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The Light Goose Conservation Order (LGCO) was initiated in 1999 to reduce mid-continent populations of light geese
(lesser snow geese Chen caerulescens and Ross’s geese C. rossi). However, concern about potential for LGCO activities (i.e.
hunting activities) to negatively impact non-target waterfowl species during spring migration in the Rainwater Basin
(RWB) of Nebraska prompted agency personnel to limit the number of hunt days each week and close multiple public
wetlands to LGCO activities entirely. To evaluate the effects of the LGCO in the RWB, we quantified waterfowl density
at wetlands open and closed to LGCO hunting and recorded all hunter encounters during springs 2011 and 2012. We
encountered a total of 70 hunting parties on 22 study wetlands, with over 90% of these encounters occurring during early
season when the majority of waterfowl used the RWB region. We detected greater overall densities of dabbling ducks Anas
spp.» as well as for mallards A. platyrhynchos and northern pintails A. acuta on wetlands closed to the LGCO. We detected
no effects of hunt day in the analyses of dabbling duck densities. We detected no differences in mean weekly dabbling duck
densities among wetlands open to hunting, regardless of weekly or cumulative hunting encounter frequency throughout
early season. Additionally, hunting category was not a predictor for the presence of greater white-fronted geese Anser
albifrons in a logistic regression model. Given that dabbling duck densities were greater on wetlands closed to hunting,
providing wetlands free from hunting disturbance as refugia during the LGCO remains an important management strategy
at migration stopover sites. However, given that we did not detect an effect of hunt day or hunting frequency on dabbling
duck density, our results suggest increased hunting frequency at sites already open to hunting would likely have minimal

impacts on the distribution of non-target waterfowl species using the region for spring staging.

Hunting disturbance has been identified as one of the
factors influencing waterfowl distribution and habitat use
during migration (Madsen and Fox 1995, Dooley etal. 2010,
Webb et al. 2010a). Indeed, disturbance is more likely to
affect waterfowl during spring migration compared to other
times of the year because of the high energetic requirements
associated with migration and subsequent breeding activi-
ties (Madsen and Fox 1995, Arzel et al. 2006). Providing
areas free from hunting disturbance (refuges) generally con-
centrates waterfowl at these sites and reduces waterfowl use
of disturbed areas (Giroux and Bedard 1988, Madsen and
Fox 1995, Madsen 1998, Evans and Day 2002). Changes in
waterfowl distribution caused by hunting disturbance may
lead to the under-utilization of food resources on disturbed
areas, as well as artificially high densities and increased
competition in areas free from disturbance (Madsen and Fox
1995).

Mid-continent populations of light geese, composed
of lesser snow geese Chen caerulescens and Ross's geese
C. rossi, have grown rapidly since the late 1960s and
recent estimates suggest 10-15 million adult birds in the
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population (Alisauskas et al. 2011). Substantial increases
in light goose populations have resulted in destruction of
some arctic breeding habitats (Abraham et al. 2005), with
intense grazing of shoots, grubbing of roots and rhizomes
by light geese, in conjunction with a short growing season,
leading to irreversible vegetation loss, increased soil salinity,
erosion, and desertification in some areas (Srivastava and
Jefferies 1996, Abraham and Jefferies 1997, Jefferies and
Rockwell 2002). The Light Goose Conservation Order
(LGCO) was implemented by the U.S. Fish and Wild-
life Service (USFWS) in 1999 in an effort to reduce mid-
continent populations of light geese (Abraham et al. 2005,
USEFWS 2007). As a special spring hunt season, the LGCO
allowed the legal harvest of light geese after 10 March,
following closure of all other waterfowl seasons, and use of
special measures (e.g. unplugged shotguns). Prior to enac-
tion of the LGCO, no legal waterfowl hunting occurred after
10 March since the signing of the Migratory Bird Treaty Act
in 1918 (USFWS 2007). Although the LGCO was legally
considered a conservation harvest because it was imple-
mented outside of the regular hunting season and for the



purpose of reducing light goose populations (Abraham and
Jefferies 1997, Bechet et al. 2004), we refer to it as a spring
hunt for the purpose of this study because it was carried out
by migratory bird hunters.

Hunting during the LGCO is a potential source of
disturbance for non-target waterfowl at spring migration
stopover sites, including the Rainwater Basin (RWB) of
Nebraska (Bechet et al. 2004, Webb et al. 2010a, 2011,
Pearse et al. 2012). Prior to implementation of the LGCO,
wetland loss combined with annual variation in flooded
wetland availability and the movement of millions of light
geese into the region contributed to an increase in migratory
bird densities on RWB wetlands (Gersib et al. 1989, Bishop
and Vrtiska 2008). Hunting disturbance during the LGCO
could also potentially contribute to greater waterfowl den-
sities on individual wetlands in the RWB. High waterfowl
densities have been suggested to increase avian stress levels
and disease susceptibility (Friend 1981, Smith and Higgins
1990, Wobeser 1997, Bishop and Vrtiska 2008). Under-
utilization of food resources in wetlands or use of sub-
optimal habitats as a result of hunting disturbance during
the LGCO in the RWB both have potential to limit nutri-
ent acquisition during this crucial time period (Madsen and
Fox 1995, Bechet et al. 2004, Arzel et al. 2006). Reduced
nutrient acquisition could ultimately affect subsequent
reproductive output and breeding success of waterfowl using
the RWB during spring migration (Madsen and Fox 1995,
Mainguy et al. 2002, Bechet et al. 2004).

Regulations for the LGCO in the RWB were implemented
with caution due to concern that hunting disturbance might
impact the distribution and behavior of non-target waterfowl
species during spring migration (Vrtiska and Sullivan 2009).
Although regulations were established with the concurrent
goals of maximizing light goose harvest and reducing poten-
tial impacts of hunting disturbance on non-target species,
effects of these regulations on waterfowl distribution in the
RWB during the LGCO are still relatively unknown (Vrtiska
and Sullivan 2009). Therefore, our objectives for this study
were to assess hunter activity at public wetlands during the
LGCO and evaluate how hunting disturbance on established
temporal (i.e. closed days) and spatial (i.e. closed wetlands)
refuges affected waterfowl distribution during spring migra-
tion in the RWB of Nebraska. Given the importance of the
region to migrating mallards Anas platyrhynchos, northern
pintails A. acuta; hereafter pintails, and greater white-fronted
geese Anser albifrons; hereafter white-fronted geese, we placed
additional focus on those species.

Study area

The RWB region is recognized as one of the most important
waterfowl migration areas in North America (USFWS
and Canadian Wildlife Service 1986). The region occupies
a 16 000 km?2 area within 21 counties in south—central
Nebraska (Bishop and Vrtiska 2008). Wetlands in the RWB
are categorized as playas (Smith 2003, LaGrange 2005) and
were formed through a combination of wind deflation
and dissolution of subsurface basin material (Osterkamp
and Wood 1987, Gustavson et al. 1995, Reeves and Reeves
1996). Precipitation in the region increases along a gradient
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from west to east, with mean annual precipitation ranging
from 43 cm in Phelps County in the west to 74 cm in
Fillmore County in the east (Gilbert 1989). The RWB is
located in a semi-arid climate and most wetlands in the
region do not receive groundwater inflow, resulting in high
annual variation in flooded wetland availability (Brennan
et al. 2005, LaGrange 2005, Vrtiska and Sullivan 2009).
In years with low precipitation, wetland hydrology is often
supplemented by pumping groundwater directly from the
Ogallala aquifer on multiple publicly owned wetlands (Smith
et al. 1989, Smith and Higgins 1990). Most wetlands in the
region can be classified into one of three palustrine emergent
wetland hydrologic regimes (Gersib et al. 1989): temporar-
ily, seasonally, or semi-permanently inundated (Cowardin
etal. 1979). Current distribution of wetlands in the RWB by
hydrologic regime include; 26% temporary, 46% seasonal,
and 28% semi-permanent (Smith and Higgins 1990). Most
RWB wetlands range in area from < 1 ha to 16 ha, although
several wetlands were >400 ha (Brennan et al. 2005). Prior
to European settlement, the RWB contained an estimated
4000 naturally occurring wetlands, covering approximately
38 000 ha (Erickson and Leslie 1987). However, only an
estimated 445 of the original wetlands remained, represent-
ing 11% of the original number and 30% of the original
wetland area (Smith and Higgins 1990). Of the remaining
wetlands, approximately 80% have undergone hydrologic
alterations, affecting wetland area, function and quality
for wildlife habitat (Schildman and Hurt 1984, Smith and
Higgins 1990, Bishop and Vrtiska 2008). Despite the loss
and degradation of RWB wetlands, the area still serves as a
major spring staging area for waterfowl in North America
(Gersib etal. 1989) and Bishop and Vrtiska (2008) estimated
approximately 9.8 million waterfowl use the RWB region
each year during spring migration. Approximately 50% of
the mid-continent population of mallards and 30% of the
continental population of pintails, and an ever-increasing
number (> 1.5 million) of light geese use the RWB region
during spring migration (Gersib et al. 1989, Krapu et al.
1995, LaGrange 2005, Bishop and Vrtiska 2008, Vrtiska and
Sullivan 2009).

Prior to and during our study, LGCO regulations
limited hunting to four days a week (Saturday, Sunday,
Wednesday and Thursday) untdil the third week in March,
after which hunting was allowed seven days a week. The
LGCO season closed in the RWB during the second week
of April. Throughout the entire LGCO, 16 specific public
wetlands also were closed to hunting. Both the days of the
week and public wetlands closed to hunting have remained
consistent since 2004. Participants primarily harvest light
geese in the RWB during the LGCO by shooting birds over
decoys in fields and in wetlands, stalking geese in fields and
wetlands, and harvesting birds traversing from roost and feed-
ing sites. Given the relatively small area of RWB wetlands,
typically all waterfowl occupying a wetland are affected by
hunting activity occurring on that wetland.

Material and methods

Due to annual variation in precipitation and wetland avail-

ability (Bishop and Vrtiska 2008), we selected study wetlands
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on an annual basis, assessing potential sites for presence of
water using ground surveys in late January/early February
2011and 2012. We paired public wetlands closed to LGCO
hunting with either one or two public wetlands open to
LGCO hunting (hunting category) based on similarities in
wetland area, percent vegetative cover, and location. Wetland
area was visually estimated as a percentage of the hydric foot-
print containing water and vegetative cover types were deter-
mined using methods previously described for the region
(Stewart and Kantrud 1971). We used a total of 40 public
wetlands (24 open to hunting and 16 closed to hunting) as
study sites over the two years of our study (Fig. 1).

We concurrently surveyed open and closed study wet-
lands in the same region for the presence of migratory birds
and LGCO participants during spring (mid-February — late
March) migrations 2011 and 2012. We spent approximately
1.5-2 h at each wetland pair and then moved to another
wetland pair upon completion; we typically visited 4-5 wet-
land pairs/day and surveyed each wetland pair approximately
3—4 times per week. If two wetlands open to hunting were
grouped with one wetland closed to hunting, we alternated
visits between wetlands open to hunting for that group. We
divided diurnal time period into four time intervals; dawn
(30 min before sunrise — 09:00), morning (09:00-12:30),
afternoon (12:30-16:00), and evening (16:00-30 min
after sunset) and attempted to conduct an equal number of
observations for each wetland pair/group within these time
periods (Webb et al 2010a). To quantify hunting participa-
tion on wetlands open to hunting during the LGCO, we
recorded the number of hunting parties present during each

survey. Although study objectives did not include quanti-
fying LGCO participation in non-wetland habitats, if we
opportunistically observed hunters in agricultural fields
or on non-study wetlands, we recorded the date, location
(coordinates and site description), and number of partici-
pants. We also opportunistically stopped potential hunters
on roads, parking lots, etc. to gather as much information as
possible about their hunting behavior for that day, including
times and locations of their hunting activities.

After recording the presence of any observable hunters
present in study wetlands, we then surveyed the site for
waterfowl abundance. During each waterfowl survey, we
observed study wetlands for the presence of dabbling ducks
Anas spp. and geese (tribe: Anserini). We examined wetlands
for the presence of only these two groups because few diving
(Aythya spp.) or sea (Bucephala spp.) ducks use the RWB dur-
ing spring. We recorded all waterfowl visible in open water
from a pre-determined vantage point(s) and then entered
the wetland to visit pre-determined points to detect water-
fowl not visible in open water. We used both spotting scopes
and binoculars, whichever was most appropriate given the
conditions, to count waterfowl. To ensure consistent sam-
pling effort, number of points within a wetland varied with
wetland area: one point in wetlands=5 ha; two points in
wetlands 5.1-25 ha; three points in wetlands 25.1-100 ha;
and four points in wetlands > 100 ha (Brown and Dinsmore
1986, Webb et al. 2010a, b). All birds observed while walk-
ing between observation points were included in the overall
count for that wetland, however, if birds previously counted
flew to another part of the wetland they were not included

Piatte River

= Platte River

I 5oy Sites

- Semi-Permanent Wetlands

. . 1] 125
D Rainwater Basin Wetland Complex

1 Kilometers h
25 50 75 N

Figure 1. Public wetlands (n = 40; 16 closed and 24 open to hunting) used as study sites to conduct waterfowl surveys and observe hunting
participation during the Light Goose Conservation Order in the Rainwater Basin of Nebraska in springs 2011 and 2012.
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(Fairbairn and Dinsmore 2001, Webb et al. 2010a, b). In
flocks with < 100 birds, individual number and species were
recorded; in flocks of > 100 birds, species were recorded and
the numbers of birds for each species were visually estimated
(Webb et al. 2010a, b). Flocks of>100 birds were esti-
mated based on the following criteria; 100-500 birds were
estimated to the nearest 10, 501-2000 birds to the nearest
100, and nearest 1000 for larger flocks.

During each wetland observation we estimated the
percent of the wetland containing water (% full) by
visually comparing current water levels with aerial photo-
graphs and the extent of the wetland plant boundary (Webb
et al. 2010a). We used aerial photos in ArcMap (ArcGIS) to
construct polygons and calculate the area of each wetland
footprint (i.e. area of wetland when 100% full) for all study
sites (ESRI 2010). We then multiplied % full by the area of
each wetland footprint, providing an estimate of inundated
wetland area during each survey, which we used to calculate
total dabbling duck density as well as densities of mallards
and pintails (ducks ha=!). Because of the importance of the
RWB region as a staging area for white-fronted geese,
mallards and pintails, we analyzed densities of these species
separately and in addition to total density (Bishop and Vrtiska
2008). We excluded all surveys where we observed zero
waterfowl and either ice cover exceeded 90% or if less than
10% of the wetland was inundated at the time of the survey.
We also reclassified three study wetlands that were open to
hunting in 2012 as closed for data analysis because no hunt-
ing encounters were observed on them. The variable hunt
day was determined for each waterfowl survey based on the
designation of that day being open or closed to hunting.
We defined season (early and late) based on the decline of
light geese observed on study wetlands. Early season was
classified as the time from when surveys began up through
the week when >95% of all light geese observed on study
wetlands each year left the RWB region; with late season
occurring after the designated week (Webb etal. 2011). Con-
sequently, hunting encounters recorded on study wetlands
open to hunting also declined sharply during late season.

We used analysis of variance (ANOVA) to test for
differences in wetland area and percent vegetative cover
between wetlands open and closed to the LGCO. We used a
generalized linear mixed-model with a Poisson distribution
(typical for count data; Bolker et al. 2009) and a multiplica-
tive overdispersion component to test for differences in total
dabbling duck densities, as well as individual mallard and
pintail densities (Schabenberger 2005). Wetland site was
designated as a random residual effect, which was equiva-
lent to using it with the repeated statement in the PROC
MIXED procedure in SAS (Schabenberger 2005). We used
the generalized mixed-model to test for fixed effects of year,
hunt category, hunt day, season and all possible interactions
(PROC GLIMMIX; SAS Inst.).

For those wetlands open to hunting, we also tested for
effects of observed hunting frequency on dabbling duck den-
sities. We calculated mean weekly dabbling duck density for
each site open to hunting to account for differences between
when surveys were conducted and hunting encounters were
recorded at sites. We used a generalized linear mixed-model
with a Poisson distribution, a multiplicative overdispersion
component, and designated site as a random residual effect
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to test for effects of weekly and cumulative hunting encoun-
ter frequencies on dabbling duck density at wetlands open to
hunting (PROC GLIMMIX; SAS Inst.). For weekly hunt-
ing frequency, we tested for differences among sites open
to the LGCO among three frequency categories; zero, one
and two or more weekly hunting encounters. We classified
cumulative hunting encounters at sites open to hunting into
five categories; zero, one, two, three-four, and > five total
hunting encounters. We based cumulative hunting catego-
ries primarily on the frequency distribution of cumulative
hunting encounters, resulting in a relatively equal sample
size among categories. We restricted our analyses of weekly
and cumulative hunting encounter frequencies to early sea-
son under the assumption that late season densities were
more likely affected by departure of large numbers of dab-
bling ducks from the region. The ratios of the generalized
¥ 2-statistic to the degrees of freedom were used to evalu-
ate fit of all generalized linear mixed-models. A ratio of
approximately 1 indicated variability in our data had been
properly modeled, and there was no residual overdispersion
(Schabenberger 2005).

We observed few white-fronted geese during waterfowl
surveys. Therefore, we converted white-fronted goose obser-
vations to a binary response variable (presence/absence)
for each survey (Bewick et al. 2005). If>1 white-fronted
goose was recorded during a survey, they were classified as
present and if=1 white-fronted goose was observed we
classified them as absent. We used logistic regression to test
if wetlands closed to hunting were a significant predictor for
the presence of white-fronted geese (PROC LOGISTIC;
SAS Inst.). Analysis of white-fronted geese was restricted to
early season surveys; if late season surveys were included it
would have substantially lowered the presence/absence ratio
and decreased the statistical power for detecting hunting
effects (Bewick et al. 2005). Survey data for light geese were
extremely variable and were not analyzed. All statistical anal-
yses were performed with SAS software ver. 9.3 (SAS Inst.),
type I error rate was controlled at o0 = 0.05 and we report all
means & standard error.

Results

Study wetlands classified as open or closed to LGCO hunt-
ing did not differ in inundated area (F, 53 = 0.33, p = 0.567)
or percent vegetative cover (F ;3=2.51, p=0.121). We
observed a total of 168 hunting parties throughout the RWB
region during springs 2011 and 2012 (Fig. 2). The major-
ity of hunting encounters (71%) were observed in 2011;
however, numbers of encounters observed on study wetlands
were similar between years. We observed 70 hunting parties
on study wetlands during both years, 38 (54%) in 2011 and
32 (46%) in 2012. Hunting encounters on study wetlands
were distributed evenly between weekdays open to hunting
(35 encounters) and weekends open to hunting (35). Total
hunting encounters recorded were also distributed relatively
equally among the four diurnal time periods; 32% at dawn,
31% in morning, 27% in afternoon, and 10% in evening.
Almost all (91%) hunting encounters on study wetlands
and in the region (86%) were recorded during eatly season,
when the majority of light geese were observed. We observed
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Figure 2. Location of hunting encounters observed during the Light Goose Conservation Order (n=168) in the Rainwater Basin of

Nebraska in springs 2011 and 2012.

hunters on each study wetland classified as open to hunting
at least once during early season in both 2011 and 2012.

We conducted a total of 541 waterfowl surveys on
wetlands open and closed to hunting (223 surveys from
16 February — 31 March 2011, and 318 surveys from
21 February — 28 March 2012). We removed 32 surveys
prior to analyses because we observed no waterfowl dur-
ing the surveys and wetlands were either =90% ice cover
or =10% full at the time of the survey. In almost all weeks
during early season of both study years, mean dabbling
duck densities were at least two times greater on wetlands
closed to hunting, compared to wetlands open to hunting
(Fig. 3). Dabbling duck migration also occurred over a
shorter time period in 2012 when compared to 2011; how-
ever, the majority of migration and data collection occurred
from approximately mid-February to late March in both
years of our study ( Fig. 3).

We detected no interactions among independent
variables in the analysis of dabbling duck densities (all
F=3.84, p=0.067). Dabbling duck densities were greater
on study wetlands during early season (x=174.9*18.6
ducks ha=!), compared to late season (x=48.4=*7.8
ducks ha™!) (F, ;3=26.36, p<<0.001). Densities of dab-
bling ducks were also greater on wetlands closed to hunt-
ing (*x=171.4%19.2 ducks ha~'), compared to wetlands
open to hunting (¥ = 51.3 = 5.2 ducks ha™1) (F, ;, =21.40,
p<<0.001) (Table 1). Dabbling duck densities did not dif-
fer between hunt day categories (F, = 0.71, p=0.412) or
years (F, ;3=0.20, p=10.735). We detected no differences
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in mean weekly dabbling duck densities among weekly hunt-
ing frequency categories during early season (F, 3 =1.04,
p=0.375) (Fig. 4). In addition, mean weekly dabbling
duck densities at sites open to hunting did not differ among
cumulative hunting encounter categories in early season
(F414=0.44, p=10.777) (Fig. 5).

We detected no interactions among independent
variables in the analysis of mallard densities (all F=1.07,
p = 0.323). Mallard densities were greater on study wetlands
during early season (¥ =59.7 = 6.9 ducks ha~1), compared
to late season (x=7.9* 1.5 ducks ha™') (F, 4=36.74,
p<<0.001). Mallard densities were also greater on wetlands
closed to hunting (x=51.1%6.9 ducks ha=!), compared
to wetlands open to hunting (x=17.6=2.3 ducks ha™!)
(F,,7,=10.01, p=0.006) (Table 1). Mallard densities
did not differ between hunt day categories (F,,;3=10.98,
p=0.3306) or years (F, s =0.07, p=0.834).

We detected no interactions in the analysis of pintail den-
sities (all F=3.52, p = 0.078). Pintail densities were greater
on study wetlands during early season (x=110.9*12.7
ducks ha™!), compared to late season (¥ = 14.3 = 2.8 ducks
ha=") (F, ;;=34.81, p<<0.001). Densities of pintails were
greater on wetlands closed to hunting (¥ = 100.1 = 12.8 ducks
ha~1), compared to wetlands open to hunting (¥ = 26.2 = 3.2
ducks ha™?) (F, ;, =12.02, p=0.003) (Table 1). Pintail den-
sities did not differ between hunt day categories (F, ;= 1.63,
p=10.217) or years (F, ;3 =0.09, p=10.819).

We conducted 290 waterfowl surveys during early
season in both years combined and observed a total of 4286
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Figure 3. Mean weekly dabbling duck Anas spp. densities in early and late seasons on study wetlands open and closed to hunting during the
Light Goose Conservation Order in the Rainwater Basin of Nebraska in spring 2011 (16 February-31 March) and 2012 (21 February-28
March). We classified early season as those weeks prior to the date when greater than 95% of all light geese observed on study wetlands each
year had left the RWB region, whereas we classified late season as all weeks after that date.

white-fronted geese. White-fronted geese were observed
during 34 (12%) of these surveys (18 on closed and 16 on
open wetlands) and the maximum number of white-fronted
geese observed during any one survey was 520 birds. Mean
number of white-fronted geese observed were 10.7 = 4.5 and
19.0 £6.5 on wetlands closed and open to hunting, respec-
tively. Hunting category was not a predictor for the presence
of white-fronted geese (x2=0.056, p = 0.813).

Discussion

Although numerous studies have documented the effects
of hunting disturbance on waterfowl distribution and
habitat use during migration (Madsen and Fox 1995, Bechet
et al. 2003, 2004, Arzel et al. 2006), our results demonstrate
additional effects of LGCO disturbance on non-target water-
fowl. We found greater dabbling duck densities on wetlands
closed to LGCO hunting during both years of our study.
When evaluated separately, mallards and pintails also exhib-
ited similar responses to LGCO hunting, but this finding
is not surprising given these species make up the majority
of dabbling ducks using the RWB during spring migration
(Gersib et al. 1989, LaGrange 2005, Bishop and Vrtiska
2008). Given our study design in which we simultaneously
observed wetlands open and closed to hunting with similar
geographic locations, wetland areas, and vegetative cover,
we believe our observed differences in dabbling duck densi-

Table 1. Mallard Anas platyrhynchos, northern pintail A. acuta, and
total dabbling duck Anas spp. densities (x= SE) on study wetlands
open (n=24) and closed (n = 16) to hunting during the Light Goose
Conservation Order in the Rainwater Basin of Nebraska in springs
2011 and 2012.

Closed Open
(ducks ha=")  SE (ducks ha=') SE F-value p-value
Mallards 51.1 6.9 17.6 2.3 10.01 0.006
Pintails 100.1 12.8 26.2 3.2 12.02 0.003
Dabbling 171.4 19.2 51.3 5.2 2140 <0.001
ducks
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ties are due to hunting disturbance and not differences in
habitat quality. Several other studies have also shown local
redistribution of waterfowl in relation to hunting distur-
bance (Giroux and Bedard 1988, Madsen and Fox 1995,
Madsen 1998, Evans and Day 2002) and Webb et al. (2010a)
also reported LGCO hunting category (open to hunting)
had a negative effect on dabbling duck abundance in the
RWB during years with low wetland availability. However,
Webb et al. (2010a) did not record hunter activity and
designated wetlands as open or closed to hunting based on
regulations for the LGCO in the RWB at the time of data
collection. Although our study lacked experimental control
of hunting activity on study wetlands (Madsen and Fox
1995, Bregnballe et al. 2004), we verified every wetland clas-
sified as open to hunting in our study was hunted at least
once during early season when we observed the vast majority
of hunting encounters. The length of time (1.5-2 h) we spent
observing wetlands for hunting activity likely underestimated
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Figure 4. Dabbling duck Anas spp. densities (¥ = SE) on wetlands
open to hunting based on weekly hunting encounter frequency
during the Light Goose Conservation Order in the Rainwater Basin
of Nebraska in springs 2011 and 2012. Frequency categories with
differing letters are statistically different from others (o0 <0.05).
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Figure 5. Dabbling duck Anas spp. densities (¥ == SE) on wetlands
open to hunting based on cumulative hunting encounter frequency
during the Light Goose Conservation Order in the Rainwater Basin
of Nebraska in springs 2011and 2012. Frequency categories with
differing letters are statistically different from others (00 <0.05).

the actual amount that occurred. However, we believe our
observations provided a minimum, relative measure of hunt-
ing activity for each wetland. We also note that our primary
interest was assessing non-hunted wetlands and days, rather
than assessing different levels of hunting activity.

The long term population effects of local redistribution
caused by LGCO hunting on dabbling ducks are challenging
to quantify because migratory birds use a variety of habitats
and behavioral strategies to complete their annual life cycle
(Owen 1993, Arzel et al. 2006, Drent et al. 2007, Sokos
etal. 2013). During years with spring hunting, greater snow
geese C. c. atlantica used habirtats that yielded less metaboliz-
able energy, which reduced the overall energy intake of geese
(Bechet et al. 2004). In the same study area, lowered energy
intake reduced lipid and protein reserves of departing greater
snow geese during years with spring hunting (Féret et al.
2003). Mainguy et al. (2002) also demonstrated greater
snow goose body condition indices and clutch sizes were
lower for nesting birds in years with spring hunting. Although
dabbling ducks were non-target species for the LGCO,
local redistribution caused by hunting disturbance could
potentially negatively impact dabbling duck lipid acquisition
at spring migration stopover sites and subsequent nesting
efforts. However, cross-seasonal effects of LGCO hunting
on non-target species are more challenging to quantify, as
dabbling ducks are not colonial breeders like greater snow
geese (Mainguy et al. 2002), and are considered income
breeders, relying more on nutrient sources collected locally
on breeding grounds (Drent et al. 2006, 2007). Pintails
collected in the eastern and western RWB in the late 1990s
exhibited no difference in lipid or protein body composi-
tion during the LGCO, despite the entire western portion of
the RWB being closed to spring hunting activities for light
geese (Pearse et al. 2012). However, further investigation
into short-term lipid acquisition (i.e. plasma metabolites) of
dabbling ducks, specifically collected on wetlands open and
closed to hunting during the LGCO may provide further
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insight into the potential physiological effects of redistribu-
tion caused by LGCO disturbance in the RWB.

Crowding of waterfowl has been suggested to increase
stress levels and disease susceptibility (Friend 1981,
Wobeser 1997, Bishop and Vrtiska 2008), and avian
cholera has been a major focus of concern for waterfowl
managers in the RWB since the mid-1970s (Zinkl et al.
1977). Smith et al. (1990) found a positive relationship
between live and dead waterfowl densities (avian cholera
deaths) during three out of four years of their study. Mean
dabbling duck densities we observed on wetlands closed to
hunting during the second week of 2012 (approximately
500 ducks ha!) exceeded or were near mean waterfowl
densities reported by Smith et al. (1990) in the three years
they found a relationship between bird densities and avian
cholera deaths. Dabbling duck densities in our study also
did not include the possibility of thousands of additional
light geese on study wetlands during certain diel periods
(i.e. nocturnal roosting). Dabbling duck densities we
observed on closed wetlands, in conjunction with results
from Smith et al. (1990), suggest that LGCO hunting
has the potential to indirectly increase mortality from
avian cholera in non-target species, at least during peak
migration periods of some years. However, the threshold
waterfowl density where crowding starts to have negative
impacts on waterfowl using wetlands is poorly understood
and likely depends on a variety of factors such as wet-
land availability (i.e. inundation), water quality, weather,
and time of year (Windingstad et al. 1988, Smith et al.
1990, Blanchong et al. 2006, Webb et al. 2010a).

We found no effects of hunt day category in our analy-
ses of dabbling ducks as a group, or mallards and pintails
as individual species. We also detected no differences in
dabbling duck densities among wetlands open to hunting
regardless of weekly or cumulative hunting encounters fre-
quency during early season. Availability of flooded wetlands
is often limited in the RWB and only 4-23% of wetlands
pond water in a given spring (Bishop and Vrtiska 2008).
Waterfowl may be less responsive to days closed to hunting
in dry years when fewer wetlands are inundated and hunt-
ers are more concentrated on wetlands open to hunting. In
years with limited flooded wetland availability, disturbance
frequency is also likely greater on RWB wetlands open to
hunting, and waterfowl may have less opportunity to return
to wetlands that are continuously disturbed. Indeed, Webb
etal. (2010a) reported that LGCO hunt status of wetlands in
the RWB had the greatest negative effect on spring dabbling
duck abundance when wetland availability was lowest. How-
ever, during our study, wetland inundation in both 2011 and
2012 was above mean inundation levels for the region and,
in fact included the years with greatest wetland availability
since 2004 (unpubl. data, RWB Joint Venture). The same
wetlands have also been closed to hunting during the LGCO
in the RWB for over a decade and it is possible that dabbling
ducks have become habituated to using these disturbance
free sites for the duration of their migration stopover time,
including days closed to hunting. Indeed, Madsen (1998)
found that after the establishment of two long term refuges
in Danish coastal marshes, the number of mallard bird-days
increased by at least a factor of four on both established
refuges over a ten year period.



Waterfowl response to intermittent hunting disturbance
has varied in several studies (Madsen and Fox 1995). In
Mississippi, there were no differences in duck abundance
between areas open to fall hunting for two or four days,
despite greater waterfowl food availability on wetlands open
to hunting two days a week (St. James et al. 2013). Limit-
ing hunting to mornings or evenings was also insufficient
to ensure green-winged teal A. crecca abundance was con-
sistent with control areas, which were free from disturbance
(Bregnballe et al. 2004). However, individually radiomarked
mallards in Colorado returned to areas within one day of
experimental shooting disturbance during fall and winter
(Dooley et al. 2010). Vulnerability to redistribution from
hunting disturbance may vary considerably among spe-
cies, time of year, and with changes in available habitat and
food resources (Madsen and Fox 1995, Arzel et al. 2006,
Sokos et al. 2013). For example, in order to avoid human
disturbance, Eurasian wigeon A. penelope used habitats with
food resources of lower nutritional quality, but in the same
study brant Branta bernicla used more energetically profit-
able habitats, despite being heavily disturbed (Mathers and
Montgomery 1997). However, Fox and Madsen (1997)
reviewed the literature in Europe where shooting disturbance
has been intensely studied and concluded that intermittent
hunting is generally not an effective way to minimize hunting
disturbance effects on waterfowl abundance. While Fox and
Madsen (1997) concurred intermittent hunting improved
the ability of a site to maintain greater bird numbers com-
pared to sites with daily shooting activity, they suggested
intermittent hunting requires long periods free from distur-
bance, measured in weeks rather than days.

We found hunting category was not a predictor for the
presence of white-fronted geese. However, our statistical
power for finding an effect of hunting was relatively low for
this analysis (Bewick et al. 2005), given the low frequency
with which we observed white-fronted geese on study wet-
lands. Several authors reported approximately 90% of the
mid-continent population of white-fronted geese used the
RWB as their primary staging area during spring migration
(Gersib et al. 1989, LaGrange 2005, Bishop and Vrtiska
2008) and Krapu et al. (2005) estimated peak white-fronted
goose abundance of 23 000 and 11 000 on two public wet-
lands alone in spring 1980. During fall 2011, biologists
reported 681,700 mid-continent white-fronted geese for
the population estimate in prairie Canada (USFWS 2012).
We conducted over 500 surveys on RWB wetlands during the
two year study and observed only 3510 white-fronted geese
in 2011 and 1380 in 2012, leading us to speculate that a
majority of mid-continent white-fronted geese are no longer
using the RWB for spring staging. One of the primary reasons
restrictive LGCO regulations were initially implemented in
the RWB was to protect white-fronted geese from hunting
disturbance due to their close association with light geese
during this time period (Vrtiska unpubl.). Factors contribut-
ing to the apparent decrease in mid-continent white-fronted
geese using the RWB for spring staging are unknown. How-
ever, the absence of white-fronted geese during spring migra-
tion in the RWB has coincided with the westerly movement
of millions of light geese into the RWB during spring
migration (Vrtiska and Sullivan 2009), a decrease in
availability of waste corn in the region (Krapu et al. 2004),
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and a reduction in stored lipids in white-fronted geese
staging in the RWB (Pearse et al. 2011).

Conclusions

Given that dabbling duck densities were greater on wetlands
closed to hunting, providing wetlands free from hunting
disturbance during the LGCO is likely an important man-
agement strategy at migration stopover sites. However, we
found no effects of hunt day in our analyses of dabbling
duck densities and no differences in mean weekly dabbling
duck densities among wetlands open to hunting regard-
less of weekly or cumulative hunting encounters frequency.
Distribution of the few white-fronted geese still using the
RWB for staging did not seem to be affected by hunting
disturbance. Given these results, we speculate that non-
target dabbling duck species exhibit a threshold response to
hunting disturbance and a LGCO season with more days
open to hunting with the current or an increased network
of closed wetlands, may minimize additional impacts on the
distribution of non-target waterfowl species using the region
for spring staging. An increase in days open to hunting may
also increase hunter participation and ultimately aid in
the reduction of mid-continent light goose populations. If
allotted days open to hunting during the LGCO is increased,
the closure of additional public wetlands in the RWB may
help alleviate potential impacts of crowding and the under-
utilization of food resources for non-target species in the
region. Indeed, given that migratory bird hunters were rela-
tively neutral in supporting potential direct control mea-
sures (i.e. measures beyond conventional hunting practices)
for light goose populations (Dinges et al. 2014), increasing
opportunities for public participation in the LGCO may be
the most publicly acceptable regulatory alternative for reduc-
ing light goose populations. However, if LGCO regulations
are changed at spring stopover sites, continued monitor-
ing and evaluation of regulatory changes and the potential
effects on waterfowl distribution, as well as hunter participa-
tion and satisfaction, will be useful in helping inform future
management decisions.
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