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Preface

the Guide), as expressed in the charge to the Committee for the

T1e purpose of theGuide for the Care and Use of Laboratory Animals
(
Update of the Guide, is to assist institutions in caring for and using
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included research scientists, veterinarians, and nonscientists representing
biomedical ethics and the public s interest in animal welfare. The Commi
tee widely solicited written and oral comments on the update of theGuide
from the scienti c community and the general public; comments at open
meetings (on September 26, 2008, in Washington, DC; October 16, 2008,
in Irvine, California; and November 14, 2008, in Chicago) as well as written
comments submitted to or requested by the Committee were considered. In
addition, the Committee studied the materials submitted to NIH in response
to its 2005 Request for Information (NOT-OD-06-011). All comments con
tributed substantially to this eighth edition of theGuide.

In approaching its task, the Committee carried forward the balance
between ethical and science-based practice that has always been the basis
of the Guide, and ful lled its role to provide an updated resource that
enables the research community to proceed responsibly and in a self-regula-
tory manner with animal experimentation. The Guide is predicated on the
understanding that the exercise of professional judgment both upholds the
central notion of performance standards and obviates the need for more
stringent regulations.

Laboratory animal science is a rapidly evolving eld and the Com
mittee identi ed a number of areas in which current available scientic
information is insuf cient; additional objective information and assessment
are needed to provide a scientic basis for recommendations in future
editions of the Guide. Although pursuing these concepts was beyond this
Committee s charge, the following two topics merit further study: (1) space
and housing needs of laboratory species and (2) the need and best methods
for providing enrichment, exercise, and human contact.

The need for continual updating of theGuide is implicit in its objective
to provide information that will enhance animal well-being, the quality of
research, and the advancement of scienti ¢ knowledge that is relevant to
both humans and animals (Chapter 1). The irregular and increasing inter
vals between updates, reaching a 14-year gap between the seventh edition
and this eighth edition, mean that important new research ndings might
wait more than a decade before being re ected in recommended practice.
Addressing this concern was beyond the charge of this Committee; we
noted, however, that regular and more frequent updates of the information
in the Guide will promote laboratory animal welfare and support high-quak
ity scienti c data. A formal process for revising the information in theGuide,
including the updating of practice standards, could meet this need.

In undertaking this update, the Committee acknowledged the contribu
tions of William I. Gay and Bennett J. Cohen in the development of the orig
inal Guide. In 1959, Animal Care Panel (ACP) President Cohen appointed
the Committee on Ethical Considerations in the Care of Laboratory Animals
to evaluate animal care and use. That Committee was chaired by Dr. Gay,
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who soon recognized that the Committee could not evaluate animal care
programs objectively without appropriate criteria on which to base its
evaluations that is, standards were needed. The ACP Executive Commit
tee agreed, and the Professional Standards Committee was appointed. NIH
later awarded the ACP a contract to determine and establish a professional
standard for laboratory animal care and facilities. Dr. Cohen chaired the
ACP Animal Facilities Standards Committee, which prepared the rsGuide
for Laboratory Animal Facilities and Care

This edition of the Guide was nancially supported by the National
Institutes of Health; the Of ce of Research Integrity, Department of Health
and Human Services; the US Department of Agriculture (USDA); the Asso
ciation for Assessment and Accreditation of Laboratory Animal Care Inter
national; the American Association for Laboratory Animal Science; Abbott
Fund; P zer, Inc.; the American College of Laboratory Animal Medicine; the
American Society of Laboratory Animal Practitioners; and the Association
of Primate Veterinarians.

The Committee for the Update of theGuide for the Care and Use of
Laboratory Animals






Overview

ppendices.

Chapter 1 presents the goals and intended audiences of the
Guide as well as key concepts and terminology essential to its premise
and use. Incorporating some of the material from the Introduction to the
last edition, the chapter highlights a commitment to the concepts of the
Three Rs Replacement, Reduction, and Re nement and provides an
enhanced discussion of the ethics of animal use and investigator/institu
tional obligations.

Chapter 2 focuses on the overall institutional animal care and use

program

Tis eighth edition of the Guide is divided into ve chapters and four
a

XVii
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ing the growing role of aquatic animals in biomedical research. The chapter
provides recommendations for housing and environment, discusses the
importance of social housing, and includes enhanced sections on environ
mental enrichment, animal well-being, and scienti ¢ validity.

Space recommendations were nominally expanded based on the Com
mittee s professional and expert opinion and on current housing methods.
Cage sizes have historically been interpreted as minimum space needs by
users of theGuide, and were labeled as such (recommended minimum
space ) in this edition. The use of the word minimum does not further
restrict users of theGuide because, although the space requirements are
numbers (i.e., engineering standards), they are used in a performance stan
dards framework. The Committee recommends minimum space for female
rodents with litter and an increase of the cage height for rabbits to 16 .
Further, in light of many comments submitted to the Committee requesting
more information on performance goals and how to achieve them, rodent
breeding recommendations are accompanied by substantial guidance.

With respect to nonhuman primates (NHPs), the Committee endorses
social housing as the default and has provided some species-speci ¢ guid
ance. An additional group has been added for monkeys, and chimpanzees
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of Task; and Appendix D provides the biographical sketches of the Com
mittee members.

In accordance with the Statement of Task ( In addition to the published
report, the updatedGuide will be posted on the Internet in a pdf or equiva
lent format such that users will be able to search the entire document at
one time ), the Guide is available in searchable pdf format on the National
Academies Press website, www.nap.edu.
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Key Concepts

the Guide) strongly af rms the principle that all who care for, use,

or produce animals for research, testing, or teaching must assume
responsibility for their well-being. The Guide is created by scientists and
veterinarians for scientists and veterinarians to uphold the scienti ¢ rigor
and integrity of biomedical research with laboratory animals as expected
by their colleagues and society at large.

The Guide plays an important role in decision making regarding the

use of vertebrate laboratory animals because it establishes the minimum

Tis edition of the Guide for the Care and Use of Laboratory Animals
(
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scope and nature of this responsibility can vary based on the scientic
discipline, nature of the animal use, and species involved, but because it
affects animal care and use in every situation this responsibility requires
that producers, teachers, researchers, and institutions carry out purposeful
analyses of proposed uses of laboratory animals. Th&uide is central to
these analyses and to the development of a program in which humane care
is incorporated into all aspects of laboratory animal care and use.

APPLICABILITY AND GOALS

In the Guide, laboratory animals (also referred to asanimals) are gener
ally de ned as any vertebrate animal (i.e., traditional laboratory animals,
agricultural animals, wildlife, and aquatic species) produced for or used
in research, testing, or teachingAnimal use is de ned as the proper care,
use, and humane treatment of laboratory animals produced for or used in
research, testing, or teaching.

When appropriate, considerations
or speci c emphases for agricultural
Laboratory animals or animals: animals and nontraditional species
Any vertebrate animal (e.g., are presented. TheGuide does not
ML Lhuleliels) CUUE address in detail agricultural ani
agricultural animals, wildlife, and . . .
aquatic species) produced for mals used in production, agricuk
or used in research, testing’ or tural research or teaching, wildlife
teaching. and aquatic species studied in natu
ral settings, or invertebrate animals
(e.g., cephalopods) used in research,
but establishes general principles and ethical considerations that are also
applicable to these species and situations. References provide the reader
with additional resources, and supplemental information on breeding, care,
management, and use of selected
laboratory animal species is avad
Animal use: The proper care, able in other publications prepared
5 Gl Rl C e ) by the Institute for Laboratory Animal
laboratory animals produced for Research (ILAR) and other organiza
or used in research, testing, or
teaching. tions (Appendix A).

The goal of the Guide is to pro-
mote the humane care and use of
laboratory animals by providing information that will enhance animal well-
being, the quality of research, and the advancement of scienti c knowledge
that is relevant to both humans and animals. The Committee recognizes that
the use of different species in research is expanding and that researchers
and institutions will face new and unique challenges in determining how
to apply the Guide in these situations. In making such determinations, it is
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important to keep in mind that the Guide is intended to provide information

to assist researchers, institutional animal care and use committees (IACUCS),
veterinarians, and other stakeholders in ensuring the implementation of
effective and appropriate animal care and use programs that are based on
humane care. Throughout theGuide, scientists and institutions are encour
aged to give careful and deliberate thought to the decision to use animals,
taking into consideration the contribution that such use will make to new
knowledge, ethical concerns, and the availability of alternatives to animal
use (NRC 1992). A practical strategy for decision making, the Three Rs
(Replacement, Reduction, and Re nement) approach, is discussed in more
detail below. Institutions should use the recommendations in theGuide as

a foundation for the development of a comprehensive animal care and use
program and a process for continually improving this program.

INTENDED AUDIENCES AND USES OF THEUIDE

The Guide is intended for a wide and diverse audience, including

the scienti c community
administrators

IACUCs

veterinarians

educators and trainers
producers of laboratory animals
accreditation bodies

regulators

the public.

The Guide is meant to be read by the user in its entirety, as there are
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valuable for their oversight and support of animal care and use. Educators
and trainers can use the Guideas a document to assess both the scope and
adequacy of training programs supported by the institution. Accreditation
bodies will nd the Guide useful for evaluating many areas of animal care
and use programs not subject to strict engineering standards (see de nition
below). Finally, members of the public should feel assured that adherence
to the Guide will ensure humane care and use of laboratory animals.

Readers are reminded that theGuide is used by a diverse group of
national and international institutions and organizations, many of which are
covered by neither the Animal Welfare Act nor the PHS Policy. TheGuide
uses some terminology that is both de ned by US statute and denotes a
general concept (e.g., attending veterinarian, adequate veterinary care,
and institutional of cial ). Even if these terms are not consistent with those
used by non-US institutions, the underlying principles can still be applied.
In all instances whereGuide recommendations are different from applicable
legal or policy requirements, the higher standard should apply.

ETHICS AND ANIMAL USE

The decision to use animals in research requires critical thought, judg
ment, and analysis. Using animals in research is a privilege granted by society
to the research community with the expectation that such use will provide
either signi cant new knowledge or lead to improvement in human and/or
animal well-being (McCarthy 1999; Perry 2007). It is a trust that mandates
responsible and humane care and use of these animals. Ti&uide endorses
the responsibilities of investigators as stated in thg.S. Government Principles
for Utilization and Care of Vertebrate Animals Used in Testing, Research, and
Training (IRAC 1985; see Appendix B). These principles direct the research
community to accept responsibility for the care and use of animals during all
phases of the research effort. Other government agencies and professional
organizations have published similar principles (NASA 2008; NCB 2005; NIH
2006, 2007; for additional references see Appendix A). Ethical considerations
discussed here and in other sections of th&uide should serve as a starting
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design in laboratory animal research (Russell and Burch 1959). Over the
years, the Three Rs have become an internationally accepted approach
for researchers to apply when deciding to use animals in research and in
designing humane animal research studies.

Replacementrefers to methods that avoid using animals. The term
includes absolute replacements (i.e., replacing animals with inanimate
systems such as computer programs) as well as relative replacements (i.e.,
replacing animals such as vertebrates with animals that are lower on the
phylogenetic scale).

Re nement refers to modi cations of husbandry or experimental pro
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Humane Care

Humane care means those actions taken to ensure that laboratory
animals are treated according to high ethical and scienti ¢ standards.
Implementation of a humane care program, and creation of a laboratory
environment in which humane care and respect for animals are valued and
encouraged, underlies the core requirements of th&uide and the system
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expertise, and research goals) so that implementation can be best tailored
to meet the recommendations in theGuide.

Ideally, engineering and performance standards are balanced, setting a
target for optimal practices, management, and operations while encourag
ing exibility and judgment, if appropriate, based on individual situations
(Gonder et al. 2001).

Scientists, veterinarians, technicians, and others have extensive experi
ence and information covering many of the topics discussed in thé&uide.
For topics on which information is insuf cient or incomplete, sustained
research into improved methods of laboratory animal management, care,
and use is needed for the continued evaluation and improvement of perfer
mance and engineering standards.

Practice standardmeans the application of professional judgment by quak
ed, experienced individuals to a task or process over time, an approach
that has been demonstrated to bene t or enhance animal care and use. Pro
fessional judgment comes from information in the peer-reviewed scienti ¢
literature and textbooks and, as in many other disciplines, from time-proven
experiences in the eld (for additional information see Chapter 2). In the
absence of published scienti c literature or other de nitive sources, where
experience has demonstrated that a particular practice improves animal
care and use, practice standards have been used in determining appropriate
recommendations in theGuide. In most situations, theGuide is intended to
provide exibility so that institutions can modify practices and procedures
with changing conditions and new information.

POLICIES, PRINCIPLES, AND PROCEDURES

Policies commonly derive from a public agency or private entity. They
are generally practical statements of collective wisdom, convention, or
management direction that are internal to the entity. However, policies may
assume broader force when they become the means by which an imple
menting agency interprets existing statutes (e.g., PHS PolicyPrinciples
are broader in their scope and intended application, and are accepted
generalizations about a topic that are frequently endorsed by many and
diverse organizations (e.g., the U.S. Government PrinciplesProcedures
(often called operating procedures or standard operating procedures)
are typically detailed, step-by-step processes meant to ensure the consistent
application of institutional practices. Establishing standard operating proce
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MUST, SHOULD, AND MAY

Must indicates actions that the Committee for the Update of th&Guide
considers imperative and mandatory duty or requirement for providing
humane animal care and use.Should indicates a strong recommendation
for achieving a goal; however, the Committee recognizes that individual
circumstances might justify an alternative strategyMay indicates a sugges
tion to be considered.

The Guide is written in general terms so that its recommendations can
be applied in diverse institutions and settings that produce or use animals for
research, teaching, and testing. This approach requires that users, IACUCs,
veterinarians, and producers apply professional judgment in making speci ¢









Animal Care and Use Program

eaching, and production @nimal use) require scienti c and profes-

sional judgment based on the animals needs and their intended
use. An animal care and use program
(hereafter referred to as the Program)

T1e proper care and use of laboratory animals in research, testing,
t

comprises all_ac_tlvmes conducte(_j by Program: The activities con-
and at an institution that have a direct ducted by and at an institution
impact on the well-being of animals, that have a direct impact on the
including animal and veterinary care, well-being of animals, including

animal and veterinary care, poli-

policies and procedures, personnel )

cies and procedures, personnel
and program management and over and program management and
sight, occupational health and safety, oversight, occupational health
institutional animal care and use com and safety, IACUC functions,
mittee (IACUC) functions, and animal and animal facility design and

facility design and management. TENEETEL

This chapter de nes the overall
Program and key oversight responsi
bilities and provides guidelines to aid in developing an effective Program.
Chapters 3, 4, and 5 cover the details of Program components: environment,
housing, and management; veterinary care; and physical plant, respectively.
Each institution should establish and provide suf cient resources for a Pro
gram that is managed in accord with theGuide and in compliance with
applicable regulations, policies, and guidelines.

11
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REGULATIONS, POLICIES, AND PRINCIPLES

The use of laboratory animals is governed by an interrelated, dynamic
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of literature related to animal science and use of animals is constantly
evolving, requiring Programs to remain current with the information and
best practices.

PROGRAM MANAGEMENT

An effective Program requires clearly de ned roles that align respon
sibility with regulatory and management authority. US federal law creates
a statutory basis for thdanstitutional of cial (10), the attending veterinarian
(AV), and the institutional animal care and use committee (IACUC). The
Guide endorses these concepts as important operating principles for all US
and non-US animal care and use programs. Effective leadership in and col
laboration among these three components, which not only oversee but also
support animal users, are necessary (Lowman 2008; Van Sluyters 2008). In
addition, interactions with regulatory and funding agencies and accredita
tion organizations are an integral part of the Program.

As summarized here and discussed throughout th&uide, the primary
oversight responsibilities in the Program rest with the 10, the AV, and the
IACUC. Their roles t in a de ned organizational structure where the
reporting relationships, authorities, and responsibilities of each are clearly
de ned and transparent. Together they establish policies and procedures,
ensure regulatory compliance, monitor Program performance, and support
high-quality science and humane animal use. A Program that includes these
elements and establishes a balance among them has the best chance of ef
ciently using resources while attaining the highest standards of animal well-
being and scienti ¢ quality (Bayne and Garnett 2008; Van Sluyters 2008).

Program Management Responsibility

The Institutional Of cial

The institutional of cial (I0) bears ultimate responsibility for the Pre
gram, although overall Program direction should be a shared responsibility
among the 10, AV, and IACUC. The
IO has the authority to allocate the
resources needed to ensure the Pro Institutional of cial: The indi-
gram s overall effectiveness. Program vidual who, as a representative
needs should be clearly and regularly @] SEEr ERMINSIEE, 9eeS

. ultimate responsibility for the
communicated to the 10 by the AV, Program and is responsible for

the IACUC, and OtherS aSSOC'ated resource p|anning and ensuring
with the Program (e.g., facilities man alignment of Program goals with
agement staff, occupational health the institution’s mission.

and safety personnel, scientists). As a
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animal science and medicine are rapidly changing and evolving disciplines.
The institution should provide opportunities and support for regular profes
sional development and continuing education to ensure both that profes
sional staff are knowledgeable about the latest practices and procedures and
that laboratory animals receive high-quality care (Colby et al. 2007).

Animal Care PersonnelPersonnel caring for animals should be appropi
ately trained (see Appendix A, Education), and the institution should provide
for formal and/or on-the-job training to facilitate effective implementation of
the Program and the humane care and use of animals. Staff should receive
training and/or have the experience to complete the tasks for which they
are responsible. According to the Program scope, personnel with expertise
in various disciplines (e.g., animal husbandry, administration, veterinary
medical technology) may be required.

There are a number of options for training animal care personnel and
technicians (Pritt and Duffee 2007). Many colleges have accredited pro
grams in veterinary technology (AVMA 2010); most are 2-year programs
that award Associate of Science degrees, some are 4-year programs that
award Bachelor of Science degrees. Nondegree training, via certi cation
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used (Conarello and Shepard 2007). Training should be tailored to the
particular needs of research groups; however, all research groups should
receive training in animal care and use legislation, IACUC function, eth
ics of animal use and the concepts of the Three Rs, methods for reporting
concerns about animal use, occupational health and safety issues pertaining
to animal use, animal handling, aseptic surgical technique, anesthesia and
analgesia, euthanasia, and other subjects, as required by statute. Continu
ing education programs should be offered to reinforce training and provide
updates that re ect changes in technology, legislation, and other relevant
areas. Frequency of training opportunities should ensure that all animal
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there is a regulatory requirement for such a committee. Operational and
day-to-day responsibility for safety in the workplace resides with the labora
tory or facility supervisor (e.g., principal investigator, facility director, or a
staff veterinarian) and depends on safe work practices by all employees.

Control and Prevention StrategiesA comprehensive OHSP should include a
hierarchy of control and prevention strategies that begins with the identi-
cation of hazards and the assessment of risk associated with those hazards.
Managing risk involves the following steps: rst, the appropriate design and
operation of facilities and use of appropriate safety equipment (engineering
controls); second, the development of processes and standard operating
procedures (SOPs; administrative controls); and nally, the provision of
appropriate personal protective equipment (PPE) for employees. Special
safety equipment should be used in combination with appropriate manage
ment and safety practices (NIH 2002; OSHA 1998a,b). Managing risk using
these strategies requires that personnel be trained, maintain good personal
hygiene, be knowledgeable about the hazards in their work environment,
understand the proper selection and use of equipment, follow established
procedures, and use the PPE provided.

Hazard Identi cation and Risk AssessmentThe institutional OHSP should
identify potential hazards in the work environment and conduct a critical
assessment of the associated risks. An effective OHSP ensures that the risks
associated with the experimental use of animals are identi ed and reduced to
minimal and acceptable levels. Hazard identi cation and risk assessment are
ongoing processes that involve individuals quali ed to assess dangers asseci
ated with the Program and implement commensurate safeguards. Health and
safety specialists with knowledge in relevant disciplines should be involved in
risk assessment and the development of procedures to manage such risks.

Potential hazards include experimental hazards such as biologic agents
(e.g., infectious agents or toxins), chemical agents (e.g., carcinogens and
mutagens), radiation (e.g., radionuclides, X-rays, lasers), and physical haz
ards (e.g., needles and syringes). The risks associated with unusual experi
mental conditions such as those encountered in eld studies or wildlife
research should also be addressed. Other potential hazards such as animal
bites, exposure to allergens, chemical cleaning agents, wet oors, cage
washers and other equipment, lifting, ladder use, and zoonoses that are
inherent in or intrinsic to animal use should be identi ed and evaluated.
Once potential hazards have been identi ed, a critical ongoing assessment
of the associated risks should be conducted to determine appropriate strate
gies to minimize or manage the risks.

The extent and level of participation of personnel in the OHSP should
be based on the hazards posed by the animals and materials used (the
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severity or seriousness of the hazard); the exposure intensity, duration, and
frequency (prevalence of the hazard); to some extent, the susceptibility (e.g.,
immune status) of the personnel; and the history of occupational illness and
injury in the particular workplace (Newcomer 2002; NRC 1997). Ongoing
identi cation and evaluation of hazards call for periodic inspections and
reporting of potential hazardous conditions or near miss incidents.

Facilities, Equipment, and Monitoring The facilities required to support
the OHSP will vary depending on the scope and activities of the Program.
Their design should preferentially use engineering controls and equipment
to minimize exposure to anticipated hazards (also see Chapter 5). Because
a high standard of personal cleanliness is essential, changing, washing,
and showering facilities and supplies appropriate to the Program should
be available.

Where biologic agents are used, the Centers for Disease Control and
Prevention (CDC) and National Institutes of Health (NIH) publicationBio-
safety in Microbiological and Biomedical Laboratories (BMBL; DHHS 2009)
and the USDA standards (USDA 2002) should be consulted for appropriate
facility design and safety procedures. These design and safety features are
based on the level of risk posed by the agents used. Special facilities and
safety equipment may be needed to protect the animal care and investi
gative staff, other occupants of the facility, the public, animals, and the
environment from exposure to hazardous biologic, chemical, and physical
agents used in animal experimentation (DHHS 2009; Frasier and Talka
2005; NIH 2002). When necessary, these facilities should be separated from
other animal housing and support areas, research and clinical laboratories,
and patient care facilities. They should be appropriately identi ed and
access to them limited to authorized personnel.

Facilities, equipment, and procedures should also be designed, selected,
and developed to reduce the possibility of physical injury or health risk
to personnel (NIOSH 1997a,b). Engineering controls and equipment that
address the risk of ergonomic injury in activities such as the lifting of heavy
equipment or animals should be considered (AVMA 2008). Those are also
frequently used to limit or control personnel exposure to animal allergens
(Harrison 2001; Huerkamp et al. 2009). The potential for repetitive motion
injuries in animal facilities (e.g., maintenance of large rodent populations
and other husbandry activities) should also be assessed.

The selection of appropriate animal housing systems requires profes
sional knowledge and judgment and depends on the nature of the hazards
in question, the types of animals used, the limitations or capabilities of the
facilities, and the design of the experiments. Experimental animals should
be housed so that possibly contaminated food and bedding, feces, and urine
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and procedures should be used for bedding disposal. Safety equipment
should be properly maintained and its function periodically validated.
Appropriate methods should be used for assessing and monitoring exposure
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Institutions should have written policies and procedures governing
experimentation with hazardous biologic, chemical, and physical agents.
An oversight process (such as the use of a safety committee) should be
developed to involve persons who are knowledgeable in the evaluation and
safe use of hazardous materials or procedures and should include review of
the procedures and facilities to be used for speci ¢ safety concerns. Formal
safety programs should be established to assess hazards, determine the
safeguards needed for their control, and ensure that staff have the necessary
training and skills and that facilities are adequate for the safe conduct of
the research. Technical support should be provided to monitor and ensure
compliance with institutional safety policies. A collaborative approach
involving the investigator and research team, attending veterinarian, ani
mal care technician, and occupational health and safety professionals may
enhance compliance.

The BMBL (DHHS 2009) and NRC (1997) recommend practices and
procedures, safety equipment, and facility requirements for working with
hazardous biologic agents and materials. Facilities that handle agents of
unknown risk should consult with appropriate CDC personnel about haz
ard control and medical surveillance. The use of highly pathogenic select
agents and toxins in research requires that institutions develop a program
and procedures for procuring, maintaining, and disposing of these agents
(CFR 1998, 2002a,b; NRC 2004; PL 107-56; PL 107-188; Richmond et al.
2003). The use of immunode cient or genetically modi ed animals (GMAS)
susceptible to or shedding human pathogens, the use of human tissues and
cell lines, or any infectious disease model can lead to an increased risk to
the health and safety of personnel working with the animals (Lassnig et al.
2005; NIH 2002).

Hazardous agents should be contained in the study environment, for
example through the use of air ow control during the handling and admin-
istering of hazardous agents, necropsies on contaminated animals (CDC
and NIH 2000), and work with chemical hazards (Thomann 2003). Waste
anesthetic gases should be scavenged to limit exposure.

Personal ProtectionWhile engineering and administrative controls are the
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as gloves, arm protectors, suitable face masks, face shields, and goggles
(NRC 2003a). Hearing protection should be available in high-noise areas
(OSHA 1998c). Personnel working in areas where they might be exposed to
contaminated airborne particulate material or vapors should have suitable
respiratory protection (Fechter 1995; McCullough 2000; OSHA 1998d),
with respirator t testing and training in the proper use and maintenance of
the respirator (OSHA 1998d; Sargent and Gallo 2003).

Medical Evaluation and Preventive Medicine for PersonnelDevelopment
and implementation of a program of medical evaluation and preventive
medicine should involve input from trained health professionals, such as
occupational health physicians and nurses. Con dentiality and other medi
cal and legal factors must be considered in the context of appropriate fed
eral, state, and local regulations (e.g., PL 104-191).

A preemployment health evaluation and/or a health history evaluation
before work assignment is advisable to assess potential risks for individual
employees. Periodic medical evaluations are advisable for personnel in
speci ¢ risk categories. For example, personnel required to use respira
tory protection may also require medical evaluation to ensure that they
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employee(s), unless such concerns are reported anonymously; corrective
actions if deemed necessary; and a report to the 10 of the issue, ndings,
and actions taken. Reported concerns and any corrective actions taken
should be documented.

Mechanisms for reporting concerns should be posted in prominent
locations in the facility and on applicable institutional website(s) with
instructions on how to report the concern and to whom. Multiple points
of contact, including senior management, the 10, IACUC Chair, and AV,
are recommended. The process should include a mechanism for anonym
ity, compliance with applicable whistleblower policies, nondiscrimination
against the concerned/reporting party, and protection from reprisals.

Training and regular communication with employees (including person
nel such as custodial, maintenance, and administrative staff, who are farther
removed from the animal use) about the institution s animal use activities
may reduce potential concerns.

PROGRAM OVERSIGHT
The Role of the IACUC

IACUC Constitution and Function

The responsibility of the IACUC is to oversee and routinely evaluate the
Program. It is the institution s responsibility to provide suitable orientation,
background materials, access to appropriate resources, and, if necessary,
speci ¢ training to assist IACUC members in understanding their roles and
responsibilities and evaluating issues brought before the committee.

Committee membership includes the following:

a Doctor of Veterinary Medicine either certi ed (e.g., by ACLAM,
ECLAM, JCLAM, KCLAM) or with training and experience in labo
ratory animal science and medicine or in the use of the species at
the institution

at least one practicing scientist experienced in research involving
animals

at least one member from a nonscienti ¢ background, drawn from
inside or outside the institution

at least one public member to represent general community inter
ests in the proper care and use of animals.

Public members should not be laboratory animal users, af liated in
any way with the institution, or members of the immediate family of a per
son who is af liated with the institution. The public member may receive
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compensation for participation and ancillary expenses (e.g., meals, pafk
ing, travel), but the amount should be suf ciently modest that it does not
become a substantial source of income and thus risk compromising the
member s association with the community and public at large.

For large institutions with many administrative units or departments,
no more than three voting members should be associated with a single
administrative unit (USDA 1985). The size of the institution and the nature
and extent of the Program will determine the number of members of the
committee and their terms of appointment. Institutions with broad research
programs may need to choose scientists from a number of disciplines and
experience to properly evaluate animal use protocols.

The committee is responsible for oversight and evaluation of the entire
Program and its components as described in other sections of th8uide.
Its oversight functions include review and approval of proposed animal
use (protocol review) and of proposed signi cant changes to animal use;
regular inspection of facilities and animal use areas; regular review of the
Program; ongoing assessment of animal care and use; and establishment of
a mechanism for receipt and review of concerns involving the care and use
of animals at the institution. The committee must meet as often as neces
sary to ful ll its responsibilities, and records of committee meetings and
results of deliberations should be maintained. Program review and facilities
inspections should occur at least annually or more often as required (e.g.,
by the Animal Welfare Act and PHS Policy). After review and inspection, a
written report (including any minority views) should be provided to the IO
about the status of the Program.

Protocol Review

The animal use protocol is a detailed description of the proposed use of
laboratory animals. The following topics should be considered in the prepa
ration of the protocol by the researcher and its review by the IACUC:

rationale and purpose of the proposed use of animals

a clear and concise sequential description of the procedures involy
ing the use of animals that is easily understood by all members of
the committee

availability or appropriateness of the use of less invasive proce
dures, other species, isolated organ preparation, cell or tissue cul
ture, or computer simulation (see Appendix A, Alternatives)

justi cation of the species and number of animals proposed; when-
ever possible, the number of animals and experimental group sizes
should be statistically justi ed (e.g., provision of a power analysis;
see Appendix A, Experimental Design and Statistics)
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unnecessary duplication of experiments



ANIMAL CARE AND USE PROGRAM 27

Special Considerations for IACUC Review

Certain animal use protocols include procedures or approaches that
require special consideration during the IACUC review process due to their
potential for unrelieved pain or distress or other animal welfare concerns.
The topics below are some of the most common requiring special IACUC
consideration. For these and other areas the IACUC is obliged to weigh
the objectives of the study against potential animal welfare concerns. By
considering opportunities for re nement, the use of appropriate nonanimal
alternatives, and the use of fewer animals, both the institution and the
principal investigator (PI) can begin to address their shared obligations for
humane animal care and use.

Experimental and Humane EndpointsThe experimental endpoint of a study

occurs when the scienti ¢ aims and objectives have been reached. The
humane endpoint is the point at which pain or distress in an experimental

animal is prevented, terminated, or relieved. The use of humane endpoints
contributes to re nement by providing an alternative to experimental end
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humane endpoint, and the response required upon reaching the humane
endpoint. An understanding of preemptive euthanasia (Toth 2000), behavioral
or physiologic de nitions of the moribund state (ibid.), and the use of study-
speci ¢ animal assessment records (Morton 2000; Paster et al. 2009) can
aid the Pl and IACUC when considering or developing proposed endpoints.
When novel studies are proposed or information for an alternative endpoint
is lacking, the use of pilot studies is an effective method for identifying and
de ning humane endpoints and reaching consensus among the PI, IACUC,
and veterinarian. A system for communication with the IACUC should be
in place both during and after such studies. Numerous publications address
speci ¢ proposals for the application and use of humane endpoints (e.g.,
CCAC 1998; ILAR 2000; OECD 1999; Toth 1997; UKCCCR 1997).

Unexpected Outcomes Fundamental to scienti ¢ inquiry is the investiga-
tion of novel experimental variables. Because of the potential for unex
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help to determine whether proactive measures can circumvent or alleviate
the impact of the genetic modi cation on the animal s well-being and to
establish humane endpoints speci ¢ to the GMA line.

Physical RestraintPhysical restraint is the use of manual or mechanical
means to limit some or all of an animal s normal movement for the purpose
of examination, collection of samples, drug administration, therapy, or
experimental manipulation. Animals are restrained for brief periods, usually
minutes, in many research applications.

Restraint devices should be suitable in size, design, and operation
to minimize discomfort, pain, distress, and the potential for injury to the
animal and the research staff. Dogs, nonhuman primates, and many other
animals can be trained, through use of positive reinforcement techniques,
to cooperate with research procedures or remain immobile for brief peri
ods (Boissy et al. 2007; Laule et al. 2003; Meunier 2006; Prescott and
Buchanan-Smith 2003; Reinhardt 1991, 1995; Sauceda and Schmidt 2000;
Yeates and Main 2009).

Prolonged restraint, including chairing of nonhuman primates, should
be avoided unless it is essential for achieving research objectives and is
speci cally approved by the IACUC (NRC 2003b). Systems that do not
limit an animal s ability to make normal postural adjustments (e.g., sub
cutaneous implantation of osmotic minipumps in rodents, backpack- tted
infusion pumps in dogs and nonhuman primates, and free-stall housing for
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Veterinary care must be provided if lesions or illnesses associated
with restraint are observed. The presence of lesions, illness, or
severe behavioral change often necessitates the temporary or per
manent removal of the animal from restraint.

The purpose of the restraint and its duration should be clearly
explained to personnel involved with the study.

Multiple Survival Surgical ProceduresSurgical procedures in the laboratory
setting may be categorized as major or minor (USDA 1985). Whether a
procedure is major or minor should be evaluated on a case-by-case basis,
as determined by the veterinarian and IACUC (NRC 2003b; Silverman et al.
2007, for additional discussion see Chapter 4, Surgical Procedures).
Regardless of classi cation, multiple surgical procedures on a single
animal should be evaluated to determine their impact on the animal s well-
being. Multiple major surgical procedures on a single animal are accept
able only if they are (1) included in and essential components of a single
research project or protocol, (2) scienti cally justi ed by the investigator, or
(3) necessary for clinical reasons. Conservation of scarce animal resources
may justify the conduct of multiple major surgeries on a single animal,
but the application of such a practice on a single animal used in separate
protocols is discouraged and should be reviewed critically by the IACUC.
When applicable, the 10 must submit a reQsw40 [(()-3()-3(0)-3( )-112(m)-3(u)-3(Dt¢
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least restriction necessary to achieve the scienti ¢ objective while maintain
ing animal well-being.

The development of animal protocols that involve the use of food or
uid regulation requires the evaluation of three factors: the necessary level
of regulation, potential adverse consequences of regulation, and methods
for assessing the health and well-being of the animals (NRC 2003b). In addi
tion, the following factors in uence the amount of food or uid restriction
that can be safely used in a speci ¢ protocol: the species, strain, or stock,
gender, and age of the animals; thermoregulatory demand; type of housing;
time of feeding, nutritive value, and ber content of the diet (Heiderstadt et
al. 2000; Rowland 2007); and prior experimental manipulation. The degree
of food or uid restriction necessary for consistent behavioral performance
is in uenced by the dif culty of the task, the individual animal, the motiva -
tion required of the animal, and the effectiveness of animal training for a
speci ¢ protocol-related task.

The animals should be closely monitored to ensure that food and
uid intake meets their nutritional needs (Toth and Gardiner 2000). Body
weights should be recorded at least weekly and more often for animals
requiring greater restrictions (NRC 2003b). Written records should be main
tained for each animal to document daily food and uid consumption,
hydration status, and any behavioral and clinical changes used as criteria
for temporary or permanent removal of an animal from a protocol (Morton
2000; NRC 2003b). In the case of conditioned-response research protocols,
use of a highly preferred food or uid as positive reinforcement, instead of
restriction, is recommended. Caloric restriction, as a husbandry technique

and means of weight control, is discussed in Chapter 3.

Use of Non-Pharmaceutical-Grade Chemicals and Other Substance§he
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Field Investigations Investigations may involve the observation or use of
nondomesticated vertebrate species under eld conditions. Many eld
investigations require international, federal, state, and/or local permits,
which may call for an evaluation of the scienti ¢ merit of the proposed
study and a determination of the potential impact on the population or
species to be studied.

Additionally, occupational health and safety issues, including zoe
noses, should be reviewed by the institution s health and safety commit
tee or of ce, with assurances to the IACUC that the eld study does not
compromise the health and safety of either animals or persons in the eld.
Principal investigators conducting eld research should be knowledgeable
about relevant zoonotic diseases, associated safety issues, and any laws or
regulations that apply. Exceptions to the above should be clearly de ned
and evaluated by the IACUC.

In preparing the design of a eld study, investigators are encouraged
to consult with relevant professional societies and available guidelines (see
Appendix A). Veterinary input may be needed for projects involving capture,
individual identi cation, sedation, anesthesia, surgery, recovery, holding,
transportation, release, or euthanasia. Issues associated with these activities
are similar if not identical to those for species maintained and used in the
laboratory. When species are removed from the wild, the protocol should
include plans for either a return to their habitat or their nal disposition, as
appropriate.

The Guide does not purport to be a compendium of all information
regarding eld biology and methods used in wildlife investigations, but the
basic principles of humane care and use apply to animals living under natu
ral conditions. IACUCs engaged in the review of eld studies are encour
aged to consult with a quali ed wildlife biologist.

Agricultural Animals The use of agricultural animals in research is sub
ject to the same ethical considerations as for other animals in research,
although it is often categorized as either biomedical or agricultural because
of government regulations and policies, institutional policies, administra
tive structure, funding sources, and/or user goals (Stricklin et al. 1990). This
categorization has led to a dual system with different criteria for evaluating
protocols and standards of housing and care for animals of the same species
on the basis of stated biomedical or agricultural research objectives (Strieck
lin and Mench 1994). With some studies, differences in research goals may
lead to a clear distinction between biomedical and agricultural research.
For example, animal models of human diseases, organ transplantation, and
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disease studies, administrators, regulators, and IACUCs face a dilemma in
deciding how to handle such studies (Stricklin et al. 1990). Decisions on
categorizing research uses of agricultural animals and de ning standards
for their care and use should be made by the IACUC based on both the
researcher s goals and concern for animal well-being. Regardless of the
category of research, institutions are expected to provide oversight of all
research animals and ensure that pain and distress are minimized.

The protocol, rather than the category of research, should determine the
setting (farm or laboratory). Housing systems for agricultural animals used in
biomedical research may or may not differ from those used in agricultural
research; animals used in either type of research can be housed in cages,
stalls, paddocks, or pastures (Tillman 1994). Some agricultural studies need
uniform conditions to minimize environmental variability, and some bio-
medical studies are conducted in farm settings. Agricultural research often
necessitates that animals be managed according to contemporary farm
production practices (Stricklin and Mench 1994), and natural environmen
tal conditions might be desirable for agricultural research, whereas control
of environmental conditions to minimize variation might be desirable in
biomedical research (Tillman 1994).

The Guide applies to agricultural animals used in biomedical research,
including those maintained in typical farm settings. For animals maintained
in a farm setting, theGuide for the Care and Use of Agricultural Animals in
Research and TeachindFASS 2010) is a useful resource. Information about
environmental enrichment, transport, and handling may be helpful in both
agricultural and biomedical research settings. Additional information about
facilities and management of farm animals in an agricultural setting is avail
able from the Midwest Plan Service (1987) and from agricultural engineers
or animal science experts.

Postapproval Monitoring

Continuing IACUC oversight of animal activities is required by federal
laws, regulations, and policies. A variety of mechanisms can be used to
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ments. The IACUC, veterinary, animal care, and compliance staff may all
conduct PAM, which may also serve as an educational tool.

Continuing protocol review typically consists of an annual update or
review as well as the triennial review required by the PHS. The depth of
such reviews varies from a cursory update to a full committee review of the
entire protocol. Some institutions use the annual review as an opportunity
for the investigator to submit proposed amendments for future procedures,
to provide a description of any adverse or unanticipated events, and to pro
vide updates on work progress. For the triennial review, many institutions
require a complete new protocol submission and may request a progress
report on the use of animals during the previous 3 years.

Both the Health Research Extension Act and the AWA require the
IACUC to inspect animal care and use facilities, including sites used for
animal surgeries, every 6 months. As part of a formal PAM program some
institutions combine inspection of animal study sites with concurrent review
of animal protocols. Based on risks to animals and their handlers, other
study areas may require more or less frequent inspections. Examples of
effective monitoring strategies include

examination of surgical areas, including anesthetic equipment, use
of appropriate aseptic technique, and handling and use of con
trolled substances

review of protocol-related health and safety issues

review of anesthetic and surgical records

regular review of adverse or unexpected experimental outcomes
affecting the animals

observation of laboratory practices and procedures and comparison
with approved protocols.

Institutions may also consider the use of veterinary staff and/or animal
health technicians to observe increased risk procedures for adverse events
(e.g., novel survival surgeries, pain studies, tumor growth studies) and report
their ndings for review by the IACUC. The level of formality and intensity
of PAM should be tailored to institutional size and complexity, and in all
cases should support a culture of care focusing on the animals well-being
(Klein and Bayne 2007). Regardless of the methods used or who conducts
and coordinates the monitoring, PAM programs are more likely to succeed
when the institution encourages an educational partnership with investiga
tors (Banks and Norton 2008; Collins 2008; Dale 2008; Lowman 2008;
Plante and James 2008; Van Sluyters 2008).
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DISASTER PLANNING AND EMERGENCY PREPAREDNESS

Animal facilities may be subject to unexpected conditions that result in
the catastrophic failure of critical systems or signi cant personnel absentee
ism, or other unexpected events that severely compromise ongoing animal
care and well-being (ILAR 2010). Facilities must therefore have a disaster
plan. The plan should de ne the actions necessary to prevent animal pain,
distress, and deaths due to loss of systems such as those that control venti
lation, cooling, heating, or provision of potable water. If possible the plan
should describe how the facility will preserve animals that are necessary
for critical research activities or are irreplaceable. Knowledge of the geo
graphic locale may provide guidance as to the probability of a particular
type of disaster.

Disaster plans should be established in conjunction with the respon
sible investigator(s), taking into consideration both the priorities for triaging
animal populations and the institutional needs and resources. Animals that
cannot be relocated or protected from the consequences of the disaster must
be humanely euthanized. The disaster plan should identify essential persen
nel who should be trained in advance in its implementation. Efforts should
be taken to ensure personnel safety and provide access to essential person
nel during or immediately after a disaster. Such plans should be approved
by the institution and be part of the overall institutional disaster response
plan that is coordinated by the 10 or another senior-level administrator. Law
enforcement and emergency personnel should be provided with a copy
of the plan for comment and integration into broader, areawide planning
(Vogelweid 1998).
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reptiles and certain amphibian species, are terrestrial. Personnel working
with aquatic animals should be familiar with management implications,
e.g., the importance of providing appropriate temperature ranges for basic
physiologic function.

TERRESTRIAL ANIMALS
Terrestrial Environment

Microenvironment and Macroenvironment

The microenvironment of a terrestrial animal is the physical environ
ment immediately surrounding it; that is, the primary enclosure such as
the cage, pen, or stall. It contains all
the resources with which the animals
come directly in contact and also
provides the limits of the animals

Microenvironment: The immedi-
ate physical environment sur-

rounding the animal (i.e., the immediate environment. The micro

environment in the primary en- environment is characterized by many
closure such as the cage, pen, factors, including illumination, noise,

or stall).

vibration, temperature, humidity, and
gaseous and particulate composition
of the air. The physical environment
of the secondary enclosure, such as a room, a barn, or an outdoor habitat,
constitutes themacroenvironment

Macroenvironment: The physi-
cal environment of the second
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Temperature and Humidity
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environmental relative humidity may be of greater importance for animals
housed in a primary enclosure in which the environmental conditions differ
greatly from those of the macroenvironment (e.g., in static Iter-top [isola
tor] cages).

Some species may require conditions with high relative humidity (e.g.,
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and should therefore be considered. The use of computer modeling for
assessing those factors in relation to heat loading, air diffusion patterns, and
particulate movement may be helpful in optimizing ventilation of micro-
and macroenvironments (Hughes and Reynolds 1995).

Direct exposure of animals to air moving at high velocity (drafts) should
be avoided as the speed of air to which animals are exposed affects the rate
at which heat and moisture are removed from an animal. For example, air at
20 C moving at 60 linear feet per minute (18.3 m/min) has a cooling effect
of approximately 7 C (Weihe 1971). Drafts can be particularly problematic
for neonatal homeotherms (which may be hairless and have poorly devel
oped mechanisms for thermoregulatory control), for mutants lacking fur, and
for semiaquatic amphibians that can desiccate.

Provision of 10 to 15 fresh air changes per hour in animal housing
rooms is an acceptable guideline to maintain macroenvironmental air qual
ity by constant volume systems and may also ensure microenvironmental
air quality. Although this range is effective in many animal housing settings,
it does not take into account the range of possible heat loads; the species,
size, and number of animals involved; the type of primary enclosure and
bedding; the frequency of cage changing; the room dimensions; or the ef
ciency of air distribution both in the macroenvironment and between the
macro- and microenvironments. In some situations, the use of such a broad
guideline might overventilate a macroenvironment containing few animals,
thereby wasting energy, or underventilate a microenvironment containing
many animals, allowing heat, moisture, and pollutants to accumulate.

Modern heating, ventilation, and air conditioning (HVAC) systems (e.g.,
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able to exhaust these systems directly into the building s exhaust system to
reduce heat load and macroenvironmental contamination.
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well as the duration of the animal s current and prior exposure to light, and
the animal s pigmentation, circadian rhythm, body temperature, hormonal
status, age, species, sex, and stock or strain (Brainard 1989; Duncan and
O Steen 1985; O Steen 1980; Saltarelli and Coppola 1979; Semple-Row
land and Dawson 1987; Wax 1977). More recent studies in rodents and
primates have shown the importance of intrinsically photosensitive retinal
ganglion cells (distinct from rods and cones) for neuroendocrine, circadian,
and neurobehavioral regulation (Berson et al. 2002; Hani n and Brainard
2007). These cells can respond to light wavelengths that may differ from
other photoreceptors and may in uence the type of lighting, light intensity,
and wavelength selected for certain types of research.

In general, lighting should be diffused throughout an animal hold
ing area and provide suf cient illumination for the animals well-being
while permitting good housekeeping practices, adequate animal inspection
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midcage (NASA 1988). Rats and mice generally prefer cages with low light
intensity (Blom et al. 1996), and albino rats prefer areas with a light intensity
of less than 25 lux (Schlingmann et al. 1993a). Young mice prefer much
lower illumination than adults (Wax 1977). For animals that have been

shown to be susceptible to phototoxic retinopathy, light should be between

130 and 325 lux in the room at cage level.

Light intensity decreases with the square of the distance from its source.
Thus the location of a cage on a rack affects the intensity of light to which
the animals within are exposed. Light intensity may differ as much as 80-
fold in transparent cages from the top to the bottom of a rack, and differ
ences up to 20-fold have been recorded within a cage (Schlingmann et al.
1993a,b). Management practices, such as rotating cage position relative
to the light source (Greenman et al. 1982) or providing animals with ways
to control their own light exposure by behavioral means (e.g., nesting or
bedding material adequate for tunneling), can reduce inappropriate light
stimulation. Variable-intensity lights are often used to accommodate the
needs of research protocols, certain animal species, and energy conserva
tion. However, such a system should also provide for the observation and
care of the animals. Caution should be exercised as increases in daytime
room illumination for maintenance purposes have been shown to change
photoreceptor physiology and can alter circadian regulation (NRC 1996;
Reme et al. 1991; Terman et al. 1991).

Noise and Vibration

Noise produced by animals and animal care activities is inherent in the
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physical, physiologic, and behavioral needs. Environments that fail to meet
the animals needs may result in abnormal brain development, physiologic
dysfunction, and behavioral disorders (Garner 2005; van Praag et al. 2000;
W rbel 2001) that may compromise both animal well-being and scienti c
validity. The primary enclosure or space may need to be enriched to prevent
such effects (see also section on Environmental Enrichment).

An appropriate housing space or enclosure should also account for
the animals social needs. Social animals should be housed in stable pairs
or groups of compatible individuals unless they must be housed alone for
experimental reasons or because of social incompatibility (see also section
on Behavioral and Social Management). Structural adjustments are fre
guently required for social housing (e.g., perches, visual barriers, refuges),
and important resources (e.g., food, water, and shelter) should be provided
in such a way that they cannot be monopolized by dominant animals (see
also section on Environmental Enrichment).

The primary enclosure should provide a secure environment that does
not permit animal escape and should be made of durable, nontoxic matesi
als that resist corrosion, withstand the rigors of cleaning and regular han
dling, and are not detrimental to the health and research use of the animals.
The enclosure should be designed and manufactured to prevent accidental
entrapment of animals or their appendages and should be free of sharp
edges or projections that could cause injury to the animals or personnel.
It should have smooth, impervious surfaces with minimal ledges, angles,
corners, and overlapping surfaces so that accumulation of dirt, debris, and
moisture is minimized and cleaning and disinfecting are not impaired. All
enclosures should be kept in good repair to prevent escape of or injury to
animals, promote physical comfort, and facilitate sanitation and servie
ing. Rusting or oxidized equipment, which threatens the health or safety
of animals, needs to be repaired or replaced. Less durable materials, such
as wood, may be appropriate in select situations, such as outdoor corrals,
perches, climbing structures, resting areas, and perimeter fences for primary
enclosures. Wooden items may need to be replaced periodically because
of damage or dif culties with sanitation. Painting or sealing wood surfaces
with nontoxic materials may improve durability in many instances.

Flooring should be solid, perforated, or slatted with a slip-resistant sur
face. In the case of perforated or slatted oors, the holes and slats should
have smooth edges. Their size and spacing need to be commensurate with
the size of the housed animal to minimize injury and the development
of foot lesions. If wire-mesh ooring is used, a solid resting area may be
bene cial, as this oor type can induce foot lesions in rodents and rabbits
(Drescher 1993; Fullerton and Gilliatt 1967; Rommers and Meijerhof 1996).
The size and weight of the animal as well as the duration of housing on
wire-mesh oors may also play a role in the development of this condi
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exercise, manipulative activities, and cognitive challenges according to
species-speci ¢ characteristics (NRC 1998a; Young 2003). Examples of
enrichment include structural additions such as perches and visual barriers
for nonhuman primates (Novak et al. 2007); elevated shelves for cats
(Overall and Dyer 2005; van den Bos and de Cock Buning 1994) and
rabbits (Stauffacher 1992); and shelters for guinea pigs (Baumans 2005), as
well as manipulable resources such as novel objects and foraging devices
for nonhuman primates; manipulable toys for nonhuman primates, dogs,
cats, and swine; wooden chew sticks for some rodent species; and nesting
material for mice (Gaskill et al. 2009; Hess et al. 2008; Hubrecht 1993;
Lutz and Novak 2005; Olsson and Dahlborn 2002). Novelty of enrichment
through rotation or replacement of items should be a consideration; how
ever, changing animals environment too frequently may be stressful.

Well-conceived enrichment provides animals with choices and a degree
of control over their environment, which allows them to better cope with
environmental stressors (Newberry 1995). For example, visual barriers allow
nonhuman primates to avoid social con ict; elevated shelves for rabbits and
shelters for rodents allow them to retreat in case of disturbances (Baumans
1997; Chmiel and Noonan 1996; Stauffacher 1992); and nesting material and
deep bedding allow mice to control their temperature and avoid cold stress
during resting and sleeping (Gaskill et al. 2009; Gordon 1993, 2004).

Not every item added to the animals environment bene ts their well-
being. For example, marbles are used as a stressor in mouse anxiety studies
(De Boer and Koolhaas 2003), indicating that some items may be detrimen
tal to well-being. For nonhuman primates, novel objects can increase the
risk of disease transmission (Bayne et al. 1993); foraging devices can lead
to increased body weight (Brent 1995); shavings can lead to allergies and
skin rashes in some individuals; and some objects can result in injury from
foreign material in the intestine (Hahn et al. 2000). In some strains of mice,
cage dividers and shelters have induced overt aggression in groups of males,
resulting in social stress and injury (e.g., Bergmann et al. 1994; Haemisch
et al. 1994). Social stress was most likely to occur when resources were
monopolized by dominant animals (Bergmann et al. 1994).

Enrichment programs should be reviewed by the IACUC, researchers,
and veterinarian on a regular basis to ensure that they are bene cial to ani
mal well-being and consistent with the goals of animal use. They should be
updated as needed to ensure that they re ect current knowledge. Personnel
responsible for animal care and husbandry should receive training in the
behavioral biology of the species they work with to appropriately monitor
the effects of enrichment as well as identify the development of adverse or
abnormal behaviors.

Like other environmental factors (such as space, light, noise, tempera
ture, and animal care procedures), enrichment affects animal phenotype
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and may affect the experimental outcome. It should therefore be considered
an independent variable and appropriately controlled.
Some scientists have raised concerns that environmental enrichment
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