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Photo front page: An impressive male warthog, Phacochoerus africanus, in the Bale Mountains National 
Park, southern Ethiopia. Photo courtesy of Jeffrey Graham 
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EDITORIAL 
 
It’s the peccaries that feature strongly in this latest issue of Suiform Soundings. The Peccary Specialist Group 
voice their concerns about the status of the Chacoan Peccary, as well as discussing the listing of the white-
lipped peccary both on a global scale and nationally, within Mexico. We also hear the latest news from the 
PSG, including recognition of the work done by Alexine Keuroghlian for peccary conservation in Brazil. 
 
Research currently underway and highlighted in this issue focuses on both the suids and tayassuids, and  
addresses new questions related to the Major Histocompatibility Complex, a genetic system with an essen-
tial role in both the adaptive and innate immunity response against virus and bacteria, which, according to 
Dr Jaime Gongora, has resulted  in its high conservation during the evolution of vertebrates. Read more on 
page 31.   
 
Along with the other articles included in this newsletter, we also get a much-anticipated update on the 
Pygmy Hog Conservation Programme, where recent releases  into the Rajiv Gandhi Orang National Park of 
Assam bring the total number of reintroduced pygmy hogs to the milestone figure of 60.  An update on the 
programme is  given on page 34.  

 
I hope you enjoy reading this issue of Suiform Soundings—thank you to those of you who submitted arti-
cles. I encourage other members to send in their contributions, letters, comments and feedback, and to dis-
tribute the newsletter to a wider audience, helping to highlight current conservation issues.   
 
Anne-Marie Stewart, Bale Mountains, Ethiopia.  
amistewart@yahoo.co.uk   

 
 
 

A “Chacoan Peccary Workshop” to re-evaluate the species’ Red List Status and 
develop a Conservation Action Plan. 
 
Harald Beck and Mariana Altrichter 
 

hbeck@towson.edu; marianaalt@msn.com 
 

The situation for the Chacoan Peccary keeps deteriorating, primarily because of habitat destruction and 
over-hunting. This has also caught the media’s attention. Surprisingly, there is very little knowledge on the 
ecology of this species and its current conservation situation. It is our responsibility as the IUCN/SSC Peccary 
Specialist Group to respond to this dire situation. Thus, for 2013, we are planning to organize a “Chacoan 
Peccary Workshop” to re-evaluate the species’ Red List Status and to develop a Conservation Action Plan. 
We are already in contact with several of our Zoo affiliated group members, but clearly also need 
your expertise and help! 
 
Specifically, we would appreciate information on any potential funding agencies, NGO or government 
sources that could be approached for financial support. We would also like to hear from experts who 

mailto:amistewart@yahoo.co.uk
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have been working in the Chaco region with the Chacoan peccary, and from those who have witnessed 
habitat destruction and over-hunting. 
    
In view of the feedback we have already received from group members, it seems the workshop should fo-
cus on four main goals: 
 
1.   Collect all the data and facts needed for a new Red List Assessment. We need to start with the data col-

lection and the compilation of some GIS tables and maps much earlier than the proposed workshop. 
2.   Draft a Conservation Action Plan. Again some work should start prior to the workshop. 
3.   Connect members interested in or involved in captive breeding and reintroduction programs to coordi-

nate future work. 
4.   Connect members interested in future work including genetic analyses, education, outreach, fund rais-

ing etc. 
 

To achieve the most comprehensive assessment, we need as much input as possible. Please let us know if 
you have observed or have any data on the following: 
 
 On the past and present distribution of the Chacoan Peccary (ideally with GIS coordinates). 
 Human activities such as hunting or habitat alteration that have or may impact the Chacoan Peccary. 
 Areas with increased livestock activities where Chacoan Peccaries are known to occur.  
 Any other information you think might be useful for the assessment. 
 

The link below shows the current Chacoan Peccary assessment, which might also give you further ideas of 
what type of data we are looking for:  http://www.iucnredlist.org/apps/redlist/details/4015/0 
 

A brief summary of the Chacoan Peccary in Paraguay, and  

research and conservation needs for the species. 
 
Juan Campos  
jmcampos@cccipy.org  
 
We have been working hard for almost 30 years on the study and captive breeding  
of the Chacoan peccary in Paraguay, or Taguá as we know them here.  
 
In Paraguay, the last Chacoan peccary censuses were carried out almost 20 years ago by Dr. Taber in 1991 
and then by Handen et al in 1994. Since then, there have been a few reports but nothing exclusively dedi-
cated to evaluating population numbers, range, habitat or hunting pressure on the Chacoan peccary in the 
region. At present, the Chaco Center has been granted funds that will allow us to finally carry out a census 
of the species throughout its distribution in the Chaco of Paraguay. We are hoping to gather information on 
population numbers, habitat availability and destruction, as well as creating distribution maps using niche 
model software. Hopefully, this will allow us to identify areas that need urgent conservation efforts and 
better understand habitat needs of the species. Similarly, we are currently working together with WCS-Py 
and recently submitted a proposal to carry out an ambitious education and conservation programme in pri-
mary schools of the Chaco. 

http://www.iucnredlist.org/apps/redlist/details/4015/0
mailto:jmcampos@cccipy.org
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The Chaco region of Paraguay is going through an unprecedented wave of deforestation, with over 1000 
hectares of forest cleared daily. Wild populations of Chacoan peccary are facing the fastest and most exten-
sive habitat loss ever recorded in recent history.  New roads and cattle settlements are established daily. As 
well as causing habitat destruction, these activities have increased the hunting pressure on the species. 
However, we know little about the consequences this has in local populations of Chacoan peccary. 
 
At present we have a well established breeding facility at the Chaco Center, with 66 Chacoan peccary in ad-
dition to nine white-lipped and 22 collared peccary.  The Center carried out successful soft reintroductions 
of Chacoan peccaries between 2000 and 2002. Similarly, we have carried out telemetry and a complete sur-
vey of plants eaten by the animals during the reintroduction period. From the start of the captive breeding 
programme, we have reintroduced an estimated 200 animals back into the wild. 
 
The following are the research topics and actions that I believe are critical for the species in Paraguay:  

 We need to carry out work on the genetics of the species, with emphasis on population genetics and 
biogeography, including the three countries in which it occurs. We also need to carry out a genetic 
analysis of all our captive animals in national and international zoos, to preserve genetic diversity 
and execute a management plan based on their genetic profile. 

 We need to carry out a census to reliably estimate population numbers, as well as updating and cre-
ating species survival plans for national parks and, if possible, private lands.  

 I suggest we consolidate an education program for locals as well as for internationals to make the 
species known to the world. 

 We should reinforce and expand new and existing in-situ captive breeding facilities in the three 
countries in which the Chacoan peccary is found. It is unlikely that the current trend of deforestation 
that Paraguay is experiencing will stop soon, making captive animals extremely important for the 
future survival of the species. 

 We should encourage and support scientists and students to conduct research on this species. 
 
With the fast and unstoppable changes the Chaco region is experiencing, the Chacoan peccary is dealing 
with the fastest and most extensive habitat loss in recent history, and may therefore face a very high risk of 
extinction in the wild. We still have time to take action, but the clock is ticking and the survival of this spe-
cies depends on us. 

Chacoan peccary  photographed on a public road in La  patria, a region of the Paraguayan Chaco. 



SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   6                        

News From the SSC Peccary Specialist Group 
 
Mariana Altrichter and Harald Beck, the co-chairs of the Peccary Specialist Group, attended the second 
IUCN / SSC Chair’s meeting in Abu Dhabi (Feb 23-27). They presented a poster “Raising our Visibility: How to 
Disseminate Species Assessments to a Broader Audience”.  They also highlighted a recently published pa-
per which was co-authored by several peccary specialist group members: “Range-wide declines of a key 
Neotropical ecosystem architect, the Near Threatened white-lipped peccary Tayassu pecari”. Altrichter M., , 
A. Taber, H. Beck, R. Reyna-Hurtado, L. Lizarraga, A. Keuroghlian and E.W. Sanderson. 2012. Oryx 46: 87-98.  
 
What did they think about the meeting? “For us, as relatively new chairs, the meeting was very insightful, 
particularly to learn more about the complex IUCN structures, the diverse work, and the ever evolving Red 
Listing process. It also allowed us to network with other SSC groups, IUCN commissions, and IUCN regional 
offices. During the meeting, with inputs from presentations and other SG experiences, we developed a 
rough four year plan for our group. The list below lays out some tasks we want to accomplish within the 
next quadrendum: 
 

1. Organize a meeting in Paraguay (2013) to compile a new IUCN Red List Assessment for the Chacoan 
peccary, which will be followed by an IUCN strategic planning document. 

2. Create a web page for the group within the IUCN framework. 
3. Complete a peccary virtual library. Collect all published and non-published papers (i.e. theses) and 

make them accessible to the public.  
4. Promote country or region species assessments and strategic planning. 
5. Reassessment of white-lipped peccary. 
6. Find funds for a peccary expert meeting. 

 
One highlight at the end of the meeting was that we successfully nominated Alexine Keuroghlian for 
the IUCN Harry Messel Award for Conservation Leadership! Congratulations and keep up the good work! 
 

 

 

 

 

 

 

 

 

                                                                                                       
    

                               
Accepting Alexine’s award: Simon Stuart, Mariana Altrichter, Harald Beck and Patricia Medici  
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Ovarian functional anatomy in the Wild Boar (Sus scrofa) from North-eastern 
Spain 
 
Pedro Mayor1*, Gregorio Mentaberre2, Ignasi Marco2, Santiago Lavín2, Francesc Closa2, Víctor Sazatornil1, 
Carlos López-Plana1 and Manel López-Béjar1 
 
1Department of Animal Health and Anatomy, Faculty of Veterinary, Universitat Autònoma de Barcelona, E-
08193, Bellaterra, Spain 
2Department of Animal Medicine and Surgery, Faculty of Veterinary, Universitat Autònoma de Barcelona, E-
08193, Bellaterra, Spain 
 
*Corresponding author: Tel.: +34 93 581 2482; fax: +34 93 581 2006. E-mail: mayorpedro@hotmail.com  
 
Abstract 
 

The present study examines anatomical and histological characteristics of the genital organs of 38 wild, 
adult wild boar (Sus scrofa) females in different reproductive states. The low mean ovulation rate (4.4 folli-
cles per pregnant female) of the wild boar is partially compensated for by a low reproductive wastage of 0.5 
(9%) oocytes or embryos per pregnancy. Females in follicular phase showed a significantly higher number 
and diameter of antral follicles - an average of 36.4 antral follicles, and 6.8 follicles larger than 3.5 mm, sug-
gesting waves of follicular growth of a cohort of follicles, from which several seem to be selected to con-
tinue development. The ovaries of pregnant females presented large antral follicles regularly, suggesting 
that follicular growth continues throughout pregnancy.  
 
Keywords: reproduction, anatomy, ovary, wild boar, Suidae 
 
1. Introduction 
 
The European wild boar (Sus scrofa) is the most widely distributed ungulate in the Spanish mainland, and its 
range and densities have largely increased in the last three decades (Gortázar et al., 2000; Markina, 2003). 
In the Mediterranean area, the wild boar is a seasonally polyoestrous mammal. Most authors have reported 
two birth peaks: April-May, and August-October (Bouldoire & Vassant, 1989). Nevertheless, wild boar usu-
ally don’t reproduce twice per year. Females that have not conceived in the first mating period, especially 
yearling individuals (Gethoeffer et al., 2007), can show a delayed oestrous cycle which leads to a second 
peak of farrowing (Mauget, 1983; Kratochvíl et al., 1986). The gestation period of the wild boar lasts 120 
days on average (Rosell & Herrero, 2002), producing an average litter of 3.6 piglets per pregnant female, 
ranging from 1 to 7 foetuses (Mauget, 1983; Abaigar, 1992; Rosell, 1998; Fernández-Llario, 2005). 

Papers and  

communications 

mailto:mayorpedro@hotmail.com
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The wild boar can exhibit population densities higher than other concomitant mammals, probably due to 
their high reproductive potential and their high adaptation ability to the environment (Sáez-Royuela & 
Tellería, 1987). Consequently, their reproductive biology is one of the most important clues to understand-
ing and predicting the evolution of wild boar populations, and to conduct wild boar management policies in 
the Mediterranean area. In spite of the well-known reproductive biology of the wild boar inhabiting the 
Mediterranean region, little data exist on the ovarian functional anatomy. The present report describes 
macroscopic and microscopic features of the ovaries of the wild boar. 
 
2. Material and methods 
 
2.1. Area of study 
 
This study was conducted in 8 different natural spaces from Catalonia, North-eastern Spain, directly man-
aged by the Government. The areas included in the present study are the National Game Reserves of Alt 
Pallars-Aran (42º40' N, 1º08' E), Boumort (42º18' N, 1º04' E), Cerdanya-Alt Urgell (42º27' N, 1º42' E), Cadí 
(42°20' N, 1°50' E), Freser-Setcases (42°22' N, 2°09' E), Ports de Tortosa i Beseit (40º44' N, 0º16' E), the Con-
trolled Hunting Area of Montserrat (41º35' N, 1º50') and Sant Llorenç de Munt and Serra de l’Obac Natural 
Park (41º39' N, 2º01' E). These areas are located in the Catalan Pyrenees (typical mountain climate), and in 
Central and Southern Catalonia (Mediterranean climate), with dry hot summers and mild winters. 
 
2.2. Animals 
 
The analysed wild boar females were culled in hunting beats organized by local hunters’ associations be-
tween 2004 and 2006, under the permission and supervision of governmental institutions and the Game 
Rangers. Since this form of hunting is allowed in Spain from October to February, we have limited our study 
to this period of the year.  
Carcasses were fixed and maintained in buffered 4% formaldehyde solution (v/v) until analysis.  
 
2.3. Female classification 
 
All studied females were considered adult individuals according to the registered body weight (Gethoeffer 
et al., 2007). The reproductive status of the adult females was determined by the presence or absence of 
embryos or foetuses. This analysis was performed by macroscopic observation of the uterus, followed by 
dissection of the genital tract. The uterine tubes and uterine horns of females with no evidence of preg-
nancy were flushed with an isotonic saline solution to confirm the absence of ovulated oocytes or embryos. 
Females with at least one embryo or foetus were considered to be pregnant, and the pregnancy stage was 
defined as embryonic or foetal (Nomina Embryologica Veterinaria, 1994). Non-pregnant adult animals with 
ovaries bearing large antral follicles and absence of corpora lutea were considered to be in the follicular 
phase of the oestrous cycle, whereas those with ovaries with active luteal tissue were considered to be in 
the luteal phase of the oestrous cycle. In the absence of either large antral follicles or corpora lutea, the 
ovaries were considered inactive.  
 
2.4. Macroscopic and microscopic features of the ovaries 
 
Macroscopic features of the ovaries were analysed in all experimental animals. Ovarian sizes (r1, r2 and r3) 
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were taken and volume estimated by means of the formula for volume of ovoid bodies: V= 4/3 p (r1 r2 r3).  
 
Samples of the ovaries were dehydrated, embedded in paraffin wax and cut into three mm sections. The 
sections were mounted onto a glass microscope slide, stained with haematoxylin and eosin and examined 
under a light microscope. Predominant ovarian structures, large antral follicles or corpora lutea, were con-
firmed histologically. Ovarian follicles were classified using the optical plane through which the oocyte nu-
cleolus was visible, according to Jori et al., (2002).  
 
Ovarian corpora lutea were considered active in the presence of a pregnancy or as indicated by luteal cell 
morphology (Mayor et al., 2004). Corpora lutea were classified as athretic, cyclic CL or pregnancy CL. Ovula-
tion rate was estimated as the mean number of CL per female. The reproductive wastage was calculated as 
the difference between the number of true CL and the observed embryos or foetuses. 
 
Measurements of ovarian structures were taken using a micrometric ocular. Diameters were measured as 
the mean length of the two perpendicular axes. Luteal volumes were calculated using the formula: V=4/3 
(D/2)3. Luteal volume per female was calculated as the sum of volumes of active luteal structures. Recorded 
ovarian variables included number and type of antral follicles, number and type of CLs, luteal volume, and 
size of large and small luteal cells.  
 
2.5. Statistical analysis 
 
The relationships among macroscopic and microscopic features of the ovaries and reproductive state were 
performed by analysis of variance. Means were tested for differences using the least square means method. 
Statistical analyses were performed using GraphPad Instat (version 3.01 for Windows 95, GraphPad Soft-
ware, San Diego, CA, USA). Differences with a probability value of 0.05 or less were considered significant. 
All values are expressed as the mean ± standard deviation (S.D.). 
 
3. Results 
 
Among the 38 adult females included in this study, 24 (63.2%) were non-pregnant and 14 (36.8%) were at 
different stages of pregnancy. Five pregnant females were considered to be at the embryonic stage of preg-
nancy, one of them with an elongated blastocyst and the remainder with three-to-five mm length embryos 
and, limb buds present. Nine pregnant females were considered to be at the foetal stage of pregnancy. In 
the foetal stage, the uterus was evidently enlarged and the foetuses showed developed eyelids, fingers and 
external genitalia, and all the vital organs in place.  
 
Ovaries of the sexually mature wild boar females were ovoid bodies with a smooth surface, and supported 
in the bursa ovarica, linked to the peritoneal cavity. Mean ovarian volume was significantly larger in preg-
nant females compared to the non-pregnant ones, both in luteal and follicular phase (22.080 ± 8.734 cm3, 
11.821 ± 7.478 cm3 and 7.404 ± 3.717 cm3, respectively; P<0.01). Morphometric measures of the right and 
left ovaries did not show significant differences. 
 
Follicular structures were observed in both pregnant and non-pregnant wild boar females. Females in fol-
licular phase presented a higher number of antral (P<0.001; Fig.1) and large antral follicles greater than 3.5 
mm (P<0.01), a larger antral-follicle diameter (P=0.024), and higher maximum follicle diameter (5.44 vs. 
3.87 mm) in comparison with females in luteal phase and pregnant females (Table 1).  
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Figure 1. Average distribution of small and large antral follicles, according to the follicle diameter and the 
reproductive phase of the wild boar female (n=38). a, b Values appearing in rows with different superscripts 
are significantly different (P<0.05). 
 

Table 1. Follicular characterization according to the reproductive state of the female.  

a, b Values appearing in rows with different superscripts are significantly different (P<0.05). 

In females showing early follicular growth (n=6), the follicle distribution was mainly composed of small an-
tral structures, with an average follicle diameter of 1.1 mm and no antral follicle larger than 3.5 mm. In a 
second group of females (n=6), small and large antral follicles were homogenously distributed, the average 
follicle diameter was 1.88 mm, and the mean number of antral follicles larger than 3.5 mm was 3.2 (7.3%) 
follicles per female. Finally, females with advanced follicular growth (n=4) presented an average follicle di-
ameter of 2.35 mm, and the mean number of antral follicles larger than 3.5 mm was 7.7 (23.2%) follicles per 
female.  

Reproductive status n 
Number of antral 

follicles per female 

Average antral-follicle 

diameter (mm) 

Mean number of large 

antral follicles >3.5 mm 

Females in follicular 

phase 
14 39.60 ± 16.29a 2.51 ± 0.91 (n=96)a 6.80 ± 3.56a 

Females in luteal phase 

or pregnant females 
8 12.39 ± 6.66b 2.09 ± 0.62 (n=57)b 0.43 ± 1.26b 
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The mean number of corpora lutea per pregnant female and female in luteal phase showed no significant 
difference (4.43 ± 1.09 vs. 4.11 ± 1.24, respectively). There were no significant differences in the diameter 
and volume of corpora lutea, and mean luteal volume according to the reproductive state of the female 
(Table 2). Corpora lutea and luteal volume in pregnant and non-pregnant females did not show significant 
differences. 
 
Table 2. Mean diameter (mm) and volume (mm3) of CLs, and mean luteal volume (mm3) observed in ovaries 
of pregnant and non-pregnant wild boar females. 

 
Corpora lutea were characterised by the presence of two distinguishable cells: large and small luteal cells. 
Large luteal cells were oval or polygonal cells (27.75 ± 4.87 mm in diameter; n=100) with an abundant, pale, 
eosinophilic and vacuolated cytoplasm and spherical nuclei. Small luteal cells were characterised by an oval 
shape and a round nucleus. Mean size of small luteal cells was 14.15 ± 3.55 mm in diameter (n=100). Large 
luteal cells presented a larger nucleus (P<0.0373) than small luteal cells (7.67 ± 1.41 mm and 5.73 ± 0.95 
mm, respectively). Large luteal cells were more frequently located at the central area of the CL (61.2%), 
whereas small cells were more frequently located in the peripheral area (55.5%). No difference was ob-
served in either luteal cell features according to the kind of CL.  
 
According to the number of CLs observed in pregnant females, the mean ovulation rate was estimated to be 
4.43 ± 1.09 corpora lutea/female (n=14). There was no significant difference in number of CL between the 
left and right ovary (1.86 ± 1.12 vs. 2.38 ± 1.34 corpora lutea/female, respectively). The average litter size 
for a pregnant female was 3.79 ± 0.94 embryo or foetuses/pregnant female (n=14). The wild boar females 
presented a mean ovum mortality of 0.50 ± 0.91 (9.01%) oocytes or embryos per pregnancy. 
 
4. Discussion 
 
In Spain, during the last decades, an acute population increase in wild boar (Sus scrofa) populations has 
been observed (Markina, 2003), probably due to their efficient reproductive strategy (Sáez-Royuela & 
Tellería, 1987). To develop effective management tools, it is necessary to investigate the reproductive fea-
tures of wild boar. Nevertheless, there is scarce data on the reproductive biology of this species. The pre-
sent study describes functional anatomy of the ovaries of the wild boar female from Northern Spain. 
 
Similarly to other studies done in the region (Mauget, 1983; Abaigar, 1992; Rosell, 1998; Fernández-Llario, 
2005), mean ovulation rate was 4.4 follicles, litter size was 3.8 foetuses or piglets per pregnant female, and 
the rate of reproductive wastage averaged 0.5 (9%) oocytes or embryos per pregnancy. Gethoeffer et al. 
(2007) assumed a similar overall embryo mortality rate between 6 and 8%, and suggested an age-specific 

  n Diameter of CL Volume of CL Luteal Volume 

Pregnant females 14 6.89 ± 2.03 1724 ± 1184 7409 ± 3256 

Females in luteal phase 8 7.07± 1.22 1634 ± 744 6743 ± 1924 



SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   12                        

variation. In comparison, the domestic pig presents a mean ovulation rate of 10–24 follicles (Gordon, 1997), 
and a 40% wastage per pregnancy per sow (Pomeroy, 1992). This relatively low mean ovulation rate of the 
wild boar could act as a reproductive limit, partially compensated for by a low reproductive wastage.  
 
In the domestic pig, puberty is assumed in individuals with a follicle diameter larger than 3 mm (Abaigar, 
1992; Gaillard & Jullien, 1993). Wild boar females in the follicular phase of the oestrous cycle had in average 
36.4 antral follicles, of which 29.5 follicles were smaller than 3.5 mm and 6.8 follicles were larger than 3.5 
mm. These data suggest the presence of follicular waves involving the synchronous growth of a cohort of 
follicles, of which several appear to be selected to continue their development, suggesting a process of fol-
licular selection and probably dominance. Similarly to the pig and cow (Pierson & Ginther, 1986; Taylor & 
Rajamahendran, 1991), the ovaries of pregnant wild boar females regularly presented large antral follicles, 
suggesting that follicular growth continues throughout the gestation period.  
 
Dimensions of the corpora lutea were not different according to the reproductive state of the female, preg-
nant females or females in luteal phase. As in other Suiforms (Murphy, 2000; Mayor et al., 2004), there are 
two distinct populations of luteal cells: small and large luteal cells. Also similar to the situation in the pig 
(Priedkalns, 1987) and the collared peccary (Mayor et al., 2004), small luteal cells mainly occupy the trabe-
cular and peripheral areas of the corpus luteum. In most mammals during gestation, large luteal cells 
probably increase their production of steroid hormones, mainly progesterone, which is responsible for the 
reception to implantation of the embryo, and promotes appropriate behaviour during pregnancy 
(Priedkalns, 1987). 
 
5. Conclusion 
 
In the wild boar, ovarian follicles develop a synchronous growth involving groups of follicles in waves, 
which continues in pregnant females.  
The wild boar female presents a relatively low mean ovulation rate compensated by an extremely low rate 
of reproductive wastage.  
In the wild boar, follicular growth continues throughout pregnancy. 
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IUCN red listing status for peccaries in Brazil: Should the global status of the 
white-lipped peccary be upgraded? 

 
Keuroghlian A, Desbiez ALJ, Beisiegel BM, Gatti A, Mendes Pontes AR, Campos CB, Tófoli CF, Moraes Jr EA, 
Pinho GM, Cordeiro LP, Santos Jr TS, Morais AA, Mangini PR, Flesher K, Rodrigues LF and Almeida LB.   
 
Sub-coordinators for Tayassuidae CENAP/ICMbio – Alexine Keuroghlian (Wildlife Conservation Society-
Brazil) and Arnaud Léonard Jean Desbiez (Royal Zoological Society of Scotland & Instituto de Pesquisas 
Ecológicas) 
 
Coordinator: Beatriz de Mello Beisiegel (CENAP/ICMbio) 
Evaluators: Arnaud Léonard Jean Desbiez, Alexine Keuroghlian, Emília Patrícia Medici, Andressa Gatti, 
Antônio Rossano Mendes Pontes, Claudia Bueno de Campos, Cristina Farah de Tófoli, Edsel Amorim Moraes 
Junior, Fernanda Cavalcanti de Azevedo, Gabriela Medeiros de Pinho, José Luís Passos Cordeiro, Tarcísio da 
Silva Santos Júnior, Adriane Aparecida de Morais, Paulo Rogerio Mangini, Kevin Flesher 
Collaborators: Tathiana Bagatini, Lilian Bonjorne de Almeida, Francisco Chen de Araújo Braga, Marcos 
Tortato, Mauro Galetti. 
 
In November  2010, the IUCN and the Instituto Chico Mendes (ICMBio), the Federal Institute for Biodiversity 
Conservation, and the official assessor of species red listing for the Brazilian Ministry of Environment, 
signed an agreement to build the Brazilian Red List of Threatened Species. At a meeting for Red Listing 
threatened ungulates in 2010, Alexine Keuroghlian and Arnaud Desbiez were invited to lead the group 
evaluating the status of the Tayassuidae (peccaries) in Brazil. Peccaries are widely distributed throughout 
Brazil and can be found in the Amazon, Atlantic forest, Caatinga, Cerrado and Pantanal biomes. Populations 
in each biome are under different threats and for this reason the status of the peccary populations were 
evaluated separately using the IUCN Red List Criteria at Regional Levels (IUCN, 2003) for each biome 
(Desbiez et al., 2012; Keuroghlian et al., 2012)   
 
The greatest challenge was to compile all existing data available on peccaries in the various biomes of Bra-
zil. The final results will be published officially by the Brazilian government, but the white-lipped peccary 
was the only species that received a Critically Endangered classification for the Atlantic forest Biome. In the 
Cerrado biome, the species was classified as Endangered, and for the country as a whole, it was classified as 
Vulnerable (Table 1) (Keuroghlian et al., 2012).  The collared peccary was considered least concern for the 
country as a whole but in the Atlantic forest they were classified as near threatened, because they are ex-
periencing a moderately rapid population reduction (Desbiez et al., 2012).  
 
White-lipped peccaries use large areas, are dependent of habitat diversity, and are sensitive to forest frag-
mentation and environmental degradation.  Consequently, white-lipped peccaries are vulnerable to human-
related environmental threats and they will disappear rapidly from an area. Throughout the different bi-
omes, deforestation, habitat alteration, and poaching were the main threats stressed in this evaluation. Dis-
ease and potential threats of epidemics were discussed but data is still lacking. According to the workshop 
participants in Brazil, a population decline of at least 30% in the last 18 years (three generations) is sus-
pected, and an equal population decline is projected for the next 18 years.    
 
 



SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   15                        

Table 1.  White-lipped peccary (Tayassu pecari) IUCN Red list classification for Brazil, 2010.   

 
The white-lipped peccary is currently not included in the official Brazilian list of threatened fauna (MMA, 
2003). This change of status is due to the intensification of threats and most importantly to the increase of 
knowledge about the species.  The species’ susceptibility to over- hunting and to the speed of local extinc-
tions of apparently healthy populations in large conservation units is now well documented in several areas 
of Brazil (e.g. Roraima & Fragoso,  2004;  Iguaçu National Park, Azevedo & Conforti, 2008; Morro do Diabo & 
Mangini, pers. comm.; and the Mata Atlantica of Bahia, Flesher,  pers. comm.). Whether this is due to epi-
demics, over-hunting or other factors is still unclear. In the Atlantic forest there are no populations large 
enough to be exempt from extinction in the region. Researchers working in the fragmented Atlantic forest 
biome had evidence of sharp, sometimes unexplained population declines.    

 
Another important result from this regional assessment in Brazil was learning that local extinctions of white 
-lipped peccaries in pristine areas not only occurred in Brazil, but also in other areas. For example, Richard-
Hansen, Khazraie, Surugue, and Grenand (in prep) show data that clearly supports the evidence of a popula-
tion crash in French Guiana during the last 4 years.  
 
Results from this workshop clearly encourage the Peccary Specialist Group to re-analyze the global assess-
ment for white-lipped peccaries in the near future and to encourage our colleagues from the specialist 
group to communicate assessments of WLP populations from their study areas. The now well-documented 
fact that  white lipped peccaries can rapidly disappear from apparently pristine areas is a pressing issue that 
the group needs to address ,and must be included in future IUCN Red listing assessments. 
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IUCN criteria code 

(IUCN 2003) 

Brazil Vulnerable (VU) A2abcde+A3abcde 

Amazon Least Concerned (LC) Not applicable for LC 

Atlantic Forest Critically endangered (CR) A4abcde 

Pantanal Near Threatened (NT) Not applicable for NT 

Caatinga Vulnerable (VU) A2acd+A3acd 

Cerrado Endangered (EN) A4acd 
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Mexico has raised the legal status of the white-lipped peccary 
 
Rafael Reyna-Hurtado, PhD, El Colegio de la Frontera Sur, Unidad Campeche, Campeche, México. 
Rodrigo A. Medellín, PhD, Instituto de Ecología, UNAM, México D.F. 
Eduardo J. Naranjo, PhD, El Colegio de la Frontera sur Unidad San Cristóbal, Chiapas, México 
 
For many years, the white-lipped peccary (Tayassu pecari), one of the rarest ungulates of the tropical areas 
of Mexico, was not contemplated in Mexico`s federal list of endangered species, (NOM-059 for its Spanish 
initials) which the Ministry of Environment and Natural Resources continuously published and updated. Fi-
nally, and after a motion initiated by the authors, in the last version of the official list published in Decem-
ber 2010 the species has been granted the endangered status it deserves among the Mexican mammals. 
This reclassification is the result of applying Mexico´s protocol to determine extinction risk, (MER for its 
Spanish initials, Sánchez et al., 2007). This protocol became federal law in 2008 and since then every species 
entering or leaving the Federal list of species at risk must be assessed using the protocol. 
 
The criteria used to arrive at this conclusion were: extent of the distribution of the species, state of the 
habitat with respect to the natural development of the species, intrinsic biological vulnerability of the spe-
cies, and impact of human activities on the species (Sánchez et al., 2007). In the first criterion, although the 
white-lipped peccary used to inhabit much of southern Mexico, over the past 30 years its distribution has 
reduced to about 1% of the country`s total territory. This gives the species the highest value of 4 points.  
In the second criterion, although the species may be able to adapt to a certain degree to using secondary 
forests, the value given is intermediate at 2 points, due to the fact that the peccary relies on large, continu-
ous forest, and requires high levels of abundance of certain fruits and nuts. 
 
Given its relatively high reproductive output of two offspring per birth, but also taking into account the 
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need for vast areas and great longevity, the criterion related to intrinsic biological vulnerability also re-
ceived an intermediate 2.  
 
Finally, this peccary’s great commercial and protein value for many people in southern Mexico, as well as its 
reliance on vast tracts of tropical forest, make the human influence very negative for the white-lipped pec-
cary – a rating of 4 points. The final result is a total of 12 points that under the Mexican legislation allocates 
the species to the Endangered category. 
 
The white-lipped peccary represents an interesting social mammal forming groups from 20 to 300 individu-
als while living in dense tropical forest. The groups move over long distances searching for food patches and 
water sources (Reyna-Hurtado et al., 2009). White-lipped peccaries are considered forest engineers as they 
modify the soils of the forest and destroy many seeds, preventing dominance of a few tree species. They 
also constitute prey for large carnivores such as jaguars (Sowls, 1997). White-lipped peccaries are also 
highly appreciated by human hunters and represent a very important source of animal protein for some 
families in the Neotropics (Sowls, 1997). 
 
Since the late 1950’s, A. Starker Leopold (the son of the famous A. Leopold, a pioneer of modern wildlife 
management in North America), wrote that the white-lipped peccary was very sensitive to human coloniza-
tion, to the point that it was the first of the large mammals to disappear when new villages were settled in 
pristine forest. His appreciations were very accurate and remain valid in current days: the white-lipped pec-
cary has disappeared from about 84 % of its historic distribution range in Mexico (Altrichter et al., 2012). 
White-lipped peccaries have disappeared from Tabasco and Yucatán states and survive in a handful of 
populations dispersed in Chiapas, Campeche, Quintana Roo and a single population in Oaxaca and Veracruz 
states. 
 
The scientific community has not paid enough attention to this species. However, some research efforts in 
the last 20 years have demonstrated that the future of the species across Mexican tropical forests is not 
promising mainly due to the following: 1) primary habitat is being destroyed (March, 1990; 1993); 2) popu-
lations outside protected areas are suffering great hunting pressure (Naranjo, 2002; Reyna-Hurtado et al., 
2010); and 3) climate change may have a huge effect on water source availability in the future and conse-
quently on population viability in dry and deciduous tropical forest (Reyna-Hurtado et al., 2012). 
 
The new legal status of the white-lipped peccary in Mexico is a good reason to act together as a society to 
elaborate and apply management plans for conserving the remaining populations of this ungulate in pro-
tected and non-protected areas, procuring connectivity among them to avoid isolation and local extinction. 
The challenge begins now, as we must work very closely with authorities, the scientific community, NGO´s, 
hunters and peasants to assure that white-lipped peccaries will roam free in the protected areas and com-
munal forests, and that full connection will exist among these areas to maintain genetic exchange. We must 
protect enough habitat and water sources to allow the species to fulfill its ecological requirements and fi-
nally, we must find ways to regulate subsistence hunting that is taking place in rural communities of South-
ern Mexico, an activity that is taking a huge toll on white-lipped peccary populations (Reyna-Hurtado et al., 
2010). In summary, we must all work now to recover this species and eventually remove this peccary from 
Mexico’s official list of endangered species. 
 
We believe that in many other countries the species is facing a similar situation within its home range and 
we urge other researchers to evaluate the species status in as many countries as possible so that the global 



SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   18                        

IUCN assessment truly represents reality. 
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An eyeless Eurasian Wild Pig (Sus scrofa) surviving in northern Laos 
 
Jan F. Kamler1 and Phonepasong Louangaphaiyalath2 
 
1 Wildlife Conservation Research Unit, University of Oxford, The Recanati-Kaplan Centre, Tubney House, Ab-
ingdon Road, Tubney, Abingdon OX13 5QL, United Kingdom. Email: jan.f.kamler@gmail.com  
2Wildlife Conservation Society-Lao PDR Program, P.O. Box 6712, Vientiane, Lao PDR 
 
On 12 February 2012, while conducting wildlife surveys in the Nam Et-Phou Louey (NEPL) National Pro-
tected Area (5,959 km2) in northern Lao PDR (hereafter Laos), we came across a eyeless Eurasian Wild Pig 
(Sus scrofa) that was foraging along the edge of a stream. The NEPL covers mountainous terrain in the 
northern highlands of Laos (19°50’-20°50’N and 103°00’-103°53’E) along the border with Vietnam. Elevation 
in NEPL ranges from 400 to 2,288 m, and vegetation is dominated by mixed evergreen-deciduous forest up 
to 1,500 m, transitioning into evergreen forest at 1,500-1,800 m, with interspersion of beech (Fagus spp.) 
and Rhododendron spp. > 1,800 m (Johnson et al., 2006). About 91% of the area has slopes >12%. Annual 
rainfall (mainly May to October) is 1,400-1,800 mm, and temperatures range from 5°C (December-
February) to 30°C (April-July). Large (> 15 kg) carnivore species recorded in NEPL include the tiger (Panthera 

mailto:jan.f.kamler@gmail.com


SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   19                        

tigris), leopard (P. pardus), dhole (Cuon alpinus), clouded leopard (Neofelis nebulosa), Asiatic black bear 
(Ursus thibetanus), and sun bear (U. malayanus; Johnson et al., 2006). Smaller carnivores in NEPL are de-
scribed by Johnson et al. (2009). Other wild ungulate species recorded in NEPL include gaur (Bos frontalis), 
sambar (Cervus unicolor), Chinese serow (Capricornis milneedwardsii), and muntjac (primarily red muntjac 
[Muntiacus muntjak]; Johnson et al., 2006). 
 
Our observation was made at 09:46 in the Na Vene district of western NEPL. This area was within the re-
stricted core zone of NEPL, where human activities and livestock are prohibited. The elevation was 838 m 
and surrounding vegetation was mixed evergreen-deciduous forest. We initially saw the Wild Pig approxi-
mately 20 m away from us after we rounded the corner of a stream. At that distance it appeared normal, 
and we watched it for several minutes as it casually rooted around near the edge of a stream. The Wild Pig 
was solitary, and we approached downwind from it and came to within 2 m of it before it noticed us. At 
that time, we first realized that both eyes were missing, and instead there were large open holes around 
both eye sockets (Fig. 1). The holes appeared to be old wounds that had healed completely. Upon smelling 
us, the Wild Pig grunted, bluffed charged us, then ran away into the nearest thick vegetation. It did not ap-
pear to have any other wounds, and otherwise moved normally. We assumed the Wild Pig was female be-
cause it did not have protruding tusks, and the scrotum was not visible. 
 
The wounds around the eye sockets were not fresh, as blood or open flesh was not visible. Consequently, 
the Wild Pig must have been living in this condition for days, and probably weeks. Surprisingly, although 
somewhat thin, the Wild Pig was not emaciated, suggesting it was obtaining sufficient food resources de-
spite being eyeless. Adult female Wild Pigs are not normally solitary (Lekagul and McNeely, 1977), so it ap-
peared that the family group of this individual must have abandoned it. We are unsure what made the 
wounds around the eye sockets, but we suspect that the Wild Pig survived an attack by dholes. Dholes are 
relatively common in NEPL, and a recent study showed Wild Pigs comprised 8% of the dhole diet in NEPL 
based on frequency of occurrence in dhole scats (Kamler et al., 2012). Additionally, we recorded fresh canid 
tracks, presumably from dholes, approximately 200 m further downstream from where we observed the 
Wild Pig. Dholes are a pack hunting species, and previous researchers reported that dholes commonly at-
tack the eyes of large ungulates to blind and disorientate them (Grassman et al., 2005), thereby making it 
easier, and possibly safer, for the pack to handle and bring down large prey. Interestingly, Austin (2002) re-
ported significant eye injuries of an adult sambar that escaped from a dhole attack in Thailand. Conse-
quently, we suspect that the eyeless Wild Pig survived an attack by one or more dholes, and that something 
must have scared the dholes away after the initial attack, possibly other Wild Pigs from its family group. In 
fact, dholes selectively avoid preying on Wild Pigs compared to other ungulate species (Johnsingh, 1992; 
Kamler et al., 2012), probably because of the aggressiveness, group living and protective behavior of Wild 
Pigs (Johnsingh, 1992). 
 
To our knowledge, this is the first description of a Wild Pig surviving in the wild without both eyes. Our ob-
servation shows the resiliency of Wild Pigs, and indicates Wild Pigs are capable of foraging and surviving 
alone even after their eyes are lost due to a major injury. 
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Figure 1. An eyeless Eurasian Wild Pig with healed wounds around both eye sockets in northern Laos. This 
Wild Pig possibly escaped from an attack by dholes. 
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Abstract 
 
There are records of difficulties for white-lipped peccaries (Tayassu pecari) to reproduce in captivity, and 
this failure may be due to distress. Fecal glucocorticoid metabolite (FGM) concentrations may reflect ani-
mals’ stress levels. We tested this possibility by using an adrenocorticotropic hormone (ACTH) challenge in a 
fecal glucocorticoid assay. We tested the effects of four treatments: 0.25 or 0.50 mg 100kg-1 ACTH, control 
saline solution, and another control, in four captive adult male white-lipped peccaries in a Latin Square de-
sign. All voided feces were collected, beginning 72h prior to and ending 120h after the injections. Feces 
were freeze-dried, extracted by an ethanol vortex method, and assayed for glucocorticoids by means of en-
zyme immunoassay. During the 72h before the injections, the mean (±SD) basal level was 118.3 ± 54.1 ng.g-1 

dry feces. Both the ACTH treatments reached an FGM excretion peak at 24 hr post-treatment, followed by a 
decline, while in both control treatments FGM levels remained relatively constant. We conclude that the 
fecal glucocorticoid metabolite assay reflects endogenous adrenal activity in the white-lipped peccary and 
can be used to assess stress and to evaluate improvement in the management practices in peccary breeding 
centers. 
Keywords: ACTH challenge, animal welfare, captive breeding. 
 
Introduction  

 
In recent years the concentration of glucocorticoid metabolites in fecal samples has become an ordinary 
noninvasive method to evaluate physiological stress (Coradello et al., 2012; Dehnhard et al., 2003; Foley et 
al., 2001; Goyman et al., 1999; Sousa & Ziegler, 1998; Young et al., 2004; Wasser et al., 2000). This practice 
is particularly advantageous in zoo and wildlife species, because samples are very easy to collect and test, 
and there is no need to handle the animals to obtain their feces (Palme et al., 1999; Touma et al., 2004).  

 
Stress assessment is important because when animals are under chronic stress, along with elevated gluco-
corticoid levels for extended periods of time, they become subject to suppressed immunity, tissue atrophy, 
and a decrease in reproductive success (Moberg, 2000; Munck et al., 1984). Such an assessment is espe-
cially important when managing threatened species such as the white-lipped peccary (Tayassu pecari). This 
species inhabits Neotropical countries in mixed-sex herds of approximately 200 individuals (Sowls, 1997), 
occupying a home range of up to 100 km2 (Fragoso, 1999). Peccaries are very susceptible to deforestation 
and are now extinct in several places in Neotropical countries (Altrichter et al., 2012). This species is also of 
considerable socio-economic importance to forest-dwelling peoples, providing meat and cash income 
(Bodmer et al., 1993; Sowls, 1997). Due to this, herds of peccaries have been kept in captive breeding cen-
ters to replace stocks lost to hunting (Dubost, 2001) or farming projects (Nogueira-Filho, 1999).  

 
In captivity, peccary herds are generally maintained in barren paddocks ranging from 400 m2 up to 8,000 m2 
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(Nogueira et al., 2011a). However, there are some records of difficulties for peccaries to reproduce in cap-
tivity (Sowls, 1997), which may be due to distress. This happens because in such artificial surroundings pec-
caries face environmental and social challenges (Nogueira et al., 2011a) that may adversely affect their 
overall health as well as reproductive success, as observed in other species maintained in captivity 
(Carlstead, 1996; Morgan & Tromborg, 2006). Thus, the aim of this study was to test whether adrenocorti-
cal function can be monitored reliably by measuring glucocorticoid metabolites in fecal samples of white-
lipped peccaries. Therefore, pharmacological stimulation (adrenocorticotropic hormone [ACTH] challenge) 
of adrenocortical activity was used to mimic neural-endocrinal responses to stress (Hernandez-Jáuregui et 
al., 2005) that should be detectable in the feces afterwards (Touma et al., 2004). From our result we may 
conclude that the fecal assay can be used to measure endogenous adrenocortical activity of the studied 
species (Bonacic et al., 2003; Hunt et al., 2004).  

Methods 
 
Four adult male white-lipped peccaries weighing 33.0 ± 1.2 kg and aged between three and five years old 
were used in this study. They were selected from a mixed-sex herd that was living in a paddock (1,500 m2) 
at the Universidade Estadual de Santa Cruz (UESC), Ilhéus, State of Bahia, Brazil. These peccaries were born 
and reared in captivity and were accustomed to human beings.  

 
During the 100-day experiment, the animals were transferred to one of the four individual pens (2.0 m x 6.0 
m), partially sheltered (4m2) with 8m2 of solarium. Between the solarium and the sheltered areas there was 
a 1.5-m-high wire-netting fence with a guillotine-type wooden door. The wire-netting fence was used to 
reduce the stress of social isolation, since each animal can see, smell, and even touch its neighbors. The ani-
mals were weighed and de-parasitized with Febendazole (Panacur® CIBA-GEISER) (25 mg/25 kg of live 
weight). The peccaries were fed once a day at 7.30 A.M. with an experimental diet. This included corn, soy-
bean meal, mineral salts and vitamin supplements, with 140 g crude protein/kg and 16.7 MJ gross energy.kg
-1. Water was freely available. 

 
To stimulate adrenocortical activity of the animals, two ACTH challenge treatments were performed using 
two different concentrations of ACTH (referred to as ‘low dosage’ and ‘high dosage’ ACTH treatment) fol-
lowing Touma et al. (2004). Since the handling procedure of capture, restraint and injection of ACTH may be 
a stressful event for the peccaries, thus influencing the animals’ glucocorticoid concentrations, a control, 
referred to as ‘saline’ treatment, was applied to examine effects of the injection procedure itself on the pat-
tern of excreted fecal glucocorticoid metabolites. A further control treatment was set up, allowing the de-
tection of possible adverse effects of the procedures associated with injection. In contrast to the previously 
described treatments, the peccaries were now left undisturbed in their pens and did not receive any injec-
tions or handling. However, fecal samples were collected according to the same sampling regime as in all 
other treatments. 

 
The peccaries were enclosed in pens for 30 days prior to the challenge to habituate them to the sampling 
procedure and to being housed in individual pens. Following that period, the experimental procedures be-
gan, being comprised of four periods of nine days each, along with an interval of one week between them. 
At the beginning of each experimental period, each peccary received, in random order, a single intra-
muscular injection with a defined amount of synthetic ACTH (Synacthéne ® Dépôt – Novartis Pharma S/A – 
Germany, human use, 800 UI/mg 1 mg in 1 ml) diluted with saline solution to 2.0 mL (Ludders et al., 1998), 
or saline treatment. In the low dosage ACTH treatment, 0.25 mg 100kg-1 body weight was injected, while 
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0.50 mg 100kg-1 body weight was administered in the high dosage ACTH treatment. In the saline control 
group, each individual received an i.m. injection of the same volume (2.0 mL) of saline solution (sodium 
chlorine 0.9% – Fresenius Kabi Brasil Ltda. Aquiraz). All injections were administrated after the animals had 
been restrained in a metal cage by their caregiver. Procedures associated with injection (capture, restraint 
etc.) began at 8 A.M. About 30 min later all animals had been restrained and treated. With the exception of 
restraint and injection, the normal daily routine for these animals was followed.  

 
In contrast to the previously described treatments, in the control the peccaries were left undisturbed in 
their pens and did not receive any injections or handling. However, fecal samples were collected according 
to the same sampling regime as in all other treatments: All fecal samples from spontaneous defecations 
were caught between 6:00 AM and 6:00 PM by the same stockperson that fed the animals, as soon as they 
were voided, using a scoop shovel. Following observation of a defecation event the observer entered the 
pen to collect the expelled feces after shutting the animal in the solarium area. All fecal samples were iden-
tified with date and time in plastic containers and immediately frozen at -20oC.  

 
All voided feces were collected during the period beginning 72 hours prior through to 120 hours following 
ACTH/saline control injections. Feces were collected before challenge to establish basal levels of glucocorti-
coid metabolites in feces. These basal levels were defined as the median of all samples collected before ad-
ministration, following Palme et al. (1999).  
 
After defrosting, the feces were homogenized and 1-2g were sub-sampled to address the freeze-dried 
(FreeZone® Plus 4.5 Liter Cascade Benchtop, LABCONCO) process, according to Wasser et al. (2000). Lyophi-
lization eliminates variation in water content and avoids proliferation of microorganisms. Next, each sample 
was ground by hand and placed in an individual 2.0mL plastic tube, which was then sent to the Laboratório 
de Endocrinologia Comportamental, Universidade Federal do Rio Grande do Norte, Natal, Brazil, for gluco-
corticoid metabolite measurement. Considering that the proportion of 0.1g – 5mL ethanol (1:50) (Brown et 
al., 2004) was insufficient to extract enough glucocorticoids to generate the validation curve, the propor-
tion of 1:10 was used instead, following Coradello et al. (2012). Briefly, 0.1g of well-mixed fecal powder 
sample was extracted with 1mL of ethanol (80%). After vortexing for 30 min (Multi-Pulse Vortexer, model 
099ª VB4, 50/60Hz – Glass-Col®), followed by centrifugation (1000 x g, 15 min), the supernatant (containing 
hormones) was stored in propylene tubes at -20oC. All reagents used in this study were Sigma-Aldrich, and 
all solutions were prepared with ultra-pure water (Puritech System – Permution, E.J. Krieger & Cia. Ltda.). 

The concentrations of fecal glucocorticoid metabolites (FGM) were assayed using enzyme immunoassay 
(ELISA - Enzyme Linked ImmunoSorbent Assay), with a polyclonal antibody for cortisol (R4866; 1:8500 dilu-
tion) and a cortisol-HRP conjugate (1:20000) obtained from Coralie Munro (California University, Davis, CA, 
USA). The cross-reactivity for the antibody was 100% with cortisol, 9.9% for prednisolone, 6.3% for predni-
sone and 5% for cortisone (Young et al., 2004).  

 
Before analysis, the assay method was validated for white-lipped peccary. Immunogenic similarity between 
the standard antigens and the sample antigens was tested through a parallelism assay, following Touma & 
Palme (2005). For this assay, 12 fecal extracts were collected on the first three days after injections (when 
the highest concentrations were expected). These samples were diluted 1:1 (v:v; dilution ELISA solution - 
NaH2PO4; NaCl; pH adjusted to 7.0) in serial solution (1:8 through 1:256). The lower dilutions (1:2 and 1:4) 
were discarded as the ethanol concentration interferes with the assay’s HRP enzyme action. 
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The slope of the relationship for log concentration by percent was essentially equal to that of the standard 
curve. Thus, immunogenic similarity between the standard antigens and the peccary sample antigens shows 
parallelism, validating the analysis. The parallelism test also showed that the ideal dilution for peccary fecal 
samples was 1:10, since this dilution was the nearest to the central point of the standard curve. The intra- 
and inter-assay coefficients of variation (CV) were 13.7% and 1.7%, respectively. The limit of detection, also 
called the analysis of sensitivity, was calculated by subtracting two standard deviations from the mean 
counts in 48 samples obtained during the 72 hours prior to the ACTH/saline injections. The analysis sensitiv-
ity was: 10.0 ng.g-1. 

 
As the defecation rate was quite variable among animals, a mean daily concentration of FGM was calcu-
lated for each individual. Due to high inter-animal variability in basal levels, each individual was considered 
as its own control, expressing each concentration as a percentage of basal values, following Palme et al. 
(1999). The changes in FGM concentration in the two dosages of ACTH treatments, saline, and control, were 
compared by repeatedly measuring analysis of variance (ANOVA) followed by post hoc Duncan tests. In ad-
dition, we determined the Spearman correlation (rS) between ACTH administered doses and concentration 
increase above basal values of FGM. Statistical significance of tests was considered when P < 0.05. Statisti-
cal analyses used Statistica Software 9.0 (StatSoft, Tulsa, OK, USA). 

This work was approved by the Committee of Ethics for Animal Use (CEUA) of the Universidade Estadual de 
Santa Cruz. 
 
Results and Discussion 
 
Inter-animal variability regarding both basal and peak values was observed. During the 72h before the injec-
tions, the basal levels ranged from 48.6 to 348.7 ng glucocorticoid metabolites g-1 dry feces with a mean 
(±SD) of 118.3 ± 54.1 ng.g-1. As expected, a sharp rise in glucocorticoid metabolites was detected 24 hours 
after injections of both doses of ACTH. The statistical model revealed an interaction between treatments 
and sample collection hour in the increase (%) of FGM (F24, 96 = 16.6, P = 0.0001, Fig. 1). During the 24 h fol-
lowing injection of both ACTH treatments the levels ranged from 217.2 to 2210.6 ng.g-1 of dry feces with a 
mean (±SD) of 248.8 ± 60.1 ng.g-1 for the low ACTH dosage, and 799.8 ± 135.3 ng.g-1 for the high ACTH dos-
age. This reflected an increase of 187.2% to 310.8% (248.8 ± 60.1%) and 657.4% to 935.5% 
(799.8 ± 135.3%), respectively, while both the saline and control remained nearly constant (Fig. 1). At 72h 
post injection, both ACTH dosages converged at similar concentrations and remained similar during the re-
maining 48h of the experiment (Fig. 1). Correlation was found between administered ACTH dose and in-
crease (%) in fecal glucorticoid metabolites (rS = 0.56, P = 0.004). 
 
The assay was sensitive in the detection of biologically relevant FGM concentration levels since, as ex-
pected, the peccaries receiving ACTH injection experienced hypothalamic-pituitary-adrenal axis stimulation. 
Thus, these metabolites can be used in the white-lipped peccary as a relatively simple way to measure 
stress. However, this species apparently does not produce high levels of glucocorticoid metabolites in its 
feces. Due to this, instead of the usually recommended 1:50 dilution in ethanol (Brown et al., 2004), we de-
termined that 1:10 dilution was better to extract FGM, as previously recommended in assays with collared 
peccaries (Tayassu tajacu) (Coradello et al., 2012). Additionally, there is a relationship between the dosage 
of ACTH injected and the increase in FGM, as earlier determined in ruminants (Palme et al., 1999). There-
fore, this highlights the efficacy of FGM concentration in reflecting the amounts of excreted and, therefore, 
produced and released cortisol. 



SUIFORM SOUNDINGS VOL 11(2)                                                                                                                                          PAGE   25                        

Figure 1. Comparison of the increase in fecal glucocorticoid metabolite (FGM) (%) concentrations (mean ± 
SE) of the white-lipped peccary, over time, for ACTH (ACTH low: 0.25 mg 100kg-1, ACTH high: 0.50 mg 100kg-

1), saline, and control treatments. 
 
Differences in adrenocortical responsiveness are often a factor in understanding stress levels among indi-
viduals. The use of each individual as its own control, through the change in concentration from one sam-
pling period to the next, controls this individual’s tendency and gives greater strength to the comparisons. 
Therefore, this kind of comparison may be used as a control for the often observed differences in age, ex-
perience, social status, stress perception or inherent physiologic differences (Friend et al., 1977; Huber et 
al., 2003; Javorouski, 2003; Magee et al., 2006; Palme et al., 1999; Sands & Creel, 2004; Terio et al., 2004).  

 
Hormonal measures alone, however, are not enough to evaluate animal welfare (Dawkins, 2003; 2008). In 
some species an increase in glucocorticoid metabolite concentration has been observed in response to 
stimulation of positive behavioral activities (Dawkins et al., 2004; Nogueira et al., 2011b). On the other 
hand, another symptom of chronic stress is an increase in abnormal behavior (Carlstead & Brown, 2005). 
Therefore, it is clearly necessary to include behavioral observations associated with hormone measure-
ments to manage stress whenever possible (Dawkins et al., 2004). 

 
Few behavioral stress indicators have been reported for farmed peccary (Nogueira et al., 2011b), such as 
decreases in exploratory behavior, increase in vigilance, hiding or abnormal behaviors, as reported for other 
captive wild mammals (Carlstead et al., 1993; Carlstead & Brown, 2005; Morgan & Tromborg, 2006). Thus, 
currently, the present validation of FGM in peccaries will provide advances in physiological evaluation of 
animals’ stress. In combination with behavioral observations it should provide a very strong tool for detec-
tion of changes in the state of welfare among white-lipped peccaries. 

 
Conclusions 
 
We concluded that the fecal glucocorticoid metabolite assay reflects endogenous adrenal activity in the 
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white-lipped peccary. Additionally, due to high animal variability, we recommend the use of each animal as 
its own control to improve resolution. Our results provide additional physiological capabilities to improve 
behavioral studies which target welfare evaluation in captive white-lipped peccaries.  
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Because they have the competence to self-renew and differentiate, giving rise to several daughter cells, the 
adult stem cells are required for the maintenance, growth and repair of many tissues (Sprandling et al., 
2001; Lander et al., 2012). Therefore, there are several very important reasons to properly investigate stem 
cells in different organs and tissues, including the testis where spermatogonial stem cells (SSCs) are found in 
the seminiferous tubules basal compartment. SSCs are the foundation of spermatogenesis and conse-
quently of the male fertility, representing only 0.03% of all germ cells in mice testes (Tegelenbosch & de 
Rooij, 1993; Oatley & Brinster, 2012). They are the only stem cells in the body that undergo self renewal 
throughout life and transmit genetic information to the offspring (de Rooij & Russell, 2000), being for in-
stance a powerful target to any genetic modification to generate transgenic animals (Ryu et al., 2007). In 
addition, recent studies have demonstrated that SSCs are also able to transdifferentiate into different so-
matic tissues (Simon et al., 2009). 
 
SSCs reside within a specific microenvironment called the “spermatogonial niche”, which regulates self-
renewal and the commitment of these cells to differentiation (Hofmann, 2008). Currently, it is known that 
the spermatogonial niche is controlled by the Sertoli and peritubular myoid cells, basement membrane and 
other cellular components/factors from the intertubular compartment (Hofmann, 2008). However, the spe-
cific role of the Leydig cells in the niche is not clearly elucidated, perhaps because in all mammalian species 
investigated these steroidogenic cells are considered to be homogeneously distributed in the testis paren-
chyma (intertubular compartment) (Fawcett et al., 1973; Russell, 1996). 
 
Studies recently developed in our laboratory showed that the collared peccaries (Tayassu tajacu) present a 
unique testicular cytoarchitecture, in which Leydig cells are observed almost exclusively surrounding the 
seminiferous tubules lobes (Costa et al., 2010; Costa et al., 2011; Campos-Junior, 2011). This interesting 
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finding has led us to propose that the collared peccary represents a suitable model to investigate the influ-
ence of the Leydig cells in SSCs physiology and niche. In a continuation of these studies (Campos-Junior et 
al., 2012), we have demonstrated that all spermatogonial cell types characterized by morphological criteria 
in the collared peccary (Aund, A1, A2, A3, A4, In and B) are very similar to those observed in a closely related 
and well investigated species, the domestic pig (França et al., 2005). Reinforcing this morphological charac-
terization, our further molecular studies demonstrated that collared peccary undifferentiated spermatogo-
nia express the membrane receptors GFRA1 (GDNF receptor alpha-1) and CSF1R (Colony stimulating factor-
1 receptor) (Campos-Junior et al., 2012), markers that are also involved on SSCs physiology (particularly SSC 
self-renewal), according to the data for the other few mammalian species investigated in this aspect (Philips 
et al., 2010; Oatley & Brinster, 2012). Besides that, we have shown that undifferentiated spermatogonia in 
peccaries are preferentially located in the areas adjacent to the intertubular compartment without Leydig 
cells (Figure 1), and particularly close to blood vessels (Campos-Junior et al., 2012). These findings strongly 
suggests for the first time that, at least directly, the SSC niche in peccaries might not be dependent on Ley-
dig cells but rather from factors derived from the vasculature, peritubular myoid cells and other interstitial 
cells (Campos-Junior et al., 2012). 
 

Figure 1. GFRA1 immunolabeling in the collared peccary testis parenchyma (a and b), indicating that the 
undifferentiated spermatogonia (GFRA1 positive; arrowheads) are preferentially located in areas close to 
the intertubular compartment (IC) without Leydig cells (Lc). ST = seminiferous tubule. Bar = 70 µm.  
 
In conclusion and nicely illustrating that comparative studies represent a powerful tool to better under-
stand biology in general and reproductive biology in particular, our results demonstrated that the collared 
peccary indeed represents a good model to investigate SSCs physiology in mammals, particularly those as-
pects related to the role of Leydig cells on the SSCs niche physiology and testis structure, not only in sexu-
ally mature animals but also during testis morphogenesis and development.   
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Genetic characterization, diversity and evolution of a highly polymorphic im-
mune system in suids and tayassuids.  
 
A research team led by Dr Jaime Gongora, University of Sydney, Australia, and based on collaborative re-
search has been investigating the genetics of suids (Suidae) and tayassuids (Tayassuidae) over the last dec-
ade (Gongora et al., 2002; 2004; 2006; 2011a; 2011b). The outcomes of those studies have provided in-
sights into the diversity, population structure, speciation and evolution of these even-toed ungulate families 
with implications for taxonomy, conservation and management. Dr Gongora and his team have expanded 
their scientific interests to address new research questions related to the Major Histocompatibility Complex 
(MHC), a genetic system with an essential role in both the adaptive and innate immunity response against 
virus and bacteria, which has resulted in its high conservation during the evolution of vertebrates. The MHC 
is a model genomic region to study evolution of histocompatibility gene families and also co-evolution be-
tween host and pathogen. For the suids, the MHC of the domestic pig (Sus scrofa) has been extensively se-
quenced and annotated (Chardon et al., 2000; Renard et al., 2006). Despite this fact, the application of this 
knowledge to study other suid and tayassuid species is very limited except in the area of zoonotic diseases, 
where these families have been challenged by diseases that threaten their survival in the wild and in captiv-
ity. 
 
In this process, Dr Gongora’s team and collaborators have used genetic information from the domestic pig 
to approach the MHC study across almost all species of suids and tayassuids. To do this, they are retrieving 
data using classical molecular genetic technologies as well as whole genome sequencing and heterologous 
capture of genomic regions for targeted sequencing. As part of this project, Mr Alvaro Perdomo, a biologist 
from Colombia, has started his PhD at the University of Sydney. Alvaro is focussing on understanding the 
mechanisms of evolution that have shaped the diversity of the MHC among and within species of suids and 
tayassuids. His doctoral research is part of an ongoing collaborative project between the Faculty of Veteri-
nary Science, University of Sydney; the Animal Breeding and Genetics Group, Wageningen University, The 
Netherlands, and the Genétique Animale et Biologie Intégrative Group, National Institute for Agricultural 
Research of France. This collaborative project targets the species described in Table 1.   
 
There could also be opportunities within the projects described above for collaborative research with col-
leagues from around the world. Consequently, if you are interested in proposing a particular collaborative 
research project or applying for a PhD scholarship to assess the genetic and immunogenetic diversity of any 
suid and tayassuid species, please contact Dr Gongora. Similarly, if you are interested in contributing with 
blood, tissues or DNA samples from the suid and tayassuid species listed here (Table 1) or additional spe-
cies, please feel free to contact Dr. Gongora. This could be helpful to increase the resolution and coverage 
of Alvaro’s PhD research project. 

 

Research currently  

underway 
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Table 1.  List of suids and tayassuids species used in the current study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Contact information:  
 
Dr Jaime Gongora  
Senior Lecturer in Conservation Biology and Animal Genetics, Faculty of Veterinary Science, Gunn Building 
(B19). The University Of Sydney, NSW 2006. Telephone: +61 2 90369348  | F +61 2 93513957 
E-mail: jaime.gongora@sydney.edu.au  
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Family 

  

  

Genus 

  

Species 

  

Common name/s 

Suidae 

Sus 

S. scrofa Eurasian Pig 

S. celebensis Sulawesi Warty Pig 

S. barbatus Bearded Pig 

S. cebifrons Visayan Warty Pig 

S. verrucosus Javan Warty Pig 

Potamochoerus 
P. larvatus Bushpig 

P. porcus Red River Hog 

Phacochoerus P. africanus Common Warthog 

Hylochoerus H. meinertzhageni Forest Hog 

Babyrousa B. babyrussa Babirusa 

Tayassuidae 
Tayassu T. pecari White-lipped Peccary 

Pecari P. tajacu Collared Peccary 
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New milestone reached in efforts to save the pygmy hog, one of the world’s 

most endangered mammals. 
  
The release of a further 12 (8♂ ♂ ,4♀♀) captive-bred pygmy hogs (Porcula salvania) in Rajiv Gandhi Orang 
National Park of Assam between the 26 and 27th of May 2012, brought the total number of captive-bred 
hogs released into the wild by the Pygmy Hog Conservation Programme (PHCP) to 60 individuals. This is ex-
actly ten times the number of wild-born individuals originally captured under permit in 1996 for this pur-
pose. This milestone event is but one element of a longer-term ‘3 point conservation action plan’ for the 
recovery of this species, first proposed and accepted by the salient Indian national and state governmental 
authorities in 1980, following studies revealing the systematic extinctions of most of the last known smaller 
‘reserve forest’ populations of these animals in N.W. Assam. However, this plan was not formally inaugu-
rated until 1995, under the auspices of a new ‘International Conservation Research & Management Agree-
ment (ICMRA)’ – the first of its kind in India - co-signed by the Union Ministry of Environment & Forests, As-
sam State Forest Department, Durrell Wildlife Conservation Trust (then the Jersey Wildlife Preservation 
Trust, JWPT) and the IUCN/SSC Wild Pigs Specialist Group. Unfortunately, by that time the species had been 
yet further reduced to its last known surviving wild population in Manas National Park.   
  
Pygmy hogs are generally regarded as one of the world’s most endangered mammals. Indeed, the species 
was long feared extinct, but formally categorised as ‘Critically Endangered’ by the International Union for 
Conservation of Nature (IUCN) following its chance rediscovery in two separate locations in N.W. Assam in 
1971. By that time, however, the species had already been extirpated throughout the rest of its known or 
presumed former range in extreme south Nepal and neighbouring parts of the Indian states of Uttar 
Pradesh, Bihar and West Bengal. Prior to the commencement of this programme, the last surviving wild 
population in Manas was also imperilled through local political unrest and other factors, most especially 
widespread, and often poorly controlled, annual burning of the species’ tall grassland habitats.  
  
In 1996 and in close collaboration with the Assam State Forest Department (ASFD), Durrell Wildlife and the 
WPSG established a properly-structured conservation breeding programme in an easily accessible but shel-
tered ASFD property in Basistha, on the outskirts of the Assam State capital, Guwahati. A total of 6 
(2♂ ♂ 4♀♀) were duly captured under ASFD permit in Manas in March 1996. These captures were carefully 
timed to coincide with expected mid-term pregnancies of wild sows, thereby resulting in early captive births 
of 3 separate litters, comprising a total of 19 piglets (of which all but one was reared), and consequent treb-
ling of the captive population within 2 months of the original captures. This population subsequently and 
rapidly increased to an annual average of 70 individuals maintained in 10 or more socio-reproductive units.  
  
 

  

Articles in the news 
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Figure 1: Locations of field sites: 1) Manas National Park; 2) Potosali ‘Pre-lease Facility’ & Nameri National 
Park; 3) Sonai-Rupai Wildlife Sanctuary; 4) Pygmy Hog Conservation Programme H.Q and Main Breeding 
Centre, Basistha; and 5) Orang National Park . 
Inset (lower right): Magurmari grasslands release sites in Rajiv Ghandi Orang National Park (highlighted).    
  
  
The first-ever releases occurred in 2008 in the Sonai Rupai Wildlife Sanctuary (c. 140 km east of Manas), 
where the species had been last reported in the late 1970’s.  A total of 35 pygmy hogs (18♂ ♂ ,17♀♀) were 
released in Sonai Rupai between 2008 and 2010. Subsequent post-release monitoring studies indicate that 
most of the released animals survived, and successful reproductions have been recorded on several occa-
sions. The released groups and their progenies also extended their known ranges to other parts of the sanc-
tuary, up to 3.5 km from their original release sites.  
  
In 2011, 13 hogs (5♂ ♂ ,8♀♀) hogs, in three separate social-breeding groups, were released at the next 
agreed priority site, namely the Magurmari grasslands of Rajiv Gandhi Orang National Park, located approxi-
mately 40 km south of Sonai Rupai and 120 km south-east of Manas N.P. These releases followed similar 
improvements in habitat management and protection by Park staff, including special efforts being made to 
prevent illegal grazing of domestic livestock and to carefully regulate and control the spread of annual dry 
season grass fires, which had previously extended to include almost all such grasslands within Park bounda-
ries. 
  
In late May this year two further social-breeding groups were released in Orang, bringing the current total 
of hogs released in this area to 25 (13♂ ♂ ,12♀♀) individuals and the total number of hogs released under 
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this programme to the milestone figure of 60 (31♂ ♂ ,29♀♀) individuals, comprising a total of 13 separate 
and pre-established social breeding groups.  
   
The numbers of animals involved in these releases are significant in the sense they evoke the ‘ten-fold mile-
stone’ marker, but also because the few available data also suggest the last naturally surviving wild popula-
tion of the species in Manas N.P. probably numbers less than 200 individuals. Unfortunately, it is not possi-
ble to provide any more accurate assessments of pygmy hog population sizes at any given time in any given 
area as these animals are not only diminutive and naturally shy, they are also supremely well adapted to 
ground-level life in very dense habitats, wherein even elephants and rhinos are easily concealed. As a con-
sequence, pygmy hogs (even reintroduced hogs) are seldom sighted except by chance when crossing path-
ways or other openings in the grasslands. Requisite post-release monitoring efforts have therefore been 
directed mostly towards the location of fresh tracks, nests and other field signs, such as their distinctive for-
age marks made when the animals ‘root’ for buried tubers, invertebrates and other foodstuffs. Camera 
traps have also proved useful (especially when deployed close to active nest sites) in confirming the identi-
ties of marked individuals. As pygmy hogs are also streamlined (i.e. built like bullets as an adaptation to 
their dense habitat), earlier trials with external radio transmitters proved most disappointing as animals in-
variably escaped from their harnesses. It was therefore very much hoped that these problems might be re-
solved via the deployment of internal radio transmitters (small capsules surgically inserted in the abdominal 
cavity). One individual in each social family group (i.e. a total of four individuals) released in Orang this year 
was fitted with an internal radio transmitter. In theory, this should have enabled the far more precise loca-
tion and monitoring of these groups than has ever been possible hitherto, but in practice diverse other 
problems arose re. premature cessation of radio signals and/or animal health concerns per the implanted 
capsules; the latter even involving the enforced recapture of one released individual in order to remove the 
implanted transmitter.  This was successfully accomplished, but only one of the four tagged individuals was 
still producing salient data at this time.  

  

Despite the inherent difficulties of monitoring these animals in the wild, and the added frustrations experi-
enced in trying to overcome these problems, pygmy hogs are nonetheless an extremely important indicator 
species inasmuch as their survival is wholly dependent on the continuous availability of sufficient dense 
cover - typically secondary successional tall grasslands intermixed with other vegetation – which also consti-

Stocking up before leaving a release enclosure in  
Orang, May 2012 (photo: Goutam Narayan) 

Tracking released hogs with radio implants in 
Orang (photo: Goutam Narayan) 
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tute a primary resource for many other key species. Unfortunately, however, such habitats are traditionally 
subject to annual, dry-season burning, which not only deprives these animals of cover and other resources 
prior to re-growth of vegetation following early rains; but drastically reduces the natural biodiversity of 
these habitats by promoting the growth of a few fire-resistant species. Thus pygmy hogs are invariably 
amongst the first species to disappear from such habitats, even if these habitats are otherwise sufficiently 
well protected to continue to support healthy populations of other, much larger and more mobile species, 
such as rhinos, wild water buffalo, swamp deer, etc.  
  
The new data now being collected via the post-release monitoring of these animals will also help the pro-
ject to identify other potential future release sites within Assam, and hopefully other sites elsewhere within 
the species’ former range. However, the ultimate ‘acid test’ for this programme will not just rest upon the 
desired restoration of viable populations of this species in as many sites as may still survive within their for-
mer range, but rather in the continued close collaboration with the salient authorities in each area to agree, 
implement and sustain far more effective habitat management protection and restoration protocols than 
exist (or are being generally practiced) at present. By these means, it is thereby also hoped to help retain or 
restore the extraordinarily rich and diverse natural biodiversities of these areas, wherein more traditional 
grassland management practices have tended to be directed towards the perceived best interests of vari-
ous more obviously charismatic species, such as elephants, rhinos wild buffalo, swamp deer and tiger. This 
is not for a minute to suggest that the conservation needs of such species are any less important, but rather  
to emphasise the need to retain and help to restore optimal natural biodiversities in each such area.  
  
Modified after a Pygmy Hog Conservation Programme press release, issued  on 15th June 2012 by  EcoSys-
tems-India, Durrell Wildlife Conservation Trust and IUCN/SSC Wild Pigs Specialist Group.  
  
For further details, contact:  Goutam Narayan; email: gn@ecosystems.in or Parag Jyoti Deka; email: 
pjd@ecosystems.in 
  

 

World's oldest hippo dies at 62 
 
http://www.news24.com/SciTech/News/Worlds-oldest-hippo-dies-at-62-20120803 
 
2012-08-03  
 
A hippo believed to be the world's oldest has died. (File, AFP) 
 
Chicago - Donna, believed to be the world's oldest hippo, has died at the age of 62 after living more than 
two decades beyond the massive mammal's usual life expectancy, zoo officials said. 
 
Donna had lived most of her life in the small town of Evansville, Indiana at the Mesker Park Zoo & Botanic 
Garden. 
 
"It is with great sadness for us to announce that Donna, the world's oldest living Nile hippopotamus in cap-
tivity, was humanly euthanized this morning due to her declining quality of life caused by her debilitating 
severe arthritis," zoo director Amos Morris said in a statement. 

mailto:gn@ecosystems.in
mailto:pjd@ecosystems.in
http://www.news24.com/SciTech/News/Worlds-oldest-hippo-dies-at-62-20120803
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Donna was born at what is now the Memphis Zoo in 1951 and arrived at Mesker Park on 7 August 1956. 
 
She had eight offspring with her mate Kley and had lived at the zoo longer than any of the current staff 
have worked there. 
 
Hippos typically live no more than 40 years in the wild and about 50 years in captivity. 
 

 

The Big Sleep: How Do You Anesthetize a Hippopotamus?  
 
ScienceDaily. http://www.sciencedaily.com /releases/2012/07/120703120622.htm 
 
It may rank fairly low in most lists of pressing problems to be solved but an increasing number of zoos and 
wildlife collections as well as gamekeepers nevertheless need to come up with an answer: How do you 
anesthetize a hippopotamus? Difficulties are posed not only by the undesirability of approaching waking 
animals but also by hippos' unique skin morphology and by the animals' sensitivity to standard anesthetic 
methods.  
A new procedure is now described by the group of Chris Walzer at the Research Institute of Wildlife Ecology 
of the University of Veterinary Medicine, Vienna and published in the current issue of the Journal of the 
American Veterinary Medical Association. 
 
All zoo animals -- and sometimes also wild animals -- occasionally need veterinary treatment and anesthesia 
is clearly required in many cases. For most animals the procedures are well established but for a variety of 
reasons it has proven difficulty to anaesthetize hippopotamuses. The thick skin and the dense subcutaneous 
tissue make it difficult to introduce sufficient amounts of anesthetics and opioid-based anesthetics often 
cause breathing irregularities and occasionally even death. In addition, the level of anesthesia is only rarely 
sufficient to enable surgery to be undertaken: few vets wish to be around when a drugged hippopotamus 
starts to wake up. 
 
Together with Thierry Petit from the Zoo de la Palmyre, France, and collaborators in Germany and Israel, 
Gabrielle Stalder and Chris Walzer from the Research Institute of Wildlife Ecology, University of Veterinary 
Medicine, Vienna (Vetmeduni Vienna) have now developed a new anesthetic protocol based on the use of 
two non-opiate drugs, medetomidine and ketamine. The procedure has been tested on a total of ten cap-
tive hippopotamuses, all of which were successfully anesthetized to an extent that enabled surgery -- al-
though due to the difficulty to estimate their exact weight some animals needed additional doses of anes-
thetic before they could be safely handled. Crucially, all animals recovered rapidly and completely from the 
procedure and showed no lasting after-effects. 
 
Diving during anesthesia? This does not mean that the anesthesia always passed without incident: five of 
the ten animals stopped breathing for periods of up to nearly ten minutes. But in each case the hippopota-
mus spontaneously recommenced breathing without the need for any intervention. The VetMed scientists 
interpret the temporary suspension of breathing as a dive response: their aquatic lifestyle means that hip-
popotamuses are able to hold their breath for relatively long periods, so it is likely that the animals also 
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"dived" during the period of unconsciousness. 
The researchers thus had a unique opportunity to learn what happens when hippopotamuses stop breath-
ing. The level of oxygen in the blood naturally decreases but this is not associated with an increase in heart 
rate nor, surprisingly, with increased levels of lactate. As Walzer says, "all diving mammals have evolved a 
strategy to cope with the shortage of oxygen while they are underwater. The reaction of hippopotamuses 
to anesthesia suggests that they do not switch to anaerobic metabolism when they dive but possibly have 
other mechanisms to help them use the oxygen in their blood more efficiently. The hooded seal is known to 
have very high levels of myoglobin in its muscles: maybe the hippopotamus has a similar trick to help it sur-
vive?" 

Veterinärmedizinische Universität Wien (2012, July 3). The big sleep: How do you anesthetize a hippopota-
mus? 
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Abstracts of new papers from our regular contributors and members 
 
 
Altrichter M, Taber A, Beck H, Reyna-Hurtado R, Lizarraga L, Keuroghlian A and Sanderson EW. 2012. Range-
wide declines of a key Neotropical ecosystem architect, the Near Threatened white-lipped peccary Tayassu 
pecari. Oryx 46(1): 87-98. 
  
We report a range-wide status assessment of a key Neotropical ecosystem architect, the white-lipped pec-
cary Tayassu pecari, categorized as Near Threatened on the IUCN Red List, using published information and 
unpublished data from 41 scientists in 15 range countries. We estimate that the white-lipped peccary has 
been extirpated in 21% of its historical range over the last 100 years, with reduced abundance and a low to 
medium probability of long-term survival in another 48% of its current range. We found major range de-
clines in Argentina, Paraguay, southern Brazil, Colombia, Venezuela, north-east Brazil, Mexico and Costa 
Rica. This species is particularly at risk in more xeric ecosystems, especially the caatinga, cerrado and pam-
pas. Hunting and habitat destruction are the most severe threats, although there are also unexplained sud-
den die-offs suggestive of disease. We evaluate our results in light of this species' important interspecific 
interactions and its role as an ecosystem architect. One of our recommendations is that conservation ef-
forts should focus on landscape conservation of large, continuous and ecologically intact areas containing a 
mosaic of different habitat types. 
 
 
Campos PHA, Costa GMJ, Lacerda SMSN, Rezende-Neto JV, de Paula AM, Hofmann MC and de Franca LR. 
2012. The Spermatogonial Stem Cell Niche in the Collared Peccary (Tayassu tajacu). Biology of Reproduction 
86(5): 155. 
  
In the seminiferous epithelium, spermatogonial stem cells (SSCs) are located in a particular environment 
called the "niche" that is controlled by the basement membrane, key testis somatic cells, and factors origi-
nating from the vascular network. However, the role of Leydig cells (LCs) as a niche component is not yet 
clearly elucidated. Recent studies showed that peccaries (Tayassu tajacu) present a peculiar LC cytoarchi-
tecture in which these cells are located around the seminiferous tubule lobes, making the peccary a unique 
model for investigating the SSC niche. This peculiarity allowed us to subdivide the seminiferous tubule cross
-sections in three different testis parenchyma regions (tubule-tubule, tubule-interstitium, and tubule-LC 
contact). Our aims were to characterize the different spermatogonial cell types and to determine the loca-
tion and/or distribution of the SSCs along the seminiferous tubules. Compared to differentiating sper-
matogonia, undifferentiated spermatogonia (A(und)) presented a noticeably higher nuclear volume (P < 
0.05), allowing an accurate evaluation of their distribution. Immunostaining analysis demonstrated that ap-
proximately 93% of A(und) were GDNF receptor alpha 1 positive (GFRA1(+)), and these cells were preferen-

New Literature on  

Suiformes 

http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.54%7c3%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.54%7c3%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.54%7c3%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.67%7c1%7c1
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tially located adjacent to the interstitial compartment without LCs (P < 0.05). The expression of colony-
stimulating factor 1 was observed in LCs and peritubular myoid cells (PMCs), whereas its receptor was pre-
sent in LCs and in GFRA1(+) A(und). Taken together, our findings strongly suggest that LCs, different from 
PMCs, might play a minor role in the SSC niche and physiology and that these steroidogenic cells are proba-
bly involved in the differentiation of A(und) toward type A(1) spermatogonia. 
 
 
Reyna-Hurtado, R, Chapman, CA, Calme, S, and Pedersen, EJ. 2012 Searching in heterogeneous and limiting 
environments: foraging strategies of white-lipped peccaries (Tayassu pecari). Journal of Mammalogy, 93
(1):124–133. 
 
Searching for patchily distributed, highly localized, and seasonally variable resources in heterogeneous envi-
ronments poses significant challenges for social species living in cohesive groups. Here, we studied the 
searching strategies of a highly social mammal, the white-lipped peccary (Tayassu pecari), in Calakmul Bio-
sphere Reserve, Mexico. Calakmul Biosphere Reserve is a seasonal tropical forest where important re-
sources, such as water and food, are patchy distributed and temporarily scarce. We attempted to deter-
mine what theoretical searching model best explained the movement patterns of groups of white-lipped 
peccaries, including short-tailed, long-tailed, and scale-free distributions. We found that the only distribu-
tion that was well supported by the data was a zero-inflated lognormal distribution; this implies a general 
pattern of normally short-range intensive searching with occasional long-distance directed movements tak-
ing the animals away from previously searched areas. We also found that groups concentrated foraging ac-
tivities around sources of water during the dry season, behaving as central-place foragers while occasionally 
searching distant areas. We discuss the potential adaptive values of such behavioral strategies for social 
species living in highly heterogeneous environments. 
 
 
 
 

Veterinary, Genetic and Physiological Studies 
 
Cadar D, Dan A, Tombacz K, Lorincz M, Kiss T, Becskei Z, Spinu M, Tuboly T and Csagola A. 2012. Phylogeny 
and evolutionary genetics of porcine parvovirus in wild boars. Infection, Genetics & Evolution 12(6): 1163-
1171. 
  
Porcine parvovirus (PPV) is widespread among swine and is responsible for reproductive failure of suscepti-
ble sows, characterized by embryonic and fetal death. Studies showed that PPV in domestic pig is geneti-
cally diverse and some strains differ from the ones used for vaccination. Organ samples from wild boars and 
domestic pigs were collected in Transylvania (Romania) and tested for the presence of PPV by polymerase 
chain reaction. Positive samples were grouped and 14 from the wild boar and 1 from the domestic pig PPVs 
were selected for VP1/VP2 sequence analysis and comparison with available GenBank data. The molecular 
clock analysis revealed that PPV has a relatively recent evolutionary history, originated approximately 120 
years ago and the main divergence occurred in the last 20-60 years. Phylogenetic and residue substitution 
analysis showed that the viruses could be divided into 6 distinct clusters and that wild boar PPVs were par-
tially different and independent from domestic pig PPVs. PPVs of wild boars proved to be more diverse than 
viruses of domestic pigs. The presence of the highly virulent 27a-like PPV strains in wild boars was also de-
tected. 
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Coradello MA, Morais RN, Roper J, Spercoski KM, Massuda T, Nogueira SSC and Nogueira SLG. 2012. Valida-
tion of a Fecal Glucocorticoid Metabolite Assay for Collared Peccaries (Pecari tajacu). Journal of Zoo & Wild-
life Medicine 43(2): 275-282. 
  
The possibility of assessing endogenous adrenal activity in the collared peccary (Pecari tajacu) was tested by 
using an adrenocorticotropic hormone (ACTH) challenge in a fecal glucocorticoid metabolite (FGM) assay. 
Feces were collected from 12 captive adult male peccaries beginning 48 hr prior to challenge; six of these 
animals received the challenge as an ACTH injection and the other six were injected with saline solution. 
Feces collection ended 120 hr after injections. As a control, feces were collected for eight consecutive days 
from another six adult male peccaries that remained in their original mixed-sex herds in semiconfined pad-
docks. All feces samples were freeze-dried, extracted by an ethanol vortex method, and assayed for gluco-
corticoids by means of an enzyme immunoassay. FGM concentrations were compared between the treat-
ments by a repeated measures analysis of variance (ANOVA) followed by a post hoc Tukey test. The assay is 
reliable but, instead of the usual proportion of 1:50 in ethanol (fecal mass:solvent), 1:10 is recommended 
for best extraction of FGM. Baseline FGM concentrations were similar among the ACTH, saline, and control 
treatments (29.7 +/- 11.2 ng/g(-1) dry feces) during the 48 hr before the challenge. The ACTH group 
reached an FGM excretion peak at 24 hr post-treatment, followed by a decline, while in the control and sa-
line groups FGM levels remained relatively constant. Therefore, the fecal glucocorticoid metabolite assay 
reflects endogenous adrenal activity in the collared peccary and is a powerful tool for noninvasive stress 
monitoring in peccaries. 
 
 
Guimaraes DA, de Garcia SCG, Ferreira MAP, da Silva SDB, de Albuquerque NI and Le Pendu Y. 2012. Ovar-
ian folliculogenesis in collared peccary, Pecari tajacu (Artiodactyla: Tayassuidae). Revista de Biologia Tropi-
cal 60(1): 437-445. 
  
The sustainability and production of collared peccary (Pecari tajacu) has been studied in the last few years; 
however, further information on its reproduction is necessary for breeding systems success. Understanding 
folliculogenesis aspects will contribute to effective reproductive biotechniques, which are useful in the 
preservation and production of wildlife. The aim of this study was-to evaluate the ovarian folliculogenesis in 
collared peccary. Ovaries from six adult females of collared peccary were obtained through ovariectomy 
and analyzed. These were fixed in aqueous Bouin's solution and sectioned into 7 mu m slices, stained with 
hematoxilin-eosin and analyzed by light microscopy. The number of pre-antral and antral follicles per ovary 
was estimated using the Fractionator Method. The follicles, oocytes and oocyte nuclei were measured using 
an ocular micrometer. Results showed that the length, width, thickness, weight, and the gross anatomy of 
the right and left ovaries were not significantly different. However, the mean number of corpora lutea was 
different between the phases of the estrous cycle (p<0.05), with the highest mean in the luteal phase. Pri-
mordial follicles were found in the cortex; the oocytes were enveloped by a single layer of flattened, follicu-
lar cells. In the primary follicles, proliferation of the follicular cells gave rise to cuboidal cells (granulosa 
cells). The secondary follicle was characterized by two or more concentric layers of cuboidal cells 
(granulosa), beginning of antrum formation, and the presence of pellucid zone Slid theca cells. Antra; folli-
cles were characterized by a central cavity (antrum), the presence of cumulus oophorus and theca layers 
(interna and externa). In the right ovary, the values of the primordial and primary follicles were similar, but 
significantly different from the secondary ones (p<0.05). In the left ovary, significant differences were ob-
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served between all follicles in the follicular phase (p<0.05),; the mean number of primordial and primary 
follicles was similar in the luteal phase. The mean number of pre-antral follicles and antral follicles in the 
follicular phase was higher in the left ovary (p<0.05). The mean number of antral follicles in the luteal phase 
was similar in both ovaries. We also found significant differences in mean diameter of preantral follicles, 
oocyte, granulosa layer and oocyte nucleus during the estrous cycle. In the antral follicles a significant dif-
ference was observed only in follicular diameter (p<0.05). The predominance of active primordial and pri-
mary follicles was found in both phases; otherwise the secondary follicles and antral follicles showed a high 
degree of degeneration. The results obtained in the present work will strengthen the development of bio-
technology programs to improve the productive potential and conservation of the collared peccary. 
 
 
Kolodziej K, Theissinger K, Brun J, Schulz HK and Schulz R. 2012. Determination of the minimum number of 
microsatellite markers for individual genotyping in wild boar (Sus scrofa) using a test with close relatives. 
European Journal of Wildlife Research 58(3): 621-628. 
  
In the context of developing a noninvasive, practicable method for population size estimation in wild boar, 
we present a stepwise procedure to reduce the number of required microsatellite markers for individual 
genotyping. Step1: an initial marker set of 12 microsatellite loci was tested for species specificity with non-
target DNA and resulted in an exclusion of two markers. Step 2: a variability test regarding heterozygosity 
and deviations from Hardy-Weinberg equilibrium led to the rejection of two further markers. Step 3: the 
remaining eight markers were tested for transferability across populations with three separate wild boar 
sample sets. Step 4: on the basis of probability of identity values, a reduction from eight to five markers was 
possible. Step 5: a novel test using tissue samples from female wild boars and their embryos provided evi-
dence that four variable microsatellite markers and one sex marker are sufficient for individual identifica-
tion of close relatives. Step 6: feces samples were finally used to estimate PCR (PS) and genotyping success 
(GS). In conclusion, we recommend a specific four-marker combination with both PS and GS > 50% for a reli-
able individual identification in noninvasive population size estimation of wild boar.  
 
 
Nakayama SMM, Ikenaka Y, Muzandu K, Choongo K, M'kandawire E, Yasuda J and Ishizuka M. 2012. Metal 
and metalloid levels and bio-accumulation characteristics in soil, sediment, land plants and hippopotami 
(Hippopotamus amphibius L) from the South Luangwa National Park, Zambia. Ecotoxicology & Environ-
mental Safety 80: 333-338. 
  
Hippopotami (Hippopotamus amphibius L) are large semi-aquatic mammals that can be exposed to metals 
and metalloid from both terrestrial and aquatic environments. Therefore, knowledge of metal and metal-
loid accumulation characteristics in hippopotami living in the national park is important from ecotoxicologi-
cal point of view. Levels of toxic metals (Cd, Pb and Hg) and metalloid (As) in hippopotami liver from the 
South Luangwa National Park in Zambia were far lower compared to the established values of toxic levels in 
cattle. No temporal variations of metal levels in hippopotami were observed, probably because of good 
management condition and the lack of anthropogenic activities around the national park. However, hippo-
potami liver accumulated significantly higher concentrations of Hg compared to soil, sediment and their 
food (plants), most likely due to a process of biomagnification throughout a trophic chain. Moreover, hippo-
potami liver and land plants showed significantly higher Cd levels than those of soil. These results strongly 
suggest that hippopotami liver accumulate higher levels of these metals if surrounding environment is con-
taminated. Levels of Cr and Ni in hippopotami liver were higher compared to other toxic metals. Since this is 
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the first report to show the Cr and Ni levels and bio-accumulation characteristics of Hg and Cd in hippo-
potami, we concluded that continuous monitoring and evaluation of toxic effects of these metals on hippo-
potami should be conducted.  
 
 
Santos TC, Tonarelli C, Teixeira FA, Oliveira MF, Maria D, Reginato P, Kfoury JR, Oliveira CAL, Lourenco DAL 
and Miglino MA. 2012. Histomorphometrical and proliferative aspects of placenta and uterus of the 
collared peccary (Tayassu tajacu). Histology & Histopathology 27(6): 793-806. 
  
The histomorphometric and proliferative characteristics of the collared peccary (Tayassu tajacu) placenta 
and uterus were analyzed. The material was examined by standard histological techniques and histochemis-
try (PAS, Perls and Alcian Blue pH 0.5 and 2.5%) and the cellular proliferation by AgNORs and flow cytome-
try. All the analyzed morphometric variables differed between pregnant and non-pregnant uteri in the 
luteal phase using the Dunnet test. Height and gland diameter of uterine glands increased linearly during 
pregnancy, with an intense positive PAS and Perls reaction in all stages. The cells with more than seven Ag-
NORs per nuclei and the cells in the G2M cell cycle phase in the maternal tissue also increased after 70 days 
of pregnancy. The uteroplacental ridges had a linear increase in size with two distinct areas, base and top, 
with uterine epithelium and trophoblastic cells changing their morphology following the placental ridge de-
velopment. Flow cytometry analysis showed the percentage of cells in each cell cycle phase with a quad-
ratic behavior for stages G2/M in the maternal tissue, suggesting an increase in proliferative capacity of ma-
ternal tissue after 65 days of pregnancy. The same quadratic effect was observed in the G0/G1 phase in 
both maternal and fetal tissues. Cells in apoptosis showed cubic behavior in both tissues. The morphomet-
ric and cellular dynamic aspects observed in this study have not been previously described and they extend 
our knowledge of functions relating to maternal-fetal dynamics in this species.  
 
 
Stalder GL, Petit T, Horowitz I, Hermes R, Saragusty J, Knauer F and Walzer C. 2012. Use of a medetomidine-
ketamine combination for anesthesia in captive common hippopotami (Hippopotamus amphibius). Javma 
(Journal of the American Veterinary Medical Association) 241(1): 110-116. 
  
Objective-To establish an anesthetic protocol suitable for surgical interventions in hippopotami 
(Hippopotamus amphibius). Design-Prospective case series. Animals-10 adult male hippopotami undergoing 
castration.  
Procedures-A combination of medetomidine (60 to 80 mu g/kg [273 to 36.4 mu g/lb]) and ketamine (1 mg/
kg [0.45 mg/lb]) was administered IM on the basis of mean estimated weights of 1,330 +/- 333 kg (2,926 +/- 
733 lb; median, 1,350 kg [2,790 lb]; range, 900 to 2,000 kg [1,980 to 4,400 lb]). Monitoring included sequen-
tial blood gas analyses, pulse oximetry, and capnography. Reversal of anesthesia with atipamezole (0.34 +/- 
0.06 mg/kg [0.15 +/- 0.027 mg/lb]; median, 0.33 mg/kg [0.15 mg/lb]; range, 300 to 500 mg total dose]) was 
uneventful and rapid in all cases.  
Results-Complete immobilization and a surgical anesthetic plane were achieved 27 +/- 11.8 minutes 
(median, 24.5 minutes [range, 14 to 44 minutes]) after initial injection. Anesthesia (97.3 +/- 35.3 minutes; 
median, 95 minutes [range, 57 to 188 minutes]) was maintained with 3.4 +/- 2.2 (median, 3) additional 
doses of ketamine (0.1 to 0.4 mg/kg [0.045 to 0.18 mg/lb]). Transitory apnea of 4.71 +/- 2.87 minutes 
(median, 4 minutes [range, 1 to 9 minutes]) was documented in 5 animals. Apnea during anesthesia was 
viewed as a physiologic condition in this semiaquatic mammal because related vital parameters (heart rate, 
pH, peripheral hemoglobin oxygen saturation as measured by pulse oximetry, venous partial pressure of 
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CO2' and lactate and HCO3 concentrations) remained unchanged and did not differ significantly than those 
parameters for the 5 animals with continuous respiration.  
Conclusions and Clinical Relevance-Both in captivity and in the wild, common hippopotami are difficult to 
anesthetize. The combination of medetomidine and ketamine provided an excellent surgical plane of anes-
thesia and a self-limiting dive response. 
 
 
Svjetlana T, Besi R, Lorena J and Florijancic T. 2012. Application of Commercial Enzyme linked Immunosor-
bent Assays (ELISA) for the detection of Antibodies for Foot-and-Mouth Disease Virus in Wild Boar and Red 
Deer. Acta Veterinaria-Beograd 62(2-3): 289-296. 
  
For detecting antibodies towards foot and mouth (FMD) virus in sera collected from red deer hinds (Cervus 
elaphus) and wild boars (Sus scrofa), three commercially available enzyme-linked immunosorbent assays 
(ELISA) were used. Two ELISA kits (PrioCHECK FMDV NS and CHEKIT FMD-3ABC) were used for the detection 
of antibodies towards non-structural proteins of FMD virus and one assay was based on the detection of 
antibodies for serotype 0 (PrioCHECK FMDV type O). All of the sera tested in our study were negative for 
antibodies against FMD virus. The aim of this study was to investigate the usefulness of commercially avail-
able ELISA kits given for marketing authorization in Croatia in testing the prevalence of FMD antibodies in 
wild boar and red deer populations. Since the producers of ELISA kits used in our study did not declare wild 
animals as a target species, we hypothesised that the same kits could be used for serological diagnosis of 
FMD in red deer and wild boars. Our study confirmed that the kits used are acceptable for detecting anti-
bodies in both species tested, however, the investigation highlighted the problem of validating the kits due 
to the absence of available positive sera originating from red deer, as well as other susceptible species, es-
pecially artiodactyls. 
 
 

Taxonomic, Morphological, Biogeographic and Evolutionary Studies 
 
Alexandri P, Triantafyllidis A, Papakostas S, Chatzinikos E, Platis P, Papageorgiou N, Larson G, Abatzopoulos 
TJ and Triantaphyllidis C. 2012. The Balkans and the colonization of Europe: the post-glacial range expansion 
of the wild boar, Sus scrofa. Journal of Biogeography 39(4): 713-723. 
  
Aim We focus on the biogeographical role of the Balkan Peninsula as a glacial refugium and source of north-
ward post-glacial dispersal for many European taxa. Specifically, we analysed the genetic structure and 
variation of wild boar (Sus scrofa) samples primarily from Greece, a region that has repeatedly served as a 
glacial refugium within the Balkan Peninsula. Location Continental Greece, the Aegean island of Samos and 
Bulgaria.  
Methods We analysed wild boar samples from 18 localities. Samples from common domestic breeds were 
also examined to take into account interactions between wild and domesticated animals. Phylogenetic 
analyses were carried out on a 637-bp fragment of the mitochondrial DNA control region in 200 wild boar 
and 27 domestic pigs. The sequences were also compared with 791 Eurasian wild boar and domestic pig D-
loop sequences obtained from GenBank.  
Results Ninety-four haplotypes were identified in the European wild boar data set, of which 68 were found 
in the Balkan samples and assigned to two previously described clades: the E1 European and Near Eastern 
clades. All of the continental samples clustered in the E1 clade and the samples from Samos fell into the 
Near Eastern clade, consistent with the island's proximity to Asia Minor. Intriguingly, 62 novel haplotypes 
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were identified and are found exclusively in the Balkans. Only six haplotypes were shared between wild 
boar and domestic pigs.  
Main conclusions Our data reveal numerous novel and geographically restricted haplotypes in wild boar 
populations, suggesting the presence of separate refugia in the Balkans. Our analyses support the hypothe-
sis of a postglacial wild boar expansion consistent with the leading edge model, north and west from mod-
ern day Greece, and suggest little maternal introgression of Near Eastern and domestic haplotypes into wild 
Balkan populations. 
 
 
Czaplewski NJ. 2012. Pleistocene Peccaries (Mammalia: Tayassuidae) from Western Oklahoma. Southwest-
ern Naturalist 57(1): 112-117. 
  
Three new records of late Pleistocene fossil peccaries come from localities in western Oklahoma and im-
prove on the only previous record from the state. Isolated occurrences of partial jaws at Rush Creek, Grady 
County, and south of Yukon, Canadian County, represent the flat-headed peccary, Platygonus compressus. 
An assemblage with three taxa of mammals from a canal near the Quartz Mountains, Jackson County, in-
cludes a prairie dog Cynomys, a mammoth Mammuthus, and an unidentified peccary, Tayassuidae indeter-
minate. The last of these specimens includes a well-preserved skeleton of a foot, partial upper tusk, and oc-
cipital condyle.  
 
 
Fremondeau D, Cucchi T, Casabianca F, Ughetto-Monfrin J, Horard-Herbin MP and Balasse M. 2012. Season-
ality of birth and diet of pigs from stable isotope analyses of tooth enamel (delta O-18, delta C-13): a mod-
ern reference data set from Corsica, France. Journal of Archaeological Science 39(7): 2023-2035. 
  
Since domestication during the mid 11th millennium BP in the Near East and the 8th millennium BP in 
China, the pig has played an important role in human diet and economy. The objective of this study is to 
evaluate the potential of stable oxygen and carbon isotopes sequential analyses of pig tooth enamel to in-
vestigate pig seasonality of birth and diet, as these are important parameters for the reconstruction of pig 
herding strategies in ancient societies. A pilot study was performed on a modern reference set composed of 
five free-range Corsican domestic pigs and four Corsican feral pigs. Tooth enamel from the mandibular inci-
sors (I1, I2), molars (M2, M3) and canines (C) were sampled sequentially to map the stable oxygen and car-
bon isotope records in the pig mandible. The sequences of delta O-18 published in this paper may be used 
as a reference data set for births grouped in mid-autumn and late winter. The delta C-13 values measured 
in the wild pigs constitute the first reference set for a wild population living in a Mediterranean environ-
ment. Results show that among all sampled teeth (I1, I2, C, M1 and M2), the combination of the sequences 
of delta O-18 measured in the first and second incisors provides the most effective data for determination 
of birth seasonality. The sequences of delta O-18 measured in the second and third molars were too short 
and/or dampened to be interpreted in terms of seasonality. In domestic pigs, male evergrowing canines 
provide a one and a half year record, allowing observation of short-term seasonal variations in the isotopic 
composition of diet. Applied to archaeological assemblages, the joint stable isotope analysis of incisors and 
canines will enable the qualification of the seasonal rhythm of pig herding practices, including slaughtering 
strategies, in more concrete terms. These practices are directly linked to the modalities of pork production 
but also to the availability of food resources.  
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Meyer W. 2012. A Special Construction of Subepidermal Capillary Loops in the Hippopotamus 
(Hippopotamus amphibius). Zoological Science 29(7): 458-462. 
  
Based on LM, TEM, and histochemical methods, the study describes the specific structure of sub-epidemal 
capillary loops in the integument of the hippopotamus (Hippopotamus amphibius). At 25-60 mu m, the di-
ameter of the capillaries was more than twenty times larger than those found in other mammals, as was 
the diameter of the epidermal contact area of the hairpin turn, which had enlarged up to 200-400 mu m(2). 
At about 13,400, the number of loops per cm(2) was three times higher than in the few other mammalian 
species measured to date. The remarkable sheath (thickness 2-20 mu m) of the capillary loops consists of a 
multitude of fine collagen IV fibres, which were in direct contact with the epidermal stratum (str.) basale, 
emphasizing an origin from the lamina fibroreticularis of the basement membrane. Additionally, the sheath 
contained many regions filled with free fatty acids. All observations confirmed the view that the walls of the 
subepidermal capillaries in the hippopotamus are adapted to withstand high blood pressure, permitting a 
high rate of blood vessel-based heat transfer from the periphery of the body. Until now this function is only 
known as an important thermoregulatory response in highly active mammals, e. g. dolphins. However, un-
der hot climatic conditions but without strong exercise for cooling, such ability could be an effective and 
energy-saving procedure in semi-aquatic mammals. 
 
 
Yoshitomi S, Kawashima T, Murakami K, Takayanagi M, Inoue Y, Aoyagi R and Sato F. 2012. Anatomical Ar-
chitecture of the Brachial Plexus in the Common Hippopotamus (Hippopotamus amphibius) with Special 
Reference to the Derivation and Course of its Unique Branches. Anatomia, Histologia, Embryologia: Veteri-
nary Medicine Series C. 41(4): 280-285.  
 
The anatomy of the brachial plexus in the common hippopotamus (Hippopotamus amphibius), which has 
not been previously reported, was first examined bilaterally in a newborn hippopotamus. Our observations 
clarified the following: (1) the brachial plexus comprises the fifth cervical (C5) to first thoracic (T1) nerves. 
These formed two trunks, C5C6 and C7T1; in addition, the axillary artery passed in between C6 and C7, (2) 
unique branches to the brachialis muscle and those of the lateral cutaneous antebrachii nerves ramified 
from the median nerve, (3) nerve fibre analysis revealed that these unique nerve branches from the median 
nerve were closely related and structurally similar to the musculocutaneous (MC) nerve; however, they had 
changed course from the MC to the median nerve, and (4) this unique branching pattern is likely to be a 
common morphological feature of the brachial plexus in amphibians, reptiles and certain mammals.  
 
 

Ecology and Conservation Studies 
 
Amici A, Serrani F, Rossi CM and Primi R. 2012. Increase in crop damage caused by wild boar (Sus scrofa L.): 
the "refuge effect". Agronomy for Sustainable Development 32(3): 683-692. 
  
The occurrence of crop damage by wild boars raised dramatically in the last decades, implying an increase 
in social conflicts, expenditures for compensation and a risk to natural ecosystems. Many researchers have 
explained this phenomenon by considering wild boar biology, behaviour and abundance. Little or no atten-
tion has been devoted to wildlife management and the agricultural mosaic. We hypothesised that the agri-
cultural structure of the landscape and wildlife management planning, including hunting, can play a rele-
vant role in causing crop damage. We studied a Mediterranean area in central Italy that is characterised by 
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a patchy agriculture, dividing the surface into hexagons. A large number of terrain parameters were calcu-
lated at the large (hexagons) and local (buffer) scale, including the topography, land use and agricultural 
management. We also considered wildlife variables such as the number of wild boar shot down, hunting 
management and the legal status of the wild boar. The terrain and management data for each hexagon 
were submitted to a generalised binomial stepwise multiple logistic regression. The resultant model dem-
onstrated an accuracy of 0.76, a misclassification rate of 0.24 and an odds ratio of 10.41. The most impor-
tant variables selected by the regression were the woods in the area where hunting was banned (P < 0.001), 
a 1-km buffer of intensively cultivated farmland close to the woods where hunting was banned (P < 0.001), 
a 1-km buffer of intensively cultivated farmland along the river (P < 0.05), the forest edge (P < 0.001), and 
the mean number of wild boar that were shot (P < 0.05). In this study, we proved that an important factor 
in explaining crop damage is the "refuge effect" (a buffer close to the wooded areas where hunting was 
banned) and the 1-km buffer along possible dispersion routes. 
 
 
Averbeck C, Plath M, Wronski T and Apio A. 2012. Effect of human nuisance on the social organisation of 
large mammals: group sizes and compositions of seven ungulate species in Lake Mburo National Park and 
the adjacent Ankole Ranching Scheme. Wildlife Biology 18(2): 180-193.  
 
Most ungulates in East African savannahs experience some form of human disturbance, such as direct pur-
suit (e.g. hunting and poaching), habitat degradation and competition with livestock. In many studies, the 
impact of human activities on wildlife is assessed through census counts, i.e. by estimating population sizes 
or densities, but also the social organisation of gregarious species can be affected. Using seven species of 
ungulates occurring in the Akagera Ecosystem, we compared grouping patterns (i.e. group sizes and compo-
sitions) of different group types (e.g. bachelor, all-female and mixed-sex groups) between sites situated in-
side a protected area, i.e. Lake Mburo National Park in Uganda and the adjacent Ankole Ranching Scheme 
(ARS), an unprotected area with intense human pursuit. Differences in group sizes were detectible in only a 
few cases, e.g. bachelor group size in common eland Tragelaphus oryx pattersonianus increased in the ARS, 
which may be advantageous due to increased vigilance. However, we found pronounced differences in 
group compositions in numerous species and for different group types, for example, in eland and water-
buck Kobus ellipsiprymnus defassa (i.e. in all group types), and topi Damaliscus lunatus jimela, oribi Ourebia 
ourebi and warthog Phacochoerus aetiopicus (all-female and mixed-sex groups). We discuss that continuous 
monitoring of grouping patterns of these (and other) species may be a valuable approach to detect 'subtle' 
effects of human nuisance even before an overall population decline can be observed.  
 
 
Belda A, Zaragozi B, Martinez-Perez JE, Peiro V, Ramon A, Seva E and Arques J. 2012. Use of GIS to predict 
potential distribution areas for wild boar (Sus scrofa Linnaeus 1758) in Mediterranean regions (SE Spain). 
Italian Journal of Zoology 79(2): 252-265. 
  
The wild boar is the target species selected for developing a GIS model of potential habitat for big game 
species, mainly using many GIS layers and kilometric abundance indices (KAI). We identify and weight envi-
ronmental factors that determine the suitability for wild boar populations in a Mediterranean region, highly 
influenced by urban and agro-forestry activities. Marina Baja region (Spain) is selected to make a regional 
analysis. In the GIS modelling process, a suitability value is assigned to each pixel, which represents the 
habitat preference of the species. In the potential habitat model some variables were considered, the most 
important being land use. Voronoi polygons are generated by calculating the centroid of census transects 
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located with GPS. These polygons are combined with the 'suitability' layer to obtain potentiality values, in-
volving the displacement of the wild boar impedances within each Voronoi polygon. Finally, it performs the 
cartographic generalization process to obtain the resulting potential areas. We have obtained six potential 
areas that represent 39% of the region and they are best for the species. Natural vegetation is the most im-
portant landcover type in these areas. The cost-distance model is an efficient tool that gives good results in 
line with existing knowledge of species distribution. The model is constructed in order to explain, under-
stand and predict the relations of analysed species using a determinate number of environmental variables. 
Thus, the use of GIS has allowed the information coming from different sources to be integrated in a simple 
way, allowing wild boar observations (KAI) to be combined with the cost-distance analysis result. 
 
 
Blowers TE, Waterman JM, Kuhar CW and Bettinger TL. 2012. Female Nile Hippopotamus (Hippopotamus 
amphibius) Space Use in a Naturalistic Exhibit. Zoo Biology 31(2): 129-136. 
  
Zoological institutions provide naturalistic exhibits for their animals in order to offer a more appealing look 
for visitors and give the animal the opportunity to engage in more natural behaviors. Examining space use 
of the animals in the naturalistic exhibit may aid in the management of these animals and inform future 
naturalistic exhibit design. The hippopotamus is an amphibious ungulate that spends much of its days in the 
wild in the water but may be found along the banks of the rivers basking in the sun. Our objective was to 
determine how captive female hippos utilize their exhibit by examining whether hippos selected for certain 
areas of a naturalistic exhibit. Scan sample data were collected on a group of nine captive female hippos 
housed at Disney's Animal Kingdom (R). Using ArcView, the data were analyzed to determine distribution of 
hippos in the exhibit and their utilization of depth categories while in the water. Hippos were found to ag-
gregate in preferred areas of the exhibit, mostly water, and selected most for water depths of 0.6-1.0 m. 
These results will aid in the understanding of hippopotamus space use and may aid zoological institutions in 
the design of naturalistic exhibits for hippos. 
 
 
Bosch J, Peris S, Fonseca C, Martinez M, De La Torre A, Iglesias I and Munoz MJ. 2012. Distribution, abun-
dance and density of the wild boar on the Iberian Peninsula, based on the CORINE program and hunting sta-
tistics. Folia Zoologica 61(2): 138-151. 
  
Wild boar population size in the Iberian Peninsula was estimated using hunting bag statistics from Spain and 
Portugal. Density was estimated assigning the wild boar population size to the "potential resources" or suit-
able habitats categorized by their importance to provide food and/or shelter to wild boars. Land uses were 
selected from CORINE, the EU database for land cover, using scientific literature and statistical significance 
for wild boar presence from published data. The hunting bag was 176245 and 15167 in Spain and Portugal, 
respectively. The average density was 0.373/km(2) (min 0.014-max 2.22) in Spain and 0.13/km(2) (min 
0.00048-max 1.99) in Portugal, being 0.31/km(2) (0.00048-2.22) over the entire Peninsula. Statistical analy-
sis showed that wild boar presence was significantly (p < 0.05) associated to thirteen of the seventeen 
CORINE land uses selected. Agro-forestry, moors and heathland land use were not statistically significant 
but were included in the model due to their biological importance. Suitable habitats and distribution of wild 
boar were mapped for the Iberian Peninsula. This approach is a preliminary step intended to be useful in 
environmental management and animal health. 
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Cole RJ, Litton CM, Koontz MJ and Loh RK. 2012. Vegetation Recovery 16 Years after Feral Pig Removal from 
a Wet Hawaiian Forest. Biotropica 44(4): 463-471. 
  
Non-native ungulates can alter the structure and function of forest ecosystems. Feral pigs in particular pose 
a substantial threat to native plant communities throughout their global range. Hawaiian forests are excep-
tionally vulnerable to feral pig activity because native vegetation evolved in the absence of large mammal-
ian herbivores. A common approach for conserving and restoring forests in Hawaii is fencing and removal of 
feral pigs. The extent of native plant community recovery and nonnative plant invasion following pig re-
moval, however, is largely unknown. Our objective was to quantify changes in native and nonnative under-
story vegetation over a 16 yr period in adjacent fenced (pig-free) vs. unfenced (pig-present) Hawaiian mon-
tane wet forest. Native and nonnative understory vegetation responded strongly to feral pig removal. Den-
sity of native woody plants rooted in mineral soil increased sixfold in pig-free sites over 16 yr, whereas es-
tablishment was almost exclusively restricted to epiphytes in pig-present sites. Stem density of young tree 
ferns increased significantly (51.2%) in pig-free, but not pig-present sites. Herbaceous cover decreased over 
time in pig-present sites (67.9%). In both treatments, number of species remained constant and native 
woody plant establishment was limited to commonly occurring species. The nonnative invasive shrub, 
Psidium cattleianum, responded positively to release from pig disturbance with a fivefold increase in den-
sity in pig-free sites. These results suggest that while common native understory plants recover within 16 yr 
of pig removal, control of nonnative plants and outplanting of rarer native species are necessary compo-
nents of sustainable conservation and restoration efforts in these forests. 
 
 
Cowled BD, Garner MG, Negus K and Ward MP. 2012. Controlling disease outbreaks in wildlife using limited 
culling: modelling classical swine fever incursions in wild pigs in Australia. Veterinary Research 43: 3.  
 
Disease modelling is one approach for providing new insights into wildlife disease epidemiology. This paper 
describes a spatio-temporal, stochastic, susceptible- exposed-infected-recovered process model that simu-
lates the potential spread of classical swine fever through a documented, large and free living wild pig 
population following a simulated incursion. The study area (300 000 km(2)) was in northern Australia. Pub-
lished data on wild pig ecology from Australia, and international Classical Swine Fever data was used to pa-
rameterise the model. Sensitivity analyses revealed that herd density (best estimate 1-3 pigs km(-2)), daily 
herd movement distances (best estimate approximately 1 km), probability of infection transmission be-
tween herds (best estimate 0.75) and disease related herd mortality (best estimate 42%) were highly influ-
ential on epidemic size but that extraordinary movements of pigs and the yearly home range size of a pig 
herd were not. CSF generally established (98% of simulations) following a single point introduction. CSF 
spread at approximately 9 km(2) per day with low incidence rates (< 2 herds per day) in an epidemic wave 
along contiguous habitat for several years, before dying out (when the epidemic arrived at the end of a con-
tiguous sub-population or at a low density wild pig area). The low incidence rate indicates that surveillance 
for wildlife disease epidemics caused by short lived infections will be most efficient when surveillance is 
based on detection and investigation of clinical events, although this may not always be practical. Epidemics 
could be contained and eradicated with culling (aerial shooting) or vaccination when these were adequately 
implemented. It was apparent that the spatial structure, ecology and behaviour of wild populations must be 
accounted for during disease management in wildlife. An important finding was that it may only be neces-
sary to cull or vaccinate relatively small proportions of a population to successfully contain and eradicate 
some wildlife disease epidemics. 
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Dovrat G, Perevolotsky A and Ne'eman G. 2012. Wild boars as seed dispersal agents of exotic plants from 
agricultural lands to conservation areas. Journal of Arid Environments 78: 49-54. 
  
Some large omnivorous mammals serve as effective dispersal vectors of plant seeds that are adapted for 
dispersal through endozoochory or epizoochory. Seed dispersal by native wild boars (Sus scrofa lybicus) was 
investigated at Ramat-Hanadiv Park in central Israel by controlled germination, in a greenhouse, of dung, 
pellets, and brushed hair samples. Many seedlings emerged from the dung and hair samples but pellets did 
not contain any viable seeds. Forty-one percent of the species and 91% of the seedlings dispersed by endo-
zoochory were exotic species. Eighteen percent of the species and 59% of the seedlings, dispersed by epi-
zoochory were exotic species. Some of these species are ruderal plants which grow along roads and dis-
turbed sites in the park, but only one has established in the park core. The large numbers of exotic seeds 
illustrate the potential impact of the omnivorous wild boar as effective vector dispersing exotic plant spe-
cies from agricultural and urban areas into protected natural ecosystems. However, the establishment was 
only minor yet probably due to summer drought and high resistance of the Mediterranean maquis to invad-
ing plants. 
 
 
Ebert C, Knauer F, Spielberger B, Thiele B and Hohmann U. 2012. Estimating wild boar Sus scrofa population 
size using faecal DNA and capture-recapture modelling. Wildlife Biology 18(2): 142-152. 
  
Increasing populations of wild boar and feral domestic pigs Sus scrofa have evoked growing concern due to 
their potential as disease reservoir and as an origin of agricultural damages. Reliable population estimates 
are needed for effective management measures of this species. As an alternative to traditional methods, 
non-invasive genetic population estimation approaches based on hair or faeces sampling have yielded 
promising results for several species in terms of feasibility and precision. We developed and applied a non-
invasive population estimation approach based on wild boar faeces in a study area situated in the Palati-
nate Forest, southwestern Germany. We collected 515 faeces samples along transects in January 2008. We 
carried out genotyping using six microsatellite markers to discriminate between individuals. During the trial, 
we identified 149 individual wild boar. Using multimodel inference and model averaging, we obtained rela-
tively consistent estimates. Population densities calculated using the estimated population sizes ranged 
from 4.5 (2.9-7.8) to 5.0 (4.0-7.0) wild boar/km(2). In the future, to further improve the precision of popula-
tion estimates based on wild boar faeces, the detection probability should be increased. However, even 
when comparing a conservative population estimate to the hunting bag, our results show that the present 
hunting regime in our study area is not effective in regulating the wild boar population. The method which 
we present here offers a tool to calibrate hunting or other management measures for wild boar. 
 
 
Franzetti B, Ronchi F, Marini F, Scacco M, Calmanti R, Calabrese A, Paola A, Paolo M and Focardi S. 2012. 
Nocturnal line transect sampling of wild boar (Sus scrofa) in a Mediterranean forest: long-term comparison 
with capture-mark-resight population estimates. European Journal of Wildlife Research 58(2): 385-402. 
  
Although accurate estimates of wild boar (Sus scrofa) populations are crucial for any effective resource 
management or pest control programme, this species is well-known to be difficult to monitor. We con-
ducted a 10-year study in a fenced Mediterranean forest (Rome, Italy) to evaluate nocturnal line transect 
sampling performances. We focused on its accuracy in monitoring changes in density, which was independ-
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ently estimated by capture-mark-resight (CMR) performed on counts at feeding sites. We carried out night 
surveys in the autumn of 2001-2010, using portable infrared cameras to detect animals. We sampled on 
foot to cover the whole study area and the different habitat types evenly. However, to ensure safe working 
conditions during night and to limit disturbance, we placed transects along paths and forest roads. There-
fore, we investigated the potential impact of our convenience sampling on the detection process, using 
radiolocations of wild boars to assess their distribution with respect to selected transects. We found that 
our survey design should not have biased our estimates and that densities and coefficients of variations 
from line transect sampling were consistent with CMR results. Although labour-intensive, we believe that 
our approach can improve wild boar monitoring effectively, even in concealing habitats, providing decision 
makers with accurate estimates (and quantified confidence limits) which can help to develop the most ap-
propriate management programme. Moreover, the current low price of new-generation infrared cameras 
can also increase strongly the cost-effectiveness of this method. 
 
 
Gamelon M, Gaillard JM, Servanty S, Gimenez O, Toigo C, Baubet E, Klein F and Lebreton JD. 2012. Making 
use of harvest information to examine alternative management scenarios: a body weight-structured model 
for wild boar. Journal of Applied Ecology 49(4): 833-841. 
  
1. Harvest models are often built to explore the sustainability of the dynamics of exploited populations and 
to help evaluate hunting management scenarios. Age-structured models are commonly used for ungulate 
population dynamics. However, the age of hunted individuals is usually not recorded, and hunting data of-
ten only include body weight and sex limiting the usefulness of traditional models. 2. We propose a new 
modelling approach that fits data collected by hunters to develop management rules when age is not avail-
able. Using wild boar Sus scrofa scrofa as a case study, we built a matrix model structured according to sex 
and body weight whose output can be directly compared with the observed distribution of hunted individu-
als among sex and body weight classes. 3. In the face of the current wide scale increase in populations of 
wild boar, the best feasible option to stop or slow down population growth involves targeting the hunting 
effort to specific sex and body weight classes. The optimal harvest proportion in the target body weight 
classes is estimated using sensitivity analyses. 4. The number of individuals shot in each sex and body 
weight class predicted by our model was closely associated with those recorded in the hunting bag. Increas-
ing the hunting pressure on medium-sized females by 14.6% was the best option to limit growth rate to a 
target of 0.90. 5. Synthesis and applications. We demonstrate that targeting hunting effort to specific body 
weight classes could reliably control population growth. Our modelling approach can be applied to any 
game species where group composition, phenotypic traits or coat colour allows hunters to easily identify 
sex and body weight classes. This offers a promising tool for applying selective hunting to the management 
of game species. 
 
 
Said S, Tolon V, Brandt S and Baubet E. 2012. Sex effect on habitat selection in response to hunting distur-
bance: the study of wild boar. European Journal of Wildlife Research 58(1): 107-115. 
  
Spatial variation of the 'predation risk' due to human activities or distribution may increase the sexual dif-
ference in habitat selection. Indeed, females with offspring are usually more risk adverse than males. Based 
on a long-term wild boar study, we analysed the diurnal distribution of female and male wild boar before, 
during and after the hunting period. Hunting, food and foliation were investigated as factors affecting pat-
terns of forest parcel selection. As expected, dense vegetative covers were selected during resting periods, 
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but wild boar decreased this pattern of habitat selection in response to hunting disturbance. Moreover, the 
habitat selection of wild boar did not fit with the variation of food availability (presence or absence of mast) 
and the vegetation cycle. As expected, sows responded more to the hunting disturbance than males, lead-
ing to a more pronounced sexual difference during the riskier season. The unexpected decrease of bush use 
may be explained either by the increased hunting effort in this habitat or by the increased movements be-
tween resting sites due to disturbance, leading to a more random habitat selection pattern. The observed 
difference between sexes could result from a higher response of females with offspring to hunting, leading 
to an increased frequentation of secondary habitats, whereas males can tolerate more risks and remain hid-
den in thicket plots. Our results highlight how hunting disturbance can lead game species to change their 
patterns of refuge habitat selection and may affect the habitat segregation between the sexes. 
 
 
Saito M, Momose H, Mihira T and Uematsu S. 2012. Predicting the risk of wild boar damage to rice paddies 
using presence-only data in Chiba Prefecture, Japan. International Journal of Pest Management 58(1): 65-
71. 
  
Population sizes of wild boar (Sus scrofa) and the damage they cause to crops have been increasing in Ja-
pan. Reliable techniques are needed to estimate the potential for damage at the landscape scale. Here, we 
predict the risk of damage to rice (Oryza sativa) paddies by wild boar in Chiba Prefecture, Japan, by means 
of three different modelling methods - Maxent, generalised linear model (GLM) and generalised additive 
model (GAM) - using a combination of presence-only damage data obtained from a local agency and envi-
ronmental information derived from publicly available databases. We used damage locations in 2007 and 
2008. To validate the models, we calculated the area under the curve (AUC) and the correct classification 
rate (CCR) using independent data obtained in field surveys. The three methods gave similar results, indicat-
ing that we could construct a predictive model with high accuracy from presence-only data. Among these 
three, Maxent showed the closest fit, with 0.78 AUC and 72.6% CCR values. Because it is important to esti-
mate the risk of damage to reduce future damage and costs, these damage prediction methods using pres-
ence-only data, which administrative agencies can obtain with no cost, this could assist local governments 
in formulating damage control plans. 
 
 
Saragusty J, Hermes R, Hofer H, Bouts T, Goritz F and Hildebrandt TB. 2012. Male pygmy hippopotamus in-
fluence offspring sex ratio. Nature communications 3: 697. 
  
Pre-determining fetal sex is against the random and equal opportunity that both conceptus sexes have by 
nature. Yet, under a wide variety of circumstances, populations shift their birth sex ratio from the expected 
unity. Here we show, using fluorescence in situ hybridization, that in a population of pygmy hippopotamus 
(Choeropsis liberiensis) with 42.5% male offspring, males bias the ratio of X- and Y-chromosome-bearing 
spermatozoa in their ejaculates, resulting in a 0.4337 +/- 0.0094 (mean +/- s.d.) proportion of Y-
chromosome-bearing spermatozoa. Three alternative hypotheses for the shifted population sex ratio were 
compared: female counteract male, female indifferent, or male and female in agreement. We conclude that 
there appears little or no antagonistic sexual conflict, unexpected by prevailing theories. Our results indi-
cate that males possess a mechanism to adjust the ratio of X- and Y-chromosome-bearing spermatozoa in 
the ejaculate, thereby substantially expanding currently known male options in sexual conflict. 
 
 

http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.52%7c6%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.52%7c6%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.38%7c6%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.38%7c6%7c1
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Schiaffini MI and Vila AR. 2012. Habitat use of the wild boar, Sus scrofa Linnaeus 1758, in Los Alerces 
National Park, Argentina. Studies on Neotropical Fauna & Environment 47(1): 11-17. 
  
The aim of this work was to study the patterns of habitat use of the wild boar in Los Alerces National Park, 
Argentina. We surveyed 262 transects, totaling 26.2 km, searching for fresh signs of the species. The wild 
boar used low elevations more intensively (600 to 700 m asl) than higher elevations, and forests of Not-
hofagus dombeyi and N. antarctica with understory dominated by Chusquea culeou than other vegetation 
types. The occurrence of signs among elevation strips and vegetation types was different between summer 
and autumn. Our results might be helpful for park managers and park rangers in developing wild boar con-
trol plans. 
 
 
Schlageter A and Haag-Wackernagel D. 2012.  Evaluation of an odor repellent for protecting crops from wild 
boar damage. Journal of Pest Science 85(2): 209-215. 
  
Wild boar populations have dramatically increased in the past decades and the species has spread all over 
Europe. As the wild boar expanded its activity range into agricultural land, conflicts with humans have in-
tensified. Today, the damage caused by wild boar amounts to millions of dollars every year. In Switzerland, 
farmers usually protect fields with electric fences, which have proven to be effective in preventing damage, 
but are also expensive. Alternatively, various cheaper deterrents and repellents are commercially available. 
However, most of them lack scientific proof of efficacy. In the present study, we investigated the effective-
ness of the odor repellent "Wildschwein-Stopp(A (R))" against wild boar. We conducted field experiments 
with free-ranging wild boars at baited luring sites, which were placed in three different regions of the Can-
ton Basel-Land, Northwest Switzerland. The odor repellent was not able to prevent the wild boars from en-
tering our luring sites. We recorded a minimal and non-significant deterrent effect of 0.4%. Our results lead 
to the conclusion that the repellent is ineffective and, therefore, not recommendable for crop protection. 
On the basis of the present study we generally doubt fear-inducing repellents to be effective against wild 
boars and feral pigs. Our findings may indicate seasonal variation in wild boar activity outside forests since 
the probability of wild boar visits at the luring sites differed according to the season. The visits at the luring 
sites peaked in spring and fall which coincides with the occurrence of damage to agricultural land. 
 
 
Wirthner S, Schutz M, Page-Dumroese DS, Busse MD, Kirchner JW and Risch AC. 2012. Do changes in soil 
properties after rooting by wild boars (Sus scrofa) affect understory vegetation in Swiss hardwood forests? 
Canadian Journal of Forest Research-Journal Canadien de la Recherche Forestiere 42(3): 585-592. 
  
Recovering from small fragmented populations, wild boars (Sus scrofa L.) have considerably increased their 
numbers and their habitat range in many European countries during the past two decades. Although sev-
eral studies have focused on the impact of wild boar rooting on selected vegetation properties, little is 
known about effects on entire forest ecosystems. The main goal of our study was to assess how rooting by 
boars alters soil and vegetation properties. We measured soil chemical and biological properties (C and N 
concentrations, N availability, and microbial biomass C) as well as several vegetation characteristics (total 
plant cover, plant species diversity, and number and height of saplings) on paired rooted and non-rooted 
plots in six hardwood forests in Switzerland. We found that rooting by wild boars led to significant increases 
in mineral soil C and N concentrations and microbial biomass C, which could lead to improved growth con-
ditions for plants. However, total plant cover and sapling counts were reduced on rooted plots, possibly due 

http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.50%7c10%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.50%7c10%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.52%7c2%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.52%7c2%7c1
http://ovidsp.tx.ovid.com/sp-3.5.1a/ovidweb.cgi?&S=LKGBFPKFKCDDENJCNCPKLBJCPDMCAA00&Complete+Reference=S.sh.54%7c2%7c1
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to mechanical disturbance or due to reduced plant available N (measured as supply rate in contrast with the 
observed increase in total stocks of mineral soil N). In view of these results, simple characterizations of wild 
boar rooting as beneficial or detrimental to forest ecosystems should be handled with care. 
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