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Preface

The 2004 Update to the North American Waterfowl Management Plan (NAWMP)
stresses the need for development and continual refinement of biological models to link
regional waterfowl habitat objectives to continental waterfowl population objectives.
Given the development of new biological models within the PHJV partnership that
incorporate knowledge gained through evaluation of habitat programs, an update of
PHIJV habitat goals to meet regional population objectives was initiated in the summer of
2003. A subcommittee of the PHJV Waterfowl Working Group undertook this task with
representation from most of the PHJV partner organizations.

A strategy for updating PHJV habitat goals was developed and the elements were
organized into the following three phases:

Phase I: Review of PHJV Progress and Modeling of Landscape Change on Duck (and
Pintail) Productivity. Estimate duck productivity ‘deficits’ to be eliminated by habitat
objectives. Product: This report.

Phase II: Develop habitat-based actions that address existing deficits and ongoing
habitat loss within a reasonable planning horizon (15 years?). Product: Implementation
Plans.

Phase III: Define an Adaptive Management Strategy for the PHJV including a process
for tracking progress and adjusting course at 5-year intervals (includes monitoring of
wetland and upland change), and for defining and reducing uncertainty and improving
planning tools. Product: Report.

The following provides results from Phase I of the update process.
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Executive Summary

Original PHJV habitat objectives, designed to meet waterfowl population goals set out by
the NAWMP, were established in the mid-to-late 1980°’s using the best biological models
linking landscape condition to waterfowl productivity. Evaluations that have occurred
over the ensuing years of PHJV delivery have provided improved data on habitat-specific
and landscape influences on waterfowl productivity and these results have been
incorporated into new spatially explicit planning tools (the Waterfowl Productivity
Model). Further, recent analysis of wetland loss conducted by the PHJV has provided
province/ecoregion-specific wetland loss rates, which can be used to estimate the lost
carrying capacity of the PHJV planning area for waterfowl. Given this information, and
patterns of land use change extracted from the Census of Agriculture (Statistics Canada
2001), the PHJV is well positioned to estimate the impact past habitat changes have had
on waterfowl productivity (including PHJV delivery), tease apart the relative impacts of
wetland loss versus upland habitat change, and use this information to update habitat
objectives.

This report provides results from Phase I of a strategy to update PHJV habitat goals using
the Waterfowl Productivity Model and estimates of upland habitat change and wetland
loss over the period 1971-2001. Our general approach involved estimating the level of
duck productivity resulting from 1971 upland habitat and duck population carrying
capacity and setting this productivity level as the PHJV goal. This assumes that 1971
conditions were sufficient to sustain the average duck populations of the 1970’s (i.e.,
NAWMP Goal) and that upland change and wetland loss are the primary factors
impacting productivity. Comparisons with duck productivity in 1986 (beginning of
NAWMP) and 2001 (current) provide snapshots of how upland change and declining
wetland habitat have impacted duck productivity over time. The difference between
1971 and 2001 duck productivity provides a ‘deficit’ to be eliminated by PHJV habitat
goals. Subsequent phases of the strategy will model potential PHJV actions and use this
information to set habitat goals that can eliminate the productivity deficit.

Our analysis of Ag Census data indicates that while land use has intensified dramatically
(e.g., summerfallow replaced by annual cropping) since 1971, overall tilled land has
actually decreased by ~6 million acres since 1986 and by ~ 2 million acres since 1971.
Conversion of previously tilled land to hayland and pasture is responsible for the bulk of
these changes. Many of these changes are the result of changes in Canadian agricultural
policies since 1986 (e.g., removal of federal grain transportation subsidies, changes to the
Canadian Wheat Board quota system, etc.). Concurrently, however, we have estimated
that due to wetland loss, duck carrying capacity has decreased between 4.1% and 11.4%
depending on province and ecoregion.

Modeling the impact of PHJV delivery on duck productivity since 1986 indicates a 0.6%
increase in annual duck productivity at the prairie wide scale. Local gains as high as
15% were observed in some Census Consolidated Subdivisions (CCSs), however. These
increases result primarily from approximately 200,000 acres of cropland conversion into
DNC, hayland and pasture. We did not model expected gains from PHJV agreements
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that secured existing uplands or wetlands from loss (no evidence of upland loss during
1986-2001; Watmough et al. 2002). While we suspect potential gains have accrued from
PHJV policy and extension activities directed toward cropland conversion and fall
cereals, quantifying these gains is at present, difficult. Looking forward, our model
indicates that broad-scale policy efforts that result in cropland conversion to forage (such
as Greencover Canada), if fully implemented, could provide very positive gains in
waterfowl production.

While modeling indicates that upland changes have generally had positive impacts on
duck productivity since 1986, wetland loss has negated these impacts by reducing the
carrying capacity for waterfowl pairs. The combined impact is such that duck
productivity in 2001 is approximately 6.7% below that of 1971. Elimination of this
‘deficit’ through habitat actions is the challenge for setting PHJV habitat goals. More
specifically, the goals will be challenged to, 1) stop further wetland loss, 2) restore lost
wetlands, especially small basins, 3) increase or maintain upland habitats in
landscapes conducive for waterfowl production, and 4) improve habitat function on
cultivated lands.

Because we suspect unique habitat factors have reduced the productive capacity of
pintails in the PHJV, and that our planning models likely do not effectively estimate the
magnitude of habitat change impacts on pintails, the Waterfowl Working Group
recognizes that a focused habitat goal-setting process is needed for this species.

Looking forward, Phase II of the goal updating process will include scenario planning to
explore local and regional habitat options that will eliminate the productivity deficit.
This process will require decisions about what habitat options are required, where they
need to be applied, what resources are needed to achieve the change, and what time-
frame is appropriate. To inform these decisions, linking our biological models to a cost-
benefit analysis will be a critical step. A final step will be formalizing an adaptive
management strategy for the PHJV habitat program.
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Prairie Habitat Joint Venture (PHJV) Waterfowl Habitat Goals
Update: Phase |

Background

Under the 1986 North American Waterfowl Management Plan (NAWMP; USFWS and
CWS 1986) agreement between Canada and the United States (and Mexico in 1994), key
regions of the continent formed either breeding or wintering habitat joint ventures to
deliver the objectives of the Plan. Of key importance to the Plan was to address the long-
term decline in continental duck populations with an emphasis on improving recruitment
from the Prairie Pothole Region (PPR) of North America. The primary factor limiting
recruitment in the PPR was identified as the declining habitat needed to support
successful upland nesting by waterfowl. Accordingly, a broad prescription for
sustainable habitat restoration called for direct intervention to offset habitat loss in
combination with a long-term strategy to revise government policies that allowed or
promoted habitat loss.

The Prairie Habitat Joint Venture

(PHJV) was established to aslb Chugen
oversee and steer planning and )-\ - ‘
delivery of the NAWMP Q{xjﬁ b of

programs in the Canadian portion W;D 'i

of the PPR (Figure 1; PHIV area). W T

The PHJV is a consortium of iR,

federal, provincial, and NGO  comgon =) Ty

partner agencies each of which ('“ | : /%

play important roles in delivering g SRR O
NAWMP-eligible activities. e | N e
Although there are many h | R Y
supportive activities performed by \& e o D N ,—Mi
various partner agencies, all

activities support the goal of the Figure 1. The Prairie Habitat Joint Venture planning region

(dark green) including the Peace Parklands of Alberta. The
area used in our examination of landscape change impacts on
waterfowl productivity is overlain in light green.

NAWMP to restore continental
waterfowl populations to the
average levels of the 1970s
through habitat conservation.

Original Habitat Goal Setting Process (circa 1987-89)

From the original waterfowl population goal of the NAWMP, each PHJV Provincial
Steering Committee was asked to identify habitat restoration steps required to achieve the
continental goal. This was accomplished using a computer model (the Computer
Planning Tool) that contained a biological model of waterfowl nest success-habitat
relationships (the Mallard Model; Cowardin et al. 1988) and estimated costs of land
management treatments. This model utilized the best data available to estimate the mix
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of upland management treatments required to achieve average 1970s populations. While
the planning exercise focused on mallards, it was assumed that habitat sufficient to
achieve mallard objectives would benefit all species. The model was used for planning in
the Parkland Biome only, whereas in the Grassland and Peace Parkland Biomes, a
manual exercise based on the best existing data available was used to predict acreage
objectives and costs (e.g., Manitoba NAWMP Technical Committee 1987; provincial
roll-ups; Table 1).

Table 1. Original acreage objectives and estimated cost of PHJV delivery by province (Source: B.
Calverley, NAWMP Coordinator). See Appendix A for more detail.

PROVINCE ACRES ESTIMATED COST ($CDN)
Alberta 3,563,500 590,200,000
Saskatchewan 5,735,204 437,568,000
Manitoba 509,000 134,300,000
TOTAL 9,807,704 1,162,068,000

Initial implementation plan goals focused on upland ‘treatments’ to improve nest success
to levels deemed necessary to meet population goals. It was assumed that there would be
no net loss of existing wetland or upland habitat over the planning horizon. Where goals
could not be reached through PHJV ‘treatments’, the difference was to be achieved
through changes to, or elimination of, detrimental agricultural and tax policies.
Additionally, the role of critical moulting and staging marshes was recognized and key
wetlands in each province were identified as needing protection (e.g., Alberta NAWMP
Technical Committee 1989).

Primary Habitat Programs Delivered Under the PHJV: 1986-2003

Habitat programs initially delivered by the PHJV through the provincial First Step
Projects are grouped into the following habitat categories:

e Predator Fenced Plots

e Cover Plantings

e No Agricultural Use

e Modified Agricultural Use

Grazing Systems

Delayed Haying

Seed Production

Flushing Devices

e Wetland Complexes (includes nesting structures)
e Large Marsh

e Exclusive Agricultural Use (non-habitat)

e Conservation Farming Techniques (extension)

Each category involves a variety of agency-specific land management programs and
securement techniques.

PHIJV Waterfowl Habitat Goals Update: Phase I Report 2



A Review of initial acre goals as set out in original Provincial implementation plans
versus acres achieved to December 31, 2003 is provided in Appendix A.

Evaluations and Productivity Models

Concurrent with program delivery, and in the spirit of adaptive management, many
programmatic evaluations have been conducted since the late 1980’s (reviewed in
Appendix B). Further, the PHJV Assessment study, conducted from 1993 to 2000 on 28-
25 mile” study sites (3-4 sites/yr), evaluated landscape-level effects of habitat programs
and furthered our understanding of landscape influences on waterfowl recruitment. As a
result of evaluations, some activities have been curtailed (e.g., predator fences) while
others have been expanded (e.g., winter wheat extension).

In aggregate, these evaluations also have allowed the development of a spatially explicit
Waterfowl Productivity Model (WPM; Ducks Unlimited Canada, unpubl. data, Appendix
C). This model links landscape and habitat-specific information to hatching success of
the top five dabbling duck species occurring in the Canadian PPR (mallard, gadwall,
blue-winged teal, northern shoveler, northern pintail) and allows retrospective,
prospective, and hypothetical scenario analysis regarding landscape impacts on duck
productivity.

In summary, while periodic reviews of progress have been attempted (e.g., Manitoba
NAWMP Partners 1997; see also reviews by Williams et al. 1999, Riemer 2003), a
biological accounting of progress using evaluation results and updated planning tools has
not been attempted.

Goal Updating Process

As a starting point, the subcommittee decided to use the WPM to establish a baseline
estimate of waterfowl production from the landscape condition that existed in the early
1970’s. The baseline will serve as the productivity objective against which interim and
current waterfowl productivity will be judged after accounting for changes in both upland
and wetland habitats. This process recognizes that productivity from the region is
impacted by both the amount of wetland habitat present (i.e., its carrying capacity for
duck pairs) and the condition of upland habitats used by females for nesting. Following
from this analysis, exploration of habitat alternatives to ameliorate lost waterfowl
productivity will occur.

Key assumptions behind this approach are, 1) that the wetland and upland habitat that
existed in the early 1970’s was sufficient to support continental waterfowl populations at
NAWMP goals with the average water conditions of the 1970’s, and 2) that upland
habitat change and wetland loss are the primary long-term factors impacting PPR duck
productivity.

PHIJV Waterfowl Habitat Goals Update: Phase I Report 3



Estimating Landscape Impacts on Duck Productivity: 1971-2001

We used data from the Census of Agriculture (Statistics Canada 2001) at the Census
Consolidated Subdivision (CCS) level (i.e., rural municipality or county) to provide
estimates of landscape composition in each of 3 reference years; 1971 (productivity
objective), 1986 (beginning of NAWMP), and 2001 (current landscape conditions).
Challenges with this data included establishing consistent habitat categories among years,
estimating woodland habitat, estimating grazed lands, data suppression at the CCS level,
and accounting for PHJV habitat (Methods: Appendix D).

We used wetland area loss rates and the size characteristics of lost basins reported by
Watmough et al. (2002; and unpublished data) to simulate lost carrying capacity for duck
pairs. We used duck pair-wetland size regressions developed by Cowardin et al. (1995)
and simulated the decline in pair carrying capacity over 14 years (Watmough’s time
period) from a database of wetland sizes recorded on PHJV Assessment sites. Loss rates
provided by Watmough et al. (2002) were province/ecoregion-specific and were applied
at that scale. We used the rate of duck pair loss resulting from simulations to adjust long-
term expected populations extracted for each CCS from Ducks Unlimited Canada’s pair
density map of the Canadian PPR (Methods: Appendix E).

Given estimated landscape composition and average expected pair populations in each
CCS in each of the reference years, the WPM was used to retrospectively estimate
average expected hatched nests. While goal setting will be informed primarily by the
difference in productivity between 1971 and 2001 given upland and wetland change,
model runs also were used to explore productivity change; 1) prior to PHIV
implementation (1971 —1986), 2) after PHJV implementation (1986-2001), 3) if wetlands
had not been lost, but uplands changed, 4) if uplands had not changed, and only wetlands
had been lost, and 5) if PHJV habitats had not been delivered. Because not all necessary
input data was available for the entire PHJV planning area, our modeling efforts excluded
the Peace Parklands and some northern portions of the Prairie region (Figure 1).

We think that the assumptions associated with this approach (outlined above and in
Appendices) represent a reasonable start; in many instances these assumptions are
testable either directly or via simulation, and we plan to conduct these evaluations in
future work phases.

Note: Pintails have been singled out as species of special concern in the 2004 NAWMP Update given
their extremely low populations relative to historic levels and the NAWMP population goal. Evidence
suggests that the bulk of the continental population decrease in pintails has come from those birds that
typically settled in the Prairie Pothole Region of Canada and hence this is an issue for the PHJV. Because
we suspect unique habitat factors have reduced the productive capacity of pintails in the PHJV, and that
our planning models likely do not effectively estimate the magnitude of habitat change impacts on pintails,
the Waterfowl Working Group recognizes that a focused habitat goal-setting process is needed for this
species. We foresee some overlap in habitat goals for pintails and those for other duck species.
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Key Moulting and Staging Wetlands

To facilitate future planning and coordination with other bird groups, we; 1) compiled
provincial wetland lists from the original PHJV Implementation plans and recent
waterbird and shorebird plans, 2) provide geographic coordinates for these wetlands, and
3) provide notes on their current status (Appendix F).

Phase I Results: Landscape Change and Duck Productivity, 1971-2001

Upland Change

Our analysis of Ag Census data indicates that while land use has intensified dramatically
since 1971, overall tilled land (annually cropped or summerfallow) has actually
decreased by ~6 million acres since 1986 and by ~ 2 million acres since 1971. This
change has resulted primarily from increases in pasture (included in ‘natural’ for this
analysis) and hayland. These changes are widely recognized as being driven by changes
in Canadian agricultural policy, primarily, removal of federal grain transportation
subsidies, removal of cultivated acreage-based quotas by the Canadian Wheat Board, and
federal/provincial programs promoting conversion of marginal cultivated acres (e.g.,
Riemer 2003). The largest single change in land use over this period has been a decrease
in ~13 million acres of summer-fallowed land, most of which has become annually
cropped (Table 2).

Table 2. Change in the four primary land use types composing the land base within the modeled
portion of the PHJV planning area, 1971, 1986, and 2001.

Acres within the modeled portion of the PHJV Plannin% Area®

1971 1986 2001
Summerfallow 23,567,177 18,566,394 10,406,462
Spring/Fall-seeded Cropland 41,091,836 50,389,128 52,286,121
Tilled (sum of above) 64,659,013 68,805,399 62,692,583
Hayland 3,959,438 4,681,354 8,373,660
Natural © 52,810,370 47,942,068 50,362,578

% see Figure 1 for modeled portion of the PHJV planning area.

® PHJV acres included in 2001.

¢ the balance of uplands that are not tilled or hayland (includes grazed and ungrazed grassland,
woodlands, and wetland vegetation)

Changes in land use are not distributed uniformly throughout the region (Figure 2).
Continuous cropping has largely replaced summerfallow in most parts of the region
except southwestern Saskatchewan. Haylands have increased everywhere but increases
are most pronounced in Manitoba and central Alberta.

Since 1986, delivery of PHJV habitat resulted in approximately 1.3 million acres of
upland habitat under agreements in 2001 (does not include expired leases prior to 2001).
While the majority of these acres were securement of existing habitat, approximately
200,000 acres were direct conversion of cropland into DNC, hayland, or pasture (Figure
3).
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Figure 3. Spatial distribution and overall composition (bar chart) of PHJV acres within the modeled
portion of the PHJV planning area.

Wetland Loss

Watmough et al. (2002, and pers. comm.) provided wetland loss rates for the period
1985-1999 by province/ecoregion. After reviewing wetland loss rates for earlier time
periods, Watmough et al. concluded that wetland loss rates have probably been constant
from the 1970s to present. These estimates are believed to be conservative due to the
strict definition of wetland loss used by Watmough et al. (2002).

Extrapolating Watmough’s estimates, approximately 2.4 to 7.6% of wetland area has
been lost at province/ecoregion scales between 1971 and 2001 (Table 3). Decreases in
duck carrying capacity at these wetland loss rates range from 4.1 to 11.4% (Table 3). At
more local scales (e.g., RM of Leroy in SK, ~100mi®), up to 90% wetland loss has been
documented over this time period (Ducks Unlimited Canada, unpubl. data) with an
estimated 90% reduction in duck pairs.

Table 3. Estimated percent of wetland area lost, size characteristics of lost wetlands, and
estimated impact of wetland loss on waterfowl carrying capacity by province and ecoregion.
Estimates are extrapolated from 1985-1999 wetland loss rates supplied by Watmough (pers.
comm.) as described in Appendix E.

Estimated % Wetland Median size of lost Estimated % lost Annual Duck

Prov/Ecoreg Area Lost wetland basins in Ha duck pairs Pair Loss Rate
(1971-2001) (min, max) (1971-2001) (%)
AB Parkland -5.84 0.10 (0.01, 2.97) -10.6 -0.3717
AB Prairie -4.59 0.12 (0.01, 2.98) -7.9 -0.2749
SK Parkland -2.41 0.20 (0.03, 1.55) -4.1 -0.1402
SK Prairie -6.69 0.15(0.02, 12.36) -7.6 -0.2633
MB Parkland -7.60 0.14 (0.02, 4.13) -11.4 -0.4036
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The Impact of Landscape Change on Waterfowl Productivity: 1971, 1986, 2001

When upland and wetland changes are modeled together (i.e., actual change), annual
waterfowl productivity in the Prairie region declined by 7.3% between 1971 and 1986 but
increased by 0.7% between 1986 and 2001 for an overall ‘deficit’ of 6.7% (~78,000
hatched nests) from 1971 to present (Table 4). By separating the relative impact of
wetland change versus upland change, however, an important distinction is apparent;
while upland changes alone (i.e., no influence of wetland loss on the number of ducks
settling on the Prairies since 1971) resulted in decreased productivity to 1986, upland
change since 1986 would have more than compensated for lost uplands from 1971-1986
(+1.1%, Table 4). Unlike upland changes, wetland loss has exhibited a constant negative
influence on duck production capacity over all time periods (-7.7%; 1971-2001) by
reducing the number of pairs settling in the region.

Table 4. Estimated percent change in the number of hatched nests of 5 dabbling duck species in
Prairie Canada as a result of 3 habitat change scenarios from 1971-1986, 1986-2001, and 1971-
2001. ‘Upland and Wetland Change’ represents the combined effect of both influences and
reflects our estimate of actual change.

Percent Change in Duck Productivity
(Estimated Hatched Nests)

1971-1986 1986-2001 1971-2001
Upland and Wetland Change -7.3 +0.7 -6.7
Upland Change Only -3.5 +4.8 +1.1
Wetland Change Only -3.9 -3.9 -7.7

When viewed spatially (i.e., compiled at the CCS scale), changes in productivity have not
been uniform across the Prairie region since wetland loss (and hence loss in duck
carrying capacity), land use, and duck populations vary regionally and locally. When
wetland and upland changes are considered together (Figure 4), it is apparent that despite
the region-wide decrease in productivity of 6.7%, productivity has potentially improved
in some local areas, especially eastern portions of the region. Because we know wetland
loss influence is always negative, these gains have resulted from upland change,
primarily since 1986.

Modeling productivity based on landscape change without the influence of wetland loss
demonstrates locally negative influences prior to 1986, but broad positive influences
since 1986 (Figure 5). Modeling productivity based on wetland loss alone (impacting
duck carrying capacity of each CCS) indicates largest changes in province/ecoregions
with highest loss rates as expected, but with regional decreases accentuated in CCSs with
high duck populations (e.g., Buffalo Lake Region of AB, Missouri Coteau and Allan
Hills of SK, Shoal Lake area of MB)(Figure 6).
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Figure 4. Spatial pattern of duck productivity change as a result of modeling wetland loss and upland change
together; 1971-1986, 1986-2001, 1971-2001. The legend represents positive (green shades) or negative
changes (orange shades) in the number of hatched nests per 1000 ac of CCS unit size.
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Figure 6. Spatial pattern of duck productivity change as a result of modeling wetland loss without
upland change; 1971-2001. Legend represents changes in the number of hatched nests per 1000 ac
of CCS unit size.

Illustrative Scenarios

Retrospective: Impact of PHJV cropland conversion programs

To further inform PHJV planning, we modeled a scenario in which all acres of PHJV
habitat were converted to our “best guess” at their pre-securement land use in our 2001
landscape input file (Methods: Appendix G). Hence, we are comparing the 2001
landscape with PHJV habitat to an estimate of what the landscape may have looked like
without PHJV habitat. Over the entire Prairie region, annual duck productivity was 0.6%
(~6,000 hatched nests) higher with PHJV habitat than without. If we restrict the
comparison to just those CCSs where PHJV habitat was delivered, productivity was 1.1%
higher with PHJV habitat. Spatially, we see most of the gains in the Parkland CCSs in
each province as well as the Missouri Coteau region of southern SK (Figure 7). Increases
in productivity as high as 15% were seen in some CCSs in the Allan Hills region of SK
where large amounts of DNC have been planted.

Most gains in productivity accrue from PHJV activities that convert cropland to DNC,
hayland, and pasture. We did not model a loss rate in existing habitat (based on
Watmough’s findings) and hence, no gains accrue from the bulk of PHJV acres that
‘secure’ existing habitat (e.g., southern AB). As well, this analysis did not account for
any acres affected through broad extension or policy efforts, despite some evidence that
these efforts have impacted acres (e.g., winter wheat extension).

PHJV Waterfowl Habitat Goals Update: Phase I Report 11
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Figure 7. Spatial pattern of annual duck productivity gain as a result of PHJV cropland conversion
programs. Legend represents changes in the number of hatched nests per 1000 ac of CCS unit size.

Prospective: Impact of policy-related marginal land conversion

To estimate the impact policy initiatives may have on waterfowl productivity, we
estimated the impact of delivery of approximately 1.5 million acres of cropland
conversion targeted to ‘marginal’ cropped land in Saskatchewan and Manitoba (Methods:
Appendix H). We used information available on the distribution of marginal land to
apportion these acres among CCSs. Given our assumptions, annual duck productivity
from Manitoba and Saskatchewan would increase by about 2.2% (~14,000 hatched nests)
with this level of conversion. Given the distribution of eligible acres, most of the gains
would come from central and southeastern SK (Figure 8).
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Figure 8. Spatial pattern of duck productivity change as a result of modeling the 2001 upland and wetland conditions
with an additional ~1.5 million acres of cropland conversion to hayland and tame pasture in Saskatchewan and
Manitoba. Legend represents changes in the number of hatched nests per 1000 ac of CCS unit size.
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Discussion

The results of our review and modeling exercise indicate that from 1971 until 1986, both
upland loss to tillage and wetland loss to drainage had reduced annual waterfowl
production capacity in the Canadian PPR by approximately 7.3%. Between 1986 and
2001, however, primarily as a result of changes in Canadian agricultural policy, annual
tillage decreased by 6 million acres and was replaced by hayland and pasture to support a
growing cattle industry. Included in this change was over 200,000 acres of converted
cropland delivered by PHJV partners (DNC, hayland, tame pasture; this does not include
leases that had expired prior to 2001). While these changes have had a positive impact on
waterfowl productivity, the continual loss of wetland habitat has undermined the ability
of the prairie landscape to support historic numbers of ducks (-4% to —12% regionally, -
90% in some local areas), thus reducing overall productivity potential. In 2001, our
modeling exercise indicates annual duck productivity remained 6.7% below 1971 levels
primarily due to wetland loss.

To return duck productivity to 1970’s levels, then, PHJV goals will need to 1) stop
further wetland loss, 2) restore lost wetlands, especially small basins, 3) increase or
maintain upland habitats in landscapes conducive for waterfowl production, and 4)
improve habitat function on cultivated lands.

Because we suspect unique habitat factors have reduced the productive capacity of
pintails in the PHJV, and that our planning models likely do not effectively estimate the
impact habitat change has had on pintails, a focused habitat goal-setting process is
needed for this species. We recognize that habitat goals set for pintails will benefit other
species and we foresee goals being compensatory rather than additive.

Consideration of instruments appropriate to attain these goals (policy, agricultural
extension, direct investment) and time horizons needed to achieve them will be
important. Where direct investment in wetland or upland treatments is warranted, these
activities should be highly targeted to landscapes where the most waterfowl will benefit.
Modeling tools will need to be a key component of the objective setting process.

Key Assumptions and Uncertainties

Effective adaptive management requires specification of key assumptions and
uncertainties in the planning process. As mentioned previously, a key assumption of the
process we used is that the upland and wetland habitat that existed in the early 1970’s
was sufficient to maintain continental duck populations at NAWMP goals. This assumes
that key ecological functions underlying the interaction of habitat and hatching success of
nesting ducks have not changed and that the amounts of wetland and upland habitat are
the primary driving forces of productivity.

Our analysis also assumes that wetland loss displaces ducks out of the Prairie region due
to inherent spacing mechanisms and resource competition. The analysis further assumes
that reproductive success in these ‘other’ areas is lower. Drought is a temporary
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mechanism displacing ducks from the Prairie region and evidence indicates that prairie
droughts displace ducks to the boreal forest or tundra regions where they either do not
breed or experience low reproductive success (Smith 1970, Johnson and Grier 1988). We
suspect wetland loss acts like permanent drought.

While our analysis has focused on the guantity of habitats available, we have not been
able to address potential issues with habitat quality. Grazing intensity on pasture habitats
is not reported in the Ag Census but based on ratios of cow/calf numbers relative to
pasture in the Ag Census and 30% increases in cattle size over our modeled time period
(Higgins et al. 2002), we suspect it has increased dramatically (Figure 9). Grazing
intensity affects different bird species in different ways but impacts on waterfowl are
expected to be negative. While reduced summerfallow likely has had positive soil and
water conservation impacts, the increase in continuous cropping (including stubble
retention for ‘conservation tillage’) may have created ‘sink’ habitats for some nesting
birds that use cropland stubble for nest sites early in spring [e.g., including the pintail
(Podruzny et al. 2002)]. Despite overall reduced tillage, true native prairie, which is a
critical habitat for many bird species, continues to be lost at variable rates. Our models
currently do not incorporate effects of reduced habitat quality due to agricultural
intensification (increased grazing intensity, reduced summerfallow, native prairie loss,
larger machinery, faster seeding, fertilizer and pesticide inputs) and better information on
these impacts is needed.

I \ [ ] Province.shp
‘ \ Ppg-selected_ccs.shp
\ B 75 - -50
} [ 50--25
\ -25--10
| ]<10-10
\ [ ]10-25
[ 125-50
) [ ]50-75
\ [ 75 - 100
[ 100 - 150

I 150 - 200
I 200 - 2500

- e “
. s 20 | = A c R

Figure 9. Estimated percent change in grazing pressure (cow mass/acre) by CCS, 1971-2001. Grazing
pressure here is estimated by CCS based on reported cow/calf pairs, estimated pasture acres, and
estimates of changes in mean cattle weights from 1971-2001 (cattle weights; Higgins et al. 2002).

Additional uncertainties inhibiting refinement of our knowledge regarding landscape
impacts on duck productivity (and our modeling tools):
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e The role of spatial and temporal variability in prairie duck productivity (i.e., pattern
from process of prairie ecosystem variability [interaction of climate, food chains,
habitat]).

e Wetland loss impacts at finer scales than the province/ecoregion.

e How does the wetland size-pair density relationship vary across the prairie region (we
used North Dakota data)?

e Upland and wetland impacts on duckling survival (not currently modeled).

¢ Upland influences on duck carrying capacity; does wetland use depend on
surrounding upland condition?

e Impact of partial impacts (cultivation, burning, etc.) on wetland use by ducks.

e Influence of predator community change (i.e., quantifying the change in waterfowl
nest predator community and its potential impact on waterfowl; 1970’s to current).

Next Steps

Defining habitat goals that address the productivity ‘deficits’ and their causes as outlined
in this report, and further specifying an adaptive management strategy for the PHJV are
the logical next steps in the process (Phases II and III). A few guiding points based on
reviews and experiences in Phase I:

e The PHJV needs to review habitat monitoring needs and the current design of habitat
monitoring efforts to address whether they provide data at appropriate spatial and
temporal scales for adaptive decision-making. Data collection coincident with the
availability of Ag Census data may be one option.

e All PHJV partners need better tracking of HOW, WHERE, and by HOW MUCH
their activities (including extension and policy) have changed the landscape — this
should be consistently tracked at the project level (quarter section based) and readily
aggregated to larger scales. The question, “How does this activity maintain or
improve duck productivity?” should be answerable and scientifically supported for all
activities.

e Define a method for estimating pintail habitat goals.

e A few critical information needs to support policy actions (e.g., ecological goods and
services provided by prairie wetlands) should be specified and prioritized for
research.

e Planning tools (DSS, WPM, etc) need to be constantly refined and tested as new
information from evaluations is made available.

e Key assumptions underlying the planning process and the models used in the
planning process need to be evaluated, especially if false assumptions could
dramatically affect outcomes.

e A Vision and Strategy for linking waterfowl planning with other bird planning within
the PHJV needs to be developed. Key moulting and staging wetlands provide an
obvious point of overlap for waterbird and shorebird planning and this may be an
obvious first step. Maps of species occurrence, upland habitat composition, and
condition will likely drive points of overlap with landbirds.
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e Define measures of success and develop an evaluation plan as part of the adaptive
management strategy.
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Appendix A. Original PHJV acreage objectives compared to actual delivery to
December 31, 2003, by province (source: B. Calverley, NAWMP Coordinator)

ALBERTA

PROGRAM ELEMENTS

ORIGINAL OBJECTIVES (ac) ACCOMPLISHMENTS TO 031231

Predator Fenced Plots 20,000 40
Cover Plantings 325,500 40,742
No Agricultural Use 660,000 68,435
Modified Agricultural Use
Grazing Systems 874,000 541,586
Delayed Haying 430,000 21,481
Seed Production - 533
Flushing Devices - 57,426
Convert to Perennial Cover - 401
Small Wetlands ? 51,964
Large Marsh 863,000 286,489
Exclusive Agricultural Use - 2,215
Extension 391,000 Not tracked
TOTAL ACRES 3,563,500 1,071,312

Includes accomplishments of Alberta Sustainable Resource Development, Alberta Environment, Nature

Conservancy of Canada and Ducks Unlimited Canada.

SASKATCHEWAN

PROGRAM ELEMENTS

ORIGINAL OBJECTIVES (ac) ACCOMPLISHMENTS TO 031231

Predator Fenced Plots 10,960 640
Cover Plantings 42,720 123,165
No Agricultural Use 554,070 74,700
Modified Agricultural Use
Grazing Systems 1,450,515 386,591
Delayed Haying 1,175,615 41,336
Seed Production 27,860 419
Flushing Devices - 149,457
Convert to Perennial Cover - 25,518
Small Wetlands ? 96,559
Large Marsh ? 151,983
Exclusive Agricultural Use - 2,447
Extension 2,473,464 Not tracked
TOTAL ACRES 5,735,204 1,052,815

Includes accomplishments of Saskatchewan Watershed Authority (formerly Saskatchewan Wetland
Conservation Corporation), the Nature Conservancy of Canada, Saskatchewan Environment and Ducks

Unlimited Canada.
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Appendix A (cont’d).

MANITOBA

PROGRAM ELEMENTS  ORIGINAL OBJECTIVES (ac) ACCOMPLISHMENTS TO 031231

Predator Fenced Plots 16,000 205
Cover Plantings 21,000 24,140
No Agricultural Use 72,000 72,814
Modified Agricultural Use
Grazing Systems 100,000 94,296
Delayed Haying 29,000 18,636
Flushing Devices - 21,640
Convert to Perennial Cover - 11,236
Small Wetlands ? 46,938
Large Marsh ? 64,005
Exclusive Agricultural Use - 305
Extension 271,000 Not tracked
TOTAL ACRES 509,000 354,215

Includes accomplishments of Environment Canada, Delta Waterfowl Foundation, Manitoba Conservation,
Manitoba Habitat Heritage Corporation, the Nature Conservancy of Canada and Ducks Unlimited Canada.
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Appendix B. A Synopsis of PHJV evaluations 1986-2003 (Prepared by: G. H.
Raven & J. H. Devries, Ducks Unlimited Canada).

The following synopsis focuses on evaluations conducted by PHJV partners during the
years of PHJV delivery from 1986-2003. This is not intended as a complete review of all
research on these topics although addition work on these topics is cited in some
instances. In instances where PHJV partners have compiled reviews of the existing
information on management practices, a summary of those findings is presented here.
Readers are encouraged to consult the primary sources for full details and other PHIV
reviews (e.g., Williams et al. 1999, Riemer 2003; cited in main report).

PLANTED NESTING COVER (DNC)

Initial research indicated that fields of planted grass/legume mixtures left idle for one or
more growing seasons received good use by nesting ducks and nest survival was higher
than average (Duebbert 1969, Duebbert and Lokemoen 1976). Hence, planted dense
nesting cover (DNC) has been a major tool used to increase duck production in the
Prairie Pothole Region (PPR). It is assumed that by increasing nest survival, population
recruitment will increase. Despite much evidence of higher than average nest survival
(PHJV Assessment, unpubl. data), questions remain regarding population impact and
variation in nest survival.

Questions also remain regarding appropriate management type and frequency to sustain
long-term productivity from planted fields. Seeded grasslands may require periodic
management interventions to remove litter buildup and reenergize the stand. Haying or
burning is commonly used for this purpose, yet the required frequency of the
interventions and the effects on bird production are poorly understood and may vary
among different stand compositions and interventions.

McKinnon and Duncan (1999)

The authors analyzed data from a 3-year study in the parkland of southern Saskatchewan
where 31 DNC, and 31 unmanaged plots were searched for nesting waterfowl. Mayfield
nest success for the three years was higher in DNC (15%) than in the unmanaged plots
(7%). Results differed among species such that mallard and gadwall had a higher nest
success in DNC than in unmanaged areas, whereas blue-winged teal and northern
shoveler did not. Nest success was found to vary considerably both among years and
among fields within years. It was estimated that about 0.5 duck nests were initiated per
acre of DNC (0.16 mallard nests/acres).

Though nest success was higher in DNC than in unmanaged areas the authors caution
that overall nest success in DNC was only 15%, the threshold considered necessary for
stable populations of mallards, but below the 20% believed necessary for the other
species. The authors suggest that annual variation in nest success may be attributable to
the number of May ponds (moisture levels). In this study, nest success rates of 15, 8, and
26% coincided with May pond counts of 1.0, 0.6, and 1.4 million, respectively, in the
aspen parkland of Saskatchewan.
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Calculations simulating the potential effect of DNC on the mallard breeding population
show that probably only about 1% of the population is being affected by DNC in
southern Saskatchewan. Based on these results, the authors question the impact of DNC
on continental populations, especially given the cost of implementing this program. The
authors cite evidence that at the landscape scale, increasing the proportion of perennial
cover may improve nest success. The authors suggest cropland conversion to pasture as
an alternative that may be more fiscally and socially feasible and yet still provide nest
success benefits.

Devries (2003)

Devries (2003) examined waterfowl productivity in DNC fields under different
management regimes in Saskatchewan and Manitoba from 1998 to 2001. Nest density
(corrected for Mayfield nest success), nest success and hatch density was used to
compare stand types (native or tame) and management types (hayed or burned). Fields
also were categorized by the number of years since the management occurred and by
several cover measurements.

Nest success was found to 300

be highest in native-burned ’5o EEZI:XZEZT I
fields, followed by native- O Tame-Hay

hayed and tame-hayed 2001

fields. Success was high the
year following management,
lower between 2-5 years 100
post-management, and
improving again after year
5. Hatch density showed 00 ] ‘ ‘
varying patterns depending 1 2105 o
on stand and management Years Post-Management Group

type and years post-
management. Hatch density
is low in native-hayed and decreases following 3 years post-management. Tame-hayed
fields have their highest hatch density between 3 and 6 years post-management while
native-burned fields increase in hatch density through to 7 years post-management. Nest
density corrected for Mayfield nest success typically declines the year following
management but increases dramatically the next year before following varying patterns
depending on stand and management type. Vegetation density and maximum height
peaked 2-3 years post-management and leveled off at an intermediate level.
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The author concludes that 0.9000
both nest success and 0.8000 B Native-Burn |
density may be 07000 el
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are most productive 3-5
years post-management.
Production of all stand types can be maximized in areas with high wetland densities.
Conversion of cropland to native grasses and legumes managed by fire is the preferred
method of habitat restoration for waterfowl production; however, establishment and
management costs for this combination are very high. The author suggests that DNC
fields in the aspen parkland of Canada may be left for up to 7 years without management
to maximize production. The author further expresses the need for research on the effect
of grazing as a management intervention, as grassland ecosystems evolved under both
fire and grazing disturbances.

0.6000 - —

0.5000 -

0.4000 -

(Nests/Acre)
|

0.3000 -

0.2000 -

Estimated Mayfield Nest Density

Estimated Mayfield nest density (i.e., corrected for nest success) by
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SUMMARY

Planted nesting cover is one of the most effective habitat treatments to improve nest
success at the field level. Affecting population level reproductive success is unlikely,
however, unless widespread cropland retirement programs such as the US Conservation
Reserve Program are adopted in Canada. Where DNC is established for local gains in
recruitment, data indicates native grass plantings managed about once every 7 years by
burning may be the most productive option, albeit the most expensive.

PREDATOR EXCLOSURES (FENCED DNC)

Electrified fences constructed around fields of DNC to exclude terrestrial predators and
increase success of upland nesting waterfowl (Lokemoen et al. 1982) were a key
component of initial PHJV implementation plans. Concerns were identified early,
however, about the reluctance of hens to cross fences when leading their broods to water
(i.e., hens would not leave their ducklings to fly over the fence). This reluctance delayed
the time required to travel to water and placed the brood at risk to starvation, dehydration
and predation, potentially negating any benefits of the fence.

Howerter et al. (1996)

The authors examined the effect of fenced exclosures on travel time to first wetland,
duckling survival, and the mitigating effects of exit structures designed to allow more
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rapid egress of hen and brood from the fence. Six exclosures in southeastern
Saskatchewan were studied in 1992 and 1993. Three exclosures in each year were fitted
with exit structures in a cross-over design such that intact exclosures in one year were
fitted with exits the next year and vice versa. Movement and survival of broods from
nests in fence treatments were compared with control broods from nests outside
exclosures.

Intact predator exclosures delayed exit from the fence and increased travel time to first
wetland. Exits improved exit time, however, travel times to first wetland were still
greater than controls. Duckling survival to the initial wetland was lower for broods
hatched in intact exclosures (38%) than for modified exclosures (87%) or control broods
(98%). Survival to initial wetland was lower for modified exclosures than for control
broods but results were marginally significant. However, duckling survival to 14 days
post-hatch did not differ between the three groups.

Influence of exclosure fence and exit installation (modified) on travel and exit times to first wetland for
mallard broods in southeastern Saskatchewan, 1992-93.

Total Travel Times Time Attempting Exit Unimpeded Travel Time
(hrs) (hrs) (hrs)
Treat n X SE Range X SE Range X SE Range
Intact 32 284 40 .3- 23.7 3.6 0.1-100.8 1.4 0.5 0.1-16.3
100.9
Modified 31 7.1 1.5 0.4- 32 1.0 0.1-26.3 2.1 1.0 0.1-26.3
36.2
Control 23 1.5 0.3  0.0-6.1 - - 1.5 0.3 0.0-6.1

The authors suggest that exits be installed in existing and newly constructed predator
exclosures. Exclosure exits should be installed at corners of fenced fields and adjacent to
wetlands. New exclosures should only be constructed if duckling survival is likely to be
high and if staff can commit considerable time for maintenance and to ensure exclosures
remain predator free.

SUMMARY

Results of the above study show that the negative effects of duckling survival may
counteract the benefits of predator exclosures to nesting waterfowl. Constructing exits in
existing exclosures can help to alleviate this problem but not eliminate it. Construction
and maintenance costs may outweigh potential benefits.

CHEMICAL FALLOW

Fallow is used as a part of annual crop rotations as a means of managing weeds,
mineralizing nitrogen from organic matter and conserving moisture for the following
crop year. Traditionally, tillage operations have been used to mechanically destroy weed
growth and incorporate crop residues into the soil. Chemical fallow is an alternative
farming practice that utilizes chemicals instead of tillage to control weed growth. This
practice is considered to have soil and water conservation benefits because vegetative
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cover is maintained for a greater proportion of the fallow period than with traditional
tillage fallow (Jahn and Schenck 1991, Richards 1991). Studies examining the benefits
of chemical fallow to waterfowl are rare. The following studies compare waterfowl nest
densities and success between chemical fallow fields and traditionally tilled fields as well
as other habitats.

Hofman and Bjorge (1994)

The authors examined data from two years (1990 and 1991) of work done in the Buffalo
Lake Moraine of south central Alberta. In 1990, 10 chemical fallow (CF), 2 underseed
legume (UL), and 4 conventional tillage fallow (TF) plots were nest searched along with
natural habitats (NH) within the plots. In 1991, 10 CF, 3 UL, 4 conventional TF plots,
and associated NH were also searched. Nest densities and success were compared for the
four habitat types and dabbling duck species.

CF habitats had higher nest densities than did TF. NH was preferred to CF by most
species but Northern Pintail did not use NH more than fallow habitats. Nesting success
did not significantly differ between habitat types or species but trends showed better
success in CF than in NH for northern pintail and blue-winged teal. Too few nests were
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found in TF to estimate nest success.

The authors conclude that CF fields were selected more often for nesting and ducks were
more successful here than in TF. However, NH was used much more than CF habitats
and attractiveness seemed to be related to density of vegetation [as determined by Robel
et al. (1970) measurements]. They further suggest that permanence may affect selection
of CF habitats, as ducks cannot exhibit homing on these annual habitats. Surrounding
wetland density was positively correlated with use of CF habitats and consequently the
authors believe that the use of CF to attract ducks would be most effective in areas with
high wetland densities. Also, northern pintails tended to both use and have success in CF
habitats so CF fields would be most beneficial in areas with pintails.

Emery et al. (2003)
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Emery et al. (2003) examined data collected from six study sites in southwestern
Saskatchewan in the spring of 2003. Nest searching was conducted on 8 random quarter
sections at each study site. Six crop stubble practices were identified: spring-seeded
stubble (SS), chemical-fallow stubble — spring seeded (CS), tilled-fallow stubble (TF),
chemical-fallow stubble (CF), idled cropland, and 2-year-old idled cropland.

One hundred and one nests were found in crop stubble of which 77% were northern
pintail. Forty-three percent of pintail nests found during searches of all habitat types
were in crop stubble versus 12% for other species. Nesting success in CF was similar to
nesting success over all habitat types combined. Nesting success was lower for nests in
stubble that was cultivated during the nesting season (SS, CS and TF) than for stubble
that was chemical fallowed (CF). Sixty-four percent of hatched CF nests hatched after
June 20", Nest densities (nests/acre) were higher in CF (0.053) than in TF (0.031).

The authors conclude that replacing TF with CF may increase duckling production, as
both overall nesting success and nest density were higher in CF compared to TF.
However, most of the benefits /
of CF over TF occurred later pd .
in the nesting season, after TF 371 s
fields had been tilled. Pintails
would be especially
vulnerable to spring tillage as
58% of nests found in the first
search were in crop stubble.
Nest success in CF fields was
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late, delaying tilling

operations may have considerable merit, even for TF fields. It should be noted that this
data is from just one year and that over 80% of CF nests are from one study site. Also,
the high breeding density of pintails and the high nest success on CF fields may not be
the norm and may have been affected by water returning to the area following several
years of drought.

SUMMARY

Though little research has been done on waterfowl use of chemical fallow fields, results
from the above studies show that they could be an improvement over traditionally
fallowed fields. Nest densities and nest success are higher in CF fields compared to TF
fields. Attractiveness of CF fields compared to other habitats appears to be low except
for pintails, which use it extensively. Nest success in CF fields is comparable to other
habitats; hence this habitat may not act as an ecological sink. Benefits of CF over TF
may be realized by simply delaying cultivation until later in the season.
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FALL SEEDED CROPS (WINTER WHEAT, FALL RYE)

Though cropland use by nesting waterfowl has been well documented (Earl 1950,
Milonski 1958, Higgins 1977, Cowan 1982, Duebbert and Kantrud 1987, Fisher 1993),
little research has been conducted to quantify use or success due to potential crop damage
from nest searching. Cultivation, seeding and spraying pose additional risks to waterfowl
nests in cropland but a high percentage of upland habitats are in cropland in many
important waterfowl breeding areas. Conservation tillage practices can provide residual
cover and reduce the risks to waterfowl nesting in cropland. Fall seeded crops like winter
wheat and fall rye require less tillage and planting occurs in the fall when there is no
conflict with nesting waterfowl. Potential benefits of fall-seeded crops over traditional
spring crops on waterfowl production are great as entire landscapes could be affected.

Devries (1999)

In 1996, fall-seeded croplands (1109 ac) were searched for waterfowl nests. In 1997,
fall-seeded croplands (774 ac), spring-seeded croplands (730 ac), and non-cropland
habitats (139 ac) were searched. All searches were conducted in southeastern
Saskatchewan. Nest density was calculated as apparent nest density (nests found/acre).
Productivity was estimated as the number of hatched nests per acre. Daily nest survival
probability was compared among cover types.

Seven species of waterfowl nested in fall-seeded crops with mallard and blue-winged teal
being the primary species. Apparent nest density was higher in fall-seeded cropland (1
nests/9 acres) than in spring-seeded cropland (1 nests/132 acres) but lower than in idle
non-cropland habitat (1 nest /3 acres). Nest success averaged 22.6% in fall-seeded
cropland, 54% in spring-seeded cropland, and just 6% in non-cropland habitat.
Productivity was higher in fall-seeded cropland (1 hatched nest/20 acres) than in spring-
seeded cropland (1 hatched nest/250 acres). Estimates of apparent nest densities are 2 to
4 times higher than those previously reported for cropland habitat (Higgins 1977, Cowan
1982, Duebbert and Kantrud 1987, Fisher 1993).

Devries (2000)

In 1998 and 1999 approximately equal areas of fall-seeded (4035 acres) and spring-
seeded (3855 acres) crops were nest searched within the Missouri Coteau landscape of
south-central Saskatchewan. Apparent nest density (nests found/acre), nest success, and
production (hatched nests/ac) were compared between fall and spring-seeded fields.

While 5 species of dabbling duck nested in cropland, pintail and mallard were the most
common nesters in the two crop types. Both nest density and nest success were higher in
fall-seeded crops than in spring-seeded crops. Waterfowl production (hatched
nests/acre) was approximately 36 times higher in fall-seeded crop than spring-seeded
crop. Pintails hatched approximately 19 times as many nests/ac in fall crops versus
spring-seeded crop.
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The author concludes that fall-seeded crops are more attractive and productive than
spring-seeded crops. The breeding density of northern pintails was high in this study
area and the positive effects of fall-seeded crops over spring-seeded crops on nesting
waterfowl seemed to hold for pintails. Pintails on the study area frequently selected
spring-seeded cropland and their nests were often destroyed by machinery thus
supporting the ecological trap hypothesis where ducks are attracted to nest in unsafe
habitats.

SUMMARY

The results from the above studies indicate that both duck nest density and nest success
are higher on average in fall-seeded cropland than spring-seeded cropland. These results
may be especially relevant to pintails, which are currently well below NAWMP
population goals and have a tendency to nest in cropland. These studies also show that
cropland may be more important in attracting nesting waterfowl than previously thought.
Whether this translates to an ecological sink or a population source may hinge on
cropping practices. Further research is required to discern where fall-seeded crops may
be most valuable to waterfowl production.

NEST STRUCTURES

Artificial nesting structures have been used as a means to increase waterfowl nest
success. Originally, nesting baskets were the primary structure used to target nesting
mallards, however, more recently, nesting tunnels have been employed to this end.
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Thompson et al. (2000)

Thompson et al. (2000) reviewed existing nesting structure evaluations and considered
associated costs. Nesting tunnels have been adopted by DU as the preferred overwater
nesting structure as baskets have been shown to have lower occupancy rates and are
frequently used by Canada geese (McFarlane 1999, Eskowich et al. 1998). Tunnels
averaged 53% occupancy and 88% success (Kowalchuk 1996, Eskowich et al. 1998,
PHJV Assessment unpubl. data). Tunnels are almost exclusively used by mallards and
occupancy tends to decline with decreasing mallard pair density. Low water levels may
also result in decreased occupancy. Predation rates of nests in tunnels are thought to
increase over time (Doty et al. 1975). Kowalchuk (1996) suggested that approximately
8% of nests are depredated but PHJV assessment data indicates that as many as 16% may
be lost to predators (Devries pers. comm. 1999). Regardless, success is much higher than
for ground nests.

Materials used to construct nest tunnels may affect performance. Occupancy of plastic
tunnels was only 10% compared to 64% for tunnels constructed of wire mesh (Murphy
1999). Nest success was 86% and 95% respectively. Based on occupancy it would seem
that wire structures are better duck producers. However, the majority of the plastic
structures were in place for less than 2 years while the wire tunnels were in place for 3
years. The authors believe this calls into question the validity of the apparent preference
and cites an earlier study that found 58% occupancy in plastic tunnels (Thomson 1997).
The authors suggest further research concerning use of plastic and wire tunnels if
occupancy rates are a primary objective of nesting tunnel programs.

Maintenance of nest tunnels is an issue as wire mesh tunnels require straw replacement,
preferably on an annual basis. Volunteer/co-operator tunnel maintenance has been
shown to be inconsistent and thus the authors suggest that maintenance efforts require
direct support. Plastic tunnels have made maintenance easier and reduced costs. The
authors believe that a maintenance interval longer than the current annual cycle may be
possible.

The authors conclude that nesting tunnels are cost effective duck producers. Plastic
tunnel construction is $25 with an additional $25 for installation. Annual maintenance
costs are approximately $6/tunnel. With a life expectancy of 10 years, total cost of each
tunnel is $110. The cost per wire tunnel is approximately double due to higher
construction and maintenance costs.

SUMMARY

Nesting tunnels have been shown to be effective producers of ducks, mainly mallards.
Maintenance remains an issue, however, alternate construction materials may alleviate
these concerns. Due to their visibility, nesting tunnels may have a role in conservation
education.
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GRAZING SYSTEMS

It has been shown that residual vegetation is an important habitat feature affecting both
nest density and success of upland nesting waterfowl (Martz 1967, Payne 1992).
Management programs that attempt to keep residual cover on the landscape throughout
the year have become more popular, even as agricultural pressure on the land increases.
Managed (rotational) grazing systems appear to be an optimum program that does not
take land out of agricultural production but increases residual cover for nesting
waterfowl. However, evidence showing the effectiveness of grazing systems in
increasing duck production has been conflicting.

Lamey and Devries (1997)

Lamey and Devries (1997) conducted a meta-analysis compiling data from 6 previously
published and unpublished studies that compared the effectiveness of managed grazing
systems to season-long grazing systems in increasing duck production. Specifically, the
authors compared reported nest density and nest success estimates among managed
grazing, season-long grazing and idle systems. Many studies had small sample sizes,
thus bringing results into question. The estimation of an effect size from each study
allowed this meta-analysis to synthesize results from small sample size studies into an
overall mean effect size for nesting density and success.

The effect sizes of nest density and success under managed grazing systems were not
significantly different from those under season-long grazing. However, in both cases,
effect sizes were slightly positive showing marginally higher nest densities and success in
managed grazing systems. Significant effect sizes were found contrasting nest densities
in idle grass to both season-long and managed grazing systems; densities were higher in
idle grass. Results for nest success were less clear but showed grazed systems may have
higher nest success than idle grass.

SUMMARY

Given the results of this meta-analysis the authors believe that any benefit to waterfowl
production of managed grazing systems over season-long grazing is slight. However, it
is clear that cessation of grazing is associated with increased waterfowl nesting density.
Therefore, larger, longer term studies may be required to measure the impact of managed
grazing systems on waterfowl production. The authors suggest a reassessment of the
commitment to managed grazing systems as a waterfowl management tool and suggest
future studies should include control treatments, random assignment of grazing
treatments, and replication of both experimental and control treatments. Also, future
studies should be repeated over broad geographic and physiographic areas to increase the
applicability of results.
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While direct waterfowl production benefits are likely small, the case has been made that
managed grazing indirectly improves duck production by making rangeland sustainable
where it may otherwise be lost to cultivation. This remains an untested hypothesis.

FLUSHING BARS

Upland nesting waterfowl often use hayland as nesting cover, but mowing operations
have been shown to cause high nest destruction (Labisky 1957, Milonski 1958, Ordal
1964, Gates 1965, Kirsch et al. 1978, Klett et al. 1988). The rate of female mortality
caused by haying is disputed but it appears to be significant (Ordal 1964, Johnson and
Sargeant 1977). The use of a flushing device mounted on haying machinery may be
effective in decreasing hen mortality and consequently improve duck production.

Butterworth and Calverley (2001)

In 1993, duck mortality due to haying operations was quantified on 462 ac of hayland in
the aspen-parkland region of central Alberta. In 1994, a flushing device was installed on
pull-type hay mowers cutting 778 ac while a control group cutting 741 ac used no device.
In 1997, 904 ac of hayland were mowed by self-propelled mowers equipped with a
flushing device and 914 ac were mowed by equipment without a flushing device. In
1999, 531 ac were mowed by self-propelled mowers without the flushing device and 664
ac were mowed using the device. The study compared successful versus unsuccessful
(resulting in mortality) flushing attempts by nesting ducks between fields mowed without
a flushing device and fields mowed with a flushing device.

Mortality rates of 32-48% were recorded for fields mowed without a flushing device. In
1994, the flushing device on pull-type mowers was 100% effective in preventing hen
mortality. In 1997 and 1999, mortality rates were 15% and 7%, respectively for fields
mowed with a flushing device. Incidental observations on other wildlife species showed
flushing bars have a positive affect on the survival of non-waterfowl species as well.

The authors believe that flushing bars can have a major effect on survival of female
ducks nesting in hayfields. However, unless flushing bars are broadly adopted
throughout major waterfowl production areas of the continent, the landscape effects may
be insignificant. Consequently, the authors believe managers should attempt to restrict
haying operations until after the nesting season. When this is not possible, flushing bars
are an effective means of reducing wildlife mortality.

SUMMARY

From the above study and others it seems that flushing bars can effectively reduce hen
mortality. However, the landscape level effect on waterfowl populations may not be
significant unless flushing devices are broadly adopted. Consideration of average haying
dates should also be considered as flushing bars may have little benefit where average
hay dates are generally late (e.g., early July). Promotion of delayed hay cutting may be
an equally effective strategy.
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CROPLAND CONVERSION TO HAYLAND

The conversion of cropland to hayland is an important land use change promoted as a
means of improving waterfowl productivity. Though it is assumed the conversion of
cropland to hayland may benefit waterfowl, attractiveness and success of nesting
waterfowl in hayland must be assessed in relation to other habitats and programs.
Further to this, it is important to consider hatch chronology and the combined effects of
nest success and hen mortality on recruitment. Forage cutting dates will affect the result
and so must also be considered.

McMaster et al. (In Press)

The authors nest searched 34 separate hay fields throughout the Missouri Coteau of
southern Saskatchewan in 1999 and 2000. Six fields were sampled in 1999 only, 10
fields were sampled in 2000 only, and 18 fields were sampled in both years. Nest density
and success was quantified for waterfowl and other grassland nesting birds in haylands to
determine the benefits of converting cropland to hayland.

Twenty-six species of birds nested in haylands but waterfowl dominated the sample.
Waterfowl nest success was relatively high (20 and 13% in 1999 and 2000, respectively)
but nest density was average compared to other habitats in the PPR (0.181 and 0.212
nests/acre in 1999 and 2000, respectively). Waterfowl nest density was positively related
to the amount of cropland in the surrounding landscape, and negatively related to the area
of the hay field. Haying operations destroyed few nests due to wet weather and
consequent late cutting dates but the authors caution that 25% of nests were active at the
time of the historical average haying date.

The authors suggest that due to the vulnerability of nests to haying operations, cropland
conversion to hayland programs should include agreements with private landowners to
delay haying operations or use a flushing bar. This study found that hay fields need not
be large or in grass dominated landscapes to have high nest success. The authors believe
that conservation of native grassland with varying degrees of grazing pressure is the best
way to meet the needs of grassland nesting birds. Cropland conversion to hayland may
be most beneficial to birds by providing additional forage to landowners, thus reducing
grazing pressure on native pastures.

Arnold (2003)

Arnold (2003) reviewed 19 studies from the PPR that provided nest densities in hayland,
of which 17 also provided densities in remnant grasslands and 7 provided densities in
planted cover. Ducks exhibited a weak avoidance of haylands in relation to grasslands
and a strong avoidance in relation to planted cover. Hence, haylands provide average
cover at best and slightly below-average cover at worst.
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SD = 7.5%, n = 38). However, studies that included planted cover showed nest success
in hayland (10.1% £ 9.0%, n = 20) was lower than nest success in DNC (13.6% £ 7.1%,
n = 20). Hence, nest success in haylands does not differ from that in existing cover, but is
worse than in targeted cover programs (idle and planted cover).

Data collected as part of a comprehensive evaluation of flushing bars (see above) are the
only quantitative studies on mortality risk during haying operations. The data shows
fields mowed using conventional equipment can result in one in three or even one in two
hen mortalities. Flushing bars can decrease mortality by about four-fold. Nevertheless,
haying operations kill about one in ten hens, even when flushing bars are used. The
mortality rates are dependent on the number of active nests at the time of mowing, which
may reflect a high or low percentage of the nesting effort depending on nesting
chronology, success and timing of mowing. Based on nest initiation times provided from
McMaster et al. (in press), anywhere from 1 to 75% of nesting hens could be vulnerable
to mortality, based on mowing dates ranging from 25 June to 30 July.

SUMMARY

Simulations show that the potential for high hen mortality along with average nest
densities and nest success make cropland conversion to hayland a high risk but slight
reward program if increasing duck production is the goal. However, benefits from a
cropland conversion program may come from increasing baseline nest success within a
landscape (e.g., Greenwood et al. 1995, Reynolds et al. 2001), not by duck production in
hayland per se. Therefore, it should be targeted towards landscapes with abundant
wetlands to support adequate pair and brood densities. Haylands should be mowed late
to mitigate risks of lost hens and nests. Payment required to delay mowing operations is
too high for the potential benefits, so cropland conversion programs should be targeted to
areas that already have a late average mowing date. This would also minimize
restrictions (cut dates, flushing bars) to landowners, thus eliminating the need for
monitoring and enforcement.

PHJV ASSESSMENT STUDY
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The PHJV Assessment study was possibly one of the largest wildlife studies ever
undertaken. The study examined duck nesting ecology on 27 65-km” study sites across
the prairie-parklands of the Canadian PPR from 1993-2000. While nesting ecology of all
ducks was studied (over 19,000 nests found), special emphasis was placed on mallard
breeding ecology. Approximately 3,600+ radio-marked mallard females were tracked
throughout the breeding season and provided data on nest habitat selection, nest survival,
hen survival, duckling survival, and factors affecting each vital rate.

Anderson et al. (In Prep)

The objectives of the PHJV Assessment study (Sankowski et al. 1991, 1995) were 1) to
test whether waterfowl production increased in response to the full suite of PHJV upland
habitat treatments, 2) to assess the effectiveness of individual habitat interventions, and
3) to test and improve the Computer Planning Tool that was used to develop
implementation plans. On PHJV Assessment sites, 0 to 20% of the total land base was
affected by Joint Venture programs. This included intensive wildlife management
practices, intended to maximize waterfowl production on small parcels of land dedicated
to wildlife, and extensive land-use modifications, designed to enhance soil and water
conservation while secondarily providing benefits for wildlife. Intensive programs
generally involved purchase or lease of land and planting of dense nesting cover, idling
existing natural cover, or providing nesting structures. Extensive programs were
designed to maintain ground cover through modifying cropping practices, such as
reduction of summer fallowing, reduced tillage, promotion of fall-seeded crops, modified
grazing management, or delayed hay cutting.

Some specific results from analysis of factors influencing mallard vital rates at the study
area scale include:

*Nest Success
—Negative relationship with skunk/fox abundance
—Positive relationship with local may pond index
—Positive relationship with amount of herbaceous cover (i.e., grass, hay, wetland
vegetation)

*Duckling Survival
—Negative relationship with # of cold days
—Positive relationship with % seasonal ponds holding water
—Negative relationship with PHJV treatment index

*Adult Survival
—At low wetland density, decreases as percent grass increases
—At high wetland density, increases as percent grass increases

While analysis is still ongoing, key results from the PHJV Assessment study suggest that
while individual managed habitats were more productive than unmanaged habitats on the
study sites, treatment-level influences were generally not large enough to detectably
impact landscape-level recruitment. Further, the Computer Planning Tool as used in the
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PHIJV planning process did not predict recruitment well in the Canadian parklands.
Further analysis of Assessment data has provided information for the development of a
new biological planning tool linking waterfowl productivity to landscape composition
(the Waterfowl Productivity Model; Appendix C).

Hoekman et al. (2002) and Update

Hoekman et al. (2002) used data from 11 PHJV Assessment sites and other published
data to estimate vital rate parameters and their contribution to mid-continent mallard
population growth rate. Only data from female mallards were used for model building
and a landscape scale of 60 -70 km” was used as a frame of reference for vital rate
estimation and inference to population dynamics. Analytic and simulation-based
sensitivity analyses of a stage-based matrix model were used to compare the relative
importance of vital rates to mallard population growth. Vital rates considered were:
clutch size, egg hatch, nest success, duckling survival, breeding incidence, re-nesting
intensity, breeding survival, and non-breeding survival.

A recent update of
Hoekman’s analysis Clutch Size
using data from all 27 1%
Assessment sites
confirms that process
variation in breeding
parameters had the
greatest effect on
variation in population
growth. Nest success,
survival of adult
females during the
breeding season, and

Ducklin

duckling survival 5%
accounted for 74% of
the variation in mid- Relative importance of mid-continent mallard vital rates to population

continent mallard growth rate.

population growth. Further, based on new estimates of winter survival for the mid-
continent mallard population, we estimate that population stability may be achieved with
an average nest survival rate of 11.5% rather than 15% as traditionally held (Cowardin et
al. 1985).

The authors suggest that results from future analyses of a similar nature should consider
the effectiveness and cost of manipulating different vital rates. They further caution that
different vital rates may not be equally susceptible to manipulation and a large change in
a less sensitive vital rate may be more effective than a small change in a more sensitive
vital rate. The authors also note that though their results corroborate the importance of
nest success and adult female survival to management, past management of nesting
habitat and predator communities have yielded modest results. Since >65% of annual
female mortality can be attributed to the breeding season, the authors believe increasing
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female survival by decreasing nest predation during this period has high potential to
increase population growth. Since predation is the primary source of mortality in each of
the three most sensitive vital rates, it seems prudent to focus attention on examining the
interactions of predator communities with other environmental conditions to explain the
mechanisms driving variation in these vital rates.

Howerter (2003) — from Thesis Abstract

Howerter (2003) used duck nesting data from 15 65-km2 study areas (n~6,300 nests)
dispersed throughout the aspen parklands of south-central Canada, to test hypotheses and
build models that predict hatching rates and nest-site distributions in relation to landscape
features. The author constructed separate models using landscape features generated at 3
different spatial extents (nest level, 0.45 km buffer, and 1.82 km buffer) and using 3
different habitat classification schemes (all habitat aggregated into 8, 4, or 2 classes).

Hatching rates generally increased with habitat patch size, and with distance from habitat
edge and nearest wetland though relationships were complex. Several interactions
improved the fit of models. Life-history theory and models of hatching rates were used to
construct hypotheses about how birds should choose nest sites. The same covariates that
were useful for predicting hatching rates also were useful for discriminating between nest
sites and random points; however, birds did not always choose the safest habitats as nest
locations. Therefore, fitness may not be maximized by nest choice. In each case, models
built from landscape features generated at the smallest spatial extent had the greatest
discriminatory ability; however, inclusion of variables from >1 spatial extent
significantly improved our models. Finally, the author demonstrates how models can be
incorporated into spatially explicit decision support tools to help guide management.
Based on these results, it is clearly important to consider spatial configurations of
habitats when planning habitat management.

SUMMARY

The PHJV Assessment has provided, and continues to provide, valuable data on the
interaction of habitat composition and waterfowl reproductive success at individual nest,
habitat and landscape scales. Results have informed PHJV management decisions during
the course of the study. Further, this data has allowed an unprecedented analysis of the
contributions of various vital rates to mallard population growth rate, has explored
factors influencing each, and has suggested nest survival lower than 15% on average may
be adequate to sustain mallard populations. Finally, it has allowed updated and
regionally applicable planning tools to be built to guide ongoing efforts to provide
productive landscapes for breeding waterfowl.
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Appendix C. The Waterfowl Productivity Model (WPM; documentation compiled
by J. Devries and L. Armstrong)

In order to assist in landscape planning to improve waterfowl production, Ducks
Unlimited Canada developed a spatially explicit biological model that estimates the
impact of landscape change on mallard, blue-winged teal, northern shoveler, gadwall, and
northern pintail productivity in the Prairie Pothole Region (PPR). For each species, the
Waterfowl Productivity Model (WPM) combines estimates of the average nesting
population within a planning area, the average nesting and renesting propensity,

estimates of nesting habitat preference, landscape-scale habitat availability, and habitat-
specific nest survival rates.

Biological parameters and geographic and landscape influences are based on data
gathered during the Prairie Habitat Joint Venture Assessment Study and previously
published data. Duck population estimates are derived from duck density maps developed
for the PPR (Ducks Unlimited Canada, unpubl. data) and partitioned by spatial estimates
of species composition generated from long-term U.S. Fish and Wildlife
Service/Canadian Wildlife Service spring waterfowl survey data. Nest survival is
dependent on species, habitat type selected for nesting, geographic location and the
overall amount of ‘perennial cover’ in the landscape. Given a particular geographic
location and landscape composition, the model estimates an expected number of hatched
nests for each species in each habitat. Further, the impact of a host of habitat
conservation actions and other landscape changes on productivity can be estimated.
Habitats currently modeled include:

Spring-seeded Cropland (includes fallow acres)
Fall-seeded cropland

Hayland

Delayed hay

Dense Nesting Cover (DNC)

Grazed DNC

Natural-Idle (grass, shrub, wetland vegetation)
Natural-Grazed

Woodland-Idle

Woodland-Grazed

Nest Tunnels

The WPM provides a powerful biologically based tool for comparisons among alternative
conservation actions in a specific landscape context. Applications are foreseen at both

local and regional scales.

Notes on Productivity Model Inputs and Function

The WPM is designed to run on 16 mi* “landscapes” (a scale roughly matching the scale
at which parameters were estimated and the scale of data aggregation used to create the
DSS map). The model appears relatively scale-insensitive, however; when run on larger
landscapes, output is similar to the sum of model runs on 16 mi* subunits. Habitat
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composition (of defined habitats), mean longitude, ecoregion, and duck
population/species composition of each “landscape” comprise the primary spatially
varying model inputs. The following describes the key biological parameters in the
model.

Habitat Preference-Parkland

Mallards

e Based on radioed mallard nest locations in 23 Study Areas and nest density
estimates for winter cereals, grazed DNC.

e Winter wheat nest density based on 1996/1997 data from SK.

e Grazed DNC availability and use for 2 Assessment sites — DON and MIX (12
nests in 1.7073 sq km)

e Ran log-ratio analysis to get relative preferences for Crop, Del Hay, DNC, Hay,
Nat-Idle, Nat-Grazed, Wood-Idle, Wood-Grazed

e Converted these into nest densities and then added nest density in Fall Crop (7.35
nests / sq km) and Grazed DNC (5.50 nests / sq km) to the mix.

Blue-Winged Teal, Gadwall, Northern Pintails, Northern Shovelers

e Based on locations of nest-searched nests in 23 Study Areas

e Winter wheat and crop densities based on 1996/1997 data from SK

e (Grazed DNC availability and use for 2 Assessment Sites — DON and MIX (52
BWTE, 9 GADW, 1 NOPI, 18 NOSH in 1.7066 sq km)

¢ Ran log-ratio analysis of nest densities to get relative preferences for Del Hay,
DNC, Hay, Nat-Idle, Nat-Grazed, Wood-Idle, Wood-Grazed

e Converted these into nest densities and then added nest density in Fall Crop
(13.12 BWTE nests / sq km, 2.23 GADW nests / sq km, 2.4 NOPI nests / sq km --
-- note that I obtained an estimate of 1.18 from this dataset, 3.28 NOSH nests / sq
km), Grazed DNC (24.00 BWTE nests / sq km, 6.30 GADW nests / sq km, 0.81
NOPI nests / sq km, 8.59 NOSH nests / sq km), and Crop (3.73 BWTE nests / sq
km, 0.34 GADW nests / sq km, 1.02 NOPI nests / sq km, 0.1620 NOSH nests / sq
km — note that I obtained an estimate of 0 from this dataset)

Parkland Nest Habitat Preference Values

Habitat MALL BWTE GADW NOPI NOSH
Crop 0.8 3.7 1.1 12.5 0.5
DNC 15.6 204 33.3 18.5 30.5
Del Hay 3.2 13.6 7.8 4.3 9.3
Fall Crop 3.9 13.1 71 294 9.5
Grazed DNC 2.9 24.0 20.1 9.9 25.0
Hay 58 7.1 9.7 2.9 4.2
Nat-Idle 22.3 13.1 18.1 16.6 16.5
Nat-Grazed 7.2 5.0 2.8 5.9 4.5
Wood-Ildle 22.0

Wood-Grazed

16.3

Habitat Preferences — Prairies

e Used relative preferences from Klett et al. (1988) for Crop, DNC, Hay, Nat-Idle
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and Nat-Grazed

e Made assumptions re the relative preferences for Delayed Hay, Fall Crop, and
Grazed DNC.

e For Fall Crop, assumed a preference relative to Hay based on nest densities in the
Hay (99-00) and Fall Cereals (98-99) Studies. We obtained Fall Crop approx. 1.3
x Hay for MALL, 0.2 x Hay for BWTE, 0.2 x Hay for GADW, 1.3 x Hay for
NOPI, and 0.5 x Hay for NOSH.

e For Grazed DNC, we assumed that its preference relative to DNC would be as in
the Assessment study. We obtained Grazed DNC approx. 0.21 x DNC for
MALL, 1.18 x DNC for BWTE, 0.60 x DNC for GADW, 0.54 x DNC for NOPI,
and 0.82 x DNC for NOSH.

e For Del Hay, we assumed that its preference would be the average of its
preferences relative to Hay and DNC from the Assessment study (except for
Pintails where the preference for Del Hay would be the same as for Hay). We
obtained Del Hay to be between 0.54 x Hay and 0.23 x DNC for MALL, between
1.91 x Hay and 0.67 x DNC for BWTE, between 0.8 x Hay and 0.23 x DNC for
GADW, = Hay for NOPI, and between 2.21 x Hay and 0.31 x DNC for NOSH.

Prairie Nest Habitat Preference Values

Habitat MALL BWTE GADW NOPI NOSH
Crop 0.3 0.2 0.2 4.3 0.1
DNC 42.9 29.1 37.3 30.6 35.3
Del Hay 8.5 15.6 10.2 11.8 13.3
Fall Crop 14.9 1.3 2.7 13.6 3.4
Grazed DNC 10.1 36.1 23.9 18.3 28.3
Hay 12.2 5.8 12.8 124 6.9
Nat-Idle 7.4 5.7 7.7 4.7 6.5
Nat-Grazed 3.7 6.2 5.2 4.3 6.2

Nest Success

Equations are based on species/habitat-specific nest success model (based on 22
Assessment sites-all but HAM through 1999).

e.g., Gadwall

logit =-0.6538 + 0.0308 * longitude, if habitat = Crop

logit = -0.4268 + 0.0308 * longitude, if habitat = DNC

logit =-0.4612 + 0.0308 * longitude, if habitat = Del Hay
logit = -0.2042 + 0.0308 * longitude, if habitat = Fall Crop
logit =-0.4542 + 0.0308 * longitude, if habitat = Grazed DNC
logit = -0.6089 + 0.0308 * longitude, if habitat = Hay

logit =-0.5562 + 0.0308 * longitude, if habitat = Nat-Idle
logit =-0.6094 + 0.0308 * longitude, if habitat = Nat-Grazed

Then,

Nest Success = (exp(logit) / (1 + exp(logit))) * for Mallards and Gadwall
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Nest Success = (exp(logit) / (1 + exp(logit))) ** for Blue-Winged Teal and Shovelers
Nest Success = (exp(logit) / (1 + exp(logit))) 32 for Northern Pintails

Note: We examined some non-additive models as well (species*habitat interaction)
Pintails in DNC had higher survival than other species (likely driven by ALW) and
gadwall had lower nest survival in hay than other species. However, given sparse data we
decided to stick with the additive models above; i.e. for each species, we will obtain the
same relative rankings of habitat-specific nest success.

The Perennial Cover (“Kicker”) Effect

Currently, the impact of conversion of cropland to other ‘perennial’ cover is incorporated
into the model as an in increase in the ‘base’ nest success in all habitats within the 16-mi’
planning ‘landscape’. In the Prairie ecoregion, nest success increases 3% over base with
every 10% increase in perennial cover. This is based on data from the US PPR
(Reynolds, USFWS) and Canadian PPR (Greenwood). In the Parkland ecoregion, the
effect is less at a 1% increase in nest success over base with every 10% increase in
perennial cover (Greenwood, PHJV Assessment data).

Additional Parameters
Nesting Propensity (all species) — 0.9 based on Assessment data
Renesting Propensity (all species) — 0.7 based on Assessment data

Maximum Nests —
5 for Mallard (Assessment data)
4 for Blue-Winged Teal and Northern Shoveler (Strohmeyer, Sowls, expert
opinion)
3 for Gadwall and Northern Pintail (Gates, Guyn, Richkus, expert opinion)

(note: mallard hen mortality is accounted for in nesting and renesting propensity
estimates and similar effects are assumed for other species)

Model Stochasticity: The three most influential parameters in the WPM are nesting rate,
renesting rate, and nest success. An increase of 10% in each results in approximately 8§,
5.5, and 5% increases in productivity, respectively. Variability in nest habitat preference
is less influential on productivity outcome. Allowing all stochastic model parameters to
vary independently within their range of probability generally results in < 10% deviation
in productivity estimates.
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Appendix D. Estimating landscape composition, 1971, 1986, 2001; Census of
Agriculture, assumptions and suppressed data adjustments.

Census Consolidated Subdivision (CCS) area was determined in Arcview (Albers Equal
Area) for each of 395 CCS units within the Parkland/Grassland area of AB, SK, and MB
excluding the Alberta Peace Parklands. The CCS boundary file provided by Statistics
Canada excluded very large lakes and wetlands. To exclude additional non-habitat acres
(small open water areas, roads etc.), CCS units were overlain on PFRA digital landcover
in Arcview, acres of non-habitat were determined, and these were removed from the CCS
area (note: we assumed that these non-habitat acres applied over all years). The resulting
CCS area was used as the Base Habitat Area available for all land uses in all years.

Estimating Data Suppressed at the CCS level

Statistics Canada places the highest priority on maintaining the confidentiality of
individual census questionnaires at all stages of the census process. All tabulated data
have been subjected to either a “data suppression” or “random rounding” confidentiality
procedure to prevent the possibility of associating statistical data with any identifiable
agricultural operation or individual.

The “data suppression” procedure identified and deleted all cell values that could result
in the disclosure of information relating to a specific agricultural operation. In all cases,
however, suppressed data were included in aggregate subtotals and totals in each of these
tables.

The “random rounding” procedure was applied to all data appearing in the farm operator
tables. This technique randomly rounded all figures in these tables, including totals,
either up or down to a multiple of 5. While providing protection against disclosure, this
procedure does not add significant error to the data but does result in certain data
inconsistencies. For an explanation, see:

http://datalib.library.ualberta.ca/data/census/2001/95F0354 X CE/01002/notes/datain

Finally, data for those geographic areas with very few agricultural operations were not
released separately, but were merged with data from one or more geographically adjacent
areas.** This Text was Copied from the following website:

http://datalib.library.ualberta.ca/data/census/2001/95F0354 X CE/01002/about/confid.htm

Data suppression within the 1986 and 2001 Census of Agriculture is evident at both the
CCS (Census Consolidated Subdivision) level and at the larger CD (Census District)
Level. In order to calculate consistent values amongst these areas, we used the following
procedure:

We assumed that the difference in acres values between the Census Consolidated
Subdivisions and the Census District data was due to data suppression.
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Data suppression was found at the CCS level and the larger CD level. The sum of all CD
acres was calculated by Province. The resulting value was compared to the provincial
crop values from statistics Canada (PROV — SUMCD). The number of producers in the
suppressed CDs were calculated and the number of producers was then divided into the
difference between the CD total and Provincial total, the resulting factor was then
multiplied by the number of producers in each suppressed CD to allocate the missing
acres to CDs on a per producer basis.

Province — Provincial Total (CD)
X Number of Producers in each Suppressed CD

Number Total Producers in all Suppressed CDs

The difference between the CCS data values and the CD data values were then calculated
using the resulting table.

The CCSs that had suppressed values were identified and the sum of all farms reporting
in the suppressed CCSs for the given field was calculated. We then divided the
difference in acres between the sum of the CCS acres and the CD acre value by the total
number of producers in the suppressed CCSs to calculate an acre value per producer.

The resulting factor was then multiplied by the number of producers in each suppressed
CCS unit.

CD - CCS (sum)
X Number of Producers in Suppressed CCS

Number Total Producers in Suppressed CCSs

1971.1986 and 2001 L.andscape Composition: Ag Census and other data

Landscape composition for each of the reference periods was estimated using Ag Census
data at the CCS level, PFRA digital landcover data (circa 1995), and several published
and unpublished estimates of landscape change rates for woodland.

Spring crop, fall crop, and hay acres were taken directly from Ag Census (see “Ag
Census Variables...” box below). The balance of the Base Habitat Area was assumed to
be “Natural” and composed of woodland and non-woodland components. Apparent
inconsistencies in reporting among census periods negated the use of Ag Census data to
estimate this area. Where negative values for natural existed (i.e., Spring Crop+Fall
Crop+Hay > Base Habitat Area [7 cases]), we used the sum of other lands reported in the
Ag Census (woodland, unimproved and improved pasture, etc.) and adjusted cropland
acres accordingly to equal the Base Habitat Area.
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Because woodland was inconsistently reported among census years, we used CCS
boundaries overlain on PFRA digital landcover data (in Arcview) to estimate woodland
acres for 2001. Woodland acres in 2001 were assumed to be similar to that taken directly
from the digital landcover (despite

the time difference). We U.SCd Measured and Estimated Woodland Loss Rates: Parklands

. 11000
2001 woodland acres in Cumming et al. 2001,
conjunction with woodland 10000 4 Alberta Environmental Protection 1998:

~1.1%/yr (1963-1994)

change rates reported for the 9000 1

Grasslands and Parklands in 8000 | Estimated: -1.46%/yr

Watmough et al. (2002) to 7000 | (19031989)

estimate woodland in 1986. From 6000 Watmough: - 32%/yr
1971 to 1986 in the Parklands, we (1985-1999)

5000

estimated loss rates based on the
rates reported in Cummings et al.
(2002) and Alberta Environmental | ~ ~ - - ~ - -~ - - v - - v -~
Protection (1998) reconciled with Estimating woodland loss, 1963-1985, based on published
Watmough et al. 2002 (see loss rates for the Parkland.

Figure). Woodland increased in

the Grasslands between 1986 and 2001 (Watmough et al. 2002) and, lacking estimates,
we assumed no change between 1971 and 1986. Resulting woodland acre estimates were
removed from the “Natural” land pool thus creating “Woodland” and remaining
“Natural” land areas. Protected lands (military bases, federal and provincial parks,
provincial wildlife lands, etc.) within each CCS were assumed to consist of “Natural” and
“Woodland” in the same proportion and these acres were assumed to be “Idle”.

400 +———FT+F T T T T T T T T T T T T T T T T T T T

The proportion of the remaining Woodland and Natural habitat that was grazed was
determined by dividing pasture acreage reported (i.e., sum of various pasture categories
reported in the Ag Census) by the summed acreage of non-protected Woodland and
Natural. We capped this proportion at 0.90 based on the maximum observed on PHJV
Assessment sites. This proportion was then applied to both Woodland and Natural areas
to estimate the acreage of ‘Grazed” versus “Idle” land in these two categories. Resulting
categories for input into the productivity model were:

Spring Cropland Natural-Grazed
Fall Cropland Woodland-Idle
Hayland Woodland-Grazed
Natural-Idle

Prairie Habitat Joint Venture Lands

Ducks Unlimited Canada, Saskatchewan Watershed Authority (formerly Saskatchewan
Wetland Conservation Corporation), and Manitoba Habitat Heritage Corporation
provided information on the location and type of habitat program or securement delivered
since 1986 and still present on the ground in 2001 (i.e., excludes expired leases). These
program acres were tallied by CCS and applied to the previously described landscape
composition for 2001. Delayed hay acres were assumed to be captured in the Hayland
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reported in the AG Census and hence, these acres were removed from Hayland and added
to a new category “Delayed Hay”. Planted nesting cover acres were removed from the
Natural-Idle pool and a new “DNC” (Dense nesting Cover) category was added.
Securement of existing natural lands (through Easements, leases, etc.) was documented
as being part of the existing pool of Natural or Wooded, Idle or Grazed, depending on the
information provided.
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Ag Census Variables Used in Estimating Landscape Composition by CCS (note: pasture category acres
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were used to determine the proportion of non-cropped and non-hayed land that was grazed)

Variables in 1971 Ag Census Tables

CRPLND Land in crops - Acres

SUMMRF Summerfallow — Acres

WHTWIN Winter wheat - Acres

RYEFAL Fall rye - Acres

TAMHAY All tame hay - Acres

ALFALFA Alfalfa and alfalfa mixtures - Acres

OTTAME All other tame hay - Acres

IMPAST Improved land for pasture or grazing - Acres
UNIMPAST Unimproved land for pasture or grazing - Acres

Groupings for Productivity Model

Spring Crop* = CRPLND — (ALFALFA + OTTAME) — (WHTWIN + RYEFAL) + SUMMRF
Fall Crop = WHTWIN + RYEFAL

Hay = ALFALFA + OTTAME

*Note: spring crop includes summerfallow for this exercise

Variables in 1986 Ag Census Tables

CRPLND Land in crops - Acres

SUMMRF Summerfallow - Acres

WHTWIN Winter wheat - Acres

RYEFAL Fall rye — Acres

TRITCL Triticale — Acres

TAMHAY All tame hay - Acres

FORAGE Forage seed for seed - Acres

IMPAST Improved land for pasture or grazing - Acres
UNIMPST Unimproved land for pasture, grazing or hay - Acres

Groupings for Productivity Model

Spring Crop = CRPLND — (TAMHAY + FORAGE) — (WHTWIN + RYEFAL + TRITCL) + SUMMRF
Fall Crop = WHTWIN + RYEFAL + TRITCL

Hay = TAMHAY + FORAGE

Variables in 2001 Ag Census Tables

CROP Acres - Land in crops (excluding Christmas tree area)
SFALLOW Acres - Summerfallow land

WHTWIN Winter Wheat-Acres

RYEFAL Fall Rye-Acres

TRITCL Triticale-Acres

ALFALFA Alfalfa and Alfalfa Mixtures-Acres

OTTAME All Other Tame Hay-Acres

FORAGE Forage Seed to be Harvested for Seed-Acres

TAME Acres - Tame of seeded pasture

NATURAL Acres - Natural or seeded pasture

Groupings for Productivity Model

Spring Crop = CROP — (ALFALFA + OTTAME + FORAGE) — (WHTWIN + RYEFAL + TRITCL) + SFALLOW
Fall Crop = WHTWIN + RYEFAL + TRITCL

Hay = ALFALFA + OTTAME + FORAGE
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Appendix E. Method used to convert estimates of wetland loss (1985-1999) to
lost waterfowl carrying capacity (1971-2001).

We used wetland loss data provided from the PHJV Habitat Monitoring Program
(Watmough et al. 2002 and Watmough pers. comm.) to estimate lost waterfowl carrying
capacity over our reference period; 1971-2001. Specifically, for each
province/ecoregion, we used estimates of the percent of wetland area lost as well as the
mean, median, minimum and maximum wetland sizes (in ha) that were lost. The annual
loss rates observed during the 1985-1999 period investigated by Watmough et al. were
assumed to be similar to loss rate for the entire 1971-2001 period based on a review of
previous work reported in Watmough et al. (2002). We recognize that wetland loss rates
are locally much more variable than the regional estimates we have used, however,
except for a few examples, wetland loss data at finer spatial scales for the entire region
are not available.

To estimate lost waterfowl carrying capacity as a result of wetland loss, we first
estimated the waterfowl population on a theoretical “intact” landscape. This landscape
contained all 60,613 wetland basins digitized on 25 PHJV Assessment sites (DUC-
IWWR unpubl. data) and reflects a realistic distribution of wetland size classes from a
wide variety of landscapes. We then used basin-specific regression equations published
by Cowardin et al. (1995; Table E1) to estimate the expected number of pairs of the five
most common dabbling duck species (mallard, gadwall, blue-winged teal, shoveler,
pintail) occurring on each basin. The equations used were based solely on wetland size
(in Ha) as follows:

PAIRS = A* BASINAREA+ B *\| BASINAREA

This regression accounts for the non-linear relationship between wetland size and
waterfowl carrying capacity (i.e., 10-1ha wetlands provide more pair space than 1-10ha
wetland).

g%seec?e%n wetland size (in Ha). A B

Mallard 0.0106 0.2899
Gadwall 0.0341 0.2848
Blue-winged Teal 0.0000 0.7376
N. Shoveler 0.0136 0.1870
N. Pintail 0.0000 0.1866

We estimated the wetland area lost from 1971-2001 using annual wetland area loss rates
from Watmough, and then randomly selecting wetland basins without replacement to
create a database of wetlands that equaled the estimated lost area. Wetland selection was
constrained to match the size class distribution (mean, median, min, max) of lost
wetlands observed by (Watmough pers. comm.) in each province/ecoregion. Lost
waterfowl carrying capacity was then estimated by running the basin-specific regressions
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dattbcedatybasaref siesBhhasinsss rates, estimated impact on waterfow! pairs, and estimated
annual loss of duck pairs in each province/ecoregion of the Canadian Prairie Pothole Region.

. a .
Annual Wetland Area Duck Pairs — Lost Duck Pairs Annual Duck
o Before wetland loss  over 30 years- .
Prov/iEcoreg Loss Rate(%) — from (i.e., ducks on all given wetland Pair Loss Rate
.e., [
Watmough (pers. comm.) wetlands in database) loss rate (%)
AB Parkland -0.2004 44676 4722 -0.3717
AB Prairie -0.1566 44676 3541 -0.2749
SK Parkland -0.0811 44676 1842 -0.1402
SK Prairie -0.2306 44676 3397 -0.2633
MB Parkland -0.2630 44676 5105 -0.4036

a Represents the estimated pair population supported by the 60,613 wetland basins of the simulated ‘intact’ landscape
before province/ecoregion wetland loss rates were applied.

To account for declining waterfowl populations over time as a result of wetland loss, we
adjusted the long-term average (LTA; 1961-2001) duck population inputs (i.e., DSS
population estimates) for each CCS by applying the above loss rates and assuming that
the LTA occurred in 1981 (i.e., middle year of the 1961-2001 span).

For example, the 1971, 1986, and 2001 estimated population in an AB Parkland CCS
with an estimated LTA (1961-2000) population of 2000 pairs would be:

1971 Pairs...10 years prior to 1981 = 2000/ (1.0 -0.003717)"" = 2076
1986 Pairs...5 years after 1981 = 2000 * (1.0 -0.003717)° = 1963
2001 Pairs...20 years after 1981 = 2000 * (1.0 -0.00371 7)%0 = 1856

Adjusted population estimates for each CCS were used as inputs into the Waterfowl
Productivity Model for scenario runs that account for wetland loss.

We recognize several assumptions have been made in this process. A few notable
assumptions include; 1) wetland loss results in a permanent decrease in the ability of
ducks to settle in an area (i.e., density does not increase on remaining wetlands), 2) all
CCSs within a province/ecoregion have experienced the impact of wetland loss equally,
and 3) regression equations developed by Cowardin for North Dakota reflect the wetland
size-duck pair relationship in all regions of the PPR. We suspect 1 above is true but
untested, 2 is false but we are not close to better data, and 3 is false but can be tested with
existing data.
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Appendix G. Method used to estimate the change in annual duck productivity

resulting from PHJV ‘Direct Program’ acres.

The impact of PHJV direct program acres (i.e., acres secured through purchase or legal
agreements) was estimated in each CCS by converting these lands into assumed pre-

securement land uses as follows:

Existing PHJV Program Acres
(i.e., present in 2001)

Converted to:

Planted Nesting Cover (DNC):
Delayed Hay:
Conversion to Hayland

Natural-Idle

Natural-Grazed
Woodland-Idle

Woodland-Grazed

Spring-seeded cropland

Regular hayland

95% to spring-seeded cropland,
balance remained in hayland

50% assumed to remain Natural-
Idle, 50% converted to Natural-
Grazed

No Change (+50% of above)

50% assumed to remain Woodland-
Idle, 50% converted to Woodland-
Grazed

No Change (+50% of above)

Model runs on 2001 CCS landscapes with PHJV direct program acres were compared to
a 2001 landscape with the above conversions. The difference in productivity reflects an
estimate of the impact of PHJV direct program on waterfowl productivity.

This simulation does not account for extension or policy activities that potentially could

affect substantial additional acres.
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Appendix H. Estimating the Impact of a large-scale cropland conversion
program on waterfowl production (modeled after the Greencover Canada
program but not necessarily equivalent to it).

The impact of a large-scale cropland conversion program on annual waterfowl production
for the years following delivery was estimated as follows:

e Estimated cost/acre for establishment: $45

e Dollars available for delivery in Prairie Canada: 0.7 X $100M = $70M

e Potential acres delivered: $70M/$45 = ~ 1.55 million acres

¢ Distribution among provinces (equal to the provincial proportion of the tilled acre
pool for Prairies): 167,400 ac in MB, 987,350 ac in SK, 394,630 ac in AB

e Lyle Boychuk and Graham Thibault (Regina DU) estimated the eligible acres of
‘marginal’ cropland by CCS based on Saskatchewan and Manitoba crop insurance
productivity ratings as per PFRA criteria (as per Greencover Canada...this
information was only available for SK and MB). Converted acres were relatively
apportioned among CCSs to sum to the above totals by province.

e We assumed 50% of the converted acres would be seeded for hayland and 50%
for tame pasture.

e 2001 Landscape Input file for the Productivity Model was adjusted to account for
the estimated cropland conversion in each CCS.

Model runs on 2001 CCS landscapes were compared to 2001 landscapes with the above
conversions. The difference in productivity reflects an estimate of the impact of a large-
scale cropland conversion program on waterfowl productivity.
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