resource exceeds energy gained; this value 
is called the giving-up-density or foraging threshold 
(Nolet et al. 2006). For example, Mallards feeding in 
dry fields in Texas reduced corn densities to 13 lbs / 
acre before abandoning fields (Baldassare and Bolen 
1984). Consequently, biomass estimates were adjusted by 
subtracting published estimates of giving up densities– 
13 lbs/acre for agricultural foods (Baldassare and Bolen 
1984) and 30lbs/acre, for seed resources in wetland 
habitats (Naylor 2002). Although waterfowl carrying 
capacity is strongly dependent on food biomass, the energy 
or calories provided by these foods is also important. True 
metabolizable energy (TME) provides a measure of the 
caloric energy waterfowl are able to extract from foods.

Conservation Design
The Conservation Design section includes a description 
of existing landscapes and their capacity to support 
waterfowl populations at desired levels. The section 
also includes a set of explicit conservation objectives. 
Joint Ventures have been encouraged to undertake 
a rigorous analysis of habitat carrying capacity for 
waterfowl (NAWMP Assessment) because such analyses 
can help evaluate landscape capacity to support 
waterfowl populations at NAWMP goals and thus inform 
conservation objectives and strategies. Waterfowl carrying 
capacity was evaluated for each spatial planning unit, 
including in some cases how this may have changed over 
time. Conservation objectives and strategies that were at 
least partly based on these carrying capacity results were 
subsequently developed.

Habitat Delivery
Habitat delivery is addressed in the Habitat Conservation 
Strategy (Chapter 8) of this Implementation Plan. As part 
of that chapter, conservation goals, objectives, and actions 
are defined addressing waterfowl habitat in the SONEC 
and GSL landscapes. 

NON-BREEDING WATERFOWL
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Biological Planning

Spatial Planning Unit
The SONEC planning unit includes all major wetland 
complexes in the intermountain basins of southern 
Oregon, northeastern California and extreme northwest 
Nevada in the northwest portion of the hydrologic Great 
Basin (Fig. 3), and the description here relies heavily 
on Fleskes and Battaglia (2004). The SONEC region 
comprises approximately 10% of the Great Basin, 
although waterfowl habitat covers considerably less area. 
SONEC is generally “basin and range” topography with 
major uplift regions running mostly north and south. 
Average basin altitude is 4,000 ft above sea level and 
most wetlands important to waterfowl are in these basins. 
It contains watersheds that are connected to the Pacific 
Ocean (e.g., Klamath and Pit Rivers) as well as those that 
drain into terminal closed basins.

Figure 3  Spatial planning unit for the southern Oregon 
and northeastern California (SONEC) region and 
subregion within SONEC.

The complex topography of SONEC produces highly 
variable and localized climate conditions with some of the 
most extreme weather in California and Oregon occurring 
there. Temperatures are highly variable throughout the 
year with summer maximums averaging 91°F and winter 

minimums averaging 19 °F. As in most dry climates, daily 
temperatures vary widely with rapid cooling after sunset 
leading to cold nights and rapid warming producing high 
daytime temperatures.

Water supplies derive mainly from snowmelt, and 
wetlands experience wide fluctuations in hydrology that 
are directly related to annual snow pack. Malheur Lake for 
example, which is essentially a marsh, was dry and being 
farmed in 1934 but had increased in size to approximately 
40,000 acres by 1938 (Duebbert 1969). The importance 
of SONEC habitats to waterfowl was emphasized by 
Kadlec and Smith (1989) who stated: “In contrast to the 
perception that the region is a “desert” with little value to 
waterfowl, the reality is that the marshes and wetlands are 
of higher value to waterfowl than are many areas in wetter 
regions. In fact, the very rarity of marshes in a dry region 
adds to their value.”

Historically, peak waterfowl abundance in SONEC likely 
occurred during fall and spring migration. Wintering 
waterfowl populations were probably small as minimum 
winter temperatures are well below freezing and most 
wetland habitats were likely frozen. In most years fall 
migrating waterfowl likely would have encountered 
relatively dry landscapes with most available wetland 
habitat occurring in terminal basins. These were likely 
permanent or semi-permanent wetlands as this region 
experiences one of the highest evapotranspiration rates 
in North America (Engilis and Reid 1996). During fall 
migration it seems likely that waterfowl were historically 
confined to a few large wetland complexes.

Although changes 
in land use have 
greatly altered the 
terminal basins 
of SONEC, such 
areas continue to 
support nearly all 
of the region’s 
fall migrating 
waterfowl. 
Virtually all of 
these habitats 
are publicly owned with very few wetlands occurring 
on private lands during fall. This provides a stark 
contrast to other areas of the U.S. where the bulk of fall 
migration habitat is provided on private lands (e.g., the 
California Central Valley). Moreover, the importance 
of publically owned habitats in SONEC places the JV 
in a unique conservation planning position. Although 
most Joint Ventures incorporate public lands into overall 

SOUTHERN OREGON & NORTHEASTERN CALIFORNIA (SONEC)
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implementation plans, planning for fall migrating 
waterfowl in SONEC is largely synonymous with planning 
on publicly managed lands.

Historically, habitat conditions during spring migration 
varied widely among years, mostly in relation to snow 
pack. In addition to permanent or semi-permanent habitats, 
many SONEC terminal basins contain shallow lakes and 
palustrine wetlands that were fed almost exclusively by 
snowmelt and which likely provided significant food 
resources. When snowfall was abundant spring migrants 
would have access to large areas of these seasonally 
flooded habitats. In contrast, shallowly flooded habitats 
may have been limited in years of low snowfall. Regardless 
of snowfall most of these shallowly flooded habitats were 
probably dry by fall.

Most of SONEC 
spring-flooded 
wetland habitat is 
currently used for 
hay production 
and grazing. The 
Chewaucan marsh 
provides a typical 
example. The 
Chewaucan River 
drains into the 
Upper and Lower 
Chewaucan Marshes before terminating in Lake Abert, the 
largest saline lake in the Pacific Northwest. Historically, 
the Chewaucan Marsh totaled about 30,000 acres of 
emergent marsh and provided significant habitat for spring 
migrating waterfowl in years of high runoff. Today the 
former Chewaucan Marsh is devoted to forage production 
for cattle and is grazed and hayed annually. However, every 
spring land owners divert water across much of the Marsh 
through flood-irrigation. Spring migrating waterfowl make 
extensive use of these flood-irrigated lands (Fleskes and 
Yee 2007, Fleskes and Battaglia 2010).

Flood irrigation is a common practice throughout SONEC 
and occurs mostly on altered seasonal wetlands that were 
historically dependent on natural flooding from snowmelt. 
For example the Silvies River Floodplain near Malheur 
Refuge and northern portions of the Goose Lake Basin 
contain extensive tracts of flood-irrigated lands, and 
flood irrigation may have increased reliability of spring 
habitat in SONEC. Private landowners have developed the 
infrastructure needed to divert water over large areas of 
hayed and grazed lands. Prior to settlement many of these 
former wetlands may have experienced little or no seasonal 
flooding in years of low snowfall. Today the practice of 

flood irrigation may result in more shallowly flooded 
habitat than historically occurred under similar snow 
pack levels. However, it seems unlikely that the increased 
“stability” of spring habitat in SONEC compensates for 
the overall loss of migration habitat within this part of the 
Pacific Flyway.

Summary Points
1. Historically, fall migrating waterfowl in SONEC 

probably depended on a small number of permanent 
to semi-permanent wetlands that occurred in terminal 
basins. The same is largely true today. 

2. Virtually all fall migration habitat in SONEC is located 
on public lands. Private lands provide relatively little 
fall migration habit relative to other areas of the U.S. 

3. Most of the seasonal emergent marsh wetland habitats 
that were historically important to spring migrating 
waterfowl in SONEC are currently part of working 
ranches managed for hay and fall/winter grazing. 
However, much of these agriculturally managed 
wetlands are flood irrigated and today provide important 
spring migration habitat. 

Population Objectives and Priority Species
The SONEC region experiences peak waterfowl populations 
in fall and spring. Wintering waterfowl populations in these 
areas are relatively small because low temperatures make 
most wetland habitats unavailable. Fitting migration data 
to a NAWMP midwinter objective to generate monthly 
population objectives as done for the CB is therefore not 
appropriate in SONEC. As a result, the JV used alternative 
methods for establishing monthly population objectives 
for SONEC that still maintained a strong connection to the 
NAWMP.

Ducks – Fall and Winter
The fall-winter period was defined as September 1 to 
January 31. The majority of fall and winter waterfowl 
habitat in SONEC occurs on public lands (see discussion 
under “Spatial Planning Units”). As a result, establishing 
waterfowl population objectives during fall and winter is 
largely synonymous with establishing population objectives 
for important public habitats in SONEC. To date, fall and 
winter population objectives have only been established 
for the Lower Klamath National Wildlife Refuge (Lower 
Klamath) and the Tule Lake National Wildlife Refuge (Tule 
Lake). Although these two refuges account for only a small 
fraction of the SONEC landscape they support a significant 
fraction of the waterfowl that use SONEC in fall and winter 
(Kadlec and Smith 1989, Fleskes and Yee 2007).

Photo by Mike Shannon
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In order to link management efforts for ducks at Tule Lake 
and Lower Klamath to the NAWMP, waterfowl surveys 
conducted during the 1970’s were used to establish 
duck population objectives. Efforts to survey waterfowl 
populations at Tule Lake and Lower Klamath began as 
early as 1944. Waterfowl were primarily censused from 
the ground until 1953 when refuge biologists began 
conducting two or more aerial surveys per year. Beginning 
in the early 1960’s both ground and aerial surveys were 
conducted bi-weekly. Waterfowl surveys began in late 
August or early September to coincide with arrival of 
early migrants and continued through late April or early 
May. Although aerial surveys have continued at both 
refuges, ground surveys were largely discontinued after 
1977 (Gilmer et al. 2004).

Bi-weekly aerial surveys from the 1970’s were used to 
develop population objectives for ducks at Tule Lake 
and Lower Klamath for each two week interval between 
September 1 and January 31. Population objectives for 
each interval were based on survey counts from 1970 to 
1979 and were set equal to the 75th percentile of these 
counts (Tables 1, 2). The 75th percentile rather than the 
mean was chosen because mean populations based on 
aerial surveys often are negatively biased when not all 
birds are counted, and because annual waterfowl use of 
the refuges may frequently exceed population objectives 
that are based on a ten year mean.

Geese and Swans – Fall and Winter
Although duck population objectives were derived 
from the 1970’s, population objectives for geese and 
swans were based from 1990 to 1999. Goose and swan 
populations in the Pacific Flyway have undergone major 
changes in size and distribution since the 1970’s, so more 
recent counts of geese and swans were used to establish 
population objectives. Bi-weekly aerial surveys from the 
1990’s were used to develop population objectives for 
geese and swans at Tule Lake and Lower Klamath for 
each two week interval between September 1 and January 
31. Population objectives for each interval were based on 
survey counts from 1990 to 1999 and were equal to the 
75th percentile of these counts (Tables 1, 2)

Table 1  Fall and winter waterfowl population objectives for 
Tule Lake National Wildlife Refuge.

DATE DABBLERSA DIVERSB GEESEC SWANS

 Sept 1  53,100  4,270  14,680  0

 Sept 15  54,725  2,990  10,630  0

 Oct 1  292,200  6,998  37,460  0

 Oct 15  281,100  10,730  82,170  0

 Nov 1  765,901  16,440 136,413  260

 Nov 15  268,328  11,088 146,605  713

 Dec 1  193,700  3,825  50,275 1,230

 Dec 15  262,400  2,200  64,608 1,125

 Jan 1  37,015  193  9,240  640

 Jan 15  91,955  675  4,040 4,205

a  Dabblers include Mallard, Gadwall, Northern Pintail, Green-winged Teal, 
Cinnamon Teal, and Northern Shoveler

b  Divers include Canvasback, Redhead, Ruddy Duck, Bufflehead, Ring-
necked Duck, Goldeneye, and Scaup

c  Geese include Canada Goose, Cackling Goose, Greater White-fronted 
Goose, Lesser Snow Goose, and Ross’ Goose

Table 2  Fall and winter waterfowl population objectives for 
Lower Klamath National Wildlife Refuge.

DATE DABBLERSA DIVERSB GEESEC SWANS

 Sept 1 213,521 2,270 7,640 0

 Sept 15 219,869 1,791 5,820 0

 Oct 1 401,738 3,708 51,610 0

 Oct 15 597,010 7,385 36,095 0

 Nov 1 597,536 6 ,313 34,160 1,545

 Nov 15 487,361 5,783 46,855 3,193

 Dec 1 372,560 1,250 19,475 930

 Dec 15 198,118 855 12,488 1,398

 Jan 1 10,594 160 7,430 2,490

 Jan 15 27,171 305 12,990 7,211

a  Dabblers include Mallard, Gadwall, Northern Pintail, Green-winged Teal, 
Cinnamon Teal, and Northern Shoveler

b  Divers include Canvasback, Redhead, Ruddy Duck, Bufflehead, Ring-
necked Duck, Goldeneye, and Scaup

c  Geese include Canada Goose, Cackling Goose, Greater White-fronted 
Goose, Lesser Snow Goose, and Ross’ Goose

SOUTHERN OREGON & NORTHEASTERN CALIFORNIA (SONEC)



Intermountain West Joint  Venture  |  C o n s e r v i n g  H a b i t a t  T h ro u g h  P a r t n e r s h i p s  |  www.iwjv.org4.10

Ducks - Spring
NAWMP mid-winter objectives alone are of limited 
value where peak waterfowl populations occur in fall or 
spring. However, mid-winter population objectives can 
be used to help establish a spring population objective if 
the probability that birds will transition from a wintering 
area to a spring staging area is known (Petrie et al. 2011). 
Nearly half of all ducks that migrate through SONEC 
in spring are Northern Pintail (Fleskes and Yee 2007). 
During winters 2000–2003, 140 female Northern Pintails 
were captured in the Central Valley and fitted with back-
mounted satellite transmitters (Miller et al. 2005). One 
objective of the study was to identify spring migration 
routes and staging areas used by pintails. Eighty-percent 
of all pintails marked in the Central Valley used SONEC 
in spring.

Four wintering areas that potentially “supply” SONEC 
with spring migrating waterfowl were identified: 1) the 
West Coast of Mexico including the Baja Peninsula, 2) 
the Central Valley, 3) California counties that lie outside 
of the Central Valley, and SONEC, and 4) Oregon and 
California counties within SONEC. NAWMP mid-winter 
population objectives have been established for most of 
these areas (Koneff 2003). If 80% of the ducks wintering 
in these areas use SONEC in spring (the value estimated 
for Central Valley Northern Pintails), the JV can begin 
constructing spring population objectives for SONEC. 
The JV initially focused on pintails before expanding the 
discussion to other waterfowl species.

West Coast of Mexico / Baja Peninsula
Mid-winter waterfowl surveys in the 1970’s indicated 
that about 16% of all Northern Pintails in the Pacific 
Flyway wintered along the west coast of Mexico, with less 
than 1% wintering along the Baja Peninsula. Mid-winter 
surveys of ducks in western Mexico have largely been 
discontinued though surveys were conducted in 1997 and 
2000. During these two years Northern Pintail counts on 
Mexico’s west coast averaged 109,000 birds (10% of the 
Pacific Flyway total), down from an average of 600,000 
in the 1970’s. Northern Pintail numbers on the Baja 
Peninsula averaged less than 1,500 birds during the 1997 
and 2000 surveys. The apparent decline in pintail numbers 
on Mexico’s west coast may be related to loss of the local 
rice industry (M. Miller pers. com.).

Northern Pintail migration corridors described by 
Bellrose (1980) indicate that the majority of Northern 
Pintails wintering on Mexico’s west coast migrate east of 
SONEC in spring. Pintails that were fitted with satellite 
transmitters in New Mexico and which later migrated 

south to Mexico’s west coast did not use SONEC in spring 
(Haukos et al. 2006). Although some pintails wintering on 
the Baja Peninsula or Mexico’s west coast undoubtedly 
migrate through SONEC, this number is assumed small. 
For the purpose of establishing spring population 
objectives for SONEC it was assumed that pintails 
wintering in these areas do not use SONEC in spring.

Central Valley
The Central Valley was defined as all California counties 
included in the Central Valley Joint Venture (CVJV) 
primary, secondary, and tertiary areas of interest (Central 
Valley Joint Venture 2006; Fig. 4). The NAWMP mid-
winter population objective for Northern Pintails in the 
Central Valley Joint Venture region is 2,394,926 (Table 3). 
Eighty percent of all Northern Pintails that winter in the 
Central Valley use SONEC in spring (Miller et al. 2005). 
Thus, the JV assumes that the Central Valley contributes 
1,915,941 birds to the spring population in SONEC when 
Northern Pintails are at NAWMP goals (2,394,926 * 0.80).

Figure 4  Joint Ventures that contribute to spring Northern 
Pintail populations in southern Oregon and 
northeastern California (SONEC) region.
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Table 3  Wintering areas that supply SONEC region with 
spring migrating Northern Pintails.

WINTERING AREA
PINTAIL 

POPULATION 
OBJECTIVE

PINTAILS 
SUPPLIED  
TO SONEC

Central Valley 2,394,926b 1,915,941

Non-Central Valley Countiesa 537,013b 429,610

SONEC 72,409 72,409

Total 3,004,348 2,417,960

a   California counties outside the boundaries of the Central Valley Joint  
Venture excluding counties in SONEC.

b   Eighty-percent of all pintails wintering in these areas are assumed to 
migrate through SONEC in spring.

California Counties outside the CVJV  
(excluding CA counties in SONEC)
California contains 58 counties; 26 within the CVJV 
boundary, 4 within SONEC. The remaining 28 counties fall 
within the boundaries of the Pacific Coast, Intermountain 
West, San Francisco Bay, and Sonoran Joint Ventures (Fig. 
4). The combined mid-winter population objective for 
Northern Pintails in these 28 counties stepped down from 
the NAWMP is 537,013 (Table 3). Although these counties 
lie outside the Central Valley we assumed that a similar 
percentage wintering in these counties use SONEC in 
spring. Thus, these 28 counties would contribute 429,610 
Northern Pintails to SONEC when continental population 
of Northern Pintail is at NAWMP goals (537,013 * 0.80). 
Many of these counties border the Pacific coast and some 
of these birds may use a coastal migration route that takes 
them west of SONEC (Miller et al. 2005). However, the 
total population objective for Northern Pintails in these 
coastal counties is less than 140,000 birds.

California and Oregon counties within SONEC
SONEC includes seven counties, all of which occur in 
the IWJV (Fig. 4), with a NAWMP mid-winter population 
objective of 236,961 Northern Pintails (Koneff 2003). 
Long-term surveys of waterfowl in SONEC from fall 
through spring indicate that peak waterfowl numbers 
occur outside the mid-winter period (Gilmer et al. 2004). 
This contrasts with the Central Valley and other parts of 
California where peak waterfowl numbers occur during 
mid-winter.

The mid-winter Northern Pintail population objective 
for SONEC is likely a significant overestimate. NAWMP 
mid-winter objectives for areas that experience peak bird 
abundance in fall or spring are likely associated with a 
high degree of sampling error (Petrie et al. 2011). Counts 
of Northern Pintails in sub-regions of the Pacific Flyway 

Mid-winter Waterfowl Survey that corresponds to SONEC 
(OR 69-3 & CA 14-2) averaged only 52,000 birds during 
the 1970’s. Even if a visibility correction factor is applied 
to these counts they are well below Koneff’s (2003) mid-
winter pintail population objective for SONEC counties.

The JV established a mid-winter pintail population 
objective of 72,409 birds for SONEC counties. This is 
equivalent to the mean mid-winter count of Northern 
Pintails in these counties during the 1970’s (52,093) 
adjusted for visibility bias in aerial surveys of wintering 
ducks (Pearse et al. 2008). Mid-winter counts of in 
SONEC during the 1990’s averaged 44,139 Northern 
Pintails, and more recent counts by Fleskes and Yee 
(2007) averaged 38,957 in early January (both uncorrected 
for visibility bias). It was assumed that 100% of the 
Northern Pintails present in SONEC during mid-winter 
also occur there in spring.

In summary, the IWJV estimate that 2,417,960 Northern 
Pintails use SONEC in spring when the continental 
population is at the NAWMP goal (Table 3).

Daily Northern Pintail Population  
Objectives for Spring
Northern Pintail migration through SONEC is staggered 
from early February to early May, with peak numbers 
occurring in mid-March (Miller et al. 2005, Fleskes 
and Yee 2007). Establishing time-specific population 
objectives across this 3-month period can help deliver 
conservation programs that are well timed to migration 
events. Fleskes and Yee (2007) used aerial survey data 
to index changes in SONEC Northern Pintail abundance 
between early January and early May in 2002 and 2003. 
These surveys were used to partition use-days into 
discreet time intervals and convert those use-days into 
daily population objectives as described below.

Fleskes and Yee (2007) obtained Northern Pintail counts 
in SONEC for 5 January, 21 February, 13 March, 16 
April, 30 March, and 3 May. The JV partitioned the spring 
migration period into five time intervals that were similar 
in length and which were bracketed by these survey 
dates: a) 6 – 21 February, b) 22 February – 13 March, 
c) 14 March – 30 March, d) 31 March – 16 April, and e) 
17 April 17 – 3 May. Northern Pintails that winter south 
of SONEC do not begin migration into SONEC until 
the first week of February (Miller et al. 2005), so we 
assumed that Northern Pintail numbers remained constant 
from 5 January to 5 February and that the number of 
birds present in SONEC on 5 February was equal to the 
number observed by Fleskes and Yee (2007) on 5 January. 
Northern Pintail counts on 5 January for 2002 and 2003 
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averaged 38,957 birds (Fleskes and Yee 2007). For the 
period 6 February – 21 February we assumed Northern 
Pintail numbers increased linearly from 38,957 on 5 
February to 440,056 on 21 February 21 (440,056 was the 
number observed on the February 21 survey date). This 
process was repeated for the remaining time intervals.

To calculate Northern Pintail use-days in each time 
interval, daily estimates of Northern Pintail numbers were 
based on the assumption that their numbers increased 
or decreased in a linear manner between survey dates. 
Use-days in each time interval was then divided by total 
Northern Pintail use-days for all intervals. For example, 
16.5% of all Northern Pintail use-days occurred in the 
5–21 February time interval. The estimated number of 
use-days that would occur when Northern Pintails are at 
the NAWMP goal was used to calculate daily population 
objectives. During spring migration Northern Pintails 
spend an average of 21.5 days in SONEC (Miller et. al. 
2005). The number of Northern Pintails using SONEC 
when they are at the NAWMP goal is estimated to be 
2,417,960 birds (Table 3). Thus, an estimated 51,986,140 
Northern Pintail use-days occur in SONEC when the 
NAWMP goal is met (2,417,960 * 21.5). For each time 
interval this use-day number was multiplied by the 
fraction of total use-days estimated for that interval. For 
example 16.5 % of all Northern Pintail use-days occur in 
the 5–21 February interval which results in an estimated 
8,577,713 use-days for this interval (0.165 * 51,986,140). 
To convert these use-days into daily population objectives 
we calculated average number of birds per day that 
corresponded to use-day totals for an interval. The 5–21 
February interval spans 17 days. As a result, the average 
number of birds per day in this interval equals 504,571 
(8,577,713 / 17). The average number of birds per day was 
equal the mid-point daily population objective for that 
interval and birds were assumed to increase or decrease in 
a linear manner in each time interval (Fig. 5).

Figure 5  Daily population abundance objectives for 
Northern Pintails in the SONEC region during 
spring migration.

SONEC Subregion Northern Pintail  
Population Objectives
The SONEC planning unit has been divided into several 
subregions to facilitate conservation planning (Fig. 3). 
Daily Northern Pintail population objectives should be 
distributed among subregions in a way that reflects bird 
use of these basins in both space and time. Fleskes and 
Yee (2007) reported aerial survey results by subregion 
as well as for the entire SONEC region for 5 January, 
21 February, 13 March, 16 April, 30 March, and 3 May. 
These surveys provided an estimate of Northern Pintail 
distribution among subregions throughout the spring 
migration period. To establish daily population objectives 
for each subregion the same time intervals as Fleskes and 
Yee (2007) were adopted and it was assumed the fraction 
of total SONEC Northern Pintails in a subregion increased 
or decreased linearly in each time interval. For example 
17% of all SONEC Northern Pintails were observed in the 
Upper Klamath subregion during the 21 February survey, 
and 14% were observed in this subregion during the 13 
March survey. The fraction of total SONEC pintails in 
the Upper Klamath subregion were assumed to exhibit a 
linear decline within the 22 February–13 March interval 
from about 17% to 14% of all birds. The fraction of total 
SONEC Northern Pintails in a subregion was multiplied 
by the overall SONEC Northern Pintail population 
objective for that date to establish a daily Northern Pintail 
population objective (Fig. 5). For example, 15.6% of all 
SONEC Northern Pintails are estimated to be in the Upper 
Klamath subregion on March 3 (the mid-point of the 22 
February–13 March interval), while the 3 March objective 
for SONEC is 1,108,727. Thus, the 3 March Northern 
Pintail objective for the Upper Klamath subregion is 
172,961 birds (0.156 * 1,108,727).

Spring Population Objectives  
for Other Dabbling Duck Species
Spring population objectives were also established for 
five other dabbling duck species: American Wigeon, 
Mallard, Green-winged Teal, Northern Shoveler, and 
Gadwall. Unfortunately, data to establish population 
objectives for spring diving ducks were insufficient. It 
was assumed most dabbling ducks that migrate through 
SONEC originate from one of three wintering areas; 1) 
the Central Valley, 2) California counties outside the 
Central Valley, excluding California counties in SONEC, 
and 3) Oregon and California counties within SONEC 
(Fig. 4). Mid-winter dabbling duck population objectives 
stepped down from the NAWMP are available for each of 
these areas (Koneff 2003). These mid-winter population 
objectives for the first two wintering areas were adopted 
assuming that 80% of these birds use SONEC in spring as 
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estimated for Northern Pintails (Miller et al. 2005). For 
Oregon and California counties in SONEC, mid-winter 
surveys were relied upon to establish winter population 
objectives as described for Northern Pintails and it was 
assuming that 100% of these birds use SONEC in spring 
(Table 4). The only exception was Mallard. For all species 
except Mallards Fleskes and Yee (2007) documented large 
increases in bird numbers from early February through 
mid to late March as birds left their California wintering 
grounds and migrated into SONEC. In contrast, Mallard 
numbers in SONEC declined after early February. This 
is consistent with other work that suggests most Central 
Valley Mallards are year-round residents (Central Valley 
Joint Venture 2006). Population objectives for Mallards 
were established by using direct counts of Mallards that 
were adjusted for visibility bias and un-surveyed areas 
(Fleskes and Yee 2007).

Table 4  Number of dabbling ducks that migrate through 
SONEC in spring when dabbling duck populations 
are at NAWMP goals.

SPECIES NUMBER OF BIRDS USING SONEC

Northern Pintail 2,418,000

American Wigeon 1,140,000

Northern Shoveler 613,000

Green-Winged Teal 520,000

Gadwall 111,000

Mallarda 66,000

Total 4,868,000

a  Mallard numbers in Table 4 are an estimate of the peak population size 
occurring in SONEC, not an estimate of the total number of mallards using 
SONEC in spring. As a result, this number should be considered a mini-
mum estimate of population size.

Daily population objectives for each of the five dabbling 
duck species were established between 5 February and 
3 May using the same methods described for Northern 
Pintails and assuming the same duration of stay in 
SONEC (i.e. 21.5 days). Daily population objectives for 
each dabbling duck species were distributed among the 
seven SONEC subregions also using the same methods 
described for Northern Pintail. Mallard, Northern Pintail, 
and American Wigeon have all been designated as Birds 
of Management Concern by the USFWS and are further 
classified as Game Birds Below Desired Condition. The 
IWJV recognizes Northern Pintail, Mallard, and American 
Wigeon as priority dabbling duck species based on their 
USFWS status and their contribution to SONEC fall, 
winter, and spring dabbling duck population.

Spring Population Objectives for Geese and Swans
Many North American goose and swan populations have 
significantly increased or undergone major changes in 
wintering distribution since the 1970’s. As a result, Joint 
Ventures are advised to use more recent information when 
establishing population objectives for geese and swans 
(M. Koneff pers. comm.). Snow geese, Ross’s geese, 
White-fronted geese, Canada geese, and Tundra Swan all 
use SONEC in spring. Fleskes and Yee (2007) surveyed 
goose and swan populations in SONEC on 21 February, 
13 March, 30 March 16 April, and 3 May in both 2002 
and 2003. For both geese and swans the spring migration 
period was partitioned into five intervals of similar length; 
1) 9 February – 2 March, 2) 3 March – 21 March, 3) 22 
March – 7 April, 4) 8 April – 24 April, 5) 25 April – 11 
May. Each survey date corresponded to the mid-point of 
an interval (e.g., the 21 February survey serves as the 
mid-point for the 9 February – 2 March interval). The 
number of birds observed during these mid-point surveys 
served as population objective for that interval (Table 5).

Table 5  Spring population objectives by time interval for 
geese and swans in SONEC.

INTERVAL GWFGA CANADA 
GEESE

WHITE 
GEESEB SWANS TOTAL

Feb 9- 
Mar 2 150,741 20,340 179,216 67,902 418,199

Mar 3- 
Mar 21 183,964 11,616 280,774 25,652 502,006

Mar 22-
Apr 7 179,250 11,547 255,701 3,328 449,826

Apr 8- 
Apr 24 163,589 8,135 105,848 15 277,587

Apr 25-
May11 57,774 7,066 16,710 16 81,566

a Greater White-Fronted Geese 
b Includes Lesser Snow Geese and Ross Geese

Limiting Factors/Species–Habitat Models
Limiting factors and species-habitat models used to 
evaluate population carrying capacity are described 
previously in this chapter under the “Structure of the Non-
breeding Waterfowl Plan” section.
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Conservation Design

Landscape Characterization and Assessment: 
SONEC

Fall and Winter
Most waterfowl in SONEC rely on public lands to meet 
their food energy needs. Although SONEC contains 
several publicly managed areas, Tule Lake and Lower 
Klamath NWR are especially important to waterfowl. 
These refuges are managed by the USFWS as part of 
the Klamath Basin NWR Complex. The Klamath Basin 
is recognized as a region of continental significance to 
North American waterfowl populations (NAWMP Plan 
Committee 2004). Conservation and management of 
waterfowl habitats on both refuges depend heavily on 
water supplies, and increasing competition within the 
Klamath Basin for water requires the USFWS be able 
to articulate and defend habitat requirements and water 
needs.

Both refuges recently underwent intensive planning 
efforts focused on three main objectives; 1) evaluate 
current refuge habitat management practices relative to 
waterfowl food energy needs; 2) identify foraging habitat 
deficiencies that may exist; and 3) evaluate potential 
management alternatives for meeting waterfowl food 
energy needs (Dugger et al. 2008). Planning for fall 
and winter waterfowl in SONEC is largely synonymous 
with public land planning, so key elements of the Tule 
Lake and Lower Klamath plans are included here. Future 
updates to the IWJV implementation plan should include 
summaries of other public land plans as they become 
available and will reflect the JV’s commitment to help 
agencies meet their goals for waterfowl on public habitats.

The Tule Lake and Lower Klamath plans were based on 
SHC principles and relied on the TRUEMET model. The 
carrying capacity analyses that addressed the three main 
objectives of the refuge plans are described below. Further 
details are provided in Dugger et al. (2008).

Model Inputs
Time Periods Being Modeled
The fall-winter period in SONEC is defined as September 
1–January 31. Waterfowl food energy needs and habitat 
food energy supplies were modeled at two-week intervals 
within this five-month period for each refuges.

Population Objectives by Time Periods
Population objectives for all time periods in fall-winter 
were established for dabbling ducks, diving ducks, geese, 
and swans for both Tule Lake (Table 1), and Lower 
Klamath (Table 2).

Daily Energy Requirements of a Single Bird
Waterfowl requirements were modeled by foraging guild 
(e.g., diving vs. dabbling ducks). A weighted body mass 
was calculated for each guild because species vary in 
size. We assumed a balanced sex ratio for all species. 
Body mass values for all duck species and for swans was 
obtained from Bellrose (1980). A weighted mean for each 
two week period was calculated to account for changes 
in species composition of a foraging guild as indicated 
by aerial surveys (Gilmer et al. 2004). Body mass was 
considered constant across time for dabblers, divers, 
Western Canada geese, and swans, but was allowed to 
vary for Ross’ Geese, Lesser Snow Geese, Greater White-
fronted Geese, and Cackling geese based on data from Ely 
and Raveling (1989), McLandress (unpublished data), and 
Raveling (1979).

Habitat Availability and Biomass and Nutritional 
Quality of Foods
Six habitat types including harvested and un-harvested 
grain crops, harvested potato fields, alfalfa/hay, and 
seasonal and permanent wetlands are available on the 
refuges (Table 6). Seasonal wetlands are typically 
flooded in fall or winter and dewatered in spring or early 
summer; permanent wetlands are flooded year round. 
Seasonal wetlands were further divided into early and 
late successional habitats to reflect differences in seed 
production and permanent wetlands were divided into 
area dominated by SAV or robust emergent vegetation 
(primarily hardstem bulrush and cattail). Food production 
in permanent wetland areas dominated by robust 
emergents was set at 0.0 because the dense growth and 
tall, robust stature of these plants make foods in these 
habitats generally unavailable to waterfowl. Seeds that 
might have been produced by this plant community that 
dispersed into other habitats would have been included 
in food abundance estimates. Refuge personnel provided 
information on existing habitats at Tule Lake and Lower 
Klamath for 2005. Waterfowl that rely on the refuges were 
assumed to exploit both agricultural and wetland habitats 
to meet food energy needs.
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Table 6  Habitat composition (acres) at Tule Lake  
and Lower Klamath National Wildlife Refuges 
during 2005.

REFUGE

HABITAT TYPE LOWER 
KLAMATH TULE LAKE

SEASONAL WETLANDS

Early Succession  4,834  0

Late Succession 11,280  155

PERMANENT WETLANDS 

Submerged Aquatic Veg.  7,355 11,539

Robust Emergent Veg.  1,839  3,030

Harvested Grains  6,534  8,471

Standing Grains  1,057  249

Harvested Potatoes  0  2,703

Green Browse  2,018  3,405

Total Habitat 34,917 29,552

Availability refers to the ability of waterfowl to access 
foods produced in a habitat. Availability varies with 
flooding conditions and crop harvest practices and 
can vary among guilds for a specific habitat type. For 
example, Mallard and Northern Pintail commonly feed in 
dry agricultural fields or wetland basins lacking surface 
water, but many species of ducks (e.g., diving ducks) 
do not feed unless surface water is present. Information 
provided by refuge staff was used to determine when and 
how quickly foods in each habitat type became available. 
Foods in permanently flooded wetlands and unharvested 
grain fields were considered 100% available at the 
beginning of fall (September 1). Seasonal wetlands began 
flooding during mid-September and filled at a constant 
rate until January 1 when all were filled. It was assumed 
grain crops are harvested and available by September 
15. Potatoes were considered available starting October 
1 because harvesting is initiated about October 1 and 
proceeds at a steady rate until all fields are harvested by 
about November 1.

Wetland food densities were determined by sampling 
refuge habitats (Table 7). True metabolizable energy of 
refuge foods was obtained from published sources where 

possible (Table 8). When the TME value of a food was 
unknown, value for a similar food type was used. When a 
comparable species was not available, TME was estimated 
using a regression relationship between TME value and 
the proximate composition of a food (Petrie et al. 1998).

Table 7  Food densities from agricultural and wetland 
habitats at Lower Klamath and Tule Lake NWRs.

REFUGE

HABITAT TYPE TLNWR
(lbs/acre)

LKNWR
(lbs/acre)

Harvested Potatoesa 437 —

Green Forage (Pasture)a 176 176

HARVESTED GRAINa

Barley 77 77

Oats 157 156

Wheat 19  42

Weighted Meanb 41.9  56.0

UNHARVESTED GRAINc

Barley 4,960 4,960

Oats  4,464 —

Wheat 5,952 —

Weighted Mean 5,675  4,960

WETLANDSd

Seeds-Early Succession 
Seasonal Wetlands 875  875

Seeds-Late Succession 
Seasonal Wetlands 489 489

Spring Invertebrates -  
All Wetlands 9 9

Roots / Tubers - 
Permanent Wetlands 49.4 218

Leafy Vegetation - 
Permanent Wetlands 121.7 214

a From Kapantais et al. 2003.
b  Mean value that reflects the proportional contribution of each crop type to 

the category total.
c  Harry Carlson, University of California, Research and Extension Office, 

Tule Lake, California.
d Dusser et al. 2008. 
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Photo by USFWS

Table 8  True metabolizable energy (TME) of waterfowl 
foods at Tule Lake and Lower Klamath NWR. 
Adapted from Dugger et al. (2008) Table 4-3.

FOOD TYPE OR CATEGORY TME VALUE
 (kcal/g)

Grains1 3.0

Potatoes2 4.0

Alfalfa Pasture3 2.4

Seasonal Wetland Seeds (early succession)4 2.4

Seasonal Wetland Seeds (late succession)4 1.6

Leafy Vegetation3 2.0

Roots / Tubers5 2.5

Aquatic invertebrates6 2.5

1 From Sugden (1971)
2 based on proximate composition (Petrie et al. 1998).
3 from Petrie et al. (1998)
4  These metabolizable energy estimates were combined with published TME 

values of other moist-soil seed resources to gene rate an average TME 
value for seeds in early and late succession seasonal wetlands (Checkett 
2002).

5 based on foods of similar proximate composition
6 from Purol (1975)

Carrying capacity analyses conducted at large scales 
(e.g., Joint Venture or ecoregion) usually assume that 
waterfowl meet all food energy needs within the planning 
area. However, at smaller scales such as refuges this is 
unlikely as some species consume foods outside the refuge 
boundary. Information from the published literature and 
observations of refuge staff were used to determine what 
percentage of each guilds daily energy needs are met on 
site and the habitats and food types each guild likely used 
to satisfy their daily energy needs (Table 9). Diving ducks 
and swans were assumed to satisfy 100% of their energy 
needs by foraging on the tubers of submerged aquatic 
vegetation. Although the diet of diving ducks differs, 
this constraint was felt to be appropriate as Canvasback 
was the most common species in the diver guild. Geese 
were assumed to forage on harvested and unharvested 
grain crops, (regardless of flooding status), harvested 
potatoes, and pasture. Dabbling ducks were assumed to 
feed on seeds and invertebrates in seasonal wetlands and 
on harvested and unharvested, flooded or unflooded, grain 
crops (Table 9). The extent to which each guild met their 
energy needs on the refuges was assumed to vary. Diving 
ducks and swans were allowed to meet 100% of their 
needs on refuge for every model simulation, while we 
reduced this figure to 75% for dabbling ducks and geese.
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Table 9  Food types used by waterfowl guilds to meet daily energy demands on Lower Klamath and Tule Lake.  
Adapted from Dugger et al. (2008) Table 4-4.

GUILD STANDING 
GRAIN

HARVESTED 
GRAIN

HARVESTED 
POTATOES

ALFALFA 
PASTURE

SEASONAL 
WETLAND 

SEEDS

PERMANENT 
WETLAND

LEAFY
VEGETATION

PERMANENT 
WETLAND 

ROOTS AND 
TUBERS

Dabbling 
Ducks X X X

Diving 
Ducks X

Dabbling 
Ducks

Geese X X X X

Swans X

Coots X

Model Results
Refuge habitat management practices relative  
to waterfowl food-energy needs
Current habitats at Lower Klamath provided sufficient 
food-energy to meet population objectives for swans 
and diving ducks (Fig. 6) and dabbling ducks (Fig. 7) in 
fall-winter and through spring. However, Lower Klamath 
could not support goose population at objective levels, 
being exhausted prior to the March 1 interval, 6 weeks 
before the end of spring (Fig. 8). At Tule Lake, food 
resources were adequate to meet the energy needs of 
diving ducks and swans (Fig. 9), but were insufficient to 
meet the needs of dabbling ducks (Fig.10), and geese  
(Fig. 11). Dabbler foods were exhausted early in the 
fall, well before traditional peak migration in November. 
Goose needs were met through most of fall and winter but 
not spring.

Demand

Supply

Figure 6  Population energy demand versus food energy 
supplies for diving ducks and swans at Lower 
Klamath National Wildlife Refuge (LKNWR) 
relative to refuge population objectives.

Demand

Supply

Figure 7  Population energy demand versus food energy 
supplies for dabbling ducks at Lower Klamath 
National Wildlife Refuge (LKNWR) relative to 
refuge population objectives.

Demand

Supply

Figure 8  Population energy demand versus food energy 
supplies for geese at Lower Klamath National 
Wildlife Refuge (LKNWR) relative to refuge 
population objectives.
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Demand

Supply

Figure 9  Population energy demand versus food energy 
supplies for diving ducks and swans at Tule 
Lake National Wildlife Refuge relative to refuge 
population objectives.

Demand

Supply

Figure 10  Population energy demand versus food energy 
supplies for dabbling ducks at Tule Lake National 
Wildlife Refuge relative to refuge population 
objectives.

Carrying capacity results were consistent with waterfowl 
population differences on both refuges during the 1970s 
versus 1990s. Dabbling duck numbers at Tule Lake 
have significantly declined since the 1970’s (Fig. 2). 
During this time the amount of standing grain grown 
for waterfowl was reduced from 2,000 to 250 acres. The 
decline in dabbling duck abundance from the 1970s to the 
1990s is consistent with this loss of standing grain and 
with evaluations of carrying capacity at Tule Lake (Fig. 
10; Dugger et al 2008)). In contrast, dabbling duck counts 
at Lower Klamath have remained stable or increased from 
the 1970’s (Fig. 12) and are consistent with model results 
for the refuge (Fig. 7).

Demand

Supply

Figure 11  Population energy demand versus food energy 
supplies for geese at Tule Lake National Wildlife 
Refuge relative to refuge population objectives.

1970’s

1990’s

1970’s

1990’s

TULE LAKE

LOWER KLAMATH

Figure 12  Mean aerial survey counts of dabbling ducks by 
date at Lower Klamath and Tule Lake NWR’s in 
1970–1979 and 1990–1999.
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Evaluation of potential management alternatives  
for meeting waterfowl food energy needs
Dugger et al. (2008) evaluated several management 
alternatives for meeting waterfowl food energy needs 
at Tule Lake and Lower Klamath. The JV included one 
management alternative for each refuge to demonstrate the 
utility of this planning approach.

Lower Klamath: the “Big Pond” scenario
The evaluation of current habitat conditions for Lower 
Klamath assumed that flooding of seasonal wetlands 
began in early September and progressed until all 
wetlands were full by January 1, the pattern representing 
historic management hydroperiod. However, chronic water 
shortages during summer and fall during the last 15 years 
have made achieving this flooding schedule increasingly 
difficult. Consequently, managers at Lower Klamath are 
exploring ways to capture water during winter and early 
spring, a time when water is typically in abundance.

One alternative, called the Big Pond Scenario, would 
create a 13,000 acre unit on the southern half of Lower 
Klamath, where management would focus on capturing 
water in winter and spring to fill the unit and then allow 
levels to gradually recede during the summer and fall, 
essentially mimicking conditions on historic Lower 
Klamath Lake. This would require approximately 50,000 
to 70,000 acre-feet of water to fill the unit, and water 
depths would range from seven feet at deepest part to 
inches at the margins. Preliminary hydrologic analysis 
indicates sufficient water is available in most years to fill 
the Big Pond. Even with no water deliveries in summer, 
the area would support large numbers of colonial nesting 
waterbirds as well as molting and breeding waterfowl. 
Approximately half of the surface area would remain 
flooded during fall migration. Similar management on 
smaller areas at Lower Klamath has provided impressive 
habitat response and high use by waterbirds.

Dugger et al. (2008) used TRUEMET to understand 
the consequences of the Big Pond Scenario to foraging 
waterfowl by altering the composition of wetland habitat 
types on the refuge. The first step was to assign the 13,000 
acres associated with the scenario to wetland categories. 
The predicted hydroperiod assumes that half (6,500 acres) 
of area draws down naturally between May and November 
as a result of evapotranspiration. Thus, half of the area 
was classified as a seasonal wetland and the remaining 
half as permanent wetland. Half of the seasonal wetland 

component (3,250 acres) would occur at elevations high 
enough for moist soil plants to germinate and mature (i.e., 
water would draw down early enough). For these acres, 
a food density equal to other Lower Klamath seasonal 
wetland habitats was used; however, because low lake 
levels will keep these areas dry in fall, these acres would 
only be available to foraging waterfowl beginning 1 
March when flooding begins. It was assumed that flooding 
progressed in a linear fashion from 1 March until the 
area is full on 15 April. For the remaining 3,250 acres of 
the seasonal wetland portion of the Big Pond waterfowl 
foraging value was set to zero.

The number of acres dedicated to agriculture on the 
refuge was not altered so all habitat distribution changes 
came soley from existing wetlands acres. The total 
wetland acreage on Lower Klamath is 25,308 acres. After 
allocating 13,000 to the Big Pond Unit, the remaining 
acreage was allocated to seasonal wetlands. The final 
allocation resulted in little change in seasonal wetland 
acres but a significant decline in permanent wetland acres 
(Table 10).

Table 10  Acres dedicated to wetland habitat types under 
current conditions and under the Big Pond 
Scenario at Lower Klamath NWR, California.

WETLAND TYPE CURRENT BIG POND SCENARIO

Permanent wetland 9,194 6,500

Seasonal wetland 16,114 15,558

No feeding valuea 0 3,250

TOTAL 25,308 25,308

a  The number of acres in the Big Pond Unit that will dry during summer but 
not produce moist soil plants

Dugger et al. (2008) used TRUEMET to simulate how 
the Big Pond Scenario influenced energy supplies for 
dabblers, divers and swans. Geese were not modeled 
because agricultural habitats were not influenced and 
geese obtain their energy from the agricultural crops. 
Results suggest that it may represent a reasonable 
alternative strategy for meeting waterfowl needs if 
long-term solutions are not found to alleviate water 
shortages during summer and early fall. Dabbling duck 
food resources were adequate under this management 
alternative (Fig. 13), as were the food energy needs of 
diving ducks and swans (Fig. 14).
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Demand

Supply

Figure 13  Population energy demand versus food energy 
supplies for dabbling ducks at Lower Klamath 
NWR under habitat conditions outlined in the Big 
Pond Scenario.

Demand

Supply

Figure 14  Population energy demand versus food energy 
supplies for diving ducks and swans at Lower 
Klamath National Wildlife Refuge under habitat 
conditions outlined in the Big Pond Scenario.

Tule Lake: Increased Standing Grain
Tule Lake NWR staff farmed approximately 2,000 acres 
of small grains during the 1970s to provide food for 
waterfowl and depredation relief to farmers on private 
lands. This program was discontinued in the 1980s in 
favor of a program using cooperating farmers. Under this 
program, the farmer provided all costs of establishing a 
crop, harvested two-thirds of the crop, and left one-third 
standing for waterfowl consumption. This was deemed an 
acceptable change because populations of waterfowl in 
the Pacific Flyway (particularly geese) in the 1980s were 
lower than previous decades, and much of the standing 
grain was not used. The cooperative farming program 
was further reduced in the 1990s and availablity of 
unharvested grain declined from about 2,000 acres in the 
1970s to 250 acres by 2005.

Dabbling duck and goose populations at Tule Lake have 
substantially declined since the 1970s (Fig. 12), as has the 
acreage of standing grains. Dugger et al. (2008) modeled 
the management alternative of increasing standing grain 
acreage to 1970s levels (2,000 acres) to determine if 
dabbling duck and goose population objectives could be 
supported at population objective levels (Table 1).

Increasing unharvested grains from 250 to 2,000 acres 
would allow Tule Lake to meets the foraging needs of 
dabbling ducks (Fig. 15) and geese (Fig. 16). From a 
purely energetic standpoint, the decline in dabbling duck 
and goose populations since the 1970s on Tule Lake is 
consistent with the reduction in unharvested grains.

Demand

Supply

Figure 15  Population energy demand versus food energy 
supplies for dabbling ducks at Tule Lake National 
Wildlife Refuge with standing grain acreage 
restored to 1970s level.

Figure 16  Population energy demand versus food energy 
supplies for geese at Tule Lake National Wildlife 
Refuge with standing grain acreage restored to 
1970s level.
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Spring
Although waterfowl that use SONEC in fall and winter 
rely mostly on public habitats to meet their food energy 
needs, private lands play a critical role during spring 
migration. Many of these private lands are former seasonal 
wetlands that are now devoted to forage production for 
cattle. Ranchers flood irrigate these lands during spring to 
increase soil moisture and they are heavily used by spring 
migrating birds (Fleskes and Yee 2007) . A more detailed 
description of these flood irrigated habitats can be found in 
the Biological Planning section .

Virtually all flood-irrigated wetland habitat in SONEC 
is unprotected. To inform protection objectives for this 
habitat type two carrying capacity analyses were done for 
each subregion; 1) the overall capacity of flood-irrigated 
habitats to meet food energy needs of dabbling ducks 
during spring migration in each of SONEC’s subregions, 
and 2) the amount of flood-irrigated habitat needed to meet 
100% of dabbling duck needs during spring. Model inputs 
and results of these analyses are specific to dabbling duck 
populations because diving ducks and geese are seldom 
associated with flood irrigated habitats.

Model Inputs
Time Periods being Modeled
The spring period in SONEC is defined as early February 
through early May and was divided into eight time periods 
of similar length; 1) 6 Feb - 16 Feb, 2) 17 Feb - 27 Feb, 3) 
28 Feb – 10 Mar, 4) 11 Mar – 21 Mar, 5) 22 Mar – 1 Apr, 
6) 2 Apr – 12 Apr, 7) 13 Apr – 23 Apr, and 8) 24 Apr – 4 
May. Dabbling duck food energy needs and food energy 
supplies were modeled for each of these intervals.

Population Objectives by Time Period
Total dabbling duck population abundance objectives for 
SONEC during spring equate to approximately 4.9 million 
birds, with Northern Pintails comprising about 50% of 
the total (Table 4). A description of how these population 
objectives were established can be found in the SONEC 
Biological Planning Section.

Daily Bird Energy Requirements
To estimate the daily energy needs of dabbling ducks 
during spring, a weighted body mass was calculated 
for each time period to account for changes in species 
composition of dabbling duck populations during spring. 
Average body mass of adult males and females was 
obtained for all species from Bellrose (1980), and a 
balanced sex ratio was assumed.

Habitat Availability and Biomass  
and Nutritional Quality of Foods
The amount and distribution of flood-irrigated habitat in 
SONEC was determined using LandSat Thematic (TM) 
satellite imagery from February and April 2002 and from 
February and May 2003 (Fleskes and Gregory 2010). The 
amount of flood-irrigated habitat varied within and among 
years, with habitat generally increasing from February to 
May as temperatures warmed and land owners diverted 
water onto hay and pasture lands. For each SONEC 
subregion, the peak estimate of flood irrigated habitat in 
2002 and 2003 was averaged for use in the TRUEMET 
model. These peak estimates mostly corresponded to the 
April and May satellite images. Average peak amounts of 
flood irrigated habitat by subregion are presented in Table 
11. Food sampling of flood-irrigated habitats in spring 
of 2008 and 2009 indicated that these habitats provide an 
average of 152 lbs / acre of seeds that are consumed by 
waterfowl (J. Fleskes, U.S. Geological Survey, unpublished 
data). It was assumed that the giving-up density or 
foraging threshold for flood-irrigated habitats was 30 lbs 
/ acre, which reduced the food density estimate in the 
TRUEMET model to 122 lbs / acre (Naylor 2002). Finally, 
seed resources in these habitats were assumed to provide a 
TME of 2.5 kcal/g (Checkett et al. 2002).

Table 11  The amount of existing flood-irrigated habitat in 
each SONEC subregion and the amount of flood 
irrigated habitat needed to meet 100% of dabbling 
duck needs.

SONEC  
SUB-REGION

EXISTING FLOOD-
IRRIGATED 

HABITAT (ACRES)

FLOOD-IRRIGATED 
HABITAT NEEDED 
TO MEET 100% OF 
DABBLING DUCK 
NEEDS (ACRES)

Modoc Plateau 13,000 18,000

Malheur 15,300 7,000

NE California 13,500 13,000

Upper Klamath 18,800 23,000

Summer Lake 4,100 11,000

Warner Valley 7,500 14,000

Lower Klamath 7,100 Not Determined

Total 79,300 86,000a

a This estimate excludes that portion of the SONEC dabbling duck population 
that relies on the Lower Klamath Subregion.
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Model Results
The capacity of flood-irrigated lands to meet the food 
energy needs of dabbling ducks between February 6 
and May 4 (spring) was evaluated for each subregion. 
The amount of flood irrigated habitat needed to meet 
100% of dabbling duck needs during this period was 
also estimated. In some basins flood irrigated lands can 
only meet a fraction of duck energy needs during spring, 
while in other basins these habitats can provide in excess 
of 100% of bird needs. However, dabbling ducks do not 
rely exclusively on flood-irrigated habitats to meet their 
food energy requirements. Managed public lands and to 
a lesser extent managed private lands in SONEC can also 
provide important food resources. Establishing protection 
objectives for flood-irrigated lands requires a decision 
about what role publicly and privately managed wetlands 
should play in meeting the needs of spring migrating 
waterfowl. For example, if managed wetlands in the 
Warner Valley subregion can provide 50% of dabbling 
duck needs then the presumption is flood-irrigated habitats 
must provide the rest. However, estimating the capacity of 
flood-irrigated lands to meet dabbling duck needs is only 
a first step in establishing protection objectives for these 
habitats.

Modoc Plateau Subregion
There are an estimated 13,000 acres of flood-irrigated 
wetlands in the Modoc subregion. These existing habitats 
can meet the food energy needs of target dabbling duck 
populations into the third week of March (Fig. 17). An 
estimated 18,000 acres of flood irrigated lands would be 
needed to meet 100% of dabbling duck needs for the entire 
spring migration period (Table 11).

Figure 17  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the Modoc 
subregion of SONEC.

Malheur Subregion
An estimated 15,300 acres of flood-irrigated habitat 
exists in the Malheur subregion. These existing habitats 
can meet the food energy needs of target dabbling duck 
populations for the entire spring migration period (Fig. 
18). In actuality, it was estimated that only 7,000 acres of 
flood irrigated lands would be needed to meet 100% of 
dabbling duck needs for the entire spring migration period 
(Table 11).

Figure 18  Food energy (red) provided by flood-irrigated 
habitats vs. dabbling duck energy demand 
(black) during spring in the Malheur subregion of 
SONEC.

Northeast California Subregion
An estimated 13,500 acres of flood-irrigated wetlands 
occur in the Northeast California subregion, and can meet 
the food energy needs of target dabbling duck populations 
for the entire spring migration period (Fig. 19). In 
actuality, the JV estimated that only 13,000 acres of flood-
irrigated lands would be needed to meet 100% of dabbling 
duck needs for the entire spring migration period (Table 11).

Figure 19  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the NE California 
subregion of SONEC.

SOUTHERN OREGON & NORTHEASTERN CALIFORNIA (SONEC)



Intermountain West Joint  Venture  |  C o n s e r v i n g  H a b i t a t  T h ro u g h  P a r t n e r s h i p s  |  www.iwjv.org4.23

Upper Klamath Subregion
There are an estimated 18,800 acres of flood-irrigated 
wetlands in the Upper Klamath subregion. These existing 
habitats can meet the food energy needs of target dabbling 
duck populations into the first week of April (Fig. 20). An 
estimated 23,000 acres of flood irrigated lands would be 
needed to meet 100% of dabbling duck needs for the entire 
spring migration period (Table 11).

Figure 20  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the Upper 
Klamath subregion of SONEC.

Summer Lake Subregion
An estimated 4,100 acres of flood-irrigated wetlands 
exisist in the Summer Lake subregion and can meet food 
energy needs of target dabbling duck populations through 
early March (Fig. 21). An estimated 14,000 acres of flood-
irrigated lands would be needed to meet 100% of dabbling 
duck needs for the entire spring migration period (Table 11).

Figure 21  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the Summer Lake 
subregion of SONEC.

Warner Valley Sub-Region
There are an estimated 7,500 acres of flood-irrigated 
wetlands in the Warner Valley subregion. These existing 
habitats can meet the food energy needs of target dabbling 
duck populations through mid-March (Fig. 22). An 
estimated 11,000 acres of flood irrigated lands would be 
needed to meet 100% of dabbling duck needs for the entire 
spring migration period (Table 11).

Figure 22  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the Warner Valley 
subregion of SONEC.

Lower Klamath Subregion
There are an estimated 7,100 acres of flood-irrigated 
wetlands in the Lower Klamath subregion (Table 11). 
These existing habitats can only meet the food energy 
needs of target dabbling duck populations through 
early February (Fig. 23). The Lower Klamath subregion 
contains the Tule Lake and Lower Klamath National 
Wildlife Refuges, both of which have traditionally 
supported large numbers of spring migrating waterfowl. 
As a result, dabbling duck population objectives for the 
Lower Klamath subregion far surpass that of other SONEC 
subregions. It is anticipated that dabbling duck needs 
in this subregion will be largely met on refuge lands. 
Therefore, the amount of flood irrigated lands needed to 
meet 100% of dabbling duck needs was not estimated.
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Figure 23  Food energy (kilocalories) provided by flood-
irrigated habitats (red) vs. dabbling duck energy 
demand (black) during spring in the Lower 
Klamath subregion of SONEC.

Habitat Objectives for SONEC: Spring

Flood-irrigated Wetlands
The capacity of flood-irrigated wetlands to meet the needs 
of target dabbling duck populations varies widely among 
SONEC subregions. For example flood irrigated lands 
in the Malheur subregion appear able to meet > 100% of 
dabbling duck food energy needs, while flood irrigated 
habitat can only provide a small portion of duck energy 

needs in the Lower Klamath subregion. Habitat objectives 
for flood-irrigated habitat are a function of dabbling duck 
food energy needs and the fraction of energy needs to 
be met on flood-irrigated lands. Managed public lands 
and managed private lands (primarily Wetland Reserve 
Program tracts) also provide food resources for migrating 
waterfowl. Table 12 provides an estimate of the amount 
of flood-irrigated wetlands needed in each subregion 
depending on assumptions regarding the role of public 
and privately managed habitats in meeting dabbling duck 
needs.

Research has estimated that that over 70% of habitat use 
by radio-marked Northern Pintail in SONEC, excluding 
Lower Klamath subregion, occur on privately owned 
habitats during spring migration (Fleskes et al. 2013. 
Additionally, 50–75% of Northern Pintail use is estimated 
to occur in flood-irrigated habitat within five of the seven 
most important SONEC subregions for spring migrating 
Northern Pintails (Fleskes et al. 2013). The IWJV 
therefore assumes that 75% of the energy demand for 
spring migrating dabbling ducks will be met on privately 
managed flood-irrigated habitats in SONEC. Consequently, 
the IWJV habitat objective for flood-irrigated habitat 
in SONEC, outside of the Lower Klamath subregion, 
is 64,700 acres, as needed to sustain spring-migratory 
dabbling ducks at NAWMP goal levels (Table 12).

 

Table 12 The amount of flood-irrigated habitat (FIH) required to meet dabbling duck needs at various levels. Dabbling duck 
needs not met by FIH are assumed to be met by public lands or privately managed wetlands (e.g. WRP). 

SONEC
SUBREGION

EXISTING FLOOD-
IRRIGATED HABITAT 

(acres)

75% OF DABBLING 
DUCK NEEDS 

50% OF DABBLING  
DUCK NEEDS 

25% OF DABBLING 
DUCK NEEDS 

Modoc Plateau 13,000 13,500 9,000 4,500

Malheur 15,300 5,300 3,500 1,800

NE California 13,500 9,800 6,500 3,300

Upper Klamath 18,800 17,300 11,500 5,800

Summer Lake 4,100 8,300 5,500 2,800

Warner Valley 7,500 10,500 7,000 3,500

Lower Klamath 7,100 Not Determined Not Determined Not Determined

Totala 79,300 64,700 43,000 21,700

FLOOD-IRRIGATED HABITAT  
(acres) REQUIRED TO MEET

a  These estimate excludes that portion of the SONEC dabbling duck population that relies on the Lower Klamath Subregion.
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Biological Planning

Spatial Planning Unit
The Great Salt Lake (GSL) is among the largest wetland 
complexes in the western US and is internationally 
recognized for its importance to wetland dependent 
migratory birds, particularly waterfowl (Aldrich and Paul 
2002, NAWMP 2004). Bellrose (1976, 1980) suggested 
as many as 3–5 million waterfowl migrate through the 
GSL system. Although it receives only 15 inches of 
rainfall per year, it is surrounded by more than 470,000 
acres of wetlands (Aldrich and Paul 2002). Maintained 
by fresh water from the Jordan, Ogden, and Bear Rivers, 
these wetlands provide critical waterfowl habitat in the 
Intermountain West. The GSL marshes are both expansive 
and diverse, have large areas of open water, and are rich in 
a variety of invertebrate and plant food resources. These 
features are the keystone of GSL’s value to migrating 
waterfowl. The evolution of waterfowl migrations through 
GSL is related to its historic importance in providing high-
quality habitat during fall and spring migration periods.

Waterfowl use of the GSL occurs throughout the year, but 
populations are highest during migration in late summer to 
early fall and again in spring. Ducks begin arriving from 
northern breeding areas as early as June and typically 
peak in September. Most migrating ducks arrive from the 
northwestern and mid-continent breeding areas in Canada 
and Alaska, but there is some exchange of birds with other 
breeding populations such as those of the Prairie Pothole 
Region and other Intermountain West regions. Based on 
banding data, ducks migrating through the GSL winter 
mainly in the Central Valley of California and the west 
coast of Mexico, but some populations migrate to the Gulf 
Coast, interior Mexico, and even South America. Migrants 
begin returning from wintering areas in February and 
peak in March. The spring migration period through the 
GSL is generally shorter and peak populations are lower 
than those observed in the fall (Aldrich and Paul 2002). 
Duck abundance is lowest during the mid-winter period 
but some species use saline resources of the GSL during 
winter (Aldrich and Paul 2002, Vest and Conover 2011).

GREAT SALT LAKE
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Ducks constitute the vast majority of migrating waterfowl, 
but GSL also serves as a major staging area for Tundra 
Swans and Canada Geese. Approximately 75% of the 
western population of Tundra Swan migrate from Alaska 
breeding grounds and stage at the GSL before continuing 
to the Central Valley of California. Although wintering 
Tundra Swans feed in agricultural fields in many wintering 
areas, use of fields around GSL is rare. Most Canada 
Geese migrating through the GSL are part of the Rocky 
Mountain Population and it is estimated that approximately 
30% migrate or winter in the GSL system. Lesser snow 
geese and Ross’s geese historically frequented the GSL in 
spring and fall, but recently their use has been restricted 
mostly to spring (Aldrich and Paul 2002).

GSL is a terminal basin and historically most of the 
wetlands in the region were associated with the floodplain 
and terminal deltas of the Bear, Weber/Ogden, and 
Jordan Rivers (Fig. 24). However, numerous spring 
and seep wetlands in the system also provide important 
habitat for waterfowl and other wildlife. Because of its 
terminal nature and dependence on snow pack for river 
flows, the GSL system has always been a highly dynamic 
system in relation to waterfowl habitat. Decadal cycles 
of precipitation patterns were historically the largest 
driver of wetland and lake systems within the GSL 
region (Fig. 25). Increased river flows and water tables 
during wet cycles would create or recharge freshwater 
wetlands around the GSL until the saline waters of the 
lake itself began to increase and flood those freshwater 
habitats. Loss of waterfowl habitat in the GSL system due 
to saline flooding was likely compensated for in other 
Great Basin and Intermountain systems in response to 
regional increases in precipitation. During dry cycles, 
GSL elevations would recede and salinity concentrations 
increase within the main body of the GSL. Wetlands 
that had been flooded with highly saline water would 
be slowly flushed of those salts through natural river 
hydroperiods, allowing brackish and freshwater wetlands 
to re-establish. These dynamic conditions are directly 
related to high wetland productivity through space and 
time. The diversity and dynamic nature of wetland systems 
in the GSL region plays a prominent role in the observed 
diversity of not only waterfowl species but other wetland 
dependent birds.

Figure 24 Spatial planning unit for Great Salt Lake.

Figure 25  Changes in climatic conditions can have dramatic 
effect on the amount, type, and distribution of 
wetland habitats and volume of the Great Salt 
Lake.
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Significant man-made alterations have occurred within 
the GSL system over the past century, producing 
dramatic impacts on wetland resources and habitat for 
waterfowl and other wetland-dependent birds. Principally, 
development of water resources for agriculture, energy, 
industrial, and domestic use has reduced the amount and 
quality of fresh water reaching the lake and its marshes 
(Aldrich and Paul 2002, Downard 2010). The human 
population in the GSL region is growing rapidly, and 
domestic water demands will likely result in less water for 
upstream irrigation, GSL wetlands, and the GSL. Human 
development has also segmented sections of the GSL, 
disrupting hydrologic connectivity within the system. 
For example, the North Arm of the GSL is no longer 
connected to principal freshwater inflows which result 
in extreme hypersaline conditions that are unsuitable for 
waterfowl. Despite dramatic human alterations to the GSL 
system over the past century, the amount, distribution, 
availability, and quality of wetland resources in the 
GSL system remains intrinsically linked to variations in 
climatic conditions due to its terminal nature (Kadlec and 
Smith 1989, Aldrich and Paul 2002). However, increasing 
regional human demand for freshwater resources coupled 
with changes in climatic conditions (e.g., snow pack, 
spring run-off phenology, precipitation patterns) will 
create significant wetland management and conservation 
challenges (Bedford and Douglas 2008).

Today, the GSL is bordered along its eastern side by 
more than 160,000 acres of publicly (90,000) and 
privately (50,000) managed wetland habitat complexes 
(Utah Department of Natural Resources 2013). The 
Utah Division of Wildlife Resources (UDWR) manages 
eight Waterfowl Management Areas around the GSL, 
encompassing approximately 90,000 acres (Utah 
Department of Natural Resources 2013; Fig. 26). Bear 
River Migratory Bird Refuge, managed by the U.S. Fish 
& Wildlife Service, encompasses approximately 73,000 
acres and was America’s first waterfowl sanctuary, 
established by Congress on April 23, 1928 (Utah 
Department of Natural Resources 2013). All private duck 
clubs and state owned areas manage wetland habitats for 
migratory waterbirds, particularly waterfowl. In managed 
wetland impoundments, emphasis is placed on producing 
submerged aquatic vegetation (SAV) including sago 
pondweed (Potamogeton pectinatus) and widgeon grass 
(Ruppia maritima; Kadlec and Smith 1983). Unmanaged 
wetlands occur along the east shore of GSL itself, and 
are west of levees that separate managed areas from the 
lake (Figs. 25, 26). The majority of unmanaged wetlands 
are classified under “state management authority”, 
which gives DWR the ability to create and manage for 

possible future wildlife areas (Utah Department of Natural 
Resources 2013). The extent and composition of wetland 
habitat varies greatly with annual changes in lake level. 
Consequently, unmanaged areas can have greater variation 
in both emergent and submerged vegetation types, 
including pickleweed (Salicornia spp.) alkali bulrush 
(Scirpus maritimus), Olney three-square (S. americanus), 
hard-stem bulrush (S. acutus), purple loosestrife (Lythrum 
salicaria), and cattail (Typha spp.; Kadlec and Smith 
1983).

Figure 26  Managed wetland complexes in public (black 
shading) and private (gray shading) ownership 
and regions of unmanaged habitat (Bear River 
Bay, Ogden Bay, and Farmington Bay) in the 
Great Salt Lake System.

The GSL itself is a hypersaline terminal lake system 
located in north-central Utah within the Great Basin and 
Range Province and is a dominant water feature within 
the western United States (Arnow and Stephens 1990, 
Stephens 1990). At the average lake elevation of 4199.5 
ft above sea level (range: 4,192.9–4,212.6 ft), the GSL 
encompasses approximately 1,700 mi2 (range: 950–2,400 
mi2) with a maximum depth of approximately 33 ft (Arnow 
and Stephens 1990, Stephens 1990). The Southern Pacific 
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Railroad Causeway divides the GSL into two distinct 
areas with unique ecological characteristics (Figs. 25, 26). 
The North Arm of the GSL is characterized by minimal 
freshwater inflow, extreme hypersaline conditions (> 20% 
salinity) whereas the South Arm receives > 90% of the 
freshwater surface inflow into the GSL and consequently 
has lower salinity (Stephens 1990, Loving et al. 2002). 
Salinity concentrations vary inversely to lake levels in 
the GSL but have generally averaged 16% in the South 
Arm (range: 6–28%) which is approximately three times 
the salinity concentration of oceans (Arnow and Stephens 
1990, Stephens 1990, Gwynn 2002). The South Arm is 
populated by green and blue-green algae, diatoms, and 
high biomass of halophile macroinvertebrates consisting 
primarily of brine shrimp (Artemia franciscana) and brine 
flies (Ephydridae sp.). Recent research has documented 
the hypersaline South Arm of the GSL as important 
habitat to several species of wintering waterfowl (Vest 
and Conover 2011). The GSL biological planning unit also 
encompasses Utah Lake which lies 30 miles south of the 
GSL and provides additional habitat for the greater GSL 
system population of waterfowl (Fig. 24). Utah Lake is a 
freshwater lake with extensive wetland habitat along its 
eastern and southern bays.

Summary Points
1. The GSL is a terminal system and was historically 

a dynamic complex of wetland and lake habitats for 
waterfowl and remains so today, though to a lesser 
degree.

2. GSL marshes are both expansive and diverse, have 
large areas of open water, and are rich in a variety 
of invertebrate and plant food resources. These 
features are the keystone of GSL’s value to migrating 
waterfowl. The evolution of waterfowl migrations 
through GSL is likely related to its historic importance 
in providing high-quality habitat during fall and spring 
migration periods.

3. GSL serves as a continentally important staging 
area for millions of waterfowl. It is essentially 
the crossroads of the West for waterfowl that link 
northern breeding areas in the US and Canada with 
terminal wintering areas such as the Central Valley of 
California, west coast and mainland of Mexico, and 
Gulf Coast. Peak waterfowl abundance occurs during 
late summer to early fall.

4. Significant anthropogenic alterations to the GSL 
watershed have reduced quantity and quality of water 
supplies available to the lake and associated wetlands.

5. Waterfowl rely on both managed (public and private) 
and unmanaged wetland and lake complexes in the GSL 
system; some species utilize saline portions of the GSL 
during winter.

Population Objectives and Priority Species
Peak waterfowl abundance in the GSL system occurs 
during fall migration and is lowest during the mid-winter 
period (Aldrich and Paul 2002). Therefore, as noted 
above, fitting mid-winter inventory data to NAWMP 
objectives to generate monthly or bi-weekly population 
estimates is inappropriate. Thus, alternative methods were 
developed for establishing period specific population 
objectives for GSL that maintain strong linkages to 
NAWMP. However, waterfowl population estimates for 
the entire GSL ecosystem are lacking. State and federally 
managed wetland complexes are currently surveyed on a 
systematic basis for waterfowl and other waterbirds, but 
survey methodologies are inconsistent. Additionally, large 
areas of public unmanaged and private properties remain 
unsurveyed. Thus, available population estimates for the 
GSL are likely grossly conservative (Aldrich and Paul 
2002).

Between August and April 2005-06 multiple waterfowl 
surveys were conducted in the GSL ecosystem that 
encompassed state and federally managed wetland 
complexes as well as portions of the GSL that are 
unmanaged and adjacent to managed wetland complexes 
(i.e., Bear River, Ogden, and Farmington Bays; Fig. 
25). These unmanaged areas of the GSL are important 
waterfowl habitats but are typically not surveyed (Aldrich 
and Paul 2002). Thus, the fall–spring 2005-06 time period 
was chosen to characterize the spatial and temporal 
distribution of waterfowl abundance in the GSL ecosystem 
and to derive waterfowl population objectives because 
this time period comprised the most comprehensive set 
of waterfowl surveys to date during the migratory period. 
However, the 2005-06 time period was at the end of an 
extended regional drought and therefore temporal and 
spatial distribution of waterfowl may not be representative 
of “average” environmental conditions. Nevertheless, 
this was the most comprehensive data set available to 
characterize waterfowl use.

Managed Public Wetland Complexes
The Utah Division of Wildlife conducts monthly (bi-
monthly during hunting season) ground surveys of all state 
waterfowl management areas (81,756 acres) in the GSL 
system, except the 1,380 acre Timpie Springs Wildlife 
Management area. Bear River Migratory Bird Refuge 
(BRMBR), a 73,000 acre wetland/upland complex adjacent 
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to the GSL and managed by USFWS, conducts bi-weekly 
(monthly minimum) surveys of all wetland dependent 
birds. Between October and April 2005-06, personnel from 
UDWR and Utah State University conducted monthly 
aerial waterfowl surveys on the GSL including Bear 
River, Ogden, and Farmington Bays which are adjacent to 
BRMBR and UDWR managed wetland complexes and are 
hydrologically connected to the GSL (Fig. 26).

Surveys conducted on UDWR waterfowl management 
areas and at BRMBR did not encompass the total area  
of each management area. Staff from UDWR and  
BRMBR was contacted and estimates of proportional 
survey area on respective properties were obtained.  
These estimates (UDWR = 40%, BRMBR = 60%) were 
used to adjust population estimates on management 
areas (e.g., NUDWRt = NUDWRt / 0.4). Waterfowl abundance 
estimates from BRMBR weekly surveys were averaged 
during early (first 2 weeks of month) and late (last 2 
weeks of month) time periods within months, when >1 
survey/time period existed, to conform to UDWR survey 
periods. Monthly population estimates from the GSL 
aerial surveys were converted to bi-monthly estimates 
by assuming linear change in estimates between surveys. 
Estimates from each of the three surveys areas were then 
summed for each bi-monthly period October through April 
to obtain total waterfowl population estimates during 
the non-breeding period. Waterfowl abundance estimates 
were unavailable from the GSL aerial surveys in August 
and September 2005 because surveys were not initiated 
until October. We estimated GSL waterfowl abundance 
for August and September by applying the average ratio 
(= 0.80) of GSL abundance to UDWR and BRMBR 
abundance in October and November surveys because 
these months are ice-free portions of the fall migration 
period.

Privately Managed Wetland Complexes
Tens of thousands of acres of wetland habitat occur in 
private ownership in the GSL system, many of which 
are managed to varying degree by duck hunting clubs 
and provide foraging habitat for waterfowl (Aldrich and 
Paul 2002, Johnson 2007. These areas are not surveyed 
however, and waterfowl abundance estimates are 
unavailable. Wetland management on private duck clubs 
generally mimics that of state WMAs and they possess 

similar levels of hunting pressure which can influence 
waterfowl abundance and distribution. Therefore, 
waterfowl abundance was estimated on private wetlands 
by calculating the density of waterfowl on UDWR 
management areas and applying that density estimate to 
known wetland complex acreages in private ownership 
for each month August through April. Additionally, Utah 
Lake, which lies approximately 30 mi south of GSL and 
is an important component of the GSL ecosystem for 
migratory birds, is not surveyed for waterfowl. The same 
density estimate derived from UDWR managed areas was 
applied to wetland acres in Goshen and Provo Bays in 
Utah Lake to account for waterfowl using the Utah Lake 
region within the GSL ecosystem. Abundance estimates 
from UDWR managed areas, BRMBR, GSL, and private 
wetlands were then summed to obtain an overall waterfowl 
abundance estimate for each month August through April.

Population Objectives
To develop population objectives for the GSL system and 
link those objectives to the NAWMP the 2005 continental 
BPOP was assessed for the 10 most common surveyed 
duck species in the traditional survey area relative to 
NAWMP goals. All 10 species were below NAWMP 
goals at that time: Mallards (–17.6%), Northern Pintails 
(–54.3%), American Wigeon (–25.8%), Blue-winged and 
Cinnamon Teal (–2.4%), Redheads (–7.5%), Canvasback 
(–3.6%), and Scaup (–46.2%. Total GSL population 
estimates for these species were adjusted according to the 
NAWMP goals to develop GSL population objectives for 
each species. This process identified a peak population 
objective of 2.8 million waterfowl during fall migration 
(Fig. 27). This estimate approximated the lower bound of 
population abundance identified by Bellrose (1976, 1980) 
and provides an independent validation of population 
objectives identified for the IWJV.

Daily population objectives were summed within 3 non-
breeding periods to obtain total waterfowl use-days. 
Fall migration was defined as August 15–November 30, 
winter as December 1–February 14, and spring migration 
as February 15–April 31. A total of 294.4 million duck 
use-days were estimated during the entire non-breeding 
in the GSL (Fig. 27). Use-days were then summarized by 
waterfowl guild (dabbling ducks, diving ducks, and swans 
and geese) for each time period (fall, winter, spring).
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Figure 27  Total waterfowl population objectives (gray bars) 
derived from waterfowl population estimates 
(black line) for the Great Salt Lake.

Fall Population Objectives
A total of 217 million waterfowl use-days were estimated 
during fall migration in the GSL system. Dabbling 
ducks comprised 93% of total waterfowl use during fall 
migration. Northern Pintail comprised 39% of dabbling 
duck use during fall followed by Gadwall (16%), Green-
winged Teal (13%), and Mallard (13%). Diving ducks 
comprised 6% of total waterfowl use-days. Ruddy ducks 
comprised 31% of diving duck use during fall migration 
followed by canvasbacks (21%), Redheads (21%), and 
Scaup (17%); Tundra Swan and Canada Goose contributed 
to roughly 1% of total waterfowl use.

Winter Population Objectives
A total of 17.4 million waterfowl-use-days were estimated 
during the winter period with dabbling ducks accounting 
for 74% of use-days. Northern Pintails accounted for 39% 
of dabbling duck use followed by Green-winged Teal 
(23%), Mallard (21%), and Northern Shoveler (11%). 
Diving ducks accounted for 19% of total waterfowl use-
days during winter with Common Goldeneye comprising 
91% of all diving duck use. Tundra Swan and Canada 
Goose combined accounted for 6% of total waterfowl use-
days during winter.

Spring Population Objectives
A total of 60 million waterfowl-use-days were estimated 
during spring migration in the GSL system with a peak 
spring objective of 1.1 million waterfowl. Dabbling ducks 
accounted for 74% of total waterfowl use-days with 
Northern Pintail comprising 44%, Green-winged Teal 
20%, and Northern Shoveler 10%. Diving ducks accounted 
for 20% of total waterfowl use-days during spring. Scaup 
accounted for 39% of diving duck use-days, followed by 
Common Goldeneye (18%), Ruddy Duck (18%), Redhead 

(12%), and Canvasback (11%); Tundra Swan and Canada 
Goose accounted for 9% of total use-days during spring.

Northern Pintail and American Wigeon have been 
designated as Birds of Management Concern by the 
USFWS and are further classified as Game Birds Below 
Desired Condition. However, American Wigeon comprised 
a small proportion of dabbling duck objectives. The 
IWJV recognizes Northern Pintail as a priority dabbling 
duck species based on their FWS status and their 
contribution to the nonbreeding duck objectives. Redhead, 
Canvasback, and both Greater and Lesser Scaup have all 
been designated as Birds of Management Concern by the 
USFWS and as a Game Bird Below Desired Condition. 
The IWJV recognizes Scaup, Redhead, and Canvasback 
as priority species based on their USFWS status and their 
contribution to the diving duck objectives.

Limiting Factors/Species–Habitat Models
Limiting factors and species-habitat models used to 
evaluate population carrying capacity are described 
previously in this chapter under the “Structure of the Non-
breeding Waterfowl Plan” section.

Conservation Design

Landscape Characterization and Assessment:
Waterfowl in the GSL rely on publicly and privately 
managed wetland complexes as well as unmanaged 
habitats to meet energetic demands during the non-
breeding period. Rapidly increasing human demand for 
water resources in the watershed will continue to divert 
fresh water from the rivers that supply wetlands and likely 
result in decreased wetland habitat available to waterfowl. 
To justify current and future water allocation for wetlands 
within the GSL system, managers and planners must be 
able to quantify the value of these habitats to waterfowl 
and other wetland-dependent wildlife. Managed wetlands 
include state, federal, and private lands contained within 
levees and actively managed as either waterfowl or 
wetland-dependent bird habitat. Unmanaged wetlands 
primarily include shallow water areas outside of 
levees that rely on freshwater outflows from the Bear, 
Weber/Ogden, and Jordan Rivers and are immediately 
adjacent to the GSL. These unmanaged wetlands are 
under no specified management regime and are under 
the greatest threat to water diversions because they are 
currently unprotected under Utah water laws. These 
unmanaged areas are characterized by highly dynamic 
water conditions and productivity. Additionally, they 
have been periodically inundated by the highly saline 
Great Salt Lake as a result of rising lake elevations 
from extended periods of high precipitation (Kadlec 
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and Smith 1989). Unmanaged wetlands are therefore 
highly variable with respect to the amount, distribution, 
quality, and availability of resources to waterfowl. 
Thus, understanding of their availability for planning 
purposes is limited. Recent research has attempted to 
quantify waterfowl food abundance in both managed and 
unmanaged wetland habitats in the GSL (Johnson 2007). 
This work focused on wetland habitats characterized as 
submerged aquatic bed dominated by sago pondweed and 
wigeon grass. This habitat type (SAV) is a management 
priority on publicly and privately managed impoundments 
to provide food resources for waterfowl. However, 
significant amounts of shallower wetland habitats 
containing seasonal emergent macrophytes such as alkali 
bulrush, Baltic rush, Olney three-square, and salt grass are 
also available in unmanaged regions and some managed 
impoundments. TRUEMET was used to assess the current 
ability of managed habitats to meet energetic demands of 
waterfowl at given population objective levels. 

Model Inputs
Time Periods Being Modeled
The non-breeding portion of the annual cycle of waterfowl 
was divided into 3 time periods including fall migration, 
winter, and spring migration. The fall time period in the 
GSL is defined as early August 1–November 30, winter 
as December 1–February 14, and spring as February 15–
April 30. Fall migration was divided into 8 time periods; 
1) Aug1–14, 2) Aug15–31, 3) Sep 1–14, 4) Sep 15–30, 5) 
Oct 1–14, 6) Oct 15–31, 7) Nov 1–14, 8) Nov 15–30. The 
fall time period represents the time period between late 
summer and average freezing/icing conditions in the GSL 
marshes when waterfowl abundance is highest. Winter was 
divided into 5 time periods; 1) Dec 1–14, 2) Dec 15–31, 
3) Jan 1–14, 4) Jan14–31, 5) Feb 1–14. Winter represents 
the time period of lowest ambient temperature in the GSL 
system, low availability of wetland habitat due to freezing 
conditions in freshwater wetlands and consequently lowest 
waterfowl abundance. Spring migration was divided into 
five time periods; 1) Feb 15–28, 2) Mar 1–14, 3) Mar 
15–31, 4) Apr 1–14, 5) Apr 15–30. The spring time period 
represents the period of increasing temperatures, ice-
free conditions, and increases in both wetland biological 
activity and waterfowl abundance.

Population Objectives by Time Periods
The capacity of wetland habitats to meet energetic needs 
of waterfowl in the GSL was modeled on a bi-weekly 
basis from August to April 31 (Table 13). A description of 
how these population objectives were established can be 
found in the Biological Planning Section.

Table 13  Bi-weekly waterfowl population abundance 
objectives at the Great Salt Lake, Utah during the 
non-breeding season by dominant foraging guild.

TIME 
INTERVAL

DABBLING 
DUCKS

DIVING 
DUCKS

SWANS & 
GEESE TOTAL

Aug. 1-14 422,820 4,290 19,140 446,250

Aug. 15-31 1,560,380 21,290 23,310 1,604,980

Sep. 1-14 2,759,060 32,890 24,120 2,816,080

Sep. 15-30 2,076,260 74,410 14,440 2,165,100

Oct. 1-14 1,399,380 133,920 7,090 1,540,390

Oct. 15-31 1,396,110 181,050 10,440 1,587,600

Nov. 1-14 2,176,060 173,070 33,530 2,382,660

Nov. 15-30 1,405,700 234,540 56,370 1,696,620

Dec. 1-14 264,790 47,740 37,410 349,940

Dec. 15-31 182,060 43,840 10,150 236,050

Jan. 1-14 111,550 52,150 14,510 178,220

Jan. 14-31 96,560 48,470 6,300 151,330

Feb. 1-14 174,460 38,490 24,710 237,670

Feb. 15-28 392,990 57,420 35,820 486,230

Mar. 1-14 714,510 150,240 72,310 937,070

Mar. 15-31 860,940 184,140 90,950 1,136,020

Apr. 1-14 630,300 191,240 44,020 865,560

Apr. 15-30 363,130 171,690 4,830 539,650

Daily Energy Requirements
The daily energy needs of waterfowl guilds were estimated 
during migration and winter by calculating a weighted 
body mass for each two-week time period to account for 
changes in species composition within foraging guilds. 
Species composition was determined from existing survey 
data in the GSL system (refer to Population Objectives 
in the Biological Planning Section). The average body 
mass of adult males and females was obtained for all 
species from Bellrose (1980) and a balanced sex ratio 
was assumed for each species. Body mass was assumed 
constant across time for all species.

Habitat Availability and 
Biomass and Nutritional Quality of Foods
Several wetland habitat types are available to waterfowl 
within the GSL system and can be categorized broadly as 
seasonal or permanent wetlands. Habitat characterizations 
and acreage estimates for privately and publicly managed 
impoundments were determined by available NWI 
data and interpretations of recent aerial photography 
(Ducks Unlimited unpublished data). Recent wetland 
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and vegetation mapping efforts conducted by Ducks 
Unlimited was used to identify and estimate the extent 
of primary foraging habitats for waterfowl in the GSL 
system. This mapping effort provided more detailed 
assessments of potential waterfowl foraging habitat 
than available from NWI because it relied on direct 
interpretation of vegetative associations. We categorized 
wetlands into three habitat classes: 1) submerged aquatic 
vegetation (SAV), 2) seasonal emergent wetlands, and 
3) other wetlands. SAV wetlands were defined as areas 
of open water with <15% emergent vegetative cover and 
containing submerged macrophytes such as pondweeds 
and widgeon grass. The seasonal emergent wetland 
category included areas with either 1) >50% alkali bulrush 
as the dominant plant form, 2) wet meadows (>25% sedges 
and grasses), 3) playa/mudflats with >25% vegetative 
cover in salt grass, Salicornia, and/or alkali bulrush, and 
4) other seasonal wetlands with emergent vegetation not 
dominated by invasive plants (i.e., phragmites, saltcedar) 
or permanent wetland plant associations (i.e., cattail, 
hardstem bulrush). The Other Wetlands category included 
1) areas dominated by invasive plants, 2) permanent and 
semi-permanent wetlands with >75% vegetation cover 
in the form of cattails or bulrush, 3) playa/mudflat areas 
with no vegetation, or 3) riverine habitats. We assumed 
75% of vegetated playa habitat was suitable as foraging 
habitat for modeling purposes due to interspersion of 
non-vegetated areas within this habitat type. We estimated 
a total of 95,660 acres of seasonal emergent and 54,150 
acres of SAV foraging habitat (Table 14). SAV and 
seasonal emergent habitats were used to evaluate energetic 
carrying capacity of primary foraging habitats within the 
GSL system. SAV habitats are a primary management 
focus on public and privately managed wetlands and 
seasonal emergent habitats such as alkali bulrush habitats 
also receive considerable management attention in the 
GSL (Kadlec and Smith 1989). Consistent with the IWJV’s 
fall planning models for SONEC, permanent wetland areas 
dominated by robust emergent vegetation (i.e., cattail, 
hardstem bulrush) was not evaluated because their dense 
growth and vegetative structure generally make food 
resources unavailable to waterfowl. Estimates of SAV 
biomass were obtained from Johnson (2007) to calculate 
values of food density for waterfowl. Biomass estimates 
for seasonal emergent wetlands were obtained from habitat 
sampling efforts outside of GSL at other Great Basin 
wetland complexes in the Lower Klamath Basin of Oregon 
and California (Dugger et al. 2007). Plant communities 
were generally similar between GSL and those reported by 
Dugger et al. (2007). TME values from published sources 
were used to estimate food energy density (Petrie et al. 
1998, Checkett et al. 2002, Kaminski et al. 2003, Nolet 

et al. 2006, and Dugger et al. 2007). Biomass estimates 
of waterfowl food types were assigned to corresponding 
habitat acres for TRUEMET analyses.

Table 14  Estimated acres of managed and unmanaged 
wetland habitat types in the Great Salt Lake 
planning area used to evaluate carrying capacity 
for non-breeding waterfowl.

WETLAND HABITAT

MANAGEMENT
SEASONAL 
EMERGENT

SUBMERGED 
AQUATIC

OTHER TOTAL

Managed 62,550 42,210 55,140 159,900

Unmanaged 33,110 11,940 308,860 353,900

Total 95,660 54,150 364,000 513,800

TRUEMET was used to model three scenarios in the 
GSL system which included combinations of managed 
and unmanaged habitats. First, waterfowl were allowed 
to forage in both managed and unmanaged habitats to 
evaluate the ability of potential resources in the GSL to 
meet energy demands of waterfowl. Second, waterfowl 
foraging was restricted to managed habitats only to 
evaluate the potential of managed habitats to meet 
population demands. Third, the ability of managed plus 
unmanaged habitats (total) to meet population demands 
were evaluated relative to recent hydrologic trends in the 
GSL system.

Fall Migration
Information from the published literature and expert 
opinion within the GSL system was used to assign 
percentages of which habitats and food types each guild 
likely uses to satisfy their daily energy demands during 
fall migration. For dabbling ducks, Cinnamon Teal, 
Green-winged Teal, Mallard, and Northern Pintail are 
assumed to meet all of their energy demand by foraging 
on seed resources. These seed resources are comprised of 
seeds obtained from SAV (e.g., sago pondweed seeds) and 
seasonal emergent habitats. A minimum foraging threshold 
of 30 lbs./acre was applied to seed resources (Naylor 
2002). Prior to November 1, Gadwall and American 
Wigeon are assumed to meet all of their energy demands 
by foraging on leafy vegetation but after November 1, 
when leafy vegetation has senesced, they are assumed 
to meet all of their energy demands by foraging on seed 
resources. For diving ducks, all species are assumed to 
meet 25% of their food energy needs from leafy plant 
material, and 75% from tubers prior to November 1. After 
November 1, diving ducks are assumed to meet 100% of 
their energy demands from tubers. Prior to November 1, 
geese are assumed to meet 50% of their energy needs from 
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leafy vegetation and 50% from tubers, but after November 
1 they meet all of their energy demands by foraging on 
tubers. Prior to November 1, swans are assumed to meet 
10% of their needs from leafy vegetation and 90% from 
tubers, but after November 1, they meet all of their energy 
demands by foraging on tubers. A minimum foraging 
threshold of 50 lbs./acre was applied to sago tubers.

Winter
Waterfowl populations decline to their lowest levels 
during the winter time period at the GSL (Aldrich and 
Paul 2002, Fig. 14). Freshwater wetlands typically 
become frozen by mid-December and experience periods 
of thawing and freezing through winter depending on 
environmental and climatic conditions (Aldrich and Paul 
2002). Thus, available food resources during winter 
are less predictable and most waterfowl emigrate from 
the GSL. However, several species including Northern 
Shoveler, Green-winged Teal, and Common Goldeneye 
may remain through the winter and forage on hypersaline 
invertebrates to meet part of their energy demands 
(Aldrich and Paul 2002, Vest and Conover 2011). These 
three species alone comprise 43% of the total winter 
population use-days. The GSL annually produces an 
immense biomass of brine shrimp (Artemia franciscana), 
brine shrimp cysts, and brine fly (Ephydridae spp.) 
larvae which these waterfowl species forage on (Vest 
and Conover 2011). Recent research by Utah Division of 
Wildlife Resources and Utah State University suggest that 
food resources on hypersaline wetlands are not likely to be 
limiting for these wintering waterfowl (Utah Division of 
Wildlife Resources unpublished data). Consequently, the 
energetic demands of waterfowl were not modeled during 
the winter time period relative to hypersaline resources. 
However, refined estimates of hypersaline invertebrate 
densities and their availability to waterfowl will prove 
useful for future conservation planning and management 
of GSL resources (Vest and Conover 2011). Although the 
availability of wetland resources is highly unpredictable 
during winter the same foraging assumptions described for 
fall migration were retained assuming if food resources 
were available wintering waterfowl would use them.

Spring Migration
The same foraging assumptions assumed during fall 
migration were applied during spring migration and 
therefore did not alter foraging assumptions for this time 
period. It was assumed no overwinter decomposition 
of food items occurred given the cold climatic (–1°C 
average) conditions and therefore food resources carried 
through fall and winter into spring.

Model Results

The capacity of SAV and seasonal emergent wetland 
habitats to meet the food energy needs of non-breeding 
waterfowl was evaluated on managed and unmanaged 
wetland complexes adjacent to the eastern side of the 
GSL (Fig. 26). It is estimated there are 54,150 acres of 
SAV and 95,660 acres of seasonal emergent habitat in 
the planning area (Table 14). It is estimated there are 
an additional 364,000 acres of other wetland types in 
the planning area which includes open water portions of 
Farmington and Ogden Bays associated with GSL. These 
other wetland habitats were not included in bioenergetic 
assessments. Below, model results are summarized with 
respect to foraging guilds and management types.

SAV Guild: Managed and Unmanaged Habitats
Energetic calculations identify 44,700 acres of SAV 
habitat are required in the GSL system to meet the needs 
of diving ducks, swans, and geese during the non-breeding 
period. These SAV habitats appear able to meet waterfowl 
energy demands in the GSL system based on food density, 
habitat availability, and foraging assumptions used in 
developing the carrying capacity model (Fig. 28). Model 
results suggest a surplus of food energy in potential SAV 
habitats, particularly during fall migration with most 
of the energy supply provided from managed habitats. 
The lack of strong difference between managed only 
and managed plus unmanaged scenarios resulted from 
relatively low acre estimate and lower tuber biomass for 
unmanaged SAV habitats (Johnson 2007). Diving ducks, 
geese, and swans would be unable to meet their energy 
demands on unmanaged SAV habitats alone.

Figure 28  Waterfowl population energy demand (black line) 
vs. habitat energy supplies in managed only (red 
dashed line) and in managed + unmanaged (red 
solid line) submerged aquatic vegetation (SAV) 
habitats at the Great Salt Lake.
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Although these evaluations suggest sufficient SAV 
habitats exist, these analyses only reflect the potential of 
SAV habitats to meet waterfowl energy needs. SAV habitat 
estimates used here likely overestimate the amount of 
available acres. High evapotranspiration rates experienced 
at GSL (and throughout the Great Basin) result in rapidly 
declining water depths in impounded wetlands and can 
leave significant portions of these impoundments dry 
during the summer growing period unless adequate 
water supplies are provided. For example, Bear River 
Migratory Bird Refuge has only received 15% of its water 
delivery allocation between July and September over 
the last decade. Refuge managers plan that up to 75% of 
wetland units will dry because of reduced summer river 
flows and available water (Downard 2010). The refuge 
prioritizes which impoundments will receive the restricted 
water flows in order to achieve management objectives. 
However, in order to maintain adequate water flowing 
to priority impoundments requires a tradeoff of allowing 
other impoundments to dry out during this period. 
Reduced water flows also impacts the ability of the refuge 
and other management areas to provide water to important 
unmanaged SAV areas such as Willard Spur which lies 
south of the refuge boundary. 

Water availability in the GSL system is driven primarily 
by regional climatic conditions and diversions for 
agriculture and municipal uses. Water availability is 
therefore highly variable. Water inflows to the GSL system 
(including Bear River Migratory Bird Refuge) were, on 
average, 50% lower over the previous decade (2000–2010) 
compared to the long term average (1950–2010; Fig. 29). 
Consequently, SAV production has undoubtedly been 
reduced in this system over the past decade. Therefore, we 
also evaluated energetic carrying capacity of SAV habitats 
within the context of recent (i.e., 2000–2010) hydrologic 
trends (Fig. 29). Approximately 78% of SAV habitat 
occurs in the lower Bear River hydrologic component 
of the GSL system. We assumed that a 50% reduction in 
hydrologic inflows over the past decade (Fig. 29) resulted 
in a proportional reduction in available SAV habitats in 
the Bear River hydrologic portion of GSL. Consequently, 
we reduced the number of available SAV acres by these 
proportions to further evaluate energetic carrying capacity 
(i.e., 0.78 x 0.50 = 39% reduction in available SAV acres). 
This model identified a deficit in food energy just prior 
to peak population demand during spring migration (i.e., 
mid-March; Fig. 30). Given our assumptions of average 
SAV food energy density, an additional 9,300 acres of SAV 
habitat would be required to counter this energetic deficit. 
Given SAV habitat availability estimates may be biased 
high and the potentially lower surplus of SAV food energy 

during spring (Fig. 30) it is plausible waterfowl relying on 
SAV habitats in the GSL system could experience a food 
energy deficit during the spring migration period. 

Figure 29  Average water flows (cubic feet per second-CFS) 
measured at USGS gauging stations on the Bear, 
Ogden, and Jordan Rivers during three time 
periods: 1) 1950–2010 (long-term average), 2) 
1980–1990 (corresponds to GSL flooding event), 
and 3) 2000–2010 (recent drought period). 

Figure 30  Waterfowl population energy demand (black 
line) vs. habitat energy supplies in managed 
+ unmanaged submerged aquatic vegetation 
(SAV) habitats (blue line) at the Great Salt Lake 
based on a 39% reduction in available acres 
from observed hydrologic declines over the past 
decade.

Dabbling Ducks: Managed and Unmanaged Habitats
Energetic calculations identified 106,400 acres of seed 
producing habitat, primarily seasonal emergent habitats, 
are needed to meet the energy demands of dabbling ducks 
during the non-breeding period. Energetic assessments 
identified insufficient seed resources for dabbling ducks 
on managed habitats with energy deficits occurring by 
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the end of October within the fall migration period (Fig. 
31). The addition of seed resources from unmanaged areas 
resulted in generally adequate food energy resources 
through fall migration and energy supply reached 
equilibrium with population demand by late November 
(Fig. 31). However, both managed only and managed plus 
unmanaged habitat scenarios suggest inadequate seed 
resources are available for spring migrating dabbling 
ducks. Overall, this assessment identified an additional 
25,400 acres of seasonal emergent wetland habitat are 
needed to overcome energetic shortfalls in seed resources 
during the non-breeding period.

Figure 31  Population energy demand (black line) vs. habitat 
energy supplies for dabbling ducks relying on 
seed resources in managed only (red dashed 
line) and managed + unmanaged (red solid line) 
seasonal emergent habitats at the Great Salt 
Lake.

Similar to SAV habitat assessments, seed resource 
assessments also assumed that all seasonal emergent 
habitat acres are available and suitable for foraging. 
In an attempt to more accurately reflect availability 
due to environmental conditions we applied a reduced 
habitat scenario similar to that conducted for SAV 
habitats. Approximately 67% of inventoried seasonal 
emergent habitat on the eastern portion of GSL (Ducks 
Unlimited, unpublished data) occurs in the lower Bear 
River component. We assumed that a 50% reduction in 
hydrologic inflows over the past decade (Fig. 29) resulted 
in a proportional reduction in available seasonal emergent 
habitats in the Bear River hydrologic portion of GSL. 
Therefor, we reduced the number of available acres by 
these proportions to further evaluate energetic carrying 
capacity (i.e., 0.67 x 0.50 = 34% reduction in available 
seasonal emergent acres). This model identified a deficit 
in food energy occurring in late October prior to peak 
energy demand (Fig. 32). Given our assumptions of 

average seed energy density, an additional 52,600 acres 
of seed producing habitat (primarily seasonal emergent) 
would be required to counter this energetic deficit.

 

Figure 32  Dabbling duck population energy demand (black 
line) vs. habitat energy supplies from seed 
resources in managed + unmanaged seasonal 
emergent habitats (blue line) at the Great Salt 
Lake based on a 34% reduction in available acres 
from observed hydrologic declines over the past 
decade.

Model Interpretations
Waterfowl remain abundant in the GSL system through 
fall with estimates of dabbling ducks alone exceeding 
1 million in October and November. Clearly, dabbling 
ducks in the GSL system must be able to obtain food 
resources exceeding the estimates used for seed resources 
in these models. The disparity between seed energy 
supply versus dabbling duck population demands requires 
exploration of mechanisms that may influence this 
disparity. First, the foraging assumptions may require 
refinement. If either SAV vegetation or tubers are an 
important component of dabbling duck diets (save for 
Gadwall and American Wigeon), these models will 
require appropriate adjustments. Similarly, if aquatic 
invertebrates are important food resources for waterfowl 
then it will be necessary to re-parameterize these 
models. Kadlec and Smith (1989) identified the need 
for better information relating waterfowl food resources 
to waterfowl physiological requirements in Great Basin 
marshes, including GSL. Unfortunately, little progress 
has been made during this time and reliable estimates 
of waterfowl resource selection at the GSL is currently 
lacking. Secondly, estimates of seed biomass obtained 
from other Great Basin marshes may not be an adequate 
proxy for seed biomass in the GSL system. However, 
seed biomass estimates from emergent marsh habitats in 
the GSL are currently unavailable and plant communities 
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in habitats dominated by alkali bulrush were generally 
similar between locations. Thirdly, many bioenergetics 
analyses have ignored, as here, the potential value of other 
wetland habitats to provide food resources to waterfowl. 
Waterfowl managers have been reasonably successful in 
reliably estimating waterfowl food resources in agriculture 
(e.g., Stafford et al. 2006) or intensively managed moist-
soil habitats (e.g., Naylor et al. 2005, Kross et al. 2008). 
However, waterfowl managers have been less successful 
at deriving reliable estimates from other wetland habitats 
including unmanaged areas. In summary, investments 
to improve understanding of wetland productivity and 
waterfowl resource selection at the GSL will greatly 
improve wetland management strategies there. 

Conservation Needs
These analyses highlight several key information needs in 
the GSL that are required to fully inform whether current 
wetland resources are able to meet the physiological 
requirements of non-breeding waterfowl. Primarily, 
reliable biomass estimates of potential waterfowl 
foods are needed in managed and unmanaged emergent 
wetland habitat. Improved understanding and estimation 
of the spatiotemporal variability of wetland resources 
are needed to better inform conservation targets. 
Additionally, improved understanding of waterfowl 
resource selection in the GSL system is needed to refine 
foraging guild assumptions. Although uncertainty exists 
in these energetic carrying capacity assessments, these 
models generally suggest that waterfowl relying on SAV 
vegetation and tubers likely have sufficient resources 
during fall migration. However, this relationship is 
more tenuous during spring migration. Consequently, 
maintaining existing management infrastructure and 
capabilities on privately and publicly managed SAV 
habitats in the GSL will be vital to ensuring waterfowl 
population demands are met. 

Perhaps the greatest conservation challenge for meeting 
waterfowl, and other wildlife, population demands in 
the GSL system will be the access to sufficient water 
supplies. Water is needed not only to meet the needs 
of managed marshes but also to supply the expanse of 
unmanaged wetlands that exist below dikes (Aldrich 
and Paul 2002). Water needs have long been recognized, 
but assessments of wetland water requirements have not 
been comprehensively assessed in the GSL system since 
Jensen (1974) estimated 1.5 million acre-feet of water is 
required annually to sustain GSL marshes. This represents 
approximately 80% of the 1.9 million acre-feet of surface 
inflow reaching the main body of the GSL itself. The 
IWJV is unaware of any comprehensive assessment of 

water held by state, federal, and private interests for 
wetland management in the entire GSL system. Intense 
demands to transfer “surplus” water to municipal use 
may ultimately limit water delivery capacity (Aldrich and 
Paul 2002, Bedford and Douglas 2008, Downard 2010). 
For example, the Utah Division of Water Resources has 
been directed to develop an additional 275,000 acre 
feet of Bear River water to support the rapid population 
growth in the Wasatch Front although many Bear River 
water users believe the system is already fully allocated 
(Downard 2010). Thus, identifying and quantifying water 
needed to meet waterfowl objectives will be a critical 
step for wetland conservation. Providing reliable water 
delivery for wetland systems will require innovative 
and collaborative approaches with a diverse group of 
stakeholders. 

Water quality issues in the GSL system are also of 
significant concern to wetland and wildlife managers. 
Elevated concentrations of some environmental 
contaminants (e.g., mercury, and selenium) have been 
detected in the GSL system including waterfowl and 
other wetland dependent birds (Naftz et al. 2008; Vest 
et al. 2009; Conover and Vest 2009a,b). High nutrient 
loading into GSL wetlands, especially in Farmington Bay 
wetlands, has caused extensive algal blooms and mats to 
limit the productivity of SAV beds and alter invertebrate 
community dynamics. Consequently, foraging resources 
for waterfowl have been reduced. 

Another primary stressor to the availability of waterfowl 
foraging habitats is the persistence of exotic plants in the 
GSL, primarily Phragmites (common reed) and tamarisk 
(salt cedar). Invasion and spread of phragmites throughout 
the GSL system has significantly diminished the quality 
of both managed and unmanaged wetland habitats. 
Dense, monotypic stands of phragmites have replaced 
native vegetation such as alkali bulrush and other seed-
producing wetland plants. Recent mapping efforts suggest 
over 23,000 acres of phragmites occur in the GSL system 
(Lexine Long, Utah State University, unpublished data). 
Treatment of these exotic plants and restoration back to 
native plant communities that provide food resources for 
waterfowl could meet up to 90% of the seed energy deficit 
identified in carrying capacity evaluations. Control of 
exotic and undesirable plant communities at GSL will be 
a continual challenge for wetland habitat managers and 
conservation partners. Consequently, wetland restoration 
and enhancement activities that addresses exotic plant 
stressors will play a prominent role in meeting waterfowl 
objectives in the GSL landscape.
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Biological Planning

Spatial Planning Unit
The Columbia Basin (CB) planning unit encompasses most 
of eastern Washington and the northern portion of Gilliam, 
Morrow, and Umatilla counties in Oregon (Fig. 31). 
Elevations range from 160 feet above sea level along parts 
of the Columbia River to nearly 4,000 feet on isolated 
hills. Precipitation increases from west to east, with most 
of the region receiving between 8 and 14 inches annually. 
With its low elevations and moderating maritime effect 
annual temperatures average between 40 °F and 57 °F, 
though temperatures can range from sub-zero to over 100 °F.

Figure 33  The Columbia Basin Spatial Planning Unit of 
eastern Washington.

Prior to the initiation of 
the Yakima and Columbia 
Basin Irrigation Projects 
the CB consisted mostly 
of arid shrub-steppe lands 
and provided relatively 
little waterfowl habitat. 
Delivery of irrigation 
water from the Yakima 
began in 1910 while the 
Columbia Basin projects 

began in 1950 respectively. The Yakima Irrigation Project 
was initiated in the early 1900’s and largely completed by 
the 1930’s while the Columbia Basin Project was largely 
constructing during the 1950’s and 1960’s, with lesser 
acreage added sporadically through the 1980’s.

The Yakima and Columbia 
Basin projects brought 
water to the desert and 
fundamentally changed 
the landscape from desert 
to agriculture. Nearly 
65,000 acres of corn was 
being grown annually in 
the Basin by 1960. 
Development of the 

irrigation projects not only provided field feeding 
opportunities for waterfowl, but also resulted in the 
impoundment and subsequent manipulation of water levels 
on the Snake and Columbia rivers (Ball et al. 1989). These 
impoundments provided roosting habitats that were 
adjacent to abundant food supplies, remained largely 
ice-free, and provided a refuge from hunting. In some 
impounded areas water depths were shallow enough to 
support submerged aquatic vegetation (SAV) and some 
river stretches like Wells Pool became known for their 
phenomenal SAV production.

Ice age floods that 
originated from Glacial 
Lake Missoula had 
previously carved 
topographical depressions 
throughout the CB, and 
many of these filled with 
water as the Yakima and 
Columbia Basin irrigation 
projects raised water 

tables in the region. The best known of these water bodies 
is the 27,000 acre Potholes Reservoir, which serves as a 
major storage facility for irrigation water. Irrigation runoff 
from farmlands is now channeled through other drainage 
ways such as the Winchester and Frenchman Wasteways 
and returned to the Potholes Reservoir for future use. The 
combination of topographical depressions and a rising 
water table resulted in thousands of acres of seep wetlands 
and lakes throughout the CB.

Although most of the wetlands that resulted from the 
irrigation projects are largely “unmanaged”, they initially 
provided important waterfowl foods. However, food 
production in these wetlands is thought to have declined 
as a result of wetland succession, invasive plant species, 
and carp infestation. In fact, recent sampling of plant 
communities in them indicated little or no production 
of waterfowl foods. Today, most of the wetlands that 
provide abundant waterfowl food sources during fall and 
winter are likely confined to publicly managed habitats 
(Washington Department of Fish and Wildlife 2007).
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Mallards quickly responded to the combination of 
irrigated agriculture and newly created roosting and 
wetland habitat. Mid-winter counts of Mallards in the 
CB remained fairly steady between 50,000 and 100,000 
between 1943 and 1950, then increased steadily to a peak 
of over 1,000,000 birds in January 1964 (Fig. 32). Since 
then Mallard numbers have varied widely. Mid-winter 
counts declined from the late 1960’s through the 1970’s 
before rebounding somewhat in the 1980’s and early 
1990’s. During the past decade Mallard numbers have 
been significantly lower compared to most of the previous 
forty years. Mallards remain by far the most abundant 
duck in the CB during fall migration and wintering 
periods, however, accounting for about 60 percent of all 
dabbling ducks present in October and 85–90 % of those 
present in November through February (Fig. 33). Scaup 
(lesser and greater spp. combined) account for 50–60% of 
wintering diving ducks (Fig. 34).

Figure 34  Mid-winter Mallard counts in the Columbia Basin 
from 1955-2010.

Figure 35  Species composition of dabbling duck 
populations surveyed in the CB from October 
to February. Results based on average monthly 
counts from mid 1970’s – mid 2000’s.

Figure 36  Species composition of diving duck populations 
surveyed in the Columbia Basin from October to 
February. Results based on average monthly 
counts from mid-1970’s – mid-2000’s.

Although it is widely accepted that Mallard numbers in the 
CB are higher than in the pre-irrigation era it seems likely 
that American Wigeon and some species of diving ducks 
like Scaup have increased as well. These species would 
have benefited from an increase in SAV along impounded 
areas of the Columbia and Snake Rivers. Not surprisingly, 
American Wigeon are the second most abundant dabbling 
duck in the Columbia Basin and their numbers are higher 
now than at any time since the 1970’s (Fig. 35). Scaup 
numbers in the CB are also highest now since surveys 
were begun in the 1970’s (Fig. 36).

Figure 37  Average peak counts of American Wigeon in the 
Columbia Basin from the 1970’s–2000’s. Peak 
American Wigeon counts usually occurred during 
November.
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Figure 38  Average peak counts of Lesser and Greater 
Scaup (combined) in the Columbia Basin from  
the 1970’s–2000’s. Peak Scaup counts usually 
occurred during November.

For species that are not strongly associated with 
agriculture or do not rely on SAV the benefits of irrigation 
are less clear, Northern Pintails and Green-winged Teal 
providing cases in point. Populations of both species in 
the CB appeared to have been highest in the 1970’s or 
1980’s but declined thereafter (Fig. 37). Both species 
are known to rely heavily on wetland plants that produce 
abundant seeds, and the decline in wetland productivity 
throughout the CB may have made the region less 
attractive over the past 20 years. However, even peak 
counts of Northern Pintail and Green-winged Teal using 
the CB in the 1970’s and 1980’s were relatively small 
compared to those in most migration and wintering areas 
(e.g., Central Valley of California). Although a decrease 
in wetland productivity may have also contributed to the 
recent decline in Mallard numbers, Mallard diets in the 
CB even thirty years ago were almost exclusively corn 
(Rabenberg 1982).

Figure 39  Average peak counts of pintail (black) and green-
winged teal (gray) in the Columbia Basin from the 
1970’s–2000’s.

Irrigation has undoubtedly increased the amount of 
wetland habitat available to fall migrating and wintering 
waterfowl in the CB. However, both the Yakima and 
Columbia Basin irrigation projects also resulted in the 
large-scale loss of floodplain wetlands (Washington 
Department of Fish and Wildlife 2007). Most floodplain 
wetlands in the CB were likely seasonal in nature and 
may have received most of their water in spring when 
river and creek flows were highest. This would have made 
them especially important to spring-migrating waterfowl. 
Floodplain habitat has also been lost outside of the 
irrigation project areas. Levees, overflow drainage canals, 
and large diversion structures have been constructed 
to regulate creek flows and protect floodplain farm 
fields from unwanted flooding. These alterations have 
completely changed the hydrology of many primary 
and secondary streams and their associated wetlands 
throughout the CB. Many of these streams are largely 
disconnected from their floodplain which has undoubtedly 
resulted in the loss of spring migration habitat.

Summary Points
1. Irrigation projects in the CB have greatly increased 

the region’s attractiveness to waterfowl compared 
to historic times. Irrigation has produced abundant 
field feeding opportunities and large amounts of 
roosting habitat by creating new wetlands and river 
impoundments.

2. Although Mallard numbers in the CB have varied 
widely over the past fifty years, they continue to 
dominate the region’s overall duck population. 
Populations of other dabbling and diving duck species 
are low compared to other major wintering areas, 
though some species such as American Wigeon and 
Scaup likely exceed historic levels because of increases 
in SAV.

3. Many of the wetlands that resulted from the irrigation 
projects have declined in terms of waterfowl food 
production. Although species such as Northern Pintail 
and Green-winged Teal may have been negatively 
affected by this decline in productivity, these species 
were never abundant even when their populations 
peaked in the CB during the 1980’s.

4. Although irrigation has undoubtedly increased the 
overall amount of wetland habitat in the CB, net losses 
have likely occurred in floodplain wetlands historically 
important to spring migrating waterfowl.
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Population Objectives and Priority Species
Joint Ventures have been encouraged to identify priority 
waterfowl species and to develop explicit population 
objectives for these species. The JV recognizes three 
waterfowl groups based on habitat use and foraging 
ecology -- dabbling ducks, diving ducks, and geese 
and swans. Where possible, population objectives were 
established for all species in a waterfowl group. Priority 
species were then identified based on the designation as 
USFWS bird of management concern, and the relative 
abundance of a species in its waterfowl group. Biological 
requirements of these priority species are discussed below.

Columbia Basin
Ducks
In 1986 the NAWMP developed continental population 
objectives for North American duck species based on 
environmental conditions and breeding waterfowl numbers 
from 1970–1979. Waterfowl populations in the 1970’s met 
the demands of both consumptive and non-consumptive 
users and provided a basis for future conservation efforts. 
Population objectives from the NAWMP have been 
“stepped down” to Joint Ventures that support migrating 
and wintering waterfowl. By combining information 
from the mid-winter waterfowl survey with estimates of 
waterfowl harvest and mortality, population objectives for 
the mid-winter period (early January) were established for 
all counties in the U.S. Counties were then combined to 
develop Joint Venture mid-winter population objectives 
(Koneff 2003).

The NAWMP mid-winter objective for dabbling and 
diving ducks in the CB is presented in Table 15. Mallards 
account for 82% of the dabbling duck objective, American 
Wigeon 12%, Northern Pintail 3%; Green-winged Teal, 

Northern Shoveler, and Gadwall account for the remaining 
3%. Scaup account for nearly 80% of the diving duck 
mid-winter objective, while Canvasback, Ruddy Duck, 
Redhead, and Ring-necked Duck make up the rest.

Population objectives stepped down from the NAWMP 
only apply to the mid-winter period, but, migrating and 
wintering waterfowl are present in the CB for several 
months and population objectives must be established 
for this entire time period as well. Other Joint Ventures 
that support large numbers of migrating and wintering 
waterfowl typically establish population objectives on 
a bi-weekly or monthly basis (e.g., Central Valley Joint 
Venture 2006). In some cases these bi-weekly or monthly 
population objectives are developed by combining the 
Joint Venture’s mid-winter NAWMP objective with data 
on waterfowl migration chronology (Petrie et al. 2011). 
For example, assume that a Joint Venture has a mid-winter 
(January) NAWMP objective of 100,000 dabbling ducks. 
Monthly surveys indicate that dabbling duck numbers in 
November average 80% of January numbers. Thus, the 
population objective for November is 80,000 birds (0.8 
* 100,000). The advantage here is that the November 
objective is tied to the NAWMP by “fitting” migration 
data to the NAWMP mid-winter objective.

Washington Department of Fish and Wildlife has 
conducted monthly surveys of waterfowl in the CB since 
1975 using fixed-wing aircraft. These surveys include all 
months from October through February, though February 
surveys were discontinued after 1984. The JV fitted this 
migration data to NAWMP mid-winter objectives for all 
dabbling and diving duck species in the CB to generate 
monthly population objectives between October and 
February (Table 16).

Table 15  Columbia Basin mid-winter duck population objectives. Mid-winter population objectives  
do not necessarily correspond to peak population objectives.

BIRD GROUP/
PRIORITY SPECIES

MID-WINTER
POPULATION OBJECTIVEB

U.S. FISH & WILDLIFE  
SERVICE STATUS CONTINENTAL POPULATION STATUSC

Dabbling Ducks 686,494

Mallarda 561,747 GBBDC No trend

American Wigeona 83,272 GBBDC Decreasing

Northern Pintaila 22,399 GBBDC Decreasing

Diving Ducks  101,011

Scaupa 80,225 GBBDC Decreasing

a Priority species 
b Mid-winter population objective derived from the North American Wildlife Management Plan 
c Population trend 1970-2006 
GBBDC – Game Birds Below Desired Conditions
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Table 16  Monthly population objectives for dabbling ducks, diving ducks, and geese in the Columbia Basin.

SPECIES OCTOBER NOVEMBER DECEMBER JANUARY FEBRUARY

Mallard 147,335 555,243 642,369 561,747 328,755

American Wigeon 99,345 114,915 111,584 83,272 51,629

Northern Pintail 20,608 31,359 28,223 22,399 17,247

Green-Winged Teal 24,815 32,590 20,513 16,543 8768

Gadwall 1,835 1,850 1,195 7,71 995

Northern Shoveler 3,084 3,947 3,207 1,762 1,057

Dabbling Ducks 297,022 739,904 807,091 686,494 408,451

Scaup 73,005 110,711 111,513 80,225 100281

Canvasback 6,137 8,486 9,471 7,577 7,425

Redheads 6,158 4,495 3,325 3,079 2,340

Ring-necked Duck 2,540 3,852 3,879 2,791 3,489

Ruddy Duck 6,678 10,128 10,201 7,339 9,173

Diving Ducks 94,518 137,672 138,389 101,011 122,708

Total Ducks 391,540 877,576 945,480 787,505 531,159

Canada Geese 43,313 60,865 39,979 25,860 ND

ND – Not Determined

Aerial surveys of waterfowl in the CB are not available 
for March and April so establishing population objectives 
using the method above is not possible for these months. 
However, during winter 2000–2003 one hundred and forty 
female Northern Pintails were captured in the Central 
Valley of California and fitted with back-mounted satellite 
transmitters (Miller et al. 2005). One objective of this 
study was to identify spring migration routes and staging 
areas used by Northern Pintails prior to arrival on the 
breeding grounds. Most Northern Pintails that use the CB 
in spring probably originate from wintering populations 
in California and southern Oregon. If Northern Pintails 
marked with satellite transmitters in the Central Valley are 
representative of these wintering populations and the size 
of these populations is known, then the fraction of marked 
birds located in the CB may be used to establish a spring 
pintail population objective.

Mid-winter population objectives for pintails have 
been stepped down from the NAWMP to all California 
and southern Oregon counties. Collectively these mid-
winter objectives total 3,004,000 birds. A more complete 
description of how these mid-winter objectives were 
established can be found below in the SONEC section of 
this plan. Five percent of all birds marked in the Central 
Valley were located in the CB during April (Miller et 
al. 2005). Assuming that 5% of all pintails wintering in 

California and southern Oregon migrate through the CB 
in April, then up to 150,000 pintails may rely on the CB 
in spring (Fig. 38). Unfortunately, it is not possible to 
estimate the number of other waterfowl that might use 
the CB during spring migration. However, mid-winter 
population objectives for all dabbling ducks in California 
and southern Oregon total 6,085,000 birds. If five percent 
of these birds also use the CB in spring this would equal 
roughly 300,000 ducks.

Figure 40  Monthly population objectives for Northern 
Pintails in the Columbia Basin
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Mallards, Northern Pintail, and American Wigeon have all 
been designated as birds of Birds of Management Concern 
by the USFWS and are further classified as Game Birds 
Below Desired Condition. The IWJV recognizes Mallards 
and American Wigeon as priority dabbling duck species 
based on their USFWS status and their contribution to the 
dabbling duck mid–winter objective (Table 15). Although 
selecting priority species based on mid-winter abundance 
can overlook dabbling ducks that reach peak numbers 
during fall or spring, Mallards and American Wigeon 
remain the most numerous dabbling duck species in the 
CB from October through February (Fig. 33). Although 
Northern Pintail numbers in the CB are relatively low 
during these months, they are also considered a priority 
species. This designation was due to the likelihood that 
significant numbers of Northern Pintail use the CB during 
spring (Fig. 38). Between 1970 and 2006 continental 
Mallard populations showed no significant trend while 
populations of American Wigeon and Northern Pintail 
declined (Table 15). Continental populations of non-
priority species including Green-winged Teal, Gadwall, 
and Northern Shovelers all increased during this period 
(North American Waterfowl Management Plan Continental 
Progress Assessment 2007).

Both Greater and Lesser Scaup have been designated as 
Birds of Management Concern by the FWS and are further 
classified as a Game Bird Below Desired Condition. The 
JV recognizes scaup as priority species based on their 
FWS status and their contribution to the diving duck goal 
(Table 15). While other diving ducks have been given 
similar FWS status they are not considered priority species 
due to their low numbers in the CB. Moreover, continental 
populations of non-priority diving duck species in CB 
increased or were stable between 1970 and 2006 (Progress 
Assessment of the North American Wildlife Management 
Plan 2007).

Geese
Many North American goose and swan populations have 
significantly increased from the 1970’s or have undergone 
major changes in wintering distribution. As a result, Joint 
Ventures are advised to use more recent information 
when establishing population objectives for geese and 
swans (M. Koneff pers. comm.). Nearly all geese that 
occur in the CB during the non-breeding period belong to 
the Pacific population of western Canada geese (Branta 
canadensis moffitti). To establish monthly population 
objectives counts of Canada geese were averaged from 
2001 to 2005 (Table 16).

Fitting migration data to a NAWMP mid-winter objective 
is recommended for areas like the CB that experience 
peak bird abundance at or near the mid-winter period 
(Petrie et al. 2011). However, this approach does not work 
well for planning units that largely serve as migration 
habitat. In these areas peak bird abundance usually 
occurs in spring or fall, and mid-winter populations are 
often small. NAWMP mid-winter objectives for these 
areas are correspondingly small and are likely associated 
with a high degree of sampling error. As a result, fitting 
migration data to these NAWMP objectives to generate 
monthly or bi-weekly population objectives is not 
recommended (Petrie et al. 2011).

Limiting Factors/Species–Habitat Models
Limiting factors and species-habitat models used to 
evaluate population carrying capacity are described 
previously in this chapter under the “Structure of the Non-
breeding Waterfowl Plan” section.

Conservation Design

Landscape Characterization and Assessment: 
Columbia Basin
Factors Influencing Mallard Numbers in the CB:  
A Review of Earlier Work
Prior to conducting an analysis of carrying capacity some 
of the factors thought to influence Mallard numbers in 
the CB were reviewed. Mallards make up 85–95% of all 
dabbling ducks in the CB and rely on corn for > 95% 
of their diet after mid-November (Fig. 33: Rabenberg 
1982). Parallel changes in Mallard numbers and field 
corn acreage in the CB have attracted the interest of 
waterfowl managers for over 50 years (Lauckhart 1961, 
Galbreath 1962). In the 1940’s and early 1950’s mid-
winter Mallard numbers in the CB remained relatively 
constant between 50,000 and 100,000 birds during a time 
when less than 10,000 acres of corn was planted annually 
in the CB (Rabenberg 1982). Between 1952 and 1959 corn 
production in the CB increased from 7,500 acres to nearly 
65,000 acres (United States Department of Agriculture 
National Agricultural Statistics Service [USDA-NASS] 
2005). In 1955 the USFWS began standardized mid-winter 
waterfowl surveys. From 1955 to 1959 mid-winter counts 
of Mallards in the CB increased from 280,000 to 840,000 
birds (Fig. 39).
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Figure 41  Mid-winter Mallard counts and acres of planted 
corn in the Columbia Basin from 1955–1980.

The initial increase in CB Mallard populations was 
influenced by increases in corn acreage. However, 
beginning in the early 1960’s the relationship between 
corn production and Mallard numbers became less clear 
and not necessarily one of cause and effect (Ball et 
al. 1989). From 1960 to 1980 there was no correlation 
between mid-winter Mallard counts and the amount 
of corn planted in the Columbia Basin; when Mallard 
numbers peaked in 1964 corn acreage had declined 50% 
since 1960 (Fig. 39; Ball et al. 1989).

Mid-winter counts of Mallards in the CB significantly 
declined from the mid 1960’s through the late 1970’s 
(Fig. 39). The decline prompted further research into 
factors influencing CB Mallard numbers. Buller (1975) 
first suggested that Mallard numbers in the CB may be 
partially dependent on breeding distribution the previous 
breeding season. Breeding Mallards displaced from the 
southern Alberta prairies during drought migrate into 
northern Alberta, Alaska, and the Northwest Territories 
(Hansen and McKnight 1964, Pospahala et al. 1974). This 
northwest “shift” of Mallards during drought periods 
aligns them geographically with the CB and may increase 
the probability that these birds migrate through the CB 
(Fig. 40). Banding data indicate that areas northwest of 
southern Alberta supply 50–60% of the Mallards harvested 
in Washington and Oregon and may provide an even 
greater percentage of the Mallards present in the CB 
during mid-winter (Munro and Kimball 1982).

Figure 42  Periods of increase and decline in Columbia 
Basin mid-winter Mallard counts from 1955–2006. 
Orange line identifies period trends.

Rabenberg (1982) examined the relationship between 
midwinter Mallard populations in the Columbia Basin and 
numerous variables. Ball et al. (1989) provide a summary 
of this work; “Estimated Mallard breeding populations in 
southwest Alberta were negatively correlated with those 
in Alaska and the Yukon. Wintering Mallard populations 
in the CB were negatively correlated with those the 
previous spring in southwest Alberta. In addition, 
midwinter Mallard numbers in the CB were positively 
associated with warmer temperatures in November and 
negatively associated with snow cover in January.” 
The IWJV concludes that, although corn is responsible 
for attracting large numbers of wintering Mallards to 
the CB and is necessary to sustain these populations, 
other factors are important also. The size of the Mallard 
population remaining in the CB during early January 
(the time of mid-winter surveys) seems to depend partly 
upon distribution of birds on breeding grounds the 
previous spring and partly upon the influences of early 
winter weather patterns on Mallard arrival dates, rates of 
southward migration, chronology of the corn harvest, and 
snow and ice cover.

The conclusion of Rabenberg (1982) that mid-winter 
Mallard numbers in the CB were likely to be higher in 
drought years is particularly interesting. Mid-winter 
Mallard counts in the early 1960’s were among the highest 
ever recorded in the CB even though the Canadian Prairies 
were in a period of significant drought. Conversely, 
Mallard numbers in the CB during much of the 1970’s were 
half that of the early 1960’s despite breeding conditions 
in prairie Canada in the 1970’s being favorable (Fig. 39). 
Finally, the Rabenberg (1982) analysis of Mallard numbers 
in the CB relied on data from 1952 to 1980. Beginning in 
1981 mid-winter counts of Mallard began to rise in the CB 
and stayed high throughout much of that decade (Fig. 32). 
High CB Mallard numbers in the 1980’s coincided with 
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another drought on the Canadian prairies and seemed to 
support Rabenberg’s earlier conclusions.

Factors Influencing Mallard Numbers in the CB: 
An Updated Analysis
Nearly thirty years have elapsed since Rabenberg’s 
analysis and the subject was revisited for this plan using 
data from 1955–2006. Rabenberg (1982) focused on 
the relationship between mid-winter Mallard numbers, 
weather, corn production, and the distribution of breeding 
Mallard populations the previous spring. The updated 
analysis excluded effects of winter weather and evaluated 
the relationship between mid-winter Mallard numbers, 
corn production, and breeding Mallard distribution. 
The overall conclusions of that analysis and a general 
discussion of this approach are found below.

This analysis included all years between 1955 and 2006, 
and, mid-winter Mallard counts displayed little overall 
trend over that time period. However, two relatively 
distinct periods of mid-winter Mallard population 
increases and two periods of decline have occurred over 
the 50-year period. The first period of increase occurred 
between 1955 and 1964, and the first period of decline 
occurred between 1964 and 1979. These first two periods 
were adopted from Rabenberg (1982), though his data 
set actually spanned 1952–1980. The second period of 
increase occurred between 1979 and 1992. After 1992 
mid-winter Mallard counts entered another period of 
decline (Fig. 40).

For all years as well as for each of the four time periods 
mid-winter Mallard counts were modeled as a function 
of planted corn acres, the number of Mallards counted 
in southern Alberta (SAB) during breeding pair surveys, 
and the number of Mallards counted in northwest (NW) 
breeding pair strata. Mallard counts were also modeled as 
a function of these three variables for 1956–1979, which 
generally corresponds to the period of Rabenberg’s (1982) 
analysis. An information theoretic approach and Akaike’s 
information criteria (AIC) was used to select the ‘best” 
approximating model. SAB was defined as breeding pair 
strata 26–29, and strata 75. The NW breeding pair strata 
included strata 13–15, 17, and 76–77 of the annual North 
America Breeding Waterfowl Population and Habitat 
Survey. NW strata were assumed to cover areas in which 
drought displaced Mallards from SAB are likely to be 
observed during the breeding pair survey. Rabenberg 
(1982) had included Alaska as another area that might 
contain drought displaced birds but the state was not 
included here. Alaska has experienced significant increases 
in breeding Mallard numbers since the 1970’s and 
including it likely would have confounded some results.

For all years (1955–2006) the best approximating model 
for explaining mid-winter Mallard counts in the CB 
included SAB Mallards. No other explanatory variables 
(i.e., corn acres or NW strata) were retained in this best 
fit model. However, the relationship between CB Mallards 
and SAB Mallards was weak (Fig. 41). Moreover, 
Rabenberg (1982) found a negative or inverse relationship 
between CB Mallards and SAB Mallards while the current 
analysis suggested a slightly positive relationship. For 
the first period of increase (1956–1964) none of the three 
explanatory variables were retained and there was no 
best fit model. In other words, CB wintering Mallards 
showed no relationship of any kind to corn, or to breeding 
Mallard populations the previous year in either SAB or 
NW strata. For the first period of decline (1964–1979) the 
best approximating model included only corn. However, 
the relationship between CB Mallards and corn was 
negative, indicating that the relationship was spurious and 
had no biological basis (Fig. 42). For the second period of 
increase (1979–1992) the best model included only NW 
strata. However, the relationship between CB Mallards 
and NW strata was negative. Rabenberg (1982) suggested 
that a positive relationship between CB Mallards and 
the number of drought displaced Mallards might exist, 
though he also found no statistical evidence for this. 
For the second period of increase (1992–2006) the best 
model explaining CB Mallard counts included only SAB 
Mallards. However, the relationship was again positive, 
not negative as Rabenberg (1982) had found. For the 
period that corresponded to the Rabenberg (1982) analysis 
(1955–1979) none of the three explanatory variables were 
retained and there was no best fit model.

Figure 43  The relationship between mid-winter counts of 
mallards in the Columbia Basin (CB) and the 
size of mallard breeding populations in southern 
Alberta (SAB) the previous spring.
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Figure 44  Relationship between total corn acres and mid-
winter mallard counts in the Columbia Basin 
years 1964–1979.

This updated analysis supported the earlier conclusion by 
Rabenberg (1982) that corn acres were not responsible 
for fluctuations in Mallard numbers. Rabenberg (1982) 
also found some evidence that numbers in the CB were 
inversely related to breeding Mallard populations in 
southern Alberta. However, we found no indication 
that Mallard numbers in the CB were dependent on the 
distribution of breeding Mallards the previous spring, 
either through a positive relationship with NW strata or a 
negative relationship with SAB Mallards. It may be worth 
noting that the Rabenberg (1982) analysis included years 
prior to 1955 and that the statistical relationship between 
CB Mallards and Mallards in southern Alberta was not 
especially strong.

Mid-winter Mallard counts in the Columbia Basin have 
been depressed for nearly 20 years relative to bird 
numbers in the early 1960’s, early 1980’s, and early 1990’s 
(Fig. 32). Most Mallards that winter in the CB originate 
from breeding populations in SAB or from areas that 
correspond to the NW strata (Rabenberg 1982). Regardless 
of how the distribution of breeding Mallards may 
influence CB Mallard numbers from year to year, SAB and 
the NW strata collectively represent critical “source areas” 
for CB birds. Unfortunately, breeding pair survey indicates 
that the total number of Mallards in SAB and the NW 
strata has significantly declined since the 1950’s (Fig. 43). 
Most of this decline has occurred since the mid-1970’s 
with declines in SAB Mallards accounting for the majority 
of loss. Regardless of the influence of Mallard breeding 
distributions there are fewer Mallards currently available 
to migrate into the CB compared to the past.

Figure 45  Long-term changes in the number of breeding 
Mallards in Alberta.

The decline in SAB Mallards contrasts sharply with 
Mallard populations elsewhere. Breeding Mallard 
populations in the rest of the Canadian prairies as well 
as in the U.S. have shown little change over time or have 
actually increased (U. S. Fish and Wildlife Service 2010). 
Much of this decline can be attributed to the continuing 
loss of wetlands in SAB (Fig. 44). The effects of this 
habitat loss are obvious when local changes in the density 
of breeding Mallards in SAB are observed over time (Fig. 
45). While annual changes in the distribution of breeding 
Mallards may influence Mallard numbers in the CB (as 
suggested by Rabenberg [1982]), the more recent decline 
in CB Mallards may ultimately be due to long-term 
declines in breeding populations especially those in SAB.

Figure 46  Percent change predicted in duck productivity 
(1971–2001) as a result of wetland loss and 
upland habitat change.

COLUMBIA BASIN



Intermountain West Joint  Venture  |  C o n s e r v i n g  H a b i t a t  T h ro u g h  P a r t n e r s h i p s  |  www.iwjv.org4.46

Figure 47 Change through time in the distribution of 
indicated breeding pairs of mallards (per square mile) in the 
Canadian prairies.

Carrying Capacity: Re-examining the  
Relationship Between Corn and Mallards
Both Rabenberg (1982) and the current analysis relied 
on a single mid-winter count to index the size of the CB 
Mallard population. Detecting a statistical relationship 
between Mallards and corn may be difficult where a single 
survey provides the only measure of bird use across the 
entire fall-winter period (neither analysis found such 
a relationship). As a result, the relationship between 
Mallards and corn was evaluated by estimating Mallard 
use of the CB from fall through winter, not just early 
January.

TRUEMET was used to evaluate the relationship between 
Mallard population energy demand in fall and winter and 
the total food energy supplied by corn for years between 

1976 and 2004 (hereafter referred to as “year-specific 
analyses”). For each year-specific analysis monthly 
waterfowl surveys and annual estimates of corn production 
were used. TRUEMET was also used to determine if corn 
production is sufficient to support Mallard population 
objectives established for the CB (Table 16). Model inputs 
and results are discussed below.

Model Inputs
Waterfowl managers have typically divided the CB into 
the North, South, and East Subregions (Fig. 31). However, 
over 95% of Mallards counted in the mid-winter survey 
are traditionally been found in the North and South 
subregions. As a result the East subregion was excluded 
when evaluating the relationship between Mallard use of 
the CB and corn production. Data on waterfowl numbers 
and corn production were combined for the North and 
South Subregions in all TRUEMET analyses.
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Time Periods Being Modeled

Year-specific analyses of population energy demand vs. 
food energy supply were modeled on a monthly basis 
between 1976 and 2004. For 1976 to 1984 this included all 
months from October to February. After 1984 the model 
period was restricted to October–January because of data 
limitations.

Population Objectives by Time Periods
Monthly waterfowl surveys conducted by Washington 
Department of Fish & Wildlife were relied on for all 
year-specific analysis. Mallard counts from these surveys 
were used as monthly population inputs in TRUEMET 
after being corrected for visibility bias (Pearse et al. 
2008). Monthly Mallard counts were available October 
to February 1976–1984, and October to January 1985–
2004. To determine if enough corn is now grown to meet 
Mallard needs the actual Mallard monthly population 
objectives for the CB were used (Table 16).

Daily Bird Energy Requirements
To estimate the daily energy requirement of Mallards in 
the CB the average body mass of adult male and female 
Mallards was obtained from Bellrose (1980) and a balanced 
sex ratio was assumed for the population. This resulted in 
an energy requirement estimate of 340 kcal / day.

Habitat Availability and Biomass and Nutritional Quality 
of Foods
Estimates of corn production used in all year-specific 
analyses were obtained from the USDA-NASS (2005). 
Corn fields in the CB were recently sampled to 
determine how much waste corn remained post-harvest. 
Approximately 40% of all corn acres in the CB are disked 
shortly after harvest; undisked fields averaged 269 lbs / 
acre of waste corn, while disked fields averaged 62 lbs / 
acre (Washington Department of Fish and Wildlife 2007). 
Based on a weighted average of disked and undisked 
fields, harvested corn fields provide an estimated 186 lbs 
/ acre of waste grain biomass. A foraging threshold of 13 
lbs / acre was subtracted (Baldassare and Bolen 1984) 
and an overall food density of 173 lbs / acre was used (. A 
TME value of 3.9 kcal / g was assumed for corn (Petrie et 
al. 1998).

Year-specific analyses of the food energy provided by 
corn extended back to 1976. Although the fraction of corn 
fields disked in the CB does not appear to have changed 

since the 1970’s (Washington Department of Fish and 
Wildlife 2007), changes in waste grain biomass may 
have occurred. The amount of waste corn per acre is a 
function of standing crop biomass and harvest efficiency. 
Corn yields in the CB have nearly doubled since the 
early 1970’s (USDA-NASS 2005). However, these larger 
yields may have been offset somewhat by increases in 
harvest efficiency. Over the past thirty years the tendency 
in the CB has been to harvest corn at higher moisture 
content, a practice producing less waste grain because 
kernels are less likely to shatter, or dislodge from the cob 
(Washington Department of Fish and Wildlife 2007).

Corn yields in the CB now average about 11,000 lbs/acre 
(USDA-NASS 2005). The current estimate 269 lbs/acre 
of waste grain suggests that harvest efficiency in the CB 
is about 98% and reflects the trend towards high moisture 
corn. During the mid-1970’s corn yields in the CB averaged 
about 5,600 lbs/acre (USDA-NASS 2005). If the amount of 
waste grain was similar to today’s estimate of 269 lbs / acre 
then harvest efficiency would have had to equal about 95% 
(.05 * 5600 = 280 lbs / acre). Harvest efficiency during 
the mid and late 1970’s was estimated at 94% (Rabenberg 
1982). As a result, the recent 269 lbs / acre waste grain 
estimate was used in all year-specific analyses.

Model Results
This section contains a subset of results that demonstrate 
how the relationship between energy demand and energy 
supply has changed over time. From 1976 through the 
early 1990’s the relationship between Mallard population 
energy demand and the food energy supplied by corn can 
be generally, but not sequentially, described as; 1) food 
energy moderately exceeded population energy demand 
through fall and winter, 2) food energy generally equaled 
population energy demand through fall and winter, and 
3) food energy was less than population energy demand 
through fall and winter (Fig. 46). From the early 1990’s on 
the food energy supplied by corn appears to significantly 
exceed Mallard population energy needs (Fig. 47). These 
results suggest that from the mid-1970’s through the early 
1990’s Mallard numbers in the CB were influenced by 
corn production. However, since the early 1990’s Mallard 
numbers appear to be well below the level that CB corn 
can support.
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Figure 48  Food energy supply (red) vs. Mallard population energy demand (black) for years that represent the period 1976 
– 1992 in the Columbia Basin during winter.

Figure 49  Food energy supply (red) vs. Mallard population energy demand (black) for years that represent the period 1993 
to 2004 in the Columbia Basin during winter.
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An estimated 78,000 acres of corn would be needed to 
support Mallard population objectives for the CB from 
October to February (Table 16), a figure that does not 
consider loss of corn that may result from decomposition 
or from consumption by species other than Mallards. 
Nor does it consider the spatial location of where corn 
is grown and how this may influence availability. Thus, 
it should be considered a minimum. The mid-winter or 
January population objective for Mallards in the CB is 
561,747 birds (Table 15). This population objective was 
met four times between 1993 and 2010 after correcting 
for visibility bias. During this seventeen year period an 
average of 102,000 acres of corn was grown in the CB.

Regression Analysis of Mallard 
Use-Days and Corn Production
Monthly surveys conducted by Washington Department 
of Fish and Wildllife can be used to estimate the number 
of Mallard use- days that occur annually in the CB. One 
Mallard residing in the CB for a single day is equivalent 
to one Mallard use-day. Mallard use-days were calculated 
for all years between 1976 and 2004 for which data 
were available. For each year, Mallard use-days were 
determined by summing use-day totals for all months 
between October and January. Monthly use-days were 
determined by multiplying monthly survey results by days 
in the month. For example, 100,000 Mallards observed in 
the October survey equaled 3.1 million use-days for that 
month (100,000 * 31).

The relationship between annual corn production and total 
Mallard use-days for that year was evaluated using simple 
linear regression. For all years between 1976 and 2004 
there was a significant positive relationship between corn 
acres and total Mallard use-days between October and 
January (r2 = 0.40; Fig. 48). This evaluation of carrying 
capacity suggested that from the mid-1970’s to the early 
1990’s there was a fairly close relationship between 
Mallard population energy-demand and the food energy 
supplied by corn (Fig. 46). However, this relationship 
appeared to weaken from the early 1990’s on (Fig. 47). 
Similarly, a strong positive relationship between corn 
acres and Mallard use-days existed between 1976 and 
1992 (r2 = 0.63; Fig. 49), but no significant relationship 
existed thereafter (r2 = 0.04; Fig. 50).

Figure 50  Relationship between annual Mallard use-days in 
the Columbia Basin during winter and the amount 
of corn planted the previous spring 1976–2004.

Figure 51  Relationship between annual Mallard use-days in 
the Columbia Basin during winter and the amount 
of corn planted the previous spring 1976–1992.

Figure 52  Relationship between annual Mallard use-days in 
the Columbia Basin during winter and the amount 
of corn planted the previous spring 1993–2004.
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Wetland Carrying Capacity: Implications  
for Other Dabbling Duck Species
Although Mallards dominate the CB dabbling duck 
community, other species such as American Wigeon, 
Northern Pintail, and Green-winged Teal are present 
in modest numbers (Table 16). These species are 
considerably more dependent on wetland food supplies 
than are Mallards so TRUEMET was used to evaluate the 
carrying capacity of wetland habitats in the CB.

Model Inputs
Time Periods Being Modeled
The capacity of wetland habitats to meet the energetic 
needs of waterfowl in the CB was modeled on a monthly 
basis from October through February.

Population Objectives by Time Period
Monthly population objectives established for CB 
waterfowl were used to evaluate the carrying capacity 
of wetland habitats to meet nutritional needs of Mallard, 
Northern Pintail, and Green-winged Teal (Table 16). 
Mallards rely almost exclusively on corn from November 
onward. However, 25% of their diet is composed of 
wetland foods in October (Rabenberg 1982). Mallard 
consumption of wetland foods was accounted for by 
assuming that 25% of the October Mallard population 
meets its energy needs from wetlands but relies 
exclusively on agricultural foods thereafter. Northern 
Pintail and Green-winged Teal were assumed to meet 
100% of their food energy needs from wetlands in all 
months. Although American Wigeon are the second most 
abundant dabbling duck in the CB they were not included 
in this analysis because most in the CB probably rely 
on SAV as their main food source. However, estimates 
of wetland food production in the CB are restricted 
to estimates of seed production (see below). Northern 
Shoveler and Gadwall also were excluded because of low 
numbers and their diets are usually dominated by foods 
other than seeds.

Daily Bird Energy Requirements
To estimate bird energy needs a weighted body mass was 
calculated from the contribution that Mallard, Northern 
Pintail, and Green-winged Teal made to the total dabbling 
duck population objectives used to evaluate wetland 
carrying capacity (Table 16). For each species the average 
body mass of adult male and female birds was used, 
assuming a balanced sex ratio (Bellrose 1980).

Habitat Availability and Biomass 
and Nutritional Quality of Foods
Most wetlands in the CB that provide food resources 
for Mallard, Northern Pintail, and Green-winged Teal 
are likely classified as palustrine emergent (Cowardin 
et al. 1979). Palustrine emergent wetlands in the North 
and South Subbasins total approximately 63,000 acres 
(Washington Department of Fish and Wildlife 2007). 
Approximately 5,000 of these acres are publicly managed 
wetlands and the remainder largely unmanaged (M. 
Moore, WADFW, pers. comm. Palustrine emergent 
wetlands were recently sampled in the CB to estimate 
the biomass of wetland plant seeds that are consumed by 
dabbling ducks. In unmanaged wetlands seed biomass was 
below the foraging threshold of 30 lbs/acre, indicating 
that most unmanaged wetlands provided little or no food 
for dabbling ducks (see discussion of foraging thresholds 
in the “Limiting Factors / Species-Habitat Models” 
Biological Planning Section). In contrast, seed production 
in actively managed wetlands averaged about 180 lbs / 
acre. As a result, only managed habitats were included in 
this evaluation of wetland carrying capacity. TME of seeds 
produced in managed wetlands were assumed to average 
2.5 kcal / gram (Checkett et al. 2002).

Model Results
Managed wetlands in the CB appear able to meet 100% 
of Northern Pintail and Green-winged Teal food-energy 
needs between October and February when populations of 
these species are at NAWMP goals (Fig. 51).

Figure 53   Food energy supply (red) vs. population food 
energy demand (black) for Northern Pintail and 
Green-winged Teal in the Columbia Basin if both 
species rely exclusively on managed wetland 
food sources.
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Conservation Objectives for the CB
Mallards dominate the CB dabbling duck objective and 
conservation objectives for this planning unit should 
strongly reflect the needs of this species. Rabenberg’s 
(1982) work and this recent evaluation of carrying 
capacity suggest that the factors regulating Mallard 
numbers have changed. From the early 1950’s through 
the early 1990’s corn production likely played a role 
in determining the size of the CB Mallard population. 
However, the strength of that relationship was probably 
influenced by the distribution of breeding Mallards the 
previous spring and by fall and winter weather though 
only Rabenberg (1982) was able to find statistical 
evidence of this. In drought years on the Canadian Prairies 
many Mallards are displaced northwest of the Alberta 
prairies where they are better positioned to migrate into 
the CB. During these years, large numbers of Mallards 
may have entered the CB and corn production may have 
determined the size of the Mallard population that could 

be supported. In non-drought years on the Canadian 
Prairies, when fewer Mallards migrated into the CB, corn 
production was more likely to exceed bird needs and less 
likely to regulate Mallard numbers. Similarly, exceedingly 
cold temperatures or heavy snowfall may have limited 
Mallards numbers in some years regardless of how 
breeding birds were distributed or how much corn was 
grown.

The scenario above suggests that corn production, weather 
events, and the size and distribution of the Mallard 
breeding population work together to influence Mallard 
numbers in the CB. It also requires that Mallard breeding 
populations that supply the CB with birds remain stable in 
the long-term, although these populations will obviously 
experience periodic changes in size and reproductive 
success. However, breeding populations that support 
wintering flocks in the CB have significantly declined 
(Fig. 43). Regardless of how breeding distribution may 
influence the number of Mallards that winter in the CB, 
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there simply aren’t enough birds to achieve CB population 
levels that were observed in the early 1960’s, early 
1980’s, and early 1990’s. This has reduced the probability 
that Mallard numbers are limited by corn. Consequently, 
Mallard numbers in the CB are now largely governed 
by external factors; specifically the decline of breeding 
populations in southern Alberta.

The weakened relationship between corn and Mallard 
abundance suggests that any effort to increase waste 
grain supplies is unlikely to increase the number of birds 
wintering in the CB. However if corn production or waste 
grain availability was to be significantly reduced from 
current levels, corn supplies might again influence the 
upper limit of Mallard numbers in the CB.

Most of the unmanaged wetlands that originated from 
irrigation projects in the CB now appear to provide little 
food at least for dabbling duck species that rely on seed 
production. While some management actions might be 
possible to increase the productivity of these unmanaged 
habitats, the actual number of dabbling ducks that rely 
on these habitats in the CB is low (Table 16). Mallards, 
which overwhelmingly dominate the dabbling duck 
community, appear to meet almost all their food energy 
needs from corn (Rabenberg 1982). Moreover, managed 

wetlands alone appear able to meet the food energy needs 
of species like Northern Pintail and Green-winged Teal 
(Fig. 51). The IWJV suggests that wetland conservation 
efforts taken on behalf of fall and wintering waterfowl 
should focus on existing managed wetlands. These 
habitats will require periodic enhancement or maintenance 
of existing management infrastructure to sustain high 
levels of food production. Maintaining the quality of 
these publicly managed habitats may also enhance hunting 
opportunities on these lands, and contribute to hunter 
retention objectives that are anticipated to be part of the 
2012 NAWMP update.

Some preliminary evidence suggests that large numbers 
of waterfowl may rely on the CB in spring, especially 
Northern Pintail (Fig. 38). Although the Yakima and 
Columbia Basin irrigation projects increased the amount 
of wetland habitat available to fall and wintering 
waterfowl, they also resulted in the loss of floodplain 
wetlands that were likely important for spring migrating 
waterfowl. Although the IWJV does not currently possess 
enough information to quantify conservation objectives 
for spring migration habitat in the CB, it is anticipated 
that wetland protection and restoration efforts on behalf 
of spring migrating waterfowl will be an emerging 
conservation priority in the near future. 
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Wetland habitats in the Intermountain West have long been 
recognized as important breeding habitats for waterfowl. 
Indeed, establishment of the IWJV was in no small part 
due to concerns of population reductions in Redhead 
ducks in the Intermountain West. Crude indexes of annual 
breeding populations in the Intermountain West include 
1.6–2.1 million ducks, tens of thousands of Canada geese 
and the entire Rocky Mountain population of Trumpeter 
swans (≥ 2,000; USFWS 1995). Dabbling ducks are 
the most widespread and group of breeding waterfowl 
and Bellrose (1980) estimated approximately 5% of the 
breeding duck population in North America occupied the 
Intermountain West. Reliable estimates of breeding duck 
densities across the Intermountain West are challenging 
to obtain due to the heterogeneity of landscapes and 
variation in annual patterns of precipitation and wetland 
abundance. Over most areas, breeding duck densities 
are likely < 2 pairs/km2 but in some areas densities can 
exceed those observed in the Prairie Pothole Region 
(Gammonley 2004).

High breeding pair densities are typically associated with 
managed wetland complexes within the Intermountain 
West. Some of the most important managed wetland 
complexes in the IWJV include the state, and federal 
owned lands (and in some cases privately managed 
wetlands) in the Great Salt Lake of Utah, the Malheur, 
Summer Lake Basins of Oregon, and the Klamath Basin 
of Oregon and California. At the Great Salt Lake, long 
term estimates suggest breeding densities of 75 ducks per 
square mile exist and as many as 100,000 ducklings have 
been produced annually (Sanderson 1980, Aldrich and 
Paul 2002). Duck production at Malheur once exceeded 
100,000 ducklings but has declined significantly over 
the past two decades, due in large part to impacts of 
invasive carp on wetland quality. Also of note, the state 
managed Summer Lake area is also an important breeding 
waterfowl area in southern Oregon and has been estimated 
to produce 10,000 ducklings. Principal breeders in these 
regions include Gadwall, Mallard, Cinnamon Teal, and 
Redhead. Other managed areas of interest are the state 
and federally managed areas in the Lahontan Valley 
and Carson Sink of Nevada. The Stillwater National 
Wildlife Refuge and associated Wildlife Management 
Area have been estimated to produce 20,000 ducklings 
annually. Other managed wetland complexes across the 
Intermountain West provide important breeding habitat 
to waterfowl. For example, not only is Red Rock Lake, 
National Wildlife Refuge in southwest Montana a core 
breeding area for the Tri-State population of Trumpeter 
Swans, but is among the highest recorded breeding 

densities of Lesser Scaup in North America with over 30 
pairs of lesser scaup per square mile recorded.

Many unmanaged and privately owned habitats are 
important for breeding waterfowl in the Intermountain 
West as well. For example, many private lands in the 
Warner Valley of southeastern Oregon are managed for 
livestock production that includes mosaics of flood-
irrigated hay meadows, small grains, and sagebrush 
interspersed with alkali lakes. During wet years, the 
valley is heavily used by breeding Mallard, Gadwall, 
Cinnamon Teal, and Northern Pintail. In western Montana, 
northern Idaho, and western Wyoming, glacially carved 
valleys can have significant wetland footprints. Although 
the hydrology in most intermountain valleys has been 
modified to varying extents, breeding waterfowl are 
attracted to these regions and are common. Breeding 
densities are typically lower in these Intermountain 
valleys as compared to low elevation wetland complexes.

The NAWMP and its Science Support Team have 
challenged Joint Ventures to develop spatially explicit 
conservation objectives and strategies for breeding 
waterfowl based on explicit linkages to demographic 
parameters. Although some of the earliest investigations 
into North American waterfowl biology began in the 
Intermountain West, the IWJV is currently challenged 
with appropriate information to inform our understanding 
of breeding waterfowl population dynamics across both 
temporal and multiple spatial scales. The IWJV will need 
to assemble estimates of breeding waterfowl abundance 
and/or densities, measures of expected key vital rates 
(e.g., nest success, duckling survival), and potential 
limiting factors associated with recruitment rates. In 
the absence of empirical understanding of relationships 
between limiting factors and waterfowl production, 
hypotheses regarding the functional relationship between 
these parameters may be needed. As such, the IWJV 
should initially develop conceptual models for breeding 
waterfowl in the Intermountain West to guide future 
development of biological planning and conservation 
strategies for breeding waterfowl.

A critical first step will be to identify priority species 
for which future models are based. Consequently, the 
IWJV has identified a suite of priority breeding waterfowl 
species from which a focused approach (i.e., focal species) 
can be developed. This priority suite is derived from the 
NAWMP (2004) Regional Species Prioritization approach. 
Guidelines described in Table 17 were used to place 
species within one of three categories (Highest, High, 
Moderate) for each of the three primary Bird Conservation 
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Regions (BCR), including the Great Basin, Northern 
Rockies, and Southern Rockies (referred to as Waterfowl 
Conservation Regions in NAWMP [2004]). Mallards 
were assigned to the highest category in each BCR due to 
their continental importance (Table 17) and significance 
related to Pacific Flyway harvest strategies through the 
Western Mallard Model. Regional information of species 
densities and population trends supplemented the criteria 
and rule sets listed in Table 17. Other supplemental 
information included assessments of a species uniqueness 
to the Intermountain West. For example, portions of the 
Intermountain West contain some of the highest breeding 
concentrations of Cinnamon Teal in North America. 
Thus, NAWMP regional priorities were used as guiding 
principles in establishing species priority suites.

Table 17  Conservation priority categories and criteria 
used for waterfowl species in Bird Conservation 
Regions (BCR) within the IWJV.

PRIORITY CRITERIA/RULE

HIGHEST

High BCR Concern and High BCR Responsibility

AND

High or Moderate Continental Concern

HIGH

High Continental Concern and  
Moderate BCR Responsibility

OR

Moderate BCR Concern and  
High BCR Responsibility

MODERATE

Moderate BCR Concern and  
Moderate BCR responsibility

OR

High Continental Concern and  
Low BCR Responsibility

OR

High BCR Responsibility and Low BCR Concern

From these criteria, 13 species were categorized into one 
of the three priority categories for the primary BCRs 
of the Intermountain West (Table 18). Based on this 
assessment the IWJV identifies Cinnamon Teal, Lesser 
Scaup, Mallard, Northern Pintail, Redhead, and the Rocky 
Mountain population of Trumpeter Swans as priority 
breeding waterfowl species to facilitate conservation 
actions within the Intermountain West. The IWJV will 
need to work closely with partners, particularly the Pacific 
Flyway Study Committees, USFWS Division of Migratory 
Birds, and State wildlife agencies, as the IWJV moves 
forward with science based conservation planning for 
breeding waterfowl in the Intermountain West.

Table 18  Priority breeding waterfowl species suites for the 
three primary BCRs within the IWJV.

 IWJV PRIORITIZATION

SPECIES
NAWMP 

CONTINENTAL 
PRIORITY

BCR 9 
GREAT 
BASIN

BCR 10 
NORTHERN 

ROCKIES

BCR 16 
SOUTHERN 
ROCKIES

Lesser 
Scaup High High Highest Moderate

Mallard High Highest Highest Highest

Northern 
Pintail High High Moderate Moderate

American 
Wigeon Mod High Moderate

Cinnamon 
Teal Mod High Highest Highest High

Redhead Mod High Highest High Moderate

Trumpeter 
Swan-RM Mod High Highest Highest

Barrow’s 
Goldeneye Moderate Moderate Highest

Bufflehead Moderate Moderate Highest

Gadwall Moderate Moderate

Harlequin 
Duck Moderate High

Ring-
necked 
Duck

Moderate Moderate

Canada 
Goose-RM Low High
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APPENDIX A. WATERFOWL SCIENCE TEAM MEMBERS

• Tom Aldrich, Utah Division of Wildlife Resources

• Brad Bales, Oregon Department of Fish and Wildlife

• Brad Bortner, U.S. Fish and Wildlife Service

• Bruce Dugger, Oregon State University

• Joseph Fleskes, U.S. Geological Survey

•  Don Kraege, Washington Department of Fish  
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