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Abstract

Conservation efforts to increase duck production have led the United States Fish and Wildlife Service to restore
grasslands with multi-species (3-5) mixtures of introduced cool season vegetation often termed dense nesting cover
(DNC). The effectiveness of DNC to increase duck production has been variable, and maintenance of the cover type
is expensive. In an effort to decrease the financial and ecological costs (increased carbon emissions from plowing
and reseeding) of maintaining DNC and provide a long-term, resilient cover that will support a diversity of grassland
fauna, restoration of multi-species (16-32) plantings of native plants has been explored. We investigated the
vegetation characteristics, nesting density and nest survival between the 2 aforementioned cover types in the Prairie
Pothole Region of North Dakota, USA from 2010–2011 to see if restored-native plantings provide similar benefits to
nesting hens as DNC. We searched 14 fields (7 DNC, 271 ha; and 7 restored native, 230 ha) locating 3384 nests
(1215 in restored-native vegetation and 2169 in DNC) in 2010-2011. Nest survival was similar between cover types in
2010, while DNC had greater survival than native plantings in 2011. Densities of nests adjusted for detection
probability were not different between cover types in either year. We found no structural difference in vegetation
between cover types in 2010; however, a difference was detected during the late sampling period in 2011 with DNC
having deeper litter and taller vegetation. Our results indicate restored-native plantings are able to support similar
nesting density as DNC; however, nest survival is more stable between years in DNC. It appears the annual variation
in security between cover types goes undetected by hens as hens selected cover types at similar levels both years.
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Introduction

Declines in numerous populations of grassland nesting birds
are thought to be caused by declines in productivity due to loss
of native grasslands [1-7]. The loss of native grasslands has
altered the landscape resulting in a fragmented habitat,
potentially negatively influencing grassland bird productivity [8].
Additionally, the removal of top predators like gray wolves
(Canis lupis) has altered the predator community, allowing
meso-predators liked striped skunks (Mephitis mephitis) and
red fox (Vulpes vulpes), which efficiently forage for grassland
nests, to become the dominant predators, augmenting the
negative effect of habitat loss on nest success [9].

The Prairie Pothole Region of North America is an important
nesting region for grassland nesting birds, as wetland densities
on the breeding grounds produce abundant food sources

attracting breeding birds [10]. However, this area has
undergone extensive modification due to agricultural
development including a loss of >70% of its native grasslands
[11,12]. Since the implementation of the North American
Waterfowl Management Plan in 1986 numerous conservation
organizations including the United States Fish and Wildlife
Service (USFWS) have acquired private row cropped fields for
the express purpose of providing habitat for nesting ducks.
Early studies indicated the mixture of intermediate wheatgrass
(Thinopyrum intermedium), tall wheatgrass (Thinopyrum
ponticum), alfalfa (Medicago sativa), and sweet clovers
(Melilotus spp.) commonly referred to as dense nesting cover
(DNC) is more productive for duck production than the 3-5
species (low-diversity) of native vegetation that were
established for comparison when grasslands were initially
restored [13,14]. Since the primary purpose of the plantings is
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to increase duck productivity, these former crop fields have
been mostly converted to DNC [15]. While DNC appears to be
attractive to ducks, under current conditions of extreme
fragmentation and abundant meso-predators, productivity of
ducks remains low with nest success often below 20% [16,17].
Additionally, although DNC has been demonstrated to support
a number of grassland nesting passerines [18-23], the
abundance and diversity of organisms found in DNC is often
significantly below that found in native prairie vegetation
[7,24-33]. Finally, DNC is typically associated with a cyclic
management regime, as it reaches maximum growth in the first
2–4 years after planting, then often loses its structural quality
the next 4-5 years as it is outcompeted by species of
vegetation that are undesirable to nesting birds. This forces
managers to remove the residual vegetation and farm the area
for 2-3 years before reseeding DNC [15]. Thus, although DNC
appears to achieve the primary purpose of providing quality
duck habitat, it does not create a self-supporting ecosystem
resilient to perturbation without further assistance; a goal of
true restoration [34,35].

More recently wildlife managers have initiated a species-rich
approach of native vegetation establishment. This approach
differs from the original approach where 3-5 species of
vegetation were used in the seed mix by including 16-32
species, a level that reaches a saturation point, thus, is more
resistant to invasion of exotic species [36-38]. Similar to DNC,
productivity and vegetation vigor within species-rich planted
fields declines as the stand ages, however, proper disturbance
of native vegetation that is adapted to the local environment
and disturbance can eliminate the need to reseed plantings
[15,39,40]. Not only will this new approach of species-rich
native plantings be more consistent with habitat restoration
objectives and USFWS policy, but it should provide habitat for
a more diverse group of organisms including more grassland
nesting passerines [7,25,26,29,31,32]. This restoration activity
is proposed, however, on property specifically acquired to
support breeding ducks, thus, the potential influence on duck
populations of this new management strategy should be
investigated.

The limited benefits to duck productivity of native plantings
relative to DNC is most often explained by the limited number
of species of vegetation that were previously used in native
plantings (3-5 species of warm-season native grasses) [14].
Low diversity plantings are more susceptible to invasion of
exotic plant species and provide lower levels of productivity at
maturity [38]. More diverse species rich plantings of 16–32
species in the Prairie Pothole

Region resist invasion of exotic species and maintain higher
productivity at maturity, thus, should better support nesting
birds relative to the fields of low-diversity native vegetation
evaluated in the past [38]. A comparison of duck productivity
between species rich (16-32 species) native plantings and
DNC, however, has not been conducted. Thus, our objective
was to compare nest survival and density between the 2 cover
types.

Methods

Ethics Statement
Field methods were approved by Southern Illinois University

Carbondale Animal Care Protocol 08-038 and data was

collected under North Dakota Game and Fish permit no.
GNF02763149. All study sites were approved by the Devils
Lake Wetland Management District, United States of America
Fish and Wildlife Service. This field study did not involve
endangered or protected species.

Study Area
The study area was located in the Devils Lake Wetland

Management District in northeastern North Dakota. Study fields
were located in Ramsey, Towner, and Cavalier counties. We
collected data on 14 study fields, 7 planted in DNC and 7
planted with a mixture (17–27 species) of native cool and warm
season grasses and forbs; mixtures were based on soil and
moisture conditions in each specific field (Table 1). Each field
was assigned to a cluster based on geographic location (Figure
1). Up to 2008 (prior to the study), fields were managed by
methods commonly used to maintain early successional
grasslands (grazing, mowing, and burning), thus maximizing
productivity of nesting ducks. As would be expected under
normal management practices, type of management action
was dependent on what method was deemed most suitable for
that particular field. The time period between these
management actions and the initiation of our study was
adequate to prevent management actions from directly
impacting the outcome of our study [22,41-45]. In the fall of
2010, however, a variety of management actions occurred on 6
of 14 study fields. Two of the fields (1 native and 1 DNC) were
grazed with cattle from 1 July to 10 August. Two native fields
were “clipped” where specific areas within a field with nuisance
and exotic species were mowed while the rest of the field was
left unmanaged. The other 2 (1 native and 1 DNC) managed
fields were hayed. Because we were unable to control for the
variation caused by these management actions and because
these management actions would have likely directly impacted
the outcome of our study, these fields were excluded from all
analysis in 2011.

Field Sampling
To compare vegetative structure between habitat types, we

recorded vegetation data at random locations within each field,
with 1 random point being assigned for every 2 ha of the field
to ensure sampling throughout the entire field. We overlaid
each field with a grid composed of 2 ha blocks and generated
random points in each block using Hawths Tools for ArcMap
9.3 (Environmental Systems Research Institute [ESRI],
Redlands, California, USA). This resulted in a total of 266
random points; 126 in restored-native plantings and 140 in
DNC.

We collected data in two time periods of each study season.
The first data were collected in late April before nest searching
began to characterize vegetation structure when early nesting
species initiated their nests. The second data collection
occurred in the middle of June, characterizing vegetation
structure for hens who initiated nests late in the nesting
season. We determined the vegetation height, visual
obstruction (hereafter cover density), and litter depth in the
early sampling period and the vegetation height, cover density,
and species composition in the late sampling period. We used
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Robel poles to index the cover density and vegetation height.
Cover density readings were taken in the 4 cardinal directions
at a distance of 4-m and a height of 1-m by marking a point on
the Robel pole where vegetation obscures the pole 100%.
These readings gave cover density measurements that are
strongly related to the amount of vegetation present, thus
giving an indication to the structure available for hens to nest in
[46]. We averaged the 4 readings to obtain an overall estimate
of the cover density around the nest. We determined the
vegetation height to be the point on the Robel pole that > 80%
of vegetation was growing below [47]. We measured the litter
depth by measuring the height of dead vegetation that forms a
mat layer on the ground using a standard ruler in cm [48]. Litter
depth was only measured during the early sampling period, as
no new litter formed and decomposition was assumed to be
negligible between sampling periods. To be classified as litter,
vegetation had to be lying on the ground, as we did not
measure standing residual vegetation as litter. Vegetation litter
provides a suitable nesting substrate for hens and may be
important for the concealment and survival of nests [18,49-51].
Species composition was determined using a m2, with each
species identified being assigned a cover class [52].

To test for differences in nesting density and success, we
systematically searched all upland cover in a field for nests
starting in the first week of May and concluded searching the
first week of July. Each field was searched 7 times on 8 day
intervals. Nests were located using teams of 2 dragging a 50-m
cable-chain behind all-terrain vehicles (ATV) [53]. Speeds were
kept between 3–8 km/h by keeping ATV’s in low gear allowing
drivers to stay in a straight line and watch the cable drag [53].
Dragging at speeds faster than 8 km/h increases the likelihood
of the chain passing over a nest without flushing the hen. We
searched for nests between 0700 and 1400 to maximize the
probability of the hen being on the nest [54]. We alternated the
starting location of fields for each drag to prevent the same
area of the field being searched during the same time of day,
reducing the possibility of a hen being on an incubation break
during subsequent searches. We marked each nest found with
a 1-m wooden lathe painted white with red on the top to allow
easy visualization in the field by searchers. The wooden lathe
was placed 10-m north of the nest and numbered to give each
nest its own unique identification. A 3-mm diameter metal rod
painted orange was placed on the north rim of the nest bowl at
each nest to assist with relocation. Nests were monitored on
5-8 day intervals until fate was determined (e.g., successful,
depredated, abandoned). We determined the clutch size and
incubation status at each visit. Incubation status was
determined with a simple field candler made from 1-inch
radiator hose [55]. We recorded the date, field, species and
Universal Transverse Mercator coordinates for each nest. In
2010, we monitored the first 100 nests found in each field, then
randomly selected 20 nests from each subsequent search for
fields with > 100 nests due to time constraint. In 2011, we
monitored all nests found. After each visit, the nests were
covered using material from the nest and a marker in the form
of an X made out of vegetation was placed on top. If the X was
found undisturbed on the next visit, we considered it
abandoned due to investigator disturbance and censored it
from survival analysis.

Statistics Analysis
To determine if variation in vegetation type led to differences

in cover density, litter depth, and vegetation height between
cover types, we analyzed the data using 3 mixed model
analysis of variances (ANOVA) in SAS 9.2 (PROC MIXED;
SAS 9.2 SAS Institute Inc., Cary, North Carolina, USA, 2008)
for each time period separately. For comparison during the
early sampling period, cover density, litter depth, and
vegetation height were the dependent variables, cover type
was the independent variable and cluster was included as a
random effect. We included cluster to control for any variation
that may have occurred due to geographic differences. A
similar analysis with the exclusion of litter depth was conducted
for comparison of vegetative structure between habitat types
during the late sampling period. We used Shannon’s diversity
index to compare alpha and beta diversity between treatments
to ensure the treatment of high and low diversity seed mixes
was maintained as vegetation matured [56].

To compare daily nest survival and nest success between
habitat types we used Dinsmore’s model in Program MARK to
estimate daily survival rates (DSR) of nests for each field

Table 1. List of study sites including field name, type of
cover, size of field, age of stand (years since field was
seeded as of 2010) and the nest success and standard
error during 2010-11 field seasons.

Field Name Cover ha Age of Stand Year Success (%) SE
Nik Central DNC 43 6 2010 63.00 6.7
    2011
Register West Native 40 4 2010 40.46 8.4
    2011
Cami Native 32 5 2010 59.20 6.3
    2011
Nik South DNC 13 6 2010 33.04 8.2
    2011
Nik Southeast DNC 59 18 2010 54.88 5.7
    2011 25.87 4.8
Halvorson Native 61 16 2010 60.25 8.5
    2011 44.49 10.4
L. A. DNC DNC 64 6 2010 15.06 2.8
    2011 38.77 5.8
Toilet Native 22 2 2010 36.80 4.3
    2011
L. A. North Native 8 6 2010 16.20 4.8
    2011
Mart Native Native 41 2 2010 59.68 5.2
    2011 14.10 2.0
Mart DNC DNC 28 7 2010 73.92 4.9
    2011 32.28 4.1
Phil Aus DNC 38 6 2010 12.78 3.1
    2011 30.68 4.0
Dahl Native 26 15 2010 71.34 6.4
    2011 3.15 1.6
Weaver DNC 26 21 2010 67.56 4.9
    2011 50.87 4.5

Duck Productivity in Native & Non-Native Plantings
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[57-59]. We assumed a 35-day exposure period to convert
DSR to point estimates of nest success and estimated the
standard error of point estimates using the Delta Method [53].
To determine if there is evidence for a treatment effect on daily
survival rate, we compared a model that included cover type to
a model that excluded cover type after accounting for the
influence of age of field (number of years since field
establishment) using Akaike Information Criteria (AIC) [60].
Because the influence of age of field may differ between the
cover types, we included both an additive and interactive
model. Furthermore, because previous studies have indicated

nest survival increases with field age as vegetation vigor
increases but declines as the field ages and vegetation
becomes less productive and is invaded by undesirable
species, we included a model with a quadratic term for field
age. To better explain potential causes of variation in nest
survival between habitat types, we also tested for a treatment
effect of nest initiation date on DSR in each cover type by
comparing the additive (estimating 1 coefficient for both cover
types) and interacting (estimating separate coefficients for each
cover type) models of initiation date and cover type.

Figure 1.  Map of study area.  Map of study sites divided into clusters in the Devils Lake Wetland Management District, North
Dakota.
doi: 10.1371/journal.pone.0068603.g001
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To compare nesting density between habitat types, we
estimated the density of nests adjusted for detection probability
in each field by taking the total number of nests we found in
each field and dividing it by the DSR of the field raised to the
power of the average age of the nests found in that field
(# of nests found in field/DSRavg age of nest found in field) [17].
Correcting for DSR is necessary when estimating density of
duck nests because nests are located by disturbing the hen
from the nest, thus, only nests that are being actively incubated
are located [17]. If DSR varies between habitat types,
estimates of nest density will be biased due to variation in
detection probability. We used a mixed model ANOVA with the
density estimates for each field as the dependent variable,
cover type as the independent variable, the amount of wetland
shoreline as a covariate and cluster as the random effect.
Other studies have found that breeding bird densities are
related to wetland densities on the breeding grounds [10];
therefore, we classified wetlands according to Stewart and
Kantrud [61] and measured the amount of temporary,
seasonal, semi-permanent, and total shoreline in each field.
We used these measurements to account for any differences in
wetland abundance that may have influenced densities of
nesting hens.

To determine if species-specific nesting densities varied
between cover types, we used a mixed model ANOVA for each
species with species and cover type as the independent
variables, density as the dependent variable and cluster as a
random effect. We determined species density using the same
formula as overall duck nest density.

Results

We analyzed data from 274 random points located within the
14 study fields in 2010. Vegetation characteristics were not
different between cover types during either sampling period
(Table 2). In 2011 we analyzed 153 random points from 8
fields. In the early sampling period, there was no difference
(F1,5= 0.03, p = 0.87) in height between the cover types, as
native plantings had an average height of 8.94 ± 0.85 cm and

DNC plantings had a height of 10.22 ± 1.61 cm. There was
also no difference (F1,5= 0.82, p = 0.41) in cover density
between cover types with native plantings having an average
density of 5.99 ± 0.76 cm and DNC averaging 8.40 ± 1.66 cm.
Litter depth was different (F1,6= 8.33, p = 0.03) between cover
types as native plantings had an average depth of 2.44 ± 0.37
cm and DNC had an average of 5.00 ± 0.63 cm. As expected
based on seed mixes, species composition of vegetation varied
between cover types, with native plantings and DNC having an
average alpha diversity of 22.7 and 13.3, respectively. Native
plantings had a beta diversity of 22, while DNC had a beta
diversity of 9.

During the late sampling period, there was a difference in
height (F1,5= 35.30, p < 0.01) between cover types with native
plantings having an average height of 19.35 ± 2.69 cm and
DNC having an average height of 33.65 ± 2.97 cm. The
difference in cover density was approaching statistical
significance (F1,5= 4.15, p = 0.10), as native plantings had an
average cover density of 13.01 ± 2.68 cm while DNC had an
average of 23.63 ± 4.41 cm.

Nest Density
We located 3,384 nests of 8 species during the 2010-11 field

seasons (Table 3). Nest density varied widely between fields
ranging from 1.09 nests/ha to 15.06 nests/ha in 2010 and 1.19
nests/ha to 12.05 nests/ha in 2011. Cover type did not have an
effect on nest density (F1,19 = 0.20, p = 0.66; Table 4), as DNC
plantings had an average density of 6.71 (SE = 0.96) nests/ha
and native plantings had 6.17 (SE = 1.61) nests/ha for both
years combined. The cluster × type interaction was significant
(F2,8= 4.59, p = 0.05) in 2010, however, no clear pattern was
shown as density was higher for native plantings in 1 cluster
while the other 2 clusters had higher densities for DNC. The
amount of shoreline in each field did not have an effect on nest
density (F1,13= 1.60, p = 0.25). However, the amount of
temporary shoreline was marginally significant (F1,13 = 5.00, p =
0.06) in 2010.

Nest densities were not different between cover types for any
species (F4,99 = 0.16, p=0.96). Mallard densities averaged 0.99
± 0.25 nests/ha in DNC and 0.90 ± 0.46 nests/ha in native
plantings for both years combined. Pintails had the lowest
densities at 0.58 ± 0.10 and 0.45 ± 0.12 nests/ha for DNC and
native plantings respectively. Shovelers averaged 1.03 ± 0.10
and 0.78 ± 0.12 nests/ha in DNC and native plantings. Gadwall
had an average density of 2.00 ± 0.42 nests/ha in DNC and
1.55 ± 0.58 nests/ha in native plantings. Teal densities in DNC
were 1.84 ± 0.37 nests/ha, while native plantings had an
average of 1.76 ± 0.46 nests/ha.

Nest survival
Of the 3,384 nests used in the nest density analysis, we

used 2,589 to determine the survival rate for each field. The
nests not used in the analysis were censored due to
investigator damage (32 nests), abandoned due to investigator
disturbance (121 nests), or they were not randomly selected to
be monitored in 2010 (222 nests in native fields and 420 nests
in DNC nests); all nests were monitored in 2011. The data
were best fit by a model that included year and habitat type,

Table 2. Average vegetation height (SE), cover density,
litter depth, and mixed model analysis of variance results
for random locations in multi-species native plantings and
dense nesting cover (DNC) during the early and late
sampling periods from 2010–2011 in the Devils Lake
Wetland Management District, North Dakota.

 Early Sampling Period
 2010 2011
Veg Characteristic DNC Native  DNC Native
Height (cm) 11.94 (1.38) 10.73 (2.20)  10.22 (1.61) 8.94 (0.85)
Cover Density (cm) 6.51 (0.89) 4.22 (0.57)  8.40 (1.66) 5.99 (0.76)
Litter (cm) 4.56 (0.54) 3.24 (0.51)  5.00 (0.63)a 2.44 (0.37)a

 Late Sampling Period
Height (cm) 28.04 (2.12) 23.82 (2.32)  33.65 (2.97)a 19.35 (2.69)a

Cover Density (cm) 19.59 (2.92) 15.84 (1.86)  23.63 (4.41) 13.01 (2.68)
a. Denotes Significant Difference (p < 0.05)

Duck Productivity in Native & Non-Native Plantings
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with continuous variable for the influence of age of field,
including a quadratic term for age of field for each cover type
separately. Nest success was variable across fields; 3.15%
(1.6) to 73.92% (4.9) (Table 1). To account for model
uncertainty associated with the relationship between field age
and nest survival (the top 4 models) we used model averaging
to estimate nest survival between the cover types and years. In
2010, we estimated model averaged nest success to be 42.3%
(7.3) in fields with native vegetation as cover and 44.2% (4.6)
in fields with DNC as cover while estimates for 2011 were
10.7% (2.7) for native plantings and 38.5% (4.4) for DNC
(Table 5).

Model comparison indicated both the linear and quadratic
form of the relationship between nest survival and field age
varied by habitat types. The data were best fit by a model that
included separate coefficients for both field age and field age2.
For DNC, survival gradually increased until approximately 12
years of age then remained at a constant level. In the native
vegetation we observed a very different relationship with nest
survival decreasing until fields reached approximately 9 years
of age at which point they increased (Figure 2).

Because one of our primary interests is the potential for
species-rich native vegetation and DNC to support nesting
ducks and impacts of field age can be managed by burns or
other management practices that “set back” succession, we
also estimated nest success for fields without the influence of
field age. Without the influence of field age, we estimated nest
success to be 48.4% (2.4) in native plantings and 42.4% (2.1)
in DNC planting during 2010 and 13.9% (1.7) in native
plantings and 37.1% (1.7) in DNC during the 2011 field season.

To better understand potential causes of variation in survival
between cover types, we also allowed the relationship between
nest initiation date and survival to interact with cover type. The
data was better fit by a model that included the interaction
(Table 6). Nest survival declined as the season progressed
with both cover types but the rate was much more dramatic in
native vegetation, especially in 2011, the year nest survival
differed between cover types (Figure 3).

Discussion

Vegetation Structure Between Cover Types
Our results indicate that species-rich native plantings are

able to provide similar vegetation height and cover density as
DNC early in the nesting season. Results were variable later in
the nesting season as structural characteristics were similar
between cover types in 2010 but DNC plantings had taller
vegetation in 2011. Litter depths were similar between cover
types in 2010 but DNC had more litter in 2011. Our findings
contradict previous studies that have shown less diverse native
mixes with a component of warm-season species to have taller
vegetation than cool-season mixes, but corroborate studies
that have found shallower litter depth in warm-season fields
[7,29]. The difference in litter depth in 2011 may be a result of
the abundance of warm-season species in native fields which
are known to remain upright over winter despite snowpack;
thus, unlike cool season species which are knocked down by
snow cover, would not be included in our estimate of litter
[26,62]. Snowpack was likely heavier and denser in 2011,
causing the exotic cool season grasses in DNC to be lodged
more easily, creating deeper litter depths than in native fields.

Our results also indicated vegetation was taller in DNC
during the late 2011 sampling period. We hypothesize the
difference in height in the late sampling period of 2011 is due to
a disparate influence of cold spring temperatures on warm-
season grasses. In 2010, an early spring occurred with April
and May temperatures being the warmest since 1981.
Conversely, in 2011 temperatures were 10 degrees cooler with
above normal precipitation [63], which may have limited growth
of warm-season plants. Warm-season species (C4) typically
begin active growth in early summer when temperatures warm
compared to cool-season species (C3) that actively grow in the
wetter, cooler spring [64]. With the late warming, the warm-
season species may have not started active growth until later in
the season resulting in a difference of height from the cool-
season dominated DNC plantings at the time of the late
sampling. While native plantings did include a cool-season
component providing earlier growth in these fields, they did not
appear to provide the same cover as the cool-season species
in DNC.

Table 3. Total number of nests broken down by cover type
and species in 2010-11 in the Devils Lake Wetland
Management District, North Dakota.

Cover TypeYear Malla BWTb Gadwc ShovelerdPintaileGWTfScaupgWigeonhTotal
Native 2010 98 212 254 138 61 7 21 7 798
Native 2011 89 123 102 53 36 4 7 3 417
DNC 2010 126 315 346 234 96 5 65 4 1191
DNC 2011 174 267 309 108 82 0 36 2 978
Total  487 917 1011 533 275 16 129 16 3384

a. Mallard
b. Blue-winged Teal
c. Gadwall
d. Northern Shoveler
e. Northern Pintail
f. Green-winged Teal
g. Lesser Scaup
h. American Wigeon

Table 4. Nest density, adjusted for detection probability
(SE), amount of temporary shoreline, and mixed model
ANOVA results examining effect of cover type on density in
2010-11 in the Devils Lake Wetland Management District,
North Dakota.

Year CoverTypeDensity (nests/ha)F P
Temporary
Shoreline (m) F P

 Native 6.01 (2.11)   2497.61   
2010   0.48 0.51  5.00 0.06
 DNC 5.87 (1.18)   5101.88   
 Native 6.59 (2.75)   1355.75   
2011   0.08 0.79  0.03 0.87
 DNC 7.88 (1.60)   2865.56   
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It is possible the observed difference in vegetation structure
between native and DNC is not due to inherent differences
between vegetation types but due to the stage of vegetation
between the vegetation types in this study. Fifty-seven percent
of native fields were planted within 5 years of the initiation of
this study while the establishment of native vegetation often
isn’t complete for 3-6 years after it is first planted [65-67] (Table
1). The establishment stage for native plantings is usually
associated with increased weeds and may not reflect the long
term vegetation characteristics of the stand [66,67]. In contrast,
all DNC plots had been established for at least 6 years and
most (71%) were 6-7 years old, the stage vegetation in DNC is
most productive. It is possible fields with native cover were
more susceptible to annual climatic variation or variation in
predator abundance than DNC because this study took place
during the establishment phase.

Nest Densities
Previous studies comparing duck nesting density between

historic low-diversity native cover and DNC have had mixed
results. Rodriguez [14] and Kaiser et al. [13] found higher
densities in DNC than native warm and cool season grasses.
Alternatively, other studies have found no difference between
DNC and native plantings [17,68]. Variation in results was likely
due to spatial and temporal variation and variation in the
proportion of legumes in the plantings. Because all niches

Figure 2.  Effect of field age on daily survival rate of
nests.  Estimated daily survival rate in relation to field age for
nests in dense nesting cover (above) and multi-species native
plantings (below) from 2010–2011 in the Devils Lake Wetland
Management District, North Dakota.
doi: 10.1371/journal.pone.0068603.g002

Table 5. Model selection results based on Akaike’s
Information Criterion (AIC), including number of parameters
(K) and model weight (wi), used to examine the effect of
cover type, year, and age of field on nest success in multi-
species native plantings and dense nesting cover in
2010-11 in Devils Lake Wetland Management District,
North Dakota.

Model AICc Δ AICc wi K Deviance
Year x Type x Field Age x Field Age2 (2) 6367.56 0.00 0.71 8 6351.56
Year x Type x Field Age 6370.94 3.37 0.13 6 6358.93
Year x Type + Field Age 6371.35 3.79 0.11 5 6361.35
Year x Type x Field Age x Field Age2 (1) 6372.93 5.36 0.05 7 6358.92
Year x Type 6404.99 37.43 0.00 4 6396.99
Year x Field Age x Field Age2 6422.55 54.99 0.00 6 6410.55
Year 6476.73 109.17 0.00 2 6472.73
Field Age 6484.60 117.04 0.00 2 6480.60
Type x Field Age 6486.08 118.52 0.00 4 6478.08
Type + Field Age 6486.50 118.93 0.00 3 6480.50
Type 6520.65 153.09 0.00 2 6516.65
Null 6527.27 159.71 0.00 1 6525.27

(1). Same coefficient for Field Age2

(2). Different coefficients for Field Age2

Table 6. Model selection results based on Akaike’s
Information Criterion (AIC), including number of parameters
(K) and model weight (wi), used to examine the effect of
nest initiation date and cover type on nest success in multi-
species native plantings and dense nesting cover in
2010-11 in the Devils Lake Wetland Management District,
North Dakota.

Model AICc Δ AICc Wi K Deviance
Type × Initiation 3794.95 0.00 0.95 4 3786.95
Type + Initiation 3800.65 5.70 0.05 3 3794.65
Cover Type 3821.94 26.99 0.00 2 3817.94
Null 3905.58 110.63 0.00 1 3903.58
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within a field are not utilized by the 3-5 species of native
vegetation in species-poor native plantings, species-poor
native plantings are highly susceptible to invasion by exotic
vegetation commonly avoided by nesting ducks [38]. This
susceptibility to invasion varies by geographic area and time

since planting [38]. Additionally, the proportion of legumes in
the seed mix of both native plantings and DNC influences
density of nesting ducks [17].

Our study is the first to compare duck nesting density
between DNC and species-rich native plantings, native

Figure 3.  Effect of nest initiation date on daily survival rate of nests.  Estimated daily survival rate in relation to nest initiation
date for nests in multi-species native plantings and dense nesting cover (DNC) in 2010 (below) and 2011 (above) in the Devils Lake
Wetland Management District, North Dakota.
doi: 10.1371/journal.pone.0068603.g003
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plantings of both warm and cool season vegetation with
adequate diversity to saturate the available niches and
decrease or prevent the variability among sites caused by the
invasion of exotic species [69,70,71,72]. Our results indicate no
statistically significant difference in the density of nesting ducks
between species-rich native plantings and DNC. Additionally,
providing a diverse habitat containing multiple species of cool
and warm-season grasses as well as forbs provides greater
benefit to a more diverse community of avian species than
monocultural stands [24]. Cool-season native grasses start
actively growing in the early spring, providing cover and
concealment early in the nesting season. Once temperatures
warm later in the spring and early summer, these grasses
become dormant and warm-season grasses start actively
growing [64], providing additional cover and concealment. The
addition of native forbs and legumes not only reduces niche
availability for unwanted exotic species but provides structural
diversity within the stand as they tend to branch out laterally,
helping to restrict mammalian predator movement [73].

An additional concern with DNC is the belief that its benefits
don’t reach the full spectrum of upland nesting ducks but only
benefit species that prefer tall, thick, dense cover like mallards
and gadwalls [22,23]. Native mixtures have been found to
benefit a greater array of species, especially teal, pintails, and
shovelers [13,42]. Our results indicated the majority of species
tended to nest in slightly higher densities in DNC; however, no
differences were statistically significant. Gadwalls nested in the
highest density of any species in DNC, while teal nested in the
highest density in native plantings. In contrast to previous
findings, DNC in our study supports equivalent densities for
species that nest in both dense and sparse cover and native
plantings are able to support comparable densities as DNC for
all species.

Despite a lack of significant differences in vegetation
characteristics between cover types during most sampling
periods, trends in vegetation characteristics and species-
specific nest densities suggest the non-significant differences
may be biologically important. Vegetation tended to be taller
and denser with deeper litter in DNC. Additionally, species-
specific nest densities tended to be greater in DNC, suggesting
the slight difference in vegetation characteristics may be
detectible by nesting hens. Depending on the management
objectives, however, it is likely other benefits of native
plantings, like increased grassland faunal diversity, may
outweigh the non-significant differences in species-specific
nesting densities between cover types.

Nest Survival between Cover Types
In contrast to previous findings of similar nest survival when

comparing species-poor plantings and DNC, cover type (i.e.,
species-rich native vs. introduced species) influenced daily
survival rates of nests during this study with native plantings
and DNC producing similar survival levels in 2010 but DNC
having substantially higher nest survival than native plantings
in 2011. As previously discussed, past studies were conducted
on fields using species-poor native plantings; in contrast, our
study fields were composed of species-rich native plantings.
Although nest survival declined in both cover types during
2011, the sharp decrease in nest survival for fields with native

cover relative to DNC suggests current seed mixtures are more
susceptible to temporal variability than DNC. The factor limiting
survival in 2011 may be due to variation in vegetation
characteristics between field types or a result of a difference in
annual variation in predator abundance and distribution
between cover types.

In 2011, native plantings did not provide the same vegetation
characteristics as DNC. In the early sampling period, litter
depth was shallower in native vegetation relative to DNC
(Table 2). The difference in litter depth was not likely important,
however, as nest survival was similar between cover types
early in the nesting season in 2011, when litter depth is most
likely to influence survival of nests (Figure 3). The standing
residual warm-season grasses in native plantings likely
provided the same benefit as leaf litter in DNC, providing cover
and concealment to early nesting species. Additionally, in the
2011 late season sampling period, vegetation in the species-
rich native plantings was significantly shorter than DNC
vegetation. We believe it is unlikely, however, that the
difference in vegetation height alone explains the difference in
nest survival between cover types in the 2011 breeding
season. First, vegetation height was not found to be influential
on nest survival after accounting for vegetation density [74].
Furthermore, if annual climatic variation in vegetation growth
had caused differences in nest success, we would predict
native vegetation in the early and late sampling periods of 2010
would be higher than native vegetation in the early and late
sampling periods of 2011 and lower nest survival earlier in the
season in years when growth of warm season grasses was
delayed by cool temperatures. In contrast to these predictions,
we found cover height and density in native habitat were similar
between 2010 and 2011, and nest survival was similar between
cover types early in the nesting season and decreased
thereafter, with native plantings having lower survival later in
the nesting season than DNC. Other investigators have found a
similar relationship between stage of nesting season and nest
survival and proposed the decrease is due to predators
responding to changing small mammal and insect populations
or due to predators changing foraging patterns as the season
progresses [17,27,75,76]. This explanation is consistent with
an observation of variation in predator abundance between
2010 and 2011. In 2011 there was a substantial increase in the
abundance of nest predators in eastern North Dakota. The
population of primary nest predators in the region (skunk, fox,
and raccoon [Procyon lotor]) increased 67%, 53%, and 79%,
respectively, from 2010 to 2011 [S. Tucker, North Dakota
Game and Fish Department, unpublished data]. Combined,
these results suggest changes in nest survival between the 2
years of the study were more likely due to changes in predator
abundance or distribution than changes in vegetation structure
caused by climatic variability; although it is plausible the 2
factors interacted. We found vegetation height to have little
impact on nest survival after accounting for the influence of
vegetation density; however, the significant difference in
vegetation height between species-rich native vegetation and
DNC observed late in the nesting season of 2011 and the non-
statistically significant difference in native vegetation density
and height between 2010 and 2011, may have had a biological
influence when predator abundance increased,
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disproportionately decreasing survival of nesting hens in the
native cover late in the nesting season. The higher
concentration of predators in 2011 may have more easily
exposed the differences in nest survival caused by differences
in vegetation structure, resulting in a significant difference in
nest survival between cover types.

An alternative and we believe more likely explanation for the
difference in nest survival between the 2 cover types in 2011 is
the ability of the more diverse native vegetation to support a
larger, more diverse animal community, increasing predator
abundance in native fields. Native plantings provide more
heterogeneous habitat than DNC. This heterogeneity likely
created more suitable habitats for alternative prey, especially
small mammals [73,77,78]. If native plantings supported more
alternative prey, nest predators may have responded resulting
in a more dramatic increase in predation of nests relative to
DNC as generalist predators became more abundant [79-83].
Alternatively, characteristics of native vegetation might be
preferred relative to DNC for nest predators, thus, a response
of alternative prey may not be needed as an intermediary and
native vegetation might directly attract a greater density of nest
predators regardless of abundance of alternative prey.

The native plantings in this study were still in the
establishment phase of development, and based on our results
did not provide the same structural characteristics or nest
security as DNC. Understanding and possibly alleviating the

temporal variation in nest survival for native plantings is critical
as land managers continue to make decisions on using DNC or
native seed mixtures. Nest survival between the 2 cover types
was similar early in the nesting season but declined much more
dramatically in the species-rich native vegetation late in the
nesting season. Research identifying the cause for this
temporal variation in the interaction between habitat type, stage
of nesting season, and nest survival is critical information that
managers need to make decisions that provide optimal habitat
for waterfowl nest survival.

Acknowledgements

We thank the staff at the Devils Lake Wetland Management
District, especially R. Hollevoet and M. Fisher for logistical
support. Thank you to J. Lindstrom, J. Britton, J. Neau, S.
James, D. McAtee, J. McNeal, and A. Dent for providing
assistance in the field.

Author Contributions

Conceived and designed the experiments: RDH MWE CSD.
Performed the experiments: RDH. Analyzed the data: RDH
MWE. Contributed reagents/materials/analysis tools: RDH
MWE. Wrote the manuscript: RDH MWE CSD.

References

1. Nolan V (1978) The ecology and behavior of the prairie warbler
(Dendroica discolor). Ornithol Monogr 26.

2. Sherry TW, Holmes RT (1992) Population fluctuations in a long-
distance neotropical migrant: demographics evidence for the
importance of breeding season events in the American Redstart. In: JM
WaganDW Johnson. Ecology and conservation of neotropical migrant
land-birds. Washington D.C.: Smithsonian Institute Press. pp. 431-442.

3. McMaster DG, Devries JH, Davis SK (2005) Grassland birds nesting in
haylands of southern Saskatchewan: landscape influences and
conservation priorities. J Wildl Manage 69: 211-221. doi:
10.2193/0022-541X(2005)069.

4. Fletcher RJ Jr, Koford RR, Seaman DA (2006) Critical demographic
parameters for declining songbirds breeding in restored grasslands. J
Wildl Manage 70: 145-157. doi:
10.2193/0022-541X(2006)70[145:CDPFDS]2.0.CO;2.

5. Winter M, Johnson DH, Shaffer JA, Donovan TM, Svedarsky WD
(2006) Patch size and landscape effects on density and nesting
success of grassland birds. J Wildl Manage 70: 158-172. doi:
10.2193/0022-541X(2006)70[158:PSALEO]2.0.CO;2.

6. With KA, King AW, Jensen WE (2008) Remaining large grasslands
may not be sufficient to prevent grassland bird declines. Biol Conserv
141: 3152-3167. doi:10.1016/j.biocon.2008.09.025.

7. Bakker KK, Higgins KF (2009) Planted grasslands and native sod
prairie: equivalent habitat for grassland birds? Western North American
Nat 69: 235-242. doi:10.3398/064.069.0212.

8. Stephens SE, Koons DN, Rotella JJ, Wiley DW (2004) Effects of
habitat fragmentation on avian nesting success: a review of the
evidence at multiple spatial scales. Biol Conserv 115: 101-110. doi:
10.1016/S0006-3207(03)00098-3.

9. Sovada MA, Sargeant AB, Grier JW (1995) Differential effects of
coyotes and red foxes on duck nest success. J Wildl Manage 59: 1-9.
doi:10.2307/3809108.

10. Krapu GL, Klett AT, Jorde DG (1983) The effect of variable springwater
conditions on mallard reproduction. Auk 100: 689-698.

11. Higgins KF, Naugle DE, Forman KJ (2002) A case study of changing
land use practices in the northern Great Plains, USA: an uncertain
future for water bird conservation. Waterbirds 25 Special Publication 2):
42-50

12. Stephens SE, Walker JA, Blunck DR, Jayaraman A, Naugle DE et al.
(2008) Predicting risk of habitat conversion in native temperate

grasslands. Conserv Biol 22: 1320-1330. doi:10.1111/j.
1523-1739.2008.01022.x. PubMed: 18717691.

13. Kaiser PH, Berlinger SS, Fredrickson LH (1979) Response of blue-
winged teal to range management on waterfowl production areas in
southeastern South Dakota. J Range Manag 32: 295-298. doi:
10.2307/3897835.

14. Rodriguez EF (1984) Dense nesting cover versus native grassland in
relation to duck nesting success and density. Thesis, Colorado State
University, Fort Collins.

15. Higgins KF, Barker WT (1982) Changes in vegetation structure in
seeded nesting cover in the prairie pothole region. U.S. Fish and
Wildlife Service Special Scientific Report 242. D.C.: Washington.

16. Reynolds RE, Shaffer TL, Renner RW, Newton WE, Batt BDJ (2001)
Impact of the conservation reserve program on duck recruitment in the
US Prairie Pothole Region. J Wildl Manage 65: 765-780. doi:
10.2307/3803027.

17. Arnold TW, Craig-Monroe LM, Armstrong LM, Howerter DW, Devries
JH et al. (2007) Waterfowl use of dense nesting cover in the Canadian
Parklands. J Wildl Manage 71: 2542-2549. doi:10.2193/2005-568.

18. Duebbert HF (1969) High nest density and hatching success of ducks
on South Dakota CAP land. Transactions of The North American
Wildlife Conference 34:218-229

19. Higgins KF (1977) Duck nesting in intensively farmed areas of North
Dakota. J Wildl Manage 41: 232-242. doi:10.2307/3800600.

20. Klett AT, Shaffer TL, Johnson DH (1988) Duck nest success in the
prairie pothole region. J Wildl Manage 52: 431-440. doi:
10.2307/3801586.

21. Ball IJ, Eng RL, Ball SK (1995) Population density and productivity of
ducks on large grassland tracts in northcentral Montana. Wildl Soc Bull
23: 767-773.

22. Gilbert DW, Anderson DR, Ringelman JK, Szymczak MR (1996)
Response of nesting ducks to habitat and management on the Monte
Vista National Wildlife Refuge, Colorado. Wildl Monogr 131: 3-44.

23. McKinnon DT, Duncan DC (1999) Effectiveness of dense nesting cover
for increasing duck production in Saskatchewan. J Wildl Manage 63:
382-389. doi:10.2307/3802523.

24. Sample DW (1989) Grassland birds in southern Wisconsin: habitat
preference, population trends, and response to land use changes.
Thesis Madison: University of Wisconsin Madison.

25. Menke JW (1992) Grazing and fire management for native perennial
grass restoration in California grassland. Fremontia 20: 22-25.

Duck Productivity in Native & Non-Native Plantings

PLOS ONE | www.plosone.org 10 July 2013 | Volume 8 | Issue 7 | e68603

http://dx.doi.org/10.2193/0022-541X(2005)069
http://tinyurl.com/lpu3o54
http://tinyurl.com/kcmm2v3
http://dx.doi.org/10.1016/j.biocon.2008.09.025
http://dx.doi.org/10.3398/064.069.0212
http://dx.doi.org/10.1016/S0006-3207(03)00098-3
http://dx.doi.org/10.2307/3809108
http://dx.doi.org/10.1111/j.1523-1739.2008.01022.x
http://dx.doi.org/10.1111/j.1523-1739.2008.01022.x
http://www.ncbi.nlm.nih.gov/pubmed/18717691
http://dx.doi.org/10.2307/3897835
http://dx.doi.org/10.2307/3803027
http://dx.doi.org/10.2193/2005-568
http://dx.doi.org/10.2307/3800600
http://dx.doi.org/10.2307/3801586
http://dx.doi.org/10.2307/3802523


26. Delisle JM, Savidge JA (1997) Avian use and vegetation characteristics
of Conservation Reserve Program fields. J Wildl Manage 61: 318-325.
doi:10.2307/3802587.

27. Pasitschniak-Arts M, Messier F (1998) Effects of edges and habitats on
small mammals in a prairie ecosystem. Can J Zool 76: 2020-2025. doi:
10.1139/z98-144.

28. Larivière S, Messier F (2000) Habitat selection and use of edges by
striped skunks in the Canadian prairies. Can J Zool 78: 366-372. doi:
10.1139/z99-230.

29. McCoy TD, Kurzejeski EW, Burger LW, Ryan MR (2001) Effects of
conservation practice, mowing, and temporal changes on vegetation
structure on CRP fields in northern Missouri. Wildl Soc Bull 29:
979-987.

30. Jonas JL, Whiles MR, Charlton RE (2002) Aboveground invertebrate
responses to land management differences in a central Kansas
grassland. Environment Entomol 31: 1142-1152. doi:
10.1603/0046-225X-31.6.1142.

31. Hickman KR, Farley GH, Channell RC, Steier JE (2006) Effects of old
world bluestem (Bothriuchloa ischaemum) on food availability and
avian community composition within the mixed-grass prairie. Southwest
Nat 51: 524-530. doi:
10.1894/0038-4909(2006)51[524:EOOWBB]2.0.CO;2.

32. Koper N, Schmiegelow FKA (2007) Does management for duck
productivity affect songbird nesting success? J Wildl Manage 71:
2249-2257. doi:10.2193/2006-354.

33. Klug P, Wolfenbarger LLR, McCarty JPM (2009) The nest predator
community of grassland birds responds to agroecosystem habitat at
multiple scales. Ecography 32: 973-982. doi:10.1111/j.
1600-0587.2009.05857.x.

34. Urbanska KM, Webb NR, Edwards PJ (1997) Why restoration? In: KM
UrbanskaNR WebbPJ Edwards. Restoration ecology and sustainable
development. Cambridge: University Press. pp. 3-7.

35. Society for Ecological Restoration (SER) (2004) The SER international
primer on ecological restoration. Available: http://www.ser.org.
Accessed: 20 March 2011.

36. Blumenthal DM, Jordan NR, Svenson EL (2003) Weed control as a
rationale for restoration: the example of tallgrass prairie. Conserv Ecol
7: 6-17.

37. Blumenthal DM, Jordan NR, Svenson EL (2005) Effects of prairie
restoration on weed invasions. Agric Ecosyst Environ 107: 221-230.
doi:10.1016/j.agee.2004.11.008.

38. Guo Q, Shaffer T, Buhl T (2006) Community maturity, species
saturation and the variant diversity-productivity relationships in
grasslands. Ecol Lett 9: 1284-1292. doi:10.1111/j.
1461-0248.2006.00980.x. PubMed: 17118002.

39. Millenbah KF, Winterstein SR, Campa H III, Furrow LT, Minnis RB
(1996) Effects of Conservation Reserve Program field age on avian
relative abundance, diversity, and productivity. Wilson Bull 108:
760-770.

40. Trowbridge WB (2007) The role of stochasticity and priority effects in
floodplain restoration. Ecol Appl 17: 1312-1324. doi:10.1890/06-1242.1.
PubMed: 17708210.

41. Glover FA (1956) Nesting and production of blue-winged teal (Anas
discors) in northwest Iowa. J Wildl Manage 20: 28-46. doi:
10.2307/3797244.

42. Keith LB (1961) A study of waterfowl ecology on small impoundments
in southeastern Alberta. Wildl Monogr 6: 1-88.

43. Clark JP (1977) Effects of experimental management schemes on
production and nesting ecology of ducks at Malheur National Wildlife
Refuge. Thesis, Oregon State University, Corvallis.

44. Duebbert HF, Lokemoen JT, Sharp DE (1986) Nest sites of ducks in
grazed mixed-grass prairie in North Dakota. Prairie Nat 18: 99-108.

45. West BC, Messmer TA (2006) Effects of livestock grazing on duck
nesting habitat in Utah. Rangeland Ecol Manag 59: 208-211. doi:
10.2111/05-118R1.1.

46. Robel RJ, Briggs JN, Dayton AD, Hulbert LC (1970) Relationships
between visual obstruction measurements and weight of grassland
vegetation. J Range Manag 23: 295-297. doi:10.2307/3896225.

47. Fisher RJ, Davis SK (2010) From Wiens to Robel: a review of
grassland-bird habitat selection. J Wildl Manage 74: 265-273. doi:
10.2193/2009-020.

48. Schneider NA (1998) Passerine use of grasslands managed with two
grazing regimes on the Missouri Coteau in North Dakota. Thesis, South
Dakota State University, Brookings.

49. Bue IG, Blankenship L, Marshall WH (1952) The relationship of grazing
practices to waterfowl breeding populations and production on stock
ponds in western South Dakota. Transactions of The North American
Wildlife Conference 17:396-414

50. Gjersing FM (1975) Waterfowl production in relation to rest-rotation
grazing. J Range Manag 28: 37-42. doi:10.2307/3897576.

51. Winter M (1999) Relationship of fire history to territory size, breeding
density, and habitat of Baird’s sparrow in North Dakota. Stud Avian Biol
19: 171-177.

52. Daubenmire R (1959) A canopy-coverage method of vegetational
analysis. Northwest Sci 33: 43-64.

53. Klett AT, Duebbert HF, Faanes CA, Higgins KF (1986) Techniques for
studying nest success of ducks in upland habitats in the Prairie Pothole
Region. Resource Publication 158, Washington, D.C.

54. Gloutney ML, Clark RG, Afton AD, Huff GJ (1993) Timing of nest
searches for upland nesting waterfowl. J Wildl Manage57: 597-601.

55. Weller MG (1956) A simple field candler for waterfowl eggs. J Wildl
Manage 20: 111-113. doi:10.2307/3797414.

56. Whittaker RH (1972) Evolution and measurement of species diversity.
Taxon 21: 213-251. doi:10.2307/1218190.

57. White GC, Burnham KP (1999) Program MARK: Survival estimation
from populations of marked animals. Bird Study 46 Supplement:
120-138. doi:10.1080/00063659909477239.

58. Dinsmore SJ, White GW, Knopf FL (2002) Advanced techniques for
modeling avian nest survival. Ecology 83: 3476-3488. doi:
10.1890/0012-9658(2002)083[3476:ATFMAN]2.0.CO;2.

59. McPherson RJ, Arnold TW, Armstrong LM, Schwarz CJ (2003)
Estimating the nest-success rate and the number of nests initiated by
radiomarked mallards. J Wildl Manage 67: 843-851. doi:
10.2307/3802691.

60. Akaike H (1973) Information theory as an extension of the maximum
likelihood principle. In: BN PetrovF Csaki. Second international
symposium on information theory. Budapest: Akademiai. pp. 267-281.

61. Stewart RE, Kantrud HA (1971) Classification of natural ponds and
lakes in the glaciated prairie region. Resource Publication 92,
Washington, D.C.

62. King JW, Savidge JA (1995) Effects of the Conservation Reserve
Program on wildlife in southeast Nebraska. Wildl Soc Bull 23:377-385.

63. National Oceanic and Atmospheric Administration (NOAA) (2011)
National Climate Data Center. Available: www.ncdc.noaa.gov.
Accessed: 10 December 2011.

64. Black CC (1971) Ecological implications of dividing plants into groups
with distinct photosynthetic production capacities. In: JB Cragg.
Advances in ecological research. New York: Academic Press. pp.
87-114.

65. Shirley S (1994) Restoring the tallgrass prairie: an illustrated manual for
Iowa and the Upper Midwest. Iowa City: University of Iowa Press.
330pp.

66. Packard S, Mutel CR (2005) The tallgrass restoration handbook: for
prairies, savannas, and woodlands. Washington, D.C.: Island Press.
463pp.

67. Smith DD, Williams D, Houseal G, Henderson K (2010) The tallgrass
prairie center guide to prairie restoration in the Upper Midwest. Iowa
City: University of Iowa Press. 301pp.

68. Klett AT, Duebbert HF, Heismeyer GL (1984) Use of seeded native
grasses as nesting cover by ducks. Wildl Soc Bull 12: 134-138.

69. Case TJ (1990) Invasion resistance arises in strongly interacting
species-rich model competition communities. Proc Natl Acad Sci U S A
87: 9610-9614. doi:10.1073/pnas.87.24.9610. PubMed: 11607132.

70. Tilman D (1997) Community invisibility, recruitment limitations, and
grassland biodiversity. Ecol 78: 81-92. doi:
10.1890/0012-9658(1997)078[0081:CIRLAG]2.0.CO;2.

71. Jacobs JS, Sheley RL (1999) Grass defoliation intensity, frequency,
and season effects on spotted knapweed invasion. J Range Manag 52:
626-632. doi:10.2307/4003633.

72. Sheley RL, Half ML (2006) Enhancing native forb establishment and
persistence using a rich seed mixture. Restor Ecol 12: 627-635.

73. Bowman GB, Harris LD (1980) Effect of spatial heterogeneity on
ground-nest depredation. J Wildl Manage 44: 806-813. doi:
10.2307/3808308.

74. Haffele RD (2012) Nesting ecology of ducks in dense nesting cover and
restored native plantings in northeastern North Dakota. Thesis,
Southern Illinois University Carbondale, Carbondale.

75. Flint PL, Grand JB (1996) Nesting success of northern pintails on the
coastal Yukon-Kuskokwim Delta, Alaska. Condor 98: 54-60. doi:
10.2307/1369508.

76. Emery RB, Howerter DW, Armstrong LM, Anderson MG, Devries JH et
al. (2005) Seasonal variation in waterfowl nesting success and its
relation to cover management in the Canadian prairies. J Wildl Manage
69: 1181-1193. doi:
10.2193/0022-541X(2005)069[1181:SVIWNS]2.0.CO;2.

Duck Productivity in Native & Non-Native Plantings

PLOS ONE | www.plosone.org 11 July 2013 | Volume 8 | Issue 7 | e68603

http://dx.doi.org/10.2307/3802587
http://dx.doi.org/10.1139/z98-144
http://dx.doi.org/10.1139/z99-230
http://dx.doi.org/10.1603/0046-225X-31.6.1142
http://tinyurl.com/kp2jwqk
http://dx.doi.org/10.2193/2006-354
http://dx.doi.org/10.1111/j.1600-0587.2009.05857.x
http://dx.doi.org/10.1111/j.1600-0587.2009.05857.x
http://www.ser.org
http://dx.doi.org/10.1016/j.agee.2004.11.008
http://dx.doi.org/10.1111/j.1461-0248.2006.00980.x
http://dx.doi.org/10.1111/j.1461-0248.2006.00980.x
http://www.ncbi.nlm.nih.gov/pubmed/17118002
http://dx.doi.org/10.1890/06-1242.1
http://www.ncbi.nlm.nih.gov/pubmed/17708210
http://dx.doi.org/10.2307/3797244
http://dx.doi.org/10.2111/05-118R1.1
http://dx.doi.org/10.2307/3896225
http://dx.doi.org/10.2193/2009-020
http://dx.doi.org/10.2307/3897576
http://dx.doi.org/10.2307/3797414
http://dx.doi.org/10.2307/1218190
http://dx.doi.org/10.1080/00063659909477239
http://tinyurl.com/ktr3hgw
http://dx.doi.org/10.2307/3802691
http://www.ncdc.noaa.gov
http://dx.doi.org/10.1073/pnas.87.24.9610
http://www.ncbi.nlm.nih.gov/pubmed/11607132
http://tinyurl.com/km8p9ee
http://dx.doi.org/10.2307/4003633
http://dx.doi.org/10.2307/3808308
http://dx.doi.org/10.2307/1369508
http://tinyurl.com/m6vwaud


77. Sietman BE, Fothergill WB, Finck EJ (1994) Effects of haying and old-
field succession on small mammals in tallgrass prairie. Am Midl Nat
131: 1-8. doi:10.2307/2426602.

78. Nocera JJ, Dawe KL (2008) Managing for habitat heterogeneity in
grassland agro-ecosystems influences the abundance of masked
shrews (Sorex cinereus). J Sustain Agric 32: 379-392. doi:
10.1080/10440040802257132.

79. Voorhees LD, Cassel JF (1980) Highway right-of-way: mowing versus
succession as related to duck nesting. J Wildl Manage 44: 155-163.
doi:10.2307/3808361.

80. Holt RD (1977) Predation, apparent competition, and structure of prey
communities. Theor Popul Biol 12: 197-229. doi:
10.1016/0040-5809(77)90042-9. PubMed: 929457.

81. Norrdahl K, Korpimäki E (2000) Do predators limit the abundance of
alternative prey? Experiments with vole-eating avian and mammalian
predators. Oikos 91: 528-540. doi:10.1034/j.1600-0706.2000.910315.x.

82. Brook RW, Pasitschniak-Arts M, Howerter DW, Messier F (2008)
Influence of rodent abundance on nesting success of prairie waterfowl.
Can J Zool 86: 497-506. doi:10.1139/Z08-019.

83. Devries JH, Armstrong LM (2011) Impact of management treatments
on waterfowl use of dense nesting cover in the Canadian parklands. J
Wildl Manage 75: 1340-1349. doi:10.1002/jwmg.164.

Duck Productivity in Native & Non-Native Plantings

PLOS ONE | www.plosone.org 12 July 2013 | Volume 8 | Issue 7 | e68603

http://dx.doi.org/10.2307/2426602
http://dx.doi.org/10.1080/10440040802257132
http://dx.doi.org/10.2307/3808361
http://dx.doi.org/10.1016/0040-5809(77)90042-9
http://www.ncbi.nlm.nih.gov/pubmed/929457
http://dx.doi.org/10.1034/j.1600-0706.2000.910315.x
http://dx.doi.org/10.1139/Z08-019
http://dx.doi.org/10.1002/jwmg.164

	Southern Illinois University Carbondale
	OpenSIUC
	7-2013

	Duck Productivity in Restored Species-Rich Native and Species-Poor Non-Native Plantings
	Ryan Haffele
	Michael E. Eichholz
	Cami S. Dixon
	Recommended Citation


	Duck Productivity in Restored Species-Rich Native and Species-Poor Non-Native Plantings
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	References


