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12 Abstract Eurasian wild boar (Sus scrofa) is an important
13 reservoir host for pathogens affecting humans and domestic
14 animals. The eradication of these diseases may require the
15 development of control strategies that reduce pathogen
16 transmission between wildlife and domestic animals. Bait-
17 ing for oral vaccine delivery is often considered for wildlife
18 disease control. The effective and efficient field vaccination
19 of wildlife requires species-specific baits as delivery
20 vehicles for oral vaccines and designing appropriate baiting
21 strategies. The objective of this study was to determine the
22 proportion of young and adult wild boars and non-target
23 animals that consumed baits containing a chemical marker,
24 iophenoxic acid (IPA), in delivery trials conducted in
25 summer in four different sites in the Mediterranean region
26 of Spain where wild boars are abundant. The proportion of
27 wild boars showing IPA markers in serum in autumn ranged
28 from 11.5% to 56.4%. When attending to age classes,
29 12.6% to 72.7% of young individuals presented IPA. The
30 results evidenced that the percent of wild boars that
31 ingested the baits varied among study sites and age classes.

32Placing baits inside selective cages (for juveniles) and
33under heavy pavel stones (for adults) contributed to
34improve age specificity in bait consumption. We suggest
35ways for improving the age specificity of bait delivery
36systems used for young and adult wild boars.

37Keywords Bait . Bovine tuberculosis . Iophenoxic acid .

38Vaccine .Wild boar

39Introduction

40Eurasian wild boars (Sus scrofa) are key wildlife reservoir
41hosts for diseases affecting livestock, such as classical
42swine fever (Kaden et al. 2005), and Aujeszky's disease
43(Ruiz-Fons et al. 2008), as well as for several zoonotic
44diseases including bovine tuberculosis (bTB; Naranjo et al.
452008). The total eradication of a disease is very difficult if a
46wildlife host is able to serve as a natural reservoir of the
47pathogen (Gortázar et al. 2007). Hence, the eradication of
48diseases shared between livestock and wildlife may require
49the development of control strategies that reduce pathogen
50transmission between wildlife and domestic animals using
51vaccination or by reducing host density (Brauer et al. 2006;
52Ballesteros et al. 2007; Cross et al. 2007).
53Along with hunting, live-trapping, and habitat man-
54agement, control of both wild boar and feral pigs may be
55achieved through baiting with baits containing poison
56(McIlroy et al. 1989; Saunders et al. 1990; Cowled et al.
572006; Twigg et al. 2007) or contraceptives (Linhart et al.
581997). Baiting with oral vaccines is also used for wildlife
59disease control (Baer 1976; Cross et al. 2007). However,
60the effective and efficient field vaccination of wildlife
61species requires the development of stable and species-
62specific baits as delivery vehicles for oral vaccines (Brauer

Communicated by H. Kierdorf

C. Ballesteros (*) : J. Vicente : R. Carrasco-García :R. Mateo :
J. de la Fuente :C. Gortázar
Instituto de Investigación en Recursos Cinegéticos
(IREC) (CSIC-UCLM-JCCM),
Ronda de Toledo s/n,
13005 Ciudad Real, Spain
e-mail: Cristina.Ballesteros@uclm.es

C. Ballesteros
e-mail: Cristina.ballesteros@irec.csic.es

J. de la Fuente
Department of Veterinary Pathobiology, Center of Veterinary
Health Sciences, Oklahoma State University,
Stillwater, OK 74078, USA

Eur J Wildl Res
DOI 10.1007/s10344-010-0483-9

JrnlID 10344_ArtID 483_Proof# 1 - 10/12/2010



AUTHOR'S PROOF!

U
N
C
O
R
R
EC
TE
D
PR
O
O
F

63 et al. 2006; Ballesteros et al. 2007) and designing
64 appropriate baiting strategies (Vos et al. 2008). In Spain,
65 controlled vaccination trials are being conducted to
66 eventually use wildlife vaccination as a disease manage-
67 ment tool for Aujeszky's disease (Ruiz-Fons et al. 2008)
68 and bTB (Ballesteros et al. 2009c). Additionally, we
69 developed oral baits suitable to deliver pharmaceuticals
70 to free-living wild boars, and developed techniques to
71 improve specificity and uptake rate in overabundant wild
72 boar populations (Ballesteros et al. 2009a). These baits
73 could be used for the oral immunization of 2–4-month-old
74 wild boar piglets (Ballesteros et al. 2009b).
75 Chemical markers are incorporated into baits to enable
76 identification of individuals consuming baits. Substances like
77 rhodamine B, tetracycline, and iophenoxic acid (IPA) have
78 been used as markers in bait delivery experiments (Fletcher et
79 al. 1990; Farry et al. 1998; Fleming et al. 2000). Iophenoxic
80 acid (α-ethyl-2-hydroxy-2,4,6-triiodebenzenepropanoic acid;
81 hereafter Et-IPA) was clinically employed as a cholecysto-
82 graphic medium in 1950s due to its low systemic toxicity
83 and low level of unpleasant side reactions (Shapiro 1953).
84 However, it was proven to cause prolonged elevation of serum
85 iodine levels so it was withdrawn from clinical use in 1957
86 because of its long persistence in plasma. The plasma half-life
87 in humans is of the order of 2.5 years (Astwood 1957).
88 Recently, Et-IPA has been used successfully to investi-
89 gate wild boar baits and baiting strategies to deliver oral
90 vaccines, contraceptives, and toxicants (Fletcher et al.
91 1990; Mitchell 1998; Fleming et al. 2000; Campbell et al.
92 2006; Cowled et al. 2008; Massei et al. 2009). Et-IPA can
93 be incorporated into baits as a chemical marker because it
94 binds to proteins in the blood plasma and elevates the
95 protein-bound iodine in animals that consume Et-IPA-marked
96 baits. Percentages of wild boars and feral pigs sampled in the
97 sites where Et-IPA-marked baits have been distributed vary
98 from 31% (in one of the three study sites of Fleming et al.
99 (2000)) to 95% (Fletcher et al. 1990). Mitchell (1998) found

10063% of adult feral pigs eating marked baits whereas
101Campbell et al. (2006) and Cowled et al. (2006) reached
10274% and 73% of the feral pigs sampled, respectively.
103Determination of the proportion of wild boars and non-
104target animals consuming baits is crucial to optimize and
105evaluate the cost and success of baiting campaigns.
106Moreover, we hypothesized that age-specific delivery could
107be achieved by deploying baits in special cages or under
108heavy stones. The aim of this study was to determine the
109proportion of young and adult wild boars and non-target
110animals consuming two kinds of marked baits (one directed
111to adult wild boar and another targeting wild boar up to
1128 months old) in a bait delivery trial conducted at four
113different sites in the Mediterranean region of Spain where
114wild boars are abundant.

115Materials and methods

116Study sites

117Experiments were conducted in four hunting estates in the
118provinces of Toledo: Quintos de Mora estate (403926 E;
1194361344 N; 68.6 km2; site 1); Ciudad Real: Riofrio
120(371401 E; 4326485 N; 32.7 km2; site 2) and Rosario
121(378481 E; 4326095 N; 20.9 km2; site 3) estates; and
122Guadalajara: CM estate (581715 E; 4517113 N; 11.0 km2;
123site 4), Castilla—La Mancha, central Spain. Sites 1 and 4
124are fenced, thus making them almost impermeable for
125ungulate immigration or emigration. Sites 2 and 3 are quite
126permeable so movements of animals are more likely.
127The study sites were selected to be representative of the
128wide range of wild boar abundances that can be found in
129South Central Spain. A population of 400 wild boars was
130estimated according to manager interviews in site 1 whereas
131the population of wild boars estimated at sites 2, 3, and 4
132was of 200 individuals for each site (Table 1). These

t1.1 Table 1 Estimated population size and density of feeders and pavel stones used to deploy the baits at each site

t1.2 Site Area (km2) Pre-baiting
period

No. of wild boars Abundance
index

No. and density of feeders No. and density of pavel stones

t1.3 1 68.6 5 weeks 400 0.17 30 86

t1.44.4a/25.9b 12.5a/73.5b

t1.5 2 32.7 3 weeks 200 0.05 16 54

t1.64.9a/98.0b 16.5a/330b

t1.7 3 20.9 3 weeks 200 0.20 14 48

t1.86.7a/33.5b 23.0a/115b

t1.9 4 11.0 >5 weeks 200 0.28 6 50

t1.105.4a/19.3b 45.4a/162b

a Feeders or pavel stone density per 10 km2

b Feeders or pavel stone density per wild boar, calculated as [feeders or pavel stone density per 10 km2 ]÷[wild boar abundance index]
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133 estimates were in agreement with our own independent
134 estimates of wild boar relative abundance based on the
135 dropping frequency index. Briefly, each count consisted of
136 n=40 transects of 100 m, divided into ten sectors of 10 m in
137 length. Dropping frequency was defined as the average of
138 the number of 10-m sectors with wild boar droppings in
139 each transect of 100 m (DF=∑Di/n; where “D” is the
140 number of dropping-positive sectors and ranges from zero
141 to ten, and “n” is the number of 100-m transects, usually 40
142 per site; Acevedo et al. 2007; see Table 1).
143 Artificial selective feeders were evenly distributed across
144 the sites 1, 2, and 3. Site 4 had its own feeders since
145 artificial feeding is routinely practiced in this estate. Feeder
146 density ranged from 4.4 to 6.7 per 10 km2 and from 19.3 to
147 98.0 per wild boar (Acevedo et al. 2007; Table 1). Feeders
148 were placed close to water holes (which is a limiting
149 resource in summer in the study areas) or using already
150 existing feeding points (site 4).
151 Artificial feeders consisted of a 1-cm-ø metal-grid cage
152 with an opening (15-cm wide) to allow only access of
153 piglets younger than 5 months (Fig. 1). A green mesh that
154 provides shade covered the cage. Each feeder (triangular
155 shape, side=1 m) was pre-baited with pelleted piglet feed
156 and maize to accustom animals to visit them. There was the
157 possibility to combine two grids per side to get an extra
158 30-cm-wide opening, which allowed access to wild boar up
159 to 8 months.
160 Heavy pavel stones were placed outside the feeders. Pavel
161 stone density ranged from 12.5 to 45.4 per 10 km2 and from
162 73.5 to 330 per wild boar abundance index (Table 1). Each
163 stone weighed 7 kg and measured 34×9×20 cm. The stones
164 had a hollowed shape so feed could be placed under them.
165 The stones were slightly buried in the ground in order to
166 restrict access to all but adult wild boars, which could turn
167 them and access the feed and baits placed below.
168 Half of the total artificial feeders in each site were
169 monitored with digital game cameras with infrared illumina-
170 tion (Leaf River Outdoor Products, Taylorsville, MS, USA).
171 Cameras were set on either native vegetation (tree trunks or
172 branches) or artificial structures (e.g., fence posts).
173 Although it has been previously reported that metal-grid
174 selective feeders improve age-related bait specificity and
175 uptake rate in wild boar populations accustomed to being
176 fed by managers (Ballesteros et al. 2009a, b), in the present
177 study, we targeted <8-month-old wild boars (approximately
178 30-kg weight in the study area) because at the time the trial
179 was performed, the largest proportion of the last wild boar
180 cohort was between 4 and 8 months old. Sites 1 and 4 were
181 pre-baited for 5 weeks, and sites 2 and 3 were pre-baited for
182 3 weeks. Every 3 days, we checked them to record feed
183 consumption and pictures were examined to determine if
184 young wild boar entered the feeders (Ballesteros et al.
185 2009a) and if adult ones turned the stones (unpublished

186observations). The fact that adult wild boar turned the
187stones did not mean that they consumed all the baits below
188them since other animals like young wild boars could gain
189access to the baits after adult ones turned the stones.

190Baits

191Baits used in the experiment had a hemispherical shape
192(ø 3.4×1.6 cm, 10 g). They consisted of piglet feed,
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Fig. 1 Percent of boars by age and other species per study site a
outside and b inside the selective feeders. Animal presence was
determined from examining pictures taken with digital game cameras
with infrared illumination on each site. In addition, red fox inside
selective feeders at sites 1 and 3 and adult wild boar (sites 1 and 3),
red deer (site 1), and red fox (sites 1 and 3) outside selective feeders
represented 1% of the animals detected per site and were not included
in graph. Other ungulates in the study sited included fallow deer, roe
deer, and mouflon
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193 paraffin, sucrose, and cinnamon-truffle powder attractant
194 (Ballesteros et al. 2009b). A 0.2-mL polyethylene capsule
195 filled with water was placed inside the baits to simulate the
196 vaccine formulation.
197 IPAwas diluted in ethanol to a concentration of 80 mg/ml.
198 Then, 0.5 ml of the dilution was added to the surface of the
199 recently prepared bait. The final concentration of IPA was
200 40 mg/bait.

201 Baiting field trial

202 The field trial was conducted in summer 2008 (first baiting
203 started on 4 August, last baiting on 30 September). Baits
204 were set in two different places: baits directed to wild boar
205 piglets were set inside selective feeders while baits directed
206 to adult wild boars were set under pavel stones around the
207 feeders (<10-m apart). The number of baits laid at each site
208 was chosen based on the number of wild boars estimated by
209 the managers and our independent abundance indexes, to
210 result in a broad range of baiting intensities (Tables 1
211 and 2). According with the size of each site our baiting
212 densities varied from 6.41 at site 1 to 27.3 per km2 at site
213 4 (in the case of the baits directed to wild boar piglets)
214 whereas the baiting densities of baits directed to adult ones
215 varied from 2.51 at site 1 to 9.09 per km2 at site 4. Wild
216 boar abundance indexes were estimated for each site as
217 explained above (Acevedo et al. 2007). Indexes of
218 abundance of 0.17, 0.05, 0.02, and 0.28 were obtained
219 for sites 1, 2, 3, and 4, respectively.
220 Two different markers were used to distinguish bait
221 consumption inside or outside piglet feeders. Baits placed
222 inside selective feeders contained ethyl-iophenoxic acid
223 (Et-IPA) whereas baits placed under pavel stones contained
224 the methyl analog of Et-IPA (Mt-IPA).

225Two cycles of bait deployment were conducted at each
226site. In the first cycle, we placed 20 Et-IPA baits inside each
227selective feeder; whereas, three or four pavel stones
228(according to the density of wild boar) were placed next
229to each selective feeder, except at site 4 where due to the
230high density of wild boars we placed 50 Et-IPA baits inside
231each feeder and eight to nine stones per feeder. Two Mt-IPA
232baits were placed under each stone. Baits were delivered
233together with piglet feed in order to attract the animals and
234favor bait consumption. Four days after baiting we revisited
235the selective feeders and pavel stones to record complete or
236incomplete bait consumption and the number of intact and
237chewed capsules found. All digital cameras were checked
238and pictures downloaded for further analysis. Three days
239after the first cycle examination finished, the procedure was
240repeated (second cycle of bait deployment).

241Animal samples from the baiting field trial

242Hunter-harvested wild boars and non-target animals (red
243deer (Cervus elaphus) and mouflon (Ovis aries musimon))
244from the sites in which baits were placed were blood
245sampled. Also, wild boars from an estate next to site 1 were
246blood sampled. In this estate, no marked baits were
247delivered. The objective was to check whether emigration
248could happen between closed estates.
249Animals were legally hunted from October 2008 to
250February 2009. Blood samples were obtained post-mortem
251from the thoracic cavity. These were centrifuged to separate
252serum. Sera were placed in labeled tubes and stored at −20°C
253until IPA detection by LC/ESI-MS as described by Jones
254(1994) and Wiles and Campbell (2006) with some
255modifications. Briefly, wild boar serum (0.1 ml) was
256mixed with 0.63 ml of acetonitrile and 20 μl of buthyl-IPA

t2.1 Table 2 Number of baits placed and consumed (consumption percentage) for each cycle

t2.2 No. Et-IPA baits placed No. Et-IPA baits consumed No. Mt-IPA baits placed No. Mt-IPA baits consumed

t2.3 Sitea Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2 Cycle 1 Cycle 2

t2.4 1 440b 540 400 (90.9%) 486 (90.0%) 172b 204 158 (91.2%) 193 (94.6%)
t2.5 6.41c/37.7d 7.87c/46.3d 2.51c/14.7d 2.97c/17.5d

t2.6 2 320 320 174 (54.4%) 116 (36.2%) 108 108 78 (72.2%) 59 (54.6%)
t2.7 9.79/195.8 9.79/195.8 3.30/66.1 3.30/66.1

t2.8 3 280 280 268 (95.7%) 280 (100%) 96 96 83 (86.4%) 96 (100%)
t2.9 13.4/67 13.4/67 4.6/23.0 4.6/23.0

t2.10 4 300 300 223 (74.3%) 207 (69.0%) 100 100 100 (100%) 100 (100%)
t2.11 27.3/97.5 27.3/97.5 9.09/32.5 9.09/32.5

a Twenty and 50 baits were disposed in sites 1–3 and 4, respectively for each cycle
b In the first cycle, five selective feeders were not visited by animals during the pre-baiting period. Therefore, no baits were placed inside them
c Bait density per square kilometer
d Bait density per wild boar, calculated as [baits density per square kilometer]÷[wild boar abundance index]
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257 as internal standard (10 ng/μl in acetonitrile). The mixture
258 was vortexed during 5–10 s, and then 0.2 ml of a sodium
259 tungstate dihydrate solution (10%, w/v in water) and
260 0.2 ml of sulphuric acid 0.33 M were added. The resultant
261 mixture was vortexed during 10 min at a high speed
262 (2,500 rpm) and cooled for 20 min at −20°C until two
263 phases were separated. Then it was centrifuged at 5,000×g
264 at 4°C for 10 min and 0.6 ml of the upper acetonitrile
265 phase was transferred to a glass vial for LC/MS analysis
266 (Ballesteros et al. 2010).

267 Statistical analysis

268 Contact rates were compared using χ2 tests. We designed
269 logistic models to test the statistical effect of sex (categor-
270 ical predictor) and age class (categorical predictor, young
271 vs. adult) on the probability of presence of any marker
272 (Et-IPA and Mt-IPA as dependent variables, respectively;
273 absence=0, presence=1) and its combinations (combina-
274 tion of Et-IPA and Mt-IPA and of Et-IPA or Mt-IPA as
275 dependent variables, respectively; absence=0, presence=1).
276 These models were separately built for study sites 1, 2, and
277 3, since sampling size and composition did not allow for
278 comparison in site 4. The significant level was set at
279 p<0.05. We used SPSS 17.0 statistical software.

280 Results

281 Bait consumption and targeted species

282 After examinations of feeders and pavel stones we recorded
283 the number of baits that had disappeared (consumed) and
284 the number of capsules found as well as their state (chewed
285 or intact). Intact capsules had water inside them.
286 The number of baits (both Et-IPA and Mt-IPA treated
287 baits) placed and the number of baits consumed at each site
288 is summarized in Table 2. Two sites were found where the
289 proportion of consumed baits was high both inside feeders
290 and under pavel stones (>90%, sites 1 and 3). Site 2
291 presented lower proportions of consumed baits both inside

292the feeder and under pavel stones. Finally, site 4 presented
293moderate rates of bait consumption inside the feeders
294(averaging 74.3%) and a total success when baits were
295placed under pavel stones (100%). The percentages of
296consumption were similar when comparing the first and the
297second cycle trials for a given site and way of bait disposal
298(Table 2).
299The number of intact and chewed capsules found at each
300site is recorded in Table 3. It was likely that capsules found
301inside selective feeders would correspond to ethyl-
302IPA-marked baits (baits targeted to wild boar piglets).
303Except for capsules found inside feeders in site 4, over 70%
304of the capsules were chewed, being remarkable that over
30590% of them (both inside and outside feeders) were chewed
306in site 1 (Table 3).
307The relative frequency of selective feeder visits by
308different animal species was determined at each site
309(Fig. 1). Inside selective feeders, young wild boars
310(<8 months of age, as established from picture examination
311and maximum grid width of 30 cm) were detected more
312frequently than adult (over 8 months old) wild boars
313(χ2=2,394, χ2=630, χ2=3,338, and χ2=156 in sites 1 to
3144, respectively; p<0.05). Adult wild boars (only detected in
315sites 1 and 3) and red deer (only found in site 1) detected
316inside the feeders represented <1% of the visits per site.
317This finding was due to accidental circumstances when the
318shadowing cover or the metal grid was damaged. Birds and
319other animal species such as the Eurasian badger (Meles
320meles) were detected and were more abundant in sites 1 and
3214, respectively. At site 4, young wild boars were detected
322inside three of six feeders, while badgers were detected in
323all six feeders. Timing of feeder visits by both species was
324similar. Wild boar detection declined while badger detec-
325tion increased between the start and the end of the bait
326deployment trials (data not shown).
327Outside feeders, a wider range of species such as wild
328boars, red deer, small-sized birds, red fox (Vulpes vulpes),
329roe deer (Capreolus capreolus), fallow deer (Dama dama),
330mouflon, and badger were detected (Fig. 1). In sites 1 and
3313, wild boars (both adult and young) were detected more
332frequently (p<0.05) when compared to red deer, red fox,

t3.2No. of intact capsules/chewed capsules Percentage chewed; %

t3.3Inside feeders Outside feeders inside/outside

t3.4Site Cycle 1 Cycle 2 Cycle 1 Cycle 2

t3.51 1/26 2/31 1/30 8/88 95/92.9

t3.62 5/51 1/26 19/56 5/26 92.8/77.3

t3.73 11/26 36/93 10/14 24/125 71.2/80.3

t3.84 138/11 227/5 0/30 0/45 4.2/100

t3.1 Table 3 Number of intact and
chewed capsules found at
each site
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333 and roe deer. In site 2, no significant differences were found
334 between the detection frequency of wild boars and red deer
335 (χ2=2.88, p=0.09). In site 4, the presence of wild boars
336 was significantly lower than that of red deer (χ2=1,131,
337 p<0.05) whereas it was significantly higher than that of red
338 fox, mouflon, roe deer, and badger (χ2=3,830, χ2=744,
339 χ2=2,246 and χ2=3,827, respectively; p<0.05). Adult and
340 young wild boars were found in similar frequencies outside
341 selective feeders in sites 1 and 2, but young wild boars were
342 significantly more frequent in sites 3 and 4 (χ2=1971.0 and
343 χ2=17.74, respectively; p<0.05).
344 Overall, artificial stones were turned in 115 cases. In
345 71.3% of the cases, adult wild boars turned the stones,
346 24.4% were turned by young wild boars (all of them close
347 to 6 months of age), and only 4.3% were turned by red deer.
348 Piglets and juveniles were often pictured roaming close to
349 adult females that turned the stones.

350 Presence of methyl- and ethyl-IPA in animal serum

351 The presence of methyl- and ethyl-IPA was determined in
352 the serum of sampled wild boars (Fig. 2). A total of 39, 34,
353 26, and 17 wild boars were sampled at sites 1, 2, 3, and 4,
354 respectively. The number and age class of animals sampled
355 depended on the number of animals hunted at each estate so
356 only low percentages of the total population could be
357 sampled (between 8.5% and 17.0%). The proportion of
358 wild boars showing methyl- or/and ethyl-IPA markers in
359 serum ranged from 11.5% in site 3 to 56.4% in site 1. When
360 attending to age classes, 72.7% of young individuals
361 (estimated to be <8 months when baits were disposed)
362 from study site 1 presented any or both markers, and this
363 rate decreased in sites 4 (40.0%), 2 (31.6%), and 3 (12.6%).
364 It is remarkable that the predominant marker in young wild
365 boars from site 1 was Et-IPA whereas in site 4 it was Mt-
366 IPA. For adults, a similar trend was found with sites 1 and 4
367 presenting the highest proportion of wild boars showing
368 methyl- or/and ethyl-IPA markers in serum (up to 40.0%).
369 Again, Mt-IPA predominated in the study site 4. Age-
370 related differences in the presence of serum markers were
371 found in site 2 only where the proportion of adult wild
372 boars with serum markers was less than that of young
373 animals (χ2=4.24; p=0.04). However, wild boars of all
374 ages and sexes appeared equally likely to consume baits
375 containing IPA since logistic models for sites 1, 2, and 3 did
376 not reveal sex or age effects on the probability of presence
377 of any marker (and combinations).
378 A total of 43 non-target animals were sampled at the four
379 sites to determine species-specific consumption of baits.
380 Twenty-six red deer from site 1 were analyzed, two of them
381 showing low concentrations of Mt-IPA in serum (<0.1 ng/μl).
382 Five and ten red deer were sampled at sites 2 and 3,
383 respectively and none of them showed methyl- or ethyl-IPA

384in serum. Finally, twomouflons were sampled at site 4 and did
385not show any marker in serum. Thirty-five wild boars were
386sampled from an estate next to site 1 where marked baits were
387not delivered. None of them showed any marker in its serum.

388Discussion

389The proportion of free-living wild boars consuming two
390types of marked baits directed to adult and juvenile animals
391was determined. Variable oral-bait delivery success to wild
392boars was obtained among the four study sites where the
393baiting trials were conducted, ranging from a minimum of
39412.6% to a promising 72.7% of juveniles having eaten
395marked baits, most of them (Fig. 2a) directed to wild boar
396piglets inside selective feeders.
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Fig. 2 Numbers of wild boars sampled at each study site and
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indicate the percentage of wild boar that showed any marker in serum
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397 The examinations conducted at each site after bait
398 deployment showed that the proportion of consumed baits
399 in two sites was high (>90%) both inside feeders and under
400 the heavy pavel stones (sites 1 and 3; Table 2). However, in
401 site 4 only moderate rates of bait consumption were
402 obtained inside the feeders (Table 2). In this site, badgers
403 predominated inside feeders, probably preventing young
404 wild boars from getting inside feeders. This observation
405 merits further research, since our results suggest that
406 feeding wild boars may actually benefit badgers, with
407 potential consequences regarding TB epidemiology in
408 multi-host systems. Inside selective feeders, young wild
409 boars were more frequently detected than adult wild boars.
410 This result confirms the efficacy of selective feeders to
411 deliver baits to young wild boars (Ballesteros et al. 2009a).
412 Birds, highly abundant inside feeders in site 1, have been
413 demonstrated to have no effects on the integrity and
414 persistence of baits (Ballesteros et al. 2009a), which was
415 also confirmed in the present study. Outside feeders, a
416 wider range of species was detected, being the wild boars
417 (both adult and young) and red deer the most frequently
418 found in accordance with the distribution and abundance of
419 both species (Fig. 1; Acevedo et al. 2005, 2007). For
420 instance, red deer locally presented even higher presence
421 figures than wild boars, which may relate to higher
422 densities of deer in the study areas (Acevedo et al. 2008).
423 Pavel stones were tested as a bait delivery method to
424 adult wild boars. In most cases, stones were turned by adult
425 wild boars and less than 5% were due to non-target species
426 such as red deer. In these cases, we observed that stones
427 probably had not been appropriately buried in the ground
428 due to the hard soil. In fact, in these cases animals displaced
429 rather than turned the stones. Therefore, this method may
430 be optimized to selectively deliver baits to adult wild boars.
431 From camera pictures it was not possible to visualize the
432 individual baits since cameras only provide a punctual
433 image, which do not always capture the moment when the
434 animal takes the bait. So, we could not assess which
435 animals consumed them. This information was only used to
436 characterize the activity around the bait release points.
437 We observed in previous experiments that wild boars can
438 get immunized by having oral mucosal contact with
439 vaccines (Ballesteros et al. 2009b, c). So, it is not necessary
440 that animals swallow the capsules to produce an immune
441 response. A high proportion of chewed capsules were found
442 (Table 3), thus confirming previous results on bait
443 performance as a vehicle for liquid-based formulations
444 targeting the oral mucosa (Ballesteros et al. 2009a, b).
445 Nonetheless, only a low proportion of capsules found inside
446 feeders in site 4 were chewed. This result was probably due
447 to the predominant use of the selective feeders at this site
448 by badgers rather than by young wild boars. It is almost
449 impossible to avoid badgers entering the feeders. However,

450apparently, badgers do not chew these capsules as effi-
451ciently as wild boars do (Ballesteros et al. 2009a) so it is
452unlikely that badgers could have contact with the vaccine.
453These results confirmed the selectivity of the delivery
454methods for wild boars, although badgers could interfere
455locally with the wild boar bait uptake rate. However, in
456Spain, badgers present usually low densities in areas where
457bTB has become a problem that involves wild boars as the
458main reservoir (Naranjo et al. 2008; Sobrino et al. 2008).
459Biomarker detection rate estimations were based on low
460sample sizes, given by the limited number of wild boars
461harvested in the four study sites (<10% of the estimated
462total population in all cases). Thus, results obtained in this
463study need to be considered with caution. A 72.7% of
464young wild boars in study site 1 presented IPA marker in
465their serum, being Et-IPA (disposed in baits inside feeders)
466the predominant marker whereas 40% of young wild boars
467in site 4 presented only Mt-IPA (disposed in baits under
468stones; see Fig. 2). Similar findings were found for adult
469wild boars in sites 1 and 4, although with lower proportions
470of animals with serum markers. These results could be
471explained by the fact that young wild boars can forage
472around feeders together with adult females, gaining access
473to the baits placed below the stones after they are turned by
474adults. Conversely, some adult wild boars could gain access
475to baits placed inside feeders. A few cases of adult wild
476boars introducing their heads inside the metal grid were
477observed in pictures taken at site 1. So, these animals could
478consume some of the baits directed to young wild boars. In
479addition, young wild boars could move some baits or bait
480fragments outside the feeder, a detail that is difficult to
481evidence with camera trapping. These facts indicate that
482selective feeders would need to be improved to avoid adult
483wild boar accessing the baits placed inside them, for
484example increasing their side size from 1 to 2 m or
485changing their triangular shape to a square one.
486The low concentrations of IPA found in two red deer can
487be due to contact with remains of bait but not to whole bait
488consumption.
489Bait delivery studies have used concentrations of IPA
490between 20 and 40 mg/bait (Fletcher et al. 1990; Mitchell
4911998; Fleming et al. 2000; Campbell et al. 2006). Twenty
492milligrams of IPA per bait may be insufficient to detect bait
493consumption in adult animals or when they consume one
494bait only (Cowled et al. 2008). Therefore, higher amounts
495of IPA (40 mg/bait) as used herein may give more reliable
496estimations of bait uptake (Cowled et al. 2008). The
497proportion of wild boar (young or adult) showing any marker
498in the serum or the combination of both strongly varied among
499study sites. The percentages of wild boar or feral pigs showing
500serum markers in previous bait delivery experiments varied
501from 31% to 95% depending on the study site, density of
502target animals and baiting density (baits per square kilometer;
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503 Fletcher et al. 1990; Mitchell 1998; Fleming et al. 2000;
504 Campbell et al. 2006). In the present study, baiting densities
505 varied from 2.51 Mt-IPA-marked baits/km2 in site 1 to 27.3
506 Et-IPA-marked baits/km2 in site 4. These baiting densities
507 were lower than those used in previous studies in other
508 countries (e.g., 68 baits/km2 in Campbell et al. (2006)),
509 where feral pig densities are lower than wild boar densities in
510 Mediterranean Spain (Naranjo et al. 2008). Therefore, in
511 future experiments it would be desirable to use higher baiting
512 densities to target a higher percentage of the wild boar
513 population.
514 Additionally, other factors that could affect bait
515 consumption such as the density of feeding points, the
516 wild boar abundance in relation to the density of feeding
517 points, the number of disposed baits at each feeder, the
518 interference/competence with other bait-consuming spe-
519 cies, and the population variations in bait acceptance and
520 habituation to feeders should be considered in future
521 experiments. In fact, in both sites where the pre-baiting
522 period lasted longer (≥5 weeks), the results of bait
523 consumption by wild boar were better. This may indicate
524 that wild boars were more accustomed to use feeders in
525 these sites. O'Brien and Lukins (1988) and Saunders et al.
526 (1990) emphasized the need for a sufficient pre-feeding
527 regime prior to a trapping or poisoning program.
528 Finally, the spatial–temporal population dynamics of
529 wild boars in the period between bait delivery and
530 sampling, that is, immigration–emigration, could introduce
531 some bias in the access to the population actually present at
532 delivery time. Nonetheless the only estate where hunting
533 occurred during the study period, potentially causing
534 increased wild boar movements (Keuling et al. 2008), was
535 site 1, where the highest marker presence was detected. The
536 regular hunting season started at least 1.5 months after bait
537 deployment in the remaining study sites, and therefore we
538 do not suspect much movement due to these circumstances.
539 This was further supported by analyzing samples from wild
540 boar captured in an estate contiguous to site 1, finding no
541 IPA-marked individuals. Site 4 was also impermeable for
542 any ungulate immigration. Therefore, wild boar populations
543 in sites 1 and 4 were highly fixed spatially. In contrast, the
544 fences in sites 2 and 3 were quite permeable, suggesting
545 that wild boar immigration–emigration movements were
546 more likely, limiting apparent bait deployment success (due
547 to immigration) or maker detectability (due to emigration).
548 In conclusion, the results obtained in these experiments
549 showed that bait delivery systems used for young and adult
550 wild boars were effective in targeting the desired species
551 but not as effective in targeting the desired age groups since
552 in a few cases adults got baits placed inside the selective
553 feeders and young wild boar got baits placed under pavel
554 stones after adult ones turned them. Variable results were
555 obtained in the percentage of animals that ingested the baits

556(Table 2, Fig. 2). Future experiments should test higher
557baiting densities and longer pre-baiting periods to increase
558baiting success and thus the efficacy of wild boar baiting
559strategies as a population or disease management tool in
560Spanish Mediterranean woodlands.
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