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G. H. Jensen (gitte.h.j@gmail.com) and J. Madsen, Dept of Bioscience, Aarbus Univ., Grendvej 14, DK-8410 Ronde, Denmark. — L. Pellissier,
Landscape Ecology, Inst. of Terrestrial Ecosystems, ETH Ziirich, Ziirich, Switzerland, and: Swiss Federal Inst. for Forest, Snow and Landscape
Research, Birmensdorf, Switzerland. — 1. M. Tombre, Norwegian Inst. for Nature Research, Dept of Arctic Ecology, The Fram Centre, Tromso,
Norway

Over the last decades, many wild goose populations have increased significantly and are now causing conflicts with
socioeconomic and biological interests. To mitigate impacts of rapid population increases, population control by increasing
harvest has been attempted. In this study we seek to guide the design of a regional autumn goose hunting organisation
in agricultural landscapes by identifying areas suitable for hunting, which have high probability of occurrence of pink-
footed geese Anser brachyrhynchus and/or a short return time by geese to fields subject to hunting. To identify areas suitable
for hunting in Nord-Trendelag County, mid-Norway, we used species distributions models (SDMs), a broadly accepted
tool in conservation planning for spatial refuge organisation. The prediction was that the highest probability of goose
occurrence exists for large fields, away from small roads and near water bodies serving as safe roosting sites. Additionally,
return time was predicted to be shortest for large fields near roosting sites and away from big roads. A combined map of
goose occurrence and return time showed similar prediction for high goose occurrence and short return time; hence areas
most suitable for hunting are large fields, close to roost sites and away from roads. If hunters and landowners are willing
to coordinate goose hunting at a landscape level, they can use the prediction maps as guidance, with the likely benefit that
they collectively can shoot more geese. Such local and regional organisation can become a powerful tool in the harvest

management of geese.

An increasing proportion of land surface areas are used for
agricultural production, which is often accompanied with
intensive management through irrigation and the applica-
tion of fertilisers and pesticides. The cost is, among others, a
decrease in many natural habitats used by birds and reduced
wildlife value (Tilman et al. 2001). This, however, does not
apply for the majority of goose populations breeding or
wintering in western Europe, which have increased consider-
ably in numbers during recent decades (Madsen et al. 1999,
Fox et al. 2010). Opposite to many bird species, geese have
benefitted from the efficiency in agricultural practices and
most species have now almost completely shifted to forage on
agricultural lands during the wintering period (Van Eerden
et al. 1996). As a consequence of improved agricultural
food conditions, the creation of refuge areas, a decreased
hunting pressure and climate change effects, most of the
populations continue to increase (Ebbinge 1991, Fox et al.
2010). This has led to escalating conflicts with agricultural
interests (van Roomen and Madsen 1992, Bruggers et al.
2002, Tombre et al. 2013).

This work is licensed under a Creative Commons Attribution-
NoDerivatives 4.0 International License (CC-BY-ND) <http://
creativecommons.org/licenses/by-nd/4.0/ >.
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The Svalbard breeding population of pink-footed geese
Anser brachyrhynchus, wintering in Norway, Denmark, the
Netherlands and Belgium, has increased substantially in
recent decades. From 1990 to 2010, the population increased
from around 30 000 to 80 000 and now constitutes a man-
agement challenge (Madsen and Williams 2012). Accord-
ingly, the population has been selected as the first test case
for development of an international species management
plan under the African—Eurasian Waterbird Agreement
(AEWA). The goal of the plan is to maintain the favour-
able conservation status of the population, while taking into
account economic and recreational interests. To attain this
goal, the management plan seeks to maintain a population
size of around 60 000 individuals through optimisation of
recreational hunting which is currently allowed in two of
the four range states: Norway and Denmark (Madsen and
Williams 2012).

In order to regulate the population, the harvest rate
must increase as the population is currently above its target
(Johnson et al. 2014). This can be achieved by liberalising
hunting regulations, such as extending the hunting season.
The effectiveness of current hunting practices may also be
increased by an optimal use of decoys, the hunting intensity,
and/or the distribution of hunters in the landscape. The key



is to reduce the level of disturbance preventing the geese
from abandoning the area and thereby jeopardising the
chances of harvest success. While some information exists
on how to optimise temporal hunting structure (Bregnballe
and Madsen 2004, Jensen et al. 2016a), to our knowledge
there are no studies documenting how to optimise the spa-
tial hunting structure at the landscape level. Importantly,
large-scale hunting organisation may potentially conflict
with favourable goose foraging areas so that hunting of a few
individuals may cause undesired disturbance and negatively
affect a large proportion of the entire population. Indeed,
hunting in an area may cause a temporary abandonment by
geese (Bregnballe and Madsen 2004). By balancing hunting
and feeding areas for geese, it will be possible to optimise the
spatial hunting organisation, mitigate the disturbance from
hunters, potentially increase the number of harvested geese
and thereby contribute to the control of the population size
to meet overall management objectives.

Interdisciplinary studies of landscape ecology may be
used for linking ecological processes and spatial patterns
influenced by humans. Knowledge gained from landscape
ecology may facilitate an effective conservation planning,
as it can identify areas of interest and integrate the use and
protection across the landscape (Hansson and Angelstam
1991, Dunning 1995, Sanderson et al. 2002, Morris
2003). Currently, the focus in landscape ecology has been
on wildlife populations of conservation concern, whereas
it has more rarely been applied to abundant or increasing
wildlife populations that may conflict with landscape use
by humans (Hansson and Angelstam 1991, Sanderson
et al. 2002).

In this study, we use predictions of goose landscape use
to investigate the potential of a large-scale spatial hunting
organisation. We used records of pink-footed goose occur-
rence while staging at their first stopover area during
autumn migration in mid-Norway, and employed a model-
ling approach that relates pattern of goose occurrence with
environmental variables, hypothesised to explain landscape
selection.

Material and methods

Study population and area

The Svalbard breeding population of pink-footed geese
departs Svalbard in mid-September towards their winter-
ing grounds in Denmark, the Netherlands and Belgium.
During migration pink-footed geese make a stopover in
mid-Norway, the first and most important stopover area
for pink-footed geese on their autumn migration (Madsen
et al. 1999). This study was carried out in the County of
Nord-Trendelag in mid-Norway (64°30°0”N, 11°40’0”E)
in 2011-2013. Nord-Trendelag is semi-mountainous and
the lowlands along Trondheimsfjorden are characterised
by a mosaic of agricultural fields, mainly cereal fields, grass
fields, potato and carrot fields, where geese can forage. The
sheltered bays of Trondheimsfjorden as well as numerous
lakes and rivers provide roosting sites for the geese from
where they fly into the adjacent farmland to feed during
daytime (Jensen et al. 2008).
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The pink-footed geese arrive in Nord-Trondelag in mid-
September and stay until November depending on a combi-
nation of food availability, timing of snow fall and levels of
disturbance (Jensen et al. 2016b).

Norway has an open hunting season for pink-footed
geese from 10 August to 23 December and Denmark from
1 September to 31 December (on land). The species is pro-
tected in the Netherlands and Belgium. Around 80% of
pink-footed geese reported shot in Norway are harvested in
Nord-Trondelag (Statistics Norway, <https://statbank.ssb.
no/en/statistikkbanken >).

Study design and data collection

This study was carried out at two areas in Nord-Trendelag;
Skogn and Nesset in Levanger Municipality. Both areas rep-
resent important goose staging and hunting areas and cover
approximately 35 km? and 10 km?, respectively (Fig. 1). The
local data from Skogn and Nesset was used to evaluate the
regional models built for areas not surveyed in Nord-Tren-
delag. Data was collected for the entire autumn stopover
period and for every field.

At Skogn, hunting is performed on private properties,
and the landowners can decide how to arrange the hunting
activities as long as it follows the general regulations set by
the national environmental authority (Tombre et al. 2009).
In 2011 and 2012, hunting was open to individual agree-
ments between landowners and hunters, whereas in 2013 the
hunting was organised and restricted to six hunting groups,
each controlling part (approximately 5 km?) of the Skogn
area. Hunting was further restricted to a maximum of two
hunting days per week in each of the six areas. At Nesset,
hunting has been administrated through the local landowner
association until 2011, but there have been no restrictions to
the hunting intensity. Further, no organisation of shooting
existed between groups of hunters, except for an agreement
about one shooting-free day per week. In 2011-2013, the
hunting was organised through this research project aiming
towards investigating optimal organisation of local goose
hunting (Jensen et al. 2016a).

To assess abundance and distribution of pink-footed
geese on fields and roost sites, flocks of geese were counted
and the approximate center position of flocks were mapped
and coordinates were established in ArcGIS for each flock.
For all years, surveys were systematically conducted on a
daily basis between 08:00-18:00 hours and it was ensured
that all fields and roosting sites were visited at different
times during the study period. The surveys were conducted
by one person, from a car and done by driving on all con-
crete roads at Skogn and Nesset, approximately 120 km per
day. The daily observations commenced on the first pink-
footed geese arriving in the study area each autumn, and
continued until most had left the area. Hence, the survey
period ranged from 17 September to 3 November in 2011,
from 18 September to 24 October in 2012 and from 16
September to 24 October in 2013. To assess the influence
of environmental variables, average, maximum number
and total sum of geese per field throughout the whole
registration period were used for all fields at Nesset and
Skogn. The goose abundance estimates during the study
period and areas ranged from 0-2900 for average number
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Figure 1. The Svalbard pink-footed goose flyway, major autumn/winter staging areas (squares) and breeding area (triangle). The insert map
shows the two study areas in mid-Norway, Skogn and Nesset (open square).

of geese observed per field, 0-5000 for maximum number
of geese observed per field and 0-38 488 for the total sum of
geese observed per field.

Hunting data, date and location, from Skogn and Nesset
was collected during the same period as the goose counts.
This was used to calculate the numbers of days between a
hunting event and until geese were observed on the field
again; hereafter referred to as ‘return time’. The return time,
which is a proxy for sensitivity of a field exposed to hunt-
ing, ranged from 1-39 days. At Skogn we only have return
time from 2011 and 2013, as we do not have the hunting
locations in 2012. In 2011, the hunting data was derived
from the webpage <www.gasejakt.no>; however, we do not
have data from hunts performed by landowners in the Skogn
area. In terms of calculating return time, we assumed that
landowners did not hunt unless they had observed geese on
one of their fields, which is a reasonable assumption based
on communication with landowners. Hence, since surveys
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of geese were done for the entire area every day, landowners
would never hunt between a registered hunt and the first
observation of geese on a given field. In 2013, the data was
either collected through a social media group or directly
from the hunters. From Nesset return time is available for
all three years. To assess the influence of the environmental
variables on the return time, the estimated return time for
all possible fields within Nesset and Skogn was used. Since
hunting is not conducted on all fields, the data is limited
to those fields where hunting has been conducted. When
several hunts (1-16) have been performed on the same
field during the study period, an average of return time was
calculated and used.

In order to explore the spatial variation in areas with
high goose probability combined with a short return time, a
combined map of probability of occurrence of pink-footed
geese and return time was produced by merging the two
layers produced as explained below.



Environmental variables

In this study we investigated the following environmental
variables, hypothesised to explain landscape selection by
geese.

1) Field size (Abbr.: Field size; unit: km2). Goose
abundance and distribution may be influenced by preda-
tion risk or disturbance (Madsen 1995, Vickery and Gill
1999, Jonker et al. 2010, Chudzinska et al. 2013), and as a
response geese tend to congregate on larger fields (Amano
et al. 2006, Jensen et al. 2008, Rosin et al. 2012). As our
study is conducted during the hunting season, we expect
geese to be sensitive to disturbance, and field size to be an
important explanatory variable. Field size is based on areas
with no physical boundaries like roads, streams, hedge-
rows etc. The field size ranged from 0.001 to 2.554 km?2.
We assume geese to perceive these fields as independent
foraging areas.

2) Distance to human infrastructure (Abbr.: Big road,
Small road, Forest, Build; unit: m). Human infrastructure
such as roads, railroads and buildings, as well as hedgerows
and woodlands, are associated with perceived predation risk
(Madsen 1985, Keller 1991, Gill 1996, Rosin et al. 2012)
and the probability of goose occurrence is expected to be
related to distance to these elements. The road variable is
categorised in distances to small and big roads, as we expect
small roads to have a larger effect due to unpredictable
and irregular traffic, whereas birds are believed to habitu-
ate more easily to a frequent and directional disturbance
such as densely trafficked roads (Rees et al. 2005). Based
on existing spatial layers from regional authorities (Agri-
cultural Department, County of Nord-Trendelag) distance
to roads, buildings and forests were calculated. The dis-
tance was defined as the shortest distance from the field
centre to the nearest variable of each type. The road vari-
able was divided into big roads consisting of main roads
in the national road grid, whereas small roads consisted of
municipality roads, private roads and dirt roads. The dis-
tances to the nearest small road ranged from 5 to 519 m,
for big roads from 18 to 2157 m; for buildings the range
was 20 to 542 m and for forests 5 to 620 m. For predic-
tions outside Nesset and Skogn, distance to buildings and
distance to forest were not available and therefore not used
in the model for the projections.

3) Distance to roost site (Abbr.: Roost; unit: m). Energy
use related to flight searching for suitable foraging fields is
likewise expected to affect goose abundance and distribu-
tion. Most migratory geese congregate at roosting sites
during night and some periods of the day, and to save energy,
they forage in adjacent open landscapes (Owen et al. 1987,
Vickery and Gill 1999, Jensen et al. 2008, Si et al. 2011,
Patterson 2013). Therefore, we expect that the probability
of occurrence of geese is inversely related to the distance to
roost sites. Distance to roost sites were found on existing
spatial layers and distances were calculated from field centre
to nearest known night roost, based on mapping of roosting
site recordings in spring and autumn (Supplementary mate-
rial Appendix 1 Fig. Al). The distances for known roosts
sites ranged from 261 to 7427 m.

4) Size of harvested area within a field (Abbr.: Harvested
area; unit: km?2). A common strategy for migratory geese is
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to build up and maintain sufficient nutritional reserves by
intensive foraging on stopover areas (Drent et al. 1980, Klaas-
sen et al. 20006, Stephens et al. 2014). For the pink-footed
geese during autumn migration, spilt grain on stubble fields
is the main food resource (Madsen 1985, Fox et al. 2005,
Jensen et al. 2016b). In this study we therefore included
size of harvested area within each field, and hypothesise that
there is a higher probability of occurrence of geese on fields
with a higher degree of harvested area. Within each field
the harvested area was estimated based on surveys of field
types (categorised as: unharvested cereal, stubble, ploughed,
pasture, potato, carrot), which were carried out on 8 or
9 October each year. The harvest area per field ranged from
0 to 1.491 km2.

5) Year (Abbr.: Year; unit: year). In most heterogeneous
landscapes the availability and quality of food resources
varies both spatially and temporally. In Nord-Trendelag,
habitats are available from the time of harvest and for as
long as they are not ploughed or covered by snow. The cereal
grain is harvested during late summer/early autumn, and,
depending on weather conditions, the harvest date may
vary by weeks. The timing of harvest and ploughing could
be another factor controlling goose distribution. To account
for this, the goose distribution is investigated between years,
with varying timing of harvest and ploughing.

Statistical analysis

To identify fields with high probability of occurrence of geese
and/or a short return time, we used a broadly accepted tool
in conservation planning for spatial refuge organisation,
species distributions models (SDMs). SDMs are empiri-
cal models quantifying the relationship between field
observations and environmental predictor variables, hence
explaining how the environmental predictors control the
distribution of field observations (Guisan and Zimmermann
2000), using a selection of environmental variables hypoth-
esised to affect distribution of species (Guisan and Thuiller
2005, Guisan et al. 2013). The procedure consisted of five
steps:

Step 1 - Selecting environmental predictor variables. To produce
parsimonious models for goose occurrence and return time,
respectively, we included only five environmental variables
showing the strongest individual correlation to goose abun-
dance and return time, while not being strongly correlated
with each other.

Step 2 - Making the data ready for model building. As the
hunting intensity at Nesset has been lower than usual during
the study period and lower compared to Skogn, the goose
abundance dataset was transformed to a probability of
occurrence dataset, to avoid potential bias from the different
hunting regimes at Nesset and Skogn. The presence of geese
represents any use of a given field during the study period
(observation value 1), versus no observed use of a field (0).
Hence, the correlation analysis was done on the abundance
dataset, but the model was built on the occurrence dataset.

Step 3 - Building the models. To predict probability of
occurrence of pink-footed geese we fitted a generalised linear
model (GLM) with a binomial distribution. We related the



presence—absence of pink-footed geese in fields to the top
five environmental predictors. To predict return time we
fitted a linear model (LM), relating return time to the top
five environmental predictors and specifying our model with
a gaussian distribution. In addition to predictions of goose
occurrence and return time, we predicted goose abundance
by fitting a generalised linear model (GLM) with a quasi-
poisson distribution using the same explanatory variable as
in the goose occurrence model. This was done to compare
the prediction made by the goose occurrence model and the
goose abundance model.

Step 4 - Evaluating the models. We used a repeated (10 times)
split sample approach for evaluating the goose occurrence
model. The model was fitted using 70% of the data and
evaluated using the area under the curve (AUC) of a
receiver-operating characteristics (ROC) plot (Fielding and
Bell 1997) calculated on the excluded 30%. An AUC score
between 0.8 and 0.9 indicated good discrimination capac-
ity, an above 0.9 excellent discrimination capacity (Thuiller
et al. 2005). This approach provides a good evaluation of
the model performance beyond the calibration dataset and
is used regularly in SDMs to predict beyond the calibrated
geographic area (Petitpierre et al. 2012). For evaluating the
return time model, we used a repeated split sample and for
each split-sample repetition and for each model, a Spear-
man rank correlation between observed and predicted was
calculated using the evaluation dataset, as recommended by
Zheng and Agresti (2000). In addition to the general model
evaluation, we calculated the importance of each explana-
tory variables in the model, by quantifying how much infor-
mation was lost by randomising one variable at a time. We
quantify the difference between the variance from standard
predictions and the predictions obtained when the variable
under investigation is randomized. Thus, a large reduction in

explained deviance suggests that the variable in question is of
high importance in the model.

Step 5 - Production of map. Maps were produced by basic
model projection.

We used R statistical software (<www.r-project.org>) along
with ArcGIS (ESRI 2013) for all statistical analyses and

spatial predictions.

Results

Field size and harvested field size were strongly correlated
for both goose abundance (»=10.861, n=657, p<<0.01)
and return time (»=0.941, n =42, p<0.01) (Table 1) and
since field size is available for Nord-Trendelag as a whole
while harvested field size is not, field size was used in fur-
ther analysis. Predictions of goose occurrence and distribu-
tion were consistent across all three years, independent of
varying timing of harvest and ploughing (Supplementary
material Appendix 2 Fig. A2a—c). Therefore, in the following
sections, we only present results based on models excluding
year effects.

Model for goose occurrence

For the goose occurrence model, we first identified the top
five environmental variables which correlated the most
with goose abundance. The estimate of goose abundance
(average, sum and maximum), which had the highest corre-
lation with the explanatory variables, was maximum number
of geese per field (»=0.295). However, all three estimates
of goose abundance were highly correlated and provided
similar results (Table 1a). The environmental variables which
correlated the most with goose abundance, and which were

Table 1. Correlations matrix for explanatory variables including the dependent variables for a) pink-footed goose abundance and b) return
time. See Methods section for explanation of the variables. * p<0.10, **p <0.05, ***p <0.01.

1) Goose abundance Explanatory variables
Max Sum  Average Field size Harvested area Bigroad Small road Roost Build Forest

Max 1.000 0.787 0.848 (0.512%** 0.502 0.117 0.245%***  _(.155%** (.297%** 0.265%**
Sum 1.000 0.540 0.5371%** 0.535 0.128 0.141***  _0.110*** 0.256*** 0.219%**
Average 1.000  0.378%** 0.331 0.074 0.251%%F 0. 1471%8%  0.2771%** 0.205%**
Field size 1.000 0.861%** 0.130 0.448 -0.004 0.552 0.366
Harvested area 1.000 0.130 0.379 -0.072 0.473 0.379
Big road 1.000 —0.036 -0.089 0.173 0.105
Small road 1.000 0.112 0.659 0.251
Roost 1.000 0.038 -0.210
Build 1.000 0.279
Forest 1.000
2) Explanatory variables

Return time Field size Harvested area Big road Small road Roost Build Forest
Return time 1.000 -0.262* -0.306 -0.202 -0.085 0.276* -0.254 -0.191
Field size 1.000 0.9471%** 0.185 -0.075 -0.044 0.403 0.351
Harvested area 1.000 0.177 -0.036 -0.106 0.460 0.429
Big road 1.000 -0.017 0.147 0.290 0.293
Small road 1.000 0.516 0.180 0.184
Roost 1.000 -0.017 0.0560
Build 1.000 0.662
Forest 1.000
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Figure 2. (upper row) Predicted occurrence probability of pink-footed goose versus left) field size, central) distance to roads and right)
distance to roost in Nord-Trendelag, mid-Norway. (lower row) Return time (days) of pink-footed goose versus left) field size, central)
distance to roads and right) distance to roost in Nord-Trendelag, mid-Norway. See Methods section for explanation of the variables.

subsequently used in the occurrence model for Nesset and
Skogn were: field size, distance to buildings, distance to for-
est, distance to small roads and distance to roost (Field size:
r=0.512, n=657, p<0.01; Build: »=0.297, n=0657,
p <<0.01; Forest: »=0.265, n= 657, p<<0.01; Small road:
r=0.245, n=0657, p<<0.01; Roost: »=-0.155, n= 0657,
p<<0.01; Table 1a). The response curves for the predictors were
consistent with hypothesised predictions (Fig. 2, upper row).

Since distance to buildings and distance to forest were
not available for predictions outside Nesset and Skogn,

(@

0.10
— °©
2 0.05
K<l
=
2
‘E = T
S 0.00 + -
)
e
el
S -0.05 -
-0.10
T T T T T
Field size  Build Forest Smallroad Roost

those variables were not used in the model for the projec-
tions. However, neither of these showed strong variance
importance (Fig. 3a).

The prediction of goose occurrence for Nesset and Skogn
using field size, distance to buildings, distance to forest,
distance to small roads and distance to roost achieved an
AUC of 0.89. The prediction of goose occurrence for Nesset
and Skogn using only field size, distance to small roads and
distance to roost achieved an AUC of 0.87, nearly identi-
cal. Due to minor variance importance of the excluded

(b)
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Figure 3. Importance of the explanatory variables in the models, calculated as the difference between the variance from standard predictions
and the predictions obtained when the variable under investigation is randomized in the (a) pink-footed goose occurrence model and (b)
return time model for Nord-Trendelag, mid-Norway. See Methods section for explanation of the variables.
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environmental variables and the identical prediction
power, we used the model excluding distance to buildings
and distance to forest to make our spatial predictions for
Nord-Trendelag. The predicted highest probability of goose
occurrence exists for large fields, away from small roads
and near roosting sites (Fig. 4; Supplementary material
Appendix 3 Fig. A3). The predicted highest goose abundance
provided similar results, but with a positive bias for Nesset,
presumably because of a lower hunting intensity during the

study period (Supplementary material Appendix 4 Fig. A4).

Model for return time

The environmental variables with the highest correlation
with return time, and hence included in the model for
Nesset and Skogn, were: distance to roost, field size, distance
to buildings, distance to big roads and distance to forest

ose abundance

-210
211 - 500

e 501-1000
@ 1001 -1900
@® 1901 -5000
Predicted goose occurence
Value =
0,9812
0,4916
- 0,0020
/

(roost: r=0.276, n=42, p<0.1; field size: r=-0.262,
n=42, p<0.1; build: »=-0.254, n=42, p>0.1; big
road: 7=-0.202, n =42, p > 0.1; forest: »=-0.191, n = 42,
p>0.1; Table 1b). The response curves for the predictors
were consistent with the hypothesised predictions (Fig. 2,
lower row).

For predictions outside Nesset and Skogn, distance to
buildings and distance to forest were not available and there-
fore not used in the model for the projections. However,
these variables neither showed a significant effect on return
time in the LM model (p>0.1), nor did they have strong
variance importance (Fig. 3b).

The prediction of return time for Nesset and Skogn using
distance to roost, field size, distance to buildings, distance to
big roads and distance to forest achieved a median Spearman
rank correlation of 0.293 with the observed return time.
The predictions for Nesset and Skogn only using distance to

Figure 4. Field observations (dots) and predictions of the probability of occurrence of pink-footed goose at Nesset and Skogn, mid-Norway.
The predictions were computed using a GLM model and values of field size, distance to the nearest small road and to the nearest

roosting site.
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roost, field size and distance to big roads had a correlation of
0.458 (Supplementary material Appendix 5 Fig. A5).

Due to increased prediction power for the limited model
and minor variance importance of the excluded variables,
we feel comfortable excluding distance to buildings and
distance to forest in the model for Nord-Trendelag and
predictions outside the study area. The predicted lowest
return times were found for large fields near roosting sites
and away from big roads (Fig. 5; Supplementary material
Appendix 6 Fig. A6).

Sensitive/non-sensitive areas

The combined map of goose occurrence and return time
showed similar prediction for high goose occurrence and
short return time (Fig. 6; Supplementary material Appendix 7
Fig. A7); hence areas most sensitive to hunting are relatively

small fields away from the roosts and in proximity to
roads.

Discussion

In this study we predicted that the highest probability of
goose occurrence exists for large fields, away from small roads
and near water bodies serving as safe roosting sites. Addition-
ally, return time was predicted to be shortest for large fields
near roosting sites and away from big roads. A combined
map of goose occurrence and return time showed similar
predictions for high goose occurrence and short return time;
hence, fields most suitable for hunting are large fields, close
to roost sites and away from roads.

We found that field size was a main explanatory variable
to predict goose landscape use. This may simply be because

eturn time (days)

1-4

e 5-7
® 8-20
@ 21-31
@ 32-39

Predicted re’l time (days)
Value

Figure 5. Field observations (dots) and predictions of the return time (days) of pink-footed goose at Nesset and Skogn, mid-Norway.
The predictions were computed using a LM model and values of distance to the nearest roosting site, field size and distance to nearest

big road.
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Figure 6. Predictions of hunting sensitivity at Nesset and Skogn, mid-Norway. The predictions were based on combined results from
pink-footed goose occurrence and return time; high numbers indicate a long return time and high probability of goose occurrence.

bigger fields can sustain more geese. However, other studies
at this stopover area have found that during spring migration
the behaviour of pink-footed geese is strongly influenced by
disturbance (Chudzinska et al. 2013, Simonsen 2014). As
the disturbance during autumn migration is likely to be
even higher due to hunting activities and because autumn
is a busy time for farmers in the fields, it is reasonable to
assume that field size, as a proxy for sensitivity to distur-
bance, is an important explanatory variable for predicting
goose occurrence. Other forms of disturbance, which could
be reasons for geese to choose larger fields, are small roads,
buildings and forest, which were all found to have a signifi-
cant effect on goose occurrence, but nevertheless with minor
variance importance. Rosin et al. (2012) found that geese
prefer large fields that are remote from forests and human
settlements. Additionally, Chudzinska et al. (2013) found
that sporadic and unpredictable disturbance associated with
traffic on small roads had a higher effect on geese in terms
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of behavioural responses, opposite to a predictable source of
disturbance, such as large roads with constant traffic. Madsen
(1985) also investigated the effect of roads on goose usage of
fields, and found that roads with a traffic volume of 20-50
cars (or equivalent) per day had a depressing effect on goose
utilisation in a range of 0-500 m from the road. The reason
why small roads are more disturbing compared to large roads
is probably that geese habituate to constant traffic while they
are more wary of sporadic passage of vehicles. In terms of
hunting organisation this means that it is more important to
stay away from smaller roads than large roads.

Distance to roost was also selected as an important
predictor of goose landscape use, which is supported by
previous work on the pink-footed goose (Jensen et al. 2008,
Wisz et al. 2008, Chudzinska et al. 2013). This may be
explained by the energetic flight costs involved in reaching
fields further away, but also exacerbated by effects of distur-
bance in the fields. When geese are disturbed (by humans or



natural avian predators such as eagles), they often move back
to the roost sites to find peaceful conditions (Jensen and
Madsen unpubl.); and, if geese have to make several foraging
flights per day, distant fields become even less attractive.
Therefore, the prediction was that geese will deplete the spilt
grain resources faster in fields close to the roosts. However,
repeated counts of densities of grain in fields over the course
of the autumn staging period of geese suggest that in the
majority of fields, including those close to the roost sites,
food supplies remain plentiful throughout the autumn
(Jensen et al. 2016b).

An area with a short return time is characterised by
many of the same features as a field with high probability
of goose occurrence; however, distance to roosting sites was
the only critical predictor. Potential disturbance or preda-
tion risk in terms of field size, distance to buildings, big
roads and forest had minor importance. This indicates that
disturbance itself is less important for when geese decide
to return, but rather that return time is governed by 1) the
potential escape routes from the disturbance, 2) proximity
to roosting sites 3) minimising energy cost by first revisiting
areas closest to the roosting sites. In other words the effect
of hunting is primarily caused by spatial effect rather than
temporal effects. In an experimental study conducted at the
Nesset study area in mid-Norway (Jensen et al. 2016a) it
was found that geese returned to the same fields two days
after a hunting event. In the present study, we found that
the predicted return time for the study area ranged from 1.5
up to 18.6 days, dependent on the distance to roosting sites.
The experimental study was conducted within four km from
the nearest roost site, and within this distance, return time
was not important as a predictor of goose usage. This is in
accordance with the spatial prediction from the SDM mod-
els. Beyond four km the return time increases dramatically.
Additionally, big roads with constant traffic have a higher
influence on return time than small roads with only irregular
traffic. This may be because, if a hunt is conducted close to
a big road, hunting will reduce the habituation by geese to
the constant traffic.

We found that in Nord-Trendelag there is not a big envi-
ronmental difference between areas with high probability
of goose occurrence and a short return time. This may be
because of the flocking behaviour as geese are more likely to
return quicker to areas with high probability of goose occur-
rence. Nevertheless, this is an important finding in terms of
a sustainable large-scale hunting organisation, as it shows
that there is not a strong conflict between hunting loca-
tions and feeding areas, since geese return faster to preferred
areas than less preferred areas after a hunt. For none of the
fields, however, did geese return on the same day as hunt-
ing was conducted, hence, even for the most preferred goose
fields, the geese needed a minimum of two days to return
and resume foraging. The two days return time is based
on the predicted return time and results from experimen-
tal work looking at temporal responses by geese to hunting
(Jensen et al. 2016a). In terms of maximising the hunting
bag, this means that hunting should be conducted on large
fields, which are located close to a goose roost and away from
roads. On these fields, hunters will have a greater chance
of encountering geese on a given hunt. Additionally, more
hunting events can be arranged, since geese quickly return to
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these fields. Therefore, for these field types we expect a bigger
hunting bag per hunt and in total for the season.

In this study we have used a number of environmental
variables to make predictions of goose occurrence and return
time. This is done in order to investigate the potential of
a large-scale spatial hunting organisation. A limitation of
such a model is, however, that predictions done outside the
realm of the data includes further uncertainties. Hence, e.g.
knowledge of the influence of potentially increased hunting
intensity on goose occurrence and return time is limited and
there is a possibility that frequent, consequently repeated
hunting events on a given field, will lead to abandonment of
this field by geese. Such a reaction will have a negative effect
on the hunting bag, but in addition, when geese are driven
off their favourite grounds, they will search for other fields
which involve additional energy expenditure and exploita-
tion of fields of minor quality. Demonstrating such an effect,
however, would require a spatially explicit and complete
record of hunting in the region, which was not available in
this study. Additionally, in this study it was shown that the
return time is short, especially in large fields, which are rela-
tively close to the goose roost sites. It is therefore expected
that hunting has a spatial effect which in turn affects the
temporal accessibility of geese to hunting.

A second limitation of the study is the spatial predictions
outside our study area. We do, however, not expect the pro-
jection of the model to the larger area to be problematic,
because the location for the prediction was close by and simi-
lar to the location where the data was collected. Therefore,
we feel comfortable extrapolating our predicting for Skogn
and Nesset to the Nord-Trendelag County.

Species distribution models are useful for optimising
management decisions (Guisan et al. 2013) and to our
knowledge this is the first attempt to provide a model for
regional scale hunting organisation. The study, focusing on
optimising goose harvest management, brings valuable input
to the international species management plan currently
seeking to stabilise the population of the pink-footed goose.
‘The model and the recommendations of coordinating hunt-
ing events with neighbouring hunters (Jensen et al. 2016a),
can be used as a tool by managers, private landowners or
consortia of hunters to optimise hunting activity based on
first principles of goose behaviour. Currently the adaptive
harvest management plan for the pink-footed goose sets an
annual harvest quota with little regards and limited knowl-
edge of how the quota is regulated or shall be reached at the
local level. However, through an adaptive hunting organisa-
tion, which regulates size and/or place of the hunting areas
combined with monitoring of the hunting bag in the same
areas, it is possible to link the overall hunting quota with the
local hunting activities. However, as the target population
size is reached, it will be important to continue monitor-
ing how the hunting bag is affected. Apart from using statu-
tory tools such as season length to regulate harvest, a novel
avenue would be to make voluntary regional regulations
with temporal and spatial limitations on hunting based on
probabilities for harvesting geese. If hunters and landowners
are willing to coordinate the goose hunting at a landscape
level, they can use the large-scale spatial hunting organisa-
tion to plan their activity, with the likely benefit that they
collectively harvest geese sustainably in the long-term. Such



local and regional organisation can become a powerful tool
in the management of goose harvest.
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