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Abstract / Zusammenfassung
During the last decades, wolves have been repopulating old areas of occurrence all
over Europe. In areas with new wolf evidence an efficient monitoring needs to be
conducted. The present thesis is dealing with the question which methods are most
effective and expedient to investigate the presence of wolves. During 3.5 months of
fieldwork in Saxony, Germany and Jutland, Denmark, different methods have been
carried out: camera trap surveys, presence sign surveys and scat detection dog use.
Statistical analysis shows that there is no significant difference between the survey
methods, except for one: The comparison of camera trap surveys, conducted systematically and opportunistically shows a distinction. According to these data significantly more wolf events can be registered when cameras are placed opportunistically. The comparison of systematic and opportunistic presence sign surveys is
showing advanced values in detection rates during systematic surveys compared to
opportunistic surveys, albeit not reaching significance. In total, 30% of all scats would
not have been found without the application of the scat detection dog. Especially,
fresh scats have been found reliably by the dog. Taking together the results of the
investigations, sign surveys should be conducted primarily to investigate wolf presence. The use of opportunistic camera traps is recommended in combination as well.
If trained dogs are available, their involvement should be sought to maximize the detection rate, especially when genetic monitoring is conducted in connection.

Zusammenfassung
Während der letzten Jahrzehnte breiteten sich Wölfe überall in Europa wieder aus
und siedelten sich in alten Vorkommensgebieten wieder an. In diesen Gegenden ist
es wichtig ein effizientes Monitoring einzurichten. Daher beschäftigt sich diese Arbeit
damit, welche Methoden am effektivsten sind, um die Anwesenheit von Wölfen
nachzuweisen. Über einen Untersuchungszeitraum von dreieinhalb Monaten wurden
in Sachsen, Deutschland und in Jütland, Dänemark verschiedene Monitoringmethoden angewendet, um sie hinsichtlich ihrer Effektivität vergleichen zu können. Getestet wurde der Einsatz von Kamerafallen, die aktive Suche nach Anwesenheitshinweisen und die Suche nach Hinweisen mit Hilfe eines speziell hierfür trainierten Hundes.
Der Kamerafalleneinsatz und die Suche nach Anwesenheitshinweisen wurden jeweils

systematisch (sys) und opportunistisch (opp) durchgeführt. Die Untersuchungen der
Daten zeigen, dass sich die verschiedenen Methoden überwiegend nicht signifikant
in ihrer Effektivität unterscheiden. Lediglich zwischen opportunistischem und systematischem Fotofallenmonitoring konnten signifikante Unterschiede nachgewiesen
werden. Demnach können durch opportunistische Platzierung von Fotofallen mehr
Wolfshinweise erzielt werden, als mit systematischem Einsatz. Der Vergleich von systematischer und opportunistischer Suche nach Wolfshinweisen zeigt, dass bei systematischer Durchführung eine nicht-signifikant höhere Detektionsrate erzielt wurde.
Insgesamt wären 30% aller Wolfslosungen nicht ohne den Einsatz des Hundes gefunden worden. Besonders frische Losungen konnten vom Hund gut aufgespürt werden.
Die Untersuchungsergebnisse zusammenfassend, wird vor allem die aktive Suche
nach Anwesenheitshinweisen in Gebieten mit Wolfsverdacht empfohlen. Weiterhin
wird der Einsatz von opportunistisch aufgestellten Kamerafallen in Kombination mit
der Hinweissuche empfohlen. Wenn auf trainierte Hunde für die Suche zurückgegriffen werden kann, dann sollten diese in die Suche nach Wolfshinweisen mit einbezogen werden, um die Detektionsrate zu maximieren. Besonders wenn genetisches Monitoring betrieben wird, kann der Einsatz von Hunden die Erfolgschancen erhöhen.
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Introduction

1 Introduction
After the European wolf (Canis lupus) had been extinct almost everywhere in Central
Europe, recolonization of different wolf populations has been documented all over
Europe since the second half of the last century (CHAPRON et al. 2014, SCHNIDRIG et al.
2016). Currently, monitoring wolves is of great importance in almost all European
states. However, the process of establishing a monitoring structure developed differently in the countries of Europe. There are still some countries and landscapes where
just now the first wolves are appearing. In those areas wolf monitoring has to be established as a new tool. In Denmark and Germany, the wolf is listed in Annex II and
IV of the EC Habitats Directive. States that list the wolf in Annex II, IV or V have to
monitor the wolf as a protected species (REINHARDT et al. 2015c, EUROPEAN COMMISSION
2016). According to YOCCOZ et al. (2001) monitoring is “the process of gathering information about some system state variable(s) […] at different points in time for the
purpose of assessing system state […].”, while a “state variable” is a “variable within
the system of interest that is used to characterize the system status”. The aim of this
monitoring is to record the population´s state of conservation regarding a “favorable
conservation status” for all habitats and species of European importance (REINHARDT
et al. 2015c). Denmark is one of the countries where first wolf occurrence was proven
during the last years. In 2012 the first wolf has been detected in Denmark after extinction in the 19th century (ANDERSEN et al. 2015a). Consistently, wolf sightings are
published by local media, but little is known about the actual population status in
Denmark. Denmark is not the only European country that has to deal with this new
situation. Belgium, the Netherlands or parts of countries like Czech Republic, France
and Germany need to prepare for the monitoring in case dispersing wolves will settle.
Established methods to monitor wolves in different areas of the world are diverse.
Winter snow tracking is the main monitoring method for wolves in France, Northern
Italy and Fenno-Scandinavia. In parts of the world where it is legal to hunt wolves, it
can be worth investigating the documented numbers of shot animals as it is done for
other game species in Central Europe as well. The wolf monitoring method that is
most promising for Central Europe is the combined use of camera traps and presence
sign surveys (REINHARDT et al. 2015c). Another monitoring tool that has only recently
8
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been applied more intensely in wildlife research, is the use of scent detection dogs
(ARANDJELOVIC et al. 2015). Domestic dogs (Canis lupus f. familiaris) that have been
trained to detect and show the objects of interest can be very helpful in presence
sign surveys, tracking wild animals or scent discrimination (WASSER et al. 2009,
DAHLGREN et al. 2012). There are several studies that deal with wolf monitoring and
the use of detection dogs in other parts of the world (BECKMANN 2006, DELLINGER 2011,
WASSER et al. 2011, RINKEVICH 2012, LUNDIN et al. 2015, SHORES et al. 2015), but little is
known about this method in a European context. As wolves frequently use forest
roads for moving and marking within their territories, detection of their comparatively large scats on forest roads appears simple. However, leaf litter or dense vegetation at the edge of the road can obscure the scats making it hard to track them
visually. Using an olfaction-based method to find scats with the help of detection
dogs can increase the detection rate of the survey (TOM 2012). As the conditions for
wolves can differ a lot between their habitats, the monitoring conditions vary as well.
In this study the comparative performance of a scat detection dog in detecting wolf
signs was assessed, wherefore a review of this method is part of the thesis (s. chapter
2.5). The implementation of a scat detection dog shall indicate possible improvement
for the European wolf monitoring. In northern America it is common practice in wolf
monitoring to walk transects, without considering roads as they can be found in European forests. The European wolf territories overlap to a great extent with anthropogenic infrastructure. Therefore, wolves tend to use forest roads or other similar
structures to move within their territory (JIMÉNEZ et al. 2016, NOWAK & MYSŁAJEK 2016).
Hence, it is promising to conduct wolf presence sign surveys along forest roads and
field roads in Europe. The saxonian wolf monitoring is working more opportunistically. No systematic transects are walked to find wolf presence signs, but people are
searching in areas where previous surveys have already indicated the presence of
wolves. Taking into account the situation in areas like Denmark where wolves have
arrived only recently, it is not possible to use accurate knowledge from previous sightings, because there has not been a professional monitoring. This work aims to test
and evaluate systematic and opportunistic approaches of presence sign surveys and
camera placement regarding their suitability for areas newly repopulated by wolves.
9
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The application of a scat detection dog in presence sign surveys shall show whether
this method can improve European wolf monitoring as mentioned above. The following objectives and hypotheses build the basis for the investigation in this thesis.

1.1 Objectives
The demands for reliable monitoring for wolf presence in Denmark and other areas
with similar wolf population status are increasing. Thus, the aim of this study is to
find out which method or which combination of methods is most suitable to yield
reliable and timely information about wolf presence. To address this issue I used camera traps and presence sign surveys assisted by a scat detection dog in study areas in
Germany and Denmark. The expecting formulation of the following hypothesis is
based on previous studies on monitoring wolves and other carnivore species (e.g.
BAREA-AZCÓN et al. 2007, LLANEZA et al. 2014, NOWAK & MYSŁAJEK 2016). According to
these studies, presence sign survey is one of the most successful and widely spread
methods. The following hypothesis shall be investigated comparing effectiveness of
each method.
“Presence sign surveys will confirm wolf presence more effective than the use of camera traps.”
Furthermore, the use of both, a systematic and an opportunistic manner of conducting camera trapping and presence sign survey is investigated to find out whether systematic or opportunistic approaches are more effective. The examined factor is detection rate. Because the opportunistic way provides good results in wolf monitoring
(NOWAK & MYSŁAJEK 2016, pers. comm. I. REINHARDT 2016), the following hypothesis was
drafted:
“Opportunistic techniques of presence sign surveys and camera trap surveys provide
a higher detection rate than systematic executions.”
Additionally, the use of a scat detection dog is investigated during the wolf sign surveys. This procedure shall show whether the use of a trained dog might benefit monitoring in European context. The following hypothesis has been expressed, based on
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worldwide results of projects using scent detection dogs (e.g. WASSER et al. 2004, ARANDJELOVIC et al. 2015, CRISTESCU et al. 2015):

“The application of a scat detection dog for wolf presence sign surveys provides a
higher detection rate compared to conducting presence sign surveys without a dog.”

11
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2 Background information
In this chapter basic information about the wolf situation in Europe and the respective study areas is given. Additionally, the territorial marking behavior of wolves is
described within a part about wolf monitoring methods and the SCALP-criteria. The
chapter is completed by a review illustrating the use of scent detection dogs in the
current state of wildlife research.

2.1 Wolf situation in Central Europe
After the European grey wolf (Canis lupus) had been eradicated almost all over Europe during the last centuries, it has been protected by law since the end of the 20th
century. Since the wolf is protected, it can settle and reproduce again without being
hunted in most areas of Europe (REINHARDT & KLUTH 2007). Small remaining populations in the Italian Apennines, the Dinaric countries and eastern Poland acted as
source populations for continuous immigration of dispersing individuals into adjacent
areas. Wolves from the Baltic population dispersed and settled in the Lausitz on the
Polish and the German side of the border. These wolves founded the Central European Lowland wolf population (REINHARDT et al. 2013). Meanwhile this population inhabits large parts of western Poland, eastern and northern Germany (s. Appendix 3).
It is genetically proven that wolves that appeared in Denmark, originate from this
population (ANDERSEN et al. 2015, pers. comm. A. JARAUSCH, SENCKENBERG INSTITUTE
2016). The wolf population from the Italian Apennines has spread to the north and
reached the Alps a few decades ago (s. Figure 1). Single dispersing wolves from the
Alpine population in France, Italy and Switzerland were genetically proven in Germany. For 2012 the LCIE (Large Carnivore Initiative for Europe) (2016) reported a total
number of 36 wolf packs in the Central European Lowlands (Germany and western
Poland). Meanwhile there are 46 packs, 15 territorial pairs and four territorial single
wolves confirmed only in Germany in 2016 (BFN 2016a). In western Poland there are
43 reproducing packs and ten packs or pairs without confirmed reproduction in 2016
(IFAW 2016).

12
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Figure 1: Distribution of wolves in Europe. Colors indicate areas of permanent occurrence. Light grey cells
indicate areas of sporadic occurrence. Excluding Belarus, Russia and Ukraine for which no detailed data were
available. Based on CHAPRON et al. 2014, source: DEGROOT et al. 2015.

2.2 Wolf situation in Denmark
The last wolf has been shot in Denmark in 1813 (WEISMANN 1931, AARIS-SØRENSEN 1998,
MADSEN et al. 2013). Only recently, the appearance of a wolf was proven again, when
a dead wolf was found in Thy National park, Denmark in 2012 (ANDERSEN et al. 2015a).
The dead wolf was identified as a wolf from Germany from the Central European
Lowland population (ANDERSEN et al. 2015b). It was expected that more single wolves
would disperse from Germany to Denmark. Since the first registration of wolf presence in Thy National park, a lot of wolf evidences have been published by the local
13
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and national Danish media. Several volunteers have collected wolf references such
as scats and saliva samples from killed livestock and wild ungulates. The collected
samples have been stored and analyzed at Aarhus University. In 2015, ANDERSEN et al.
(2015a) claimed to have found 18 individuals in Denmark disregarding the dead wolf
from Thy National park. Later in 2015 Danish media published the confirmation of
about 40 individuals in Denmark (CPH POST 2016, LARSEN 2016). In the beginning of
2016 the results of the previous years were recalled because of uncertainties regarding the used methods for analyses (DCE 2016). Most of the samples collected in Denmark have been analyzed at the Laboratories from University Aarhus. Some of them
have been analyzed at the Senckenberg Institute in Germany as well, which is conducting the genetic population monitoring for German wolves. According to the
Senckenberg Institute, four individual wolves have been confirmed in total since 2012
including the dead wolf from Thy National park. In 2015 two different individuals
were confirmed in Denmark (pers. comm. A. JARAUSCH, SENCKENBERG INSTITUTE 2016).
This information constituted the basis for fieldwork at Danish study sites within this
thesis.

2.3 Wolf situation in the Lausitz, Germany
In Saxony, Germany, the wolf monitoring has been established since the first wolves
came from Poland to Germany in the early years of the 21th century. Dispersal and
development of German single wolves and packs in Saxony and southern Brandenburg are monitored by the “LUPUS - Institute for wolf monitoring and research” (LUPUS), while other German federal states established their own monitoring staff and
structure (often in coordination with LUPUS). Using sign survey, camera traps, genetic
analysis and sometimes telemetry the packs from Lausitz area (eastern Saxony and
south-eastern Brandenburg) are well monitored. The latest status report about the
wolf situation 2014/2015 claims ten wolf packs in Saxony and nine packs in Brandenburg (REINHARDT et al. 2015a) (for more information about wolf occurrence in Germany s. Appendix 3). Every year investigations provide information about the reproduction status of the packs as well. Thus, current data are reporting 15 wolf packs in
Saxony in 2016 (WOLFSREGION LAUSITZ 2016). The fact that there is a profound
knowledge about the wolf territories in this area makes the Lausitz an ideal place to
14
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test different monitoring methods, allowing verification of methods by comparing
their results to the documented status quo.

2.4 Wolf monitoring methods and SCALP-criteria
To follow up on wolf monitoring methods in detail, basic knowledge about wolf marking behavior is described first. As most canids, wolves are marking their territory using olfactory marks of urination, defecation and ground scratching (PETERS & MECH
1975, SILLERO-ZUBIRI & MACDONALD 1998). According to MECH & BOITANI (2003) some of
these behaviors are repeated every 240 m within wolf territories. Scent marking is
mostly conducted along roads and junctions. PETERS & MECH (1975) found that the intensity of marking is higher at the edge of the territory than in the core area. Other
projects found diverging marking patterns and doubt the so called theory of an “olfactory bowl” (ZUB et al. 2003). According to MECH & BOITANI (2003), the scent cue
appears to last for about 2-3 weeks to alert to the presence of a wolf pack. While it is
typical for wolf packs and pairs to scent mark, it is not for single non-territorial wolves
(MECH & BOITANI 2003). Correspondingly, ROTHMAN & MECH (1979) found that lone
wolves without a partner or an established territory, rarely mark along roads and
trails. Pairs that just formed, have a very high marking intensity. Furthermore, ROTHMAN & MECH (1979) assume the marking intensity of a pack to be still higher compared

to that of a pair. Wolves tend to deposit the scats at places where they can be easily
noticed by other animals, e.g. on conspicuous landmarks or on above-ground substrates (MACDONALD 1985, BARJA et al. 2005). The size of wolf territories is varying
clearly depending on habitat productivity (REINHARDT et al. 2013). Reported territory
sizes in Europe range from 80 km² to 1,680 km² (OKARMA et al. 1998, MATTISSON et al.
2013), while the average size in continental Europe is 150-240 km² (MATTISSON et al.
2013).
Wildlife monitoring methods can be partitioned in active and passive monitoring.
Passive monitoring includes the collection of data without active searching: sightings
by the general population or the analysis of hunting statistics, are collected and managed in a database. If a strong suspicion about wolf occurrence is raised, active monitoring methods can follow. Active monitoring includes all other methods that are
conducted by scientists to reach the aim of the monitoring program (BREITENMOSER et
15
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al. 2006). Snow tracking, howling animation, aerial surveys, scent stations, camera
traps or presence sign surveys are the most common methods in wolf monitoring
(see LINNELL et al. 1998 for details). Genetic analyses or autopsy of wolves found dead
are important for monitoring, too. Telemetry itself is not a monitoring tool, but can
complement monitoring programs very efficiently (REINHARDT et al. 2015b). A so called
stratified monitoring can be conducted for large populations or where financial possibilities are limited. Therefore, some investigations are conducted in a smaller area,
while other questions are investigated for the total area of occurrence, but not every
detail is investigated in the whole area of the population (REINHARDT et al. 2015b).
One of the most important techniques in European wolf monitoring is active searching for wolf scats and tracks (presence sign survey). Findings can provide information
regarding the general wolf presence and diet. If genetic samples can be analyzed,
then information about the individual, such as sex and origin, can be generated (ARANDJELOVIC

et al. 2015). To retrieve DNA-information from scat, the scat must not be

too old or washed out by rain (about 1-3 days max. or frozen, pers. comm. I. REINHARDT
2016). When fresh urine is found in snow, then a genetic analysis can be possible as
well. Another important method, that has proven valuable, is the use of wildlife camera traps. Using this technique, information about the pack size, general wolf abundance, age, sex or activity patterns can be provided. Presence sign surveys and camera trap surveys can be conducted in a systematical way using randomized transects
or randomly chosen camera places. This technique would provide repeatable studies
and comparable results. Another possibility that is used in fieldwork throughout Germany is to conduct camera trap surveys and sign surveys opportunistically. For this
approach, previous knowledge about the present wolves or results of previous investigations are used to raise the probability of detection (opportunism = expedient adaptation to the respective situation). This method is promising according to the experiences of different scientists all over the world. For example, BARBA et al. (2010)
compared opportunistic and systematic bear monitoring methods in the Alps. They
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stated that opportunistic presence sign survey is one of the most effective methods,
especially in combination with systematic hair snares.
In the following chapter “experienced persons” are mentioned several times. According to the German and Polish wolf monitoring standards (REINHARDT et al. 2015c) a
person is considered “experienced” “if he or she has already had extensive experience in the collection of field data on wolves […]. In other words, such a person must
have recently taken part over a considerable period of time in relevant fieldwork in
the framework of national or international recognised scientific wolf projects or monitoring […]. Furthermore, such a person must be familiar with wolf biology and its
prey animals […].”.
SCALP-criteria and German monitoring standards
The present thesis´ fieldwork and data evaluation is based on the German wolf monitoring standards and the SCALP-criteria, which is explained in this chapter. SCALP
(Status and Conservation of the Alpine Lynx Population) is an association of different
scientific lynx projects in the Alps. It should provide a better comparability of monitoring data throughout the different countries. With this aim the SCALP-criteria have
been developed. There are three categories describing the degree of reliability (MOLINARI-JOBIN

2003). The SCALP criteria now have been modified into standards for the

monitoring of lynx, bear and wolf (separate standards for each species) in Germany,
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as well (REINHARDT et al. 2015b). According to these standards, there are five categories in wolf monitoring:
C1: “Hard facts”, which prove the presence of the species, such as captured animals,
animals found dead, genetic proof, photograph and telemetry data.
C2: Reports that have been verified by an experienced person: scats, tracks, kills of
prey.
C3: Reports that cannot be verified: observations and other signs, where the species
of interest can neither be confirmed nor excluded. This category can be subdivided
into divisions as “likely” (C3a), “possible” (C3b) and “unlikely” (C3c).
False: Reports, where the respective species can be excluded.
Evaluation not possible: No assessment possible due to a lack of information.
Photographs (handheld camera or wildlife camera trap) can be verified as C1, when
the wolf is pictured lateral or frontal. Furthermore, the proportions of the body or at
least of the head must be visible. In addition, they must be confirmed by an experienced person. When these conditions cannot be met, the picture is categorized as
C3, even if the suspicion is strong (s. Figure 2).

Figure 2: Illustration of different wolf pictures recorded by camera traps (example). A – C1. B - C3a. Pictures:
F. Böcker.
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Scats can be classified as C1, if genetic analysis confirms the wolf origin. Wolf scats
are declared as C2, when the following parameters are given:
-

Shivers of bones, teeth or hooves from ungulates can be found AND/OR the
scat consists almost completely of hair from wild ungulates AND

-

the diameter is ≥ 2,5 cm, length is ≥ 20 cm AND

-

the scat was found on a road or next to a wolf track.

These criteria have been taken into account during the wolf presence sign surveys of
this thesis. Scats have been evaluated as C3a in this study if they did fulfill all criteria
for C3 and the composition and size of scat items like bones made it very likely that
they stem from wolves (s. Figure 3). The final evaluation was made in cooperation
with experienced people of the LUPUS institute.

Figure 3: Illustration of different wolf scats (example). A - C2 scat (length: 38 cm, max. diameter: 2.8 cm). B C3a scat (not measurable). Pictures: F. Böcker.
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In addition, the German monitoring standards define the wolf presence type as follows (REINHARDT et al. 2015c):
Single resident wolf – Single wolf living in an area for at least 6 months.
Scent marking pair – Male and female wolf marking together but not (yet) having
reproduced.
Pack (family group) – A group of more than two wolves living in a territory.
Reproductive pack (family group) – Consists of at least one mature wolf with confirmed reproduction.
The age class of wolves is categorized into pups (juvenile, during 1st year), yearling
(subadult, 2nd year) and mature (adult, ≥ 22 months). The monitoring year is geared
to the wolves´ biology: It starts on 1st of May when the wolf pups are born, and ends
on 30th of April in the following year.

2.5 Scent detection dog review
This review shall provide a current status of the use of scent detection dogs in wildlife
research and includes several recent reviews on this topic (BROWNE et al. 2006, HURT
& SMITH 2009, DAHLGREN et al. 2012). It shall not represent the entirety of publications
dealing with this topic, but establish the state of research. While the first part is focusing on scent detection dogs in general, a second chapter (s. chapter 2.5.1) is dealing with research of carnivore species (ursids, felids, canids) using scent detection
dogs. This separation was done because of the proximity of carnivore studies to this
thesis.
Dogs are used for different jobs in the whole world ever since the human domesticated the wolf, e.g. herding, protecting, tracking or hunting (MACKAY et al. 2008,
BOYKO 2011, TOM 2012). As there are about 200 million receptor cells in the dogs´
olfactory system, the dogs´ nose is much more sensitive to scent than the humans´
with 6-12 million (BROWNE et al. 2006, FÄLT et al. 2015, p. 26). Similar to the work
hunting dogs are assigned to, it is possible to use the dog’s ability to find tracks and
signs of other animals for wildlife research and nature conservation. It is well known
that trained detection dogs are used to locate contraband at airports. Meanwhile
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dogs are trained to find animals or other animal products as well (BRAUN 2013). Different studies also proved that the use of detection dogs can reduce sampling bias,
increase capture probability and can be a better alternative to other noninvasive
monitoring methods in a variety of different landscapes (TOM 2012). In wildlife research scat detection and scat analysis has proven as one of the most effective methods (TOM 2012). Visual surveys are potentially biased towards more obvious scats
while hidden scats are more easily overlooked. An olfactory-based detection using
dogs overcomes this bias and even provides a more homogenous dataset and therefore data of high quality (GUTZWILLER 1990, CABLK et al. 2008, VYNNE et al. 2011, TOM
2012, DEMATTEO et al. 2014a, ARANDJELOVIC et al. 2015). This is why scat detection with
dogs developed most intensively. Meanwhile several projects showed the potential
of this method for research. Different felids (BECKMANN 2006, LONG et al. 2007a, b,
REED et al. 2011), canids (SMITH et al. 2006, DEMATTEO et al. 2014b, SHORES et al. 2015),
ursids (AKENSON et al. 2001, WASSER et al. 2004, LONG et al. 2007a, b), rodents (CHEYNE
2008, 2011, DUGGAN et al. 2011), reptiles (CABLK et al. 2008) and even insects (BROOKS
et al. 2003, WATERS et al. 2011, HOFFMAN 2014) have been successfully investigated
with the help of dogs. Additionally, in biological research dogs have been used to
detect different plants or fungi as well (VESELY 2008). There have also been several
experiments trying to compare the dog´s finding efficacy to that of humans. DE
OLIVEIRA et al. (2012), HOMAN et al. (2001), NUSSEAR et al. 2008 and MEADOWS (2002)
showed that dogs are much more effective in locating the objects of interest than
humans are. With a high accuracy dogs can outperform human scat detection rates
5-15 times (SMITH et al. 2001, LONG et al. 2007b, ARANDJELOVIC et al. 2015). HOMAN et
al. (2001) tested the ability of dogs to find passerine cadavers compared to the humans´ ability, without training the dogs before. Still the dogs found 93% while humans detected only 45%.
The fashions of using dogs in wildlife research methods are very different. Some dogs
can be used in laboratory tasks to discriminate or identify scats while other dogs can
help finding scats, carcasses, alive animals or other signs in the field. A few studies
investigated the detection distance that dogs can cover during surveys. The ability to
detect the aimed objects and scents are highly influenced by several factors of the
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environment, such as wind direction, wind speed, temperature, day time or humidity
(REED et al. 2011). CABLK et al. (2008) indicated detection distances up to 62 m when
searching for desert tortoises (Gopherus agassizii). Searches for scats of the North
Atlantic right whale (Eubalaena glaciali) showed that the trained dogs can notice
floating scats from a distance of up to 563 m (ROLLAND et al. 2006). The chance to find
fresh scats - which can be very important for further genetic analysis - increases with
the use of detection dogs in contrast to human-directed searches (ARANDJELOVIC et al.
2015).
Even if scent dogs seem to be a very useful method for research the costs of this
technique play an important role under conditions, where limited finances are often
crucial regarding feasibility. The use of detection dogs is rated as more cost effective
than other monitoring methods in some publications (SMITH et al. 2001, DELLINGER
2011). While in other projects professional dog handlers and their dogs that have
been hired for a planned research project or other reasons raised the costs of the
method (ORKIN et al. 2016). The costs that are caused by these circumstances can
easily switch the cost efficacy towards negative numbers (LONG et al. 2007a, ARANDJELOVIC et al. 2015, CLARE et al. 2015). DUGGAN et al. (2011) determined, that costs for

the use of detection dogs are higher than those for livetrapping of Fanklin´s ground
squirrel (Poliocitellus franklinii), but can cover a bigger area at the same time. Hence,
they recommend the combination of both methods to be most effective. Importantly,
it makes a difference regarding costs, whether available local dogs, handler or trainers can be involved in a project or externals have to be hired. If available dogs can be
trained by local people, then this method seems to be very suitable due to higher
effectiveness in comparison to other methods. ORKIN et al. (2016) tested the opportunity to include local police for training of a scat detection dog for investigating three
different primate species. They mentioned that hiring professional dog training
groups can clearly raise the costs. Their results showed that it can be very cost effective to work with such an “in-country model”. Using scent detection dogs for scat
discrimination as a preliminary method prior to genetic analysis or to replace DNAanalysis could be very cost effective in appropriate conservation applications, accord-
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ing to SMITH et al. (2001). WASSER et al. (2009) estimated that sample-matching methods with detection dogs could reduce the costs for individual identification analysis
efficiently.
When the accuracy of working dogs was analyzed in different projects, almost every
time the dogs showed a very high accuracy. For example, HOFFMAN (2014) determined
the detection dogs´ accuracy at 100% while detecting larvae of the Brown Spruce
Longhorn Beetle (Tetropium fuscum). In studies of SMITH et al. (2001, 2003) dogs
proved a 100% accuracy searching for San Joaquin kit fox evidence (Vulpes macrotis
mutica) despite the presence of other sympatric carnivore species. BECKMANN (2006)
showed that using dogs working off-leash also can expand the covered area or distance more than two times.
In a study where dogs are searching for scats of wolves, pumas, grizzly bear and black
bear, the dogs found 0.376 scats/km in average, at which the rate varied between
the dogs (0.242 – 0.746 scats/km). Dogs have 98.6 % accuracy in finding only the carnivorous target-species. Additionally, the dogs helped to find other evidence like den
sites, rendezvous sites or kill sites by their natural behavior or by being trained for it
(BECKMANN 2006). CLARE et al. (2015) took a step forward and compared the use of
detection dogs to other monitoring techniques. They found that two days were required to get a 90% probability of detecting bobcats (Lynx rufus) using detection dogs
and about 7-8 weeks, when camera traps are used. They claim that detection-dog
surveys are more expensive than the use of cameras. Furthermore, they advise
against relying on the strength of individual dogs´ responses as means of screening
DNA-samples for monitoring. Regarding the comparison of camera trapping and detection dog surveys, DEMATTEO et al. (2014a) are mentioning the higher efficiency of
dogs, as well. Limitations associated with the use of cameras, such as the risk of theft,
could be overcome with dogs. Here, the dog showed an accuracy of 76% regarding
finding one of the five target species (bush dog, jaguar, puma, ocelot, oncilla). In another study the higher quality of detection dogs compared to other monitoring methods in bush dog research (Speothos venaticus) is mentioned (DEMATTEO et al. 2014b).
In China, a trained dog proved an accuracy of 92% while searching for scats of three
different primate species (ORKIN et al. 2016).
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Today a big number of projects tested the efficacy of detection dogs for wildlife research. In different studies the use of dogs was only mentioned in the described
methods but not explained in detail. This indicates that it is generally accepted in
some parts of the world as a scientific monitoring technique. CHEYNE (2008, 2011)
indicated that Kakapo (Strigops habroptilus) maybe would have been thought extinct
in some areas by now, if dogs would not have been used to locate and conserve them.
In New Zealand dogs have been used to locate and help eradicate invasive predator
species for the purpose of conservation of endangered species during previous years.
Already during the last century dogs have been used for monitoring purposes. A lot
of different projects aiming at locating seals and their subnivean holes used dogs
which has already been an old tradition by indigenous people, who used the dogs for
hunting (SMITH & STIRLING 1975, KELLY & QUAKENBUSH 1987, SMITH et al. 1991, EICKEN et
al. 2009). Dogs have been used to estimate densities of grouse in several projects
earlier, too. Especially pointing dogs have been used to locate the birds and their
nests (THIRGOOD et al. 2000, AMAR et al. 2004, DAHLGREN et al. 2012). Another famous
project about using the dog´s nose for scientific purposes is the project of KIDDY et al.
(1978). They did not search for animals with dogs, but used dogs to indicate the right
time for artificial insemination in cows. Here, six dogs have been trained to indicate
cows´ estrus.
The following table (Table 1) shall give an overview of investigated species and the
respective publications (excluding ursids, felids, canids).
Table 1: List of detection dog projects and their investigated species (excluding ursids, canids and felids).

Year

Authorship

Investigated species using detection dogs

2016

LUNDIN et al.

Killer whale (Orcinus orca)

2016

NIELSEN et al.

Pygmy bluetongue lizard (Tiliqua adelaidensis)

2016

ORKIN et al.

Western black crested gibbon (Nomascus concolor)
Indochinese gray langur (Trachypithecus crepusculus)
Stump-tailed macaques (Macaca arctoides)

2015

ARANDJELOVIC et al.

Cross River gorilla (Gorilla gorilla diehli)

2015

CHAMBERS et al.

Bats
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2015

FULLER et al.

American Mink (Neovison vison)

2015

GRIMM et al.

Otter (Lutra lutra)

2015

CRISTESCU et al.

Koala (Phascolarctos cinereus)

2014

HOFFMAN

Brown Spruce Longhorn Beetle (Tetropium fuscum)

2011

CHEYNE

Kakapo (Strigops habroptilus)
Takahe (Porphyrio spec.)
Kiwi (Apteryx spec.)
Blue duck (Hymenolaimus malacorhynchos)
Pateke (Anas chlorotis)
Taiko (Pterodroma spec.)
Skinks
Geckos
Hedgehogs

2011

DUGGAN et al.

Franklin´s ground squirrel (Poliocitellus franklinii)

2011

PAULA et al.

Bird carcasses

2011

SAVIDGE et al.

Brown Tree Snake (Boiga irregularis)

2011

VYNNE et al.

Giant anteater (Myrmecophaga tridactyla)
Giant armadillo (Priodontes maximus)

2011

WASSER et al.

Moose (Alces alces)
Caribou (Rangifer tarandus caribou)

2011

WATERS et al.

Bumblebee (Bombus spec.)

2008

CABLK et al.

Mojave Desert tortoise (Gopherus agassizii)

2008

NUSSEAR et al.

Mojave Desert tortoise (Gopherus agassizii)

2007

LONG et al.

Fisher (Martes pennanti)

2006

DAHLGREN et al.

Greater sage-grouse (Centrocercus urophasianus)

2006

REINDL-THOMPSON et Black-footed ferret (Mustela nigripes)
al.

2006

ROLLAND et al.

North atlantic right whale (Eubalaena glaciali)

2005

BROWNE

Blue duck (Hymenolaimus malacorhynchos)
Kiwi (Apteryx spec.)
Kakapo (Strigops habroptilus)

2004

AMAR et al.

Red grouse (Lagopus lagopus scoticus)

2003

BROOKS et al.

Eastern subterranean termite (Reticulitermes flavipes)
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2001

HOMANN et al.

Bird carcasses

2000

NAKASH et al.

Red palm weevil (Rhynchophorus ferrugineus)

2000

THIRGOOD et al.

Red grouse (Lagopus lagopus scoticus)

1998

ENGEMAN et al.

Brown Tree Snake (Boiga irregularis)

1992

COLBOURNE

Kiwi (Apteryx spec.)

1990

WELCH

Screwworms (Cochliomyia hominivorax)

1986

LYDERSEN & GJERTZ

Ringed seal (Phoca hispida)

1978

KIDDY et al.

Cows (estrus)

1976

WALLNER & ELLIS

Gypsy moth (Porthetria dispar)

1975

ZWICKEL

Blue grouse (Dendragapus obsucrus)

1962

CUNNINGHAM

Raccoon (Procyon lotor)

Still new ideas of how to appoint detection dogs in wildlife research and nature conservation are coming up and should be tested and investigated (CHAMBERS et al. 2015).
2.5.1 Canid, felid and ursid projects
As a scat detection dog has been used in this project to find wolf scats, the following
section is focusing on the use of detection dogs in carnivore research (felids, ursids
and canids), with a detailed focus on canids. This is interesting because of similarities
of most canids regarding marking behavior in their territories and their social behavior. Social carnivores are using scent marks to designate their territory and moreover
they are communicating inter- and intraspecifically in a similar way (BRISCOE et al.
2002, RALLS & SMITH 2004). On the other hand, some publications mention that defecation using latrines has been confirmed for several canid species as well, except for
wolves. Descriptions about scat accumulations at latrines exist for raccoon dogs (Nyctereutes procyonoides), island foxes (Urocyon littoralis), grey foxes (U. cinereoargenteus), golden jackals (Canis aureus), dholes (Cuon alpinus), maned wolves (Chrysocyon brachyurus) and Ethiopian wolves (Canis simensis) (MACDONALD 1985, SILLEROZUBIRI 1998, RALLS & SMITH 2004).
First published projects where dogs have been used to investigate carnivore species
came up in the middle of the last century. HORNOCKER (1967) used hound dogs to find
and capture mountain lions (Puma concolor) for further investigations. LONG et al.
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(2007a) compared different monitoring methods to study different carnivore species
(bear, bobcat and fisher). They proved the efficiency of scat detection dogs but rated
detection dog surveys as less cost effective than the use of remote cameras or hair
snares. Again, a combination of methods adapted to the given situation could be the
best choice in their opinion. In another study, LONG et al. (2007b) estimated the probability of finding a target species using scat detection dogs when their presence is
given. The results showed a probability of 86% to detect black bear, 95% for fisher
and 40% for bobcat. They also showed that results can vary regarding the detection
team, reckoning that experience and personal performance are the affecting factors.
Furthermore, LONG et al. (2007b) did not find pronounced effects of topographic conditions, vegetation density or weather on detection probability. SMITH et al. (2003)
determined a detection rate of dogs searching for kit fox scats from 0.43 to
5.37 scats/km. Although a sympatric species (coyote) has been present, the dogs
proved an accuracy of 100% after scats have been analyzed genetically. SMITH et al.
(2005) furthermore found that scat density is varying over different types of roads
and habitats when searching for kit fox scats.
VYNNE et al. (2011) used scat detection dogs to search for evidence of maned wolves
(Chrysocyon brachyurus), jaguars (Panthera onca), pumas (Puma concolor), giant armadillos (Priodontes maximus) and giant anteaters (Myrmecophaga tridactyla). The
probability of occurrence in the study area was defined by the presence of scats. For
jaguars VYNNE et al. (2011) found a dogs´ detection probability of 14% while the value
for maned wolves was much higher (91%). According to the authors this can be explained by the distribution of the species within the study area. Additionally, the effort to detect scats of the felid species has been highest, what could encourage the
assumption. In carnivore projects the use of detection dogs generally proved its
worth, but some results also do not show clear differences at all: GLEN et al. (2016)
compared the use of detection dogs and camera traps to estimate feral cat densities
in the context of pest control in New Zealand. Both techniques have had comparable
results regarding their efficiency and both have advantages as well as disadvantages.
Furthermore, WASSER et al. (2004) compared dog surveys with the use of hair snares
and radiotelemetry to survey grizzly and black bears in Canada. In this study the use
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of detection dogs provided more results in eight weeks, than one season of hair snare
use and two seasons of live capturing in combination. Also, HARRISON (2006a, b) investigated bobcats using camera traps, hair snares, scent stations and scat detection
dogs in New Mexico. His results showed that the dogs located ten times more bobcat
scats than the other methods combined. LONG et al. (2007a) did the same comparison
of techniques on black bear, bobcat and fisher. In this project the use of detection
dogs overcomes all the other techniques, too.
Another way in which detection dogs have been used in wildlife research is to identify
individuals of a certain species. KERLEY & SALKINA (2007) tested the ability of five dogs
to identify the scats of 25 known individuals of the Amur tiger (Panthera tigris altaica). These dogs correctly selected scats at an average rate of 87 %. The accuracy
of four dogs increased up to 98 % using repeated-trial tests.
Further famous projects using scat detection dogs are the following. WULTSCH et al.
(2016) collected scats of jaguars, pumas and ocelots for genetic analyzes using a scat
detection dog in Belize. WASSER et al. (2011) used dogs to locate scat from caribou,
moose and wolves in Canada to estimate resource selection, measure physiological
stress and provide individual genetic identification. They found 327 wolf scats in a
study area of 2,560 km². AKENSON et al. (2001) used dogs to locate black bears in Oregon. They even used the dogs´ sense from out of the moving vehicle.
REINHARDT et al. (2015b) recommend the testing of scent dogs in German wolf monitoring. They mention that this method could lower the effort needed, especially in
areas of new settlement and in boundary areas of established occurrence.
The following table (Table 2) is listing canid research publications with the use of detection dogs:
Table 2: Overview of publications reporting the use of scent detection dogs in research of canids (part of the
information from GRIMM et al. 2015). NAmerica = North America, SAmerica = South America.
Year

Authors

Species of int.

Species (Lat.)

object

Number

Continent

of dogs
2015

ANDRESEN et

African wild dog

Lycaon pictus

scat

n.a.

Africa

Grey wolf

Canis lupus

scat

n.a.

NAmerica

al.
2015

LUNDIN et al.
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2015

MUMMA

et

Coyote

Canis latrans

scat

1

NAmerica

al.
2015

SHORES at al.

Wolf

Canis lupus

scat

n.a.

NAmerica

2015

WILBERT

San Joaquin kit fox

Vulpes macrotis mutica

scat

5

NAmerica

Bush Dog

Speothos

scat

1

SAmerica

et

al.
2014

DEMATTEO
et al.

venaticus

2014

MARKS et al.

Red fox

Vulpes vulpes

scat

n.a.

Oceania

2013

PORTER

Coyote

Canis latrans

scat

n.a.

NAmerica

2012

KAUHALA

Raccoon dog

Nyctereutes procy-

scat

3

Europe

scat

4

NAmerica

scat

2

NAmerica

& SALONEN
2012

RINKEVICH

onoides
Mexican grey wolf

Canis lupus
baileyi

2012

TOM

Grey fox

Urocyon cinereoargen-

Coyote

teus
Canis latrans

2011

DELLINGER

Red wolf

Canis rufus

scat

1

NAmerica

2011

PARKES

Red fox

Vulpes vulpes

scat

3

Oceania

Red fox

Vulpes vulpes

scat

2

NAmerica

Kit fox

V. macrotis

Grey fox

Urocyon cinereoargen-

& ANDERSON
2011

REED et al.

teus
2011

VYNNE et al.

Maned wolf

Chrysocyon brachyurus

scat

n.a.

SAmerica

2011

WASSER et al.

Grey wolf

Canis lupus

scat

4

NAmerica

2009

DEMATTEO

Bush dog

Speothos

scat

1

SAmerica

et al.
2009

PARKES

venaticus
Red fox

Vulpes vulpes

scat

3

Oceania

& ANDERSON
2009

WASSER et al.

Maned wolf

Chrysocyon brachyurus

scat

3

NAmerica

2006

BECKMANN

Grey wolf

Canis lupus

scat

2

NAmerica

2006

SMITH et al.

San Joaquin kit fox

Vulpes m. mutica

scat

1

NAmerica

2005

BOYDSTON

Red Fox

Vulpes vulpes

scat

n.a.

NAmerica

Gray fox

Urocyon cinereoargenteus

2005

SMITH et al.

San Joaquin kit fox

Vulpes m. mutica

scat

1

NAmerica

2004

RALLS &

San Joaquin kit fox

Vulpes m. mutica

scat

>1

NAmerica

SMITH

Coyote

Canis latrans

2003

SMITH et al.

San Joaquin kit fox

Vulpes m. mutica

scat

4

NAmerica

2001

SMITH et al.

San Joaquin kit fox

Vulpes m. mutica

scat

4

NAmerica

29

Background information

1989

CRABTREE et

Coyote

Canis latrans

urine

1

NAmerica

al.

Besides the published results of carnivore projects using detection dogs, MACKAY et
al. (2008) mentioned several information about unpublished or personal
communicated scat detection dog projects: Coyote (GORMEZANO, L. J., ROCKWELL, R. F.;
BIDLACK, A.; PAQUET, P. C.); Gray wolf (Parker, M.; Paquet, P. C.; Wasser, S.); Gray fox
(BIDLACK, A.); Swift fox (WHITELAW, A.); Red fox (BIDLACK, A.); Canada lynx (PARKER, M.);
Bobcat (FOWLES, G.; REED, S.); Jaguar (VYNNE, C.); Cougar (BONIER, F.; REED, S.; VYNNE, C.);
North american river otter (PACKARD, J., ALEXANDER, B.); Fisher (PUCELL, K.; WASSER, S.);
Black-footed ferret (MATCHETT, M. R.; SMITH, D.); American black bear (PAQUET, P. C.);
Grizzly bear (GIBEAU, M.); Polar bear (GORMEZANO, L. J., ROCKWELL, R. F.); Domestic cat
(REED, S.); Maned wolf (VYNNE, C.); African wild dog (PARKER, M.); Cheetah (PARKER, M.);
Eurasian lynx (BREITENMOSER-WÜRSTEN, C., BREITENMOSER, U.); Andean cat (SILLERO, C.);
Amur tiger (KERLEY, L.); Amur leopard (KERLEY, L.). It is most likely that some of these
information meanwhile resulted in publications that have been cited in this thesis as
well. In Europe several carnivore research projects involving dogs are presumed that
have not been published yet. In several projects dogs are used as a methodological
complementation, e.g. in Slovenia and Germany (pers. comm. I. REINHARDT 2016). In
Sweden, dogs are used in carnivore monitoring and in several situations where
livestock has been killed by carnivores that need to be identified (FÄLT et al. 2015).
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3 Material and methods
In this chapter the research design – including camera traps, presence sign survey
and scat detection dog – is explained. Especially, the difference between the systematic and the opportunistic way of executing camera trapping and sign surveys is described.

3.1 Study areas and wolf territories
The fieldwork consisting of wolf presence sign surveys and camera trap surveys was
conducted in Germany and Denmark. In both countries three study sites were picked
for fieldwork and investigations by local scientists, due to known wolf ranges or suspicion about wolf presence (LUPUS institute, University Aarhus). In Germany three
known wolf territories were chosen that were identified in the routine wolf monitoring. The territories are located in the north-east of the federal state Saxony and in
the south-east of the federal state Brandenburg. All three Danish sites are located in
Mid-Jutland. For climate tables of the study sites see Appendix 1.
The German study sites:
All three German wolf territories are located in the Lausitz. The Lausitz covers an area
of about 11,000 km² with a population density of 127 inhabitants per km² (LAUSITZER
PORTAL 2016). Two study sites are located in northeastern Saxony (Dauban (DN) and
Spremberg (SP)), while the third site is located in southeastern Brandenburg
(Zschorno (Z)), close to the polish border (s. Figure 4). Especially in the saxonian part
of the Lausitz there are several Natura 2000 areas. Typically, there are large forests
of pine (Pinus sylvestris) and heathlands. The Lausitz in Saxony is also known by its
military training areas and the opencast mines for brown coal mining. In this type of
cultural landscape, the “Spremberg area (SP)” is located. Southwestern of the described area there is a biosphere reserve with a lot of ponds and wetland. The “Oberlausitzer Heide- and Teichlandschaft” originates from an anthropogenic fishery industry (WOLFSREGION LAUSITZ 2016). The study sites in Saxony are located at 100–160 m
height (a.s.l.) (RETORTE LABORATORIES 2016). Animals that can play an important role in
the ecology of wolves in the Lausitz are roe deer (Capreolus capreolus), red deer (Cer-
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vus elaphus), wild boar (Sus scrofa), fallow deer (Dama dama), hare (Lepus europaeus), Red fox (Vulpes vulpes), raccoon dog (Nyctereutes procyonoides) and livestock (sheep, cattle, horses) as well.

Figure 4: Map of eastern Germany (Brandenburg and Saxony), showing the location of the three study sites
DN (south), SP (middle) and Z (north) (base map: Google earth 2016, 2009 GeoBasis – DE/BKG).

Zschorno area (Z)
This study site is located based on the Forest of Zschorno between the Villages
Tschernitz and Forst (Lausitz) in Germany and Olszyna and Bronowice in Poland near the German-Polish border. The coordinates are 14°37'E to 14°45'E
and 51°42'N to 51°34'N. The area mostly consists of forest and is only divided
by several rural roads. The Corine based MAES ecosystem classes are describing the study site as follows using habitat classification (in the following in
italic script; EEA 2016): Most of the area is covered with coniferous woodland
and some smaller areas in between are described as “Lines of trees, small anthropogenic woodlands, recently felled woodland, early-stage woodland and
coppice”. Open areas within the forests and around the villages are mesic
grassland and arable land and market gardens. One area in the northern part
of this area is entitled “Transport networks and other constructed hard-surfaced areas “. Some surface standing waters can be found in the northern
area as well. Villages within the study site are described as “Buildings of cities,
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towns and villages” (EEA 2016). In the area there are several small villages:
Jerischke, Gosda II, Preschen, Schacksdorf, Kleinbademeusel, Groß
Bademeusel and Raden (all German). The area is owned by the “DBU Naturerbe GmbH” (German Federal Environmental Foundation). In the forest of
Zschorno wolf presence has been proven since 2006. There has never been
more than a wolf pair during previous years. Between 2007 and 2012 two
wolves lived there without successful reproduction. These wolves were genetically identified as siblings. Even after a new male inhabited no reproduction could be proven until 2015 (REINHARDT et al. 2015a). In summer 2016 pups
have been monitored in the Zschorno area for the first time (G. KLUTH 2016
pers. comm.). However, the identity of the parents is still unknown. The study
site “Zschorno” represents 133.31 km². The length of all transect routes at this
site is 35.89 km. The average temperature in Forst (Lausitz) is 9.0°C and the
precipitation is 566 mm/year (CLIMATE-DATA.ORG 2016).

Dauban area (DN)
The biosphere reserve in and around the Dauban Forest is not only consisting
of coniferous woodland, but of mixed deciduous and coniferous woodland and
broadleaved deciduous woodland as well. Lines of trees, small anthropogenic
woodlands, recently felled woodland, early-stage woodland and coppice complete the forest areas. Several ponds and surface standing waters nourish this
biodiverse area. In between the forests and arable land and market gardens
(agricultural areas), mesic grasslands and temperate and mediterraneanmontane scrubs provide natural open areas (EEA 2016). The area is owned by
the “DBU Naturerbe GmbH” (German Federal Environmental Foundation).
The coordinates are 14°28'E to 14°40'E and 51°20'N to 51°15'N. Since 2008
the landscape between the villages Klitten, Milkel, Dauban and Mücka is inhabited by the Dauban wolf pack. This pack reproduces since 2008. In 2012 a
daughter of the founder animals took over the territory after her mother died.
In 2014 it was proven that there are 13 pups in this pack in addition to the
yearlings and the parents (REINHARDT et al. 2015a). Hence, this site represents
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a stable, big wolf pack territory in the context of this study. The Dauban study
site measures 110.26 km². The length of all transect routes at this site is 37.42
km. The average temperature in Lieske is 8.8°C and the precipitation is
586 mm/year (CLIMATE-DATA.ORG 2016).

Spremberg area (SP)
Huge parts of this study site are composed of coniferous woodland and mixed
deciduous and coniferous woodland. Smaller parts with broadleaved deciduous woodland can be found as well. Lines of trees, small anthropogenic woodlands, recently felled woodland, early-stage woodland and coppice are crossing the forest areas. In between the forest areas, mesic grasslands and arable
land and market gardens are located. In the north-western part of the study
site an extractive industrial site with photovoltaics is located (EEA 2016). Small
cities and villages are located in all four compass directions within the study
site, but not in the center. Since 2011 reproduction has been proven in this
pack every year. In 2014 the presence of three pups and four yearlings has
been confirmed. That means that the pack size was at least nine individuals
(REINHARDT et al. 2015a). The main area of this wolf territory is located between Spremberg, Schleife, Mulkwitz and Spreewitz. The coordinates are
14°23'E to 14°30'E and 51°34'N to 51°28'N. The Spremberg study site has
82.27 km². The length of all transect routes is 30.98 km. The average temperature in Spremberg is 9.0°C. Yearly precipitation is 574 mm (CLIMATE-DATA.ORG
2016).

Knappenrode area (MIR = „Milkel Raum“)
This area is not a study site in the context of this thesis. The LUPUS Institute
was conducting intensive monitoring in this area to answer the question
which wolves settled here. For the wolf monitoring of the LUPUS institute I
conducted several surveys in MIR before the fieldwork at the study sites (DN,
SP, Z) started. Therefore, these data cannot be used for analyses of camera
trap and sign surveys, but it was documented whether the dog or the human
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found the scats in MIR. These data have been used for the comparison of dog
survey and human survey. The MIR area is located between the SP area and
the DN area, near the city Hoyerswerda and the village Lohsa in Saxony.
The Danish study sites:
The three Danish study sites are on the European mainland. This peninsula of Denmark is called Jutland. Jutland is divided into a northern, western, eastern and a
southern part. The measurements of this peninsula are about 325 km from north to
south and about 180 km from west to east. Jutland´s surface measures 29,663 km²
and provides a population density of 88 inhabitants per km² (DANMARKS STATISTIK
2016). The study sites are all located in the middle of Jutland. Two study sites (Oksböl
(OK) and Hoverdal (HD) area) in western Jutland and Harrild area (HH) in central Jutland (s. Figure 5). At all three study sites there are forest plantations which are isolated by agricultural fields. The plantations are mainly consisting of several conifers
(e.g. Norway spruce (Picea abies) and several pine species (Pinus spec.)). In forests,
where deciduous trees exist, mainly beech (Fagus sylvatica), oak (Quercus spec.), ash
(Fraxinus spec.), elm (Ulmus spec.) and linden (Tilia spec.) can be found. At all study
sites sandy soil is predominant. The Danish sites are located at 0-100 m height (a.s.l.)
(RETORTE LABORATORIES 2016). Occurring animals that may play a role in the ecology of
wolves are roe deer (Capreolus capreolus), red deer (Cervus elaphus), fallow deer
(Dama dama), hare (Lepus europaeus), red fox (Vulpes vulpes), raccoon dog (Nyctereutes procyonoides) and also livestock animals as cattle, sheep and horses. Furthermore, in 2015 and 2016 the presence of golden jackal (Canis aureus) has been proven
in Jutland (SKOV 2016, pers. comm. P. SUNDE 2016).
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Figure 5: Map of Central Jutland, Denmark, showing the location of the three study sites HD (north), HH (east)
and OK (south) (base map: Google earth 2016, 2009 GeoBasis – DE/BKG).

Oksböl area (OK)
The Oksböl area is located directly at the west coast of Jutland, at the North
Sea. This area is known for its military training area and high numbers of red
deer. Lots of open areas and forests share the area. The diversity of ecosystems in this area cause a wide diversity of habitat classifications: Coniferous
woodland is attended by lines of trees, small anthropogenic woodlands, recently felled woodland, early-stage woodland and coppice. Valley mires, poor
fens, transition mires, base-rich fens, calcareous spring mires, raised and blanket bogs provide a humid environment for several animals around several surface standing waters. The beachside is described by the EEA (2016) as a combination of screes and infralittoral rocks and other hard substrata. Open areas
supply temperate shrub heathland and temperate and mediterranean-montane scrubs. Near villages around the core area, cultivated areas of gardens
and parks can be found (EEA 2016). The coordinates of the study site are 8°7'E
to 8°16'E and 55°45'N to 55°34'N. The size of this site is 200.3 km². The transects walked at this site are 48.71 km long. A wolf from Germany was proven
in this area via genetic scat analysis of the Research Institute Senckenberg in
2015. This individual was genetically confirmed in Schleswig-Holstein, Ger36
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many before (pers. comm. A. JARAUSCH, SENCKENBERG INSTITUTE 2016). Furthermore, rumors about wolves have come up repeatedly, but no more proofs
have been found. As the study site is located directly at the coast the height
above sea level is 0-20 m (RETORTE LABORATORIES 2016). The average temperature in Esberg, near the Oksböl area, is 8.3°C. Yearly precipitation average is
807 mm (CLIMATE-DATA.ORG 2016).

Hoverdal area (HD)
The Hoverdal area is located east of the city Ulfborg in the western part of
Jutland. The area spreads from Ulfborg eastwards and southwards to Hoverdal. Several forest plantations (coniferous woodland with lines of trees,
small anthropogenic woodlands, recently felled woodland, early-stage woodland and coppice) are isolated in this area and divided by agricultural fields
(arable land and market gardens). The forest areas are discontinuous alternated by temperate and mediterranean-montane scrubs and valley mires,
poor fens and transition mires. In some border areas, sedge and reedbeds,
normally without free-standing water can be found (EEA 2016). In the northern part of this study site there is a military training terrain. Since 2013 wolf
reports have been repeated in this area, but just a few have been photo
proven until today (pers. comm. P. SUNDE 2016). The coordinates of this study
site are 8°20'E to 8°28'E and 56°16'N to 56°9'N. This site is measuring
106.31 km². All transect routes have a length of 29.96 km. The average temperature in Ulfborg is 7.6°C. Yearly average precipitation is 845 mm (CLIMATEDATA.ORG 2016).

Harrild area (HH)
Harrild area is located between Silkeborg and Herning in central Jutland. To
the south it is bordered by the villages Fasterholt and Ejstrupholm. The forests
in this investigation area are composed of coniferous woodland, mixed deciduous and coniferous woodland and lines of trees, small anthropogenic wood-
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lands, recently felled woodland, early-stage woodland and coppice. Open areas in between contain temperate and mediterranean-montane scrub, mesic
grasslands and also raised and blanket bogs. Some lakes can be found in the
area as well. The forests and open areas are mainly dissected by arable land
and market garden (agricultural landscape) or buildings of cities, towns and
villages in the eastern part as well (EEA 2016). Since August 2015 the presence
of a species, which is likely to be wolf, has been registered repeatedly using
camera traps (pers. comm. P. SUNDE 2016). Genetic analyses at the laboratories of the Research Institute Senckenberg proved the presence of a wolf from
the German “Annaburger Heide” pack (located at the border of Saxony-Anhalt, Saxony and Brandenburg) in this area in 2015 (pers. comm. A. JARAUSCH,
SENCKENBERG INSTITUTE 2016). The coordinates of this study site are 9°8'E to
9°28'E and 56°5'N to 56°0 'N. The size of this study site is 212.61 km². The
transect routes have a length of 37.69 km. The average temperature in Herning is 7.5°C. Yearly precipitation is 814 mm (CLIMATE-DATA.ORG 2016).
3.2 Presence sign surveys
Presence sign survey within wolf monitoring is describing an active search for signs
confirming the presence of wolves. These signs can be scats, tracks, scratch marks or
killed prey (REINHARDT et al. 2015c). Within 14 weeks of fieldwork from April 17th to
July 30th, 2016, I covered 1,372 km including all types of roads and also repeatedly
walked roads at the described study sites accompanied by a trained scat detection
dog. 792 km of this distance have been walked in Germany, while 580 km were covered in Denmark.
Designation of study sites was based on information provided by LUPUS and University of Aarhus. A square was drawn on a map encompassing an area of interest and a
grid of transect lines was fitted onto the area (for details and illustration see 3.2.1).
The square that defines the study site is encompassing the central part of the wolf
territory in Germany or the center of the area of suspicion in Denmark. In Germany,
LUPUS gave information about residing wolf packs/pairs in the respective areas.
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I conducted two types of surveys. The “opportunistic survey method” was based on
the technique that is used in most of the German wolf monitoring programs. Areas
either known as core areas from the previous monitoring seasons or where wolf signs
recently indicated an actual activity hotspot are targeted. These hotspots are mainly
identified due to information collected in the seasons before or by experience based
searches in the area, but not by a systematic search scheme. As there is no previous
information about wolves in some areas of interest in Denmark, the second method
has been arranged. Using transects over the whole area of interest a “systematic survey method” was conducted.
All sign surveys have been conducted by the author of this thesis. Only forest roads
and similar paths have been walked to search for wolf evidence. All scats that have
been found, were documented using the German wolf monitoring standards and the
appropriate protocol from LUPUS Institute (REINHARDT et al. 2015b) (see Appendix 2).
During the surveys all scats complying with the criteria for C2 (SCALP) have been considered and documented consistently. C3a scats have been documented as well, but
not consistently. In some areas in Germany there have been too many C3 evidence
to document and collect all of them. Hence, only C2 scats have been included in the
analysis, unless stated differently. Parts of routes or transects that led through urban
areas (villages, etc.) have not been considered for further analysis. Additionally, parts
of surveys had to be walked on asphalted roads and have been discounted as well.
In the following chapters the results of the presence sign surveys only represent the
findings of the human searcher, unless mentioned differently. The dog´s findings
have been ignored. Therefore, two datasets have been averaged: First, all the scats
that the dog found and the human would not have found (“n”) have been excluded.
The remaining data represent the optimal human finder (“best case”). The second
dataset represents the minimum detection rate of the human: The scats that the dog
found, but the human would not have found (“n”) and the scats that the dog found
and the human possibly would have found (“m”), have been excluded. The average
value of those two datasets has been considered as the findings without using a dog
(“average human finder”). Wolf presence sign surveys aimed to document scats,
tracks and other evidence. As only three wolf tracks have been found during presence
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sign surveys, tracks and other evidence (excluding scats) have not been considered
in further analysis.
During the wolf presence sign surveys several parameters have been documented.
The walked tracks and their duration have been recorded with a Garmin GPS 62s.
Positions of found scats or other evidence have been recorded with the GPS as well.
When a scat was found, further details have been noted using the respective protocol
from the LUPUS institute (see Appendix 2).
3.2.1 Systematic presence sign surveys
These presence sign surveys are based on a systematic order of transects that have
to be searched for signs within an area of interest. The chosen order of transects can
be transferred to other areas so that the results can be compared on the basis of the
same implementation.
In this study, a grid of four transect lines has been determined for each study site,
where two transects go from West to East and two from North to South. Not the
whole grid was covered, but two thirds of each transect line were searched for wolf
signs. The resulting structure of transect lines is shown in Figure 6. Along these “theoretical” transects the closest forest roads were identified and searched for wolf
presence later (transect routes) (s. Figure 7). The systematic transects have been repeated two times each (three surveys) to find out, whether there are differences between repetitions and whether it can be recommended to repeat certain transects.
The entirety of transects in each study site was not walked during one survey, but
split into several inspections over several days to cover the area (s. Appendix 4 for
more details). Thus, the first, second and third repetitions at each study site are consisting of several excursions each.
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Figure 6: Structure of systematic sign surveys/transects (dashed line) and systematic camera places (circles) at
the study sites.

2.5 km

Figure 7: Structure of transects and transect routes at a study site (example: DN area) (base map: Google
earth 2016, 2009 GeoBasis – DE/BKG).

In Germany I walked 259.08 km of systematic sign survey transects. In Z 81.92 km, in
SP 93.18 km and in DN 83.98 km have been covered. These values describe all surveys
including the repeated surveys of the transects (each transect was walked three
times). Regarding only the first survey at every study site, 79.05 km have been walked
at the three sites (23.8 km – Z; 23.58 km – DN; 31.67 km – SP). In Denmark 167.06 km
in total have been walked systematically. The transects in HH have been walked three
times as well, whereas in HD and OK the transects have not been repeated, due to
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lacking suspicion of wolf presence. Considering only the first surveys in Denmark,
105.84 km have been walked (49.11 km – OK; 24.09 km – HD; 32.64 km – HH).
3.2.2 Opportunistic presence sign surveys
Opportunistic sign survey compiles an alternative survey method to systematic sign
survey. It uses previous information on wolf presence and habitation. This information specifies where to search for wolf signs to raise the probability of detection.
Areas within the study sites were chosen for scanning, if earlier investigations reported presence signs there. Given the big dimensions of wolf territories, this approach helps pinpointing areas with a higher probability of finding wolf marks. Using
this (long-term) experience of where wolves stay and which places they prefer is often yielding promising results. In Germany, I could benefit from the established wolf
monitoring and carry out opportunistic surveys. In Denmark, a different approach
was used due to a lack of information. In a few cases I could resort to previously gathered information, but in others I had to determine the respective area myself. As
wolves tend to walk in straight, open roads, these connection roads have been focused on. With the help of aerial maps, I identified prominent long straight roads and
used them for the opportunistic surveys.
Following this opportunistic strategy of conducting wolf presence sign survey,
151.14 km have been covered in Germany: 70.02 km in Z, 43.81 km in DN and
37.31 km in SP. Some sections of opportunistic surveys have been repeated as well.
Considering only the first run, 135.94 km were covered (70.02 km – Z; 32.64 km – DN;
33.28 km – SP). In Denmark 307.76 km of opportunistic sign survey routes have been
walked: 43.95 km in OK, 46.86 km in HD and 216.95 km in HH.

3.3 Camera traps
To conduct the camera surveys, several types of cameras have been used in the field.
Camera traps can be mounted for a period up to a few months to record pictures.
These cameras are triggered by a movement and can take pictures during day and
night. In wolf monitoring camera traps are usually mounted at trees facing a junction,
a road or a rendezvous site to record the wolves. In German wolf monitoring only C1
pictures are considered sufficient to prove the presence of wolves. In order to raise
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the sample size, here I also included C3a pictures into the analysis. Experienced people from the LUPUS Institute helped to evaluate and classify obtained pictures/scats.
In Denmark the University of Aarhus provided 24 cameras of the type Bushnell Trophy Cam with infrared flash. Four cameras have been set up systematically at each of
the three Danish study sites. The remaining twelve cameras have been placed opportunistically in the Harrild area, where wolf signs were found during the fieldwork.
Because in Oksböl area and in Hoverdal area no wolf signs were found, no cameras
have been placed there opportunistically. At the German study sites less cameras
have been available. In DN four cameras were set up systematically, one of them
(model Bushnell) was placed by the landowner, as this part of the area is an enclosure
for moose and wild horses. The other three systematic cameras were of the type
Reconyx Hyperfire HC600. The opportunistic cameras at this study site were one
Reconyx and two Bushnell Trophy Cams. In the Dauban forest, the management of
the Biosphere reserve “Oberlausitzer Heide- und Teichlandschaft” is normally conducting the wolf monitoring of the Dauban wolf pack. Therefore, a few additional
cameras had been already placed in the area and their pictures were used for this
study as opportunistic camera data as well. Those three cameras were of the type
Reconyx. In the SP area less cameras have been used. The plan was to place four
cameras systematically and several cameras opportunistically. After a local hunter
prohibited to set up a camera on his ground, only three systematic cameras could be
installed. All three cameras are of the model Bushnell Trophy Cam. Furthermore, two
opportunistically placed cameras have been installed in the SP area. Additionally,
three other cameras (1x Bushnell 119678, 2x Browning BTC 8FHD) from a local wildlife filmmaker already were set up in SP and their data was included in further analysis
of this study. In the Z area no cameras have been installed, because of camera shortage and previous thefts in this area. When a movement triggers the cameras, the
number of pictures recorded differs between the camera models. Bushnell cameras
are recording three pictures in a row, while Reconyx cameras are recording five pictures. The Browning cameras did not record pictures, but movies.
A camera wolf event is defined by a single picture of a wolf/wolves or a series of
pictures (C1 or C3a) that distinguishes from the previous or next event by an interval
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of at least 15 minutes. When setting up cameras it is crucial to let them face north to
avoid dazzled pictures caused by the sun. The cameras were mounted in a height of
about 40-80 cm.
In total 1,791 camera nights have been recorded in the time from April 18th to July
31st, 2016 (=104 days). That amounts to 792 camera nights that have been recorded
in Denmark (three study sites) and 999 in Germany (two study sites).
3.3.1 Systematic camera traps
To place cameras systematically at the study site, the structure of transects from the
systematically sign survey method has been used to choose the camera places. Four
cameras have been installed at each study site at the crossings of the transect lines
(s. Figure 6). The cameras were positioned on a forest road closest to the predefined
crossing of the transects of the grid. With this strategy, 19 cameras have been placed
systematically during fieldwork period. Seven cameras were placed in Germany (four
in DN, three in SP) and twelve in Denmark (four at each study site: HH, HD, OK).
3.3.2 Opportunistic camera traps
When wolf signs have been found during the sign surveys at places that lead to expectations that wolves will pass again, cameras have been installed opportunistically.
This is the most common fashion how camera traps are used in wolf monitoring in
Germany. Routinely, placement of opportunistic cameras is in accordance with current presence signs of wolves and thus cameras usually do not stay at one specific
place for weeks, but “follow” the movements of wolves within their territory. Here,
the cameras were mounted once for the whole period. In this study, data from 24
opportunistically placed cameras were considered. Twelve cameras were placed in
Germany (six in DN, six in SP) and twelve cameras in Denmark (all in HH).

3.4 Scat detection dog
During the fieldwork period a trained dog was used to help finding wolf signs, especially scat samples. A five-year-old female mix breed (German shepherd - Collie - Labrador retriever) named “Riga” was trained previously to find and show wolf scats (s.
Figure 8).
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Figure 8: Scat detection dog "Riga" in a fieldwork situation with working harness and Flexi lead.

The training started almost two years before the thesis´ fieldwork was carried out,
after the basic obedience training was conducted. The dog was trained by myself including sporadic assistance from a professional dog trainer and was directed using
positive reinforcement. In contrast to most detection dogs, which are strongly focusing on searching for a limited time, this dog was trained not to permanently search
actively for evidence, but to react and indicate when the odor of wolf scat is noticed.
The long surveys from three to more than six hours, made this approach necessary.
During previous training and wolf monitoring surveys the dog detected and showed
wolf scats as requested and was able to distinguish it from other species´ scats. Due
to the fact that in Denmark dogs must be kept on a lead all investigations have been
conducted with an 8 m-Flexi-lead. As a signal for the dog to work, a special harness
was used. The dog’s motivation in training and working is kept up with rewarding
almost every success with treats. When the dog finds a source of wolf scat smell it
stops in front of the sample and shows it to the handler by holding eye contact and
focusing the sample found again. For a short demonstration movie of this indication
behavior, see Appendix 4.7. Regarding the documentation of samples found by dog
or human it was distinguished between different categories (s. Table 3).
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Table 3: Definition of the codings used to document the finder (handler or dog) of a scat sample.

Code

Finder

Definition

D

Dog

When human notices sample through the dog’s behavior

H

Human

When human finds sample without the dog finding it

HD

Human and dog

Human and dog find it at the same time

In case the dog found a wolf scat sample it was also distinguished between the probability of the human finding it without the dog. When the sample was hidden nearby
the road, or hard to find because of surface color or decomposition degree and also
when human already missed the sample and the dog pulls back, the finding was
coded as “human would not have found it”. When the dog found a sample that would
have been found by the handler as well because it was placed obviously, it was coded
as “human would have found it”. If none of these circumstances fit the situation, it
was coded as “maybe human would have found it” (s. Table 4).
Table 4: Definition of the discrimination in dog found samples regarding the probability of handler finding it,
too.

Code

Definition

y

(=yes) Human would have found the sample, even without the dog´s help

n

(=no) Human would not have found the sample without the dog´s help

m

(=maybe) Uncertain, if human would have found the sample without the help of
the dog

At high temperatures (> ±24°C) the dog was equipped with a cooling vest (Ruffwear
Swamp Cooler). Additionally, climate data (humidity, temperature, wind speed) was
gathered, in order to assess the dog´s efficacy in relation to weather conditions. For
this data collection a JDC-Atmos Skywatch handheld scanner was used. Temperature
(°C), humidity (%) and wind speed (m/s) have been measured immediately after finding a scat sample in a height of about 1.5 m.
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3.5 Data analysis
The collected data have been evaluated and interpreted utilizing different approaches. Only the first surveys on repeated transects have been used for the following analysis, unless stated differently. The repetitions have been excluded to avoid
bias. The level of significance was defined as p=0.05 for all analysis. Moreover, C3
scats have not been considered during analysis for two reasons: First, to raise the
probability of all scats originating from wolf and not from other canid species to the
maximum and second, C3 scats have not been documented consequently during the
whole period of fieldwork, which is causing a bias in the distribution over time and
space. Therefore, only C2 scats have been considered, unless stated differently. The
scats that have been found by the detection dog have been considered in the analysis
of the dog´s application only. During the remaining analysis the human detection rate
was defined by the data of the “average detection rate of the human”.
Some of the results of the analysis are illustrated as boxplots. This demonstration
summarizes different positions and variation of data. Thus, the horizontal line within
the box expresses the median. The two horizontal ends of the box are showing the
upper and the lower quartile. The lines extending from the box are indicating variability outside the quartiles. The lines end with the upper and the lower “Whisker”.
Outliers are marked as single points. The cross marking inside the box is indicating
the average. If there was a significant difference confirmed with a statistical test, then
this is illustrated with a star symbol above the plots. (s. Figure 14, Figure 15, Figure
16, Figure 17, Figure 18, Figure 19).

Camera trap: systematic versus opportunistic
To find out whether the systematic or the opportunistic manner of using camera
traps in Germany is more effective, the DN study site was used as reference site because of a higher amount of systematical cameras (sample size). The compared factor
for the camera trap use was the number of nights in which wolf presence was documented per total number of nights. First, a ²-test with simulated p-value shall ensure
that the different study sites (DN and SP) can be summarized regarding their results.
Afterwards, the systematic and the opportunistic fashion of using camera traps are
compared using an Exact Wilcoxon-Mann-Whitney-Test.
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Presence sign survey: systematic versus opportunistic
For the comparison of systematic and opportunistic wolf presence sign surveys conducted in Germany, first the individual study sites were compared to each other. The
compared factor was the scat detection rate (scat/km). An initial ²-test with simulated p-value shall show whether the different study sites can be summarized. Hence,
the values of scat density in individual excursions at three study sites (DN, SP, Z) have
been compared, based on the DN site as a reference. For this analysis the multiple
testing was corrected (global significance = 0.05, local significance =

0.05
3

= 0.017). Fi-

nally, the Exact Wilcoxon-Mann-Whitney-Test has been used to find out, whether
there are significant differences between the two manners of presence sign surveys.
Presence sign survey versus camera traps and systematic versus opportunistic
To compare the use of camera traps and sign surveys (each sys and opp) in Germany
a new variable has been constructed illustrating effectiveness. Effectiveness was defined as a combination of success rate and effort. The success rate is defined as the
number of days with at least one wolf proof per total number of days conducted, and
effort was defined as the amount of time that has been used for the procedure. In
the case of presence sign surveys, the time represents the total duration of the respective excursions. For camera traps the amount of time was defined as 75 minutes
for set up, removing and readout for each camera (estimation) multiplied by the number of respective cameras. The resulting values of effectiveness are multiplied by 100
for better illustration (s. Table 13, chapter 4.4).
𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠𝐶𝑎𝑚𝑒𝑟𝑎 =

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒𝑛𝑒𝑠𝑠𝑆𝑢𝑟𝑣𝑒𝑦 =

𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒 𝑁𝑜. 𝑜𝑓 𝑛𝑖𝑔ℎ𝑡𝑠 𝑤𝑖𝑡ℎ 𝑤𝑜𝑙𝑓 𝑝𝑖𝑐𝑡𝑢𝑟𝑒⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑜. 𝑜𝑓 𝑐𝑎𝑚𝑒𝑟𝑎 𝑛𝑖𝑔ℎ𝑡𝑠
=
𝐸𝑓𝑓𝑜𝑟𝑡
75 min∗ 𝑁𝑜. 𝑜𝑓 𝑐𝑎𝑚𝑒𝑟𝑎𝑠

𝑆𝑢𝑐𝑐𝑒𝑠𝑠 𝑟𝑎𝑡𝑒
𝑁𝑜. 𝑜𝑓 𝑑𝑎𝑦𝑠 𝑤𝑖𝑡ℎ 𝐶2 − 𝑠𝑐𝑎𝑡⁄𝑇𝑜𝑡𝑎𝑙 𝑁𝑜. 𝑜𝑓 𝑠𝑢𝑟𝑣𝑒𝑦 𝑑𝑎𝑦𝑠
=
𝐸𝑓𝑓𝑜𝑟𝑡
𝑇𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑢𝑟𝑣𝑒𝑦𝑠 [𝑚𝑖𝑛]

For every used camera trap and every conducted survey (day) an individual value of
effectiveness was calculated. Afterwards, the effectiveness of each method (camera
trap and sign survey) and fashion (sys or opp) has been compared using the KruskalWallis-test (nCamera_sys =6, nCamera_opp =11, nSurvey_sys =11, nSurvey_opp =13). Subsequently, the Exact Wilcoxon-Mann-Whitney-test shall detect possible differences
comparing camera trap use (sys + opp, nCamera =17) and sign survey (sys + opp,
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nSurvey =24) individually regarding the mentioned values of effectiveness. This test
was repeated comparing opportunistic methods (camera + survey, nopp =24) and systematic methods (camera + survey, nsys =17) as well.

Figure 9: Conceptual figure showing the application of different test methods on different hierachical levels. A
²-test was used to test whether there are differences between the study sites. The Wilcoxon-Mann-Whitneytest was used to test whether there are differences between systematic surveys and opportunistic surveys as
well as between systematic camera traps and opportunistic camera traps. This test was used for detecting
differences between systematic and opportunistic approaches in general as well. The Kruskal-Wallis-test was
used to indicate possible differences between the four different approaches (Camera_sys, Camera_opp,
Survey_sys, Survey_opp). Additionally, sign survey is compared to camera trapping using the Wilcoxon-MannWhitney-test (not displayed, due to clear representation). Abbreviations: DN – Dauban study site, SP –
Spremberg study site, Z – Zschorno study site.

Furthermore, the success during sign surveys of human and dog is compared. Here,
the collected data are described and compared descriptively. For this following description the data collected by the dog-handler-team were compared to the data
where the dog findings have been excluded (average value of optimal human finder
and minimal human finder) to illustrate the difference. For this comparison data from
MIR area have been added.
The same descriptive treatment was chosen for the results of repeated transects of
systematic sign surveys. A final comparison of the results from Germany and Denmark is done. In addition, Peter SUNDE from the University of Aarhus calculated the
probability of wolves being present in an investigated area using the fieldwork data
of this thesis. The aim of these calculations was to define a necessary amount of effort
that is needed to prove actual wolf presence. The probability of wolves being present
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in an investigated area was approximately estimated from a ²-1-sample goodnessof-fit test:
1 (𝑁𝑒𝑥𝑝 −𝑁𝑜𝑏𝑠 )

𝑋12 = 𝐶̂

2

𝑁𝑒𝑥𝑝

𝑁exp(𝐸) = 𝑝𝐸 = findings/unit effort ∙ effort = expected number of findings
𝑁𝑜𝑏𝑠 = observed number of findings
𝐶̂ = overdispersion factor (𝐶̂ =1 if observations are statistically independent, while
𝐶̂ =2 indicate that observations occur so ‘clumped’ that two sightings/
findings equal one independent observation on average)
Similarly, the effort needed to rule out the presence of a wolf in an area can be calculated using the probability of not finding a single evidence:
𝑝 𝐸
𝑃(𝑁𝑜𝑏𝑠 = 0) = (1 − )
𝑐̂
𝐸 = effort (km)
𝑝 = the probability of finding a scat per effort unit (per km)
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4 Results
During eight weeks of fieldwork in Saxony (Germany) and six weeks in Jutland (Denmark), data about the occurrence of wolves have been gathered. Camera traps and
presence sign surveys proved the presence of wolves at all three study sites in Germany. In Denmark wolf presence signs have been found in one out of three study
sites. The following chapters reveal the results of the surveys.

4.1 Presence sign surveys
In total 21 wolf scats (C2 & C3a) and one track have been found in Denmark during
presence sign surveys (HH, HD, OK). In Germany 173 scats (C2 & C3a) and two tracks
have been found (DN, Z, SP and MIR). Out of all the scat samples 119 have been declared as C2 (seven Denmark, 112 Germany) and 75 as C3a (14 Denmark, 61 Germany).
4.1.1 Systematic presence sign surveys
In Germany 43 scats (C2) have been found by human and dog by means of the systematic manner of presence sign survey including transect repetitions (259.08 km).
In Z (81.92 km) and SP (93.18 km) ten scats have been found each and in DN, 23 scats
have been found (83.98 km). Within the initial surveys at all study sites excluding repetitions, 21 scats have been found in total in Germany on systematic routes (79.05 km
in total; 23.8 km – four scats in Z; 23.58 km – eleven scats in DN; 31.67 km – six scats
in SP). In Denmark one scat (C2) has been found on systematical transects
(167.06 km). This scat was found during the first run in HH. In HD and OK no wolf
signs were found. For these data, see Table 5.
Table 5: Representation of wolf scats found by human and/or dog at the study sites conducting systematical
surveys. ”C2 scats (human)” = Scats found by human plus scats found by dog, that the human would have
found as well (minimum human detection rate). ”C2 scats (dog)” = All scats found by the dog (”Dog” and
”HumanDog”).

study

Distance [km]

site

C2 scats (total, C2 scats (human) C2 scats (dog)
human and dog)

DN

83.98

23

16

16

SP

93.18

10

4

9

Z

81.92

10

2

8
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HH

93.86

1

1

1

OK

49.11

0

0

0

HD

24.09

0

0

0

4.1.2 Opportunistic presence sign surveys
During the opportunistic surveys, 28 C2-scats have been found in Germany
(151.14 km). Seven scats in Z (70.02 km), 16 scats in DN (43.81 km) and five scats in
SP (37.31 km). Subtracting the scats that have been found during repetitions, seven
scats were found in Z (70.02 km), 13 scats in DN (32.64 km) and two scats in SP
(33.28). In Denmark six C2-scats have been found on 307.76 km of opportunistic sign
surveys. All of them were found in HH (216.95 km). On 43.95 km in OK and 46.86 km
in HD no scats have been found (s. Table 6).
Table 6: Representation of wolf scats found by human and/or dog at the study sites conducting
opportunistical surveys. ”C2 scats (human)” = Scats found by human plus scats found by dog, that the human
would have found as well (minimum human detection rate). ”C2 scats (dog)” = All scats found by the dog
(”Dog” and ”HumanDog”).

study

Distance [km]

site

C2 scats (total, C2 scats (human) C2 scats (dog)
human and dog)

DN

43.81

16

12

13

SP

37.31

5

1

5

Z

70.02

7

6

6

HH

216.95

6

4

5

OK

43.95

0

0

0

HD

46.86

0

0

0

4.2 Camera traps
In Denmark all 24 cameras worked reliably during the whole period. In Germany all
cameras worked reliably as well, but two cameras have been stolen and therefore a
lack of data originates in SP. One systematic camera has been stolen at this study site,
which causes a total number of two remaining systematic cameras in SP and a total
of six systematic cameras in Germany. Furthermore, one opportunistic camera has
been stolen in SP, causing a number of five opportunistic cameras remaining at this
study site and eleven opportunistic cameras in total for Germany.
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4.2.1 Systematic camera traps
In Germany the six systematically placed cameras (two in SP and four in DN) recorded
data for 385 nights. These cameras recorded eight wolf events in eight independent
nights. In Denmark, twelve systematic cameras (four at each study site) recorded 458
nights in total (136 nights in HD, 150 nights in OK, 172 nights in HH). The systematic
Danish cameras recorded no wolf pictures (s. Table 7).
Table 7: Representation of the systematic camera trap results at the different study sites, showing the
numbers of wolf pictures, events and nights with wolf occurence.

study

number

of camera nights

nights

with wolf events wolf pic-

site

cameras

DN

4

265

5

5

12

SP

2

120

3

3

11

HH

4

172

0

0

0

OK

4

150

0

0

0

HD

4

136

0

0

0

events

tures

4.2.2 Opportunistic camera traps
The opportunistically placed cameras in Germany recorded 67 wolf events in 614
nights (six cameras in DN, five cameras in SP). Events were recorded during 55 nights
(9 % of all nights). The number of individual wolf pictures/movies recorded in Germany is 222 (218 pictures, four movies). 209 have been recorded in DN and 13 in SP.
These data have been recorded during nine nights in SP and 46 nights in DN. In Denmark twelve opportunistic cameras have been installed in HH. Those cameras recorded one wolf picture during 334 nights (s. Table 8).
Table 8: Representation of the opportunistic camera trap results at the different study sites, showing the
numbers of wolf pictures, events and nights with wolf occurence.

study

number

of camera nights

nights

with wolf events wolf pic-

site

cameras

DN

6

467

46

58

209

SP

5

147

9

9

15

events

tures

(8

pictures,

7 videos)
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HH

12

334

1

1

1

OK

0

0

0

0

0

HD

0

0

0

0

0

4.3 Scat detection dog
The trained dog found twelve scats out of 16 (C2+C3a) in Denmark (75 %) and 122
out of 173 in Germany (71 %) (in total: 134/189 scats). The average human finder
registered 132 (121 in Germany, 11 in Denmark) out of 189 scats. The number of
scats, that the (optimal) human finder would not have found without the dog’s help
is four in Denmark (29%) and 41 in Germany (24%) (excluding only “human would not
have found”). In case of the minimum finding human (excluding “human would not
have found” and “maybe human would have found"), the dog found six scats (43%)
in Denmark and 63 scats (36%) in Germany, that the human would not have found
without the dog. Considering the average human finder (average of “optimal” and
“minimum finding human”) the dog found five scats in Denmark and 52 scats in Germany that the human would not have found without the dog (in total: 57/189 scats
= 30%). Considering only the fresh scats (max. three days old, C2+C3a) which are most
important for further genetic investigations, the dog found 100% in Denmark (100%
= four scats) and 78% in Germany (100% = 40 scats). In contrast the human found
50% of the fresh scats in Denmark and 45% in Germany.
To see, whether the dog´s performance improved during the labor-intensive fieldwork period, the percentage of the scats found by the dog have been compared to
the total amount of scats found during each week (s. Figure 10).
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0

week 15, n=12

week 14, n=10

week 12, n=2

week 10, =2

week 9, n=8

week 7, n=3

week 6, n=29

week 5, n=19

10

week 4, n=19

20

week 2, n=7

30

week 3, n=16

40

week 1, n=7

Percentage [%]

70

Number of week during field work period

Figure 10: Percentage of scats (C2 & C3a) found by the dog during the individual weeks. During weeks 8, 11
and 13 no scats have been found. Danish fieldwork: week 8-13, German fieldwork: week 1-7 & 14-15. ”n”
describes the total number of scats found by the dog during the respective week (100%=all scats found by
human and dog during the respective week) (𝐂𝐈𝟗𝟓 = 70 ± 7.32 %). Dashed line = moving average trendline.

Because some publications stated that the dogs´ performance is depending on the
time of the day, the time of finding was recorded during fieldwork as well. The
percentage of scats found by the dog per time of the day varies between 54 and 86 %.
In the afternoon, between 16:00 and 18:00 o´clock the amount is lowest, but no clear

90
80
70
60
50
40
30

n=41

n=25

n=13

n=6

10

n=36

20

n=13

Percentage of scats found by dog out of
total amount [%]

tendency is distinct at any time of the day (s. Figure 11).

8-10

10-12

12-14

14-16

16-18

18-20

0

Period of day

Figure 11: The dogs´ performance in relation to time of the day (scats found in total = 189, 𝐂𝐈𝟗𝟓 = 73 ±
8.45 %). ”n” describes the total number of scats found by the dog.
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The dog´s performance in relation to the air temperature indicates strong variety. It
varies between an accuracy of 50 to 100 % in a range of 8.5 and 29.1°C. The highest
finding accuracy appears in lowest and highest temperatures (s. Figure 12).
100

80
70
60
50
40
30

n=9

n=7

n=9

n=12

n=22

n=22

n=15

n=20

n=4

10

n=10

20

n=4

Percentage of scats found by dog out of
total amount [%]

90

8-10

10-12

12-14

14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-30

0

Temperature during finding [°C]

Figure 12: Dog´s performance in relation to the air temperature during the fieldwork period (scats found in
total = 189) (𝐂𝐈𝟗𝟓 = 75 ± 10.62 %). ”n” describes the total number of scats found by the dog.

A comparison between the dog´s accuracy in Germany and Denmark shows that the
results are similar: In Germany the dog found 71 % of all scats found (ntotal=173) and
in Denmark the percentage is 75 % (ntotal =16).
According to several publications, environmental conditions also influence the dogs’
performance (GUTZWILLER 1990, SMITH et al. 2003). During the period of data collection, no tendency regarding a higher accuracy of the dog could be recognized in relation to different weather conditions. The percentage of the amount of scats found by
the dog varies between 67 % and 71 % throughout conditions of precipitation. There
is one peak in the detection rate during precipitation “≥ 1 week ago” at 100%, however with a small sample size (n=5) (s. Figure 13).
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Figure 13: Dog´s performance in relation to last precipitation (scats found in total n=189, 𝐂𝐈𝟗𝟓 = 76 ± 9.28 %).
”n” describes the total number of scats found by the dog.

4.4 Comparison of effectiveness among methods
In the following analysis the results coming from the use of a detection dog were not
considered unless stated otherwise. Here, the human detection rate was defined by
the data of the “average finding human”. The terms “systematically” and “opportunistically” are abbreviated with “sys” and “opp”.
Camera trap: systematic versus opportunistic
Here it was evaluated, whether the systematic or the opportunistic manner in setting
up camera traps is more effective to get proofs of wolf presence. Camera traps have
been used in both manners (sys, opp) at two study sites in Saxony (DN and SP). To
detect possible differences between the two sites, an initial statistical test was conducted. Using the ²-test with simulated p-value no significant differences were
found between the results of the sites SP and DN (²= 0.2438, p = 0.7325, number of
simulations=10,000), hence the findings of systematic and opportunistic fashion were
compared without differentiation of the study sites. The Exact Wilcoxon-Mann-Whitney-Test shows that there is a significant difference between the results of the two
fashions (Z=-2.0163, p = 0.045, nsys =6, nopp =11). Systematically placed cameras
record fewer nights with wolf events than opportunistic cameras (s. Figure 14 and
Table 9, Table 10).
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*

Figure 14: Comparison of camera traps placed systematically and opportunistically regarding frequency of
wolf recordings (cameras from study sites DN & SP, opp = opportunistically placed cameras,
sys = systematically placed cameras). The frequency describes the proportion of recorded wolf event nights
per total number of recorded nights of each camera (𝐧𝐬𝐲𝐬 =6, 𝐧𝐨𝐩𝐩 =11).

Systematic

Table 9: Illustration of camera trap data gathered systematically in Germany. nights = total number of nights
recorded, wolf events = number of wolf events registered, nights with event = number of nights in which wolf
activity has been registered.

camera name nights
FFDN1
71
FFDN2
70
FFDN3
53
FFDN4
71
FFSP1
61
FFSP2
59
Total
Average

385

Camera traps: Germany
wolf events [n] nights with event nightswevent/nights
0
0
0.0000
1
1
0.0143
3
3
0.0566
1
1
0.0141
3
3
0.0492
0
0
0.0000
8

8
0.0224
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Opportunistic

Table 10: Illustration of camera trap data gathered opportunistically in Germany. nights = total number of
nights recorded, wolf events = number of wolf events registered, nights with event = number of nights in
which wolf activity has been registered.

Camera traps: Germany
camera name nights wolf events [n] nights with event nightswevent/nights
FFDNa
70
2
2
0.0286
FFDNb
68
7
7
0.1029
FFDNc
56
17
10
0.1786
DN1
91
15
13
0.1429
DN2
91
1
1
0.0110
DN3
91
16
13
0.1429
FFSPa
21
0
0
0.0000
FFSPb
51
3
3
0.0588
FFSPc
25
2
2
0.0800
FFSPd
25
1
1
0.0400
FFSPf
25
3
3
0.1200
Total
Average

614

67

55
0.0823

Presence sign survey: systematic versus opportunistic
Using the same steps of analysis as described before, it was compared, whether the
systematic or the opportunistic way of presence sign surveys causes better results
regarding the scat detection rate. The ²-test with simulated p-value indicated no
differences between SP and Z to DN (reference) when considering the systematic way
of sign survey (²Z= pZ  nZ ²SP=3.4169, pSP =0.0826, nSP =3,
nDN =5, number of simulations = 10,000). Then the same test has been repeated considering the opportunistic surveys. Here, significant differences have been found between

both

study

sites

(Z and

SP) compared to

DN

as reference

(²Z=pZ =0.0007nZ ²SP=8.254, pSP =0.0061, nSP =4, nDN =4). The three
study sites were summarized and the systematic fashion and the opportunistic fashion of presence sign survey have been compared using the Exact Wilcoxon-MannWhitney-Test (Z= 0.5179, p=0.6312, nsys =11, nopp =13) (s. Figure 15). After the test
did not show a significant difference between the two techniques, the test was conducted again just comparing the methods at each study site individually to see
whether singular differences can be found. In all these three following tests no significant difference has been found either. The opportunistic method showed lower
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values of scat density than the systematic execution. The considered dimension while
comparing presence sign surveys is the number of scats found per distance [scat/km²]
(s. Table 11, 12).

Figure 15: Comparison of systematic and opportunistic sign survey regarding detection rate.
𝐧𝐬𝐲𝐬 =11, 𝐧𝐨𝐩𝐩 =13. Only the first survey on repeated transects has been considered. The surveys were
conducted at the study sites DN, SP and Z. sys = systematic sign survey, opp = opportunistic sign survey.

Systematic

Table 11: Illustration of sign survey data collected during systematic sign surveys at three study sites (Z =
Zschorno, DN = Dauban, SP = Spremberg). distance = walked distance during survey, Hmax = Human detection
rate (best case), Hmin = Human detection rate (worst case), Hmean = Human detection rate (mean of Hmax
and Hmin).

area
Survey 1 Z
Survey 2 DN
Survey 3 DN
Survey 4 DN
Survey 5 DN
Survey 6 DN
Survey 7 Z
Survey 8 Z
Survey 9 SP
Survey 10 SP
Survey 11 SP

Sign Survey: Germany
distance [km] Scats/km (Hmax) Scats/km (Hmin) Scats/km (Hmean)
15.55
0.0000
0.0000
0.0000
6.63
0.4525
0.3017
0.3771
2.28
0.0000
0.0000
0.0000
4.17
0.9592
0.7194
0.8393
6.57
0.0000
0.0000
0.0000
3.93
0.0000
0.0000
0.0000
3.19
0.0000
0.0000
0.0000
5.06
0.5929
0.1976
0.3953
16.18
0.1236
0.0618
0.0927
7.40
0.1351
0.1351
0.1351
8.09
0.1236
0.1236
0.1236
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Opportunistic

Table 12: Illustration of sign survey data collected during opportunistic sign surveys at three study sites (Z =
Zschorno, DN = Dauban, SP = Spremberg). distance = walked distance during survey, Hmax = Human detection
rate (best case), Hmin = Human detection rate (worst case), Hmean = Human detection rate (mean of Hmax
and Hmin).

Survey 1
Survey 2
Survey 3
Survey 4
Survey 5
Survey 6
Survey 7
Survey 8
Survey 9
Survey 10
Survey 11
Survey 12
Survey 13

area
Z
Z
Z
DN
DN
SP
SP
DN
SP
Z
DN
Z
SP

Sign Survey: Germany
distance [km] Scats/km (Hmax) Scats/km (Hmin) Scats/km (Hmean)
14.66
0.0682
0.0682
0.0682
19.40
0.0000
0.0000
0.0000
9.77
0.0000
0.0000
0.0000
8.35
0.3593
0.3593
0.3593
12.46
0.7223
0.6421
0.6822
13.03
0.1535
0.0767
0.1151
9.40
0.0000
0.0000
0.0000
2.37
0.0000
0.0000
0.0000
7.97
0.0000
0.0000
0.0000
14.13
0.0708
0.0708
0.0708
9.46
0.1057
0.1057
0.1057
12.06
0.4146
0.3317
0.3731
2.88
0.0000
0.0000
0.0000

Sign survey versus camera traps and systematic versus opportunistic
In this part of the analysis I compared the results of the four conducted techniques
(Camera_sys, Camera_opp, Survey_sys, Survey_opp) concerning their effectiveness
(s. Table 13, Table 14, Table 15Table 16, Table 17).
Table 13: Representation of success rate, effort and values of effectiveness of the four different methods
(Survey_sys, Survey_opp, Camera_sys, Camera_opp). The value of effectiveness was multiplied with 100 for a
better illustration.

Detection rate

Survey

Survey

Camera

Camera

sys

opp

sys

opp

0.5455

0.5385

0.0208

0.0896

1,335.95

2,297.39

450.00

825.00

0.0408

0.0234

0.0046

0.0109

[days with proof/days total]
Effort [min.]
Effectiveness * 100

The results of a Kruskal-Wallis-test show, that none of the four methods is significantly different compared to the others (²=2.331, p=0.5066, df=3, nEff_Camera_sys =6,
nEff_Camera_opp =11, nEff_Survey_sys =11, nEff_Survey_opp =13) (s. Figure 16).
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Figure 16: Effectiveness of presence sign survey and camera traps. Data collected at the study sites Dauban
(DN), Spremberg (SP) and Zschorno (Z). CTsys = systematic camera traps, CTopp = opportunistic camera traps,
Ssys = systematic sign survey, Sopp = opportunistic sign survey. 𝐧𝐄𝐟𝐟_𝐂𝐓𝐬𝐲𝐬 =6, 𝐧𝐄𝐟𝐟_𝐂𝐓𝐨𝐩𝐩 =11, 𝐧𝐄𝐟𝐟_𝐒𝐬𝐲𝐬 =11,
𝐧𝐄𝐟𝐟_𝐒𝐨𝐩𝐩=13.

When comparing camera trap use (sys + opp) and sign survey (sys + opp) using the
Exact Wilcoxon-Mann-Whitney-test, the same result appears (Z=-0.9048, p=0.3728,
nCameraTrap =17, nSignSurvey =24). Accordingly, the comparison of opportunistic methods (camera + survey) against systematical methods (camera + survey) does not show
any significant differences (Z=0.1891, p=0.8568, nsys =17, nopp =24).
Table 14: Illustration of data of effectiveness (Camera_sys). The table is showing the basic data of the
calculation of effectiveness: days with wolf event, days in total, success rate, effort [min]. The data were
collected at the study sites DN and SP.

nights
camera 1
camera 2
camera 3
camera 4
camera 5
camera 6

71
70
53
71
61
59

Camera_sys
success rate
[days_with_
eventnights proof/days] effort [min.] effectiveness
0
0.0000
75
0.000000
1
0.0143
75
0.000190
3
0.0566
75
0.000755
1
0.0141
75
0.000188
3
0.0492
75
0.000656
0
0.0000
75
0.000000
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Table 15: Illustration of data of effectiveness (Camera_opp). The table is showing the basic data of the
calculation of effectiveness: days with wolf event, days in total, success rate, effort [min]. The data were
collected at the study sites DN and SP.

nights
camera 1
camera 2
camera 3
camera 4
camera 5
camera 6
camera 7
camera 8
camera 9
camera 10
camera 11

70
68
56
91
91
91
21
51
25
25
25

Camera_opp
success rate
[days_with_
eventnights proof/days] effort [min.] effectiveness
2
0.0286
75
0.000381
7
0.1029
75
0.001373
10
0.1786
75
0.002381
13
0.1429
75
0.001905
1
0.0110
75
0.000147
13
0.1429
75
0.001905
0
0.0000
75
0.000000
3
0.0588
75
0.000784
2
0.0800
75
0.001067
1
0.0400
75
0.000533
3
0.1200
75
0.001600

Table 16: Illustration of data of effectiveness (Survey_sys). The table is showing the basic data of the calculation
of effectiveness: days with wolf event, days in total, success rate, effort [min]. The data were collected at the
study sites DN, SP and Z.

days
survey 1
survey 2
survey 3
survey 4
survey 5
survey 6
survey 7
survey 8
survey 9
survey 10
survey 11

1
1
1
1
1
1
1
1
1
1
1

Survey_sys
success rate
[days_with_
eventdays proof/days] effort [min.] effectiveness
0
0
262.80
0.000000
1
1
112.05
0.008925
0
0
38.53
0.000000
1
1
70.47
0.014190
0
0
111.03
0.000000
0
0
66.42
0.000000
0
0
53.91
0.000000
1
1
85.51
0.011694
1
1
273.44
0.003657
1
1
125.06
0.007996
1
1
136.72
0.007314
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Table 17: Illustration of data of effectiveness (Survey_opp). The table is showing the basic data of the
calculation of effectiveness: days with wolf event, days in total, success rate, effort [min]. The data were
collected at the study sites DN, SP and Z.

days
survey 1
survey 2
survey 3
survey 4
survey 5
survey 6
survey 7
survey 8
survey 9
survey 10
survey 11
survey 12
survey 13

1
1
1
1
1
1
1
1
1
1
1
1
1

Survey_opp
success rate
[days_with_
eventdays proof/days] effort [min.] effectiveness
1
1
247.75 0.004036
0
0
327.86 0.000000
0
0
165.11 0.000000
1
1
141.12 0.007086
1
1
210.57 0.004749
1
1
220.21 0.004541
0
0
158.86 0.000000
0
0
40.05 0.000000
0
0
134.69 0.000000
1
1
238.80 0.004188
1
1
159.87 0.006255
1
1
203.81 0.004906
0
0
48.67 0.000000

Dog survey and human survey
Comparing the results of the presence sign surveys regarding the implementation of
a scat detection dog, it is obvious that the dog-handler-team can only find the same
or a higher amount of scats than the same human without a dog. The average detection rate of the dog-handler-team is 0.28 scats/km (max 0.88 scats/km, min 0.06
scats/km) and 0.20 scats/km for the human searching without a dog (max 0.72
scats/km, min 0.00 scats/km) (considering only C2 scats in Germany) (s. Figure 17). In
both series the standard deviation is 0.19 scats/km. For these calculations, excursions
without findings have not been considered, because it is unknown whether scats
have been missed or whether there have not been any. The mean difference between
the dog-handler-team detection rate and human detection rate is 0.08 scats/km
mean (standard deviation 0.09 scats/km, Min=0.00 scats/km, Max=0.35 scats/km).
Accompanied by the trained dog, I can find on average 41% more wolf scats than
without a dog (difference “human+dog” – “human” = 0.08 scats/km is 41% of average
human detection rate = 0.20 scats/km). The spread of detection rates in the doghandler-team is 0.09-0.47 scats/km and for the human it is 0.01-0.39 scats/km. All in
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all, this shows a higher probability of finding more scats with the human-dog-team
than without a dog.

Figure 17: Detection rate of human-dog-team versus human without dog (𝐧𝐡𝐮𝐦𝐚𝐧−𝐝𝐨𝐠−𝐭𝐞𝐚𝐦 =26, 𝐧𝐡𝐮𝐦𝐚𝐧 =26.
Surveys without findings have been excluded). Considered surveys were conducted at the study sites DN, SP,
Z and MIR. Systematic sign surveys have been involved as well as opportunistic surveys.

Furthermore, the findings of the dog and the findings of the human are represented
individually (not as team), considering that found samples can overlap both
categories (scats found by both, the human and the dog, are included in both series)
(s. Figure 18). Both, the dog´s detection rate and the human´s detection rate is 0.15
scats/km on average. The standard deviation of the human detection rate is
0.18 scats/km (max 0.72 scats/km, min 0.00 scats/km). The standard deviation of the
dog´s detection rate is 0.17 scats/km (max 0.77 scats/km, min 0.00 scats/km). See
Appendix 4.6 for more respective data and Figure 18 for illustration.
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Figure 18: Scat detection rate of human versus dog (𝐧𝐇𝐮𝐦𝐚𝐧 =34, 𝐧𝐃𝐨𝐠 =34). The illustration is showing the
individual detection rate of human (average human finder) and dog each during surveys at the study sites DN,
SP, Z and MIR. Surveys without any findings are included as well.

Sign survey: repeating transects
Systematic transects have been repeated twice (three surveys on each transect). The
detection rates of human and dog are indicating differences in the repetitions. In DN
the detection rate of the human decreases in each repetition (Survey1: 0.25 scat/km,
Survey2: 0.22 scat/km, Survey3: 0.09 scat/km). The same trend is shown by the data
from SP (0.11 scats/km, 0.05 scats/km, 0.00 scats/km). For Z, in the first two surveys
the average values are equal (0.05 scats/km, 0.05 scats/km, 0.00 scats/km). The data
of the dog´s detection rate express other trends. In DN the rate differs from the human´s trend (0.12 scats/km, 0.22 scats/km, 0.14 scats/km). In SP the rate decreases
as well (0.17 scats/km, 0.14 scats/km, 0.00 scats/km). In Z there is no clear trend (0.08
scats/km, 0.16 scats/km, 0.00 scats/km). It is obvious that there are differences in the
development of the detection rate over the surveys in human surveys and dog surveys (s. Figure 19). This could be an indicator for finding conditions are getting more
difficult with each repetition as most of the obvious placed scats have already been
removed. As the dog is using its nose to find scats, this hypothesis could explain why
the dog´s detection rate is not decreasing with each repetition compared to the human´s detection rate. Another explanation for the decrease in human detection rate
could be that most of the scats including very old scats are collected. Fewer scats will
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be found on further repetitions certainly. Still, this hypothesis contradicts the trends
in the dog´s detection rate.

Figure 19: Detection rates of human and dog at the different study sites over repeated transect surveys
(systematic sign survey). Every survey of each study site is described by eight transect parts (n=8), except for
survey 3 in Z (here: n=7).

In DN the chronological difference between the first and the second survey was 10.4
days on average (n=8, min=7 days, max=12 days). Between the second and the third
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survey there have been 8.5 days on average in DN (n=8, min=6 d, max=13 d). In Z the
average difference between the first and the second survey is 12.1 days (n=8, min=4
d, max=19 d). For the period between second and third survey in Z the average is 27.4
days (n=7, min=8 d, max=64 d. Two transect parts have been repeated relatively late).
In SP the chronological differences are differing clearly. As the first survey was conducted several weeks before the repetitions, the average difference between the first
and the second survey is 56.3 days (n=8, min=55 d, max=57 d). The difference between the second and the third survey is lower with an average of nine days (n=8,
max & min=9 d). The pronounced difference in time between the first and the second
survey in SP would led to expectations of high detection rates, as the wolves have
had a lot of time to mark these roads again. However, the collected data do not show
a respective connection.
German results and Danish results – comparison
Finally, the survey results from Denmark shall be compared with the findings of the
German surveys. First, data from German surveys indicated that it is more expedient
to use camera traps opportunistically than systematically. The only wolf picture that
was taken in Denmark was registered by an opportunistic camera trap placed near
scat and track findings. Still, one Danish picture is not enough to thoroughly support
the findings from Germany. According to the German findings there is no significant
difference between opportunistic sign surveys and systematical sign surveys. In Denmark the same pattern is found. The average detection rate for systematic sign surveys is 0.0296 scats/km (only HH, C2 scats, average human detection rate excluding
dog). The respective value for opportunistic sign surveys in Denmark is 0.0289
scats/km. Still the findings in Denmark are not sufficient to confirm the trend from
the German analyses, but on the other hand no contradictory results have been gathered either.
Using the fieldwork data that I surveyed for this thesis, Peter SUNDE from University
Aarhus, Denmark calculated the effort needed to establish the evidence of presence
or absence. The results indicated that 142 km must be walked with the scat detection
dog in Denmark without finding any scats to get a certainty of 90 % that there is no
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single resident wolf in the investigated area. This calculation is based on the assumption that the study site HH can be used as a reference area with at least one territorial
wolf. Using the sign survey data from Germany the effort to investigate the presence
of a pack or a pair is calculated. 10-15 km must be walked with the detection dog
without finding any evidence to get a certainty of 90 % that there is no wolf pair or
pack in the area. Thus, the needed effort is obviously associated with the density of
wolves in the study site. For those calculations all findings have been considered (C2,
C3a). Furthermore, all documented excursions have been involved, without considering the repetition of systematic transects separately (pers. comm. P. SUNDE 2016).
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5 Discussion
This study investigated and compared different wolf monitoring methods in two geographical distinct study areas that also differ in their wolf density. Using a systematic
and an opportunistic approach of each, presence sign surveys and camera trap surveys, wolf proofs were gathered and used to evaluate the effectiveness of the respective method. Additionally, a scent detection dog accompanied the fieldwork and collected data was utilized to assess the suitability of employing dogs in wolf monitoring
and to relate to published studies making use of dogs in wildlife research.

5.1 Effectiveness of wolf proof surveys
The comparisons between the use of camera traps and presence sign surveys showed
that more effort is needed to conduct sign surveys to get comparable results. Nevertheless, sign surveys obtain more reliable results on wolf presence in a shorter timescale. Concluding, the use of presence sign surveys is more helpful, when reliable results are needed timely for a specific area. The comparison between the
opportunistic and the systematic way of using camera traps significantly showed that
an opportunistic placement of camera traps yields faster results and a higher success
rate. The two manners of sign surveys (sys, opp) do not show significant differences
regarding the detection rate, but still show higher values in the detection rate of systematic surveys, which are discussed further. The basic hypothesis raised in this thesis that sign surveys yield a higher detection rate than camera traps can be confirmed.
Additionally, this result is consistent with reports from scientists all over the world,
stating presence sign survey as one of the most efficient methods to confirm the
presence of carnivore species (LINNELL et al. 1998, BAREA-AZCÓN et al. 2007, BARBA et
al. 2010). Differently, the second hypothesis, stating that opportunistic techniques in
general provide better results than systematic techniques could not be significantly
validated in this study.
In this study a trained dog was involved in the fieldwork. The results showed that a
certain amount of found scats would not have been discovered without the dog. Especially fresh scats were detected much better by the dog than by the human. These
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fresh scats can provide important genetic information about the present wolves, especially in new established wolf areas, e.g. Denmark. The differences in detection
rate variation of human (without dog) and dog-handler-team are representing a qualitative distinction between dog-handler-team and human without dog. The average
detection rate of the dog-handler-team is showing a higher value compared to the
detection rate of the human without dog. The mean ± standard deviation of the detection rate of the dog-handler-team covers a superior range of values. These results
confirm the third hypothesis of this work that a higher detection rate is provided by
the application of a scat detection dog in comparison to wolf presence sign surveys
without using a trained dog.
Statements from previous scent detection dog studies can be strengthened with the
results of this thesis: The use of scent detection dogs can provide important assistance in carnivore research (DELLINGER 2011, MUMMA et al. 2015) and can support wolf
monitoring (RINKEVICH 2012). The results of this thesis pose the question, whether the
human-directed search for wolf scats without using a dog is biased. Obviously, some
scats cannot be found without the assistance of a trained dog. They could be placed
somewhere hidden or off the road. Maybe wolves of different age or sex are defecating at different spots near or around the road and even within the territory. This bias
could be excluded when trained dogs are used for further investigations in possible
or confirmed wolf territories. If the dogs´ training is conducted professionally, well
documented and possibly certified, then the use of a trained dog could help discriminating between different canid signs as well. An additional benefit could result from
saving money on genetic analyses if dogs are used for a preliminary pinpointing of
false positives.
After the statistical analysis of German survey data, the trends of Danish survey data
have been compared to these results. The Danish data are matching the results of
the statistical tests. For example, information regarding wolf presence in Denmark
has been gathered using opportunistic camera traps but not using systematic cameras. Still, only few wolf proofs have been collected in Denmark. These are not sufficient to soundly strengthen the German results.
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5.2 Critique of methodology
The comparison of the four methods (camera_sys, camera_opp, survey_sys, survey_opp) is not showing significant differences, but the values of effectiveness of the
two camera approaches are visibly lower compared to the sign survey techniques.
Although the effort of conducting sign surveys is higher than using camera traps, the
higher success rates of sign surveys are causing these strong differences in effectiveness. Still, depending on the situation the effectiveness can be secondary and maybe
feasibility or the type of information needed is more important. Here, the two methods could differ in their suitability in distinct situations and therefore should be chosen according to needs.
During the last two weeks of fieldwork in Germany, the detection rate in SP and in
DN changed compared to previous surveys. The density of scats decreased clearly
and no intensely marked area was made out that could indicate the current area of
residence of the wolf pack. This caused other circumstances regarding the conduction
of opportunistic sign surveys than before. The excursions became more “searching-”
than “collecting-surveys”. A clustering behavior of the wolves in an unexpected part
of the territory could explain these circumstances, and a shift of territory borders and
core areas could have influenced it as well.
Significant differences were detected when analyzing the detection rate of opportunistic sign surveys between DN and both Z and SP. The difference between DN and Z
could be explained by distinct wolf densities in this areas, as DN accommodates a
wolf pack, while Z is only inhabited by a wolf pair. Contrarily, the obtained difference
between DN and SP was unexpected, as both areas accommodate a wolf pack. For
the statistical testing, usually only study sites that do not show significant differences
were grouped, as one can assume similarity. However, the results of the different
study sites were pooled for each approach (sys and opp) to be compared to each
other. This has to be kept in mind, when interpreting the resulting outcome, as the
differences mentioned above could bias the analysis.
The here presented effectiveness only represents the specific situation of the fieldwork in this thesis. Therefore, the results should not be generalized lightly. In other
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projects the effectiveness of the different methods could be different due to a variety
of factors. For instance, in longer fieldwork periods the change of batteries and checking data memory cause a higher effort in the use of camera traps than considered in
this analysis. The effort for opportunistic camera trap use and opportunistic sign surveys could be higher as well. As the opportunistic approaches use previous research
and surveys as a basis, this previous effort should be added into the calculation and
would change the ratio of effort to success rate.
A methodological difference between the execution of fieldwork in Denmark and
Germany is the selection of the study sites. In Germany, it was well known where the
pack or the pair of wolves is ranging and where core areas of the territories can be
found. In Denmark, no comparable knowledge could be used for the selection of the
study sites. This results in the assumption, that Danish wolf ranges might not have
been covered entirely. However, it must be considered that only little evidence of
wolves has been found in Denmark. One camera trap picture and several collected
wolf scats are proving the presence of wolves, but are not sufficient to statistically
support the conclusions resulting from German data.
Presence sign survey
The analysis of collected sign survey data showed that no significant difference can
be found between systematic and opportunistic sign survey. Still, higher values of
detection rate are determined for the systematic approach of conducting presence
sign surveys. Usually, a higher detection rate is expected during opportunistic sign
surveys in contrast to systematic sign surveys. The results of the respective comparison could have been influenced by the fact that the surveys were conducted during
the pup rearing season. Perhaps the opportunistic surveys will yield a higher detection rate when repeating these methods for a longer period or during other seasons.
These uncertainties will also have affected the data and results of this thesis. Thus,
additional data from different seasons should be analyzed using the same methods
utilized in this thesis to compare opportunistic presence sign survey and systematic
sign survey. This could clarify the uncertainties regarding the influence of the season
on the received results.
73

Discussion

In this study, only C2 scats have been involved in analysis of sign surveys. This lowers
the probability of including “false wolf scats” (false positives), which are truly from
other species. C3a scats have only been included for the comparisons of human and
dog. During the fieldwork period all found C2 scats have been documented, but not
every C3a scat was recorded. Importantly, in areas where wolves start to settle, C3
scats can be crucial to prepare further monitoring strategies, provided that an experienced laboratory can confirm that the scats are from wolves (genetically or microscopically).
The repetition of transects for presence sign surveys indicated different trends between the dog´s performance and the human´s. To examine the results of this investigation, further studies are needed without variation of the period length between
the repetitions. The different period lengths between repetitions in this study are
likely to cause bias. The longest periods in between the repetitions were in Z and SP
and thus I expected to find more scats afterwards. This expectation was not met. A
possible explanation could be that wolves only use smaller portions of their territory
during pup rearing season. The results of repeating transect surveys are indicating
that it is not recommendable to repeat transects within a short time without a dog.
Even the comparatively long period of time between several repeating surveys did
not show a different trend. Another investigational idea regarding repetitions of transect is the comparison of scat detection rate of repeated systematic and opportunistic sign surveys. As opportunistic surveys take place in areas where increased wolf
activity is expected, the scat detection rate should be higher during repetitions as
well compared to systematic sign survey repetitions.
The skills and experience of people searching for wolf scats can obviously vary. This
may influence the results (LINNELL et al. 1998). For this reason, only surveys conducted
by myself were included to avoid systematic error. Likewise, the individual walking
speed during sign surveys is varying between humans and also depending on experience for detecting wolf signs. People with a different walking pace compared to mine
would have changed the resulting “effort” values and in turn yielded different values
of effectiveness. Consequentially, the comparison of effectiveness among methods
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can result in different outcomes depending on who conducted the presence sign surveys.
Peter SUNDE calculated the effort needed to get a certainty of 90% that wolves are in
a respective area. 10-15 km without findings are indicating a probability of 90% for
the absence of a pair or pack. 142 km without findings indicate a 90% probability for
the absence of a single territorial wolf. These results could be very helpful for monitoring strategies and surveys in new areas. Still, these calculations should be discussed. From my own experience and the experience from the LUPUS Institute it is
well possible to walk long distances without finding wolf signs in territories of wolf
packs or pairs, as well. Thus, the minimum effort to get a 90%-probability for the
absence of a pack or pair might be higher than calculated here. Furthermore, the
seasonal difference in the wolves´ movement as well as the habitat or the territory
size can clearly influence and change these results. These variables need to be considered as well. To elucidate whether the calculated values are generally applicable
for Europe, further calculations comprising more data are needed.
For the conducted fieldwork it is not known how many scats have been missed during
surveys. Simulated surveys with exposed scats could find the detection accuracy of
humans and dogs. The overall scat density at a study site could be interpolated from
found samples using the estimated accuracy. Scat density analysis could provide a
useful tool to estimate the number of wolves living at the study site. Additionally,
using scat density values, core areas and edges of established wolf territories could
be estimated. This information could provide new knowledge about wolf marking and
defecation behavior.
Camera traps
A negative aspect while using different types of camera traps for this study is that the
camera models are not working identically with respect to their technical functions.
Some cameras are triggered more slowly than others by the respective movement.
Unfortunately, it cannot be excluded that some wolf events have not been recorded,
because some cameras reacted too slowly to register wolf events. Another difference
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between the used camera models is the quality of pictures taken. While some cameras (Reconyx) can produce pictures with good image sharpness, others (Bushnell)
are more prone to record motion blurred pictures. This effect can be minimized when
cameras are set up at places where wolves tend to stop (e.g. marking spots). The
handling and evaluation of camera trap pictures in this study should be considered
as well. In german wolf monitoring only C1 and C2 rated evidence is considered to
prove wolf presence (REINHARDT et al. 2015c). This applies to all kinds of samples (e.g.
pictures, scats, tracks). In this study, C3a rated pictures have been included in the
analysis and treated as positive wolf proofs as well. Additionally, C3a classified scats
have been considered for the comparison of human and dog detection rates only, as
mentioned before. Thus, it cannot be guaranteed that “false wolf pictures” (false positives) were excluded. Altogether, the SCALP-criteria provide a good instrument to
raise the probability for correct evaluation of wolf evidence. It should be kept in mind
that it still cannot eradicate human mistakes.
Wolf biology and environmental impact
Several facts on wolf biology have to be mentioned as they could possibly influence
the results of this thesis. Seasonal shifts of territory borders, as well as different other
reasons could affect the wolves´ spatial use of their territories. During the pup-rearing season, from spring to early fall, wolves are moving differently within the territory
than during the rest of the year (MECH & BOITANI 2003). The density of scats around
dens is higher than elsewhere during this period (LLANEZA et al. 2014). Additionally,
neighboring wolf packs can influence spatial use and marking behavior (MECH & BOITANI

2003). The fieldwork for this thesis was conducted during the early pup rearing

season. The mentioned variation of spatial use within the territory could have caused
different detection rates in the areas of the territory. Especially when looking at the
Zschorno pair in Brandenburg (Z study site) these circumstances should be noted. The
amount of scats found at this study site actually represents a wolf pair, but during
summer 2016 pups have been confirmed in this area for the first time (after the fieldwork of this thesis, pers. comm. G. KLUTH 2016). During previous years a lower detection rate was documented in this area. The comparatively high detection rate in 2016
can be traced to the wolf pair rearing pups in the respective area. This means that
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the registered detection rate not only represents a wolf pair, but a reproductive pair
or rather a young wolf pack (s. definition of wolf presence type, chapter 2.4). This
indicates that the marking behavior of pup rearing pairs differ from that of not reproducing pairs and in turn alters the detection rate.
In contrast to positive aspects of using scat detection dogs as an effective non-invasive monitoring technique, it is not much known about the potential of a dog to influence the wolves´ behavior. During the fieldwork, the handler-dog-team covered
many roads within wolf territories. Therefore, it is obvious that the wolves noticed
the dog´s markings as well. Maybe this interaction could have influenced the wolves´
marking behavior and thus, the results of repeated surveys, as well. Furthermore,
more trained dogs should be included in scientific studies to raise statistic probabilities and detect individual specifics of the dogs.
The obtained results are likely to be influenced by further environmental factors. Climate circumstances are causing differences in the decomposition of scats by organisms or by the weather. Differences in temperature and precipitation could have particularly influenced the decomposition of dropped scats, as well as the performance
of the detection dog (REED et al. 2011). This could have caused differences in
detection rate over time. Furthermore, scats that have been removed were not found
during the fieldwork. For example, at some study sites in Denmark it was told, that
other people are collecting wolf scats for several reasons as well.

5.3 Recommendations
A combination of presence sign surveys and opportunistically placed cameras is recommended. In areas where there are no previous investigations, transects should be
walked that are oriented on “wolf-preferred highways”. That means that straight projecting roads which cover almost the whole area of interest, should be scanned for
wolf evidence first. This recommendation is based on different publications, expert
knowledge and this thesis (e.g. FRITTS et al. 2003, NOWAK & MYSŁAJEK 2016, pers. comm.
I. REINHARDT 2016). If signs are found, the installation of camera traps on the respective roads can be most effective. It is recommended to decide individually if sign surveys are conducted systematically or opportunistically. As conditions in wolf habitats
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of different European landscapes and even local areas can vary, the realization of
more studies such as this thesis are necessary to get more reliable data to strengthen
or disprove the conclusions of this study.
When dogs shall assist wolf monitoring, a thorough preparation is recommended. If
possible, available dogs from a present monitoring network or other involved persons
should be trained. This will distinctly decrease costs for hiring extern professionals
and their dogs (ORKIN et al. 2016). Nevertheless, basic training and training progress
should be attended by experienced dog trainers. In general, it can be recommended
to use a trained dog within wolf monitoring.

5.4 Conclusions
Even if camera traps are a very useful and common tool in wildlife research, presence
sign surveys can deliver results more timely. However, the effort and the costs are
higher in conducting sign surveys. Consequently, presence sign survey is a good
method to investigate wolf presence within a short time or when costs are not limiting. Furthermore, it is a requirement for further opportunistic camera trap surveys.
Concluding, well established sign surveys are needed to detect appropriate places for
opportunistically placed cameras. Hence, opportunistic camera surveys cannot be
used as a single method. Reversely, this means that there is no need to conduct camera surveys when no wolf signs were found during presence sign surveys.
Several studies have proven the effectiveness of scent detection dogs in wildlife research. Different species of birds, reptiles, mammals, insects and other organisms
have been successfully investigated using dogs. Trained dogs can raise accuracy and
effectiveness and lower the costs. Still, it should be kept in mind that the implementation of scent detection dogs can cause costs as well (e.g. ARANDJELOVIC et al. 2015).
In this study an available dog was used, which has already been trained before. As I
am the handler of the dog, no further financial costs resulted from the use of this
detection dog. Concluding, the question whether the implementation of scent detection dogs in wolf monitoring is cost effective cannot be answered thoroughly. Further
studies could investigate the costs of scent detection dog use in wolf monitoring. Sev78
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eral studies proved the dogs´ ability of discriminating scats of different species. Currently, scats of wolf pups are rarely collected and analyzed in German wolf monitoring because the visual differentiation of wolf pup scats and fox scats is not possible
(REINHARDT et al. 2015b). Here, well trained dogs could help discriminating between
collected scats or detect wolf pup scats in die field. Thus, additional important information about wolves could be gathered.
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Appendix 1
Climate tables of the six study sites in Germany and Denmark (source: CLIMATEDATA
2016)

Zschorno (Z) area (Forst, D)

Dauban (DN) area (Lieske, D)

Spremberg (SP) area (Spremberg, D)

Oksböl (OK) area (Esberg, DK)

Hoverdal (HD) area (Ulfborg, DK)

Harrild (HH) area (Herning, DK)
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Appendix

Appendix 2
Protocol for scat collection and documentation (source: LUPUS Institute)
(next page)
Translation of terms:
Endbewertung durch – final evaluation by
Rudel – pack
Ereignis – event
Individuum – individual
Funddatum – date of discovery
Finder/Melder – finder/detector
Bundesland – federal state
Landkreis – district
nächstgelegene Ortschaft – next village
Koordinaten – coordinates
nähere Ortsbeschreibung – detailed description of location
Losungs-Nr. – scat number
Gelände – terrain (road/street, forest, meadow/field, yard/garden, other)
Platzierung – placement (middle of road, wheel track, edge of road, next to road,
junction, elevated placement, near kill of prey (wildlife), near kill of prey
(lifestock)
Alter – age (< 24 hours, 1-3 days, < 1 week, > 1 week, unknown)
Länge – length
Durchmesser – diameter
wolfstypischer Geruch – typical wolf smell
Losung enthält – scat consists of (hair, shivers of bones/hooves/teeth)
Genetikproben genommen – genetic samples taken
Bemerkungen – comments
Fotodokumentation – photo documentation
protokolliert am – date of recording
von – by (who filled the protocol)
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Monitoring Wolf - Losung
Endbewertung durch:

Rudel:

SCALP:

Ereignis:

Individuum?:

Funddatum:

Finder / Melder:

Adresse / eMail:

Tel:

Bundesland:

nächstgelegene Ortschaft:

Landkreis:
Koordinaten:

/

(Koordinatensystem:

)

nähere Ortsbeschreibung:
(Flurname etc.)

Gelände:

Losungs-Nr.

Weg / Straße
Wald

Wiese /Feld /Offenfläche

Hof / Garten

sonstiges:
Platzierung:

Mitte des Weges

Fahrspur

Wegrand

abseits von Weg

Kreuzung
erhöht platziert, wo:
in Nähe von Wildtierriss
Alter:

< 24 Stunden

Länge (cm):

1 – 3 Tage

Durchmesser (cm):

in Nähe von Haustierriss
< 1 Woche

> 1 Woche

wolfstypischer Geruch:

unbestimmt
ja

nein

Losung enthält äußerlich sichtbar:

Haare

Knochenstücke / Schalen (Hufe) / Zähne

Genetikproben genommen:

ja

nein

Bemerkungen:

Fotodokumentation:

protokolliert am:

ja

nein

von:

© LUPUS Institut für Wolfsmonitoring und –forschung in Deutschland
Dorfstraße 20, D-02979 Spreewitz, Tel: +49 (035727) 577 62, Fax: - 579094, Email: kontakt@buero-lupus.de

Appendix

Appendix 3 - Map of wolf occurrence in Germany (2015/16) (BFN 2016b).
(next page)
Translation of terms:
Wolfsvorkommen in Deutschland im Monitoringjahr 2015/2016 – wolf occurrence
in Germany during monitoring year 2015/2016
10 x 10 km Raster – 10 x 10 km grid
Nachweise gem. Monitoringstandards – proofs according to the monitoring
standards
Rasterzelle mit nachgewiesener Reproduktion – grid cell with proven reproduction
Bundeslandgrenzen – borders of federal states
Zusammengestellt vom Bundesamt für Naturschutz (BfN) nach den Monitoringdaten der Bundesländer – Compiled by the Federal Agency for Nature Conservation (BfN) based on the monitoring data of the federal states
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Appendix

Appendix 4
Fieldwork data on CD
4.1 Camera Traps data
4.2 Sign Survey data
4.3 Transect repetitions
4.4 Wolf scats (C2&C3a) data
4.5 Effectiveness of methods
4.6 Detection Dog
4.7 Demonstration video of Scat Detection Dog “Riga” working in a simulated situation (30 sec., MOV-file, video: F. Böcker)
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