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Executive Summary 

Well, we made it!!! This 2018 Orangutan Veterinary Advisory Group (OVAG) Workshop marked our 10th 

year working together with so many individuals and organizations towards orangutan conservation.  People 

who were once strangers 10 years ago have now become cherished friends and colleagues.  This year, ten 

countries were represented, giving us the opportunity to make even more friends! 

For our ten-year anniversary, OVAG was held in the province of Aceh in North Sumatra.  Our in-city host 

was Dr. Muhammad Hambal, Dean of the Veterinary faculty at Syiah Kuala University in Aceh.  This yearôs 

workshop was quite unique in that not only did we have our usual participants, but we also had gibbon vets 

from various parts of Asia and South East Asia join us (courtesy of Dr. Susan Cheyne and the IUCN Small 

Ape Specialist Group), as well as representatives from elephant, tiger, rhino, and marine mammal 

conservation organizations working in Sumatra.  Having such a diverse group working with multiple 

endangered species allowed us to see what challenges we all have in common. We were nearly 80 

participants from 60 different organizations!  

Topics covered were conservation issues with non-primate species, welfare concerns, respiratory 

sessions, One Health review, orangutan gut biome, ZIMS record keeping, Gibbon health issues, scientific 

writing, managing disease outbreaks, anesthetics, reproduction, various diagnostic tools, and various 

individual case studies.  A session on OVAG effectiveness and evaluation was also conducted (following 

up on previous yearsô evaluations) which the OVAG committee will soon publish a paper on. 

This year we also had one-on-one sessions at the two Borneo Orangutan Survival Foundation locations 

which were given by Nancy Lung and Jennifer Taylor-Cousar.  Another one-on-one session was by Liz Ball 

of Chester Zoo going to SOCP to train staff on the use of ZIMS for record keeping.  OVAID (Orangutan 

Veterinary Aid, UK) also announced their new education scholarship grant and two OVAG vets, Arga 

(BOSF) and Pandu (SOCP) have been awarded the scholarship!  Yet another OVAG vet, Jati (Sintang 

Orangutan Center) will be going to National Zoo in Washington D.C. and Fort Wayne Childrenôs Zoo for 

continued professional development. 

Other good news is that our own drh. Ricko Jaya (OVAG committee) has received a Chevening 

Scholarship to complete a Masterôs degree at Kent University in the UK.  Three other vets, Dessy and 

Agnes (both of BOSF) and Meuthya (SOCP) have had their abstracts accepted to present at international 

conferences.  Agnes will be going to Prague and Dessy and Meuthya to Bali.   

We also added two new Committee Members, Nancy Lung of National Zoo and the SSP (Orangutans) and 

Pak Indar (Soedarmanto Indarjulianto) of Gadjah Mada University, Faculty of Veterinary Medicine.  

Before the start of the workshop, both Sumita Sugnaseelan and Raffaella Commitante were invited to be 

the key note speakers at the VII National Biology Seminar at Universitas Islam Negeri Ar-Raniry. The 

OVAG committee also had a very fruitful meeting with Syiah Kuala University on building a more thorough 

wildlife curriculum, led by the Dean and Steve Unwin.  

In celebration of our 10-year anniversary, we had a face painting contest, poster session, a morning of 

OVAGôs beginnings and a two-day post conference trip to Pulau Wei, an island off the coast of Aceh, which 

many were able to attend.   This was our farthest reaching OVAG workshop ever and we were so happy to 

be able to share our successes through the years with new organizations and new friends.  It is our hope 

that the new participants will use OVAG as a model to begin their own networking group so that together, in 

unity and in strength, we can all hope to make a difference in protecting the amazing diversity we all share 

on Planet Earth. 

On a sad note, OVAG would like to dedicate this report to veterinarian Diana Ramirez, member of the 

Sabah Wildlife Department who passed away in 2018.  She will be missed by her friends and colleagues.  

May you rest in peace Diana! 



Next year OVAG will be back in Jogjakarta and will be held from July 27th to July 31st, 2019.  

 

 
With warm regards and respect,  
 
Raffaella Commitante, PhD                                                                                                                                                                            

Steve Unwin, B.Sc., B.V.Sc., Dipl ECZM,  MRCVS                                                                                                                                                                             

Ricko Laino Jaya, drh.                                                                                                                                                                                                       

Yenny Saraswati, drh.                                                                                                                                                                                           

CitraKasih Nente, drh., MVS (Conservation Medicine)                                                                                                                                              

Fransiska Sulistyo, drh., MVS (Conservation Medicine)                                                                                                                         

Sumita Sugnaseelan, DVM (UPM), PhD (Cantab)                                                                                                                             

Pakeeyaraj Nagalingam, DVM, SWD                                                                                                                                                                  

Nancy Lung, DVM                                                                                                                                                                            

Soedarmanto Indarjulianto, drh. PhD                                                                                                                                                        

Gavo (our mascot) 
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OVAG 2018 Budget  

(US Dollar after approximate conversion from pounds and rupiah) 

International air fares                  11,447.29 

Local airfares             7,888.00 

Ground transportation               979.30 

Hotel accommodation         23,100.00 

Office expenses/T-shirts            1,008.00 

Ground support (food etc.)          1,848.53 

Miscellaneous               347.00   

 Workshop Total                     46,618.12 

Supplementary budget  

(Continuing education/Conference Attendance/On Site Training):                                                                                                      

wƛŎƪƻ Wŀȅŀ ŦƻǊ ¦Y aŀǎǘŜǊΩǎ tǊƻƎǊŀƳ (Visa assistance)                                    127.00                                                       

Agnes Prague conference                                       515.65                                   

Dessy Bali Conference                           453.00                                           

Meuthya Bali Conference                                                                                                                      625.00                                                            

Jati (US internal travel assistance)           500.00                                                 

Citra (SRAK Meeting ς ƻƳƛǘǘŜŘ ŦǊƻƳ ƭŀǎǘ ȅŜŀǊΩǎ ōǳŘƎŜǘύ                                                                 211.00                                            

On Site Training (travel and accommodation for Nancy and Jennifer)                                 2,505.08                                      

Jati to BOSF (to join above training)                          275.00 

 Supplementary Total                                                                                                              5,211.73 

C¦[[ ¢h¢![ΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ                                                                                51,829.85 

(Some funds in rupiah were left in an account in Indonesia for pre-preparation for OVAG 2019 (about 1,000 US).  

Some additional rupiah is with Raffaella Commitante for OVAG 2019 pre-preparation (about  810 US).  This replaces 

ŦǳƴŘǎ ƭŜŦǘ ŦǊƻƳ ǇǊŜǾƛƻǳǎ h±!DΩǎ ǎƻ ŘƻŜǎ ƴƻǘ Ŏhange the overall total.)  
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OVAG 2018 

June 10, 2018 

RE:  Orangutan Veterinary Advisory Group Workshop 2018 

To Whom It May Concern: 

This letter shall serve as an invitation for the person listed below to attend the Orangutan 

Veterinary Advisory Group (OVAG) Workshop 2018 sponsored by the Orangutan Conservancy, 

a United States not-for-profit organization, Chester Zoo (a zoological park in The United 

Kingdom) and in collaboration with Universitas Gadjah Mada and this year with Syiah Kuala 

University, Banda Aceh. 

The workshop will be held in Banda Aceh, Indonesia  

July 22-26,  2018      

(Arrival: July 21 / Departure: July 27) at the: 

The Kyriad Muraya Hotel 

Jl. Teuku Moh. Daud Beureueh No.5, Laksana, Kuta Alam, 

Kota Banda Aceh, Aceh 24415, Indonesia 

Phone: +62 651 6300123 

Contact information for OVAG: 

Orangutan Conservancy/OVAG:  Raffaella Commitante (rcommitante@gmail.com)                                         

Chester Zoo/OVAG: Steve Unwin (s.unwin@chesterzoo.org) Jogjakarta /OVAG: Fransiska 

Sulistyo (siska@orangutan.or.id) Aceh/OVAG:  Ricko Jaya (rickojaya@gmail.com) 

This will be our 10th anniversary international workshop and will continue work begun in 2009 

to improve the work we collectively do to ensure orangutan conservation and health.  

OVAG would like to extend full funding for travel and accommodation to:   

Drh. Fransiska Sulistyo 

We thank you for allowing your staff to attend.  

Respectfully, 

                                                                                                                                           
Raffaella Commitante, PhD                                                                                                               

Orangutan Conservancy/Orangutan Veterinary Advisory Group 
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OVAG 2018 AGENDA 

  
at Hotel 

at Hotel at SKU at Hotel at Hotel 

TIME   
/DATE 

21-Jul 22-Jul 23-Jul 24-Jul 
25- Jul 

(Parallel workshop for the 
Gibbon Vets Group) 

26-Jul 

7:00 

Participant 
early 

arrival  

Breakfast Breakfast and group photo Breakfast and bus to SKU Breakfast Breakfast 
7:30 

8:00 Opening ceremony - Unsyiah, 
Governor* & OVAG 

Conservation of Sumatran Elephant 
in Indonesia (drh. Arman Sayuti ) 

Case Study from reintroduction and 
rehabilitation station (4 presenters) 

Reproduction ( Anneke 
Moresco - Denver Zoo) 

OVAG Journey 10th Year  
(OVAG Committee): 

1. Raffaella & Steve: The 
Initiation of OVAG 

2. 
Yenny/Ricko/Citra/Siska: 
Continuing the work of 

OVAG 2013-2018 

8:30 

9:00 Ice breaker and introduction of 
Delegates  

Conservation of Sumatran Tiger - 
William Marthy (WCS) 9:30 Animal Welfare - Monitoring and 

Evaluating Animal Husbandry in 
BOSF Orangutan Reintroduction 

Center (Siska Sulistyo - BOSF) 

Diagnotis tools: USG, 
Endoscopy, radiography (Prof. 

Deni Noviana - IPB) 
10:00 

Evaluation Session 
ZIMS for OVAG (Liz Ball - Chester 

Zoo) 

10:30 Break  Break  Break  Break  Break 

11:00 

One Health (Chris Whitter - Tufts 
University) 

Conservation of Sumatran Rhino - 
drh. Dedi (KSDA Lampung) 

Orangutan IUCN project (Marc 
Ancrenaz and Julie Sherman - IUCN) 

Diagnostic tools: USG, 
Endoscopy, radiography (Prof 

Deni Noviana -  IPB) 

Evaluating the 
contribution of a wildlife 
health capacity building 
program on orangutan 
conservation impact 

(OVAG Paper 
presentation - Steve 

Unwin & OVAG 
Committee)                         

OVAG Journey 10th Year  
(OVAG Committee): 
Poster presentation, 

OVAG book discussion, 
sharing experience with 

OVAG 

11:30 

Critical thinking and disease 
investigation break out groups 

(Marie Mcintyre and Steve Unwin - 
Liverpool University) 

12:00 

Management of Gastrointestinal 
Issue - gut microbiome  (Jonathan 
Clayton - University of Minnesota) 

Steve Unwin 

Conservation of Marine mammals 
in Sumatra- WSI (Ida Ayu Dian 

Kusuma Dewi) 

Anesthesia theory and practice - 
Nancy Lung - Orangutan SSP 

12:30 

13:00 
Lunch  Lunch  Lunch  Lunch  Lunch 

13:30 

14:00 

Enclosure Design Tool: updates & 
training (Jackie Chappell & 

University of Birmingham team) 

Gibbon disease problem (Susan 
Cheyne - IUCN Section on Small 

Apes) 
Respiratory issues management in 

captive orangutan (Yayan Oki 
istiawan - BOSF, Jennifer Taylor-

Cousar, MD, and Nancy Lung) 

Banda Aceh Tour- Dinner at 
your own pleasure  

Evaluation and wrap up 
14:30 

15:00 Scientific writing (Nancy Lung -OU 
SSP, Siska - BOSF, Joe Smith - Fort 

Worth Zoo) 15:30 

16:00 Break  Break  Break  Break 

16:30 
Enclosure Design Tool: updates & 

training (Jackie Chappell & 
University of Birmingham team) 

Case Study from reintroduction and 
rehabilitation station (4 presenters) 

Respiratory issues management in 
captive orangutan (Yayan Oki 

istiawan - BOSF, Jennifer Taylor-
Cousar, MD, and Nancy Lung) 

Continued 

OVAG Strategic Meeting 
(OVAG Committee) 

17:00 

17:30 

18:00 
Break  Bus back to hotel Break 

18:30 

19:00 
Dinner at hotel Dinner at hotel Dinner at hotel Conference Dinner 

19.30 



Participant List 

1 Afwan Fitra Asyifak                                       afwanfitra127@gmail.com Jejak Pulang 

2 Agung agungtanjuung@gmail.com Syiah Kuala Unniversity 

3 Aidell Fitri Rachmawati aidell.fitri@gmail.com Asia Sanctuary Trust Indonesia 

4 Amber Eagleson amber.eagleson@kidszoo.org CƻǊǘ ²ŀȅƴŜ /ƘƛƭŘǊŜƴΩǎ ½ƻƻ 

5 Amy Richardson amynicole@btinternet.com OVAID (student, University of Liverpool) 

6 Andhani Widya Hartanti      andhani_widya@yahoo.com  Frankfurt Zoological Society 

7 Andhika Pandu WIbisono pandu.wibisono@hotmail.com  Sumatran Orangutan Conservation Programme 

8 Anna Louise Burrows                                  svyalb@nottingham.ac.uk OVAID (student Nottingham University) 

9 Anne Dawydowa anne.dawydowa@vier-pfoten.org Competence Center Apes VIER PFOTEN Jejak Pulang 

10 Anneke Moresco amoresco@denverzoo.org Denver Zoo 

11 Arga Sawung Kusuma   arga@orangutan.or.id 
Borneo Orangutan Survival Foundation - Nyaru 
Mentang (NM) 

12 Ayu Budi handayani     handayaniayubudi@gmail.com Independent Vet 

13 B. Waluyo Jati  jati.moloch@gmail.com Sintang Orangutan Center 

14 Cheng  Wangkun  464695279@qq.com Nanjing Hongshan Forest Zoo         

15 Chris Whittier chris.whittier@tufts.edu 
Cummings School of Veterinary Medicine Tufts 
University 

16 Citrakasih Nente citrakasih@gmail.com  Sumatran Orangutan Conservation Programme 

17 Dedi Candra dedi.dvm@gmail.com Sumatran Rhino - KSDA Lampung 

18 Deni Noviana d_noviana@hotmail.com Veterinary Faculty- Bogor Agriculture University 

19 Dimas Yuzrifar  dimas@orangutan.org.uk Orangutan Foundation ς UK (OF-UK) 

20 Elizabeth (Liz) Ball l.ball@chesterzoo.org The North of England Zoological Society (Chester Zoo) 

21 
Elizabeth Riana Dwi 
Prasestyawati    

elizabethriana1994@gmail.com               
International Animal Rescue (IAR) Indonesia, Ketapang, 
Kal-Bar 

22 Felisitas Flora Felice.flora@gmail.com Centre For Orangutan Protection (COP) 

23 Felicity Oram opticon@earthlink.net Hutan - KOCP - UMS affiliation 

24 Firdaus   Syiah Kuala Unniversity 
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Borneo Orangutan Survival Foundation , OVAG 
Committee 

26 Greggy Harry Poetra greggy@orangutan.or.id Borneo Orangutan Survival Foundation - NM 

27 Hazmahzaiti Omar zaiti_1978@um.edu.my Gibbon Protection Society Malaysia 

28 Ida Ayu Dian Kusuma Dewi i.diankusumadewi@uq.net.au,iadiankusuma@gmail.com WSI- Whale Stranding Indonesia 

29 Ida Junyati Masnur  i_masnur@yahoo.com          
The Aspinall Foundation ς Indonesia Program  (Javan 
Primate Rehabilitation Center) 

30 Imam arifin imam@internationalanimalrescue.org International Animal Rescue Indonesia Bogor 

31 Jackie Chappell j.m.chappell@bham.ac.uk Exhibit Design Tool (EDT) University of Birmingham 

32 Jamie Dolling JKD796@student.bham.ac.uk 
Exhibit Design Tool (EDT) Student, University of 
Birmingham 

33 Jennifer Taylor-Cousar taylor-cousarj@njhealth.org             National Jewish Health 
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Unit, East Aceh region 

39 Marc Ancrenaz marc.ancrenaz@yahoo.com BORNEO FUTURES 
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41 K. Marie McIntyre  k.m.mcintyre@liverpool.ac.uk University of Liverpool 
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65 
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66 Thanaphat Payakkaporn thanaphat@wildlifeofthailand.org The Wild Animal Rescue Foundation of Thailand 

67 
Wahyu Hananto wahyuhananto@live.com 
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69 
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OVAG 2018 WORKSHOP PROCEEDINGS 

July 22, 2018 

Opening Day 

Ricko Jaya ς MC 

άWelcome to the 10th workshop of OVAG 2018 - I am really excited as this has been an intense planning experience 

for the last tƘǊŜŜ ƳƻƴǘƘǎΧWelcome to the Syiah Kuala University (SKU) Dean, and the BKSDA (Forestry) head for 

Banda Acheέ 

Welcome Dance ς Local traditional Dancers of Banda Aceh, SKU 

                 

First speaker:  Dean of veterinary faculty, Muhammad Hambal, DVM, PhD.  

άWelcome to Banda Aceh on behalf of Faculty of Veterinary Medicine, Syiah Kuala 

University. I am also a veterinarian, we as vets should think beyond the medical 

aspects of the orangutan but also its habitat.  About 20 years ago, I worked in 

conservation with elephants; and whether elephant or orangutan, it is necessary that 

they have good habitat quality.  Years ago, people were asking άwho should we 

prioritize ς man or orangutan?έ ς many non-government organizations (ngos) 

provided education to the local communities about the importance of local wildlife. 

Years ago they established a separate park in Northern Aceh different from Leuser ς 

everybody has worked hard in Aceh to save the diminishing habitat situation, but 

today there are still many politicians who still ask the same question, who should we prioritize ς human or orangutan? 

ς but many people today realize the importance of the forest and how the forest can bring wealth to the community.  

So, ladies and gentlemen, distinguished guests, today we are here to increase the life of orangutans, their habitat and 

other species.έ 



Second Speaker ς Pak Sapto, Head of BKSDA Aceh 

άWelcome to Ache, I am representing the director of KHKA as she could not come because 

of the recent situation of the death of the crocodiles in Papua.  The director is very happy 

that veterinarians are coming together to share their information in the OVAG workshops 

here in Sumatra, and Borneo as well.  There is a need for assistance because of the conflicts 

between humans and orangutans.  As we already know, it is becoming more and more of 

a challenge for veterinarians to contribute to conservation in Indonesia.   With the 

existence of OVAG, this will decrease orangutan fatalities to ensure the survival of the 

species.  Welcome also to the gibbon vets as we have had more and more gibbon issues 

and in Aceh there is no gibbon rehabilitation center ς so hopefully we will be able to support those efforts in the future.  

It is important to work together as veterinarians and government organizations.  Hopefully you will have a successful 

workshop ς welcome to Aceh, the coffee, the noodles, do not waste your time only in this room ς but go out and explore 

Aceh.έ 

 

Steve Unwin, OVAG Committee ς welcome and showing of OVAG Champions video  

άOver the past several years we have been trying to come up with a strategy to ōǳƛƭŘ h±!DΩs vision moving forward.  

Our aim over the next 5 years, is that there is a sustainable regional cadre of professionals able to provide capacity 

building, advice, guidance and management of One Health matters with wildlife in Indonesia and Malaysia using 

orangutans as a template species.  The OVAG network and methodology becomes the gold standard in capacity 

building for those involved in conservation health in Indonesia and Malaysia.   h±!D ŀƭǎƻ ōŜŎƻƳŜǎ ǘƘŜ ΨƎƻ ǘƻΩ ƴŜǘǿƻǊƪ 

to assist with successful outcomes in One Health matters with wildlife in Indonesia and Malaysia (is the world's leading 

referral organization for the health of orangutans and their habitats.  Our 20 year framework is to mitigate the 

successful integration of One Health programs into conservation efforts leading to successful disease mitigation in wild 

populations and linked public health and environmental disease issues with a proven contribution to the protection of 

{9 !ǎƛŀƴ ǿƛƭŘƭƛŦŜΣ Ƙŀōƛǘŀǘ ŀƴŘ ƘǳƳŀƴ ƘŜŀƭǘƘ ǘƘŀǘ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ƳƻŘŜƭ ŦƻǊ ƻǘƘŜǊ ǊŜƎƛƻƴǎέ 

 

 

LŎŜ .ǊŜŀƪŜǊΧ 

Break into 10 groups of about 7 or 8 persons ς ŦƛƴŘ ΨƴŜǿΩ D!±h όн ǇŎǎΦύ ŀƴŘ ŀƴǎǿŜǊ ǉǳŜǎǘƛƻƴǎ on the group sheet.  The 

first letter of each word of your answer makes what word?  The challenge is to create the longest word in Bahasa and 

English ς extra points if you can create something that is connected to conservation.  ²ƛƴƴŜǊΥ tƻǇƻΩǎ ƎǊƻǳǇ 



Introduction of participants. 

Administration of quiz.  This is tŀǊǘ ƻŦ ŜǾŀƭǳŀǘƛƻƴ ǇǊƻŎŜǎǎΧǉǳƛȊȊŜǎ ŀǊŜ ŀŘƳƛƴƛǎǘŜǊŜŘ ōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊ ǘƘŜ ǿƻǊƪǎƘƻǇ ǘƻ 

determine if there has been an improvement. 
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Steve Unwin, BSc BVSc Dipl ECZM (ZHM) MRCVS                                                                                                     

OVAG / Veterinary Consultant /  Wildlife Impact (with Felica 

Nutter, Tufts University: not present) 

Abstract 

Effective human, domestic animal and wildlife health is a product of good environmental management. The Global 

IŜŀƭǘƘ {ŜŎǳǊƛǘȅ !ƎŜƴŘŀ όDI{!ύ ŜƴǾƛǎƛƻƴǎ άŀ ǿƻǊƭŘ ǎŀŦŜ ŀƴŘ ǎŜŎǳǊŜ ŦǊƻƳ ƛƴŦŜŎǘƛƻǳǎ ŘƛǎŜŀǎŜ ǘƘǊŜŀǘǎΦέ However, 

weaknesses in the public and veterinary health workforces in many countries and mismatches between available 

training programs and modern needs have been exposed. Integrative approaches, such as One Health, unite 

different fields and require the development of mutual understanding and cooperation across disciplines.       

Unfortunately, the human animal is scientifically acknowledged to be very poor at accurately assessing risk in a 

variety of situations4-9. Highlighted areas that could have significant consequences in the area of wildlife health 

include:                                                                                                                                                                                                                                

An inability to assess catastrophic potential. That is we are naturally more adverse to situations were lots of people 

or animals are affected at once, rather than in small numbers over time.                                                                                                       

A lack of familiarity with a risk that isn't common knowledge. This remains an issue with environmental concerns 

with large parts of the general populace.                                                                                                                                                     

Loss of victim identity. As Joseph Stalin said, "One death is a tragedy; one million deaths is a statistic."                                                 

An inability to assess the origin of a risk. Man-ƳŀŘŜ Ǌƛǎƪǎ ŀǊŜ ǾƛŜǿŜŘ ŀǎ ƳƻǊŜ ŘŀƴƎŜǊƻǳǎ ǘƘŀƴ ΨƴŀǘǳǊŀƭ ŘƛǎŀǎǘŜǊǎΩΣ ǘƘŀǘ 

may in turn have an underlying human activity basis.                                                                                                                                 

The IUCN have recently developed procedures for wildlife disease risk analysis10 to assist all involved in 

investigating disease threats to and from wildlife as part of One Health environmental management programs. The 

procedures focus on project managers and decision makers as the key to successful risk management and 

communication, thus the majority of the tools in the manual are written for use by them. This talk introduces the 

theoretical and practical nature of this analysis process, showing its important application in environmental 

management, including examples from orangutan and gorilla conservation.                                                                                                     

One Health is the collaborative efforts of multiple health science professions, together with their related disciplines 

and institutions ς working locally, nationally and globally ς to attain optimal health for people, domestic animals, 

wildlife, plants and our environment. CONSERVATION MEDICINE is the branch of One Health that focuses on disease 

risk mitigation from the point of view of wildlife 

.  



Another way of looking at One Health is the One Health Paradigm presented below which we have focued on before. 

On the left of the pyramid are examples of crises. Most animal health work is conducted at the emergency medicine 

or preventative medicine level, with occasional but increasing examples at the One Health level.  For true sustainability 

of pathogen spread method, efforts should be concentrating at the One Health and Structural One Health level. An 

example of H1N1 in Thailand is presented on the right. There are many websites on One Health and many institutes 

for One Health. The web link here is a portal to a resource center that is attempting to collate the growing resources 

for One Health practitioners. 

 

The World Bank states in The Economics of One Health (2012): The economic case for One Health approaches, and the 

qualitative evidence on benefits from closer collaboration at the animal-human-ecosystem interface suggests future 

wider implementation. To this end, sustainable funding mechanisms will be required 

Governments and international agencies may wish to review the estimated costs of investments in One Health systems 

for pandemic prevention, compare them to the expected benefits, and suggest (to the World Bank or other 

stakeholders) what further analyses or actions are required to substantially increase expenditures on pandemic 

prevention. 

Lǘ ƛǎ ƎŜǘǘƛƴƎ ŜŀǎƛŜǊ ǘƻ ǘǊŀƴǎŦŜǊ ŘƛǎŜŀǎŜǎ ōŜŎŀǳǎŜ ƻŦ ǊƛǾŜǊ ǿŀȅǎΧƳŀƴȅ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ ŀǊŜ ŀǊŜŀǎ ǘƘŀǘ ŀǊŜ ƴƻǘ ǳǎŜŦǳƭ ǘƻ 

humans -but neither is it useful to wildlife.  Increased Oil Palm plantations have wildlife coming into contact with 

humans, other wildlife and domesticated animals.   Much of the wildlife is sold in densely populated areas of cities, 

villages and towns.  HIV issues, Bat rabies, TB reemergence in New Zealand, Monkey pox, SARS emergence in SE Asia, 

these are all relevant current problems.  Typically, when you look up zoonotic, it focuses on human impactς as vets 

we need to look at a broader perspective ς so One World/One Health allows for that perspective.  Yes, there is an 

effect of wildlife infection coming into humans, but it is not a one-way street ς it is not just about human health but 

also the ecosystem and the wildlife that inhabits that ecosystem. 

The One World/ One Health research design below pushes the disparate sciences together as biological explanations 

for health and disease are contextualized by social, psychological and ecological experiences. Their data suggest that 

the way forward in One World/ One Health practice is to go beyond human and animal biological surveillance and 

incorporate the human social and structural context that opens potential zoonotic pathogen pathways. 



 

 

Iƻǿ Ŏŀƴ ǿŜ ƛƳǇǊƻǾŜ ǇŜƻǇƭŜΩǎ ƭƛǾŜƭƛƘƻƻŘǎΣ ŀƴŘ ŎƻƴǎŜǊǾŜ ǘƘŜ ƴŀǘǳǊŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŀǘ ǘƘŜ ǎŀƳŜ ǘƛƳŜΚ ²ƘƛƭŜ ȅƻǳ ǘƘƛƴƪ 

about this, consider also the consequence of human rapid population increase - a risk factor in the promotion of 

disease transmission between people, and with other animals. 

Underpinning the One Health practice is a foundation of basic disease ecology, which studies the flow of pathogens 

between host and environment. Human landscape on the diagram below covers 78% of landmass and includes 84% 

of terrestrial mammals. The natural environment covers 22% and includes 16% of terrestrial mammals. 2/3rds of this 

16% are located in places where people are not. Only 1/3rd of the 16% are in protected areas.  Protected areas per se 

are doing a good job, but the potential issue is the interface with human systems, habitat fragmentation etc.  Who is 

affected in these cases?  The animal or animals in question (exposure to a pathogen or toxin) could cause disease 

outbreaks and/ or decline in a population; other animals exposed directly or indirectly during and after an event (the 

event could be animal movement, urban development, changing land use); other species of plants or animals that 

share the same habitat and humans that come into contact with wildlife 

 



An overarching example of Disease Ecology and One Health in action:  

Human, domestic animal and wildlife health is a product of good environmental management.   Even in the idealized 

diagram above (from the Australian Government Department of the Environment, National Wildlife Corridors Plan) of 

strategies to maximize ecosystem health and biodiversity conservation, there are opportunities for pathogen 

movement - and management. In a DRA process the potential risks for particular pathogens, toxins and parasites to 

and from a protected area (or other area) can be identified. For certain risks, alternative risk management in buffer 

areas may be indicated.  With habitats of humans and wild animals intertwining with greater complexity, the future 

promises more opportunities for humans to cause (reverse) zoonoses.  Contributing factors include climate change 

and ecosystem disruption, anthropogenic development of habitats, and global travel and commerce. Human 

population growth and expansion encourages different species to interact in ways and at rates not previously 

ŜƴŎƻǳƴǘŜǊŜŘΣ ŀƴŘ ǘƻ Řƻ ǎƻ ƛƴ ƴƻǾŜƭ ƎŜƻƎǊŀǇƘƛŎŀƭ ŀǊŜŀǎΦ ¢ƘŜ ǘŜǊƳ ΨǇŀǘƘƻƎŜƴ ǇƻƭƭǳǘƛƻƴΩ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ōǊƛƴƎƛng 

a foreign disease into a new locality due to human involvement.   An example would be African wild dogs that have 

been infected with Giardia duodenales, leading researchers to believe that pathogen pollution occurred through open 

deification in and around National Parks by tourists and local residents. 

The rapidly changing face of the human ecosystems is putting pressure on biodiversity and the environment. It would 

thus seem logical that disease outbreaks often occur at the boundaries, as these are areas under the greatest rate of 

ŎƘŀƴƎŜ ŀƴŘ ǎǘǊŜǎǎΧǊŜƳŜƳōŜǊ ǿŜ must think about the human impact 

Because of increasing emerging disease threats, ǘƘŜ ƻƴŜ ƘŜŀƭǘƘ ƳƻǾŜƳŜƴǘ ƎŀƛƴŜŘ ƛǘǎ ΨƻƴŜ ǿƻǊƭŘ ƻƴŜ ƘŜŀƭǘƘΩ ǘǊŀŘŜƳŀǊƪ 

in 2004 at a WCS conference in New York. There was a concurrent call to action for preventing emerging diseases in 

human and animal populations and maintaining ecosystem integrity.  By 2008 the UN agencies and the World Bank 

ƘŀŘ ŘǊŀŦǘŜŘ ŀ ǎǘǊŀǘŜƎƛŎ ŦǊŀƳŜǿƻǊƪΣ ƛƴǘǊƻŘǳŎŜŘ ŀǘ ǘƘŜ ΨhƴŜ ²ƻǊƭŘΣ hƴŜ IŜŀƭǘƘΥ CǊƻƳ LŘŜŀǎ ǘƻ !ŎǘƛƻƴΩ ŎƻƴŦŜǊŜƴŎŜ ƛƴ 

2009. The premise of One Health is that people, animals and the environment form an interdependent ecosystem 

that needs to be considered in a coordinated manner. 

One Health: an attempt to increase emphasis on adaptive risk assessment and mitigation with effective risk 

communication and trust between professionals to improve resolution of disease ecology issues. It is a comprehensive 

approach to health that focuses on: 

1. Improving health and well-being through the prevention of risks and the mitigation of the effects of crises 

(emerging diseases) that originate at the interface among people, animals and their various environments. 

2. Promoting cross-ǎŜŎǘƻǊŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴǎ ŀƴŘ ŀ ΨǿƘƻƭŜ ƻŦ ǎƻŎƛŜǘȅΩ ǘǊŜŀǘƳŜƴǘ ƻŦ ƘŜŀƭǘƘ hazards, as a systematic 

change of perspective in the management of risk. 

Recent zoonotic disease emergence:  

 



A recent study of human infectious diseases determined that there are approximately 1,407 human infectious 

pathogens world-wide. Of these, 800, or 58%, are zoonotic pathogens transmitted to people from animals. Another 

recent study identified 335 human infectious diseases that emerged in just the past six decades. This represents 25% 

of all known human infectious diseases. Of these 355 recently emerged human diseases, 202 (60%) are caused by 

zoonotic pathogens and 144 (43%) are caused by pathogens for which the main source is wild animals. The rate of 

disease emergence has increased during the previous six decades. 

The majority of emerging human diseases in the past six decades have been zoonotic and the predominant source of 

these zoonotic pathogens has been wild animals.  Thus, wild animal pathogens have added major new burdens of 

disease to people and, although fewer data are available, wild animals also have been important sources of diseases 

affecting domestic animals. 

A major concern to human societies around the world is the recent increase in the number of important human and 

animal diseases, particularly infectious diseases. Previously unknown pathogens have caused previously un-

recognized diseases, and the harm caused by some well-known pathogens has increased as well. These new or newly-

ƛƳǇƻǊǘŀƴǘ ŘƛǎŜŀǎŜǎ ƘŀǾŜ ŎƻƳŜ ǘƻ ōŜ ŎŀƭƭŜŘ ΨŜƳŜǊƎƛƴƎ ŘƛǎŜŀǎŜǎΩ ƻǊ ΨŜƳŜǊƎƛƴƎ ŀƴŘ ǊŜ-ŜƳŜǊƎƛƴƎ ŘƛǎŜŀǎŜǎΦΩ !ƴ ΨŜƳŜǊƎƛƴƎ 

diǎŜŀǎŜΩ ƎŜƴŜǊŀƭƭȅ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ŀ ŘƛǎŜŀǎŜ ŘǳŜ ǘƻΥ 

1) a new pathogen resulting from the evolution or change of an existing pathogenic agent, or 

2) a known pathogen spreading to a new geographic area or population, or increasing in prevalence, or 

3) a previously unrecognized pathogen or disease diagnosed for the first time and which has a significant impact on 

animal or human health. 

¢ƘŜ ǘŜǊƳ ΨŜƳŜǊƎƛƴƎ ŘƛǎŜŀǎŜΩ Ŏŀƴ ōŜ ŀǇǇƭƛŜŘ ǘƻ ŘƛǎŜŀǎŜǎ ǘƘŀǘ ŀŦŦŜŎǘ ǇŜƻǇƭŜ ƻǊ ǘƻ ŘƛǎŜŀǎŜǎ ǘƘŀǘ ŀŦŦŜŎǘ ŀƴƛƳŀƭǎΣ ŀƴŘ ŀƭǎƻ 

plants. Many important emerging diseases are associated with pathogens which can infect many different host species 

and cause disease in wild animals, domestic animals and people. 

 

 



However, when you look at the actual data for WIDLIFE, a log scale is needed for many pathogens of concern. Notable 

(large number) exceptions are Hanta virus and Lassa Fever. But for those diseases that raises most fear and anxiety 

worldwide (rabies, ebola, trypanosomiasis) wildlife causes are low. 

 

One Health for One World: A compendium of case studies document will soon be available.  There are many risk 

factors that promote adverse interactions between people, animals and the environment. One of the most startling 

is human population growth and the resultant looming resource squeeze. 

 

http://www.cbsg.org/content/iucn-manual-procedures-wildlife-disease-risk-analysis 

https://portals.iucn.org/library/node/43386 

http://www.cbsg.org/content/iucn-manual-procedures-wildlife-disease-risk-analysis
https://portals.iucn.org/library/node/43386
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Background:  Chris has worked with PASA (Pan African Sanctuary Alliance) but recently has been working in Malaysia 

and Indonesia.  He used to be a Gorilla Doctor, now works with Smithsonian and is now with Tufts University.   

The U.S. Government pays money to train and build capacity in other regions of the world.  The U.S. feels it is a good 

idea to train and educate in order to stem an epidemic before it becomes a pandemic, as there is always the risk of an 

outbreak.  

There is a One Health Workforce (OHW), which states the following: 

Emerging Pandemic Threats 2 (EPT2) is focused on mitigating thŜ ƛƳǇŀŎǘ ƻŦ ƴƻǾŜƭ άƘƛƎƘ ŎƻƴǎŜǉǳŜƴŎŜ ǇŀǘƘƻƎŜƴǎέ ǘƘŀǘ 

originate in animals with a goal of enabling early detection of new disease threats, effectively controlling those threats, 

enhancing national level preparedness in advance of outbreaks, and ultimately reducing the risk of these diseases 

ŜƳŜǊƎƛƴƎ ōȅ ƳƛƴƛƳƛȊƛƴƎ ƘǳƳŀƴ ōŜƘŀǾƛƻǊǎ ŀƴŘ ǇǊŀŎǘƛŎŜǎ ǘƘŀǘ ǘǊƛƎƎŜǊ ǘƘŜ άǎǇƛƭƭ ƻǾŜǊ ŀƴŘ ǎǇǊŜŀŘέ ƻŦ ƴŜǿ ǇŀǘƘƻƎŜƴǎΦ 

EPT2 consists of a suite of One Health Investments, PREDICT 2, One Health Workforce, and the Preparedness & 

Response, that contribute to each of these goals and are complemented by strategic investments in key partners 

including the U.S. Centers for Disease Control, U.N. Food and Agriculture Organization, and the World Health 

Organization. 

One Health Workforce Goals/Objectives: 

Support African and Southeast Asian One Health University Networks to participate with government, academia, and 

other key partners in defining One Health workforce needs. 

Support networks to assist government ministries to train the future OH workforce. 

Support the networks to assist government ministries to train the current OH Workforce. 

https://www.ghsagenda.org/
http://www.onehealthinitiative.com/about.php
https://www.cbd.int/health/SOK-biodiversity-en.pdf


Support developed country universities under OHW in strengthening faculty Capacities for OH teaching, research, and 

community outreach for the African and South East Asian University Networks. 

Organizational Development: Positioning the One Health Networks as long-term sustainable leaders in One Health. 

 

Outbreaks of infectious disease have the potential to cause significant impacts on human society.  For example, the 

SARS outbreak in 2003 which cost 20 billion in U.S. dollars in China, Viet Nam, Hong Kong and Singapore and caused 

70% reduction in tourism across Asia.    

The One Health Workforce project mission is :   Improved workforce capacity in target countries to prevent, detect, 

and respond to threats posed by infectious diseases and zoonoses. 

The One Health approach brings together disciplines such as medicine, veterinary medicine, public health, nursing, 

and ecology to work together to more effectively address emerging challenges at the interface of animals, humans, 

and the environment.  

A One Health workforce fosters a multi-sectoral approach to infectious disease re=prevention, detection and 

response, through technical competence, multi-sectorial/multi-disciplinary engagement and supporting systems to 

enable timely, effective and multi-sectorial response. 

Emerging infectious diseases are one of the most pressing of such challenges 

There is also the Global Health Security Agenda (ghsagenda.org) whose vision is to attain a world safe and secure from 

Ǝƭƻōŀƭ ƘŜŀƭǘƘ ǘƘǊŜŀǘǎ ǇƻǎŜŘ ōȅ ƛƴŦŜŎǘƛƻǳǎ ŘƛǎŜŀǎŜǎΧǿƘŜǘƘŜǊ ƴŀǘǳǊŀƭΣ ŘŜƭƛōŜǊŀǘŜΣ ƻǊ ŀŎŎƛŘŜƴǘŀƭΦ  Lǘ ƛǎ ƳŀŘŜ ǳǇ ƻŦ ŀ 

network of countries that are recognizing that infectious diseases are a global problem ς and cannot be approached 

from a human or a veterinary perspective but both.  Infectious disease epidemics pose not only a local threat but also 

an international security threat.  National multi-sectoral cooperation and preparedness are at the core of effective 

control of infectious diseases through strengthened health systems and preparedness.  Operationalization of the One 

Health Concept at national and international level is key; as well as engaging the non-governmental sector in this 

effort. 

In the third year of the project, One Health University Networks was added in Africa and Southeast Asia, as you are 

not going to change anything unless you assist in the training.  One Health University Networks drive needed change 

in culture and competencies.  Nearly all workers in at risk countries are trained through universities. Universities are 

historically among the most stable institutions in insecure regions of the world.   



USAID is the primary funder, working with University of Minnesota and Tufts University with networks in One Health 

Central and Eastern Africa, Southeast Asia One Health University Network and at the country level with Indonesia One 

Health, Malaysia One Health, Thailand One Health and Viet Nam One Health University Networks. 

 

 

 



 

INDOHUN (Indonesian One Health University Network) is quite large: 

 

 

 



Followed by Malaysia: 

 

Working Towards One Health Workforce Transformation, the approach to One Health Workforce Transformation 

involves:   

The approach to multi-sectoral engagement which involves workforce planning and assessment through supporting 

university and government partners from multiple disciplines/ sectors to align education and training initiatives with  

national and  international workforce needs; through One Health Advocacy by Engaging  university, government, and 

intergovernmental stakeholders to advocate for national and international policies and frameworks that support long-

term  collaborative health workforce initiatives; and through One Health Outreach by Working to build community 

health while providing students field-based learning experience and real world knowledge of One Health challenges. 

The approach to education which focuses on student learning and in-service training via OHW supplements existing 

health training programs with interdisciplinary and applied experiences and the integration of One Health approaches 

and competencies, as well as interdisciplinary student field attachments where Participating students develop 

expertise in community engagement, communication, project management, and leadership by living and working on 

demonstration sites in small multidisciplinary teams to address complex community health problems, and also 

internships and fellowships where Participating students develop expertise in community engagement, 

communication, project management, and leadership by living and working on demonstration sites in small 

multidisciplinary teams to address complex community health problems. 

 



Example of Applied student learning with Global Health True Leaders Program in Kelating Village, Indonesia, August 

2016:  

 Applied student learning educates students outside of the classroom with 

real-world, complex health problems. Student field attachment programs 

are multidisciplinary, field-based activities led by faculty members, usually 

at a One Health demonstration site. Students are also placed on local 

response teams to investigate outbreaks to gain first-hand knowledge of the 

One Health approach. The purpose of applied student learning is to develop 

students who have expertise in their respective disciplines, and also share a 

vision and a commitment to holistic approaches to address complex 

community health problems.  Intensive training program includes 16 in-class 

sessions; Fieldwork that promotes collaborative work across disciplines in 

response to emerging pandemic threats 

 

Example of Student Field Assignment with the Amboseli Ecosystem in Loitokitok, Kenya in August 2016.   

The Student Field Attachment program is a 1-6 week multidisciplinary, field-

based activity led by faculty members, usually at a One Health demonstration 

site. The purpose of a student field attachment is to develop students who 

have expertise in their respective disciplines, and also share a vision and a 

commitment to holistic approaches to address complex community health 

problems.  Identified key One Health problems in the community, prioritized 

One Health needs, and presented possible interventions to the identified 

challenges Photo: The One Health team with members of the Oltome village 

in the Amboseli ecosystem drew a community resource map during the demo 

site attachment 

 

Example of Education and Training in response to HPAI Outbreak in Uganda on Lake Victoria in January 2017: 

hƴŜ IŜŀƭǘƘ ǎǘǳŘŜƴǘǎ ƧƻƛƴŜŘ ǘƘŜ aƛƴƛǎǘǊȅ ƻŦ IŜŀƭǘƘΩǎ ƛƴǾŜǎǘƛƎŀǘƛƻƴ into the 

Highly Pathogenic Avian Influenza H5N8 outbreak in several districts along 

the shores of Lake Victoria. The students used a One Health approach in 

their outbreak response, including participating in stakeholder planning 

meetings, educating the communities on the problem and proper carcass 

disposal, and investigating the risk factors associated with the outbreak by 

interviewing key members of the communities. 

 

 

 

 

 

 



Example of In-Service Training in Communication and Informatics in Bangkok, Thailand in July 2016: 

Training for in-service professionals provides applied learning 

opportunities for the current One Health workforce. Outbreak 

simulations and table-top exercises train professionals to problem solve 

with a multi-sectoral approach. Training program on the capacity building 

on communication and informatics for emerging infectious diseases 

Included field and laboratory veterinarians, wildlife and public health 

professionals, as well as experienced research scientists 

 

 

 

 

Example of institutional strengthening: 3,400 participants trained in year 2 

Network Strengthening: OHW supports two regional and four national 

One Health University Networks to engage different One Health 

stakeholders, expand their membership, and provide strategic direction 

as well as administrative and technical support for local One Health 

activities. 

University strengthening: OHW supports member universities through 

the expansion of innovative and interdisciplinary training programs and 

platforms, the creation of One Health courses and instructional materials, 

and faculty development activities. 

Faculty development: OHW partners support faculty research, teaching, 

and outreach in One Health through various faculty development workshops as well as scholarships or special funds. 

There is also a One Health laboratory Network which assists in finding areas for proper diagnostics.  This network is 

trying to create a laboratory network in Indonesia.   

Human/Animal interaction:  

/ƘǊƛǎΩǎ Ŝxample from working with African Apes: 

As a veterinary student from Tufts working ŀǘ DƻƳōŜ όWŀƴŜ DƻƻŘŀƭƭΩǎ ǎƛǘŜύΣ the idea at the time was that chimpanzees 

were picking up human parasites.  There is a degraded area in the forest with shared substrate between chimps, 

baboons, and humans.  These chimps have acquired human diseases as a result such as respiratory diseases.  We were 

working towards disrupting infectious cycles, not defecating in the forest, wearing shoes, not getting too close to 

wildlife etc.  The bigger environmental problem is bringing people together ς they stopped feeding chimps, removed 

fishermen from the beach, etc.  There was a similar situation with mountain gorillas ς you may have what is left of a 

pristine forested area that is completely surrounded by agriculture.  Very heavy tourism for mountain gorillas who are 

often visited by 7 to 8 visitors everyday ς they may have more contact with people than other people do.   Which is 

worse? A foreigner or a local person?  The rule is that you must be at least 15 years old to be able to see mountain 

gorillas as disease risk is higher with younger children.  Domestic animals are also a risk ς it is not legal to bring stock 

into the park ς but gorillas often go outside the park area.  Many farms use animal and human feces for manure to 

fertilize agricultural products.  Most employees that work with mountain gorillas are not checked but now they are 



beginning to go into a health screening program to insure they do not bring anything to the gorillas in an effort to 

conserve them.   

Most vets working in sanctuaries are dealing with the day to day issues but hopefully it is much more comprehensive 

than that.  By feeding orangutans in centers, it brings in other animals such as macaques.  Normally orangutans and 

macaques would not meet all that often as macaques are mostly terrestrial while orangutans are mostly arboreal.  A 

photo was circulated of a macaque eating a rat, head first ς this s incredibly dangerous as they are eating brains which 

are a depository for disease (the rats and by ingestion, the macaque).   

The mother of One Health problems is Climate Change!!!!!  

Discussion:  How do we teach about hygiene, use of gloves etc., more effectively? How is that handled?  Is the use of 

masks and gloves doing any good? How do you enforce it? Are you creating more waste? No easy answer for that.  We 

need better waste management. Maybe a case by case basis.  Most centers work with local communities rather than 

universities ς can that be linked to one health?  There are opportunities through creating relationships ς better 

questions for Felica Nutter to answer.  Members of INDOHUN which are many universities can also be approached to 

provide assistance with the local community.  USAID decided it was too expensive and inefficient to deal with 

community engagement.  Can One Health look at environmental health or is it only focused on infectious disease 

control? ς depends on who you ask!  There are people that are working at school on environmental science ς but that 

is most likely the hardest piece. Needs an economic as well as social science approach.  There is an evaluation process 

within One Health.  

  

Host-microbiome interactions in primate health                                                                                                                          

Jonathan B. Clayton, D.V.M., Ph.D.                                                                                                                                                            

Department of Computer Science, BioTechnology Institute, 

University of Minnesota 

Abstract 

The primate gastrointestinal tract is home to trillions of bacteria that play major roles in digestion and metabolism, 

immune system development, and pathogen resistance, among other important aspects of host health and 

behavior. Diverse communities of microbes are also present in many body sites other than the gut. While the 

research community has made substantial progress in understanding the role microbial communities play in human 

health and disease, much less attention has been given to host-associated microbiomes in nonhuman primates 

(NHPs). In an effort to bridge this gap, my collaborators and I established the Primate Microbiome Project (PMP). 

The overall goal of the project is to develop a systematic map of variation in microbiome structure and function 

across all primates. The PMP funds and executes microbial analyses of primate fecal samples and organizes the 

resulting data in a centralized public database for anyone interested in contributing to primate microbiome 

ǊŜǎŜŀǊŎƘΦ !ŦǘŜǊ Řŀǘŀ ƎŜƴŜǊŀǘƛƻƴΣ ǿŜ ƛƴǘŜƎǊŀǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ǎŀƳǇƭŜŘ ƛƴŘƛǾƛŘǳŀƭǎΩ ŘƛŜǘΣ ƘŜŀƭǘƘΣ ŀƴŎŜǎǘǊȅΣ ŀƴŘ 

other factors to better understand the roles of microbes in primate health, evolution, behavior, and conservation. 

We also provide standard data collection protocols to ensure consistency across the field. The first major finding 

resulting from the PMP described primate dysbiosis as driven by a loss of bacterial diversity. Microbes can act as 

indicators for health of the host, thus broad primate microbiome surveys may allow for development of predictive 

biomarkers for diseases. Additionally, broad sampling of microbiota across the tree of primate life will help improve 

our understanding of the co-evolution of host and microbes in primates. 

 

 



What is the microbiome? 

Microbes are found in and on the body.  It contains 1014 of bacteria, a number more than human cells.  The 

microbiome plays a major roles in health impacting:  digestion, immune stasis, behavior, pathogen resistance,  

detoxification, and drug metabolism. 

Microbiome-linked diseases are rising (due to dysbiosis which is when there is a microbial imbalance or maladaptation 

on or inside the body). 

 

 

Host-microbiome interactions in primate health:   We must first determine if captivity leads to convergence and If so, 

why?  Does captivity result in dysbiosis?  If so, why?  This leads to determining if a link between lifestyle and 

microbiome composition in both non-human primates and human primates exists.  If so, why?  

What shapes the gut microbiome?  There are two schools of thought: Host genetics vs. environment (e.g., diet). If it 

is the diet, this is good, because we can easily change diet and become healthier via lifestyle changes. 

We need to study the structure of bacteria (16S Ribosomal RNA ς as all bacteria have this). 

The Human Microbiome Project (HMP) was a United States National Institutes of Health initiative with the goal of 

identifying and characterizing the microorganisms which are found in association with both healthy and diseased 

humans (the human microbiome). Launched in 2008, it was a five-year project, best characterized as a feasibility study, 

and had a total budget of $115 million. The ultimate goal of this and similar NIH-sponsored microbiome projects was 

to test how changes in the human microbiome are associated with human health or disease. This topic is currently 

not well understood.  

But what about animal microbiome research? We know a lot but there is still more to learn ς it is in its early years.  

Regarding animals, there are not many studies on animal microbiome research.  The few studies out there are mostly 

involving agricultural animals.  There is clearly a lack of information on the gut microflora of animals other than mouse 

models of human diseases, this is especially true for nonhuman primates. 

Animal microbiomes are important to study because: a) Conservation (we only have one planet) and b) Health and 

Disease ς Animals are translational models for human diseases.  The use of anti-biotics is looked down upon now 

because of their overuse.  As primates are in trouble globally (total taxa: 24; total threatened: 21 (88%); 5/25 on Top 

25 Most Endangered List (20%), and we think about possible intinctions, there are so many species that live on or are 

impacted by a particular host ς so not only might you lose the species but also the microbes.  This is what initiated the 

start of the Primate Microbiome Project όtatύΧ (primatemicrobiome.org).  



 The PMP aims to collect and sequence gut microbial communities from primates covering the 

entire tree of primate evolution. We will then integrate other important information regarding 

ǎŀƳǇƭŜŘ ƛƴŘƛǾƛŘǳŀƭǎΩ ŘƛŜǘΣ ƘŜŀƭǘƘΣ ŀƴŎŜǎǘǊȅΣ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ǘƻ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǊƻƭŜǎ ƻŦ 

microbes in primate health, evolution, behavior, and conservation. Some example expected 

impacts of the PMP lying in these four core areas of focus are as follows: 

 Health - Microbes can act as indicators for health of the host, and we expect that broad primate 

microbiome surveys will allow us to develop predictive biomarkers for certain primate diseases.  

Primates are the closest animal models to humans and understanding what drives the structure 

and variation of their microbiota will help us understand our own.  Health and pathogen resistance in primates have 

direct links to human health, for example in the case of simian immunodeficiency virus. 

Evolution - Broad sampling of microbiota across the tree of primate life will help improve our understanding of the 

co-evolution of host and microbes in primates. The gut microbiota may have played an important role in primate 

specialization of diet and gut physiology; the PMP aims to determine this role. 

Behavior - Gut-brain communication is well established in other animal models. By collecting longitudinal and cross-

sectional gut microbiome samples while tracking feeding and social behavior of individual animals, the PMP will allow 

us to determine how microbes may influence primate behavior. 

Conservation - Some endangered primate species fail to thrive in captivity due to gastrointestinal issues; through 

comparison of wild and captive animals within the same species the PMP will determine whether shifts in gut 

microbiota are linked with gastrointestinal health in captivity. 

Primates can act as sentinels for unhealthy shifts in their habitat ecosystems; the PMP will help determine if shifts in 

their gut microbiota accompany increased stress or other health issues related to habitat encroachment. 

Health, evolution, behavior, and conservation of non-human primates allows for a better understanding of our own 

origins and health.  There needs to be a standard platform to be able to use data across research projects ς all the 

information needs to be standardized for this to happen (PMP will strive to perform all those functions). 

The red shanked douc was the primate that initiated this project.  It has a multi chambered stomach which functions 

like a ruminant.  It is highly folivorous (eating mostly leaves) and they have health issues in captivity because of their 

guts.  The scientific name is Pygathrix nemaeus and the local Vietnamese name is cha va chan nau.  They are one of 

ǘƘŜ ǿƻǊƭŘΩǎ ǘƻǇ нр Ƴƻǎǘ ŜƴŘŀƴƎŜǊŜŘ ǇǊƛƳŀǘŜǎΣ with 8 distinct species and are members of the subfamily colobinae. 

Of those 8 species, 5 are native to Vietnam with the other three found in Laos, Vietnam, and Cambodia. Labeled 

Endangered (EN) based on the IUCN Red List of Threatened Species, it was assigned the highest conservation priority 

rating in the Action plan for Asian Primate Conservation.  According to the Red List, red-shanked doucs have 

undergone a decline of greater than 50% during the previous three generations.   

In the wild, this species faces threats from both habitat loss and hunting, with the latter representing the major threat. 

It has been said that douc langurs likely have undergone a more significant decline than other diurnal primate species 

in Vietnam because they are easy to hunt.  Habitat disturbance in the form of human population explosion, particularly 

in the central and southern Vietnam, and deforestation for agriculture (coffee, rubber, and cashew plantations) have 

taken major tolls on their native habitat.  The current population trend for this species is decreasing, despite efforts 

to preserve them, including the establishment of nature preserves for their habitation.  They are among the highest 

folivorous of all the colobines (Otto, 2005). 

Studying this group was important because it developed an excellent test to determine how influential host phylogeny 

is sharing gut microbial composition. 4 populations (of the same species) living under 4 very different conditions 

(geographic gradient effect). In a way this is a dose response study, as we have four distinct populations. The red-



shanked doucs inhabiting Son Tra Nature Reserve, Da Nang, Vietnam represented the άƴƻǊƳŀƭέ όŎƻƴǘǊƻƭύ ƎǊƻǳǇΦ ¢ƘŜ 

red-shanked doucs at the EPRC (Vietnam) served ŀǎ ǘƘŜ άƳƛƭŘƭȅ ŀōƴƻǊƳŀƭέ ƎǊƻǳǇΦ ¢ƘŜ ǊŜŘ-shanked doucs at the 

Singapore Zoo served ŀǎ ǘƘŜ άƳƻŘŜǊŀǘŜƭȅ ŀōƴƻǊƳŀƭέ ƎǊƻǳǇΦ ¢ƘŜ ǊŜŘ-shanked doucs at the Philadelphia Zoo served as 

ǘƘŜ άǎŜǾŜǊŜƭȅ ŀōƴƻǊƳŀƭέ ƎǊƻǳǇΦ 

The Philadelphia Zoo had a completely artificial environment (traditional zoological setting).   The Singapore Zoo-had 

a much more natural environment than the Philadelphia Zoo, however, still very different from natural conditions. A 

portion of the population lives on an island within what is known as the primate kingdom, so they have space to move 

and forage. They feed both on the plant species on the island, as well as plants that are given to them daily (hanging 

foliage same as at EPRC). However, their diet is supplemented with fruits and veggies.  The Endangered Primate Rescue 

Center has semi-natural conditions. While the doucs are housed in enclosures, they are still able to be outside year-

round. Cuc Phoung where EPRC is located is outside of their normal range within Vietnam however, they are fed 

exclusively plants (no supplemental dietary items), which is more representative of natural conditions. They are also 

fed 3 times per day and allowed to eat throughout the day (also more representative of natural conditions).  Lastly, 

for 2 hours each day (at lunch time), everyone leaves the compound to allow all the primates to sleep. Based on my 

experience with red-shanked doucs in the wild, this is similar to how the doucs behave in the wild. They typically sleep 

around lunch time (11-2 or so). They alternate between feeding and resting throughout the day. However, they are 

most active in the early morning and in the late afternoon (maybe because it is not as hot, thus they could possibly be 

conserving energy).   At Son Tra Nature Reserve (Wild) the red-shanked doucs are living under completely natural 

conditions. 

Additional Information: 

Colobines are folivorous Old World monkeys, that are anatomically, physiologically, and ecologically unique amongst 

the living primates. They have specialized gastrointestinal (GI) systems similar to ruminants, including a multi-

chambered stomach, allowing for consumption of extremely high fiber diets. One major source of variation exists in 

the GI anatomy and physiology of colobines, which is the stomach. Some genera have a tripartite stomach, or 3 

chambered stomach, and some have a quadripartite stomach, or 4 chambered stomach. The genera with a tripartite 

stomach lack a presaccus.  

For colobines, the primary sites of microbial fermentation are in specialized fermentation compartments located in 

the stomach. This digestive specialization, where microbial fermentation predominantly occurs in the stomach, is 

known as foregut fermentation. Colobines also have enlarged salivary glands compared to other primates. The copious 

amounts of saliva they produce functions to buffer the forestomach pH. The saliva may also contain proline-rich 

proteins, which form complexes with tannins present in their diet, thus nullifying the potential tannin inference in the 

digestive process. 

Colobines are capable of processing less nutrient-dense diets due to cellulolytic microorganisms in compartments of 

the GI tract, which play diverse roles in digestion such as the fermentation of polysaccharides and subsequent 

production of short-chain fatty acids. The complex gut and GI-associated microflora of colobine primates has led to 

their unique ability to neutralize digestive inhibitors and potential toxins present in plant materials, which constitute 

the majority of their natural diet. 

Currently, the International Union for Conservation of Nature (IUCN) recognizes 612 species and subspecies of primate 

(543 species). The subfamily colobinae belongs to the Old World monkey family and consists of 59 species in 10 genera 

(11% of all primate species). Colobines are folivorous Old World monkeys, that are anatomically, physiologically, and 

ecologically unique amongst the living primates.  They have specialized gastrointestinal (GI) systems similar to 

ruminants, including a multi-chambered stomach, allowing for consumption of extremely high fiber diets.  

What happens to the microbiome in captivity?  Captive monkeys becomes humanized!  As shown below captive 

primates acquire Bacteroides and Prevotella, the dominant genera in the modern human gut microbiome.  As 



populations shift toward the captive state, their microbiomes become colonized by dominant human gut bacterial 

genera. 

 

 

 

Why is this happening?  Wild individuals have a high fraction of plant DNA in their stool; captive individuals have 

almost none, with the exception of a single outlier individual who was rescued for treatment of electrical burns (as 

seen below).   

 

http://primatemicrobiome.org 

Clayton, et al. PNAS (2016). 

http://primatemicrobiome.org 

Clayton, et al. PNAS (2016). 

http://primatemicrobiome.org/
http://primatemicrobiome.org/


 

Captive microbes cause massive weight gains as can be seen in the chart below comparing douc diets: 

 

What is needed: 

1.  A conserved signature microbial genetic and functional traits according to host phylogeny.  An example 

schematic is presented below of the association between signature genetic traits in the gut microbiome, 

signature functional traits in the gut microbiome, and evolutionary history according to host phylogeny. Under 

our hypothesis, certain microbial genes, and likewise certain microbial functions, are conserved in certain 

primate lineages. Conservation of microbial functions is likely to supersede conservation of microbial genes 

due to convergent evolution. Our analysis will identify the keystone functional and genetic diversity in the gut 

microbiome for primate individuals spanning the tree of primate evolution and grouped by species, dietary 

niche, and gut physiology. 



 

2. Establishing a primate-wide microbiome gene catalog.  Understanding host-microbiome-function 

interactions:  Experimental Design. Through our extensive global network of collaborating primatologists 

through the Primate Microbiome Project (PMP), we will sample and sequence the fecal microbiome from the 

majority of living primate species using deep shotgun metagenomics. The PMP provides standardized 

processes for sample collection, storage, and processing, as well as a centralized resource for data analysis 

and deposition. Our long-term goal is to sample and sequencing wild primate metagenomes from every living 

species of primate. Through our ongoing collaborations and network of contacts we expect to collect at least 

5representative samples from each of over 250 primate species, covering all of the 79 primate genera, during 

the period of this project. This effort will allow us to characterize the majority of extant primate species and 

the vast majority of primate phylogenetic diversity. We will then perform deep shotgun metagenomic 

sequencing on every sample using cost-efficient sequencing on the Illumina Nova Seq platform. We will use 

these deep data to assemble and annotate genes and cluster them into putative functional groups by DNA 

sequence at several different levels of sequence homology. We will organize the resulting genes and 

functional annotations into a user-friendly publicly available gene catalog. This catalog will contain extensive 

annotations linking genes to traits including metabolic functions, putative natural product biosynthetic gene 

clusters, and antibiotic resistance. The primate-wide gene catalog is expected to contain many novel genes 

assembled de novo from the deep sequencing data. These will be annotated with important metadata 

including host species of origin, habitat status, and their position in larger assembled genomes and genomic 

contigs. This catalog will provide an invaluable resource for future efforts to identify keystone genes and 

functions in different lineages of primate evolution, and will support our integrative analysis of primate 

phylogeny, bacterial species, and functional traits. 



 

 

 

 

 

 

Just published: the most comprehensive microbiome study ever 

done.   

 

Discussion: 

Probiotic therapy ς most go right out ς they do not stay ς most probiotics sold do not have what naturally appears in 

the gut. Microbiome in primates can drastically change from wild situation to captive within a couple of weeks. Has 

there been a reverse with captive orangutans to a more wild microbiome?  No ς the orangutan diet is so complex ς 

really difficult to recreate in captivity ς other types of tools are needed.  Might be possible to use the microbiome as a 

diagnostic tool.  Landscape changes ς so trying to get ahead of the situation is difficult but an area of interest.  If there 

is diversity in the diet does that translate as a healthier microbiome? ς but can this truly be replicated in captivity ς so 

while  a more diverse diet can lead to a healthy microbiome is that logistically possible? One area that really has been 

explored is fiber (for humans) probably for non-human primates as well.  In a transition period, what needs to happen? 

Is that a smoking gun? You may be able to see the microbiome change, but can you see what initiated the change ς it 

can be quick for some but for others it can be slow.  The microbiome sees a lot of individual to individual variation.  To 

truly understand was is healthy is difficult.  One of the things coming is looking at OxyContin effects.   

 

Supporting evidence-based rehabilitation: Using the Enclosure Design Tool (EDT) in sanctuaries                                                                  

Susannah Thorpe ς Presenter with Jackie Chappell, Jamie 

Dolling  (Emily Saunders, and Julia Myatt: not present) 

School of Biosciences, University of Birmingham, 

Birmingham, United Kingdom. 

Abstract 

The transition from rehabilitation center to the wild is an extremely challenging one. Orangutans need to be able to 

express the full range of wild-type behaviors and skills to be able to thrive in natural habitats and enhance their 

ǿŜƭŦŀǊŜ ǿƘƛƭŜ ƛƴ ŎŀǇǘƛǾƛǘȅΦ ΨCƻǊŜǎǘ {ŎƘƻƻƭǎΩ ŀǊŜ ŎƭŜŀǊƭȅ ŜŦŦŜŎǘƛǾŜ ƛƴ Ŝƭƛciting the physical strength and cognitive skills 

that orangutans need as they develop but it can be more challenging to ensure that these skills are not lost once 

orangutans are too old for Forest School. Moreover, skills can be lost at any stage of the lifespan if not practiced, so 

regular intervention from point of entry to release is needed. In addition, without an objective method of assessing 

readiness for release, it can be difficult for caregivers to know which individuals are ready, or which have formed 

positive social bonds, and should therefore be released together. We need to equip centers with techniques to 

understand which behaviors individual apes are not expressing appropriately, and methods to elicit these behaviors 

to ensure species-typical physical and cognitive development and maintenance. 

EDT staff have been working with Samboja Lestari Orangutan Rehabilitation Center (BOSF) and our Advisory Board 

over the past year to develop and test our Enclosure Design Tool (EDT), which is designed to elicit wild-type behaviors 



in orangutans housed in rehabilitation centers. The EDT is a framework of data collection protocols with a web-based 

tool. It enables rehabilitation centers to collect quantitative data on the behavioral ecology of their orangutans and 

upload this data to the EDT, which compares this behavior to that of wild orangutans and recommends enclosure 

modifications to encourage any missing or under-represented behaviors.  

Three-part session:   

One - The concepts behind the EDT, explaining the key behaviors, and why they are so important to orangutans in the 

wild.  Present the results of work with BOSF, showing how effective the EDT can be in eliciting wild-type behaviors, 

and identifying areas where further development is still needed. 

Two - Hands-on session, in which participants can work through using the EDT web tool themselves (dummy datasets 

provided). This part will enable participants to see what kinds of information the EDT provides about the behavioral 

ecology of orangutans, and the recommendations it provides. Guide participants through the data collection protocols 

and data entry templates. Feedback on this experience, to help improve how the EDT works. 

Three - .ǊƛƴƎ ŜǾŜǊȅƻƴŜΩǎ ŜȄǇŜǊǘƛǎŜ ǘƻƎŜǘƘŜǊ ǘƻ ŎƻƭƭŜŎǘƛǾŜƭȅ ƛƴƴƻǾŀǘŜ ƴŜǿ ǿŀȅǎ to help sanctuary orangutans practice 

the behaviors they will need in the wild. The last part of the session will be an idea generation session to generate 

ideas, pool expertise and make sure that any recommendations are practical for sanctuaries to apply and can be easily 

and cheaply achieved using locally available materials. 

Orangutans have cognitive and physical demand to life in the forest canopy.  Their cognitive skills are Instinctive, 

learned and have advanced cognitive elements.  There are high risks to getting it wrong ς so they rarely make mistakes.   

They may evaluate the outcome of alternative actions mentally rather than physically.  They must consider and 

identify the properties and physical behavior of multiple arboreal supports, the physical effects of their own actions, 

plan their routes in advance of their locomotion and the possibility of encountering new risks and opportunities if 

supports do not respond as predicted.  They have very precise cognitive abilities.  Their skills are acquired during 

development.  Their physical adaptations require a high level of muscular control to allow orangutans to take account 

of change in substrate behavior and they need to react fast, reducing the risk of falls.  

Having an elastic mechanism such as is found in humans, horses, greyhounds and other terrestrial species would allow 

for energy saving, power amplification, and force regulation during locomotion (Alexander 2002), but orangutans do 

not have this adaptation which optimizes energy return as the tendons stretch in one part of the stride and recoil 

later, returning energy to the muscle.    

Since orangutans have to work harder at arboreal movement, there is likely to be an increased energetic load.  
Orangutans are the only great ape that experiences long periods of negative energy balance ς which means that there 
are no ketones in the urine which in turn means they are using their own fat reserves.  Orangutans need to eat a lot 
when there are times of food abundance in order to compensate for low food abundance.  They use about 3% of their 
stored fat.  Energy balance is important.       Orangutans cannot routinely expend more energy finding food than they 
get from the food they find.  Many orangutan populations live under high nutritional stress.  As they cannot save 
energy in locomotion, they are at greater riskς limiting their ability to find food.   
 
Ketones are produced when the body metabolizes its own fat reserves to produce energy. 
  
Below are mean ketone scores for orangutans from Harrison, et al, 2019 IJP.   It shows: Numbers above the x axis 
labels indicate the number of samples collected in that month for all age-sex classes combined.  For display purposes, 
months in which no ketones were detected in the urine for an age-sex class are displayeŘ ǿƛǘƘ άƴŜƎŀǘƛǾŜέ ƪŜǘƻƴŜ 
scores, to distinguish them from months in which no samples were collected (which have no bars and, hence, appear 
as having a ketone score of zero).  The chart also shows that negative energy balance is reasonably common in 
orangutans.  This is found both in masting forest where short periods of high fruit availability are interspersed with 
long periods of limited availability, but also in non-masting peat swamp forest which has generally more consistent 



fruit availability.   Adipose tissue is one mechanism for storing energy to be used for maintenance, reproduction and 
other activities, such as migration, territorial and harem defence.  Fat is light in weight compared to stored glycogen 
or protein because it can be stored in a relatively water-free state (CAHILL, 1970; WILLIAMS, 1976).  This more 
concentrated form of energy is especially useful in arboreal animals with vertical travel requirements such as 
orangutans.  These calculations show that the energy reserve of M. fascicularis has a much narrower margin of safety 
than that of P. pygmaeus. For example, if necessary, macaques would use about one-quarter of their stored fat energy 
per day whereas orang-utans would use about 3% of their stored fat energy per day.  A more dramatic comparison 
shows that macaques might fast or risk starvation after only about four days whereas orangutans might fast for about 
30 days. 
 

 

Moving through the forest canopy:  Forests are highly mechanically complex, are 3 dimensional, flexible (compliant), 

irregular (diameter, taper, material), and can be connected or discontinuous.   They are dynamic, experiencing periods 

of growth, decay, and seasonality.  They can contain fruits, with the ƴŀǊǊƻǿŜǎǘ ƎŀǇǎ ƛƴ ΨǘŜǊƳƛƴŀƭ ōǊŀƴŎƘ ƴƛŎƘŜsΩ.  

Multiple supports are needed to bear their weight.  Support response can vary dependent upon ŀƴƛƳŀƭΩǎ ǿŜƛƎƘǘ, 

position and action.  CƭŜȄƛōƭŜ ǎǳǇǇƻǊǘǎ ōŜƘŀǾŜ ƳǳŎƘ ƭƛƪŜ ǘǊŀƳǇƻƭƛƴŜǎΣ ŀŘŘ ŀƴƻǘƘŜǊ ǎǇǊƛƴƎ ƛƴ ǎŜǊƛŜǎ ǿƛǘƘ ǘƘŜ ŀƴƛƳŀƭΩǎ 

locomotor system.  For many animals the most chalƭŜƴƎƛƴƎ ǇŀǊǘ ƻŦ ǘƘŜ ŦƻǊŜǎǘ ŎŀƴƻǇȅ ƛǎ ŎŀƭƭŜŘ ǘƘŜ ΨǘŜǊƳƛƴŀƭ ōǊŀƴŎƘ 

ƴƛŎƘŜΩΦ ¢Ƙƛǎ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ƘƛƎƘƭȅ ŦƭŜȄƛōƭŜ ōǊŀƴŎƘŜǎ ŀǘ ǘƘŜ ǇŜǊƛǇƘŜǊȅ ƻŦ ǘǊŜŜ ŎǊƻǿƴǎ ǿƘƛŎƘ ōŜƴŘ ǎǳōǎǘŀƴǘƛŀƭƭȅ ǳƴŘŜǊ ǘƘŜ 

animal's weight and vary enormously in their properties. Despite the increased risks of falling in the terminal branch 

niche, it is one of the most desirable parts of the forest canopy for arboreal animals because it is where fruits tend to 

be abundant and where the narrowest gaps between tree crowns exists for animals that travel at those heights. 

Moving around a forest habitat is physically demanding as one is constantly opposing gravity.  Nearly 60% of orangutan 

locomotion relies exclusively on supports that are less than 10 cm in diameter and therefore likely to bend under their 

body weight (Thorpe et al, 2007).   

Energy budgets:  Tree swaying.  Comparing mother, mother and infant, and a sub adult male regarding how much 

energy is used if they climbed to the ground and went back up again ς it is more energetically costing to climb up and 

down than tree swaying (to descend to the ground and climb up again is up to 23x more energetically demanding than 

tree sway and requires significant understanding of supports) ς so giving them this option is important to allowing 

them to adapt to a wild environment as energy efficient locomotor adaptations are critical to their survival.   

 



 

 

For animals moving on compliant substrates, the external environment represents another potentially useful energy 

store.  Compliant supports have been shown to increase the energetic cost of locomotion in monkeys and lemurs and 

the cost of takeoff in birds.  They further may affect energetics by forcing arboreal animals to adopt longer travel 

routes to circumvent gaps in the canopy.  But orangutans can manipulate their environment to utilize that energy.  

Since the work required to sway the tree is proportional to its stiffness, it would be greater if the tree were thicker. 

Swaying is advantageous only if the tree is sufficiently slender which, in these cŀǎŜǎΣ ƛǘ ǿŀǎΧƻǊŀƴƎutans need to learn 

which trees are good, and that depends on the tree (different wood, different lengths, different stiffness), and on size 

of the orangutan.   

In order to sway trees to utilize the elastic energy within them, apes must have an understanding of the flexibility of 

the given tree trunk relative to the size of the gap to be crossed. Juvenile orangutans regularly practice this behavior 

and both their frustration and perseverance can be observed when it does not work out. But failure seems to be a 

very rare result in adult locomotion. Given the unique set of materials and conditions for each tree sway/gap crossing 

event, this behavior supports the first three of our cognitive predictions. Anecdotal observations of tree sway reported 

in Thorpe et al., (2007) suggest that orangutans can also detect new positive and negative affordances if tree sway 

supports confound their expectations and exploit these appropriately.  For example, when a female orangutan 

travelling with her adolescent son failed to oscillate a tree trunk to sufficient magnitude to cross a gap, the son moved 

to a higher bough in the tree. This increased the effective mass of the tree trunk about the point of oscillation and 

both were able to cross the gap. The fact that this positional adjustment worked the first time suggests they had a 

fairly nuanced understanding of how to modify the mechanical behavior of the tree trunk.  It would appear that 

mother and offspring work together.  

If we cannot ensure that orangutans in rehabilitation centers can move around like wild orangutans, then we are 

ǇǊŜŘŜǘŜǊƳƛƴƛƴƎ ǘƘŀǘ ǘƘŜȅ ǿƛƭƭ ŀƭǿŀȅǎ ƭƛǾŜ ǘƻǿŀǊŘǎ ǘƘŜ ǎǘǊŜǎǎŦǳƭ ŜƴŘ ƻŦ ǘƘŜ ŜƴŜǊƎȅ ōǳŘƎŜǘΧŘŜǎŎŜƴǘκŎƭƛƳō ƛƴ ǘƘŜǎŜ 

examples is between 10 and 23 times more physically demanding than tree sway; plus other issues of being too 

terrestrial.   

There are 82 types of posture and 47 types of locomotion (within 13 postures and 14 locomotor families) used by 

orangutans and that is because they need to move through a very complex forest canopy.  Orangutans have the 

broadest range of locomotion and posture of all primates.  All these pastures and locomotive methods are cognitively 

demanding, and orangutan physical abilities change as they age. 

There is a rough cognitive hierarchy, but appendicular movement involves multiple supports, balancing what weight 

each will support, transferring that slowing with any breaking, all cognitively very demanding. 

Adult males are an order of magnitude larger in size than infants during the initial stages of locomotor independence 

(90 kg).  As young orangutans differ in both body mass and cognitive development, orangutans must be able to 

perceive the affordances of supports to utilize them successfully and they discover these through play and exploratory 

behavior, much like human infants, or by observing their mothers when they are carried or assisted across gaps. 

Orangutan mothers further encourage independent behavior in their infants by systematically reducing the assistance 

they provide as offspring gain competence. While appendicular deformation of compliant supports does not appear 

to require much experience, certain forms of mass deformation are likely to require more advanced cognitive abilities 

and/or more experience.  Chevalier-Skolnikoff et al, suggest that this behavior indicates that orangutans cross gaps 



by forming mental representations of them prior to crossing, which they consider indicative of the most cognitively 

ŎƻƳǇƭŜȄ ǎǘŀƎŜ ƻŦ tƛŀƎŜǘΩǎ ǎŜƴǎƻǊƛƳƻǘƻǊ ƛƴǘŜƭƭƛƎŜƴŎŜ ǎŜǊƛŜǎΣ ƛƴǎƛƎƘǘΦ  Since the extent to which a substrate deforms 

depends on the body mass of the animal, orangutans must also adapt their locomotor behavior as they grow.   

Appendicular deformation is generally used when the branches of an adjacent tree are within reach, and orangutans 

cross by pulling thin compliant branches towards their body until a more stable branch can be reached to transfer 

their weight onto. They use this behavior during both orthograde transfer and pronograde bridging behavior.  

Mass deformation is where a support is intentionally deformed using body mass.  It is used when crossing larger gaps 

in the canopy and might either be with the animal in a static position with the support simply deflecting under their 

mass, or when orangutans actively sway supports with increasing amplitude until a support on the opposite side of 

the gap can be reached, such as in tree sway.   

One of the primary ways orangutans adapt to their habitat is decreased stereotypy in locomotion and posture.  There 

are many variations of sit and lie. 28,000 observations were made of positional behavior of which 2811 were 

locomotion!  Differences between species are mostly simply different frequencies of the same broad behaviors that 

relate to habitat structure.  The fact that they fall into families of behaviors is useful here because those families 

generally involve similar physical and cognitive skills. 

Wild orangutans live in a complex foraging niche with a diet consisting of many difficult-to-process and hidden food 

items, many of which require tool use (van Noordwijk & van Schaik, 2005).   Adult females at Tuanan (in central 

Borneo) each have diets comprising around 170 or more food items from around 110 plant species.   

A paper by Schuppli et al, (2015), showed hierarchy of complexity.   Levels of complexity were set up to show finer 

motor controls (tool use if foods are difficult to extract).  Over 30 to 40% of their diet involves some really difficult 

manipulation of foods (at Tuanan and Suaq locations).  Especially pith ς a fall back food, yet cognitively it is really 

demanding.  When we think about food diversity, we need to look at complexity.  

Below is the dietary complexity of the different processing steps in percent of the total diet for the food items that 

form the top 90% of the total diet of 4 adult females at Tuanan and Suaq.  The red line indicates the site frequency 

ratio of each given processing step ς using an equation: 

 



 

 

Orangutan nest building:  Involves thermoregulation, comfort, increase periods of REM, anti-predation and 

height/camouflage.  Greater height provides protection from air borne parasites. 

 

Once weaned, all great apes build nests on an almost daily basis. These nests are multilayered constructions in a tree 

or combination of trees and made of bent branches to which additional elements, such as pillows (small piles of small 

broken-off leafy twigs) or blankets (larger leafy twigs bent or laid over the nest, leaving the head area free), are added 

(Prasetyo et al., 2009). 

Building a safe, structurally sound nest is a complex task, involving selection of an appropriate site and choice of 

suitable materials. The nest maker then needs to manipulate the materials in relation to each other and the nest 

substrate to create a nest with enough structural integrity to support its occupants and to withstand movement of 

the tree and nest in the wind.  It is not an entirely instinctive behavior. Orangutans and chimpanzees are selective 

about the trees in which they choose to build nests, and research suggests that this relates to the innate flexibility of 

the wood of different tree species, and perhaps to an understanding of the requirement for branches that will exhibit 

ΨƎǊŜŜƴǎǘƛŎƪΩ ŦǊŀŎǘǳǊŜǎΣ ǿƘŜǊŜōȅ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ōǊŀƴŎƘ ŦǊŀŎǘǳǊŜǎ ōǳǘ ŘƻŜǎ ƴƻǘ ŘŜǘŀŎƘ ŎƻƳǇƭŜǘŜƭȅ όǾŀƴ /ŀǎǘŜǊŜƴ et al. 

2012).  This phenomenon allows strength and rigidity to be built into the nest by weaving larger branches over a 

framework of more solid limbs to form a platform, then smaller twigs are folded over to form a raised rim (Figure 1) 

(van Casteren et al. 2012). In some cases, leafy material is detached and added to the nest bowl to form a sleeping 

surface (Stewart et al. 2007; van Casteren et al. 2012). These nest types therefore require the ape to have an 

understanding of the physical properties of different tree species and the effect of their own actions on the branch, 

meeting predictions P1 and P2 above. They also need to organize their behavior in the correct sequence to construct 



a supportive nest that can bear their weight safely, which indicates an element of planning. It has been shown that 

immature individuals build nests more efficiently and of a higher quality when exposed to nest-building adults which 

also indicates a role for learning and innovation in the building of nests. 

The act of breaking and weaving branches together during construction is essential to the success of the structure. 

However, breaking living, and hence compliant, branches is not as simple as one might think. The orangutan will bend 

and break branches inward toward a central point, weaving and twisting the branches to lock them into the basic nest 

structure. 

Nest building is defined as bending branches towards itself to form the main structure of the nest, securing them with 

another body part, usually the feet, and weaving branches together.  During construction orangutans use the fact that 

branches only break half-way across in a άƎǊŜŜƴǎǘƛŎƪέ ŦǊŀŎǘǳǊŜ ǘƻ ǿŜŀǾŜ ǘƘŜ Ƴŀƛƴ ƴŜǎǘ ǎǘǊǳŎǘǳǊŜΦ ¢ƘŜȅ ŎƘƻƻǎŜ ǘƘƛŎƪŜǊ 

branches with greater rigidity and strength to build the main structure in this way. After the completion of the base 

ǎǘǊǳŎǘǳǊŜΣ ǎƳŀƭƭŜǊ ōǊŀƴŎƘŜǎ ŀǊŜ ōŜƴǘ ŦǊƻƳ ǘƘŜ ŜŘƎŜ ƛƴǿŀǊŘ ǘƻ ǇǊƻŘǳŎŜ ŀ άƳŀǘǘǊŜǎǎέ ƻǊ άǊƛƳέ. They then detach thinner 

branches by following greenstick fracture with a twisting action to make the lining. These results suggest that 

orangutans exhibit a degree of technical knowledge and choice in the construction as these branches are significantly 

smaller, weaker, and more flexible than those used in the main nest.  

 Smaller branches are bent from the edge inward to reinforce the 

edges. 

Orangutans need to understand which trees can be used;                                                                                                                           

select appropriate diameter branches; understand greenstick fracture 

mechanics; understand relationship between branches as they bend 

and weave and the  motor control of hands and feet. 

 

 

 

 

 

Developmental changes:  Of all primate species, orangutans have the most extreme life history. They have the latest 

age at first reproduction of any nonhuman primate species and the latest age of weaning and interbirth intervals of 

any primate species.  Immature Sumatran orangutans are weaned around the age of 7.5ς9 years, which is 1ς2 years 

later than their Bornean peers. Weaning is followed by a multiyear juvenile period during which individuals are fully 

self-supporting but not yet reproducing. Whereas Bornean orangutan females have their first offspring around the 

age of 13ς14 years, their Sumatran orangutans wait for another 2ς3 years until they start reproducing, around the 

age of 14ς16 years. Orangutan diet includes hundreds of different types of foods (ca. 400). 

Musculoskeletal health: Skeletal muscle mass and bone mass are regulated by a range of factors such as genetics, 

nutrition, hormones and growth factors and mechanical loading (Wolff's law: bone will respond to the forces placed 

upon it): 



 

It is well known that an increase in mechanical loading of skeletal muscle results in an increase in skeletal muscle mass 

(i.e., muscle hypertrophy), while a decrease in mechanical loading leads to a reduction of skeletal muscle mass (i.e., 

muscle atrophy).  Changes in mechanical loading are also known to play a major role in the regulation of bone mass 

and strength; increased mechanical loading at critical stages of growth and development result in increased bone 

mineral accrual, bone mass and strength, while reduced mechanical loading results in the loss of bone mass and 

strength. Importantly, evidence suggests that the development and maintenance of bone mass is, in large part, 

dependent on skeletal muscle-derived mechanical loading (Goodman et al. 2015).    

The Mechanostat is a term describing the way in which mechanical loading influences bone structure by changing the 

mass (amount of bone) and architecture (its arrangement) to provide a structure that resists habitual loads with an 

economical amount of material. As changes in the skeleton are accomplished by the processes of formation (bone 

growth) and resorption (bone loss), the mechanostat models the effect of influences on the skeleton by those 

processes, through their effector cells, osteocytes, osteoblasts and osteoclasts. 

We know our muscles get stronger, but our bones also get stronger.  However, this is not enough in rehabilitation 

orangutans to just increase activity levels ς it will not necessarily increase the bones that need to bear weight in the 

wild. 

As early as 1892, Julius Wolff recognized that the bone adapts to the force acting on. Thus, Frost postulated the 

existence of a mechanostat in bone tissue, which registers the force acting on bone and regulates modeling and 

remodeling to keep habitual strains within a constant window. For the mechanotransduction in bone (conversion of 

a mechanic stimulus into a cellular and molecular response), the forces on bone generated by skeletal muscles are 

higher than the forces generated by the gravity. Therefore, the mechanical interaction of muscle and bone is a crucial 

aspect of the functional muscle-bone unit. For the clinical evaluation of the functional muscle-bone unit, it was 

proposed, among other things, to evaluate the adaptation of the bone to the acting forces. A frequently assessed 

parameter to describe this interaction is the bone mineral content (BMC) determined by dual-energy X-ray 

absorptiometry (DXA) in relation to the lean body mass (LBM). BMC is a surrogate parameter for bone strength.   

Key message: rehabilitant orangutans need species-typical physical and cognitive opportunities from quarantine 

onwards. 

There is variation in the literature about how bone strength changes in humans with aging, which reflects whether 

they are looking at bone mineral content, bone density and also reflects the multiple other factors that influence bone 

strength. But in general, the graph below reflects the overall pattern that humans gain bone mass during ontogeny 

but can only at best maintain it in adult hood. Some graphs show males plateauing, and females reducing less, female 

results from menopause. 



Bones become more brittle / may break more easily.  

Joint inflammation, pain, stiffness, and deformity. 

Movement slows and may become limited.  Loss of 

muscle mass reduces strength.  Zoo orangutans have 

skeletons that are significantly different to those of wild 

populations (Sarmiento, 1985) 

 

 

 

This can be applied to some extent to orangutans, as we know great apes can get arthritis, but we do not know at 

what age the ability to build bone strengths slows/stops.  For orangutans that come into centers, as soon as they come 

into quarantine, you need to be challenging their musculoskeletal system to start to strengthen it while they are still 

ōǳƛƭŘƛƴƎ ōƻƴŜ ǎǘǊŜƴƎǘƘΧǘƘŜ ƭŀǘŜǊ ƛǘ ƛǎ ƭŜŦǘ ǘƘŜ ƎǊŜŀǘŜǊ ǘƘŜ ƴŜƎŀǘƛǾŜ ŎƻƴǎŜǉǳŜƴŎŜǎ Ŏŀƴ ōŜ.  It is important for the 

orangutan to use the same bones and muscles it would use once it is returned to the wild.   

Crossing gaps:  Orangutans cross gaps at least 50 times per day, adults up to 150 times per day ς if they are going to 

move arboreally, they need to be skilled at gap crossing.  Our results below suggest that gap crossing varies with both 

physical and cognitive development. More complex locomotor behaviors, which utilized compliant trunks and lianas, 

peaked in frequency much earlier than expected, between the ages of 4 and 5 years old, which probably reflects play 

behavior to perfect locomotor techniques. So at this key age, they are practicing lots of demanding behaviors at the 

stage when their bones are developing and building strength; what are the implications for their learning and strength 

if they miss this? 

 


