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PREFACE
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ABSTRACT

Bounties have been a widely used method of wildlife management, especially for predators.
Bounties were used by ancient Greeks and are still used frequently around the world. Despite
this, there are few quantitative evaluations of the methods efficiency. In this study our goal
was to test the hypothesis that bounties are effective by analyzing historical data from 1876 to
1930 in Sweden. We tested if the total amount of paid bounties reduced the economic losses
of farm animals killed by predators. We also tested if the number of bears (Ursus arctos
arctos L.), wolves (Canis lupus L.) and lynx (Lynx lynx L.) killed caused a decrease in the
amount of sheep (Ovis aries L.) killed. Our hypothesis was that these factors would not have
a significant effect and it was supported by our results. Many authors have been skeptical
towards the efficiency of bounties, and there many potential flaws like fraud. Another
problem with this economical motivation for hunting is that when the population decreases,
large bounties are needed for hunters to keep the population from recovering. Even though
bounties have often failed in controlling populations, people seem to forget these mistakes
resulting in more resources being wasted. Our analysis suggests that the bounty system has
had no significant effect on the economic loss caused by predation on farm animals in
Sweden. The results also supported the hypothesis that the number of bears, lynx and wolves
killed did not affect the number of sheep killed.



SAMMANFATTNING

Skottpengar har varit en vanligt forkommande metod for viltvard, sérskilt rorande rovdjur.
Det anvéndes av antikens greker och anvinds fortfarande frekvent runt om i vérlden. Trots
detta sa finns det fa kvantitativa utvérderingar av dess effektivitet. Vart mal med den hér
studien var att bidra till diskussionen genom att analysera historiskt data from 1876 tom 1930
1 Sverige. Vi testade om det sammanlagda beloppet av utbetalda skottpengar hade en negativ
effekt pd den ekonomiska forlusten pa grund av husdjur som dddats av rovdjur. Vi testade
dven om antalet dodade bjornar (Ursus arctos arctos L.), vargar (Canis lupus L.) och lodjur
(Lynx Iynx L.) orsakar en minskning i mdngden dodade far (Ovis aries L.). Var hypotes var
att dessa faktorer inte skulle ha en betydande effekt. Méanga forfattare har varit skeptiska till
skottpengars effektivitet, och det finns manga potentiella brister som t.ex. bedrégeri. Ett annat
problem med en ekonomiskt motiverad jakt dr att ndr rovdjurspopulationen minskar sé kravs
hoga skottpengar for att jigare ska fortsétta jaga och forhindra en populationséterhdmtning.
Aven om skottpengar ofta har misslyckats med att kontrollera populationer, si verkar man
glomma dessa misstag vilket leder till att mer resurser slosas bort. Var analys stodde var
hypotes och foreslar att skottpengar inte har haft ndgon visentlig effekt pa den ekonomiska
skada som orsakats av predation péd boskap. Resultaten stodjer ocksd hypotesen att mdngden
bjornar, lodjur och varg som dddades inte paverkade antalet tagna far.



1. INTRODUCTION

Bounties have been used frequently through history, the earliest reports of bounties we found
date back to approximately 500 B.C. in Athens and is concerning wolves (Canis lupus L.)
(Mech & Boitani, 2003). The first occurrence found in Swedish laws was in
Sédermannalagen 1327 (Inger, 2015, Anon, 1870) where it states that a person who killed a
litter of wolf -pups or an adult was entitled to money from every farmer in the affected area.
The first law which included bounties from the state was established in 1647 and promised
bounties for both brown bear (Ursus arctos arctos L.) and wolf (Anon, 1870). During the
following years more and more species were added to the list and by the time that our study
period begins in 1876, hunting bounties were offered for basically every predator from seals
(Halichoerus grypus Fabricius, Pusa hispida Schreber and Phoca vitulina L.) to eagles
(Aquila chrysaetos L. and Haliaeetus albicilla L.)) (Anon, 1876).

In modern times, this method has been used in some areas of Sweden as recently as 2008 for
both mink (Neovison vison Schreber) (Anon. 2015a) and for red fox (Vulpes vulpes L.)
(Anon, 2008).

Overall then, bounties seem to be a popular and well-known management method for
problematic species and it is not uncommon to suggest it as a solution. The Swedish
Association for Hunting and Wildlife Management recently stated that it would be the best
option for dealing with the increasing population of raccoon dog (Nyctereutes procyonides
Gray) in northern Sweden (Andersson, 2010) and in some areas the Federation of Swedish
Farmers have recently suggested it for wild boar (Sus scrofa L.) (Anon, 2011).

Hunting bounties has also been used all around the world with a number of species e.g.
coyote (Canis latrans Say) in USA (Bartel & Brunson, 2003), red fox in Australia
(Kirkwood, Sutherland et al 2014) and puma (Puma concolor L.) in Argentina (Llanos,
Travaini et al 2014).

Despite the widespread use of bounties as a method of population management, we found
few studies that evaluated and came to a clear conclusion on the effect of bounty systems.
Among those who actually did an analysis, all concluded that individually bounties did not
cause the desired effect (Kirkwood, Sutherland et al 2014; Omand, 1950). Most of these
studies are from Australia where bounty schemes have been popular but have successively
been replaced with more effective methods e.g. poisoning (Smith. 1990, Fairbridge & Marks,
2005).

This question has been discussed for a long time and we have found skeptical reports in the
early 20th century, for example “Nearly all experienced writers on the subject question the
efficacy of bounties” (Henderson & Craig, 1932). It is a complex question which has not
been fully answered yet and we hope to help with our study by focusing on the big predators,
bear, wolf and lynx (Lynx Iynx L.) and sheep (Ovis aries L.) in Sweden from 1876 to 1930.



1.2 Purpose

The purpose with this study is to test if there is evidence from the long-term data available for
Sweden that bounties on predators reduce subsequent losses of farm animals. From what we
have found, no similar study has been made in Sweden or elsewhere and we think that it is
important to evaluate whether or not such a widely-used method is effective in controlling
predator damage. We have chosen to split this into two questions:

1. Is the economic damage done by predators lower in time periods following a large
amount of bounties?

2. Is the amount of sheep killed lower in time periods following a large amount of killed
predators?

1.3 Hypothesis

The null hypothesis we test is that in neither of the questions, the bounty system has had little
or no effect on the damage on farm animals by predators.

Many are skeptical towards bounty systems (Neubrech, 1949: Henderson & Craig,
1932)(Bartel & Brunson, 2003; Fairbridge & Marks, 2005; Omand, 1950). There may be
several potential problems e.g. that for hunters, it is more profitable to treat bounties as a
sustainable harvest instead of exterminating all animals and collecting one big bounty (in
other words, they will kill predators in year one, but be careful to not kill all so they can
collect more bounty money every year after). There is also a risk of people bringing killed
animals from another area to get the bounty (Henderson & Craig, 1932).



2. MATERIAL AND METHODS

This study was carried out between the 23™ of February and the 24™ of April 2015, at the
faculty of forestry, SLU, Umeé. Our data was collected from Statistics Sweden and the
forestry library in Umea.

2.1 Study Overview

1. The topic was researched through collecting articles and books on the subject.

2. Data concerning killed farm animals, killed predators, economic loss and bounties

paid on predators was collected from historical documents.

The data was entered and processed in Excel to permit analysis.

4. The analysis was made in the statistical software JMP Ver. 11.2.1 (SAS Institute, Inc.
Cary, North Carolina, USA).

(98]

2.2 Data Collection

Historical data about livestock killed by predators, number of predators killed and bounties
paid were collected from the webpage of Statistics Sweden, SCB, under the heading Forestry
1870-1910 there the reports from Skogs-styrelsen/Doménverket where the original reports
were scanned in as pdf’s up until 1910 (Figure 1.) (Anon. 2015b). The reports from Skogs-
styrelsen/Doménverket after 1910 were found in the SLU, University library, Umea (Anon.
1911-1921; Anon. 1922-1930). Our data thus includes all of Sweden, divided in to 24
counties (Figure 2.) and runs for 55 years.

The data was extracted and compiled in a Microsoft Excel document for further analysis in
the statistical software JMP.
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Figure 1. Extract from Skogs-styrelsens underdéniga berittelse, report from 1880 illustrating how the data were
recorded over a century ago (Image: SCB).
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Figure 2. Historical map of Sweden, with county borders and county names as used prior to 1998 (Image: Hans
Hoégman).

Data on the number predators killed was found as early as the year 1827, but the earliest data
we found on farm animals killed and economic loss was from 1856 and this was summarized
in five year periods, and therefore would not fit in to our yearly analysis. However, from
1876 there are yearly reports. After 1930 the collection of data on number of predators killed
was discontinued. Our study thus ends up covering the 55 years 1876 to 1930.

We noted that some of the counties have changed names over the years from 1876 up until
the present. Kopparberg is now Dalarna, Malmohus and Kristianstad are now merged into
Skéane county, Goteborg och Bohuslin, Alvsborg and parts of Skara is now merged in to
Vistragotaland. However, these changes were made in the 1990s and do therefor not affect
our study (Anon. 1998). In our study, we use the names of the counties when the data were
collected.



Because our data covered over such a long time period, the value of the Swedish krona was
not constant (due to inflation, etc.). To solve this problem we converted all economic values
to present day value, using a website by a docent in economic history at Stockholm
University (Edvinsson, 2013). This uses the value of goods and services to transform
currency from different time periods (e.g. 100SEK in 1876 equals the value of 5319SEK in
goods and services in 2015).

Few data sets are perfect, especially when dealing with data this old and collected over so
many decades. Below we list some sources of variation in our dataset.

From 1910 and forward, only bounties paid out by the state were recorded in
Domainverkets yearly report, but for all other years the yearly reports that are the basis
for our data provide bounties from both state and other sources. Most of the other
sources are from hunting clubs and municipalities and is mainly paid for small
predators, like fox and birds of prey (figure 3.).

For 1911 and after the bounty data only covers wolf, seal and wolverine. However for
the rest of the 36 years we have bounty data from all species, still making our study
the long-running data set on bounties that we could find.

Reports on the number of bears killed from 1896 to 1927 are not to be found. This
will not bias our conclusions, but does reduce our sample size a bit.

Data on number of total number of sheep are not documented in 1912 and from 1919
to 1927 and 1927 to 1930. As noted above, this will not bias our conclusions, but does
reduce our sample size a bit.

The original reports did not generally distinguish between zeros and missing data. We
handled this in a conservative manner by treating all as missing data. Thus, if a given
year had a blank for the number of sheep killed, we treated that as “missing” and did
not assume zero sheep were killed. Our analysis is thus based on reliable data, and
data for which the value was unsure (i.e. missing or zero) were excluded to ensure
that the conclusions we reach are reliable.
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Bounties from the state & Bounties from other sources vs. Year
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Figure 3. Bounties from the state and bounties from other sources over time. The red line shows bounties from
hunting clubs, municipalities etc. and the blue line shows bounties paid by the states.

2.3 Analysis

Question 1: Is the economic damage done by predators lower in time periods following a
period with a large amount of bounties?

To test the first question we performed a regression analysis using the data of economical
loss with zero to three years of time lag vs total bounties paid for every year and county.

We then counted the occurrence of positive/horizontal slopes and compared it to the number
of negative. If paid bounties have no effect on the economic loss there should either be an
equal proportion between the two options or the number of positive/horizontal should be
greater. An excess of negative slopes however is not consistent with the hypothesis that
bounties are ineffective. In that case we continue the testing using a binomial test (Siegel &
Castellan, 1988).

11



It seems reasonable to suspect that there might be a time lag between the moment of payment
and the effect on economic loss, however we do not think that the time lag would be longer
than three years. Therefore we did the analysis four times, first with total bounties and
economic loss and then with bounties and economic loss with one, two and three years’ time
lag.

Question 2: Is the amount of sheep killed lower in time periods following a large amount of
killed predators?

For the second question we did the same analysis as above but we used the percentage of
sheep killed with zero to three years of time lag vs the amount of killed bears, lynx and
wolves.

Our analysis focuses on the predation of bear, wolf and lynx on sheep. Sheep is the farm
animal that is most vulnerable to predation by large predators and is preyed upon by all the
earlier mentioned predators (Karlsson J et al. 2014 (Dahle, Sorensen, Wedul, Swenson, &
Sandegren, 1998; Dondina, Meriggi, Dagradi, Perversi, & Milanesi, 2015; Kavcic, Adamic,
Kaczensky, Krofel, & Jerina, 2013; Stahl et al., 2002). In our dataset sheep is also the most
abundant farm animal of those who are potential prey for wolf, bear and lynx. Because the
number of sheep varied greatly among years and among counties, we analyzed the percent of
the sheep population killed by predators.

In Sweden large predators are a hot topic of discussion at the moment, and because time
limitations did not permit us to analyze every predator, we did not include the smaller
predators like wolverine (Gulo gulo), fox, mink, birds of prey and badger (Meles meles L.).

We examined all Swedish counties in all 55 years of our study. To ensure that our sample
sizes were large enough to be reliable, we limited our analysis of sheep killed to counties
where there was at least 10 distinct years in which predators of each species were killed. This
leaves us with four counties, Jamtland, Kopparberg, Norrbotten and Vésterbotten.

We suspect that the effect of bounties and killed predators probably has a time lag of a few
years. Because there could be different recovery rates for different predator populations, the
effect of bounties and killed predators might remain for a couple of years in some places, but
in others it might disappear quickly. The recovery rate might also differ from year to year
depending on e.g. population size and reassures available. We therefore added time lags in
the data using Excel. It seems improbable that the effect would linger more than a couple
years, but we chose to do up to three years of lag to have a margin of safety.

12



3.RESULTS

3.1 Overview

To give an overview of the data and our results we first present a number of graphs showing
the extent of our study. The amount of killed animals varied greatly throughout the years as
well as the bounties and economic loss (figure 4, figure 5). The proportions between the two
sources of bounties varied from county to county with a consistent trend where sources other
than the state played a bigger role in the southern parts of Sweden compared to the north
(figure 6.).

Bears killed & 2 more vs. Year
— Smooth(Bears killed)
— Smooth(Lynx killed)
— Smooth(Wolves killed)
100 N « Bearskilled
« Lynxkilled
* Wolveskilled

Bears killed & 2 more

40

1875 1880 1885 1890 1895 1900 1905 1910 1915 1920 1925 1930
Year

Figure 4. Number of bears (blue), wolves (green) and lynx (red) killed in Sweden each year 1876 to 1930.
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Sheep killed & Sheep killed Percent vs. Year

2500

2000

1500

Sheep killed & Sheep killed Percent

1000

— Smooth(Sheep killed)
— Smooth(Sheep kiled Percent)
* Sheep killed
* Sheep killed Percent

T
1875 1880 1885

T
1890 1895

T
1900

1905

T
1910

T
1915

T T
1920 1925 1930

Figure 5. Number of sheep killed by predators in Sweden each year 1876-1930 in total amount (blue) and in
percent of sheep population (red)
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Figure 6. Bounties paid by the state (blue) and bounties from other sources (red) in every county and year 1876-

1930.
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3.2 Results

Question 1: Is the economic damage done by predators lower in time periods following a
large amount of bounties?

With 24 counties during 55 years and with zero to three years of time lag, we got a sample
size of 96 bivariate relationships. 38 (39,6%) of the regression slopes showed a negative
relation between paid bounties and economic loss and the 58 remaining slopes were positive
(Figure 7.).

If bounties did not have any effect, the 96 samples would be divided into a roughly equal
numbers of both negative and positive relationships. If bounties were effective we would
have significantly more than 50% negative relationships between bounties and economic loss
and we would then perform further testing using the binomial test (Siegel & Castellan, 1988).
In fact we got fewer than 50% of negative relationships between bounties and thus less then
would happen by chance alone. This result strongly supports our hypothesis that the bounty
system has had little or no effect on the damage on farm animals by predators and we
therefore do not need to perform the binomial test.

Economic loss & 3 more vs. Total bounties
County — Economic loss
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Figure 7. Regression analysis of economic loss with time lag from zero to three years vs total bounties.
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SheepKilledProcent & 3 more

Question 2: Is the amount of sheep killed lower in time periods following a large amount of

killed predators?

The four counties with three different species of predators and zero to three years of time lag
gave us a sample size of 48. 16 (33,3%) of the regression slopes showed a negative relation
between paid bounties and economic loss and the 32 remaining slopes were positive (figure

8.).

These results are similar to the results in the first question and supports the hypothesis that
the amount of bears, wolves and lynx killed, had little or no effect on the number of killed

sheep.
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Figure 8. Sheep killed with zero from three years of time lag vs bears, wolves and lynx killed.

60

SheepKilledProcent & 3 more vs. Bears killed & 2 more

County

Kopparbergs

¥ (SheepKilledProcent /Bears kiled)

¥ (SheepKilledProcent1 /Bears kill

¥ (SheepKilledProcent2 /Bears kill

¥ (SheepKilledProcent3 /Bears killed) = 0.09753 = 0003151

¥ (SheepKilledProcent /Lynx killed) = 008076 + 0.004601°X

¥ (SheepKilledProcent1 /Lynxkilled) = 0.1024 + 0.000491°X

¥ 2 /LynxKille 197X

¥ (SheepKilledProcent3 /Lynxkilled) = 01421 - 0005763

¥ (SheepKilledProcent /Wolves kil 9164- 0.001992°%

¥ 1/Wolves ki 07%

¥ (SheepKilledProcent2 /Wolves killed) = 0.121- 0.00483'X

¥ (SheepKilledProcent3 /Wolves killed) = 0.1087- 0.002414%
Vesterbottens

¥ (SheepKilledProcent /Bears killed) = 0224 = 001042
¥ (SheepKilledProcent1 /Bears kill
¥ (SheepKilledProcent2 /Bears kill
¥ (SheepKilledProcent3 /Bears kill
¥ (SheepKilledProcent /Lynx killed)
¥ (SheepKilledProcent1 /Lynx kille
¥ (SheepKilledProcent2 /Lynx kille
¥ (SheepKilledProcent3 /Lynx kille
¥ (SheepKilledProcent /Wolves kil
¥

1
¥ (SheepKilledProcent2
¥ (SheepKilledProcent3

*

80 100 0 20 40
Bears killed & 2 more

16

60

80

100

— SheepKilledProcent / Bears killed
— SheepKilledProcent1 / Bears killed
— SheepKilledProcent2 / Bears killed
— SheepKilledProcent3 / Bears killed
— SheepKilledProcent / Lynx killed
— SheepKilledProcentl / Lynx killed
— SheepKilledProcent2 / Lynx killed
SheepKilledProcent3 / Lynx killed
~— SheepKilledProcent / Wolves killed
— SheepKilledProcentl / Wolves killed
~— SheepKilledProcent2 / Wolves killed
— SheepKilledProcent3 / Wolves killed



4.DISCUSSION

Regarding the effectiveness of bounty systems, our analysis of this long-running dataset
revealed that bounties had no significant effect on the loss of farm animals.

As we mentioned in the introduction there are many possible ways for a bounty system to
fail, an important one is that the main motivation for people to kill the unwanted animals is
economic.

If bounties are low then hunters will only hunt as long as the species is abundant because it is
not profitable when the animals get too hard to find and kill. Therefore high bounties are
needed to make sure that predator populations do not get a chance to recover. High bounties
on the other hand, become very expensive and also increase the risk for fraud (Neubrech,
1949, Henderson & Craig, 1932).

There is an array of frauds that can occur, if one area offers exceptionally high bounties it is

likely that people bring killed animals from other areas to earn more money. There are even

reports on people raising coyotes and wolves in farms and killing them for bounty because it
was more profitable than raising livestock (Anon. 1902; Henderson & Craig, 1932).

Regarding the effect of predators killed on the number of sheep killed, one reason could be
that the hunting does not focus on specific problematic individuals. Studies have shown that
different predator individuals have different tendencies towards killing livestock (Stahl et al.,
2002), so a general decrease in a predator population might not lead to a significant decrease
in the predation on livestock.

Initially we did not know which counties that would be included in our analysis of farm
animals vs predators and thus we did not invest the many hours to enter the reindeer
(Rangifer tarandus L.) data. Since they were only present in a few counties it did not seem to
be an important species. In hindsight though, three counties of the four that we looked at in
this analysis (Norrbotten, Vésterbotten and Jamtland) had extensive data on reindeer killed.
We suggest that future studies could follow in our footsteps and investigate this.

Working with such old data there is no way for us to check if it is absolutely correct and it is
possible that there are faults. In some reports we found corrections regarding earlier editions.
Also some editions stated that the reported numbers could have a certain degree of
unreliability and that Doménstyrelsen had tried to correct the data when possible. Still, it
must be remembered that this is the official Swedish data, and that it was as correct as
possible at the time.

One potential source of variation in the data is that during the study period, to copy data
people had to do it by hand and in this case probably it was probably copied numerous of
times before it got to the reports. However, since we follow so many years and our sample
sizes are quite large, it is unlikely that such mistakes will alter our conclusions.

The results of our study concur with previous studies (Fairbridge & Marks, 2005; Kirkwood,
Sutherland, Murphy, & Dann, 2014) but we still believe that more research is needed as
bounties are still being used (Long, 2014).
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In several of the previous studies there are also evaluations of other methods which have
replaced bounty systems. Methods like poisoning and having employed hunters who focus on
killing mainly problematic individuals have shown to be more effective then bounties
(Neubrech, 1949 (Kirkwood et al., 2014)

4.1 Conclusion

Our analysis of this 55 year data set covering all of Sweden indicated that neither the amount
of bounties paid nor the number of predators killed had any effect on the loss of farm animals
in general, or on sheep specifically. Even though bounty systems have been criticized for
decades, it is still being used frequently around the world.

It is a very simple idea in theory; give people money they will kill the unwanted animals.
However it is a much more complex issue in practice, like in many cases where there is an
economic motivation you will get cheating and frauds as a byproduct. Bounties seem to have
a psychological effect of satisfaction however, and is perhaps popular because it seems to
promise a fast fix when, for example, farmers complain of predators killing their livestock.

After researching the subject, it seems more effective to use other methods like poisoning or
hiring hunters to kill problematic individuals.
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