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Abstract —Wild boar is a widespread and abundant species for which until now reliable and accurate
population estimates are still lacking. In this study, a method based on non-invasive genetic sampling applied
in a mark-recapture framework is tested. Faeces collected along line transects serve as DNA source. Aim of
the study was to evaluate efficiency and practicability of the sampling design and to assess if a sample size
sufficient for reliable population estimation can be achieved. In a 12-day sampling trial which was conducted
in winter 2006 and covered approx. 25 km?, 4 persons collected 141 fresh wild boar faeces originating from
74 different individuals. This sample size was below those recommended for non-invasive mark-recapture
studies. Population estimates calculated using program CAPTURE strongly differed between models. Even
though the non-invasive approach worked in principle for wild boar, further research will have to focus on
increasing sample size while keeping cost and effort acceptable for a large scale application of the method.

mark-recapture / genotyping / transect / sample size/ population density

Kivonat — Alkalmas-e a hullatékgyijtéses mintavétel a gyakori entisbk non-invaziv genetikai
populéacié becslésére, alacsony (ritési rata esetén? Esettanulmany szabad terlleteé él
vaddisznokon (Sus scrofg Délnyugat-NémetorszagbanA vaddisznd egy széles kérben elterjedt és
gyakori faj, amelynek megbizhaté és pontos genetikai populacio becslése ez idaig nem tértént meg. Ebben a
vizsgalatban a modszer a non-invaziv genetikai mintavételen alapult, amelyet az alkalmazott jelolés-
visszafogads moddszer keretében valdsitottunk meg. A vonaltranszekt méijtigth lgyllatékok nyujtottak a

DNS forrast. Kutatasunk célja volt, hogy megbecsiiljik a mintavételi médszer kivitelezésének hatékonysagat
és hasznalhatosagat, és megallapitsuk azt a mintaméretet, amelyedapegtizhatd populaciébecsléshez,

és megvaldsithatd. A 2006 telén korulbelll 25 km2-en végzett 12 napos fjtetagiatt, 4 § 141 friss
vaddiszné-hullatékot d@ytott, 74 kilonbdz egyedbl. Ez a mintaszam nem érte el a non-invaziv jelolés-
visszafogds moddszerhez ajanlott elemszamot. A CAPTURE programmal végzett populaciébecslés
hatarozottan eltért a modellek kozétt. Annak ellenére, hogy a non-invaziv megkozelités alajijaiioitt e
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vaddiszn6é esetében, a tovabbi kutatdsokban az zemacvelésére kell fokuszalnunk gy, hogy a
koltségeket ne noveljuk, és a raforditott munkagaifihato legyen a modszer alkalmazasanal.

befogéas / genotipizalas / transzekt / mintanagysagbpulécio diriiség

1 INTRODUCTION

Population estimation is an important task forremagement of wild boar, in particular with
respect to the epidemiological role wild boar piaythe transmission of the classical swine
fever (Artois et al. 2002) or in order to evaluaféiciency of hunting measures. In research
for methods that enable to obtain reliable data ared less biased than most traditional
approaches (e.g. hunting bag analysis or traditiovaak-recapture), strategies based on non-
invasive genetic sampling yield promising resutisdeveral species (Piggott — Taylor 2003).
The tissue sources most commonly used for populastimation in mammals are hair and
faeces. Population estimation via hair samplingbeen applied for several different species,
e.g. grizzlyUrsus arctosand black beart). americanugMowat et al. 2005) and badgers
Meles melegScheppers et al. 2007). Faeces have served assbike e.g. in estimation of
coyoteCanis latrans(Kohn et al. 1999), African elephabbxodonta africangEggert et al.
2003) and lesser horseshoe &tinolophus hipposiderugPuechmaille — Petit 2007)
populations. After individual identification of saes via genotyping, a modified capture-
mark-recapture approach can be applied for pojpmastimation (Woods et al. 1999).

For wild boar, the suitability of both hair and das as DNA sources has been tested (Fickel
— Hohmann 2006). For wild boar like for other spediair is more favourable compared to faeces
in terms of DNA quality and quantity (Franz et2004, Fickel — Hohmann 2006, Regnaut et al.
2006). However, a pilot study conducted in thedfielvealed that hair sampling at baited stations
is not practicable for reliable population estimati{Ebert et al. submitted): behaviour of wild
boar at the stations differed strongly dependenindividual age and group status, resulting in
heterogeneous individual sampling probabilities.aAsalternative, we collected wild boar faeces
along transects in a forested area in southwe&ermany. Our aim was to develop a reliable,
representative and cost-effective sampling straf@ggon-invasive population estimation. In this
respect, obtaining a sufficient sample size is raportant factor. For non-invasive genetic
population estimation, several authors recommetidating 2 to 3 times as many samples as
animals are assumed to be present in the samppedagion (Miller et al. 2005, Solberg et al.
2006). This recommendation is based partly ondoethat a certain proportion of the samples
will have to be discarded from genetical analysige do low DNA quality or quantity
(Puechmaille — Petit 2007). In general, when intemntb apply mark-recapture methods, the best
way to obtain estimates with low bias and goodipi@t is to ensure high capture probabilities
and a high rate of recaptures (White et al. 1985 necessitates an intensive sampling. On the
other hand, a method has to be kept feasible. Tiigimed at evaluating the practicability and
efficiency of a faeces sampling design based @nttemsects. Compared to other ungulates, wild
boar have a low defecation rate (Briedermann 198fhbe et al. 1997). Consequently, obtaining
a sufficiently large sample is a crucial point st context. Furthermore, wild boar are a
widespread and abundant species, the faeces oh whik distribute over wide areas. This
exacerbates the difficulty of obtaining a suffici@ample size. Furthermore, it may limit the
scope of non-invasive methods in terms of costedfatt for wild boar compared to rare and/ or
endangered species.

We conducted our sampling trial in winter in order keep loss of samples due to
degradation and insects as low as possible. Fuontiver sampling during low ambient
temperatures has been shown to increase genotypaegss e.g. in wolves Canis lupus (Luccini
et al. 2002), wolverines Gulo gulo (Hedmark et28l04), mouflon (Ovis musimon) and alpine
ibex Capra ibex (Maudet et al. 2004). Furthermbgerepeating the same transect routes as
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accurate as possible for every sampling occasienintended to maximize the possibility of
collecting fresh faeces (i.e. less than 48 houdj, ovhich has been shown to increase
genotyping success (see e.g. Arrendal et al. 200iphy et al. 2007, Santini et al. 2007).

2 METHODS

2.1 Study area

Faeces sampling was carried out in a site of 25Gsituated in the Palatinate Forest in
southwestern Germany (49°12'N, 7°45’ E). Elevati@amges mostly from 250 to 450 m a.s.l. with
a minimum of 210 m and a maximum of 609 m. Hillsl aalleys are orientated mainly from
northeast to southwest. The predominant nativet pfammunity is beech forest (Luzulo-
Fagetum). The area is covered with forest to apmabely 90% (44%Fagus sylvatica26%
Pinussp., 10%Picea abies12%Quercus petraeandQuercus roburReis 2006). Several small
settlements with surrounding open areas lie ap#rghery of the study area. Annual average
temperature is 8-9°C (Weil3 1993), annual precipitaapproximates 600 — 1000 mm.

Three ungulate species occur in the PalatinatesEaexd deer@ervus elaphys roe deer
(Capreolus capreolysand wild boar $us scrofp The annual harvest of wild boar in the
state-hunting areas between 1999 and 2006 avePagésdividuals per kih(Range: 1.14 to
5.23 individuals per kfhand year; Reis 2006). The hunting bag in the styelgr was
comparably low: 1.6 wild boar per Rm

2.2 Faeces sampling and genotyping

Sampling was carried out between Novembét &7d December 122006. Wild boar faeces
were collected along 16 transects of approx. 7 kem8ength eacl@Figure 1) Transects were
installed parallel to each other in direction frararth to south (overall length: 104 km).
Trails, small roads or streams were crossed, iessary, but it was avoided to conduct
transects along trails or roads, in order to preymiential bias of sampling results. The
parallel N-S transect design was chosen with theetaicover the study area as representative
as possible by including all occurring habitat ty@ad altitudinal levels. Four persons each
walked two transects per day. Thus, all 16 trasseetre searched within 48 hours. The total
of 16 sampling days was divided into 2 blocks afe&§s with a break of 4 days in between.
Thus, each transect was searched 8 times in tdtahva period of approx. 3 weeks. In order
to ensure that the same transect routes were sehinhevery repetition, transects were
marked using spray paint on trees. The transedhwittich could be effectively searched for
wild boar faeces by a walking person was approxetge® m.

Whole faeces were stored frozen (-19°C) in sedkstip bags until analysis. Genotyping
of samples was carried out in the laboratoriehefliniversity of Koblenz-Landau, Germany,
based on 4 microsatellite loci and one Y-linked s@xker (Kolodziej et al. 2008). In order to
obtain reliable consensus genotypes, all homozylpmiisvere repeated 10 times, whereas for
heterozygous loci, 3 successful repeats were daoué

Based on the genotyping results, population sizze walculated using program CAPTURE
(White et al1978). For later comparison, we chose 5 differevdets from the program:

» the null model (MO) which assumes equal samplir@bability for all individuals in

the population, no behavioural response to samglitgno variation over time

* Mt assuming a variation in sampling probability otiene

* Mh Jackknife (Mh J) and Mh Chao (Mh C) assumingivitial heterogeneity of

sampling probabilities

« Mth Chao (Mth C) assuming sampling probability taryw over time and due to

individual heterogeneity

Acta Silv. Lign. Hung. 5, 2009



170 Ebert, C. — Kolodziej, K. — Schikora, T.F. — SchHdX. — Hohmann, U.

The two Chao models have been developed espeéiallyse with small sample sizes
(Chao 1989).

1 km
]

Figure 1. Transect design in the study area (25) lané buffer with the width of a mean
monthly wild boar home range radius marking theaffle sampling area (52 km2)

Additionally, we incorporated the model selectiamgess of program CAPTURE which
suggests an ‘appropriate’ model following the rssof program-inherent goodness-of-fit tests.

Because in our study area the population can nasksemed to be closed, population
densities have been calculated with a buffer of010® around the study area, which
corresponds to the radius of an average monthly 882§-home range of wild boar
radiotracked in the study area (Ebert et al. 200/us, the area used for density calculation
corresponds to 5200 ha.

3 RESULTS

3.1 Faeces sample collection

In 12 sampling days, 141 wild boar faeces weresct#ld Figure 2. To obtain these samples,
a total of 622 km of transects were covered. Thepsiag was carried out by four persons;
total time expended was 335 man-hours. This cooregpto 0.23 samples per km of transect
and 0.42 samples per man-hour, respectively. Thebeu of wild boar sampled per day
varied considerably in both sampling blocks (dag tlay 6 and day 7 to day 12 respectively).
In both cases, it showed a decline from the fiest th the last day of each blodkidure 1).
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Of the 141 samples, 89 (63%) were genotyped suttlgssepresenting 74 individual
animals. The frequencies with which wild boar weenpled 1, 2, 3, 4 and 5 times were
66, 4, 3, 0, 1, respectively. This corresponds4adsampling events altogether. Of the 74
individuals, 48 were female and 26 were male (aéiw male : female 1 : 1.84).
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Sampling day

Figure 2. Number of wild boar sampled per day.
The number of animals sampled first time is givegrey, recaptures are given in black.

3.2 Population estimation

Model selection routine in program CAPTURE suggésietime specific variation in the
sampling probabilities (Chiz = 39.335, df = 11, p0001) as well as the possibility of
individual heterogeneity (Chi2 = 22.430, df = 115 9.021). CAPTURE suggested model Mt
as the appropriate estimator. The different models estimated sampling probabilities of
about 0.02 (2%) per sampling day. The point estsiand confidence intervals as well as the
population density vary between the different med@lable ). In order to evaluate the
degree of coverage, we calculated the ratio sasipé# estimated population size to enable
comparison with the recommended sample sizes (seeduction). Averaging over the
different models’ results, we obtained in mean Gdsples per wild boar assumed to be in
the sampled populatidiTable 1).

Table 1. Population estimates and population desssiderived from wild boar faeces samples
using different models in program CAPTURE (see fextdescriptions of the
models). Population densities (wild boar per km®ravcalculated based on an
effective sampling area of 52 km2. The mean samgiobabilities are estimates
generated in program CAPTURE.

Estimation model MO Mt Mh J Mh C Mth C
Population size N 225 221 308 619 523
(95% CI) (153 — 364) (151 — 355) (248 —391) (270 —1587) (270 — 1106)
Population density 4.3 4.3 5.9 11.9 10.0
(95% CI) (29-7.0) (29-6.8) (48-75) (52-305 (5.2-21.3)
Mean sampling

probability 0.032 0.034 0.024 0.011 0.014

Ratio collected

faeces/ estimated N 0.63 0.64 0.46 0.23 0.27
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4 DISCUSSION

4.1 Sample size considerations

Considering the recommendations and theoreticalinegents of traditional mark-recapture
methods, the sample size achieved in our faeceplisgntrial seems small (see e.g. Otis et al.
1978, White et al. 1982). This also holds true watspect to sample size recommendations based
on the experiences of other non-invasive genetpulption studies (Puechmaille — Petit 2007,
Solberg et al. 2006): In order to achieve the diwpbiecting 2 to 3 times as many samples as the
assumed number of wild boar in our study area n éiveve take the lowest of our estimates
(Model Mt) as a measure - the desired sample si@an case would have been 442 to 663 faeces
samples. Consequently, the sampling probabiliséisnated in program CAPTURE for our data
are low. While Otis et al. (1978) state that ‘captyrobabilities have to be at least 0.1 for each
capture occasion to obtain reliable results, insbudy the estimated probabilities ranged model-
dependent from 0.011 to 0.034. Thus, even thoughfabces sampling procedure worked in
principle for wild boar, the number of collecteéd¢as will have to be increased considerably in
the future. Consequently, the number of sampldsatet! is only 0.23 to 0.64 times the estimated
number of wild boar, dependent on which model isseh. One reason for the low sample size
may be the rather low defecation rate of wild bm@mpared to other ungulates. While the mean
number of defecations per 24 hours in wild boarayes 4.5 (Briedermann 1990), the rate in red
deer Cervus elaphysis 19 and in roe dee€épreolus capreolysl4, respectively (Tottewitz et
al. 1998). A survey of red deer faeces carriediowiur study area in spring 2009 yielded a
sampling success of 1.6 samples per km of trarfjs&cRahlfs, pers. comm.) — this is almost
seven times the density of wild boar faeces, etengh wild boar are assumed to be more
abundant in this area than red deer. However, $asmmpling also has been carried out for some
carnivores with defecation rates comparable toetlubswvild boar, e.g. brown beddssus arctos
and Iberian lynxynx pardinugBellemain et al. 2005, Palomares et al. 2002).ilBapecies like
e.g. lynx or under colder or drier climatic comulis, faeces can be suitable for analysis for longer
time compared to wild boar in our study area. Ttweddion that even older faeces have to be
successfully analyzable can be crucial for thetjwaality of the method especially when applied
to rare and elusive species (Palomares et al. 2B02)wild boar faeces, DNA quality seems to
decrease considerably from 48 h after defecatioify, some variations depending on weather
conditions (S. Eckert, unpublished data). Similattggns have been shown for several other
species (Fernando et al. 2000, Piggot 2004). Trecjent searching of transects is important for
obtaining samples as fresh as possible. For thgre we searched all transects every second day
in our study, thus ensuring that the age of thentgjof samples is less than 48 hours.

The most obvious method to increase sample size ligise sampling effort. However,
this can affect the feasibility of a method depende the facilities available. A promising
approach for more effective faeces collection, Wwhias already been applied successfully
e.g. to grizzly bearsJrsus arcto}, is the search with trained dogs (Wasser e0@4 2L ong et al.
2007). Dogs have been shown to reach significdmjger faeces detection rates compared to
humans (Smith et al. 2005). However in wild boapehding on area and population, the
prevalence of Aujeszky’s disease — which is lefbaldogs like for most carnivores (Bastian
et al. 1999, Miiller et al. 1998) can be more os song. This holds the risk of infection for
detection dogs, since Aujeszky-Virus has also pmot@ be present in wild boar faeces
(C. Adlhoch, pers. communication). Thus, this sangpimethod does not seem to be feasible
for wild boar. The necessary increase in sampke stiould therefore be realised by increasing
sampling intensity (longer period, more observersre/ longer transects) or by a change of
sampling strategy (e.g. by combination with huntlrg or some other kind of additional
sampling).
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4.2 Population estimation

The population estimates and confidence intervats/ed from the capture histories of the 74
wild boar show considerable variation dependenthenapplied models. Models MO and Mt
show very similar results. Resulting from the diffieces between the trial days in the number
of wild boar sampled, CAPTURE model selection st model Mt as appropriate. But
considering the biology and behaviour of wild baad also the results of the majority of non-
invasive studies, we would expect a certain hetmey in the sampling probabilities
(Knapp et al. 2002). The Jackknife Mh model, whiglkknown to perform well with large
samples (Burnham — Overton 1978, Chao 1987), yieldd@igher estimate compared to the
models not incorporating heterogeneity. The two cChadels (Mh Chao and Mth Chao),
which both incorporate heterogeneity and which saigl to be especially suited for small
samples like ours, show very high estimates andhnferger confidence intervals compared
to the others. The densities obtained from our datfa those two models lie in the range of
the highest wild boar densities reported by Helmegteal. (2007). Compared to Mh Jackknife,
Mh Chao gives a population estimate twice as high.

The question which one of the estimates is cldset$te real population size is difficult to
answer. It has been shown previously, that the med&ction procedure in program
CAPTURE has low power in many cases, especialliowtsample sizes (Menkens et al.
1988, McKelvey — Pearson 2001). Furthermore, path® model selection tests failed with
our data because the expected values were too.sftgalh consequence, we would not
consider the suggested appropriate model Mt amtst suitable. Menkens et al. (1988) state
that for very small data sets the Lincoln-Peterestimator may provide more reasonable
results as the more complex CAPTURE models. Wheplyeqyg the Lincoln-Petersen
estimator (in its bias-corrected form; Chapman }36lour data set by setting day 1 to 6 as
the ‘capture’ and day 7 to 12 as the ‘recaptur&,obtain a population estimate of 265 wild
boar. This estimate lies in between those of theletso MO, Mt and Mh Jackknife.
Considering the different results while taking irgocount our very small sample and the
statements of Menkens et al. (1988), the real @tiom size may be best reflected by the less
complex models. These seem quite reasonable fostady area and the study year: When
comparing with densities estimated during previstusdies in other parts of Europe (as
reviewed in Hebeisen et al. 2007), the densitiekahitats similar to our study area were
comparable or even lower. Considerably higher tieasivere mostly reported from habitats
with more favourable conditions e.g. due to agtigal crops as food sources. Besides the fact
that our study area is a rather poor habitat withgucultural areas, the hunting bag in the study
year was very small compared to the years befaren(éhough hunting effort did not change
between the years), indicating that the populatic2006 was low even for this area. However,
until now the possibility of a biased estimatioreda edge effects or due to genotyping errors can
not be ruled out and requires further investigati@ed<olodziej et al. 2008).

The sex ratio of the genotypes derived from thedaesamples could either represent the
real ratio in the population or be an artefact ttwmehe small sample size. Considering the
sampling design, we do not believe the detectiatability to vary strongly between the two
sexes. In the year of our study, 83 wild boar hbgen harvested in the study area. The
hunting bag of the drive hunts in winter 2006/2886wed a similarly female-biased sex ratio
(male : female 1 : 1.53 in the hunting bag compaed : 1.84 in the faeces samples
[Landesforsten Rhineland-Palatinate, pers. comim.jhe study year compared to our faeces
samples. In general, a hunting bag may not represerunbiased sample of a population.
However, in drive hunts harvesting of wild boamisch less selective compared to single hunt,
and thus we assume the drive hunt sex ratio teeheento the real ratio in the population. Thus,
the drive hunt sex ratio supports the idea thatd#tection of more females than males in our
faeces sampling might reflect reality and not berassequence of the small sample size.
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4.3 Cost effectiveness

The costs for personnel and transport during #ld fvork (4 persons working on 12 sampling
days plus processing of the field data) amounte)G00 Euros (approx. 11,300 US$). Analysis
of faeces samples in the lab (1 person working Bthwand costs for extraction kits, PCRs
and sequencing) cost approx. 70 Euros per sampl&J8%). Thus, the costs for the analyses
of 141 samples amounted to approx. 9,690 Euro§103US$). Total costs of the sampling
trial and genotyping thus were approx. 17,690 E28s000 US$), of which 45% represent
field work and 55% are laboratory costs.

Comparing this to other studies, our costs andrieffiut also our yield (in form of
samples) is low: The costs for a one-year studprown bears\rsus arcto} carried out by
Solberg et al. (2006) amounted to 66,700 to 77H@0®@s (95,130 to 110,800 US$). However,
in this study a total of almost 700 samples werkected and analysed in two years. In a
second bear study, Wasser et al. (2004) used ®mnd 4 trained dogs to collect bear
faeces. They collected 880 grizzly and black be#nsis arctos, U. americanudaeces
samples in two sampling trials over two years. e first sampling trial, a minimum of
250 km of transects were searched, the minimunsé@rength for the second trial was 600
km. Wasser et al. (2004) report costs of about 388 per sample (of these, 44% attributed
to personnel, 9% to field transport, 42% to DNAlgses and 5% to hormone analyses). Total
costs for their first trial (400 samples) therefamounted to approx. 200,000 US$ and for
their second trial (480 samples) to approx. 2201086.

Compared to our study, both bear studies workedaomuch larger spatial scale
(7328 km2 and 5200 km?). Needless to mention thatabundance of wild boar is much
higher and their movement behaviour is considerabhaller scaled compared to brown
bears and black bears. The estimated densitiegafstrange from 0.021 bears per km?
(Solberg et al. 2006) to 0.037 bears per km? (Wassal. 2004). Thus, even our lowest
estimated densities (4.3 wild boar per km2) are twaers of magnitude higher compared
to the estimated bear densities. In terms of effggtand population coverage, the two
bear studies yield considerably higher values: &gbet al. (2006) collected 2.26 and
1.22 times as many samples in their two study yearhe estimated number of bears, and
Wasser et al. (2004) even obtained 17.14 timesasyrsamples as they estimated bears
in their population under study. In contrast testhwe will have to increase the wild boar
sample size at least threefold in order to reachrttio recommended by Miller et al.
(2005) and Solberg et al. (2006).

We found no other studies which give an accourheif cost and effort, so that material
for comparison is scarce. But in relation to the sstudies cited above, it becomes apparent
that non-invasive population estimation is carwed in a much larger dimension in terms of
cost and effort. However, it may be questionabliné same dimension of cost and effort is
acceptable for a widespread and abundant (andmi@ngered) species like the wild boar,
especially when application on a larger scale srdd.

4.4 Conclusions

The basic method of non-invasive population estiomatiia faeces sampling seems to
work for wild boar. However, several problems rem#& be solved before it will be

possible to obtain unbiased and accurate estimatashe approach presented here. First
of all, the population estimates presented in gaper depend on reliable lab analyses.
With faecal samples from wild boar, accurate gepioty turned out to be particularly

challenging. At the time of printing, reliabilityf ehe lab results had yet to be confirmed.
Thus, presented estimates must be regarded ampraty. Furthermore, the sample size
will have to be increased considerably. Also, addal studies are needed in order to
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assess if there are sources of bias which until r@ewain undetected. For example, the
female-biased sex ratio we found in our faeces $argpnotypes should be verified in
order to evaluate if there exists a sex-relateérogieneity in sampling probability.

For wild boar management and to control the spoédte classical swine fever, reliable
population estimates are highly desirable. Howeifethe method presented here is to be
applied on a larger scale, a serious concern wdeskerves further research will be to obtain a
sufficient sample size while keeping the cost difmtteacceptable.
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