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ACRONYMS AND ABBREVIATIONS

AIDS Acquired immune deficiency syndrome

ALI Allostatic load index

A.PES. Ape Population, Environments and Surveys

ARRC Avoidance, Reduction, Restoration, and Conservation

asl Above sea level

AZA Association of Zoos and Aquariums

BAL Bronchoalveolar lavage

Bcbva Bacillus cereus biovar anthracis

BMP Best management practice

BNF Borneo Nature Foundation

BOSF Borneo Orangutan Survival Foundation

BSGR Beny Steinmetz Group Resources

CHIMP Chimpanzee Health, Intervention, and Monitoring Program
CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora
COVID-19 Coronavirus disease 2019 (infectious disease caused by the SARS-CoV-2 virus)
CTPH Conservation through Public Health

CWAS Cumulative welfare assessment score

DNA Deoxyribonucleic acid

DRC Democratic Republic of Congo

EAZA European Association of Zoos and Aquaria

EDT Enclosure Design Tool

ESG Environmental, social and governance

EVD Ebola virus disease

FAO Food and Agriculture Organization of the United Nations
FSC Forest Stewardship Council

GC Glucocorticoid

GDP Gross domestic product

GFAS Global Federation of Animal Sanctuaries

HDI Human Development Index

HIV Human immunodeficiency virus

HMPV Human metapneumovirus

HRSV Human respiratory syncytial virus

IFC International Financial Corporation

IFL Intact forest landscape

IGCP International Gorilla Conservation Programme

IPHP International Primate Heart Project

IPLCs Indigenous Peoples and local communities

IUCN International Union for Conservation of Nature
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KCP

Lao PDR
LWT
MPXV
MYR
NAP
NGO
NGS
NNNP
OIE

OVAG
PASA
PBOP

PCR
PEESTOLM

PPE
PTSD
RNA
RSPO
SAIDS
SARS-CoV-2
SDG
SEA
SEAZA
SGA
SIVcpz
SIVgor
SMB
SOCP
SOP
sp.
SPOTT
TB
TNS
TPE
UAE
UDAW
UNESCO
WAZA
WCS
WHO
WWP

Kibale Chimpanzee Project

Lao People’s Democratic Republic
Lilongwe Wildlife Trust
Monkeypox virus

Malaysian Ringgit

National Action Plan
Non-governmental organization
Next-generation sequencing
Nouabalé-Ndoki National Park

World Organisation for Animal Health
(originally founded as the Office International des Epizooties)

Orangutan Veterinary Advisory Group
Pan African Sanctuary Alliance
Petowal Biodiversity Offset Programme
Polymerase chain reaction

Political, environmental, economic, social, technical, operational, legal, media
and communications

Personal protective equipment

Post-traumatic stress disorder

Ribonucleic acid

Roundtable on Sustainable Palm Oil

Simian acquired immunodeficiency syndrome
Severe acute respiratory syndrome coronavirus 2
Sustainable Development Goal

Strategic environmental assessment

Southeast Asian Zoos and Aquariums Association
Section on Great Apes

Simian immunodeficiency virus in chimpanzees
Simian immunodeficiency virus in gorillas
Société Miniére de Boké

Sumatran Orangutan Conservation Programme
Standard operating procedure

Species (plural spp.)

Sustainability Policy Transparency Toolkit
Tuberculosis

Sangha Trinational

Treponema pallidum pertenue

United Arab Emirates

Universal Declaration on Animal Welfare
United Nations Educational, Scientific and Cultural Organization
World Association of Zoos and Aquariums
Wildlife Conservation Society

World Health Organization

Wildlife Wood Project
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YEL Yayasan Ekosistem Lestari

ZEBOV Zaire Ebola Virus

ZIMS Zoological Information Management Software
ZSL Zoological Society of London
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GLOSSARY

Abiotic: Not derived from living organisms.
Abscess: An enclosed, pus-filled cavity in any tissue, usually caused by bacteria.

Accidental host: An organism that does not usually allow for the transmission of a pathogen to the definitive or
typical target species; also referred to as an incidental or dead-end host.

Adaptive management: An iterative process of improving the management of natural resources by incorporating
monitoring results in the decision-making process.

Agonist: A substance that activates a receptor inside a cell or on its surface.

Air blast: A sudden rush of air through openings, such as tunnels, caused when unsupported rock spanning a void
in an underground mining system collapses.

Air sacculitis: A common inflammatory condition of air sacs, the tiny sacs off the laryngeal tubes of apes (and many
other animals) that act as resonating chambers, amplifying vocalizations.

Allelic dropout: The failure of an allele (one of two or more versions of DNA sequence) to increase the number of
copies of a gene in a polymerase chain reaction (PCR).

Amplifying host: An organism in which a pathogen can multiply to high levels, which facilitates the pathogen’s spread.
Anemia: A lack of red blood cells (or hemoglobin) that leads to decreased oxygen transport.

Animal reservoir: see reservoir.

Animal welfare: Physical and mental wellbeing of animals.

Anogenital: The area around the anus and genitalia.

Anthelmintic: Any drug that acts against infections caused by parasitic worms (helminths).

Anthropocene: Unofficially, the current geologic epoch, during which human activity started to have a significant
impact on Earth’s climate and ecosystems.

Anthropogenic: Caused by humans or human activity.

Anthroponosis: Infectious disease that is transmitted from humans to other animals. Related terms: anthroponoses,
anthroponotic. See also: zoonosis.

Arboreal: Living in trees.

Asset protection zone: An area surrounding a built asset or structure, such as a residence, farm, commercial build-
ing or landmark, where the level of forest fuel has been reduced to a level that does not support intensive fire
behavior. The width of the area between the at-risk asset and the forest is determined by the predicted fire behavior.
Commonly referred to as APZ.

Asymptomatic: Infected with a pathogen but not showing signs of disease.
Autonomy: Self-determination of individuals.

Bacteria: Single-celled, microscopic organisms that are ubiquitous in humans, other animals and the environment,
and that can be beneficial (for example by promoting digestion) or cause illness (singular: bacterium).

Best management practice (BMP): Methods or means that have been determined to be the most effective and
practical means of preventing or reducing disease risks from humans to apes and vice versa.

Bimaturism: Development characterized by differing stages or timings within a species or within a sex; among
orangutans, mature males are flanged or unflanged (see flanged).

Bioacoustics: Digital technology, including equipment and software, used to record and analyze animal sounds.
Biopsy: The removal of a small piece of tissue from a living animal for diagnostic purposes.

Biosafety: A set of measures designed to prevent the accidental spread of pathogens to humans, animals or the
environment, including safe handling measures of potentially infectious substances, for example through the use of
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personal protective equipment (such as gloves and masks), disinfection and garbage disposal protocols. Biosafety
aims to protect public health and environment from accidental exposure to biological agents. See also: Biosecurity.

Biosecurity: A combination of management practices and protocols designed to prevent the transmission of diseases
and disease-causing agents. Biosecurity deals with the prevention of misuse through loss, theft, diversion or inten-
tional release of pathogens, toxins and any other biological materials. See also: Biosafety.

Biotic: Relating to living organisms.
Bloating: The accumulation of gas in the intestines, often uncomfortable or painful.
Brachiation: Arboreal locomotion that relies exclusively on the arms to propel the body forward.

Bronchoalveolar lavage (BAL): A safe, simple and inexpensive diagnostic test of the lower respiratory system,
which can be performed in the field without sophisticated equipment. BAL involves instilling sterile saline via a tube
into an anesthetized animal’s airways. The method provides an excellent sample of epithelial lining fluid for charac-
terization of diffuse lung diseases (such as tuberculosis on polymerase chain reaction) and airway inflammation.

Burnout: A syndrome that results from chronic, unsuccessfully managed work-related stress.
Captive facilities: Sites of wildlife captivity, such as rescue and rehabilitation centers, sanctuaries and zoos.

Cardiologist: A doctor who specializes in treating diseases of the cardiovascular system—mainly the heart and
blood vessels.

Cardiomyopathy: Diseases of the heart muscle involving stretching, thickening or stiffening of the walls of the heart
chambers, which affect the heart’s ability to pump blood around the body.

Cardiovascular: Related to the circulatory system—the heart and blood vessels.
Cardiovascular disease: A group of disorders of the heart and blood vessels.
Carry-over: Released apes carrying human pathogens to wild apes.

Case fatality rate: In epidemiology, the proportion of individuals who die from a specified disease among all those
who have been diagnosed with it during a certain time period.

Catheter: A flexible tube inserted into a vein to administer or extract fluids intravenously.
Causative agent: A (micro)organism that causes a disease.

Chlorpyrifos: An insecticide, acaricide or miticide used to protect plants against damage.
Colitis: Inflammation of the bowels or large intestine (colon).

Command and control system: A structured system used to organize functional management and leadership, as
well as to provide authorities with clear lines for planning, organizing and directing operations during response
and recovery at the strategic and tactical levels.

Commensal: Relating to a relationship in which one organism obtains food or other benefits from another without
damaging or benefiting the host organism; an organism in such a relationship.

Compassionate conservation: A discipline that combines the fields of conservation and animal welfare.

Compounding (or cascading) risks: Interacting risks whose collective effect exceeds those associated with the
individual risks.

Conservation litigation: The use of liability lawsuits to ensure that companies, organizations and people who damage
the environment or biodiversity are held responsible and have to take action to remedy the damage caused.

Conservation medicine: A field that combines veterinary science, conservation biology and public health to address
animal, human and ecological health holistically, rather than as siloed branches of knowledge.

Conspecific: An individual of the same species.
Core area: The portion of the home range of a group or individual that is most frequently used.

Costs: In disaster management, the estimated or known monetary value of facilities, goods, services and provision
of personnel provided by an agency or organization in support of activities during preparedness, response and
recovery for which the agency or organization receives no payment; may be referred to as in-kind contributions.

Cramping: The sudden, extreme, involuntary tensing of muscle that results in pain.

Crisis: A system-wide disruption that is typically new, unexpected, uncontrollable or abnormal and that requires
immediate solutions or interventions involving collaboration among local stakeholders. A crisis typically affects a
particular industry, population or community; local stakeholders are able to address the disruption.
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Cross-reactivity: The ability of some antibodies to target or “react to” parts of different pathogens other than the one
with which the antibodies typically bind. If a test is not very specific, cross-reactivity can result in a false positive.
See also: reactivity.

Cytomegalovirus (CMV): A common virus that can cause herpes infections that may become dormant and later
reactivate. In individuals whose immune systems are compromised, symptoms may include fever, jaundice and
lesions, as well as neurological and respiratory issues. Humans and other primates serve as natural hosts.

Data mining: The sorting and analyzing of very large datasets to find patterns and relationships that can serve as
intelligence for facilitating planning and decision-making.

Deciduous: Pertaining to trees that lose their leaves for part of the year.

Deciduous teeth: Baby teeth, also known as milk or primary teeth, which are later replaced by permanent, or
adult, teeth.

Degenerative: Related to the deterioration of organs, often caused by age.

Depigmentation: Loss of color, such as of hair or skin.

Dermatophyte: A common label for a group of fungi of the Arthrodermataceae, which commonly cause skin disease.
Design thinking: An iterative process used to understand and redefine problems with the aim of creating innova-
tive solutions.

Diagnostic protocol: A practical text that can guide clinical approaches and facilitate diagnosis, for example by
recommending questions and examinations.

Dichromatic: Exhibiting two color variations independent of sex and age.

Dimorphic: Having two distinct forms.

Dipterocarp: A tall hardwood tree of the family Dipterocarpaceae that grows primarily in Asian rainforests and

that is the source of valuable timber, aromatic oils and resins.

Disaster: A serious disruption of the functioning of a community or society due to an interaction of a hazardous
event with conditions of exposure, vulnerability and insufficient capacity to cope with the event. The consequences
include significant social, built, economic and environmental losses and impacts. Locally impacted communities
are unable to cope and require external assistance and coordination.

Disease emergence: A first-time outbreak of illness in a species or area, or a rapidly increasing incidence of out-
breaks, typically with reference to zoonotic infectious disease. In contrast, re-emerging (infectious) diseases are ones
that appear in species or areas in which they have not been seen for a long time.

Dispersing sex: Either male or female apes who, upon reaching sexual maturity, depart from their birth area to
establish their own range, leaving the opposite sex behind.

Diurnal: Daily or active during the day.

DNA: Deoxyribonucleic acid, the hereditary material in almost all organisms.

Dysbiosis: An imbalance in the gut microbial community that is associated with disease and may be due to the gain
or loss of microbial community members or changes in the relative abundance of microbes.

Dyspnea: Labored breathing.

Echocardiographer: A health care professional trained to use imaging technology to help physicians diagnose heart
problems in patients, specifically by operating ultrasound equipment that provides moving 2-D or 3-D images of the
heart and its chambers.

Ecosystem health: A paradigm or model that integrates environmental conditions with the effects of anthropo-
genic activities to yield information for the sustainable use and management of natural resources. An ecosystem in
good health is one whose dynamic attributes are expressed within the normal ranges of activity relative to its eco-
logical state of development.

Ecotourism: A sustainable version of nature-based tourism that contributes to biodiversity conservation and the
wellbeing of local communities.

Ecotoxicology: The study of the toxic effects of chemicals on organisms and their ecosystems.

Ectoparasite: An organism that lives off or feeds on the surface of the body, such as skin and hair, including ticks
and lice.
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Ectopy: A mislocation of a body part. In the heart, ectopic contractions start in an abnormal location, are irregular
and are associated with decreased function.

Emergency: An actual or imminent natural or anthropogenic event that endangers or threatens life, damages infra-
structure or destroys the natural environment, thus requiring significant coordinated and time-critical responses,
as well as extraordinary measures to save lives, protect vulnerable individuals and limit damage. An emergency tends
to be local or regional, so does not result in serious disruption to the broader community or society. Emergencies
can be categorized by size of impact area, and multiple simultaneous emergencies in one area may be classified as
a disaster.

Encephalomyocarditis: An acute febrile disease, especially of swine and some primates, caused by a picornavirus and
marked by degeneration and inflammation of skeletal and cardiac muscle and lesions of the central nervous system.

Endangered: Threatened with extinction.
Endemic: Native to or only found in a certain place; indigenous.
Endoparasite: A parasite that lives inside its host.

Epidemic: Rapid spread of a disease that causes a high number of cases in a limited space and time, such as a
sudden outbreak.

Epithelium: The outer cell layer of skin or mucosae.
Epizootic: Relating to a disease that is temporarily prevalent and widespread in an animal population; such a disease.
Ethical: Pertaining to standards of “right and wrong” imposed by an external source, e.g., a community, profession.

Ethnoprimatology: A practice that combines primatology and anthropology to view humans and other primates as
living in shared, integrated ecological and social spaces.

Ethology: The scientific study of animal behavior under natural conditions.
Evapotranspiration capacity: Water demand.
Ex-situ: Outside of a natural environment; in captivity.

Facial dysplasia: A disease in which bone in the skull is replaced by softer tissue, causing abnormal growth and an
altered facial appearance.

Fauna: Animals.

Fission-fusion: Pertaining to communities whose size and composition are dynamic due to the coming together
(fusion) and moving away (fission) of individuals.

Flagship species: A charismatic species that is selected to serve as ambassador for the protection of an ecosystem
or an area inhabited by many species that are less well known.

Flanged: Pertaining to one of two morphs of adult male orangutan, the other being “unflanged”; characterized by
large cheek pads, greater size, a long coat of dark hair on the back and a throat sac used for “long calls”

Flora: Plant life.
Folivore: Any chiefly leaf-eating animal. Related terms: folivorous, folivory.
Fomite: An object or material likely to carry infection, such as clothes.

Food security: Constant physical, social and economic access to sufficient, safe and nutritious food that meets food
preferences and dietary needs for an active and healthy life.
Footprint: In relation to industrial development, the direct deforestation and disturbance area related to a project

and its infrastructure.

Forest fuel: In a wildland forest fire context, the combustible materials such as fine live and dead leaves, twigs,
and branches from the ground level to the treetops. Fine fuels are the primary fuel source for intense forest fires.
Forest fire behavior is proportional to the level of fine fuels within the overall combustible biomass. High levels of
fine fuels, which may be expressed as fuel load (weight per area, such as tons per hectare), are associated with more
intensive fire behavior.

Formulation: The process of selecting the types and amounts of ingredients in an animal diet that is to contain
planned concentrations of nutrients.

Frugivore: Any chiefly fruit-eating animal. Related terms: frugivorous, frugivory.

Fulminant: In medicine, rapidly progressing and severe.
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Fungi: Spore-producing organisms that feed on organic matter—moulds, mushrooms, toadstools and yeast.
Gastrointestinal: Referring to the digestive system—from the esophagus, via the stomach and intestines, to the anus.
Genome: The complete genetic material of an organism.

Genotypic: Related to genetic information (see also: phenotypic).

Glomerular: Related to the kidneys’ glomeruli, bundles of capillaries that transfer waste products from the blood
into the urine.

Glucocorticoids: Anti-inflammatory steroid hormones that are involved in the metabolism of carbohydrates, pro-
teins and fats.

Granulomatous: Forming nodes of immune cells in chronic inflammation.

Guarded prognosis: A prediction about an individual’s health outcome based on insufficient information, such that
the outcome is in doubt.

Habituated: Accustomed to the presence of humans, as achieved by frequent or prolonged exposure to people.
Related term: habituation.

Habituation: A process by which animals are repeatedly exposed to the same stimuli, such as the presence of
humans, until they no longer respond to those stimuli.

Hazard: A natural, socionatural or anthropogenic process, anomaly or event that is defined by location, magnitude,
intensity, frequency and probability, and that has the potential to directly harm life as well as the built and natural
environments and ecosystems. A hazard can cause indirect disruptions to an economy.

Helminth: Flat or round-bodied worm.
Hepadnavirus: A group of DNA viruses, such as the hepatitis B virus, that can cause liver damage.

High-value areas: In the forest fire context, the areas around valuable built assets including public infrastructure for
transport, health and communications; private industry, such as agriculture, tourism and mining; environmental
areas of significant biodiversity, and those important for endangered species, or of significant cultural value; and
some managed water catchment areas.

Histopathology: A branch of pathology evidencing tissue changes characteristic of disease; microscopic evidence.
Related term: histopathological.

Holism or collectivism: Approaches that value wholes, such as species and ecosystems, over individuals.

Homeostasis: In medicine, the state of balance among all body systems that is required for the body to function
correctly.

Home range: An area in which individuals or groups regularly spend time and which territorial animals may defend
from others.

Hominines: The evolutionary subfamily of great apes, including African great apes and humans. A similar Asian
great ape subgroup is referred to as Ponginae.

Hormone: A biological messenger substance that is produced in the body and transported via the blood stream to
different organs and tissues, where it influences the metabolism.

Hybrid: The offspring of two different species or varieties of plant or animal; something that is formed by combining
different elements.

Hybrid zone: Area where closely related but genetically distinct populations meet, mate and give birth to cross-
fertilized offspring.

Hyperendemic: Regarding a pathogen, persistently present at high levels in a region or population.

Hypertension: A condition in which the blood vessels have persistently raised pressure; also known as high or raised
blood pressure.

Hypertrophy: Growth of muscle cells.
Hypometabolism: A condition marked by an abnormally low metabolic rate and decreased glucose consumption.

Hypoplasia: Genetic disorder that leads to underdevelopment of tissue, organs or organisms based on an insufficient
number of cells.

Hypotension: Low blood pressure, as is commonly caused by anesthesia (because it expands the volume of the
cardiovascular system).
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Hypothermia: A drop in the core body temperature below the level at which the body can self-regulate.
Hypothesis: A proposed, testable explanation for an observation.

Idiopathic myocardial fibrosis: A significant increase in the collagen volume of muscular tissue of the heart due to
an unknown cause.

Imidacloprid: An insecticide widely used to control pests in agriculture.

Immunocompetence: A body’s ability to produce a normal immune response following exposure to an antigen.
Infanticide: The act of killing an infant.

Influenza: A contagious upper respiratory viral infection, commonly referred to as “the flu”

In-situ: In a natural environment; in the wild.

Instrumentalism: A view that ascribes value to an individual or a collective for its extrinsic worth, disregarding
or denying any intrinsic value.

Intact forest landscape: Large, connected tracts of undisturbed woodland.
Inter-: Between.
Interbirth interval: The biologically determined period of time between consecutive births.

Interception capacity: The amount of rainwater that can be retained by the leaves and branches of plants and trees,
as well as the debris on the forest floor, and so does not reach the soil.

Interferon-gamma assay: Medical test used in the diagnosis of some infectious diseases, especially tuberculosis.
Interstitial: Relating to spaces between cells, tissues or organs in the body.

Intra-: Within.

Intravenous: Into or within a vein.

Intrinsic value: Worth of an individual irrespective of extrinsic valuing, such as in instrumentalism.

Isotopes: Atoms of the same element that contain the same number of protons but a different number of neutrons.
Laryngeal: Referring to the larynx (voice box).

Lesion: Abnormal tissue growth resulting from injury or disease.

Macroparasite: Parasites that are large enough to be visible to the naked eye, such as worms and ticks.
Maculo-papular: Related to skin lesions typically characterized by red, flat and raised bumps.

Mast fruiting: The simultaneous production of fruit by a large number of trees every 2-10 years, without any sea-
sonal change in temperature or rainfall.

Metabarcoding: A method of species identification that uses a section of DNA or RNA in a way that allows for the
simultaneous identification of many species within the same sample.

Metabolic syndrome: A combination of conditions that increase the risk of heart disease, stroke and diabetes.
Metazoan: A multicellular organism with differentiated cells. Parasite examples include helminths and arthropods.
Microbiome: All microorganisms in a certain habitat, such as the gut (gastrointestinal system) or skin.
Microcosm: A small subset of a whole that is generally considered representative of the whole.

Mitigation hierarchy: A tool used to limit the negative impacts of development projects on biodiversity.

Mixed methods: The combination of quantitative and qualitative data collection and analysis within the same study.
Molecular: In this volume, related to DNA- or RNA-based methods, such as polymerase chain reaction (PCR) tests.
Monogamy: The practice of having a single mate over a period of time.

Moral: Pertaining to what a person feels they ought to do—distinguishing between “good and bad” and “right and
wrong”—based on guiding principles shaped by their environment and sometimes their belief system.

Moral courage: The ability to take action in line with ethical values despite the risk of adverse consequences.

Moral distress: Unease that results from discrepancies between what an individual perceives as an ethically correct
action and what the individual is tasked with doing.

Moral resilience: The ability to deal with an ethically adverse situation without experiencing lasting effects of
moral distress.
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Moral standing or status: In ethics, an ascribed quality based on which an individual is worthy of moral considera-
tion and moral significance.

Morbidity: Sickness. In epidemiology, the number of individuals in a population who suffer from a disease com-
pared to the total number of individuals in the population.

Morph: A distinct form of an organism or species.

Mortality: Deaths. In epidemiology, the number of individuals in a population who die from a disease compared
to the total number of individuals in the population.

Multi-agency response: In disaster management, collective work undertaken by a number of agencies, each with its
own command and communications system, to deliver shared aims and objectives; as part of the response, they also
pursue their own, separate priorities, which reflect individual agency strengths, including resource type and expertise.

Multimodal approach: Characterized by multiple means of communication, such as a combination of text, video,
photos and audio. With respect to ape conservation, its relevance is consistency of scientific communication between
various communities.

Multiple-use zones: Land characterized by a range of integrated uses, such as residential, commercial, industrial,
agricultural and conservation-related.

Mpycobacterium tuberculosis complex: A genetically related group of bacteria that cause tuberculosis.

Nasal flora: Microorganisms in the nose.

Nasopharyngeal: Related to the area covering the back of the nose and the throat.

Natal philopatry: The tendency of some animals to remain in or return to the area of their birth.
Nature-based tourism: Travel-related experiences that are centered on wild and natural environments.
Necropsy: Examination and dissection of an animal corpse to assess health prior to death and cause of death.
Necrotizing: Related to an inflammation type defined by dead cells or tissue.

Necrotizing dermatitis: An inflammation of the skin defined by dead cells or tissue.

Nematode: A worm of the phylum Nematoda, commonly referred to as a roundworm.

Nephritis: An infection or inflammation of the kidney.

Nervous system: The brain and network of nerves that transmit information from the brain to the rest of the body
and vice versa, controlling the entire organism, including breathing, moving, thinking and feeling.

Net gain: In an ecological context, a positive outcome for biodiversity following a development project and the
application of targeted conservation measures.

Neurological: Related to the nervous system.

Next-generation sequencing (NGS): A technology that is able to run multiple parallel RNA/DNA sequences at
high speed and throughput to reveal entire genomes or larger RNA/DNA sequences than is possible using stand-
ard sequencing.

Nodules: Little nodes.

No net loss: In an ecological context, an outcome that avoids an overall loss of biodiversity and ecosystem services
following a development project and targeted conservation activities. This term is often used in association with the
mitigation hierarchy.

Nucleic acid: A molecule that carries genetic information, such as DNA and RNA.
Nulliparous: Never having given birth to a live baby.

Nutritional security: See food security.

Omnivorous: Related to animals who eat a large variety of foods, both animal- and plant-based.

One Health: A transdisciplinary approach that addresses the interdependence of human, animal and environmental
health, with the aim of producing shared optimal health outcomes through international collaboration.

One Welfare: A framework designed to help improve animal welfare, human wellbeing and the integrity of the

environment by emphasizing their interconnections.

Operant conditioning: A method of learning using reward and punishment to impact behavior, i.e., behavior that
is rewarded will likely be repeated and behavior that is punished is less likely to be repeated. Also known as instru-
mental conditioning.
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Osteoarthritis: Inflammation of a bone that has spread to a joint.

Pandemic: A global epidemic.

Parasite: An organism that lives off or in another organism, to the detriment of the host organism.
Parasitemia: Parasites in the blood stream.

Pathogen: A microorganism that causes sickness or disease.

Pathogenicity: An organisms ability to cause disease.

Pelage: Fur; coat.

Personhood: The legal status of a person. Under the law, a “person” has one or more rights while a “thing” has
none. Historically, some humans were classified as “things” under the law; today, personhood is not restricted to
human beings.

Phage: A virus that infects bacteria.
Phenotypic: Related to the appearance or observable characteristics of an organism (related words: phenotype).

Phylogenetic: Relating to the evolutionary development, diversification and relatedness of a species or group of
organisms, or to a particular feature of an organism.

Physiology: The study of how a living system works.
Pith: The spongy tissue in the stems and branches of many plants.

Planetary health: A paradigm that focuses on the health of humans and the state of the natural systems on which
they depend.

Plasma: The cell-free part of blood.
Plasmodium sp.: Single-celled parasites that cause malaria.

Pneumoviruses: Viruses of the family Pneumoviridae, which cause respiratory diseases, including common colds
in humans.

Poaching: Illegal hunting, killing, capturing or taking of wildlife in violation of local or international wildlife con-
servation laws.

Polyandrous: Pertaining to a mating system that involves one female and two or more males.

Polygynandrous: Pertaining to an exclusive mating system that involves two or more males and two or more
females. The numbers of males and females are not necessarily equal.

Polygynous: Pertaining to a mating system that involves one male and two or more females.

Polymerase chain reaction (PCR): A laboratory technique for the rapid production (amplification) of millions to
billions of copies of a specific segment of DNA, which can then be studied in greater detail.

Positive reinforcement training: Use of a reward (praise, treat, prize, . . .) to encourage the repetition of desired
activities/behavior.

Post-mortem: After death.

Prediabetes: A condition characterized by blood sugar levels that are higher than normal, but not high enough for
a type 2 diabetes diagnosis.

Preparedness: Measures and actions taken for and by a community and community partners prior to an impact by
a hazard, ensuring a timely and effective response to hazard impacts.

Preputial: Relating to the foreskin or clitoral hood.
Primary prevention: Intervention before a disease, injury or disorder occurs.

Priority biodiversity feature: Irreplaceable or highly vulnerable habitats, species, structures, functions or other
natural elements needed to maintain ecological viability.

Pro-poor tourism: Travel-related experiences that generate net economic, social, environmental or cultural benefits
for low-income communities.

Proprietary mixture: A combination of ingredients, often unique to a particular product, such as medication.
Proteomics: The study of proteomes, which are protein-based systems within the body.
Protozoa: Single-celled organisms.

Psychopathology: The scientific study of mental health issues and disorders.
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Purulent: Containing or producing pus.

Quarantine: A state, place or period of isolation, the length of which is dictated by the time needed to detect dis-
eases of concern. The most common period is 30 days, although a minimum of 9o days is common if tuberculosis
is of concern, or 6 months for rabies.

Radiology: In this volume, X-ray and other medical imaging techniques that use radiation.

Radio telemetry: A technique employed to track the movement and behavior of animals, using the transmission of
radio signals to locate a transmitter attached to the animal of interest.

Range state: A country that exercises jurisdiction over any part of the native distribution or range of a particular
species or group of species.

Reactivity: In serological tests, a reaction/change in blood that has been mixed with an antigen that may indicate the
presence of antibodies.

Reintroduction: The planned release of an organism into its natural habitat after life in captivity.
Renal: Concerning the kidneys.

Rescue and rehabilitation center: A facility that treats and cares for injured, orphaned or sick wild animals with
the aim of restoring essential capabilities and releasing them back to into their natural habitat.

Reservoir: Any living being or substance in which an infectious agent normally lives, grows and multiplies, and
from where it can spill over to (other) species, where it may cause disease.

Retrovirus: A microbe that inserts DNA copies of its own RNA genome into the host cells that it invades; an enzyme
called reverse transcriptase transcribes RNA into DNA.

RNA: Ribonucleic acid; genetic material that is structurally similar to DNA, although it is typically single-stranded
rather than double-stranded.

Roving strategy: Actively searching for, or roaming between, females.

Sanctuary: A non-profit facility dedicated to providing care (often lifelong) for orphaned, confiscated or injured
wildlife.

Secondary prevention: Screening to identify and reduce the impact of diseases, injuries or disorders in their early
stages.

Semi-captive: Individuals ranging, foraging and socializing in their natural environment, with some level of human
intervention such as enclosure management, shelter, supplementary feeding and veterinary care.

Sentience: The capability of animals to experience and feel different emotions, such as joy, pleasure, pain and fear.
Septicemia: Blood poisoning, especially that caused by bacteria or their toxins.

Seroconversion: A process by which the body’s immune system produces specific antibodies in the blood to combat
infection. These antibodies can be produced by infection or vaccination, which itself is aimed at enhancing the body’s

immune response to a particular infection.

Serology: The study of blood serum and other bodily fluids, with a focus on their immunological properties; test-
ing of blood serum for the presence of antibodies.

Shared situational awareness: A common understanding among two or more people or agencies, based on three
elements: the perception in time and space of the specified observations and outcomes for an area or activity (what
has happened), the comprehension of what the observations and outcomes mean and a projection of that meaning
into the future. Commonly abbreviated to SSA.

Silverback: An adult male gorilla who has reached maturity and developed silver hairs on the saddle of his back.
Sociality: The level to which individuals in a species or population associate with one another and form social groups.
Socionatural: Featuring both natural and anthropogenic characteristics.

Spillback: Disease transmission from any species to the species in which the disease originated. Tuberculosis, for
example, was initially transmitted from humans to other species, but the disease is now spilling back into humans
from these species.

Spillover event: A pathogen’s jump from one species to another, where it can cause disease. A spillover can be self-
limiting, not resulting in further transmission, or can result in spread of the pathogen in the new host population,
which can lead to an epidemic (or pandemic) and potentially become endemic.
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Spontaneous volunteers: Members of a community or the public who are not affiliated with a response or recovery
agency or organization and volunteer their time and services.

Standard operating procedures (SOP): A set of written instructions describing a step-by-step process that must be
taken to perform a routine activity properly.

Stochastic: Having a random probability of occurrence or pattern that cannot be predicted precisely.

Strongyloides: A genus of parasitic roundworm, known as threadworm in the United States. The main species that
infects humans is Strongyloides stercoralis, but it can affect other primates as well. The main species in primates is
Strongyloides fuelleborni.

Subacute: Concerning the duration of a disease (between 14 and 30 days), between acute and chronic.
Subadult: Not yet having attained all adult characteristics; an animal in the subadult stage.

Substrate: Any organic substance that may be used as bedding or nesting material, insulation, food or as an absorp-
tive layer for animal excreta.

Superinfection: A complication following or adding to a prior infection, whereby a pathogen can overgrow and
overwhelm a host. Superinfections are due to antimicrobial resistance or immunosuppression.

Surge capacity: The ability to increase resources (stores, equipment, facilities, services, personnel) significantly in
a short period of time to deliver a timely and effective response.

Sympatric: Pertaining to species or populations that occupy the same geographic ranges.

Syndromic surveillance: Collection and analysis of health data for the rapid detection of health threats.
Taxon (plural: taxa): Any unit used in the science of biological classification or taxonomy.
Terrestriality: Adaptation to living on the ground.

Tertiary education: University or other post-school studies.

Tertiary prevention: Management of the impact of an ongoing illness or injury that has lasting effects.
Tracker: An observer employed to follow the movements of a specific group of apes or other animals.

Transit facility: A site that temporarily accommodates seized and rescued wild animals, either prior to their transfer
to a rehabilitation center or sanctuary, or prior to their release into natural habitat.

Translational medicine: A field that links medical research, medical practice and community to produce a holistic
approach to medicine, connecting the patient to the environment.

Translocation: In conservation, the process of moving organisms (animals or plants) from one area to another, in
captive or wild settings. Conservation translocations can reinforce an existing population, reintroduce one that has
disappeared, or introduce a species outside its indigenous range.

Ulcerative: Related to inflammation that is defined by ulcer formation, a lesion of skin or mucosa.

Ultrasound: An imaging method and diagnostic tool that uses high-energy sound waves to produce images of
tissues and organs inside the body. Unlike X-rays, ultrasound can be used to portray soft tissues in detail, such as the
uterus. Also known as a sonogram.

Umbrella species: A species whose conservation leads to the protection of many other species in the same eco-
system or landscape.

Understory: The shrubby plant layer below the forest canopy.

Utilitarianism: An ethical theory that includes all sentient beings in moral consideration so as to maximize over-
all wellbeing.

Vascular changes: Alterations in blood vessels that could be associated with, or could lead to, disease.

Vector: An organism that carries a pathogen (on the inside or outside) and spreads it. Examples include mosqui-
toes carrying blood parasites from one person to another when feeding, as well as vectors that transfer pathogens
mechanically, such as rodents who move from stable to stable carrying dirt under their feet.

Venous: Relating to veins.

Vicarious resilience: An experience of personal growth based on witnessing growth in others, such as among
professionals.

Vicarious traumatization or compassion fatigue: An indirect traumatic reaction to the traumatic experiences
of others.
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Virus: An infectious organic structure whose replication depends on a living organism. Some can cause disease,
many are commensals.

Wadge: A lump of fibrous fruit matter, which apes spit out after chewing the fruit to extract the juices.
Wean: To accustom a young animal to nourishment other than the mother’s milk.
Wildlife tourism: Travel-related experiences that provide close contact with wild animals and nature.

Zoo: A captive facility that puts animals on display for public viewing. Zoos typically have integrated reproduction
strategies, whereas sanctuaries generally prevent captive breeding.

Zoonoses: Diseases that can be spread from animals to humans and vice versa (see also: zoonosis, zoonotic).

Zoonosis: Infectious disease that is transmitted from animals to humans and vice versa. Related terms: zoonoses,
zoonotic. See also: anthroponosis.

Zoonotic: Related to diseases that can be spread from animals to humans and vice versa (see also: zoonosis, zoonoses).
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Bukit Tigapuluh National Park, Sumatra 61, 62
Burkholderia pseudomallei 36, 280
burnout 159, 318
burns 284-285
Bwindi Impenetrable National Park, Uganda 16, 59-60,
68, 85, 87, 89, 99, 108-109, 174, 176, 181

calcium 37,124

Cambodia 84, 210, 266, 299

Cameroon 19, 24, 32, 36, 199, 221-224, 225-226, 263,
264, 299

Candidatus Sarcina troglodytae 278
canopy bridges 30, 209, 221
Cantanhez National Park, Guinea-Bissau 18
Cao Vit gibbon (Nomascus nasutus) xviii, xxiii,
Xxvi-xxvii, 299; see also gibbons (Hylobatidae);
Nomascus gibbons
capacity building 65, 66, 128, 130, 184-185
Capillaria spp. 283
captive ape welfare 233-261
assessing 199, 235-236, 248-254, 261, 310-313
balancing benefits/risks 156-158
Barber and Mellen welfare infrastructure 238
barriers and challenges 247-248, 250, 260, 305-309
Brando and Buchanan-Smith 24/7
framework 236
defining animal welfare 199, 234, 235
enclosure designs 237, 240, 254, 255-257, 260
ethics of ape care 151, 156-158
Five Domains Model 199, 235-236, 250
key findings 234-235
language 236, 237, 259
movement between facilities 233, 236, 238
public concern for 233, 236, 260261
standards of practice
failure to promote good welfare 247-248, 250
internally developed standards 245-246,
259-260, 308-309
international conventions and
declarations 241-244, 259
national legislation and regulations 240-241,
259, 303-304
professional associations and
accreditation 244, 259, 304, 307
for rehabilitation and release 246-247
welfare continuum 236
captive apes, status and number of 261-271
Africa 261-264
Asia 264-267
data limitations 270-271
Europe 267-268
key findings 235
Latin America 268
Oceania 269
overview 261
United States 269-270
captive/semi-captive settings; see also captive ape
welfare; captive apes, status and number of;
specific type of setting
accreditation 235, 238, 244, 259, 304, 307
ape health interventions 112-114
API scores 261-262, 264-265
“captive facilities” defined 233, 318
disaster management 168-170, 178, 186, 190, 195
disease prevention strategies
anthelmintic treatments 32

415

Index



416

best management practices (BMPs) 99 cestodes 32,33
biosafety practices 32 chimpanzees (Pan troglodytes); see also specific subspecies
enclosure designs 26, 30, 52 anthrax 19, 20
foraging-like “work” 37 behavioral and ecological characteristics 204, 205
good hygiene 26, 36 behavioral studies, landmark 115, 116
monitoring 26, 94 cardiovascular disease 37, 38, 71
nutritional management 36-37 CITES and TUCN listing xiv, xxi
One Health approach 52, 69-70 climate change impacts 164
plastic bans 100 COVID-19 278
quarantine 26 dental disease 40
staff health 26, 27 diet xv, xxviii, Xxix, 205
staff PPE use 26, 27 disease transmission to/from humans 12, 90,
strict standard operating procedures 91, 288
(SOPs) 94 distribution xiv, xx, xxi, XXiv-Xxv
UK Framework for Preventive Health Ebola virus 12, 21, 22, 137, 151
Programming and Interventions 131-132 epizootic neurologic and gastroenteric
vaccination 25, 126, 127 syndrome (ENGS) 34, 278
disease risk factors facial dysplasia 30, 287
diets 32 gastrointestinal parasites 32, 33
disease reservoir population densities 31, 36 habitat types xxviii, 204, 205
gut microbiome disturbances 31, 69 habituation 81, 88, 90, 91
human-ape interactions 4-s, 6, 30, 78, 79, 80, health interventions 117, 118, 153-156, 156-158
92-95, 96-97, 114 hepatitis A 279
for illegally-trafficked apes 123-125 hepatitis B 279
malnutrition 6, 37 HIV-1group M 12
old age 6,38-40 home and day ranges xxix-xxx, xxxi
other animals-ape interactions 4-5, 6, 31, 34 human coronavirus OC43 288
plastics 100 in human environments 2-3
poor enclosure designs 94 human metapneumovirus (HMPV) 288
poor management 94, 95 human orthopneumoviruses 288
poor ventilation 35 human respirovirus 3 288
population density 30, 31, 32, 35 human rhinovirus C 288
small cages 35 hunting other mammals 12
smoke 35 in illegal captivity 238
stress 6, 30, 32, 40, 70, 83, 106, 158 industrial impacts and mitigations 209, 210,
substandard hygiene 31 214, 298
diseases/conditions in 30-40, 276-287; leprosy 12,18
see also specific condition; specific disease life expectancy xv
ethics of ape care 151, 156-158 locomotion 205, 208
habituation 78, 79, 82-83 malaria 30
illegal captivity 40, 94, 96, 123-125, 267, 284; meliodosis 36
see also trafficking, wild animal monkeypox virus (MPXV) 10-11, 16, 36
indoor versus outdoor settings 83 nesting xxxi
sampling/testing 29, 69-70, 137-138 numbers Xiv-xv
as tourist destinations 8o numbers in captive settings 262, 263-264, 265, 266,
welfare see captive ape welfare 267, 268, 269, 270
cardiologists 71, 318 overview Xiv-xv
cardiomyopathy 37, 38, 71, 318 pesticide poisoning 287
cardiovascular disease 37, 38-39, 70, 71, 122, 277, 285, 318 physiology xv
Central African Republic 19, 25, 89-90, 221-224, 226 polio 117 151
central chimpanzee (Pan troglodytes troglodytes) poliomyelitis 281
Xiv, XXi, XXiv—XXV, XXViii, 22, 24, 221-222, 298; renal disease 39
see also chimpanzees (Pan troglodytes) reproduction xxxi, xxxii, xxxiii
certification schemes 181, 202, 208, 215-218, 223, 226; respiratory diseases 25, 26-27, 28, 34, 35, 90, 91, 102
see also accreditation of captive facilities sarcoptic mange (scabies) 16
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simian immunodeficiency viruses (SIVs)
24-25, 281
snare injuries 117, 153-156
social organization xv, XX, xxii, 12, 205
socioecology xx-xxxiii
species xxi
stress in captive settings 83
territoriality 205
threats to xv
vaccinations 117, 126-127, 151
vocalizations 103
yaws (TPE) 12,17
China 264-265, 298, 299
chlorpyrifos 30, 287, 318
circuses, animal use in 267
climate change 3, 45, 49, 109-110, 164, 167, 169, 171,
172-173, 222-223
Clostridium tetani 278, 282
colitis 32, 33, 69, 135, 282, 318
collectivism 147, 148, 321
“common cold” (human rhinovirus C) 13, 25, 278, 288
communities, local
conflicts with apes 78, 89, 118
COVID-19 impacts 87, 99, 174, 176, 181, 264
disaster management/mitigation 176, 177-178,
181-182, 182-183, 184185, 187-188, 192-193, 194, 196
education and awareness programs 45, 48, 56,
60, 65
engagement with 48, 66
health initiatives 53, 55-60, 62, 6465, 67-68, 86,
97,137
investing in 45, 59, 60, 178
involvement in conservation 60, 62,70, 73, 86,133,
149-150, 178, 226
tourism benefits/costs 85-86
compassion fatigue 159-160, 326
compassionate conservation 7-8, 144, 146, 147-150,
152, 160, 236, 318
compounding risks 174-177, 318
Congo Basin 221-224
conjunctivitis 94
Conservation, Mitigation and Biodiversity Offsets in
Africa (COMBO) program 214, 230
conservation litigation 241, 318
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) xiv; xvi,
xvii, xviii, xix, xx, Xxi-Xxiii, 123, 237, 241-244, 269
Coronaviridae 288
COVID-19
in apes 278
causative pathogen 7 45
gorillas, risk to 35-36, 60, 181, 186
impacts on ape rescue centers 171
impacts on ape tourism and research 87, 98,
174-176, 181, 264, 270
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impacts on conservation 87, 99, 174, 176, 264
impacts on local communities 87, 99, 174, 176,
181, 264
impacts on understanding of animal
welfare 259
impacts on zoos 269
minimizing transmission risks 60, 87, 97-98, 130,
171, 209-210
Non Human Primate COVID-19 Information
Hub 66
preparedness documents 185
recognition as global problem 3, 45, 50
cramping 32, 282, 318
crop-raiding 30, 68, 78, 86, 89, 120
Cross River gorilla (Gorilla gorilla diehli) xv, xxi,
Xxiv-xxv, 209; see also gorillas (Gorilla spp.);
western gorillas (Gorilla gorilla)
cross-reactivity 24, 114, 319
Cryptosporidium spp. 32
cumulative welfare assessment score (CWAS) 310
cysticercosis 33
cytomegalovirus (CMV) 33,124, 152, 319

data mining 187-188, 319
DDT/pp-DDE 30, 287
deciduous teeth 39, 277 319
deficiencies and imbalances, nutritional 37, 40
deforestation 53, 54-55, 61-62, 66, 88, 102, 112, 113,
150, 216; see also habitat loss/fragmentation/
degradation; logging
Delphi method 251, 252
Democratic Republic of Congo (DRC)
behavioral studies, landmark 116
climate change impacts 171, 172-173
community engagement 68, 137
COVID-19 impacts 174-177, 181
diseases in apes 17, 19, 21, 22, 25, 94, 137
Gorilla Doctors 62-65, 115
Gorilla Rehabilitation and Conservation
Education Center (GRACE) 199, 257-258
Great Ape Welfare Index (GAWI) trials 311
Greater Virunga Transboundary
Collaboration 176, 178, 185, 186-187, 188
habituation 89-90
logging 298
mining 299
numbers of apes in sanctuaries 263, 264
tourism 84, 85, 174-177
dental disease/issues 38, 39-40, 277, 285
dependency, alcohol/drug/tobacco 40, 284
depigmentation, skin 18, 280, 319
dermatophytes 125, 319
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diabetes 39
diagnostic protocols 114, 319
diagnostics see sampling/testing
Dientamoeba fragilis 282
diet xiv, xv, xvi, Xvii-xviii, Xix, Xxiii, Xxviii-Xxix, 3637,
171, 205
Dirofilaria immitis 282
disaster impacts; see also COVID-19
climate change hazards 167, 168-170, 171
direct impacts 166-167
indirect impacts 167
multiple threats 162-164, 165, 167
stages 166-167
terminology 166
wildlife coping strategies 171-172, 172-173
disaster management; see also risk assessments
best practice guidelines 195-196
capacity and capability 184-18s, 296
case studies 168-170, 174-176
command and control systems 182, 186, 191, 195,
196, 318
community engagement 192-193
compounding risks 174-177, 318
contingency plans 185-186
continuum of 178, 185-186
cost-benefit analysis 174-177
costs, financial 318
documentation 185-186, 296
early warning systems 188-189
governance 186-187
key findings 164-166
management systems 187-190, 297
monitoring and review 193-195
multi-agency response 323
Ngamba Island flood crisis 104-105, 168-170,
294-297
PEESTOLM approach 164,172, 174
preparedness see preparedness, disaster prevention
178-181, 295-296
recovery 191-192
responses 190-191
risk management 172-177
risk mitigation 177-178
terminology 166
usage exercises 190, 297
volunteers, management of 191
disease ecology in natural habitats 102-103
disease emergence 48, 52, 101, 102, 150, 319
disease/injury prevention strategies; see also
interventions, ape health; One Health strategy
best management practices (BMPs) 64, 91, 97-100
biosafety practices 32,107 124, 133, 317-318
biosecurity practices 68, 131, 181, 189, 318
canopy bridges 30, 209, 221
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in captive/semi-captive settings see captive/semi-
captive settings, disease prevention strategies
containment actions 191
distancing measures 60, 87, 91, 99, 103, 105, 176, 181
early warning systems 102, 137, 188-189, 191
education and public awareness 26, 48, 62, 6465,
95, 99-100, 137, 180
employee health programs 28, 62, 64-65, 131
field laboratories 28
improved hygiene 26, 28, 36, 60
improving human health 28, 48, 53, 64-65;
see also One Health strategy
integrated approaches 46-47, 110, 11
legislation and regulations 95, 100
multipronged approach 106-107
overview 26
pathogen surveillance 36
PPE use 26, 27,176
primary prevention 144, 150, 324
quarantines 26, 28, 34, 87, 91, 99, 131, 181, 325
risk assessments 26, 53, 62, 100-101, 136, 172, 174,
2900-292
risk mitigation 177, 181
screening and testing 28, 32, 34, 64, 87, 94, 99, 100,
113, 114, 131, 137-138
secondary prevention 144, 150, 161, 325
tertiary prevention 144, 326
vaccination see vaccination
diseases see Annex II; bacterial diseases; captive/semi-
captive settings, diseases/conditions in; parasites;
viral infections; zoonoses; specific disease
distancing measures 60, 87, 91, 99, 103, 105, 176, 181
Djéké Triangle, Republic of Congo 222, 223
DNA (deoxyribonucleic acid) 17, 6970, 102-103, 114,
135, 137, 319
documentation, disaster management 185-186, 296
domestic animals/livestock 34, 46—47, 62, 64, 65, 67,
68, 90, 92, 240
drowning 170, 285
dysbiosis 69-70, 319
dyspnea 278, 279, 281, 282, 319
Dzanga-Sangha, DRC 89-90, 221, 222, 289

eastern chimpanzee (Pan troglodytes schweinfurthii)
XiV—XV, XXi, XXiV-XXV, XXVii, XxVviii, 2425, 288;
see also chimpanzees (Pan troglodytes)

eastern gorillas (Gorilla beringei); see also gorillas
(Gorilla spp.); Grauer’s gorilla (Gorilla beringei
graueri); mountain gorilla (Gorilla beringei beringei)
distribution xv
habitat types xxviii
home and day ranges xxx, xxxi



physiology xv-xvi
reproduction xxxi
social organization xvi
threats to xv
eastern hoolock (Hoolock leuconedys) xvii, xxii,
xxvi-xxvii; see also Hoolock gibbons
Ebola virus disease (EVD) 12, 13, 14, 21-24, 126, 127,
137, 150, 151-152, 185, 192-193, 278
Echinococcus multilocularis (fox tapeworm) 33
echocardiographers 71, 319
ecoimmunology 139-140
ecosystem health 44, 45, 46, 48, 55, 58, 61-65, 70,
72-73, 150, 319
ectoparasites 11, 29, 283, 319; see also sarcoptic mange
(scabies)
ectopy 39, 320
electrocution 285
employee health programs 28, 62, 64-65, 131
encephalomyocarditis 126, 279, 320
Enclosure Design Tool (EDT) 52,199, 246, 254, 255-257
enclosure designs 26, 30, 52, 94, 237, 240, 255-257
endoparasites 69, 320
Entamoeba spp. 32, 282
Enterobius spp. 32, 33,283
epizootic neurologic and gastroenteric syndrome
(ENGS) 278
Epstein-Barr virus 33
Equator Principles 215
ethics of ape care 142-144, 159-160
case studies 151-152, 153-155, 156-158
compassionate conservation 147-150
ethical importance of apes 211-212
“first, do no harm” approach 110, 140, 149, 152
general considerations 145-147
inclusivity 149
individual and collective importance 121,145-147,
148-149, 159, 211-212
moral agency and moral courage 158-159, 159-160
peaceful coexistence 149-150
in sanctuary settings 156-158
secondary prevention 150, 153-156
tertiary prevention 156-158
vaccination 123, 126-127, 151-152
in wild settings 29, 116-117, 121, 153-155

facial dysplasia 30, 287, 320

feral animals 64, 180

field laboratories 28

fighting, inter- and intragroup 121, 286
filariasis 282

“first, do no harm” approach 110, 140, 149, 152
fission-fusion dynamics 171, 205, 320

Five Domains Model 199, 235-236, 250

flooding 168-170, 192, 294-297

flukes (trematodes) 283

fomites 89, 100, 320

food security 56-58, 126, 320

forest fires
impacts on apes 28, 164, 165, 166, 171, 266, 284, 287
prevention and response strategies 73, 180, 183,
188-189, 190

Forest Stewardship Council (FSC) 216-218, 219, 223, 226

formulation, diet 36, 320

fungi 3, 6, 321

Gabon 21, 85, 96, 263, 264

Gaoligong hoolock (Hoolock tianxing) xvii, xxii,
xxvi-xxvii; see also gibbons (Hylobatidae);
Hoolock gibbons

gastrointestinal diseases
bacterial 34, 69, 278, 280, 281, 282
parasitic 6, 7, 31-33, 64, 108-109, 282, 283
Primate Microbiome Project 69-70
viral 278,279

gene sequencing 135-136, 137-138

genetic sampling 102-103

geriatric disorders 4, 6, 37, 38-40, 277

Giardia spp. 32, 60, 125, 282

gibbons (Hylobatidae); see also specific genus;
specific species
abundance estimates xii
behavioral and ecological characteristics 205
in captive/semi-captive settings 238, 240, 262,
265-266, 267, 268, 269—-270, 279
CITES and TUCN listing xxii
cytomegalovirus 124
dental disease 40
dependency, alcohol/drug/tobacco 40, 284
diet xxix, 205
distribution xxii, xxvi-xxvii
emergency response plan 176, 178, 185, 190-191
forest fire impacts 167
gastrointestinal parasites 32-33
habitat types xxviii, 205
habituation 81, 9o
health interventions 123-125
hepatitis A 279
hepatitis B 123, 124, 279
herpes viruses 33, 279
home and day range xxxi
illegal trafficking of 123-125
industrial impacts and mitigations 221, 299
locomotion 205
meliodosis 36
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overview xvii
parasites 124-125
privately-held 123-125, 238
rehabilitation/release 238, 240
reproduction xxxii
social organization Xx, XxXv, Xxvii, 205
socioecology xx-xxxiii
species xxii-xxiii
territoriality 205, 240
tourism 84
tuberculosis (TB) 34
vaccinations 126
vocalizations 103,167
glucocorticoids (GCs) 92, 136, 321
Gombe National Park, Tanzania 16, 24-25, 90, 91, 115,
116, 117, 281
Gorilla Doctors 60, 62-65, 68, 108-109, 114-115, 118,
121, 135, 151-152, 186
Gorilla Rehabilitation and Conservation Education
Center (GRACE), DRC 199, 257-258
gorillas (Gorilla spp.); see also specific species;
specific subspecies
age-related diseases 37
anthrax 19
in captive situations 257-258, 262-263, 265, 266,
267, 268, 269, 270, 279, 310
cardiovascular disease 37,38, 71
CITES and IUCN listing xv, xxi
COVID-19 60, 87,174, 176, 181, 185, 186, 278
dental disease 40
diet xvi, xxviii-xxix, 205
distribution xv, XX, XXi, XXiv—XXv
Ebola virus 12, 21, 22-23, 137
gastrointestinal parasites 32, 33, 108-109
Giardia diseases 60
habitat types 205
habituation 81, 86, 88, 89-90, 92, 98
health interventions 117, 118, 119, 121, 133, 135,
151-152; see also Gorilla Doctors
hepatitis B 279
herpes viruses 33, 94, 279
home and day ranges xxx
human conflict with 68, 89
human metapneumovirus (HMPV) 25, 289
human orthopneumoviruses 289
human respiratory syncytial virus (HRSV) 25
industrial impacts and mitigations 209, 223-224,
226, 299
inter- and intragroup fighting 121
leprosy 12
life expectancy xv-xvi
locomotion 205
malaria 12
measles 117
meliodosis 36
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monkeypox virus (MPXV) 36
nesting xxxi
numbers xv
obesity 37
overview Xv-xvi
parasites 133, 135
as pets 96
physiology xv-xvi
renal disease 39
reproduction xxxi-xxxii, xxxiii
respiratory diseases 25, 90, 289
sarcoptic mange (scabies) 16, 59, 60
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) 35-36, 60, 181
simian immunodeficiency viruses (SIVs) 24
snare injuries 121
social organization xvi, XX, xxii-xxiv, 22, 205
socioecology xx-xxxiii
threats to xv
and tourism 81, 84-85, 85-86, 86-87, 92, 95, 98,
99, 116, 176, 177-178, 181, 192
vaccinations 126, 151-152
yaws (TPE) 12,17-18
Goualougo Triangle Ape Project 221-224
governance, disaster 186-187, 188, 190, 195, 196
Grauer’s gorilla (Gorilla beringei graueri) xv, xxi,
XXiV-XXV, 62-65, 94, 115; see also eastern gorillas
(Gorilla beringei); gorillas (Gorilla spp.)
Greater Virunga Transboundary Collaboration 176,178,
185, 186-187, 188
Guinea 17, 68, 192-193, 199, 210, 214, 227-230, 263,
264, 298
Guinea-Bissau 18
Gunung Palung National Park, Indonesia 67-68, 74,
75, 165
gut microbiome 6-7, 31, 32, 41, 6970, 124

habitat loss/fragmentation/degradation; see also
agriculture; deforestation; industrial development
projects; logging; mining; resource extraction; roads
and disease ecology 101, 102
due to tourism 88
and genetic degradation 120
and health risks 4, 28, 30, 52, 58, 66-67, 92, 101, 102
leading to human-ape conflict 14, 58
leading to human-wildlife interactions 3, 4, 52, 58
and vulnerability to natural hazards 162-164
habituation
benefits versus costs 83, 84
best management practices (BMPs) 81
captive apes
behavioral impacts 83



disease transmission risks 78, 79, 92—-95
habituation process 82-83
human reasons for 82-83
reversing habituation 83
defining 81, 321
as disease risk factor 12, 62, 78, 79, 81, 88, 89, 90,
91, 92-95
evidence-based risk assessments 100-101, 106
limitations and financial costs 87-90
minimizing risks 79-80, 81
overhabituation 78, 88-89
reversing 83
wild apes
behavioral impacts 78, 79, 81, 87, 88
benefits to apes 83-84
best management practices (BMPs) 81
disease transmission risks 78, 79, 81, 88, 89, 91
due to tourism and research 76-77, 78
financial costs 89-90
habituation process 80-81
human reasons for 79, 80-81
increase in 89
length of process 81
negative consequences 78, 81, 87-88, 88-89
overhabituation 88-89
Hainan gibbon (Nomascus hainanus) xviii, xxiii,
XXVi-Xxxvii, 176, 178, 185, 190-191, 299; see also
gibbons (Hylobatidae); Nomascus gibbons
health interventions see interventions, ape health
helminths 31, 32-33, 133, 135, 283, 321
hepadnavirus 114, 321
hepatitis A 94, 279
hepatitis B 94, 114, 123, 124, 126, 279
herpes viruses 33, 94, 279
histopathology 135, 321
HIV-1 12,13, 24
Hoolock gibbons; see also gibbons (Hylobatidae);
specific species
CITES and IUCN listing xxii
distribution xvii, xxii, xxvi-xxvii
numbers xvii
offset legislation 214
physiology xvii-xviii
social organization xviii
species xxii
human coronavirus OC43 25, 26, 279, 288
human coronaviruses (HCoV) 13
human immunodeficiency virus (HIV) 12,13, 24, 64
human metapneumovirus (HMPV) 13, 25, 26, 27, 35,
288, 289
human orthopneumoviruses 25, 279, 288, 289
human respiratory syncytial virus (HRSV) 13, 25-26,
26-27,35
human respirovirus 3 25, 279, 288
human rhinovirus C (“common cold”) 13, 25, 278, 288
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hunting/poaching see poaching/hunting
hydropower 205, 206, 230, 298-300; see also
industrial development projects
hygiene 26, 28, 36, 60, 86, 144
Hylobates gibbons; see also gibbons (Hylobatidae);
specific species
CITES and TUCN listing xxii-xxiii
distribution xviii, xxii-xxiii, xxvi-xxvii
home and day range xxxi
numbers xviii
offset legislation 214
overview Xxviii
physiology xviii
social organization xviii
species Xxxii
hyperendemic regions 19, 20, 321
hypertension 38, 39, 71, 321
hypertrophy 38, 321
hypoplasia 39-40, 277, 321
hypotension 122, 321
hypothermia 122, 322

idiopathic myocardial fibrosis 71, 285, 322
imidacloprid 30, 287, 322
immunocompetence 90, 322
immunofluorescence antibody assays 32
India 84, 265, 266, 299
Indigenous Peoples and Local Communities (IPLCs)
see communities, local
Indonesia; see also Borneo; Sumatra
agribusiness 299
animal welfare 247, 265
deforestation 112, 113
disaster management 180
forest fires 167, 180, 189
infrastructure development 299
interventions, ape health 112-114
lawsuit regarding captive wildlife 241
meliodosis 36
rescue/rehabilitation centers 112-114, 240, 246,
266-267
tourism 84
translocations 128-129
tuberculosis (TB) 34,138
industrial development projects 230; see also
agriculture; infrastructure development; mining;
roads
biodiversity impacts 202
case studies 221-224, 225-226, 227-230
critical threat to apes 200-201
expected prevalence 2020-2025 and risks to apes
298-300
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future needs
conservationists—industrialists
communication 224
defining ape priority areas 224
government engagement 224, 225-226
policy improvements 224-225, 227-230
standardizing mitigation metrics 225
impacts on apes 206-208
industries in ape ranges 205-206
legislation and regulations 202
long-term research and monitoring 221-224
managing cumulative impacts 220-221
mitigation approaches 208-219, 228, 230
mitigation factors to consider 202-206
mitigation guidelines 219-220
mitigation hierarchy 301-302
mitigation issues linked to ownership
change 224-225,227-230
strategic environmental assessments
(SEAs) 220-221
infanticide xxxii—-xxxiii, 322
influenza (flu) 35, 50, 230, 280, 322
infrastructure development 28, 66, 88, 164, 228,
298-300; see also industrial development projects;
roads
interbirth intervals xxxii, 322
interferon-gamma assays 137-138, 322
international conventions and declarations 241-244;
see also Convention on International Trade in
Endangered Species of Wild Fauna and Flora
(CITES); International Union for Conservation
of Nature (IUCN)
International Primate Heart Project (IPHP) 39, 71
International Union for Conservation of Nature (IUCN)
Avoid, Reduce, Restore and Conserve (ARRC)
Task Force 199, 204, 218-219, 224
best practice guidelines 26, 97, 98, 128, 219-220,
239, 246-247, 248, 250
capacity building programs 65-66
COVID-19 guidelines 130, 171, 176, 181
IUCN-CITES task force 243
A.PE.S. Database 1, 219
Primate Specialist Group (PSG) 97, 98, 176, 215,
218, 248, 250
Red List xiv, xv, xvii, xviii, XiX, XX, XXi-XXiii, 97,
274-275
Species Survival Commission, Primate Specialist
Group 218
interventions, ape health 108-140
anesthesia use 29, 115, 116, 117-118, 120, 122, 128,
139, 155, 156158
behavioral studies, landmark 115-116
best practice guidelines 112, 128
capacity building 128-129, 130-132
captive settings 112-114
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case studies 120, 121, 123-125, 130, 131-132, 137-138
conservation physiology toolbox 136, 139
decision-making process 110, 112, 118-121, 140
diagnostics, improving 135-136, 137
duty-of-care concept 112
ecoimmunology 139-140
ethical considerations see ethics of ape care
history and evolution of 112-118
human-caused injuries 117, 121, 150, 153-156
radio telemetry 139
rescuing apes from illegal captive situations 118
risks for humans and apes 117
tools 127-140
translocations see translocations
vaccinations see vaccination

intrinsic value 147, 211, 241, 322

Ivory Coast 16, 17, 18, 19, 21, 25, 90, 262, 263, 264, 288

Kahuzi-Biega National Park, DRC xv

Kalimantan, Indonesian Borneo 67-68, 72-73, 87, 88,
113, 165, 167, 180

Klebsiella pneumoniae 280, 289

Kloss’s gibbon (Hylobates klossii) xxii, xxvi-xxvii;
see also gibbons (Hylobatidae); Hylobates gibbons

Koukoutamba dam, Guinea 298

Lao People’s Democratic Republic (Lao PDR) 84, 210,
266
lar gibbon (Hylobates lar) xviii, xxii, xxvi-xxvii, 32-33;
see also gibbons (Hylobatidae); Hylobates gibbons
legislation and regulations
on animal welfare 234, 240-241, 305-306
API scores 261-262, 263-265, 267
on industrial development 226, 228, 230
positive developments in 202, 226, 303-304
on protection of apes 210, 214
on strategic environmental assessments (SEAs)
220-221, 226, 228, 230
on tourism and research 98, 100
leprosy 12,18, 280
lesions 16, 17, 18, 38, 39, 71, 125, 277, 280, 322
Leuser Ecosystem, Sumatra xvi, 62, 70, 229
Liberia 19, 192-193, 263-264
live ape trade see trafficking, wild animal
liver disease 38, 69, 114, 277, 279; see also hepatitis B
livestock see domestic animals/livestock



locomotion
arboreal 89, 205, 209, 255, 257, 317
terrestrial 205, 208, 326
logging 62, 66, 67-68, 133, 164, 206, 221-224, 225226,
298-300; see also deforestation; habitat loss/
fragmentation/degradation; resource extraction
lymphocryptovirus 33

macroparasites 6, 322

malabsorption 94, 96

malaria 12, 30-31, 114, 283

Malaysia 34, 36, 84, 114, 247, 265, 266; see also Borneo

malnutrition 36-38, 56, 94, 96, 124, 166, 286

management systems, disaster 187-190

mange mites/scabies 16-17, 59, 60, 89, 94, 283

measles 13, 64, 89, 94, 99, 117, 126, 151-152

meliodosis (a.k.a. Whitemore’s disease) 36, 280

meningitis 94

metabarcoding 29, 33, 322

metabolic bone disease 37, 40

metabolic syndrome 39, 322

metazoan parasites 135, 322; see also helminths

Mgahinga Gorilla National Park, Uganda 8s, 87

minimization step of mitigation strategy 209-210,
212, 302

mining 28, 30, 66, 67, 206, 210, 218, 224, 227-230,
287, 298-300, 301-302; see also infrastructure
development; resource extraction

mitigation hierarchy 208-210, 211-212, 214, 218,
224-225, 230, 301-302, 322

moloch gibbon (Hylobates moloch) xviii, xxii,
xxvi-xxvii; see also gibbons (Hylobatidae);
Hylobates gibbons

Mondika field station, Central African Republic
221-224

monkeypox virus (MPXV) 6, 10-11, 13, 15-16, 36, 280

moral agency 147, 158-159

moral courage 145, 158-159, 159-160, 322

moral distress 159, 160, 322

moral resilience 145, 159-160, 322

moral standing/status 144, 146, 323

mosquitoes 30, 31, 170, 283

Mountain Gorilla Veterinary Project/Gorilla Doctors
see Gorilla Doctors

mountain gorilla (Gorilla beringei beringei); see also
eastern gorillas (Gorilla beringei); gorillas
(Gorilla spp.)
behavioral studies, landmark 115
cardiovascular disease 37
CITES and IUCN listing xxi
COVID-19 87, 176,178,181, 186

diet xvi, xxiii

423

distribution xxi, xxiv—xxv
gastrointestinal parasites 33
habituation 81, 88, 89, 90, 98
health interventions 114-115, 119, 121, 133, 135
home and day range xxxi
human metapneumovirus (HMPV) 25, 289
human orthopneumovirus A 289
humans, conflict with 89
humans, interaction with 60, 98
lymphocryptovirus 33
numbers xv
parasites 88, 90, 133, 135
population growth 60, 86
renal disease 39
reproduction xxxiii
respiratory diseases 90, 151-152
sarcoptic mange (scabies) 16, 59
social organization xxii-xxiii, xxiv
tourism 83, 84-85, 85-86, 87, 95, 98, 116
vaccinations 126, 151-152
Moyen-Bafing National Park, Guinea 210
Miiller’s gibbon (Hylobates muelleri ) xviii, xxii,
xxvi-xxvii; see also gibbons (Hylobatidae);
Hylobates gibbons
Myanmar 68, 265, 299
Mycobacterium leprae 18, 280
Mycobacterium lepromatosis 18
Mycobacterium tuberculosis complex 13, 28, 34-35, 114,
137-138, 282, 323

nasal flora 26, 323

national parks see specific park

natural disasters see disaster impacts; disaster
management

necropsies 17,18, 28, 29, 323; see also post-mortem
examinations

necrotizing dermatitis 17, 323

necrotizing inflammation 32, 323

nematodes 32-33, 135, 282, 283, 323

nephritis 39, 277, 323

nesting xxxi

neurological diseases/conditions 30, 278, 287

next-generation sequencing (NGS) 6, 135, 323

Ngamba Island Chimpanzee Sanctuary, Uganda
104-105, 168-170, 294—297

Niger 262

Nigeria 262, 263, 264

Nigeria-Cameroon chimpanzee (Pan troglodytes
ellioti) xv, Xxi, XXiv-XXV, 209; see also
chimpanzees (Pan troglodytes)

Nigerian Cross River superhighway 209

Niokolo-Koba National Park, Senegal 301-302
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nodules 18, 280, 323
Nomascus gibbons; see also gibbons (Hylobatidae);
specific species
CITES and ITUCN listing xxiii
distribution xviii, xxiii, xxvi-xxvii
home and day range xxxi
numbers xviii
offset legislation 214
overview Xxviii-xix
parasites 32
physiology xix
social organization xix
species xxiii
northeast Bornean orangutan (Pongo pygmaeus
morio) xxi; see also Bornean orangutans
(Pongo pygmaeus)
northern white-cheeked crested gibbon (Nomascus
leucogenys) xxiii, xxvi-xxvii, 32; see also
gibbons (Hylobatidae); Nomascus gibbons
northern yellow-cheeked crested gibbon (Nomascus
annamensis) Xxxiii, Xxvi—-xxvii, 210; see also
gibbons (Hylobatidae); Nomascus gibbons
northwest Bornean orangutan (Pongo pygmaeus
pygmaeus) xxi; see also Bornean orangutans
(Pongo pygmaeus)
Nouabalé-Ndoki National Park (NNNP), Republic of
Congo 221-224
nucleic acids 29, 135, 323; see also DNA
(deoxyribonucleic acid); RNA (ribonucleic acid)
nutrition 56-58; see also malnutrition

obesity 36, 37, 69, 286
ocular conditions 38, 277
Odzala-Kokoua National Park, Republic of Congo
22-23
Oesophagostomum spp. 32, 283
offsetting step of mitigation hierarchy 210, 212-213, 302
One Health strategy
aims 50
and animal welfare 236
Berlin Principles 48
case studies 58, 59-60, 61-65, 65-66, 67-68,
69-70, 71, 72-73
community health initiatives 53, 55-56, 137
defining 44, 49, 50, 323
globalization of principles 49-51
health interventions 150, 151, 154
history and evolution of 43-44, 46-47
human behaviors and spillover risks 52-53
and the Human-Ape Interface 51-58
improving human health to improve wildlife health
53, 55-56, 59-60, 86
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integrated risk management 159-160, 174

intersections and convergences of related

disciplines 48-49, 49-50, 75, 236

and land use changes 66-68

Manhattan Principles 46

translational medicine 70, 71

translocation applications 133, 134
One Welfare framework 52, 236, 305, 309, 323
operant conditioning 29, 157, 245, 323
Orangutan Veterinary Advisory Group (OVAG)

65-66, 69-70, 114, 128-129, 130, 185
orangutans (Pongo spp.); see also specific species;

specific subspecies

age-related diseases 37

air sacculitis 35, 281

arboreal nature of xxx—xxxi

behavioral and ecological characteristics 205

behavioral studies, landmark 116

cardiovascular disease 38

CITES and TUCN listing xvi, xxi

conflict with humans 120

dental disease 40

diagnostics 138

diet xvi, xxviii, xxix, 205

Dirofilaria immitis 282

disease transmission from humans 94, 95, 114

distribution xvi, xx, Xxi, XXxvi-xxvii

Ebola virus 21-22, 24

flanged/unflanged 320

forest fire impacts 28, 164, 167

gastrointestinal illnesses 32, 33, 69

gut microbiome 69-70

habitat loss/fragmentation/degradation 167

habitat types xxviii, 205

habituation 81

health interventions 112-114

hepadnavirus 114

hepatitis B 279

herpes viruses 33, 279

home and day range xxx-xxxi

illegal captivity 241

industrial impacts 299

interbirth interval xvii, xxxii

life expectancy xvi

locomotion 205

malaria 30-31, 114

meliodosis 36

monkeypox virus (MPXV) 36

nesting xxxi

numbers xvi

numbers in captive settings 262, 265, 266267,

268, 269

obesity 37

overview Xxvi-xvii

physiology xvi



Pseudomonas spp. infections 281

release programs 246, 250, 253, 254

renal disease 39

reproduction xxxii, xxxiii

respiratory diseases 27, 28, 34, 35

smoke inhalation 28, 164

social organization Xxvii, XX, XXiv-XXV, 205

socioecology xx-xxxiii

solitary lifestyle 12

species xxi

stress impacts 83, 87, 88, 92

threats to xvi

ticks 102

tourism 84, 85, 88, 92

translocations 112, 113, 120, 129, 133, 134

tuberculosis (TB) 34, 114

vaccinations 126

vocalizations 103

weaning ages Xxxii

worms 114
Orthopoxvirus see monkeypox virus (MPXV)
osteoarthritis 37 38, 39, 277 324
osteopenia 37

Paramyxoviridae 25, 279, 288

parasitemia 30-31, 324

parasites
defining 324
filariasis 282
gastrointestinal 7, 31-33, 64, 69, 90, 108-109, 282
health interventions 133, 135
helminths 31, 32-33, 114, 124-125, 133, 135, 283,
321, 326
host—parasite ecoevolutionary dynamics 140, 276
in illegally-trafficked apes 124-125
mange mites/scabies 16-17, 59, 60, 89, 94, 283
Plasmodium spp. 12, 13, 30-31, 114, 283, 324
protozoa 6, 31, 32, 282, 283, 324

Pasteurella multocida 27-28, 281

pathogenicity 102, 135, 324

PEESTOLM risk management approach 164, 172, 174,
290-292

personal protective equipment (PPE) 6, 26, 27, 100,
171,176

personhood 146, 236, 324

pesticides 30, 287

pets, apes as 33, 94, 96, 118, 267

pets, non-ape see domestic animals/livestock

phages 41, 324

Pic de Fon Classified Forest, Guinea 227-230

Picornaviridae 278, 288

pileated gibbon (Hylobates pileatus) xviii, xxiii,

xxvi-xxvii; see also gibbons (Hylobatidae);
Hylobates gibbons
planetary health paradigm 45, 48, 58, 110, 324;
see also One Health strategy
Plasmodium spp. 12, 13, 30-31, 114, 283, 324
pneumococcus (Streptococcus pneumoniae) 26-27, 35,
126, 281-282, 288
pneumonia 26-27, 35, 277-278, 280, 281-282
pneumoviruses (Pneumoviridae) 25, 26, 27, 35, 279,
288, 289, 324
poaching/hunting; see also snares/traps; wild meat
consumption/trade
and ape numbers in sanctuaries 262, 263, 264
COVID-19 impacts 60, 87, 99, 174
deforestation impacts 88, 164
and disease transmission 4, 14, 24, 100, 137
roads, impact of 28, 206, 208
sustainable hunting 58
and tourism 8s, 86
poisoning 30, 166, 287
polio 117 151
poliomyelitis 281
pollution 30, 67, 88, 100, 167, 287
polymerase chain reaction (PCR) tests 135-136, 137,
138, 324
positive reinforcement training 83, 157, 258, 324
post-mortem examinations 29, 30, 64, 115, 131, 324
see also necropsies
post-traumatic stress disorder (PTSD) 40, 158, 159, 284
prediabetes 37, 324
preparedness, disaster; see also risk assessments
capacity and capability 184-185, 296
case study 168-170, 294-297
documentation 185-186, 296
evacuation plans 190
exercises and drills 190, 297
governance structures 186-187
health interventions 117-118
management systems 187-190, 297
monitoring/reviewing 193, 194-195
non-human resources 185, 191
overview 181-184
reputational risk assessment 293
primary prevention 144, 150, 324
Primate Microbiome Project 69-70
Project ChimpCARE Chimpanzee Assessment 311-312
pro-poor tourism 85-86, 324
proteomics 136, 324
protozoa 6, 31, 32, 282, 283, 324
Pseudomonas spp. 281
psychological disorders 40, 284

quarantine 26, 28, 34, 87, 91, 99, 131, 181, 325
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radio telemetry 139, 253, 325
railways 227, 287
recovery from disasters 168-170, 171-172, 179, 183,
191-192
regulations see legislation and regulations
rehabilitation/restoration step of mitigation 210, 302
reintroductions 36, 62, 113114, 134, 138, 139, 171, 239,
246-247, 250, 325
renal disease 30, 37, 38, 39, 277, 287
Republic of Congo 17, 21, 2223, 137, 221-224, 263, 264
reservoirs, disease 15, 17, 21, 24, 31, 36, 52, 126, 325
resource extraction 60, 66, 67, 68, 75, 223; see also
industrial development projects; logging; mining
respiratory diseases 15, 25-28, 34-36, 41, 90, 94, 95-96,
102, 116, 151-152, 167; see also specific disease
responses, disaster 168-170, 184, 186, 190-191, 193,
194-195
retroviruses 24-25, 281, 325
rickets 37
risk assessments; see also disaster management
compounding risks 174-177, 318
of Congo Basin forestry 221-224
in contingency plans 186
for diseases 26, 53, 62, 100-101, 136, 172, 174,
290-292
guidance 174
for habituation 101, 103
for health interventions 29, 110, 112, 119, 126, 127,
131-132, 149, 152, 153—154, 156, 158
of Ngamba Island flooding 168-170, 294-295
PEESTOLM approach 164, 172, 174, 290-292
for reintroductions/relocations 36, 120, 133, 134,
190-191, 212
reputational risk assessment 293
reviewing 193
risk mapping 180, 195
as start of preparedness 181, 185
risk management 119, 133, 170, 172-178, 195, 215
risk mapping 165, 180, 294
RNA (ribonucleic acid) 27,135, 325
roads 3,28, 30, 200—201, 202, 206, 208, 209, 222, 223, 228,
287,298-299; see also infrastructure development
Roundtable on Sustainable Palm Oil (RSPO) 216
roundworms (nematodes) 32-33, 135, 282, 283, 323
Rungan River Landscape, Borneo 72-73
Rwanda
COVID-19 impacts 174-177, 181
Ebola virus disease (EVD) 185
Gorilla Doctors 62, 63, 64, 114-115
habitat loss/fragmentation/degradation 101
habituation, rise in 89
interventions, ape health 114-115, 117
respiratory diseases 25, 289
tourism 84-8s, 85-86, 174-177, 192

State of the Apes Disease, Health and Ape Conservation

Sabah, Malaysian Borneo 70, 85, 87, 88, 94, 95
Salmonella spp. 32,281, 282
sampling/testing 20, 29, 64, 91, 102103, 117, 135-136,
137-138, 140
sanctuaries; see also captive ape welfare; captive/
semi-captive settings
accreditation 244
animal welfare 238, 244, 245, 246, 248, 255-257
ape numbers/status in Africa 262-264
ape numbers/status in Asia 266-267
ape numbers/status in Europe 267
ape numbers/status in the USA 270
collaboration 257-259
disaster management 168-170, 294-297
disease transmission risk to/from humans 8o
diseases/conditions in 21, 36, 38
Enclosure Design Tool 255-257
health care provision 156-158
operating at or over capacity 270
reputational risk assessment 293
Sangha Trinational (TNS) region, Congo Basin 221-224
Sarcoptes scabiei 16-17, 59, 60, 89, 94, 283, 317
sarcoptic mange (scabies) 16-17, 59, 60, 89, 94, 283, 317
screening 32, 62, 64, 82, 94, 100, 113, 114, 131, 137-138
scurvy 37
Sebangau National Park, Borneo 72, 73,167
secondary prevention 144, 150, 161, 325
semi-terrestriality xxx
Senegal 164, 301-302
sentience 211, 212, 233, 234, 236, 237, 259, 261, 325
septicemia 124, 277, 280, 325
seroconversion 114, 124, 325
serology 29, 114, 325
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) xi, 7 13, 35-36, 45, 60, 66, 171, 174,
176, 181, 278; see also COVID-19
shared situational awareness 187, 196, 325
siamang (Symphlangus syndactylus) xix, xxiii,
xXxvi-xxvii, xxix, 214, 310; see also gibbons
(Hylobatidae)
Sibual-Buali Nature Reserve, Sumatra xvi
Sierra Leone 192-193, 263, 264, 278
Simandou Mine, Guinea 227-230
simian acquired immunodeficiency syndrome (SAIDS)
24, 281
simian immunodeficiency viruses (SIVs) 13, 24-25, 281
smallpox 15
smoke inhalation 28, 164, 167, 287
snares/traps 6, 87, 115, 116, 117, 118, 121, 153-156, 174, 286
social media 97, 103, 105, 187-188, 267, 270
sociality/social organization xx, xxii-xxv, xxvii, 4,
11-12, 15, 21, 22-23, 25, 90, 205, 211, 325
socioecology, of apes xx-xxxiii



southern white-cheeked crested gibbon (Nomascus
siki) xviii, xxiii, xxvi-xxvii, 210; see also gibbons
(Hylobatidae); Nomascus gibbons
southern yellow-cheeked crested gibbon (Nomascus
gabriellae) xviii, xxiii, xxvi-xxvii, 210; see also
gibbons (Hylobatidae); Nomascus gibbons
southwest Bornean orangutan (Pongo pygmaeus
wurmbii) xxi; see also Bornean orangutans
(Pongo pygmaeus)
spillback 45, 137 325
spillover events
bi-directionality 713,14, 15
in captive situations 4, 6
defining 12, 325
examples 13,18, 21, 26, 91, 137
risk factors 45, 53, 55, 79, 80, 92, 113, 134, 230
risk management 95, 97, 106-10%, 137, 151
transmission settings 14
standard operating procedures (SOPs) 87, 94, 95, 97,
98, 245, 246, 326
strategic environmental assessments (SEAs) 220-221,
230
Streptococcus pneumoniae (pneumococcus) 26-27, 35,
126, 281-282, 288
stress
to apes
impact on gut microbiome 70
impact on mental health 30, 40, 158, 284
impact on physical health 6, 30, 83, 87-88,
90, 106, 124
physiology metrics 136
in rehabilitation/release programs 212, 239
to humans working with apes 159-160
Strongyloides 32-33, 114, 124-125, 135, 283, 326
Sumatra 61-62, 87, 112-114, 120, 230, 254, 299
Sumatran orangutan (Pongo abelii); see also
orangutans (Pongo spp.)
CITES and TUCN listing xvi, xxi
diet xvi, xxix
distribution xxi, xxvi-xxvii
habitat types xxviii
home and day ranges xxx
industrial impacts 299
life expectancy xvi
numbers xvi
release programs 62, 254
reproduction xxxii
social organization xvii, Xxxv
threats to xvi
translocations 120
weaning age Xxxii
superinfections 124, 326
surge capacity 184, 326
Sustainability Policy Transparency Toolkit (SPOTT)
(ZSL) 226

Sustainable Development Goals (SDGs), UN 45-46,

48-49, 75
syndromic surveillance 28, 326

Tai National Park, Ivory Coast 16, 18, 19, 21, 24, 288
Taiwan 266
Tanjung Puting rehabilitation site, Kalimantan, Borneo
87, 88
Tanzania 16, 24-25, 90, 91, 115, 116, 117, 262, 288
Tapanuli orangutan (Pongo tapanuliensis); see also
orangutans (Pongo spp.)
Batang Toru Ecosystem 62
CITES and TUCN listing xxi
diet xxix
distribution xvi, xxi, Xxvi-xxvii
habitat types xxviii
inbreeding concerns xvi
industrial impacts and mitigations 230, 299
numbers xvi
resilience xxix
threats to xvi
translocation risk matrix 134
tapeworms (cestodes) 32, 33, 283
terrestrial locomotion 205, 208, 326
“territories of life” 68
tertiary prevention 144, 326
testing see sampling/testing; screening
ticks 102
tourism and research 59-60, 62-64, 77-107, 248-250;
see also habituation
aiding conservation 60, 83-84, 86-87, 105-106
and animal welfare 248, 250, 303
benefits/costs to local communities 78, 85-86
best management practices (BMPs) 91, 97-100, 105
COVID-19 impacts 87, 98, 174-176, 181, 264, 270
disease prevention strategies 28, 91, 97-103,
106-107, 176, 181
as disease risk factor 78, 89, 90, 91, 94, 95-97, 116
evidence-based assessments 100-101
GDP from 78, 84-85
human fascination with apes 78
impact on health interventions 121
improving for ape health 103-107
key findings on impacts of 8o
negative impacts on apes 40, 78, 81, 87, 88, 284
photographs 97
post-COVID recovery 192
trafficking, wild animal 123-125, 238, 259, 263, 264-265,
266, 267, 268, 270, 303
translational medicine s50-51, 70, 71, 326
translocations
anesthesia use 120, 122
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COVID-19 impacts 171
decision-making 120
and disease risk 69, 94-95, 118, 120
and human-ape conflict 118, 120
Indonesia’s plan for 129
IUCN guidelines 128-129
as part of disaster management 182, 189, 190-191
rights approach to 212
risk management 36, 133, 134, 139
stress 40, 284
traps/snares see snares/traps
trematodes 32, 283
Treponema pallidum pertenue (TPE) 17-18, 282
Trichuris spp. 32,125, 283
tuberculosis (TB) 28, 34-35, 94, 99, 114, 137-138, 282
typhoid fever 94, 282

Uganda
ape diseases/conditions found in 16, 25, 30, 59,
287, 288
community engagement 59-60, 68, 85-86
COVID-19 impacts 87, 174-177, 178, 181
COVID-19 safe practices 60, 176, 181
disaster management 168-170, 181, 294-297
Greater Virunga Transboundary
Collaboration 176, 178, 185, 186-187, 188
habitat loss/fragmentation/degradation 3
health interventions 108-109, 153-156
human-ape conflict 89
Ngamba Island Chimpanzee Sanctuary 168-170,
294-297
numbers of apes in sanctuaries 263, 264
pesticide poisoning 287
strategic environmental assessments (SEAs) 220
tourism 60, 84-85, 85-86, 86-87, 89, 99, 104-105,
174, 181

ultrasound 29, 71, 115, 326

United Arab Emirates (UAE) 118, 123-125, 265, 267

Universal Declaration on Animal Welfare (UDAW)
243-244

utilitarianism 146, 326

vaccination
of apes 24, 25, 26, 117-118, 124, 126-127, 151-152
of dogs/cats 65
ethical complexities 123, 126-127, 151-152
of humans 26, 27, 28, 55-56, 64, 176
of non-ape wildlife 126
varicella-zoster virus 33
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vectors, disease 65, 326; see also reservoirs, disease

Versteria mustelae 33

vicarious resilience 160, 326

vicarious traumatization 159-160, 326

Vietnam 210, 265, 266

viral infections 15, 25-28, 33, 35-36, 277-281, 288-289

Virunga Massif, Rwanda and DRC xxviii, 60, 87, 89,
98, 115, 188

Virunga National Park 63, 64, 77-78, 85, 135, 174, 198

viruses see specific virus

vitamins 37

Volcanoes National Park, Rwanda 64, 85, 101, 289

weaning ages Xxxxii

welfare see captive ape welfare

western black crested gibbon (Nomascus concolor)
xviii, xxiii, xxvi-xxvii; see also gibbons
(Hylobatidae); Nomascus gibbons

western chimpanzee (Pan troglodytes versus); see also
chimpanzees (Pan troglodytes)
CITES and TUCN listing xxi
disease transmission from humans 25, 26, 288
distribution xxi, xxiv-xxv
habitat type xxvii
human metapneumovirus (HMPV) 25, 26
human respiratory syncytial virus (HRSV) 25
increased sanctuary intake of 264
industrial impacts and mitigations 210, 227, 298,
301-302
leprosy 18
numbers xiv
population declines xv

western gorillas (Gorilla gorilla); see also Cross River
gorilla (Gorilla gorilla diehli); gorillas (Gorilla spp.);
western lowland gorilla (Gorilla gorilla gorilla)
diet xxix
distribution xv
habitat types xxviii
home and day range xxx, xxxi
physiology xv-xvi
reproduction xxxii, xxxiii
social organization xvi, xxiii
threats to xv

western hoolock (Hoolock hoolock) xvii, xxii,
xxvi-xxvii; see also gibbons (Hylobatidae);
Hoolock gibbons

western lowland gorilla (Gorilla gorilla gorilla);
see also gorillas (Gorilla spp.); western gorillas
(Gorilla gorilla)
cardiovascular disease 38
CITES and TUCN listing xxi
Congo Basin studies 222
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distribution xxiv-xxv ape numbers/status in the USA 269

Ebola virus 22-23 collaboration 257, 259

gastrointestinal parasites 32 disaster management 178, 182, 190, 195
habituation 81, 89-90, 92 diseases/conditions in 32, 34, 35-36, 37 38, 39, 71,
home and day range xxxi 278, 279, 286

human orthopneumovirus A 289 plastics ban 100

human respiratory syncytial virus (HRSV) 25 spillover risks 4-5, 6, 14, 33, 94

individual’s importance 145 vaccinations 126

industrial impacts 299
population estimate xv
simian immunodeficiency virus (SIVgor) 24
sociality/social organization 22-23

wild meat consumption/trade 14, 56, 60, 137, 262, 263

Wildlife Wood Project (WWP), Cameroon 199, 224,
225-226

World Health Organization (WHO) 2,18, 48, 50, 87,
171, 174, 187, 190, 193, 194

World Organisation for Animal Health (OIE) 48, 50,
66, 243

wOorms 32-33, 114, 124, 133, 135, 283

yaws (TPE) 12, 17-18, 89, 282
yeast infections 125

Zaire ebolavirus (ZEBOV) 21, 278
zoonoses; see also specific disease
defining 4, 327
disease transmission
apes-to-humans 21, 24, 89, 127, 137
domestic animals/livestock-to-apes 90, 92
humans-to-apes 12, 15, 16-17, 26-27, 32, 33,
34, 35-36, 64, 78-79, 89, 90, 91, 94, 288-289
other wildlife-to-apes 34, 278
other wildlife-to-humans 34, 36
One Health strategy see One Health strategy
PEESTOLM Risk Register 172, 174, 290-292
spillback 45, 137, 325
spillover events see spillover events
200s; see also captive ape welfare; captive/semi-
captive settings
accreditation 244
animal transfer between 238
and animal welfare 237, 244, 247-248, 251-252,
310, 311-312
ape numbers/status in Africa 262
ape numbers/status in Asia 265-266
ape numbers/status in Europe 267, 268
ape numbers/status in Latin America 268
ape numbers/status in Oceania 269-270
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