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Introduction

The quantity and quality of habitats across the most important geographic
regions for North American waterfowl are threatened by increasing human
demands for water, food, energy, fiber, and residential and industrial development
(North American Waterfowl Management Plan 2004). Fresh water may be the
single most limiting resource for human societies in this century (Postel 1997,
Gleick 2004) because of its scarcity, uneven distribution, variable quality and the
complicating effects of global climate change (Gleick and Adams 2000, Burkett
and Kusler 2000). For North American waterfowl, future water abundance
might be most uncertain in California, the Intermountain West, the Playa Lakes
and the Prairie Pothole Region (Sorenson et al. 1998, Inkley et al. 2004); although,
recent evidence of wetland loss in parts of the warming Western Boreal Forest
demonstrates that even this water-rich region is vulnerable to long-term change
(e.g., Riordan 2005, Corcoran 2005). Moreover, the quality of water available in
many aquatic systems (San Francisco Bay, Mississippi River, lllinois River, the
Lower Great Lakes, Chesapeake Bay, to list a few) remains poor, and exotic
invasive species of plants and benthic invertebrates are widespread.

In today’s global economy, agricultural markets respond to worldwide
demand for food and fiber (Brown 2004), such that improving standards of
living in China, southern Asia and elsewhere will put added pressure on important
waterfowl habitats like prairie grasslands and coastal plains. In the Central Valley
of California, the Atlantic Coast, the Pacific Northwest and southwestern British
Columbia, burgeoning human populations are encroaching rapidly on agricultural
lands and marshes valuable to wintering waterfowl. And finally, rising sea levels,
sometimes in combination with subsiding land, are reducing the extent of coastal
marsh, especially along the Gulf of Mexico, the Mid-Atlantic states, and in Atlantic
Canada (Shaw et al. 1998, Titus 1998, Najjar et al. 2000, Inkley et al. 2004).
Thus, despite considerable gains in protected areas in some regions since the
advent of the North American Waterfowl Management Plan (NAWMP), the
challenge of sustaining or increasing the productive capacity of North America
for waterfowl remains daunting. Few NAWMP joint ventures (JVs) have been
able to estimate net habitat changes in their regions since the 1980s, but those
that have find the results sobering. In the Atlantic Coast JV, despite the partners
achieving far more than their original conservation acreage goals, Koneff and
Royle (2004) estimated that approximately 6 percent of wetlands existing in the
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1970s were lost by the 1990s. In Canada’s Prairie Habitat JV, perennial cover
important to nesting dabbling ducks increased by about 2 million acres (0.8 ha)
between 1971 and 2001, but wetland losses during the same period are estimate
at 2.4 to 7.6 percent (varying by province and ecoregion) and substantially offset
upland gains for duck production (Devries et al. 2004). Coastal wetland losses
within the Gulf Coast JV have exceeded 35 square miles (90.6 ha) per year
over the last half century, and wetland restoration efforts have mitigated only a
small portion of that loss (Barras et. al. 1994, B. Wilson,unpublished data).

Notwithstanding the euphoria accompanying duck population recoveries
in the 1990s and a long string of liberal hunting seasons, in the next decade an
beyond waterfowl managers will confront the serious challenge of reconciling
our desires for waterfowl hunting in the face of multiple contravening pressures
on waterfowl! habitat.

Our goals for this paper are to: (a) highlight the inescapable linkages
between harvest potential and the abundance and quality of waterfowl habitat,
(b) explore the challenges and uncertainties around increasing or maintaining
the carrying capacity of continental habitats and (c) challenge the waterfowl
management community to focus more squarely on our most fundamental
problem—securing the future productive capacity of waterfowl habitats.

Linkages between Harvest Management and Habitat Conservatien
The NAWMP-IAFWA Joint Task Group

The waterfowl conservation community has recently engaged in an
overdue discussion about the coherence of waterfowl harvest and habitat
management (Johnson et al. 1997b, Williams et al. 1999, Runge et al., in press)
Both habitat conservation, under the umbrella of the NAWMP, and harvest
management attempt to manage populations of the same species. Both initiative
are continental in scope and depend upon feedback from monitoring and
assessment to inform adaptive change. Regardless, these major programs ha
evolved more or less independently over the last 15 years, with little explicit
recognition of their inherent codependency. As Runge et al. (in press) point out,
“harvest strategy can affect whether population objectives of the plan are met,
irrespective of the success of the plan’s habitat conservation efforts. Conversely,
habitat conservation activities under the plan can influence harvest potential anc
therefore the amount of hunting opportunity provided.” Importantly, the plan’s
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waterfowl population objectives can only be understood and rendered useful for
conservation planning and evaluation, “if they are accompanied by an explicit
specification of the harvest strategy and environmental conditions under which
they are to be achieved” (Runge et al., in press).

Population goals outlined in the NAWMP have never been defined clearly
in a demographic sense (Runge et al., in press). Specifically, it is unclear whether
these goals are to be interpreted as carrying capacities, equilibrium population
sizes assuming some level of harvest or something else. In order to properly
interpret NAWMP population goals, it is hecessary to specify the harvest policy
(e.g., maximum sustained yield) and the environmental conditions (e.g., some
specific range of uncontrolled climatic conditions) under which they are to be
achieved. Present ambiguity in NAWMP population goals limits their use as
performance measures and affects the utility and interpretation of regional goals,
derived from continental population goals, as a basis for conservation planning.
From a harvest perspective, there is additional uncertainty about the role that
harvest management should play in achieving NAWMP goals and about how
harvest policy should respond to future gains or losses in waterfowl habitat.

In 2005, the International Association of Fish and Wildlife Agencies
(IAFWA) Adaptive Harvest Management Task Force and the NAWMP
Committee commissioned the Joint Task Group (JTG) on NAWMP Goals and
Harvest Management to develop options and recommendations for clarifying
NAWMP population objectives and their use in harvest management. The JTG,
on which several of the authors of this paper serve, is pursuing the first joint
planning effort between the harvest and habitat conservation technical
communities in some 20 years.

The JTG has framed the interplay between harvest and habitat
management in terms of basic harvest theory as suggested by Runge et al. (in
press). In brief, building on current knowledge of midcontinent malkandg
platyrhynchospopulation dynamics (Runge et al. 2002, U.S. Fish and Wildlife
Service 2005), it is possible to estimate a harvest yield curve for mallards that
represents predicted harvest potential as a function of equilibrium population
size (Figure 1, current conditions). This relationship between harvest potential
and population size occurs because of density dependence in mallard recruitment
or survival; that is, at higher population levels, population growth is suppressed
by some form of density-related reduction in reproduction, survival or both. This
particular model assumes a simple linear form of density dependence in
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Figure 1. Sustainable an T J T T v J
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million. The dashed curves represent the sustainable harvest if the carrying capacity were
increased to 16 million (“Enhanced Habitat”), or decreased to 9 million (“Habitat Loss”).
From Runge et al. (in press).
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reproduction, based on a negative relationship between the age ratio of mallard:
in the fall flight and the estimate of breeding population size the previous spring,
adjusted for variable May pond humbers (Johnson et al. 1997a; similar evidence
exists for black duckA. rubripeg [Conroy et al. 2002] and northern pintai.|
acutgd [Runge and Boomer 2005]). Under this assumption, the harvestable
surplus of birds is maximized at an intermediate population N&éi(} the
notation of Runge and Johnson [2002], which is approxim&i@ywhere the
balance between numbers of adult birds and production is optimal. Current models
for midcontinent mallards suggest that the equilibrium population size in the
absence of harvest, under average annual weather conditions, is approximately
11.4 million. We will explore uncertainties in this simple model (Figure 1) shortly.
For now, the key point is this: the harvest potential of the population is strongly
affected byK, the carrying capacity of the habitat. Future gains (Figure 1,
enhanced habitat) or losses (Figure 1, habitat lodswmould fundamentally
affect the harvest potential of the population.

Conversely, the numbers of birds we wish to harvest, as well as the
level of risk we wish to accept in regulating harvest, have direct relevance for
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the habitat carrying capacity that we need to provide. Preliminary modeling by
the JTG suggests thKt needed to achieve the current NAWMP goal of 8.8
million mallards would range from 8.8 million if goals are to be interpreted under
a zero harvest policy (Figure 2, curve 1) to 17.9 million if goals are to be interpreted
under a harvest policy that maximizes sustained yield (Figure 2, curve 2).
Alternatively, if we assume a more conservative harvest policy—for example,
managing for an equilibrium population size on the right shoulder of the yield
curve—the averagk required would be 11.4 to 14.4 million (Figure 2, curve

3). This simplistic representation illustrates the demographic connection between
habitat and harvest management. Harvest potential and habitat capacity are
most assuredly linked, and explicit recognition of this linkage is critical to the
long-term success of North American waterfowl conservation and harvest
regulation.

Figure 2. Plausible
carrying capacity
(K) required to meet
the NAWMP goal of
8.8 million mallards
under different
harvest policies. If
the NAWMP goal
was interpreted
under a zero-harvest
policy (curve 1), the
requiredk would be
8.8 million mallards.
Conversely, if
NAWMP goals were
interpreted as being

sustained yield
(MSY, e ) the Equilibrium Breeding Population (M)

required carrying

capacity would be 17.9 million mallards. Managing for an equilibrium population size on the
right “shoulder’ (less than MSY but greater than zero [e.g., 70 to 95 percent of MSY] curve 3)
would require a carrying capacity between 11.4 to 14.4. million, depending on the location of
the “shoulder point.”

Morth American God & 8

Sustained Annual Harvest (M)

For waterfowl managers, the main message is simple; if we lose habitat
important to waterfowl survival or recruitment, harvest potential declines. On
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the other hand, if we can increase or enhance habitat, the harvest potential wil
increase. This intuitive relationship was, of course, the foundation of the NAWMP
(U.S. Department of Interior and Environment Canada 1986). Only recently,
however, have we begun to quantify the tradeoffs between habitat capacity anc
harvest potential for midcontinent mallards. As we look ahead, the waterfowl
management community will face complex choices between harvest desires
and habitat realities. Whether those future actions take the form of managemen
to enhanc& or restrictions in harvest in the face of habitat loss, it is more clear
than ever that the future of waterfowl hunting is inextricably bound to the success
of the NAWMP.

The Challenge of IncreasingK

In theory, managers might incre&&ehe equilibrium population size in
the absence of harvest (Figure 1) by: (a) increasing the quantity of habitat, (b)
increasing the quality of habitat or (c) increasing the annual survival rates of
birds in the absence of harvest. Examples might include restoring prairie wetlands
and grasslands (increasing habitat quantity), improving the quality of water
reaching wetlands, substituting fall-seeded for spring-seeded cereals in northerr
pintail breeding areas, improving attractiveness of planted cover for mallards,
restoring coastal saltmarsh or otherwise providing better winter food resources
so birds return north in better condition (increasing reproductive success by
improving breeding habitat quality or nonbreeding habitat quantity or quality), or
managing for safer nesting sites or dispersing birds from crowded wintering
sites (decreasing adult mortality).

In its forthcoming report, the JTG will demonstrate that for all three
possible strategies (increase breeding habitat quantity, increase reproduction b
improving habitat quality or decrease adult mortality) the observed relationship
between recruitment (fall age ratios) and continental population size can be
used to estimate the increase in recruitment rate needed to effect any giver
change irK. Importantly, this could provide a tool for managers to examine any
number of plausible future scenarios. Note that this is a much more explicit and
precise definition and use Kfthan the commonplace use of carrying capacity
as a measure of food availability or the like, and understanding this difference is
crucial for the use of demographic models as a basis for habitat conservatior
planning.
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To be most efficient and effective, management interventions need to
target those places and times in the annual cycle where habitat is most limiting
for individual waterfowl populations. This may differ among species (e.qg.,
Rockwell et al. 1996, Schmutz et al. 1997, Flint et al. 1998, Conroy et al. 2002,
Hoekman et al. 2002) and vary over time such that those places and processes
most limiting for some species or in some years will be less limiting in other
circumstances. Therefore, regardless of whether a NAWMP JV is focused
primarily on breeding, wintering or migration habitat, the common challenge is to
weigh the empirical evidence for population limitation and to consider what
might be done to affect carrying capacity (via waterfowl vital rates) in each
region. Developing explicit hypotheses about limiting factors and predicted effects
of conservation measureskimight, therefore, provide an improved framework
for future JV planning and assessment.

The greatest limitation to proceeding in this manner, however, is our
meager understanding of the demographic impact of habitat change, including
changes associated with our conservation actions, on waterfowl population
processes, both at regional and continental scales. For some species on the
breeding grounds, there are well-supported estimates of the effects of various
habitat conservation actions on nest densities, nest success and, in fewer cases,
fledging success and recruitment (e.g., Williams et al. 1999, Garrettson and
Rohwer 2001, Howerter 20R20n nonbreeding areas, it has been much more
difficult to establish such linkages (Anderson et al. 1996, Johnson et al. 1997b);
although, there is evidence for a few species (mallards in the Mississippi Alluvial
Valley [Reinecke et al. 1987], northern pintails in central California [Fleskes et
al. 2002]) that more abundant wetlands at a regional scale are associated with
higher overwinter survival. Lacking an understanding of the demographic
consequences of habitat management actions, many JVs have resorted to indirect
measures of conservation success, such as acres conserved, duck-use days or
the energetic content of available food. Improving our understanding of the
effects of habitat management actions on waterfowl vital rates remains one of
the most difficult and important challenges for waterfowl managers. Although
we may be able to estimate in broad terms what changes in recruitment or
mortality are required to achieve a certain change in carrying capacity (and thus
harvest potential), we will only be successful if what we do on the ground as
habitat managers truly affects vital rates. Waterfowl managers have known this
for a long time, but a formal assessment framework such as that described in
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the forthcoming JTG report provides, for the first time, a means to more explicitly
consider these relationships.

Ultimately, however, the harvest management and habitat conservation
communities need to jointly agree how to balance the desire for harvest on one
hand and the need for habitat conservation on the other. In our view, these
choices are inextricably linked, and this connection between habitat capacity
and harvest potential deserves more formal recognition and focus than it currently
receives. What do we want? How much will society be willing to pay? What
will other users of the land find acceptable? These are complex social questions
The most fundamental challenge that waterfowl managers face is securing
the future productive capacity of North American waterfowl habitatsl
although harvest policies that consider and help to reduce uncertainty in our
understanding of population and harvest dynamics are essential, they alone cannc
secure the future of waterfowling.

Key Uncertainties

The simple yield curve presented in Figure 1 was based on the weighted
averages of the four alternative models presently used for midcontinent mallard
adaptive harvest management (AHM) (U.S. Fish and Wildlife Service 2005).
Many other forms of the yield curve are possible, however, and different forms
are plausible for other species or even other populations of mallards. For instance
the form of density dependence at work in various populations could affect the
shape of the yield curve. If density dependence does not act in a linear fashior
over the range of observed population densities (e.g., the effect is sigmoid or
linear and weak at low population densities but much stronger and nonlinear at
high densities), the yield curve would not be symmetric, altering the estimates of
K andNeq*. Thus, developing a better understanding of how, during what seasons,
and on what scale density dependence operates in exploited waterfowl population
is critical. While there is evidence of density dependence at some spatial scales
there remains much uncertainty about the ecological mechanisms involved. For
instance, density-dependence in reproduction could be generated by crowdinc
and population responses at a local scale, or by dispersal of some birds intc
poorer quality habitat regions (Dzubin 196R)is is a difficult research problem
that we believe will require the cooperative effort of multiple scientists and
agencies to make progress.
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The yield curve in Figure 1 portrays a simple deterministic equilibrium
model. Although the basic properties of this model are likely to be robust, in the
real world we expect considerable stochastic variation around these equilibrium
values, so that at any given time the true relationships between spring breeding
population size (BPOP) and harvest potential may be better represented as a
cloud of possible points around a central tendency rather than a simple line.
Both sampling error and alternative plausible expressions of density dependence
introduce important uncertainty into the relationships among population size,
harvest potential and carrying capacity that must be acknowledged and
accommodated, along with understanding of stochastic variation in both harvest
and habitat management actions.

To reiterate, at regional scales (e.g., NAMWP JVs) it is urgent that we
continue to improve our understanding about how habitat management actions
affect population growth and its constituent vital rates. Uncertainty about these
relationships increases the potential for inefficiency in the investment of limited
conservation resources.

The Challenge of Allocating Conservation Efforts

Waterfowl managers will be increasingly challenged to allocate habitat
conservation efforts within and among JV regions in ways that maximize the
demographic impacts of habitat investments. Although there are inadequate
data for most species to enable formal analyses of population sensitivities to
variation in different vital rates, sufficient information is available for a few
species. In midcontinent mallards, for example, changes in lambda appear to be
most sensitive to changes in breeding season vital rates (nest success, duckling
survival, breeding season hen survival) (Hoekman et al. 2002), but vital rates
are not equally susceptible to manipulation, and the costs of affecting various
vital rates may differ (Hoekman et al. 2002). Thus, a prescription cannot be as
simple as, “send all of your money to the prairie pothole region.” On the other
hand, demographic insights do challenge all of us to invest our dollars in things
that are likely to matter most. For mallards, actions that increase the productive
capacity of the breeding grounds while ensuring that we do not lose ground in
nonbreeding areas are consistent with our current knowledge of demography.
Unfortunately, our understanding of the population dynamics and habitat limitations
for other species is inadequate to make many definitive recommendations about
management emphasis.
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We recognize that allocating resources among geographic regions and
conservation actions is a very complex matter. For one thing, demographic benefits
must be evaluated against the feasibility and costs of alternative managemen
actions. In addition, more resources are usually available for work close to the
funding source than for work at distant locations. Nevertheless, the waterfowl
management community needs to grapple with how waterfowl conservation
dollars are invested if we are to affect carrying capacity in a meaningful way.
“Business as usual” may be far from efficient. NAWMP planners envisioned
20 years ago that moving conservation resources from where most waterfowl
are harvested to where most waterfow! are produced was essential.

In the near future, NAWMP partners should expand on the rudimentary
modeling framework begun by the JTG to examine various scenarios for increasing
K. Simulation studies of alternative increases (or decreasksjoncomitant
with setting different BPOP and harvest yield objectives for those populations
should be an informative place to start and contribute to the technical integration
of harvest and habitat management.

Securing the Future

The simple but powerful relationships we have discussed that connect
breeding population size, harvest potential and habitat carrying capacity should
be used by the waterfowl management community to reconsider our goals for
the future and the capacity of North American landscapes to support those
goals. Armed with current knowledge of waterfowl population biology, and
important technical advancements by some JVs in relating habitat conditions to
vital rates, the waterfowl management community is positioned better than ever
before to estimate what it will take to achieve the conservation vision of NAWMP
and our harvest objectives.

Looking forward, however, the key uncertainties in these population
models must be addressed as a matter of urgent importance. As we do this, w
can turn our collective energies squarely toward securing the future productive
capacity of North American waterfow! habitats. That is our most fundamental
challenge, that is where our energies should be spent and that is what Ker
Babcock and Rollie Sparrowe challenged us to do in this same forum 17 years
ago.
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