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DEDI CATI ON

The Canadian Council on Anim al Care  
dedicates this 2nd Edit ion of  

Volum e 1 of its Guide to the Care  
and Use of Experim ental Anim als  

to CCAC's founder and execut ive director   
unt il his ret irem ent  in 1992, Dr. Harry Rowsell.   

His vision and devot ion to the cause of experim ental  
anim al welfare have set  an exam ple which m any   

seek to em ulate, but  few achieve.  

  

PREFACE

I n 1961, the Com m it tee on Anim al Care of the Canadian Federat ion of Biological Societ ies (CFBS)  
prepared a one-page placard out lining "Guiding Principles for the Care of Experim ental Anim als" . These 
principles were quickly approved by m ost  nat ional scient ific associat ions and, despite their  brevity, 
addressed essent ially the sam e basic pr inciples of anim al care em bodied in this 2nd Edit ion of Volum e 1 
of the Canadian Council on Anim al Care (CCAC)  Guide to the Care and Use of Experim ental Anim als.  

The hundreds of pages of inform at ion contained in the current  two volum es of the Guide represent  steps 
in the evolut ion of efforts by the CCAC to provide the m eans by which the use of anim als in research, 
teaching and test ing in Canada can be perform ed in accord with basic pr inciples of hum ane t reatm ent . 

The CCAC is deeply indebted to the m any veter inarians, anim al care em ployees, hum ane society 
m em bers, adm inist rators, scient ists, and others who have willingly cont r ibuted t im e and expert ise to its 
program s and projects. This edit ion of Volum e 1 of the Guide is only one exam ple of the m any CCAC-
directed act ivit ies that  owe their  existence and success to the t rem endous generosity and good will of 
these Canadians. Their broad part icipat ion in anim al welfare is one of the m ost  im portant , and least -
recognized, m erits of the non- legislated, part icipatory, peer review system  em ployed in Canada.  
  

April,  1993
Donald P.J. Boisvert , MD, PhD  

Execut ive Director  
Canadian Council on Anim al Care

 
   
   
  



FOREW ORD

Since its incept ion in 1968, the Canadian Council on Anim al Care (CCAC)  has brought  about  enhanced 
anim al care and use through educat ion, voluntary com pliance, and codes of ethics. The Council's unique 
flexibilit y allows it  to readily respond to the concerns of both the scient ific com m unity and the general 
public, as exem plified by num erous am endm ents to CCAC's " liv ing docum ents,"  such as its Ethics of 

Anim al I nvest igat ion,  which appear elsewhere in this Guide.  

I n line with increasing concerns for enrichm ent  of the anim al's environm ent  (see Social and Behavioural 
Requirem ents of Experim ental Anim als) , in addit ion to opt im al physical standards, CCAC is placing 
increased em phasis on perform ance standards:  it  is of pr im ary im portance that  the anim al is com fortable 
and well-adjusted. 

Local inst itut ional Anim al Care Com m it tees (ACC)  or Anim al Research Ethics Boards (AREB)  were 
int roduced by CCAC in 1968, and are now em bodied in Am erican legislat ion. These com m it tees serve as 
the "conscience" of the inst itut ion in order to ensure ethical concerns are addressed in the protocols for 
and conduct  of the research being undertaken. As with its docum entat ion, CCAC's assessm ent  program  
and suggested term s of reference for ACCs cont inue to be subject  to considerable change as experience is 
gained and new technology becom es available. Most  of these changes have com e in response to concerns 
expressed by the scient ific com m unity, although som e have been influenced by concerns expressed by 
anim al protect ion organizat ions. 

Contem porary anim al care program s address the com fort , health, safety and security of anim als. At  least  
to date, the num bers of anim als needed has steadily declined, at  least  part ially because of the scient ific 
com m unity's developm ent  of alternat ive techniques. Specific Pathogen Free (SPF)  rodents, rabbits, etc., 
have been int roduced. Microbiological and genet ic m onitor ing have reduced anim al disease, and thus 
dim inished anim al suffer ing. 

The following, as included in the Foreword of Volum e 1 of this Guide (1980)  bears repeat ing:  

"The increasing use of cell cultures, m icrobial system s, com puter sim ulat ion and other 

replacem ent  techniques provides clear evidence of the scient ific com m unity's com m itm ent  

to im plem ent ing the Russell-Burch tenet  of 'reduct ion, replacem ent , and refinem ent ' in 

the use of experim ental anim als. However, such m ethods are, of necessity, 

com plem entary to anim al experim entat ion and are init ially dependent  on anim al-based 

research. The applicabilit y of such techniques depends on validat ion ut ilizing anim al 

system s, and on clinical studies. Confirm at ion of the data frequent ly requires the 

invest igator to 'return to the whole anim al'."

I n conclusion, it  is not  CCAC's responsibilit y to act  as an advocate for the m any cont r ibut ions m ade 
through the use of anim als in research. I ts m andate is to develop program s to enhance anim al care and 
to m ake changes as required, based on sound expert ise and input . However, the Council m aintains the 
r ight  to advocate the benefits of its voluntary cont rol program . I t  is incum bent  upon each inst itut ion to 
prom ulgate this program  by support ing the decisions of its ACC and the researcher who has received the 
ACC's ethical approval for his/ her studies. 

Progress has been, and will cont inue to be m ade when the scient ific com m unity and those in the general 
public concerned with the welfare of anim als join together to seek the m iddle ground. Through 
responsible and learned discussion, without  acr im ony, ext ravagant  zeal for a cause, or polar ized view, 
agreem ents will be m ade which will benefit  the anim als we ut ilize in research, teaching, and m andatory 
test ing. 

CCAC guidelines are not  all-encom passing or "etched in stone". Their applicat ion requires good 
judgem ent  and com m on sense, based on t raining and experience. CCAC's program  encourages the 



developm ent  of consensus am ongst  those using the guidelines and those required to oversee their  
applicat ion. 

General reference works and publicat ions dealing with the care and use of experim ental anim als, if not  
available in inst itut ional librar ies or facilit y reading room s, m ay often be borrowed for lim ited periods 
from  the CCAC Secretar iat  library without  charge, except  for m ailing costs.  
  

 
Harry C. Rowsell,  OC, DVM, PhD  

Execut ive Director (1968-92)   
Canadian Council on Anim al Care
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I . RESPONSI BI LI TY FOR THE CARE AND USE OF  

EXPERI MENTAL ANI MALS

All experim ental care and use of anim als in this count ry is subject  to the requirem ents of the Canadian 
Council on Anim al Care (CCAC) , a nat ional, peer review organizat ion founded in Ot tawa in 1968. I ts 
m andate is st raight forward and concise:  

" to work for the im provem ent  of anim al care and use on a Canada-wide basis" .

 
A.    NATI ONAL LEVEL 

1 .    Evolut ion of the Canadian Council on Anim al Care  

The 1950s and 1960s were a period of phenom enal growth in Canadian research and graduate teaching, 
part icular ly in biom edical sciences. Expression of public concern over the use of anim als in research also 
increased during this period, as did the awareness of the scient ific com m unity that  this const ituted a 
sensit ive area, and raised ethical quest ions, not  the least  of which was responsibilit y for anim al care and 
use. 

I n 1963, the Medical Research Council (MRC)  decided that  the m at ter warranted further study, and the 
following year it  requested that  the Nat ional Research Council (NRC)  establish a com m it tee to invest igate 
the care and use of experim ental anim als in Canada. The report  of the Special Com m it tee on the Care of 
Experim ental Anim als (1966)  recom m ended the creat ion of a voluntary cont rol program  exercised by 
scient ists in each inst itut ion, subject  to peer judgem ent  and com m it ted to im plem ent  the guiding 
pr inciples of an independent  advisory body. 

A feasibilit y study of these proposals was undertaken (Rowsell,  1967)  and, as a result , all universit ies and 
governm ent  departm ents where anim als were used agreed to support  the form at ion of a Canadian council 
on anim al care (Anon., 1967) . The CCAC was established in 1968 as a standing com m it tee of the 
Associat ion of Universit ies and Colleges of Canada (AUCC) . Com prising 12 m em ber organizat ions, 
including the Canadian Federat ion of Hum ane Societ ies (CFHS) , its term s of reference included the 
m aking of recom m endat ions for im provem ents in:  

a)     the procurem ent  and product ion of experim ental anim als;   
b)     the facilit ies and care of experim ental anim als;   
c)    the cont rol over experim ents involving anim als. 

At  its inaugural m eet ing, held January 30, 1968, the CCAC adopted as its object ive:  " to develop guiding 
pr inciples for the care of experim ental anim als in Canada, and to work for their  effect ive applicat ion."  A 
Resources Panel and an Anim al Care Review Panel were created to assist  the secretar iat  in achieving its 
object ive. The funct ions of the or iginal resources panel have, in recent  years, been assum ed by specific 
com m it tees responsible for the developm ent  and im plem entat ion of nat ional policies on laboratory anim al 
resources. 

Prior to CCAC's establishm ent , the only guidelines which had been defined for the care and use of 
experim ental anim als in Canada had been the Canadian Federat ion of Biological Societ ies' (CFBS)  one-
page Guiding Principles for the Care of Experim ental Anim als (1961) . Within its first  year, the Council 
published com prehensive guidelines ent it led Care of Experim ental Anim als:  A Guide for Canada.  I t  
dem anded use of non-sent ient  m ethods wherever possible, and noted that  "when an anim al m ust  be used 
there is an obligat ion to:  



a)     provide hum ane care and t reatm ent ;   
b)     m inim ize pain and discom fort ;   
c)     avoid unnecessary use."  

2 .    The Contem porary Council 

Co- funded by this count ry's two m ajor grant ing agencies, the MRC and the Natural Sciences and 
Engineering Research Council (NSERC) , the CCAC com prises 20 m em ber organizat ions, whose 
representat ives include scient ists, educators, and representat ives of indust ry and the anim al welfare 
m ovem ent . They include:  

    1.    Agriculture Canada (AC)   
    2.    Associat ion of Canadian Facult ies of Dent ist ry (ACFD)   
    3.    Associat ion of Canadian Medical Colleges (ACMC)   
    4.    Associat ion of Universit ies and Colleges of Canada (AUCC)   
    5.    Canadian Associat ion for Laboratory Anim al Medicine (CALAM)  
    6.    Canadian Associat ion for Laboratory Anim al Science (CALAS)   
    7.    Canadian Federat ion of Hum ane Societ ies (CFHS)   
    8.    Com m it tee of Chairpersons of Departm ents of Psychology (CCDP)   
    9.    Canadian Society of Zoologists (CSZ)   
    10.  Confederat ion of Canadian Facult ies of Agriculture and Veterinary Medicine  
            (CCFAVM)  
    11.  Departm ent  of Nat ional Defence (DND)   
    12.  Environm ent  Canada (EC)   
    13.  Fisheries and Oceans Canada (FOC)   
    14.  Health and Welfare Canada (HWC)  
    15.  Canadian Heart  and St roke Foundat ion of Canada (HSFC)   
    16.  Medical Research Council (MRC)   
    17.  Nat ional Cancer I nst itute (NCI )   
    18.  Nat ional Research Council (NRC)   
    19.  Natural Sciences and Engineering Research Council (NSERC)   
    20.  Pharm aceut ical Manufacturers' Associat ion of Canada (PMAC)  

CCAC assessm ent  panels evaluate anim al care and use in Canadian universit ies and com m unity colleges, 
governm ent  laborator ies, and com m ercial laborator ies. The effects of the CCAC program  have included 
im provem ent  in both housing and m anagem ent  pract ices. As a result , although the research com m unity 
is growing, the num bers of experim ental anim als has, to date, steadily declined;  however, they m ay 
increase in future because of increased use of t ransgenic anim als and genet ic m anipulat ion. This has 
already occurred in the U.K. (Anon., 1992d) . 

The concerns of the Council in such areas as alternat ives, anim al biotechnology, facilit ies standards, 
im m unological procedures, invertebrates and wild vertebrates are reflected in its com m it tees which 
com prise experts from  a wide variety of biological disciplines and the anim al welfare com m unity. 

3 .    CCAC's Assessm ent  Program  

The CCAC carr ies out  its nat ional responsibilit y for anim al care through educat ion in the form  of 
workshops, publicat ions, presentat ions, etc., and its assessm ent  program , which focuses on anim al care 
and use, and the evaluat ion of the effect iveness of local Anim al Care Com m it tees (ACC) . These 
inst itut ional com m it tees are responsible for assuring ethical anim al use and com pliance with CCAC 
guidelines at  the local level, and m ust  evaluate the ethical aspects of proposed research before the study 
m ay com m ence. (CCAC Recom m ended Term s of Reference and Guidelines for Anim al Care Com m it tees 
are found later in this chapter.)  Assessm ents are based on Volum es 1 and 2 of this Guide and CCAC 
posit ion papers. I n-depth assessm ents are norm ally scheduled approxim ately every three years. I n 
addit ion, a num ber of Special or Unannounced Visits are conducted if a panel and/ or the Council feels that  



the condit ions at  an inst itut ion so warrant , or upon request  by the inst itut ion. 

a)     The Panel 

The scient ific m em bers of an assessm ent  panel are chosen by CCAC from  an inventory of individuals with 
experience and special knowledge of various aspects of anim al experim entat ion and care;  they are 
selected, as m uch as possible, with reference to the predom inant  thrust  of the research at  the inst itut ion 
to be assessed. As well,  each panel includes a CFHS or other anim al welfare appointee, usually drawn 
from  the geographic area of the inst itut ion to be visited. All panellists serve voluntar ily and without  
rem unerat ion except  expenses. The average com plem ent  of a panel is three scient ists and one anim al 
welfare representat ive, with the Director or Associate Director of Assessm ents serving as an ex-officio 
m em ber. I t  is som et im es necessary in the larger inst itut ions to increase the size of the panel and divide it  
into sub-groups. I n som e of the larger inst itut ions, assessm ents m ay be carr ied out  on a faculty or 
departm ental basis. 

b)     Preparat ion for  the Site Visit  

Pr ior to each assessm ent  visit ,  the Council requests and receives from  the inst itut ion current  inform at ion 
pertaining to:  

i)      adm inist rat ive organizat ion;   
ii)     anim al care personnel;   
iii)    space allocat ion and locat ion(s)  for anim al housing and use;   
iv)    anim al use. 

The inst itut ion also provides an anim al use sum m ary indicat ing the species and num bers of anim als being 
used, and an indicat ion of the research or teaching project  in which they are involved. This perm its the 
panel to give not ice of specific projects m em bers m ay wish to exam ine in depth, including direct  
discussion with the pr incipal invest igator. Stat ist ics on anim al use retained by CCAC are now updated 
annually through the use of the Anim al Research Protocol Managem ent  System  (ARPMS)  com puter 
program  developed and provided to each inst itut ion by CCAC. 

c)     The Assessm ent  

Most  assessm ents begin with a m eet ing with the ACC and senior adm inist rat ive personnel of the 
inst itut ion. At  this t im e, the inst itut ion's anim al care program  is reviewed, and its response to the 
previous assessm ent  panel's recom m endat ions discussed. Other topics m ight  include changes to facilit ies, 
changes in personnel, occupat ional health and safety program s, m ajor changes in anim al use, the "state-
of- the-art "  of anim al care, and the im portance of environm ental enrichm ent . 

A considerable am ount  of t im e is spent  with the inst itut ional ACC reviewing term s of reference, m inutes 
from  m eet ings and discussing the protocol approval process to ensure the com m it tee is funct ioning 
effect ively. 

All areas which house or hold anim als are visited, as are all areas in which procedures on anim als are 
perform ed, e.g., surgical suites and laboratory test ing areas. During these visits, m any individual 
invest igators are interviewed, and specific procedures or techniques m ay be observed. The panel is 
usually accom panied on the site visit  by a m em ber(s)  of the ACC, and pert inent  departm ental officials. 

Following the site visit ,  a m eet ing with the ACC and senior officials is reconvened. This is part icular ly 
im portant  if the panel has m ajor or serious concerns about  any aspect  of the anim al care and use;  if so, 
the panel will request  im m ediate appropriate act ion if a part icular situat ion so warrants. A general out line 
of the panel's observat ions and Major or Serious recom m endat ions, which will be forthcom ing in an in-



depth report , is usually provided at  this t im e. 

Deficiencies which are of a Major nature, i.e., where an anim al's health is at  r isk, m ust  be addressed 
im m ediately. Failure to take act ion would further jeopardize anim al welfare and could place an inst itut ion 
in a status of Non-com pliance. 

I nst itut ions are given only short  periods of t im e (e.g., three m onths)  to respond to recom m endat ions of a 
Serious nature. Regular recom m endat ions, which m ost  com m only concern housekeeping or facilit y 
m aintenance, m ust  be im plem ented at  least  by the t im e of the next  in-depth assessm ent . 

d)     Relevant  Reports 

A subsequent  in-depth report  and recom m endat ions, prepared by the panel, are aim ed at  helping the 
inst itut ion to im prove its anim al care pract ices and/ or facilit ies to a standard in keeping with this Guide.  
These reports are circulated to the m em bers of the CCAC prior to being forwarded to the senior 
adm inist rat ive official of the inst itut ion. The report  and its contents are considered confident ial;  however, 
the inst itut ional official(s)  m ay dist r ibute copies to whom  they wish. I f they wish to release the report  to 
the public, the CCAC should have prior not ificat ion. Occasionally, a panel m em ber m ay have concerns 
which do not  reflect  the view of the m ajority of the panel. I n such cases, this m em ber has the r ight  to 
subm it  a m inority report . 

I n response to the panel's report , inst itut ions are asked to subm it  to the CCAC within six m onths a report  
describing the m ethods it  proposes em ploying in order to im plem ent  the report 's recom m endat ions. 
Should this im plem entat ion report  be considered unsat isfactory by the Council,  the CCAC m ay inst ruct  its 
secretar iat  to determ ine the reasons for non-com pliance and to take such further act ions as deem ed 
necessary. For exam ple, the CCAC not ifies the MRC and NSERC of any inst itut ion found to be in non-
com pliance with CCAC standards, and which has not  responded sat isfactor ily within the t im e given to 
correct  the situat ion. A statem ent  issued in March, 1985, notes:  

"On receipt  of a  statem ent  on non- com pliance, and after  review ing the full evidence, NSERC 
and MRC reserve the r ight , e ither separately or  together, to br ing their  concerns to the 
appropriate authorit ies in the research inst itut ion concerned and, if they deem  it  necessary, to 
im plem ent  such financial or  other sanct ions as m ay be in the pow er of either Council. Such 
sanct ions m ay be taken w hether or  not  the non- com pliance concerns research funded by 
either Council and m ight  include the freezing or w ithdraw al of research funds for  any or a ll 
research program s funded by either or  both Research Councils in the inst itut ion."  

e)     Sum m ary  

CCAC's program s have been well received, and enjoy the support  and co-operat ion of all inst itut ions 
involved, including pr ivate sector com panies and governm ent  departm ents that  are not  dependent  on 
funds from  grant ing agencies. I t  has also resulted in an increased level of awareness and sensit iv ity to 
the ethics of anim al experim entat ion am ongst  scient ists and invest igators. The Council cont inues to 
encourage the use of alternat ives to anim al use wherever possible, as exem plified by Russell and Burch's 
"3R" tenet  of Replacem ent , Reduct ion and Refinem ent  (Russell and Burch, 1959;  Sm ythe, 1978) . 

4 .    CCAC Posit ion Statem ents 

I n addit ion to the Guide,  (Volum es 1 and 2)  the CCAC develops and publishes posit ion statem ents on a 
num ber of m at ters. Such posit ion statem ents are subject  to periodic revision. These include Ethics of 

Anim al I nvest igat ion, CCAC Guidelines on Acceptable I m m unological Procedures,  and Categories of 

I nvasiveness in Anim al Experim ents,  which m ay be found in the Appendices. The Social and Behavioural 

Requirem ents of Experim ental Anim als (SBREA)  docum ent  m ay be found elsewhere in this Guide.  As 
noted, these posit ion statem ents, along with the Guide,  form  the basis on which CCAC assessm ents are 



m ade. 

5 .    Legislat ion Governing Experim ental Anim als 

Anim al welfare is governed in Canada under Sect ion 446 of the Crim inal Code. Legislat ion pertaining 
specifically to experim ental anim als exists in two provincial acts:  Anim als for Research Act  (Ontario)  and 
Universit ies Act  (Alberta) . There are num erous other laws that  im pact  on anim als kept  for research, 
teaching and test ing. 

a)     Federal Legislat ion  

The Crim inal Code of Canada, Sect ion 4 4 6 , Cruelty to Anim als,  forbids "causing unnecessary 
suffer ing."  The century-old (1892)  Code states that :  "Everyone com m its an offence who wilfully causes 
or, being the owner, wilfully perm its to be caused unnecessary pain, suffer ing or injury to an anim al or 
bird...."  

The Law Reform  Com m ission of Canada (LRCC) , after 15 years' preparat ion (Anon., 1988a) , and 
considerable public input , proposed widespread am endm ents to the Crim inal Code in a report  
ent it ledReport  31 Recodifying Crim inal Law  in 1988 (LRCC, 1987;  Anon., 1988b) . The proposed changes 
relat ing to anim als cent red on t reat ing anim als as sent ient  beings, and not  m erely chat tel put  here for 
hum ans' use, a posit ion the Canadian Veterinary Medical Associat ion (CVMA) , am ong others, considered 
m erited support  (Olfert , Finley, Laniel et  al.  1989) . Chapter 20, Tit le I V, Crim es Against  the Natural 
Order, Crim es Against  Anim als, focused on three areas:  cruelty to anim als, organizing sport ing events 
and anim al neglect . I t  noted, for exam ple, that  "Everyone com m its a cr im e who unnecessarily causes 
injury or serious physical pain to an anim al."  Scient ific research is exem pt  "unless the r isk of injury or 
serious physical pain is disproport ionate to the benefit  expected from  the research."  Although tabled in 
Canada's House of Com m ons May 19, 1988 (Anon., 1988c) , no act ion has been taken to date to 
im plem ent  the report . 

I n 1989, the CFHS proposed federal legislat ion governing experim ental anim als, which included econom ic 
sanct ions and m ore power for non-user m em bers of inst itut ional ACCs (Anon., 1989) . The CFHS proposal 
was later refused by the then Minister of Nat ional Health and Welfare, The Hon. Perr in Beat ty, who 
considered it  would be m ore expensive than CCAC's program , and "would not  im prove the already 
excellent  level of care given to anim als in Canadian laborator ies."  

The federal Health of Anim als Act , C- 6 6  ( June, 1 9 9 0 , rev. March, 1 9 9 2 ) ; 3 8 - 3 9  Elizabeth I I , 
Chapter 2 1  ( replacing the Anim al Disease and Protect ion Act  and Part  I I I  of the Livestock and Livestock 
Products Act )  is aim ed at  protect ing Canadian livestock from  contagious diseases such as tuberculosis and 
brucellosis, and keeping out  foreign diseases. Under Regulat ions, the Act  states that  " the Governor in 
Council m ay m ake regulat ions for the purpose of protect ing hum an and anim al health... including 
regulat ions... 

i)      for the hum ane t reatm ent  of anim als and generally governing the care, handling and disposit ion of 
anim als;  

ii)     governing the m anner in which anim als are t ransported within, into or out  of Canada;  and 

iii)    providing for the t reatm ent  or disposal of anim als that  are not  cared for, handled or t ransported in a 
hum ane m anner."  

Agriculture Canada has published Codes of Pract ice for pigs, veal calves, poult ry, dairy cat t le, beef cat t le, 
ranched fox and m ink (Agriculture Canada, 1771/ E, 1984;  1821/ E, 1988;  1757/ E, 1989;  1853/ E, 1990;  
1870/ E, 1992;  1831/ E, 1989;  1819/ E, 1988) . I n addit ion, a revision of the Recom m ended Code of 



Pract ice for the Care and Handling of Farm  Anim als- -Pigs (1898/ E)  is now in press. The Codes represent  
the current  indust ry standards and, for the m ost  part , are the m inim um  CCAC requires for research 
inst itut ions undertaking agricultural research. Researchers and others working with agricultural anim als 
m ust  be fully conversant  with these Codes. 

The federal Food and Drug Act  and Regulat ions (August  5, 1982) , cover use of anim als in the test ing 
of new drugs and vaccines, and for toxins in foods. Health and Welfare Canada's Bureau of Biologics is 
responsible for the m onitor ing of biologics, the virulence and efficacy of which can usually be tested only 
in the liv ing anim al. 

Very lit t le test ing of cosm et ics and consum er chem icals is conducted in Canada due to the fact  that  
alm ost  none of these item s are developed here (Gilm an, 1980) . That  said, cosm et ics are the 
responsibilit y of the Drugs Directorate, through the Bureau of Non-prescript ion Drugs. Safety evidence is 
required of the m anufacturer and could involve in vivo (anim al)  test ing in the case of new chem icals and 
chem ical com binat ions. 

Responsibilit y for food safety/ nut r it ional quality lies with the Bureau of Microbiological Hazards, Chem ical 
Safety, and Nut r it ion. The ident ificat ion of specific m icroorganism s and toxins in food requires som e 
specific anim al tests (e.g., tests are conducted in m ice for paralyt ic shellfish toxins and botulism ) . 

b)    Provincial Legislat ion  

i)     Saskatchew an  

Under the Veterinarians Act  of 1987 of the Province of Saskatchewan (Chapter V-5.1)  "a person using an 
anim al in research at  a university,"  and em ploying procedures in studies approved by an ACC which 
includes a veter inarian, is exem pt  from  the Act 's provision that  only a m em ber of the Saskatchewan 
Veterinary Medical Associat ion "shall engage... in the pract ice of veter inary m edicine."  

ii)     Alberta  

Alberta, in 1966, passed its Universit ies Act ,  (Sect ion 50, "Dog Cont rol and Procurem ent" ;  Regs. 341-
366) . This legislat ion forbade research inst itut ions from  purchasing dogs for research purposes, but  m ade 
it  incum bent  upon m unicipal pounds to m ake all unclaim ed dogs available to facult ies of m edicine on 
request . I n 1972, Alberta Regulat ion 33-72 was expanded to cover the t reatm ent  of anim als.  Condit ions 
under which they were to be t ransported, m aintained, used and disposed of were specified. This included 
m andatory exercise for caged dogs. I t  required use of anesthesia, analgesia, and standards of post -
surgical t reatm ent ;  the dem and that  those using anim als be qualified;  and safeguards to perm it  owners' 
ret r ieval of their  anim als from  an isolat ion/ quarant ine facilit y (Secord, 1974) . 

iii)     Ontario 

The use of experim ental anim als in Ontario is governed by its Anim als for  Research Act  (Revised 
Statutes of Ontario, 1980, Chapter 22 as am ended by 1989, Chapter 72,s6 and Regulat ions 16,17,18,19. 
Revised Regulat ions of Ontario, 1980, March 1990) . Before its passage after m uch cont roversy in May, 
1971, the then Minister of Agriculture and Food, The Hon. William  Stewart , stated February 19, 1969 in 
the Provincial Legislature, that :  "By cont rolling the source of anim als and by m aking anim als m ore readily 
available to research facilit ies, undesirable pract ices such as the theft  of dogs- -dognapping- -and the 
operat ions of unscrupulous dealers will be curbed..."  (Stewart , 1969a) . On June 17, 1969, again in the 
Provincial Legislature, Mr. Stewart  said that :  "When this legislat ion is enacted, the Governm ent  of Ontario 
will em body in these Regulat ions the pr inciples relat ing to the care of experim ental anim als as spelled out  
by the Canadian Council on Anim al Care (CCAC) ..."  (Stewart , 1969b) ;  however, this was never done. 



This Act , which is adm inistered by the Ontario Minist ry of Agriculture and Food (OMAF) , requires annual 
regist rat ion of all research facilit ies in the province. I t  includes clauses requir ing anesthet ics and 
analgesics in order to prevent  anim al suffer ing and unnecessary pain, local ACCs which include a 
veter inarian and authority to require that  research projects be m odified;  regulated m inim um  standards 
for housing, procedures and care, inspect ion of research prem ises and a m inim um  redem pt ion period of 
72 hours (which m unicipalit ies m ay extend) . Under the Act , after this period, the pound m ay sell 
unclaim ed anim als for pets, hunt ing and for use in registered research establishm ents. 

Under the Anim als for Research Act , the Ontario Society for  the Prevent ion of Cruelty to Anim als 
Act , 1 9 5 5  "does not  apply in respect  of anim als in the possession of the operator of a registered 
research facilit y (RSO 1980, c.22, s.19) ."  

I n 1985, Bill 2 1 ,  a Private Mem ber's Bill proposed by MLA Ed Philip, would have allowed m unicipalit ies 
the choice of whether or not  to provide unwanted st ray anim als to research establishm ents. I n 1986, 
according to the Ontario Public Trustee's Office, the Coalit ion Against  Pound Seizure, "a project  funded by 
the Toronto Hum ane Society"  spent  m ore than $200,000 fight ing the Anim als for Research Act  
(McAndrew, 1987) . Bill 21 was opposed by veter inary societ ies (Sanderson, 1986) , and the Ontario 
Hum ane Society, which suggested that  its m em bers disassociate them selves from  the coalit ion. 
Researchers and academ ics argued that  work crucial to saving hum an lives was threatened because of 
pressure from  such groups (Wilson, 1986) . 

Although Bill 21 passed 2nd Reading in 1985, it  was not  put  forth for 3rd (and final)  Reading (Anon., 
1987;  Com eau, 1987;  Sheppard, 1987;  Wilson, 1986) . 

I n 1988, MLA C.J. "Bud" Wildm an int roduced Bill 1 9 0 ,  which sought  to am end the Anim als for Research 
Act  by prohibit ing use of anim als in non-m edical test ing. Hearings were held to debate it  in 1989 (Anon., 
1989;  Harvey, 1990)  and it  received 2nd Reading, but  not  the necessary 3rd Reading. However, m eet ings 
in 1991/ 92 between Ontario's Minister of Agriculture and Food, The Hon. Elm er Buchanan, and various 
groups have resulted in his decision to " increase public input  into the research process as well as rest r ict  
the usage of anim als in test ing."  

iv)     Quebec 

Following charges that  2,000 st ray dogs were picked up off suburban Mont real st reets and sold in the U.
S. for use in research (CP, 1985) , the Mont real-based Canadian SPCA conducted an invest igat ion which 
found that  3,000-5,000 dogs and 2,000 to 3,000 cats were being shipped each year from  Quebec, 
pr im arily because research establishm ents in the Northeastern U.S. had passed laws against  the sale of 
anim als from  m unicipal pounds for research (Duquet te, 1986) . The CSPCA subsequent ly developed and 
proposed legislat ion governing anim al use (Duquet te, 1986) . 

More recent ly, a provincial Table de concertat ion (Working Group)  on Cruelty to Anim als exam ined anim al 
welfare in the Province of Quebec, and reviewed anim al welfare legislat ion proposed by the CSPCA 
(Anon., 1991a) . The Table's (1992)  report  requested that  CCAC ensure st r ict  adherence to its guidelines 
in Quebec by increasing the num ber of assessm ents, and unannounced visits in part icular, ensure 
effect ive funct ioning of ACCs, pay part icular at tent ion to the qualificat ions of researchers and anim al care 
at tendants, ensure m anagem ent  and m onitor ing are adequate, st rongly encourage adherence to Russell 
and Burch's "3R" tenet  of Replacem ent , Reduct ion and Refinem ent  (Russell and Burch, 1959)  and ensure 
ACCs include representat ives from  the com m unity, including known anim al welfare societ ies. 

The recom m endat ions also asked Quebec m inist r ies involved in anim al use to ensure CCAC standards 
were applied in all inst itut ions receiving provincial funding, and that  CCAC periodically supply the Minist ry 
of Agriculture, Fisheries and Food with a list  of the inst itut ions assessed, so that  the Minist ry could 
request  copies of assessm ent  reports. 



c)     Legislat ion in the United Kingdom  

The U.K.'s Anim als ( Scient ific Procedures)  Act  1 9 8 6 , which replaced the century-old Cruelty to 
Anim als Act  1876, gives the Hom e Secretary the responsibilit y for judging the scient ific m erit  of the 
research he authorizes, " for which he will be answerable to parliam ent"  (Hollands, 1986) . Sect ion 5(4)  
states that  " I n determ ining whether and on what  term s to grant  a project  licence, the Secretary of State 
shall weigh the likely adverse effects on the anim als concerned against  the benefit  likely to accrue as a 
result  of the program  to be specified in the licence."  This clause was included at  the insistence of an 
alliance com prising the Brit ish Veterinary Associat ion (BVA) , the Com m it tee for the Reform  of Anim al 
Experim entat ion (CRAE) , and the Fund for the Replacem ent  of Anim als in Medical Experim ents (FRAME)  
(Sm ith, 1988) . 

Com m ent ing on this requirem ent , Balls (1989)  states:  "What  then will follow is the crucial weighing of the 
balance, but  how certain will we need to be that  a part icular program  of work will lead to the relief or 
avoidance of significant  hum an (or anim al)  suffer ing before we allow undeniably painful procedures to be 
applied to laboratory anim als? One part  of the answer should be to apply a m ore r igorous and m ore 
considerate and hum ane analysis in the future than in the past , where ( to agree with Les Brown)  (Brown, 
1988)  supposed benefits couched in generalit ies such as the ' increase of knowledge' have all too often 
been enough. Also, let  us in future be m ore willing to give the anim al the benefit  of the doubt - - for who 
can have the foresight  to sat isfactor ily and convincingly quant ify the extent  to which the rate of progress 
in m edical research would really suffer as a consequence?" 

The Act  also calls for a statutory 21-m em ber Anim al Procedures Com m it tee (APC)  which has wide powers 
to advise the Hom e Secretary, who cont rols the overall severity perm it ted. I t  also dictates that  all 
research anim als (with som e except ions (e.g., farm  anim als and anim als taken from  the wild)  be obtained 
from  registered suppliers (Balls, 1986) . The APC was to provide the m echanism  for ethical debates. 
However, m em ber Judith Ham pson, form er Anim al Experim ents Officer with the RSPCA, has stated that  
the com m it tee deals only with a few cases referred to it  by the Hom e Office and "has failed to deal 
adequately with issues of part icular concern to the public...and there is very lit t le public accountabilit y."  
She called for form at ion of inst itut ional ethics com m it tees with com m unity representat ion (Ham pson, 
1992) . 

The Anim als (Scient ific Procedures)  Act  was widely debated and cr it icized, both before and after passage 
(Balls, 1990;  Aldhous, 1990;  McKie, 1986;  Fisher, 1990) , and was even described by anim al act ivists as 
" the vivisectors' guide to pain"  (Churchward, 1986) . Others subsequent ly quest ioned whether the Act  had 
failed (Balls, 1990;  Anon., 1990)  when experim ents carr ied out  in an inadequately anesthet ized rabbit  by 
an elderly neurophysiologist  at  the Nat ional I nst itute for Medical Research (NI MR)  were exposed by an 
ant ivivisect ionist  group (Anon., 1990)  using videotaped evidence. The organizat ion later claim ed that  " the 
Hom e Secretary failed to weigh adequately the likely benefit  of the research against  the adverse effects 
on the anim als involved."  

The scient ist  and his assistant  relinquished their  licences and a subsequent  Medical Research Council 
(MRC)  enquiry reported that  the requirem ents of the Act  had, indeed, been broken (Anon., 1991b) . Many 
felt ,  however, that  the case was an isolated incident , and the Brit ish Veterinary Associat ion (BVA)  cam e 
to the conclusion that , overall,  the Act  was working well,  although im provem ents are needed in 
adm inist rat ion and operat ion (Anon., 1991c) . 

d)     Legislat ion in the United States 

I n the U.S., two prim ary federal laws govern anim al use. The Health Research Extension Act  ( or  N I H 
Authorizat ion Act )  passed in 1985 requires establishm ent  of I nst itut ional Anim al Care Com m it tees 
( I ACCs)  and I ACC inspect ions (Traystm an, 1990) . The Anim al W elfare Act  (1985)  includes in its 
requirem ents provision of adequate veter inary care with appropriate use of anesthet ic, analgesic, 
t ranquillizing drugs, or euthanasia, considerat ion by the pr incipal invest igator of alternat ives to any 
procedure likely to produce pain and dist ress, and establishm ent  of ACCs, which m ust  include a 
veter inarian. 



The Departm ent  of Agriculture, Anim al and Plant  Health I nspect ion Service, March 15, 1989 published 
Anim al Welfare;  Proposed Rules in the Federal Register  (pgs. 33447-33531)  to am end the Anim al Welfare 
Act  (7 U.S.C. 2131-2157) , which itself was an am endm ent  to the Farm  Bill (1985) . The 1985 
am endm ents had required standards for pre-  and post -surgical care, inspect ion of research facilit ies, 
requirem ent  for ACCs, establishm ent  of an inform at ion service at  the Nat ional Agricultural Library, annual 
t raining sessions for laboratory personnel and increased penalt ies for facilit ies violat ing the anim al welfare 
standards (Schwindam an, 1990) . 

After m uch public input  and debate (Meyers, 1990) , Final Rules for Part  One (definit ions)  and Part  Two 
( regulat ions)  were published August  31, 1989 in the Federal Register  (pgs. 36112-36163) . Although 
these Final Rules approved the governing of sm all anim als, Part  Three proposed "addit ional standards...
directed pr im arily toward the exercise of dogs, the psychological well-being of pr im ates and standards for 
research facilit ies"  (Schwindam an, 1990) . 

Eventually, the Final Regulat ions, issued February 15, 1991, and published in the Federal Register  (pgs. 
6426-6505)  were "perform ance based,"  i.e., the health of the anim als would be of greater im portance 
than details of their  housing (Anon., 1991c) . By August  14, 1991, inst itut ions had to produce writ ten 
plans for providing exercise for dogs and im proving the psychological well-being of non-hum an prim ates 
(NHP)  (Myers, 1991) . However, a U.S. judge has invalidated the regulat ions because they did not  set  
m inim um  standards (Mervis, 1993) . 

As the result  of a lawsuit  launched by the Hum ane Society of the United States (HSUS)  and the Anim al 
Legal Defence Fund (ALDF) , experim ental m ice, rats and fish will now be covered by the legislat ion in the 
U.S. January 8, 1992, the U.S. dist r ict  court  in Washington, D.C. ruled that  the U.S. Departm ent  of 
Agriculture (USDA)  had violated the federal Anim al Welfare Act  by denying basic protect ion to Am erica's 
15 m illion m ice, rats and birds used annually in research (Anon., 1992a) . However, the governm ent  has 
appealed this decision (Mervis, 1993) . I nst itut ional Anim al Care and Use Com m it tees ( I ACUC)  (Orlans, 
Sim m onds and Dodds, 1987) , m ust  now review all research proposals involving these species, as the 
CCAC has required since its incept ion. 

A com pilat ion of U.S. state laws concerning research anim al use has recent ly been published (NABR, 
1991) , as well as anim al- related legislat ion int roduced in the 102nd Congress (Anon., 1992b) . August  26, 
1992, the U.S. also passed the "Anim al Enterprise Protect ion Act  of 1992" (Public Law 102-346)  which 
m ade it  a Federal offence to enter a research laboratory without  authorizat ion and "steal, dest roy or 
m ake unauthorized use of research anim als, equipm ent  or data"  (Heflin, 1992;  Anon., 1992c) . 

6 .    Pre- University Use of Anim als 

Before the establishm ent  of CCAC guidelines, pre-university use of experim ental anim als was governed 
by a one-page docum ent  prepared by the CFBS. The Federat ion required com pliance with its Guiding 
Principles, and said that  "all experim ents em ploying anim als m ust  be carr ied out  under the supervision of 
a qualified teacher."  

At  the present  t im e, anim al use in the school is subject  to the requirem ents of legislat ion such as the 
Health of Anim als Act  (Bill C-66) , the Crim inal Code of Canada, Sect ion 446, Cruelty to Anim als, and 
provincial legislat ion, where such exists. Prim ary responsibilit y for anim al use at  the pre-university level 
now lies, however, with the Youth Science Foundat ion (YSF)  (904-151 Slater St ., Ot tawa, Ontario Canada 
K1P 5H3) , which requires com pliance with the CCAC guidelines in the conduct  of biological research. 

The YSF, am ongst  its responsibilit ies, regulates anim al experim entat ion in Science Fairs. All research 
intended for Science Fairs m ust  be screened by a com m it tee cognizant  of current  requirem ents;  if none is 
available, the YSF m ay be contacted. Science Fair Regulat ions perm it  use of lower form s of life (bacter ia, 
fungi, protozoa, insects, plants and invertebrate anim als) . Vertebrate anim als (birds, fish, m am m als, 



rept iles, am phibians)  "are not  to be used in any act ive experim ents which m ay be deleterious t o the healt h, 
com for t  or  physical int egrity  of the anim al.. ."  Observat ion of wild anim als,  anim als in zoological parks,  farm  
anim als and pets is perm it t ed. 
 
I t  should be noted that , before any such proj ect s are undertaken,  adequate arrangem ents should be m ade 
for the care of the anim al while in t he classroom , and its subsequent  disposit ion,  which m ay involve 
euthanasia. 
 
Som e school boards,  such as t he Peel Board of Educat ion,  have produced their  own guidelines ( Henshall,  
Scot t  and Scot t ,  1986) .  The Ontario Egg Producers'  Market ing Board (7195 Millcreek Dr.,  Mississauga,  
Ontar io Canada L5N 4H1)  has also published A Teacher's Guide to Hatching Eggs in the Classroom  ( 1990) .  
An Am er ican leaders'  m anual for avian em bryology, ent it led Beginning of Life,  is also available (Publ.  # 408-
029. Virginia Co-operat ive Extension Service;  Clinton, V.  Turner,  Adm inist rator, 1890 Extension Program , 
Virgin ia State Universit y,  Petersburg, VA) . 
 
Guidelines have also been published in the U.S.  (NABT,  1990;  Orlans,  1977;  McGiff in and Brownley,  1980;  
I LAR,  1989) ,  and in t he U.K.  by t he RSPCA (1985)  (Causeway,  Horsham , West  Sussex RH12 1HG, U.K.) . 
 
 
B. LOCAL LEVEL 

 
1 . The I nst it ut ional Anim al Care Com m it t ee  
 
I t  is essent ial t hat  the necessity  for and the benefit s of effect ive cont rol in the care and use of exper im ental 
anim als be recognized. Regardless of whether  t h is cont rol is "voluntary"  or  legislated,  each inst it ut ion has a 
com m itm ent  to be cognizant  of t he nature of all experim ents involving anim als in t heir establishm ents and 
to ensure t heir propriety . This responsibility  is best  m et  by an effect ive local ACC,  repor t ing to t he 
appropriate senior  adm inist rat ive off icer  of the inst it ut ion.  The local ACC should be responsible for  
form ulat ing and im plem ent ing policy  on all m at t ers concerning the general care and use of anim als as 
out lined below. 
 

 

Term s of Reference for Anim al Care  Com m it tees*  ( Revised in 2 0 0 6 )  

 
1. Mem bership   |    2.  Authorit y    |    3.  Responsibility    |    4. Meet ings   |    5.  General 

 
The Canadian Council on Anim al Care (CCAC)  requires that  inst it ut ions conduct ing anim al based research,  
teaching or t est ing establish an anim al care com m it t ee (ACC) , and that  it  be funct ionally  act ive.  Each 
com m it t ee's operat ion m ust  be governed by form al Term s of Reference that  include the following Term s,  
but  need not  be lim it ed to them .  The ACC's Term s of Reference m ust  be tailored to ref lect  and refer to t he 
inst itut ion's anim al care and use program , including the m em bers of t he program  and the inst it ut ion's 
policies,  pract ices and procedures. 
 
Most  inst itut ions have a single ACC. A few large inst itut ions choose to have m ore than one ACC:  this is 
acceptable,  as long as t he ACC system  is well st ructured to avoid potent ial conflict s of interest , and has an 
inst itut ional ACC that  oversees the work of the ACCs for the various unit s and establishes policies and 
procedures t o ensure sound general standards in order to m eet  CCAC guidelines throughout  the inst it ut ion.  
The elem ents covered in this policy  statem ent  m ay be divided out  between the various ACCs of an 
inst itut ion, as long as all elem ents are covered in an appropriate and st ructured fashion and are defined in 
suitable t erm s of reference for  each com m it tee.  
 
ACCs m ay also choose to form  subcom m it t ees t o work on specific areas such as protocol review  or 
developm ent  of standard operat ing procedures ( SOPs) .  Protocol review  subcom m it t ees should include at  
least  one scient ist ,  one veterinar ian,  one com m unity  representat ive, one inst it ut ional m em ber who does not  
use anim als,  one t echnical staff representat ive and t he ACC coordinator. 
 
I nst itut ional ACCs should be responsible direct ly  to t he senior adm inist rator  responsible for anim al care and 
use for  t he inst itut ion (president , vice president ,  rector , CEO, et c.) ,  and t his link  should be specif ied in 
writ ing. ACCs for  facult ies or  other  divisions of t he inst itut ion should have representat ion on the inst it ut ional 
com m it t ee and report  d irect ly  t o it ,  in  addit ion t o t he report ing line(s)  t o any other senior adm inist rators. 
The CCAC policy  statem ent  on:  senior adm inist rators of anim al care and use program s ( in preparat ion)  



should be consult ed for details on t he roles and responsibilit ies of t he inst itut ion and it s senior  
adm inist rators. 
 
The inst it ut ion m ust  work with t he ACC to ensure that  all anim al users and caregivers are inform ed of and 
com ply w it h inst itut ional anim al care and use policies and procedures. 
 
The inst it ut ion m ust  be support ive of the com m it t ee's work.  This includes appoint ing an ACC coordinator,  
who m ay work par t - t im e for  t he ACC in t he case of sm aller  inst it ut ions,  whereas larger inst it ut ions will need 
one or  m ore em ployee( s)  to accom plish th is work. The ACC coordinator m ust  support  t he ACC by ensur ing 
that  anim al use protocols are well m anaged, that  com m it t ee m inutes and report s are prom pt ly produced 
and dist r ibuted,  t hat  all exchanges between the ACC and anim al users are well docum ented and filed in a 
t im ely  m anner,  and that  anim al users and ACC m em bers are provided wit h necessary inform at ion. 
 
The inst it ut ion m ust  also ensure t hat  ACC m em bers are provided with t raining opportunit ies t o understand 
their work and role:  t hese m ust  include at  least  a form al orientat ion session,  t o int roduce new ACC 
m em bers to the inst itut ion's anim al care and use program  and it s m em bers,  policies and procedures, as well 
as to the anim al facilit ies and t o CCAC guidelines and policies.  Material on t he CCAC websit e (and other  
relevant  websit es) ,  such as t he Modules on the Core Topics of the Laboratory  Anim al/ Teaching St ream  of 
the CCAC Recom m ended Syllabus,  can be int roduced as possible resources.  Ongoing opportunit ies to bet t er 
understand anim al care and use in science should also be provided,  such as t im e spent  with anim al care 
givers and users,  access to relevant  journals and m ater ials,  and m eet ings/ workshops related t o anim al care 
and use,  including the CCAC Nat ional Workshop.  
 
The inst it ut ion and its senior  adm inist rators m ust  also ensure that  the ACC is well respected with in the 
inst itut ion, and that  all ACC m em bers and t he ACC Chair are valued and recognized. 
 

*  May also be referred to as:  
 
    *  inst it ut ional anim al care and use com m it tees ( IACUC)  
    *  anim al research ethics boards ( AREB)  
    *  Ethics Com m it t ees 
 
and by other  nam es,  as long as their  funct ion is clear and 
they operate according to Term s of Reference based on 
this docum ent . 

 
1 . M em bership 

 
ACC m em bers should be appointed for t erm s of no less than two years and no m ore t han four years,  
renewable only  up to a m axim um  of eight  consecut ive years of serv ice.  This m axim um  should not  be 
exceeded, except  in t he case of very  sm all inst it ut ions ( i.e. those that  have 3 or  fewer anim al users) .  This 
does not  apply to ACC m em bers who m ust  be part  of the ACC because of their  role w ith in t he inst itut ion ( ex 
officio m em bers) :  the ACC Coordinator,  the veterinar ian( s)  and the anim al facilit y m anager.  The 
com plem ent  of t he com m it tees will vary and should be determ ined by the needs of each inst itut ion, but  
should include:  
 

a. scient ist s and/ or t eachers experienced in anim al care and use, who m ay or m ay not  be act ively  using 
anim als dur ing their  term  on the ACC;  t here should be a m inim um  of two such m em bers,  and 
representat ion of all the m ajor  anim al- using divisions of the inst itut ion m ust  be ensured;  

 
b. a veter inarian, norm ally experienced in experim ental anim al care and use;  

 
c.  an inst itut ional m em ber whose norm al act ivit ies, past  or present ,  do not  depend on or  involve anim al 

use for  research,  t eaching or  test ing;  
 

d. at  least  one, and preferably  two or  m ore, person(s)  represent ing com m unit y interest s and concerns, 
who has (have)  had no affiliat ion wit h the inst it ut ion, and who has ( have)  not  been involved in 
anim al use for research,  teaching or  t est ing;  com m unity  representat ion m ust  be ensured for all ACC 
act iv it ies throughout  t he year;  



 
e.  technical staff representat ion (eit her  an anim al care,  an anim al facility  or  an anim al research 

technician)  if  t here is (are)  (a)  technical staff m em ber( s)  act ively  involved in anim al care and/ or  use 
with in t he inst itut ion;  

 
f.  student  representat ion (graduate and/ or undergraduate) ,  in the case of inst itut ions that  have 

program s where students use anim als;  and 
 

g. the ACC coordinator ( the inst it ut ional em ployee who provides support  to t he ACC) . 
 
The senior  adm inist rator to whom  the com m it t ee report s m ust  not  be a m em ber of t he ACC, but  there can 
be a representat ive of the senior adm inist rat ion on the com m it t ee. 
 
The person w ith overall responsibility  for the anim al facilit ies, whether a veterinar ian,  a scient ist  or a 
technical staff m em ber, m ust  be included on the ACC. I n large inst itut ions w it h several facilit ies,  
considerat ion can be given to having individual facilit y  m anagers included on the ACC on a rotat ing basis. 
 
ACCs benefit  from  having occupat ional health and safet y  and biosafety  representat ives ( if  t his is not  the 
case,  other ways m ust  be found of ensur ing close links) ,  and ACCs can also benefit  from  the presence of 
biostat ist icians, ethicists and those responsible for  public relat ions. 
 
Every ACC m ust  have a chair  who should not  be direct ly involved in the m anagem ent  of the inst itut ional 
anim al facilit ies, nor be a clin ical veter inarian for  the inst itut ion, nor be an anim al healt h or  veter inary 
personnel m em ber charged wit h ensur ing com pliance w ith CCAC guidelines, nor be involved in t he 
preparat ion of a signif icant  num ber of t he protocols to be reviewed by t he com m it t ee,  in order t o avoid 
potent ial conflicts of int erest . Prov ision should be m ade to co-opt  other persons to t he ACC as t he need 
arises. A reasonable quorum , such as a m ajorit y  of the m em bers, should be established for ACC m eet ings,  
and t he quorum  should include com m unit y  and veter inary representat ion.  Meet ings should be scheduled at  
t im es that  are convenient  for  all m em bers, including com m unit y representat ives. 
 
2 . Aut hority 

 
The ACC m ust  have the author it y,  on behalf of t he senior  adm inist rator  responsible for  anim al care and use 
for the inst it ut ion,  t o:  
 

a. Stop any obj ect ionable procedure if  it  considers that  unnecessary dist ress or  pain is being 
experienced by an anim al;  

 
b. Stop im m ediately any use of anim als which dev iates from  the approved use, any non approved 

procedure, or  any procedure causing unforeseen pain or  dist ress t o anim als;  and 
 

c.  Have an anim al killed hum anely if pain or d ist ress caused to the anim al is not  part  of the approved 
protocol and cannot  be allev iated. 

 
The Chair  of the ACC and t he veterinar ian( s)  m ust  have access at  all t im es to all areas where anim als are or 
m ay be held or used. 
 
Each inst itut ion m ust  establish procedures for  post-approval m onitor ing of anim al use protocols,  and m ust  
define the roles and responsibilit ies of the m em bers of the anim al care and use program  in t he m onitor ing 
process.  The inst itut ional ACC is t he body responsible for  determ ining and working to correct  breaches of 
com pliance with approved anim al use protocols and SOPs.  Breaches of com pliance t hat  cannot  be corrected 
by the ACC working w ith t he concerned anim al users and veter inary/ anim al care staff m ust  be referred to 
the senior adm inist rat ion, which m ust  inform  all m em bers of the anim al care and use program  about  
sanct ions that  will be taken by the adm inist rat ion in the event  of ser ious breaches of com pliance. 
 
As t he ACC is generally  not  present  when anim al use protocols are being undertaken,  t he com m it t ee m ust  
work with the m em bers of t he veterinary and anim al care staff to ensure com pliance with its decisions and 
with t he condit ions set  out  in approved protocols.  The veter inary and anim al care staff m ust  work in a 
collegial m anner with anim al users and at t em pt  to correct  deficiencies collaborat ively.  Where there are 
persist ent  breaches of com pliance or  t hreat s to t he health and safet y  of personnel or anim als,  these m ust  
be reported back t o the Chair  of the ACC, and t he Chair  and ACC m ust  prom pt ly address t hese issues, 



through com m unicat ions with t he anim al user( s) , m eet ings and sit e visit s,  and eventually  com m unicat ions 
with t he senior adm inist rator,  as necessary. 
 
The ACC m ust  also delegate to t he veter inar ian( s)  the authority  t o t reat , rem ove from  a study or euthanize,  
if  necessary,  an anim al according to t he veter inarian's professional judgm ent .  The veterinar ian m ust  
at t em pt  to contact  the anim al user  whose anim al is in poor condit ion before beginning any t reatm ent  t hat  
has not  previously been agreed upon,  and m ust  also at t em pt  to contact  the ACC Chair , but  the veterinar ian 
m ust  have the authorit y  to proceed w ith any necessary em ergency m easures,  whether  or  not  the anim al 
user and ACC Chair  are available.  A writ t en report  should be sent  by the veterinarian t o the anim al user  and 
to the ACC following any such event . 
 
The veterinarian and ACC m ay also choose t o delegate cer tain responsibilit ies to one or  m ore senior  anim al 
care staff m em ber( s) . 
 
3 . Responsib ility 

 
I t  is the responsibilit y  of the ACC to:  
 

a. Ensure t hat  no research or  t est ing project  or  t eaching program  ( including field studies)  involving 
anim als be com m enced without  prior  ACC approval of a writ t en use protocol;  furt her  t o th is,  t hat  no 
anim als be acquired or  used before such approval. This includes internally  funded proj ect s;  

 
b. Ensure t hat  no anim als be held for d isplay or  breeding purposes, or  for eventual use in research, 

teaching or t est ing project s,  w ithout  prior  ACC approval of a w rit t en anim al use protocol,  except  
where current  CCAC guidelines prov ide for  exem pt ions.  The ACC should also be aware of other 
anim al-based act ivit ies,  such as com m ercial or recreat ional act ivit ies,  within the inst it ut ion,  and 
should work w it h the persons responsible for  t hese act iv it ies to ensure that  anim al care and use is 
undertaken according t o appropr iate procedures;  

 
c.  Require all anim al users to com plete an anim al use protocol form  and ensure that  the inform at ion 

therein includes t he follow ing point s,  clearly presented in a form  that  all m em bers of the ACC can 
readily  understand ( supplem ental inform at ion can be found in the CCAC guidelines on:  anim al use 
protocol review , 1997) .  To facilitat e the work of both protocol authors and ACC m em bers, 
appropriate SOPs should be referred t o as m uch as possible.  Approved protocols and SOPs should be 
readily  available in the areas where anim al-based work is taking place. 

 
i.  proj ect  t it le and descript ive procedural keywords or  brief descr ipt ion of the procedures to be 

conducted on anim als,  as defined in the CCAC Anim al Use Data Form ;  
 

ii.  principal invest igators/ t eachers,  and all personnel (post -doctoral fellows,  research staff,  graduate 
and undergraduate students)  who will handle anim als,  along with their  t raining and qualif icat ions 
with respect  to anim al handling ( see point  3m )  iii) ) ;  in  the case of undergraduate students, who 
m ay have very lit t le t rain ing,  close supervision is required;  

 
iii.  departm ental aff il iat ion;  

 
iv.  proposed star t  date, proposed end date ( if  t he study is t o take place over m ore than one year,  

the work and num bers of anim als for  t he first  year only  should be approved, and furt her  work 
can t hen be approved in yearly protocol renewal(s)  or  new protocols -  see Sect ion 3g)  on 
protocol renewals) ;  

 
v.  for research or  t est ing proj ects, funding source( s)  and status of funding approval;  

 
vi.  for research proj ect s,  an indicat ion of whether  t he proj ect  has received peer rev iew for  scient if ic 

m er it ;  
 

vii.  for t eaching program s,  a course num ber and an indicat ion of whether  t he course has been re-
viewed wit h respect  to the pedagogical m er it  of using live anim als;  inst it ut ional or  departm ental 
curriculum  com m it t ees can be called upon to provide a review  of pedagogical m erit  t o the ACC;  a 
specif ic appendix  or  separate protocol form  can be used t o bet t er  capture inform at ion relevant  t o 



the ethical rev iew of t eaching program s ( see Sect ion 12 of t he CCAC guidelines on:  anim al use 
protocol review) ;  

 
viii.   for  t est ing proj ect s,  an indicat ion that  the t est ing has been planned according to the m ost  

current  regulatory  requirem ents,  using guidelines acceptable t o the regulatory agency( ies)  and 
which m eet  t he requirem ents of t he CCAC policy statem ent  on:  ethics of anim al invest igat ion;  
that  t he planned anim al use not  exceed the requirem ents of the regulatory  authorit ies -  if  it  does,  
just ificat ion for  the addit ional anim al use m ust  be prov ided;  

 
ix.  lay  sum m ary;  

 
x.  an indicat ion of the use of biohazardous,  infect ious,  biological,  chem ical or  radioact ive agents in 

anim al-based proj ect s;  and,  if so,  an indicat ion of inst it ut ional approval of th is use;  
 

xi.  category( ies)  of invasiveness as defined in the CCAC policy statem ent  on:  categories of 
invasiveness in  

 
xii.  inform at ion w ith regard to the Three Rs ( replacem ent ,  reduct ion and refinem ent  alt ernat ives)  of 

anim al use,  to include:  
 

xii.1.  a descript ion of why sent ient  anim als m ust  be used for the proj ect ,  of how the applicant  
arrived at  this conclusion ( e.g.,  searches of databases on alt ernat ives) ,  and of possib le 
replacem ent  alt ernat ives (non-anim al m ethods,  cell/ t issue cult ure,  com puter  sim ulat ions,  
audio- visual teaching m ethods,  t he replacem ent  of sent ient  anim als w it h anim als of lower 
sent iency,  et c.)  and just ificat ion if  these are not  to be em ployed;  

 
xii.2.   just ificat ion of the species and num bers of anim als to be used over  t he course of t he year , 

to em phasize reduct ion of anim al use with in an appropriate exper im ental design,  while 
ensuring that  sufficient  num bers of anim als w ill be used t o fu lf il l requirem ents for  
stat ist ical significance/ scient if ic validit y  in the case of research proj ects, or  for acceptance 
of regulatory  t est s;  

 
xii.3.  a descript ion of all of t he refinem ents to be em ployed to protect  and enhance anim al 

health and welfare, which m ay include:  
 

xii.  3.1 anesthesia and analgesia,  including dosages and m ethods of use,  for all invasive 
protocols;  st rong scient if ic j ust ificat ion m ust  be provided for  not  using anesthesia 
or  analgesia in the case of invasive protocols;  

 
xii.  3.2 other m edical t reatm ents as appropriate, as indicated t hrough veterinary 

consultat ions;  
 

xii.3.3 housing and husbandry m ethods, and environm ental enrichm ent  as a m eans t o 
ref ine anim al care;  any lim itat ions on environm ental enrichm ent  from  that  
norm ally  offered to anim als in the inst itut ion, based on CCAC guidance, m ust  be 
just ified to the ACC;  

 
xii.3.4 refinem ents to the procedures to be em ployed on the anim als;  
 
xii.3.5 refinem ents to the length of t im e t hat  anim als w ill be held/ used;  
 
xii.3.6 any other possible refinem ents;  

 
xiii.   a clear  descript ion detailing the procedures t hat  are carr ied out  on t he anim als ( referring to 

appropriate SOPs as m uch as possib le) ;  t he use of graphic representat ions is encouraged;  
 
xiv.  a descript ion of t he endpoint ( s)  of the experim entat ion,  selected according to the CCAC 

guidelines on:  choosing an appropriate endpoint  in exper im ents using anim als for  research,  
teaching and test ing,  1998 ( refer  to inst itut ional SOPs,  if available and relevant ) ;  the person(s)  
responsible for m onit or ing t he anim als and applying endpoints should be ident if ied, and the 
schedule for m onitor ing anim als and any relevant  checklists of signs and sym ptom s to be used 



when evaluat ing the anim als should be included;  all protocols,  even non- invasive ones,  m ust  
ident ify endpoint s, to ensure that  any anim als requir ing t reatm ent  are t reated and t hat  anim als 
are not  sim ply kept  indefinitely;  relevant  inform at ion for  ident ify ing and applying endpoints 
m ust  be readily  available, preferably  posted,  in t he area where the anim al-based work is taking 
place;  

 
xv.  a descript ion of capture,  rest raint ,  t ransportat ion and/ or  housing of anim als used in f ield 

studies, as well as any other inform at ion per t inent  to f ield studies,  such as capture of non 
target  species,  ecological im pacts and potent ial injuries or m ortalit y  during capture or  
t ransportat ion,  if  relevant ;  w ildlife studies should be addressed in eit her  a separate sect ion or  
appendix  of the protocol form , or can have their  own protocol form ,  especially where a 
significant  num ber of w ildlife st udies are undertaken (see the suggested w ildlife protocol form  
in Appendix  B of the 2003 CCAC guidelines on:  t he care and use of wildlife) ;  

 
xv i.  the m ethod of euthanasia,  if  used;  just if icat ion for  any physical euthanasia m ethods, or  for any 

m ethods that  deviate from  those descr ibed in the m ost  recent  CCAC guidance on euthanasia;  
 
xv ii.  a descript ion of t he fate of the anim als if they are not  to be euthanized, including t he length of 

t im e t hat  they are t o be held;  
 
xv iii.  any other  inform at ion considered im portant  or necessary and pert inent ,  including inform at ion 

or  result s der ived from  any relevant  prev ious protocols;  the descript ion and use of previous 
relevant  result s is par t icular ly im portant  t o ensure that  m ethodologies are not  sim ply re-used 
without  learning from  any anim al welfare problem s that  were encountered in the past ,  t hat  the 
protocol cont inues t o have relevant  goals and m ethodology, and that  appropriate ref inem ents 
to protect  and enhance anim al welfare are sought  and im plem ented;  

 
d. Ensure that  each research proj ect  has been found to have scient ific m erit  through independent  peer 

rev iew before approving the proj ect ;  if  t he review is not  carried out  by an external, peer review  
agency, the inst it ut ion should require that  it  be obtained according to the CCAC policy  statem ent  on:  
the im portance of independent  peer  review  of the scient ific m erit  of anim al based research proj ect s,  
2000.  The inst itut ion m ust  im plem ent  a m echanism  through which non-peer- reviewed projects are 
rev iewed for their  scient if ic m er it  eit her  by calling upon the expert ise of individual independent  peers 
or  by m aking use of scient if ic com m it t ees or  advisory boards;  

 
e.  Review and assess all anim al use protocols,  with par t icular em phasis on the CCAC policy statem ent  

on:  ethics of anim al invest igat ion and CCAC guidelines on:  anim al use protocol rev iew as well as on 
all ot her  relevant  CCAC guidelines and policy statem ents and,  where necessary,  require fur ther  
support ive inform at ion from  the invest igator/ t eacher or  m eet  w it h the invest igator/ t eacher to ensure 
that  all m em bers of t he com m it t ee understand t he procedures to be used on the anim al.  I nform at ion 
exchanges and ACC discussions w it h protocol authors can be very useful,  but  protocol authors and 
m em bers of their  t eam s m ust  always clearly  rem ove t hem selves from  ACC decision-m aking on their 
own protocols. 
 
The com m it t ee m ust  also ensure that  all procedures com ply wit h CCAC guidelines,  and,  if  at  var iance 
with t hose guidelines, require j ust ificat ion for the variance on scient ific grounds.  ACCs should both 
discuss protocols and m ake decisions on them  dur ing full com m it t ee m eet ings, rather than through 
individual reviews,  and should at tem pt  to reach decisions by consensus.  Elect ronic t ools are w idely  
used for  protocol m anagem ent  purposes and to facilitate and expedit e the subm ission and rev iew of 
protocols.  This is encouraged as long as ACCs or  protocol review  subcom m it t ees cont inue to m eet  in 
person for  protocol discussions and f inal approvals. 
 
An ACC m ay delegate the responsibilit y  of inter im  approvals to an interim  approval subcom m it t ee, 
which m ust  include at  least  one scient ific m em ber, one veterinarian and one com m unity  
representat ive,  one of which should preferably  be the chair  of the ACC. However, such inter im  
approvals should only  be used infrequent ly, and the int erim  review  process,  including exchanges 
between t he ACC and protocol authors,  m ust  be docum ented and m ust  then be subject  to d iscussion 
and final approval at  a full m eet ing of the com m it t ee.  The ACC should define its own protocol review  
process,  with or wit hout  (a)  protocol review  subcom m it t ee( s) , in its Term s of Reference. This process 
should include or refer  to clear inst ruct ions t o protocol authors,  to ensure that  all anim al users in the 



inst itut ion understand how the ACC works,  when it  m eets,  how to fill out  and subm it  a protocol form  
and what  to expect  aft er subm ission of t he form ;  

 
f.  Ensure t hat  anim al users update their  protocols with any m odif icat ions they intend to m ake,  and 

approve any m odificat ions to a protocol before t hey are im plem ented.  Minor m odificat ions ( e.g.,  1 or 
2 anim al users added or  rem oved, a sm all num ber of anim als added, etc.) , as defined by the ACC, 
can be approved by the Chair  of the ACC or  a delegate. 
 
For  any m aj or  changes to a protocol, require t hat  a new one be subm it t ed.  ACCs should define, in 
writ ing, their  own crit eria as to what  const itut es a m ajor  change to a protocol (e.g., a considerable 
increase of t he num ber of anim als required vs.  t he num ber in the orig inal protocol, a change of 
species,  use of m ore invasive or  m ore frequent  procedures,  use of ent irely new procedures, or  other  
cr it eria) . 
 
Ensure t hat  anim al users report  any unant icipated problem s or com plicat ions, as well as on t he steps 
they have taken to address the problem ( s) ,  to t he ACC;  

 
g. Review all protocols annually,  i.e. , w it hin a year  of com m encem ent  of the proj ect ;  annual renewals 

should be approved by at  least  a scient ist ,  a veterinar ian and a com m unit y representat ive and should 
be brought  to the at tent ion of the full ACC for  it s inform at ion.  I nst itut ions m ay choose to use a 
shor ter  protocol renewal form ,  but  no m at ter  what  form  is used, all protocol renewals m ust  
em phasize:  

 
 

i.     the num ber of anim als used in the preceding year;  
 

ii.  the num ber of anim als needed for  the year to com e,  w ith a just ificat ion;  
 

iii.  a br ief progress repor t , descr ibing any com plicat ions encountered relat ive to anim al use 
(unpredicted out com es,  and any anim al pain,  dist ress or m ortality) , any am endm ents t o the 
orig inal protocol, and any progress m ade wit h respect  to the Three Rs of replacem ent , reduct ion 
and refinem ent  of anim al use;  

 
iv.  a br ief report  on t he adequacy of t he endpoints for the protocol,  and on any com plicat ions 

encountered or  ref inem ents m ade relat ive to protect ing anim als from  pain,  dist ress or m ortality ;  
and 

 
v.  any other  changes from  the orig inal protocol. 

 
Require t he subm ission of a new protocol aft er a m axim um  of t hree consecut ive renewals;  
 

 
h.  Docum ent  all ACC discussions and decisions in t he com m it t ee m inutes and on at tachm ents to the 

protocol form s;  
 

i.  Define an inst itut ional appeal m echanism  that  can be used by the author of a protocol in t he event  
that  anim al use is not  approved by the ACC. This m echanism  should include appropriate expert ise 
and ensure a separate, fair  and im part ial process.  The CCAC m ay be called upon for  inform at ion 
purposes;  however,  appeals cannot  be directed to the CCAC;  

 
j .  Ensure t hat  all ACC m em bers and anim al users have the opportunit y to becom e fam iliar w it h the 

CCAC Guide and CCAC policy statem ent  on:  eth ics of anim al invest igat ion and all ot her CCAC 
guidelines and policy  statem ents,  federal, provincial or  m unicipal statutes that  m ay apply,  as well as 
inst itut ional requirem ents;  

 
k.  Ensure appropriate care of anim als in all stages of their  life and in all experim ental sit uat ions.  

Veter inary care m ust  be available.  Form al arrangem ents m ust  be m ade to obtain t he services of a 
veter inar ian,  at  least  on a consultat ive basis,  if t hey are not  readily available within the inst it ut ion. 
These form al arrangem ents m ust  be based on t he elem ents contained in t he CALAM/ ACMAL 
Standards of Veter inary Care of t he Canadian Associat ion for  Laboratory  Anim al Medicine (2004) , 



which define the roles and responsibilit ies of veterinar ians involved in scient ific anim al care and use 
program s;  

 
l.  Establish procedures,  com m ensurate with current  veterinary standards,  to ensure that :  

 
i.  unnecessary pain or  dist ress is avoided,  and anim al st ress and in juries are avoided, whether  

dur ing t ransfers of anim als or  in their  norm al quart ers;  
 

ii.  anesthesia and analgesia are properly and effect ively  used;  t he only  except ion to this m ay be 
when agents m ust  be w it hheld as a scient if ically  just ified requirem ent  of the study,  and that  th is 
has been approved by the ACC. Painful studies requir ing exem pt ion from  the use of either 
anesthet ics or  analgesia m ust  be subj ect  to part icular scrut iny,  not  only  pr ior  to approval,  but  
also dur ing the experim ent ;  

 
iii.  appropriate post - operat ive care is provided;  

 
iv.  all due considerat ion is g iven to anim al welfare, including environm ental enrichm ent ;  

 
Ensure t hat  policies to prov ide for  a system  of anim al care that  w ill m eet  the needs of the inst it ut ion 
are established and im plem ented, and include:  

    
i.  the requirem ent  t hat  all anim al care and anim al experim entat ion are conducted according t o 

CCAC guidelines and policies,  and t o any federal, prov incial and inst it ut ional regulat ions that  m ay 
be in effect ;  

 
ii.  ensuring adequate anim al care and m anagem ent  of the anim al facilit ies, in par t icular  by verify ing 

that  t here is a person clear ly designated to be in charge of anim al care and m anagem ent  of t he 
anim al facilit ies, who should be a m em ber of the ACC ( see Sect ion 1) , and who should keep the 
other ACC m em bers updated on t he act iv it ies within the anim al facilit ies;  

 
iii.  the t rain ing and qualif icat ions of anim al users and anim al care personnel;  veterinarians and 

anim al care staff m ust  receive cont inuing educat ion in their  f ield,  and anim al users 
( scient ist s/ study directors,  post-doctoral fellows, graduate students and research t echnicians)  
m ust  receive appropriate t rain ing according to t he CCAC guidelines on:  inst itut ional anim al user  
t raining,  1999, either  within the inst it ut ion or  through the program s of other inst itut ions;  

 
iv.  an occupat ional health and safet y  program  for  t hose involved in anim al care and use,  in 

collaborat ion w ith t he inst itut ional author it ies on occupat ional healt h and safet y, that  w ill 
appropriately protect  all those who m ay be affected by anim al-based work,  according to CCAC 
guidelines ( see Chapter  VI I I  of Volum e 1 (2nd Edn, 1993)  of the CCAC Guide or  t he m ost  recent  
CCAC guidance on occupat ional health and safet y) ;  

 
v.  standards of husbandry,  facilit ies and equipm ent ;  

 
vi.  standard operat ing procedures for  all act iv it ies and procedures t hat  involve anim als, including 

anim al care and facilit y  m anagem ent  SOPs ( t ypically  produced by the veter inary and anim al care 
staff) ,  and anim al use SOPs ( t ypically  produced by anim al users,  in collaborat ion w it h 
veter inary/ anim al care staff as needed) ;  the ACC should receive all SOPs and ensure t hat  all 
necessary SOPs are produced and regularly  reviewed ( see also Sect ion 5a) iii) ) ;  

 
vii.  procedures for euthanasia;  

 
n.  Encourage the use of pilot  studies with few  anim als when new approaches, m ethods or  product s are 

being t r ied, before approving new, large scale protocols.  Ensure that  anim al users report  on t he 
results of any pilot  st udies, no m at t er whether  t hey wish to pursue the study im m ediately or  not , in 
order to preserve im portant  data on var ious approaches to anim al-based studies,  whether  t hey work 
well or  not ;  and 

 
o. I n the case of projects involving proprietary  or patentable research or test ing, ensure that  as m uch 

inform at ion as possible is provided to the ACC in t erm s of what  effects t o expect  on anim al healt h 



and welfare, and insist  on close m onitoring of anim als in order to respect  the elem ents out lined in 
3l) .  

 
4 . M eet ings 

 
Anim al care com m it t ees should m eet  at  least  tw ice per  year  (m ost  inst itut ions in Canada have program s 
which will require m ore frequent  m eet ings)  and as oft en as necessary to fu lfil t heir  Term s of Reference and 
be sat isf ied that  all anim al use within their  jur isdict ion is in com pliance w ith inst itut ional, m unicipal, federal 
and provincial regulat ions,  and CCAC guidelines.  Minutes detailing ACC discussions, decisions and 
m odificat ions t o protocols m ust  be produced for  each m eet ing,  and m ust  be forwarded to t he senior  
adm inist rator  responsible for  anim al care and use. 
 
I n addit ion, the ACC should regularly visit  all anim al care facilit ies and areas in which anim als are used,  in 
order to bet t er understand t he work being conducted with in the inst itut ion, to m eet  with t hose working in 
the anim al facilit ies and anim al use areas and discuss t heir needs,  to m onitor  anim al-based work according 
to approved protocols and SOPs,  to assess any weaknesses in t he facilit ies (ageing facilit ies,  overcrowding,  
insuff icient  staff ing and any other  concerns)  and to forward any recom m endat ions or com m endat ions t o the 
person( s)  responsible for the facilit ies and for  anim al use. 
 
Visit s of the anim al facilit ies should be conducted at  least  once a year, and should be docum ented through 
the ACC m inutes or  wr it ten reports.  Those responsible for  the anim al facilit ies should respond to any ACC 
recom m endat ions in w rit ing, and sit e visit  repor ts should always be followed up on joint ly  by the senior 
adm inist rat ion and the ACC. For  sm all inst itut ions,  the full ACC m ay tour  t he facilit ies as a group;  for  larger 
inst itut ions,  visits to anim al care facilit ies and areas in which anim als are used m ay be div ided between t he 
var ious m em bers of the com m it t ee. No m at ter  what  the process em ployed,  each m em ber of t he ACC should 
part icipate in som e of the facilit y visit ( s)  on an annual basis. 
 
More frequent  ACC sit e v isit s should be m ade as necessary t o follow  up on any protocols that  have raised 
significant  concern during the protocol review  process,  or  where problem s have been encountered with a 
protocol being carr ied out  in pract ice or wit h other aspect s of anim al facilit y  operat ions;  these visits m ay be 
carr ied out  by the Chair  of the ACC or  delegate,  accom panied or  not  by other m em bers or  anim al care staff.  
 
5 . General 

 
The anim al care com m it t ee:  
 

a. Must  regular ly  rev iew (at  least  every t hree years) :  
 

i.  it s Term s of Reference to m eet  new CCAC guidelines or  policies and changing needs w ith in t he 
inst itut ion, the scient if ic com m unity,  t he anim al welfare com m unit y and society  as a whole,  and 
expand it s Term s of Reference to m eet  the requirem ents of each inst itut ion;  

 
ii.  the securit y  of the anim als and research facilit ies;  

 
iii.  standard operat ing procedures and inst itut ional anim al care and use policies;  SOP review  m ay be 

delegated t o ACC m em bers w it h the appropr iate expert ise,  but  SOPs should be accessib le t o all 
ACC m em bers, and the fu ll ACC should rev iew all SOPs t hat  involve procedures t hat  m ay result  in 
deleterious effects t o anim al health or welfare;  and 

 
iv.  policies and procedures for  m onitoring anim al care and exper im ental procedures within the 

inst itut ion, including t he ident if icat ion of the persons responsible for  m onitoring anim al health 
and welfare, and the procedures carried out  by t he ACC to conduct  m onitoring;  

 
b. Must  m aintain liaison with the CCAC Secretar iat ,  and inform  the Secretar iat  of any changes to t heir  

program :  t o the senior adm inist rator responsible for  anim al care and use,  t he chairperson of the 
ACC, or the veterinary or senior  anim al care personnel;  

 
c.  Must  subm it  com plete and accurate anim al use inform at ion in the CCAC Anim al Use Data Form  

(AUDF)  form at  for all protocols annually (anim al use inform at ion for  each calendar year  m ust  be 
subm it t ed by March 31 of the following year)  and also in pre-assessm ent  docum entat ion;  

 



d. Must  develop a crisis m anagem ent  program  for  the anim al facilit ies and for  the anim al care and use 
program ,  in conj unct ion with any general inst itut ional cr isis m anagem ent  p lan( s) .  This program  m ust  
detail plans in the event  of power outages ( shor t  and prolonged) ,  work stoppages,  f ires,  natural 
disasters, large chem ical spills and other sim ilar cr ises,  and m ust  include a com m unicat ions plan for 
addressing public and m edia inquiries on concerns related to anim al use;  

 
e.  Should,  from  t im e to t im e,  sponsor sem inars or  workshops on t he use of anim als in science and the 

ethics of anim al exper im entat ion,  and encourage as m any anim al users,  anim al caregivers,  students,  
ACC m em bers and other interested par t ies to at tend as possible;  

 
f.  Should t ry  t o achieve and m aintain a high profile wit hin the inst it ut ion and in the com m unit y in order 

to dem onst rate the inst itut ion's effort s in prom ot ing anim al welfare and to allay som e of the public 
concerns regarding anim al experim entat ion;  and 

 
g. Should be open t o developing and m aintain ing com m unicat ion w it h anim al welfare organizat ions. 

 
 

 

 

 

March 2006 

 

(prev ious revision:  March 2000)  

 

This policy statem ent  supersedes all previous CCAC policies/ guidelines on term s of reference for anim al care 

com m it t ees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2 . The Vet erinarian 

 

The availability  of professional assistance from  a veter inarian w ith interest  and experience in laboratory  
anim al science is of prim e im portance in achieving and m aintaining opt im al condit ions of laboratory anim al 
care.  I n addit ion to the form al pract ice of laboratory  anim al m edicine,  t he veterinar ian should be a m ajor  
cont ributor to t he developm ent  of each inst itut ion's anim al care policies and procedures. 
 
"Adequate veter inary care, "  as defined by the Canadian Associat ion for  Laboratory  Anim al Medicine 
(CALAM) ,  [ based orig inally on guidelines prepared by the Am erican College of Laboratory  Anim al Medicine 
(ACLAM) ] ,  is the basis upon which CCAC policy  is being developed.  I t  includes:  t he establishm ent  of 
Standard Operat ing Procedures (SOP)  for  health m onitoring and disease cont rol of laboratory  anim als;  



the prevent ion of zoonoses;  and the responsibilit y for ensuring that  proper precaut ions are followed for 
containm ent  and disease cont rol in specialized colonies such as t ransgenic anim als, Severe Com bined 
I m m une Deficiency (SCI D)  anim als, biohazard studies, and the personnel working with them . 

Veterinarians associated with facilit ies involved in the pract ice and evaluat ion of livestock intensive 
m anagem ent  product ion m ethods face an especially challenging situat ion which includes ensuring that  
the subject  of st ress associated with rest r icted space, as it  m ay relate to anim al behaviour and well-
being, is t reated object ively (Mench, Mayer and Krulisch, 1992;  Spira, 1986)  (see also Social and 
Behavioural Requirem ents of Experim ental Anim als) . 

a)     General Responsibilit ies 

i)      Disease prevent ion  

The veter inarian's dut ies will include responsibilit y for a disease prevent ion program  for all anim als 
m aintained within the inst itut ion, t reatm ent  of ill or injured anim als, m aintenance of appropriate health 
records, provision of advice on anesthesia and analgesia regim es, ant ibiot ics, anxiolyt ics, and other 
therapeut ic agents for hum ane anim al care. The veter inarian should ensure that  only approved 
euthanasia procedures are conducted and that  these are properly carr ied out  (see also Euthanasia) . The 
veter inarian should also be available for consultat ion and provide assistance on technical and surgical 
procedures. 

ii)     Educat ion  

I t  will often prove valuable in educat ional inst itut ions if the veter inarian is involved in the teaching of 
surgical pr inciples and other aspects of experim ental anim al care and handling in courses for senior 
undergraduates, graduate students, technicians, and invest igators. 

iii)     Quarant ine/ condit ioning  

Serological test ing is im portant  in determ ining and m onitor ing the epidem iological character ist ics of 
colony infect ions (Richter, Lehner and Henrickson, 1984) . I n addit ion to determ ining if an anim al is 
infected with a disease that  m ay pose a threat  to the colony, the quarant ine period also serves as a 
condit ioning period. 

A veter inarian or a technician with appropriate t raining and experience should exam ine all anim als on 
their  arr ival for overt  signs of disease which m ay have been exacerbated by st ress caused by t ravel 
(Love, 1980;  Reinhardt , 1992) . Depending on the species, source, etc., the quarant ine/ condit ioning 
period should include rout ine t reatm ent  for external and internal parasites (Owen, 1992) , groom ing, 
cleaning, and providing the anim al with clean food and water (see also Laboratory Anim al Care;  General 
Pract ices) . 

The veter inarian is responsible for ensuring that  anim als appearing ill on arr ival or suspected of having 
been exposed to infect ion are placed in isolat ion, exam ined and t reated. I f this is not  econom ically 
feasible, anim als should be hum anely euthanized. 

Sm all rodents obtained from  reliable sources generally require only a physical exam inat ion on arr ival. 
This need not , on a rout ine basis, necessarily involve the veter inarian direct ly;  however, s/ he should be 
advised of any health or other problem  involving the well-being of the shipm ent  noted by either the 
technician or researchers involved in receipt  of the anim als. 

I nform at ion on m ethod of t ransportat ion, the supplier 's quality cont rol profile, and the anim al's form er 
environm ent  should be available and, if not  provided, should be requested of each supplier. 



Dogs, cats, non-hum an prim ates, and large dom est ic anim als obtained from  random  sources will usually 
be accom panied by only very lim ited inform at ion on their  genet ic and m edical history. Exam inat ion and 
quarant ine procedures for these anim als m ust  be st r ingent ;  specific diagnost ic test ing and im m unizat ion 
procedures should be established and carr ied out  following inst itut ional SOPs for each specific species. 

Federal governm ent  quarant ine regulat ions, where applicable, will vary with the species, the source, and 
the condit ion of the anim al. These regulat ions m ay be obtained from  the nearest  dist r ict  veter inary 
officer, Food Product ion and I nspect ion Branch, Agriculture Canada. 

3 .    Anim al Care Personnel 

We are m orally responsible for any liv ing thing that  we cause to be dependent  upon us, including anim als 
used in research, teaching and test ing. Exem plary standards of hum ane care and t reatm ent  m ust  be 
exercised by each person associated with capt ive anim als. Sat isfactory buildings and equipm ent  are, of 
course, necessary;  however, of even greater im portance is the com m on sense and concern of all levels of 
personnel involved in the care and use of experim ental anim als. Only the general responsibilit ies of such 
persons can be out lined here;  detail will vary with the inst itut ion and program s involved. 

I n every inst itut ion ut ilizing anim als, a com petent  professional staff m em ber m ust  be clearly designated 
with overall responsibilit y for care of experim ental anim als. 

a)     Chief or  Director  

The Chief or Director of anim al care in large inst itut ions is responsible for adm inist rat ion of the anim al 
care facilit y and should be direct ly responsible to a senior adm inist rat ive official;  and should also be an ex-

officio m em ber of the ACC. This individual should be qualified in an appropriate scient ific discipline, 
possess considerable experience with a variety of species, understand the requirem ents of research and 
be a com petent  adm inist rator. 

This individual should be responsible for establishing or prom ot ing part icipat ion in educat ional program s 
which will,  at  the technical level, im prove the quality and efficiency of anim al care and, at  the professional 
level, assist  in the proper t raining of prospect ive invest igators in the use of laboratory anim als. 

The responsibilit y to ensure that  anim als used for research, teaching and test ing are of a high quality, 
appropriate to the requirem ents of the invest igator or teacher should also rest  with this individual. 

I n sm all inst itut ions, the dut ies of "Director of Anim al Care" m ay be assigned on a part - t im e basis. 

b)     The Scient ist - Teacher  

The scient ist - teacher should have knowledge of the character ist ics, care and handling of the species 
being ut ilized, and be com m it ted to com ply with the guidelines for care and ethical use of anim als as 
contained in this Guide.  

The prim ary responsibilit y for the prevent ion of pain and discom fort  in the experim ental situat ion lies with 
the invest igator. 

c)     Anim al Care Staff  

I t  is the responsibilit y of the inst itut ion, through its ACC, to assure that  its technicians have the 



opportunity to becom e as well-qualified as possible. As in any field, opportunity for cont inuing educat ion 
should be provided, and all personnel should be encouraged to part icipate. 

Support  staff are in a pr im e posit ion to ensure both high quality anim al care and the success of an 
experim ent  through their  diligence and daily observat ion of their  charges. I t  is noteworthy that  dist ress in 
anim als is not  lim ited to the experim ental situat ion, but  m ay result  from  im proper housing and handling. 
Anim als respond in a posit ive m anner to gent leness and considerate at tent ion from  their at tendants. 

Staff working with experim ental anim als m ay be involved either in their  daily m aintenance or in the 
perform ance of pr im ary experim ental procedures or a com binat ion of these roles. 

I t  is im portant  that  these persons be skilled and conscient ious, as the well-being of the anim al and the 
success of the experim ent  on a day- to-day basis, are in their  hands. I n addit ion to in-house t raining, 
form al courses in anim al health and anim al care technology are now offered at  15 com m unity colleges 
across Canada. Organizat ions exist  which provide t raining program s for the anim al technician, leading to 
cert ificat ion in his/ her field;  e.g., Canadian Associat ion for Laboratory Anim al Science (CALAS) . A co-
operat ive venture between em ployers and a com m unity college has recent ly been undertaken (Benn and 
McLaughlin, 1992) .  
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I I . LABORATORY ANI MAL FACI LI TI ES

 
A. I NTRODUCTI ON  

A laboratory anim al facilit y m ust  facilitate research by m inim izing undesirable experim ental variables 
while providing for the physiological, social and behavioural requirem ents of the anim al. Different  
research projects and/ or different  species of anim als often require differ ing facilit ies and environm ents. 
To accom m odate such needs, an anim al facilit y m ust  have separate areas for carrying out  different  
funct ions, specialized room s and equipm ent , and closely cont rolled environm ents. 

Anim al facilit ies providing the appropriate environm ent  are expensive to build. I t  is, therefore, im perat ive 
that  every effort  be m ade to ensure that  any proposed new facilit y is program m ed, designed, and built  to 
m eet  the size and scope of current  anim al use, and yet  to be versat ile enough to allow flexibilit y in the 
years to com e. 

A num ber of alternat ive design approaches to achieve any given funct ional need are available. For 
exam ple, the Handbook of Facilit ies Planning, Volum e 2:  Laboratory Anim al Facilit ies (Ruys, 1991) , is a 
useful reference for the planning phase. Other references and assistance m ay be obtained from  the 
Canadian Council on Anim al Care (CCAC) . I t  is st rongly recom m ended that  the CCAC be involved at  an 
early stage in the planning phase and that  plans be evaluated by the Council before the start  of 
const ruct ion.  
  

B. LOCATI ON  

Anim al facilit ies should be located so as to m inim ize public access or through- t raffic, as well as the 
m ovem ent  of anim als, cages, waste, etc., through public corr idors and elevators. The facilit ies should be 
readily accessible by anim al users yet  easily secured. Direct  access to the outside for deliver ies and 
disposal is desirable. Facilit ies located on higher floors should be accessed by a m inim um  of two 
elevators, one for clean and one for dir ty m aterials, unless appropriate m easures are taken to clean and 
sanit ize a single elevator following the t ransport  of dir ty m aterials. For very sm all and/ or satellite 
facilit ies, alternat ive precaut ions to m inim ize contam inat ion m ay be acceptable.  
  

C. MECHANI CAL SERVI CES 

Heat ing, vent ilat ion and air  condit ioning system s for anim al facilit ies are usually quite sophist icated and 
cost ly (see also The Environm ent ) . Placem ent  of these system s should allow servicing to proceed with a 
m inim um  of disturbance to the anim als and the work pat terns in the facilit ies. This m ay be accom plished 
by placing m echanical services on a separate service floor im m ediately above the anim al facilit ies so that  
m aintenance does not  require ent ry into the anim al facilit ies. I t  is, however, m ore com m on to locate the 
m echanical system s in the ceiling space between floors. I n this locat ion all access to the m echanical 
system s should be from  the corr idors, and not  from  the anim al room s or rest r icted zones such as 
biohazard areas.  
  

D. DESI GN  

The size of anim al room s should be based on the species to be m aintained, and a m ult iple of the size of 
pens, cages or cage racks to be contained, allowing for adequate vent ilat ion and servicing. Anim al room s 
should be designed for ease of sanitat ion and hence should have a m inim um  of built - in equipm ent . I n 



m any cases, a single, sm all sink for hand washing m ay be all that  is required. The placem ent  of the 
anim al room s and ancillary room s will depend on the species, experim ental use and m icrobial quality. The 
design should facilitate t raffic flow from  cleaner to dir t ier areas. Room s requir ing frequent  access by 
invest igators should be located near the ent ry to the facilit ies to m inim ize t raffic.  
  

E. MAJOR FUNCTI ONAL DI VI SI ONS 

The design of an experim ental anim al facilit y should take into considerat ion the needs of the 
experim ental anim al and the requirem ents and convenience of the scient ists and technical staff. Good 
anim al care facilit ies m ust  provide for several separate funct ions and som et im es highly specialized areas 
(Clough, 1986;  Hom e Office, 1986) . Anim al holding room s should be separate from  experim ental room s. 
I m portant  aspects of good design are provision for efficient  and effect ive sanitat ion, efficient  work t raffic 
pat terns and orderly expansion. The following ident ifies the m ajor funct ional areas in an ideal anim al 
facilit y. 

1 . Anim al Recept ion Area  

The recept ion area should be situated so that  anim als enter ing it  do not  pass through holding or 
experim ental areas. Sim ilar ly, waste m aterial should not  pass through the receiving area. I t  should 
provide sufficient  space for the uncrat ing and init ial exam inat ion of anim als as well as for holding them  
under appropriate environm ental condit ions unt il they are relocated either in the condit ioning area or one 
of the anim al room s. 

2 . Condit ioning Room s 

Condit ioning room s are ones in which anim als m ay be m aintained for detailed health exam inat ion, 
observat ion and condit ioning in preparat ion for experim entat ion. The availabilit y of a proper condit ioning 
room (s)  is part icular ly im portant  where random -source anim als are being acquired (e.g., som e dogs, 
cats, non-hum an prim ates, and anim als from  the wild) . Under certain circum stances, where space 
perm its, it  m ay be possible and even desirable to im m ediately house anim als in an experim ental room , 
provided the anim als are derived from  a single source and contact  with other anim als can be avoided. 

3 . Holding Room s 

Separate anim al holding room s should be available for each species, from  each source, and for each 
invest igator 's project . Consequent ly, it  is usually bet ter to have m any sm all room s rather than a few large 
ones. Except ions can be m ade where invest igators are using the sam e species from  the sam e source for 
different  projects (e.g., ant ibody product ion in rabbits) . Mixing should be lim ited to com pat ible social and 
health status groups within a single species. Where m ixing of species is necessary, som e degree of 
isolat ion m ay be achieved by specialized room  design, equipm ent  and/ or cage select ion. Cross-
contam inat ion can be m inim ized when cont rolled air flow cubicles, portable lam inar air flow units, and 
various form s of isolator cages are used. The use of radioisotopes, infect ious agents and highly toxic 
substances requires special holding room s. Room s suitable for special purposes m ay also be required (e.
g., breeding colonies, cont rolled environm ental studies and for the housing of both farm  and wild 
anim als) . 

I t  is im portant , when designing holding room s to consider possible future uses of these facilit ies. Where 
anim al use has been consistent  over the years, it  m ay be acceptable to design all anim al room s for 
specific species use. However, in m any facilit ies, anim al use fluctuates considerably, m aking flexibilit y 
ext rem ely im portant . A flexible holding room  is one which m eets the acceptable requirem ents for housing 
different  species. 

4 . Quarant ine/ I solat ion Room s 



Within the facilit y, but  apart  from  the condit ioning area, quarant ine/ isolat ion room s m ay be required to 
separate sick anim als or those anim als returned to the facilit y after use in an invest igator 's laboratory. 

5 . Experim ental and Treatm ent  Facilit ies 

Experim ental m anipulat ions should not  be carr ied out  in anim al holding room s, unless m andated by 
experim ental design or containm ent  needs and approved by the Anim al Care Com m it tee (ACC) . Separate 
facilit ies should be available to allow for surgery, euthanasia, etc.;  however, not  all need to be located 
within the anim al facilit ies. The anim al holding room s should therefore be located as convenient ly as 
possible to the research and teaching laborator ies. 

Anim al facilit ies m ay include room s for som e or all of the following:  pre-surgical preparat ion, surgery, 
post -operat ive recovery (see also Standards for Experim ental Anim al Surgery) , radiology, necropsy, 
diagnost ic services, special diet  preparat ion, dispensary, etc. The design and organizat ion of special 
facilit ies will depend on their  intended scope and use;  however, even very m odest  facilit ies will usually 
need to provide a special area or procedures room  for m inor surgery and/ or t reatm ents, and a separate 
necropsy room . 

Separate diagnost ic areas for laboratory anim al diseases m ay not  be feasible for sm aller inst itut ions. I n 
such cases, arrangem ents for provision of such services should be m ade. 

6 . Support  Facilit ies 

a)  Facilit ies for  W ashing and Sterilizing Equipm ent  

Facilit ies for washing and ster ilizing equipm ent  and supplies should be designed for this purpose and be 
located so as to m inim ize disturbance to anim als, staff, and neighbours. Vent ilat ion should be sufficient  to 
prevent  odours, excess heat  and steam  from  affect ing the rest  of the facilit y. Sinks for hand-washing and 
for cleaning specialized pieces of equipm ent  are useful. Large, deep sinks are useful. Autoclaves and 
other special equipm ent  m ay be located in this area. I deally, the wash-up area should provide for the 
separat ion of clean and dir ty equipm ent . I f spray washing of either cages or racks is to be used, provision 
of a walled-off bay with hot  and cold water and disinfectant  dispenser is recom m ended. 

b)  W aste Disposal 

The waste disposal area should provide for proper storage of anim al m aterial, excrem ent , soiled bedding, 
etc. Waste await ing collect ion should be placed in a dedicated refr igerated container or cold room . Waste 
stored outside the facilit y should be in secure covered containers. Facilit ies m ust  com ply with local bylaws 
governing waste storage and disposal. Toxic, infect ious or radioact ive waste handling m ust  com ply with 
inst itut ional, federal (HWC/ MRC, 1990)  and other regulat ions (see also Occupat ional Health and Safety) . 

c)  Food and Bedding Storage  

Sm all quant it ies of food and bedding m ay be stored in an anim al room  in suitable, covered containers. 
Separate cool (< 15C) , dry, verm in-proof facilit ies should be available for the storage of food to m inim ize 
spoilage and contam inat ion. Food for farm  anim als, such as hay, m ay contain verm in and should be 
isolated from  the food and bedding of other laboratory anim als. 

d)  Equipm ent  Storage  

Lack of sufficient  storage space is one of the m ost  frequent  and m ore serious deficiencies encountered in 



facilit y design. Equipm ent  storage should not  be perm it ted in halls, corr idors, or in room s housing 
anim als. Even clean equipm ent  designated for use in an anim al room  should not  be brought  into the room  
unt il required. Areas used for stor ing clean equipm ent  should be separate from  those where soiled 
equipm ent  is received. For the average facilit y, 11%  storage space (of net  space)  has been est im ated as 
adequate. This proport ion will need to be increased up to 20%  or m ore in facilit ies handling m ult iple 
species under differ ing barr ier condit ions. 

7 . Personnel, Office and Recept ion Areas 

These funct ional areas m ay or m ay not  be com bined. I t  is preferable to have these adjoining, but  not  
within the anim al facilit ies. Enough office space is required to accom m odate all adm inist rat ive staff, 
occasionally technicians, and the extensive records that  m ust  be m aintained. 

8 . Facilit ies for  Personnel 

Personnel facilit ies should encourage high standards of personal hygiene by providing staff with easily 
accessible changing room s with lockers, showers, sinks and toilets. Depending on the design of the 
facilit y, these m ay have to be replicated in different  zones. Suitable protect ive clothing should be supplied 
(see also Occupat ional Health and Safety) . 

Facilit ies should be provided for staff rest  periods, lunch, and for m eet ings. I t  is preferable that  these 
areas are adjoining, but  not  within the anim al holding areas. An inform at ion cent re for staff (which could 
include books, journals, newslet ters, catalogues, and other related m aterials)  would be helpful.  
  

F. SECURI TY 

Access to experim ental anim al facilit ies m ust  be rest r icted in order to assure consistent  environm ental 
cont rol and to m inim ize interferences which m ight  alter experim ental results. Ent ry and exit  should be 
lim ited and the facilit ies m aintained secure at  all t im es. Access should be allowed only to those who have 
a recognized need to enter. Where a large num ber of invest igators are using the sam e facilit ies, it  is often 
advisable to have individual room  locks. Elect ronic access cont rol system s are available.  
  

G. CONSTRUCTI ON GUI DELI NES FOR ANI MAL ROOMS 

1 . Floors and Drains 

Floors should be seam less, durable, non-slippery, im pervious to water and easy to disinfect . They should 
be coved to the walls to elim inate any sharp corners. They should slope towards any floor drain(s)  and 
the proper level of this slope should be verified in all new const ruct ion. Recom m ended m inim um  pitch of 
sloped floors is 2.1 cm / m  (0.25"/ ft ) . Special at tent ion should be given to ensuring that  this cr it ical 
com ponent  of floor const ruct ion is properly carr ied out . 

I t  is recom m ended that  drains be provided with a flush m echanism  so that  a clean water seal ( i.e., clean 
water in the t rap)  can be m aintained. However, care should be taken to assure that  the locat ion of the 
flush m echanism  does not  interfere with cage or pen placem ent . Drains should be provided with an 
adequate cover and pitch basket  t rap. Drain and sewage lines should be at  least  10.5 cm  (4")  in 
diam eter. Where dog excreta is washed down the drain, the diam eter should be 15.0 cm  (6") . Floor 
drains used for waste disposal should be placed at  the end of the m ain drainage line. Drains should be 
checked regular ly to ensure proper funct ioning, an effect ive water seal, and absence of insects. When not  
in use, they should be capped and sealed. 



Floor drains m ay not  be required in room s designed solely to house sm all species. I nstead wet  vacuum  
devices which perm it  sweeping and m opping with disinfectants or a cleaning com pound m ay be used. 

2 . W alls and Ceilings 

Walls should be of an im pervious m aterial, free of cracks, dam age resistant , and easily cleaned and 
disinfected. With these kinds of surfaces, noise reduct ion is difficult .  Walls need not  be as resistant  as the 
floor, provided that  they are protected by a cove or bum per guard. Pipe and service sleeves should be 
adequately closed off and sealed so as to exclude verm in. 

Ceilings within all room s should be seam less and free of cracks, with ceiling-wall j oints well sealed. I n 
som e corr idors, it  m ay be necessary to use ceiling t iles in order to allow access to the m echanical 
system s. These t iles should be of a type which can be easily sanit ized and which prevent  the ent ry of 
verm in into the ceiling space. 

3 . Doors 

Anim al room  doors should be designed and built  to exclude verm in. Self-closing, m etal or m etal-covered 
doors with obscurable viewing windows and kick plates are preferred. A replaceable sweeper pad should 
be installed along the bot tom  if clearance exceeds 0.32 cm  (1/ 8") . Recom m ended m inim um  door sizes 
are 107 cm  (42")  wide and 213 cm  (84")  high to allow free passage of equipm ent . 

4 . W indow s 

Exter ior windows interfere with tem perature cont rol due to radiat ion and conduct ion which m ay 
jeopardize anim al health and research results. They also interfere with photoperiod cont rol. I f windows 
are already present  these should be designed or altered to m inim ize the above effects and to m axim ize 
cleanliness. 

5 . Corr idors 

Corr idors should be st rategically located to facilitate t raffic flow for the desired work pat terns. I t  m ay be 
m ore efficient  to divide the anim al facilit ies into zones with single corr idors than to use a double corr idor 
(clean/ dir ty;  supply/ return)  system . 

Design standards for corr idor floors, walls, drains, coving, bum per guards, etc., should duplicate those for 
anim al room s. Traffic corr idors should be at  least  1.82 m  (6')  wide. Other corr idors should be wide 
enough to allow free m ovem ent  of personnel and equipm ent . Walls should be free of any project ing 
fixtures up to a height  of 213 cm  (84") ;  alternat ively, these fixtures should be adequately protected with 
guards. Exposed corners should be protected with steel plates or sim ilar durable m aterial. All guards and 
fixtures should be sealed to exclude verm in. Corr idors leading to noisy areas should have double doors or 
sim ilar noise- t rapping devices. 

6 . Services 

Service lines should be located on the floor above the anim al facilit ies or in the ceiling space above the 
corr idors so as to elim inate in- room  m aintenance. Separate hot  and cold water lines should be supplied to 
each anim al room  for hand washing, cleaning, and autom at ic watering. Every anim al room  should have at  
least  one elect r ical out let ;  these should be water, insect  and explosion-proof. Switches and therm ostats 
should be sim ilar ly designed. An em ergency power source should be available in case of a power failure.  
  



H. CAGI NG 

The size of caging chosen to house each species should be appropriate for that  species (see Appendix I ) . 

Cages and pens m ust  not  only confine the anim als securely, but  also ensure their  com fort  and safety by 
perm it t ing norm al postural and behavioural adjustm ents, and provide for environm ental enrichm ent . 
Anim als which are social by nature should not  be singly housed unless this is a necessary requirem ent  of 
the research protocol, and approved by the ACC (see also Social and Behavioural Requirem ents of 
Experim ental Anim als) . 

Cages m ust  provide for adequate vent ilat ion, sat isfactory viewing and easy access to the anim al. Food 
and water delivery system s should be designed and located so as to allow the anim al ready access, but  
prevent  contam inat ion with excrem ent . Cage design should facilitate cleaning and disinfect ion. 

The intensity of light  perceived by the anim al, the level of noise to which it  is exposed, the vent ilat ion and 
tem perature of its m icroenvironm ent  are affected by cage design and m aterial. Considerable care should 
be used when choosing the appropriate caging for a part icular species and usage. Caging for anim als 
other than the convent ional laboratory species requires special considerat ion. 

Unless cont ra- indicated by the nature of the research (e.g., nut r it ional studies)  solid bot tom  cages should 
be chosen (over suspended wire caging)  for rodents and guinea pigs in that  they perm it  creat ion of 
m icroenvironm ents and facilitate provision of environm ental enrichm ent  (see also Social and Behavioural 
Requirem ents of Experim ental Anim als) . 

1 . Shoebox Cages 

The shoebox cages used m ainly for sm all rodents are part icular ly suited for breeding purposes. They are 
usually m ade of plast ics such as polycarbonate, polystyrene, and polypropylene. Polycarbonate is clear, 
autoclavable, and resistant  to m ost  disinfectants. Polystyrene and polypropylene do not  withstand high 
tem peratures well.  Polypropylene cages are t ranslucent  and offer anim als m ore pr ivacy, which m ay be 
beneficial for som e breeds or wild species. However, opaque cages should not  be placed on shelves above 
eye level since the anim als within cannot  be readily observed. 

A contact  bedding (e.g., woodchip, ground corncob, etc.)  is used in the bot tom  of shoebox cages, 
allowing an anim al to form  its own m icroenvironm ent . These cages are considered com fortable for the 
anim al, and the cage of choice for breeding. However, anim als in these cages are in contact  with their  
own excreta and air flow is rest r icted. Therefore, it  is im portant  to clean the cages frequent ly. Filter caps 
rest r ict  the air flow even m ore if cages are not  individually vent ilated. Faster buildup of am m onia, carbon 
dioxide and m oisture necessitates m ore frequent  cleaning (up to three t im es per week m ay be required) . 
Shoebox cages can be fit ted with wire gr id floors for certain projects which require that  there be no 
contact  with excreta. 

2 . Larger Solid Bot tom  Caging  

Large plast ic tubs have been used quite successfully for group housing guinea pigs and rabbits. These 
tubs m ust  be st rong enough to support  the weight  of the anim als contained, have rounded corners to 
facilitate cleaning and be resistant  to disinfectants. These are used with a contact  bedding. 

3 . Suspended Cages 

Suspended cages m ay be top or front  opening. Most  top opening suspended cages use the rack shelves 
as the top for the cage. The top opening cages are used prim arily for sm aller rodents, whereas the front  
opening cages are bet ter suited to guinea pigs, cats, dogs, rabbits and non-hum an prim ates (NHP) . 



Most  suspended cages have a floor of wire m esh, steel rod, perforated m etal or plast ic, above a collect ion 
t ray or solid floor. I t  is ext rem ely im portant  that  the size of the floor perforat ions be appropriate for the 
species housed. They should be large enough to perm it  excreta to freely pass through, but  sm all enough 
to prevent  foot  and leg injur ies. The gauge of wire should support  the anim al's weight  without  sagging. 
Floors should be designed so the anim al's feet  can grip during m ovem ent , so as to m inim ize slipping. 
Wire m esh floors are not  suitable for guinea pigs nor for use in rodent  lit ter ing cages. 

I n suspended cages, anim als are not  in contact  with their  own excreta and the cages are usually well-
vent ilated. The pans or t rays can be cleaned m ore frequent ly than the cage, result ing in less disturbance 
of anim als. The anim als, however, do not  have the opportunity to form  their own m icroenvironm ent , and 
so cont rol of the room  environm ent  becom es m ore cr it ical. 

I t  is recom m ended that  these cages be fabricated from  stainless steel or other woven m etal alloys, 
corrosive resistant  plast ic and/ or in the case of som e front  opening cages, fibreglass. Fibreglass is st rong, 
warm - feeling, and m ore sound- resistant  than other m aterials, m aking it  especially suitable for post -
operat ive care. NHP and cats should be supplied with one or m ore rest ing boards or perches at  different  
levels. A squeeze device built  into the cage facilitates rest raint  of NHP. 

4 . Other Cages 

Many cages are designed to m eet  specific requirem ents. Exam ples include m etabolism  cages, m echanical 
exercise cages, gang cages, t ransfer cages, rest raint  cages and walk- in cages (used for housing groups of 
anim als) . 

Addit ional inform at ion on housing large dom est ic anim als and fowl m ay be found in Agriculture Canada's 
Canadian Farm  Building Handbook  (Agriculture Canada, 1988)  (see also Farm  Anim al Facilit ies and 
Environm ent )  as well as Social and Behavioural Requirem ents of Experim ental Anim als in this volum e. 
Guidelines for the use of agricultural anim als have also been published in the U.S. (Curt is, 1988) . 

For inform at ion on cages for wild anim als, contact  the Secretary-Treasurer of the Canadian Associat ion of 
Zoological Parks and Aquarium s, c/ o Met ro Toronto Zoological Society, P.O. Box 280, West  Hill,  Ontario 
M1E 4R5. 

I nform at ion on shipping crates and t ransport  cages for a wide range of dom est ic, wild and laboratory 
anim als m ay be obtained from  the m ost  recent  volum e of Live Anim als Regulat ions (1992)  of the 
I nternat ional Air  Transport  Associat ion ( I ATA) , 2000 Peel St reet , Mont real, Quebec H3A 2R4. 

All cage types m ust  take into considerat ion the well-being of the anim al(s)  during its confinem ent .  
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I I I . THE ENVI RONMENT  

There are m any physical, chem ical, and biological factors which m ay influence experim ental anim als and 
thus m odify the results of the invest igat ions (Melby, 1983;  Sm all, 1983) . The experim ental results 
obtained are, in pr inciple, only valid for the condit ions under which they were obtained and only useful for 
com parison if all the relevant  inform at ion concerning experim ental condit ions is m ade available. 

Am ong the environm ental factors which should be recorded for possible inclusion in scient ific reports are:  
tem perature (C and range) , relat ive hum idity (%  and range)  and whether or not  these are regulated;  air  
exchanges/ hour, proport ion of fresh and recirculated air , and gas or part icle concent rat ions in the air ;  
light ing (natural and/ or art ificial, photoperiod, and intensity) ;  water type, quality, and pret reatm ent ;  
bedding type, quality, and pret reatm ent ;  housing density;  housing equipm ent ;  and physical m easures to 
protect  m icrobiological status. The m icrobiological status of the anim al should be reported [ convent ional, 
Specific Pathogen Free (SPF)  for stated pathogens, or gnotobiot ic with m icroorganism s specified]  
(WCBCLA, 1985) .  
  

A. CLI MATE CONTROL 

Environm ental requirem ents vary with the species and the experim ental protocol. Environm ental 
param eters are usually m easured at  the level of the room . More im portant , however, is the 
m icroenvironm ent  established at  the cage level, since the condit ions between the two m ay differ 
dram at ically (Woods, 1980;  Corning and Lipm an, 1992) . A sum m ary of som e environm ental param eters 
for individual species is given in Appendix I . 

The design of the anim al facilit y should perm it  adjustm ent  of environm ental cont rols to m eet  the needs of 
the species and the experim ental protocol. I deally, each anim al room  would be cont rolled independent ly. 
I n facilit ies not  or iginally const ructed with this capabilit y, this ideal could be approached through proper 
m anagem ent  and the installat ion of ancillary autom at ic light  t im ers, rheostats, therm ostat ically cont rolled 
exhaust  fans, hum idifiers, and air  condit ioning units. 

1 . Tem perature  

Published data on opt im al tem peratures for housing laboratory anim als are variable (CCAC, 1984;  
Clough, 1984;  NRC, 1985) . All these were considered when the guidelines of the Council of Europe were 
form ulated (European Convent ion, 1986) . 

I t  is essent ial that  em ergency equipm ent  be available to m aintain environm ental tem peratures, 
part icular ly in room s housing sm all laboratory anim als, fish, and non-hum an prim ates (NHP) . 

I n special cases, for exam ple, when housing very young or hair less anim als, higher room  tem peratures 
than those indicated m ay in Appendix I  be required. 

Anim al room  tem peratures should be m onitored daily, preferably by cont inuous recording. A less-cost ly 
alternat ive is the use of a m axim um / m inim um  therm om eter which is exam ined and re-set  daily;  
however, this does not  indicate how long the room  was held at  a part icular tem perature, knowledge of 
which is ext rem ely im portant  (McSheehy, 1983) . I f the experim ental protocol or m anagem ent  pract ices 
require that  an anim al be housed at  tem peratures outside the recom m ended range, an adequate t im e 
should be given for adaptat ion to occur (Baker, Lindsey and Weisbroth, 1979) . The tem perature of the 
m icroenvironm ent  should also be m onitored. Factors affect ing tem perature in the cage include the type of 
cage and bedding or nest ing m aterial, the use of filter covers, age, sex, st rain, species, and housing 
density (Woods, 1980;  Corning, 1992) . 



Environm ental tem peratures and variabilit y can affect  anim al research and test ing, influencing an 
anim al's response to drugs, suscept ibilit y to infect ious disease, fert ilit y, product ion, feed and water 
intake, growth curves, and hem atologic param eters (Baker, Lindsey and Weisbroth, 1979;  Lindsey, 1978;  
Yam auchi, 1981) . Occasionally, opt im al tem perature for the research anim al is not  the m ost  com fortable 
for personnel;  however, hum an preferences should not  com prom ise the experim ental requirem ents or the 
health and com fort  of the anim al. 

2 . Hum idity  

Most  laboratory anim als prefer a relat ive hum idity around 50% , but  can tolerate a range of 40-70%  as 
long as it  rem ains relat ively constant  and the tem perature range is appropriate (Clough, 1987) . 
Discom fort  results when hum idity levels adversely affect  the anim al's abilit y to m aintain therm al 
hom eostasis. I n facilit ies where hum idity is difficult  to cont rol within an acceptable range, 
dehum idificat ion or hum idificat ion devices m ay need to be installed. 

Hum idity levels can affect  experim ental results by influencing tem perature regulat ion, anim al 
perform ance, and disease suscept ibilit y. 

3 . Vent ilat ion  

Vent ilat ion influences tem perature, hum idity, and gaseous and part iculate contam inants in the anim al 
cage and holding room . The design of the building vent ilat ion system  should perm it  the m aintenance of 
these param eters within acceptable lim its. The actual vent ilat ion rate required varies with age, sex, 
species, stocking density, frequency of cleaning, quality of incom ing air , am bient  tem perature and 
hum idity, and const ruct ion of pr im ary and secondary enclosures, am ong other factors. Draft - free air  
exchanges in the range of 15-20 per hour are com m only recom m ended for room s containing sm all 
laboratory anim als under convent ional housing condit ions (Clough, 1984) . Achieving these rates does not  
guarantee adequate vent ilat ion at  the cage level, part icular ly if filter- tops are used (Keller, White, Sneller 
et  al.  1989) . Lam inar flow units and room s provide good vent ilat ion with an unidirect ional air flow having 
few eddy currents. These system s m ay effect ively isolate cages within them , cont rolling the spread of 
odours and airborne pathogens (Phillips and Runkle, 1973;  McGarr ity and Coriell,  1976) . 

Different ial pressures can be used to inhibit  the passage of pathogenic m aterial between room s. Higher 
pressures are used in clean areas relat ive to dir ty or biohazardous ones, in order to m inim ize 
contam inat ion (Hessler and Moreland, 1984) . I n facilit ies where containm ent  or exclusion of airborne 
m icroorganism s depends in part  on different ials in air  pressure, inclined m anom eters or m agnehelic 
gauges can be used to m easure the difference between the high and low pressure areas in m illim et res of 
water. Generally, 2.5-5.0 m m  (0.1-0.2 in.)  different ial is m aintained (Sm all, 1983) . 

The design of the vent ilat ion system  should take energy conservat ion into account  (Besch, 1980) . 
Although total air  exchange system s are preferable, they are not  always econom ical, especially in regions 
experiencing tem perature ext rem es. Recirculat ing air  system s m ust  be equipped with effect ive filters 
(and scrubbers, if necessary)  to avoid the spread of disease and to rem ove part iculate and gaseous 
contam inants (e.g., NH3)  (Hessler, 1984) . 

4 . Light ing  

The three character ist ics of light  which can influence laboratory anim als are intensity, quality, and 
photoperiod. The light ing should provide good visibilit y and uniform , glare- free illum inat ion. Previous 
recom m endat ions of 807-1345 lux (75-125 fc)  at  76 cm  from  the floor have been shown to cause ret inal 
degenerat ion in albino rats (Belhorn, 1980;  NRC, 1985;  Sem ple-Rowland and Dawson, 1987) . The 
recom m ended level of 323 lux (30 fc)  approxim ately 1.0 m  above the floor has proved sufficient  for the 
perform ance of rout ine anim al care dut ies and does not  cause rodent  phototoxic ret inopathy (Belhorn, 



1980) . A level of approxim ately 200 lux does not  appear to cause ret inal dam age and has been shown to 
be adequate for reproduct ion and norm al social behaviour am ong m ost  rodents (Weihe, 1976) . At  this 
level, an addit ional light  source on a separate switch is needed to enhance illum inat ion during caretaking 
act ivit ies. 

The intensity experienced by anim als housed close to the source m ay differ m arkedly from  that  
experienced by those farther away, because light  intensity is inversely proport ional to the square of the 
distance from  its source. Addit ionally, light  intensity within a cage is dependent  upon cage type and 
const ruct ion, posit ion of the cage on the rack, and type of rack, and m ay vary m arkedly from  front  to 
back (McSheehy, 1983) . Light  intensity can influence aggressiveness and the incidence of cannibalism  in 
rodents (Weihe, 1976;  Fall,  1974) . Gradual changes between dark and light  periods allow t im e for 
behavioural adjustm ent  and the expression of crepuscular behaviours. Fish and am phibians m ay take 
thir ty m inutes to m ake int ra-ocular adjustm ents to changing light  intensit ies (Allen, 1980) . 

There are few studies on the effect  of light  quality, or spect rum , on laboratory anim als. I t  has been stated 
that  anim al room  illum inat ion should duplicate the character ist ics of sunlight  as closely as possible. There 
is som e disagreem ent  over the necessity for this in every case (Belhorn, 1980;  Sm all, 1983) . Am ong 
laboratory rodents, a light  spect rum  that  differs m arkedly from  sunlight  m ay reduce breeding efficiency, 
cause behavioural abnorm alit ies, and enhance spontaneous tum our developm ent  (Weihe, 1976) . High 
levels of ult raviolet  (UV)  light  can induce cataracts in laboratory m ice (Belhorn, 1980) . The wavelength to 
which guppies are exposed influences fecundity and affects developm ent  and sex rat ios in offspring 
(Mulder, 1971) . Exposure to UV light  m ay cause epithelial dam age in som e species exposed to 
photosensit izing agents. Elect rom agnet ic waves outside the visible spect rum  m ay influence behaviour and 
act ivity of laboratory rats (Mulder, 1971) . Light  tubes which im itate the spect rum  of sunlight  are 
com m ercially available. 

Photoperiod is probably the m ost  influent ial of light  character ist ics on laboratory anim als. Photoperiod 
influences the circadian rhythm s seen in biochem ical, physiological, and behavioural aspects of the anim al 
-  pat terns st im ulated and synchronized through the neuroendocrine pathway. The circadian cycle can 
affect  the anim al's response to drugs or resistance to inoculated infect ious organism s (McSheehy, 1983) . 
The light / dark rat io can affect  reproduct ive perform ance and sexual m aturity. I t  is suggested that , if a 
change occurs in an anim al's photoperiod, no experim ents be conducted with that  anim al for at  least  a 
week (Davis, 1978) . I f the light  phase is interrupted by dark, there are few significant  effects;  however, if 
the reverse occurs, endogenous rhythm s can be significant ly skewed (Davis, 1978) . This is one reason 
why autom at ic t im ers should cont rol light  cycles in all anim al room s. Tim er funct ion should be m onitored 
or hooked into an alarm  system . Addit ionally, any windows in an anim al room  should be occludable. 

Differences in light , tem perature, and air flow between locat ions on a cage rack can affect  experim ental 
results and should be m inim ized by either rotat ing cages through different  posit ions on a rack, or by 
assigning anim als to cages based on a table of random  num bers.  
  

B. OTHER ENVI RONMENTAL FACTORS 

1 . Noise  

The effects of noise on laboratory anim als are related to its intensity, frequency, rapidity of onset , 
durat ion and character ist ics of the anim al (species, st rain, noise exposure history) . Species differ in their  
auditory sensit iv ity and suscept ibilit y to noise- induced hearing loss. Prolonged exposure to high levels of 
noise can cause auditory lesions in anim als. Although a m axim um  background noise of 85 db has been 
recom m ended (Baker, 1979) , adverse changes have occurred in rats exposed to interm it tent  noise at  83 
db (Gerber, Anderson and Van Dyne, 1966) . Exposure to uniform  st im ulus pat terns m ay lead m ore 
readily to hearing loss, whereas exposure to irregular pat terns m ay be m ore likely to cause disorders due 
to repeated act ivat ion of the neuroendocrine system  (Peterson, 1980) . 



I ntense noise can cause alterat ions in gast rointest inal, im m unological, reproduct ive, nervous, and 
cardiovascular system s, as well as changes in developm ent , horm one levels, adrenal st ructure, blood cell 
counts, m etabolism , organ weights, food intake, and behaviour (Agnes, Sartorelli,  Abdi et  al.  1990;  
Bailey, Stephens and Delaney, 1986;  Fletcher, 1976;  Kraicer, Beraud and Lywood, 1977;  Nayfield and 
Besch, 1981;  Pfaff, 1974;  Gerber and Anderson, 1967) . Sudden intense sound can elicit  start le responses 
and can precipitate epilept iform  seizures in several species and st rains of laboratory anim als ( I turr ian, 
1971;  Pfaff, 1974) . Ult rasound em issions can cause behavioural disturbances in a variety of species 
(Algers, 1984) . Although firm  cr iter ia for noise tolerance have not  been established for laboratory anim als 
as for hum ans (Falk, 1973;  Welch and Welch, 1970) , unnecessary and excessive noise m ay be assum ed 
to be an im portant  experim ental variable and a possible health hazard. 

Noise can be cont rolled in an anim al facilit y through proper facilit y design and const ruct ion, thought ful 
select ion of equipm ent , and good m anagem ent  pract ices. Naturally noisy anim als should be located 
where they m inim ally disturb quiet , noise-sensit ive species. Fire alarm s which operate at  low frequencies 
are audible to hum ans, but  do not  disturb m ice and rats. Telephones should not  be placed in anim al 
room s. Many noise sources in an anim al facilit y em it  ult rasound (Sales, Wilson, Spencer et  al.  1988) . 
These include running taps and squeaking chairs. Efforts should be m ade to ident ify and correct  or shield 
these sources. 

Noise can also disturb or harm  anim al care staff, researchers, and other nearby personnel. I t  m ay be 
necessary to provide ear protectors in som e areas such as dog, pig, or m onkey room s, or the cage-
washing facilit y. 

2 . Chem icals 

Chem icals in the environm ent  can adversely affect  the laboratory anim al in a variety of ways. I nherent ly 
toxic com pounds or toxic m etabolites can have local and/ or system ic effects on vir tually every system . 
Although m ost  chem icals found in anim al facilit ies exert  their  m ajor effect  by alter ing hepat ic m icrosom al 
enzym e act ivity, im m une funct ion, or behaviour, allergens, m utagens, teratogens, and carcinogens have 
also been detected. Their ult im ate effect  is m odulated by the interplay between chem ical factors 
(concent rat ion;  physicochem ical propert ies;  durat ion, frequency, and route of exposure;  interact ion with 
other agents)  and host  factors (species, age, sex, st rain, nut r it ional status, im m une funct ion, disease 
status)  (Baker, Lindsey and Weisbroth, 1979) . 

Chem icals arr ive in the m icroenvironm ent  through air , water, food, bedding, and contact  surfaces. 
Com m on air  pollutants include dust  and bedding part icles, am m onia, disinfectants, pherom ones, organic 
solvents, volat ile anesthet ics, insect icides, and perfum es or deodorants. 

The m ost  com m on air  contam inant  in anim al facilit ies is am m onia (NH3)  result ing from  the decom posit ion 

of nit rogenous waste. Am m onia causes irr itat ion of the respiratory epithelium  and increases suscept ibilit y 
of rodents to respiratory m ycoplasm osis (Broderson, Lindsey and Crawford, 1976;  Lindsey, Connor and 
Baker, 1978) . Sub-clinical pathological changes in the respiratory t ract  due to am m onia com plicate 
inhalat ion toxicity studies in laboratory rodents (Gam ble, 1976) . I n hum ans, 25 ppm  is the level below 
which there are no harm ful effects from  an 8 hr/ day, 5 day/ week exposure [ Am erican Conference of 
Governm ent  and I ndust r ial Hygienists Threshold Lim it  Value (TLV) ] . The hum an odour detect ion threshold 
for am m onia is 8 ppm . I n com parison, the TLV is 17 m g/ m 3.  

The anim al's m icroenvironm ent  m ust  be checked as well as the room , because condit ions often differ 
significant ly between the two (Corning and Lipm an, 1992) . Am m onia levels build up when product ion 
com ponents (species, sex, housing density, bedding)  exceed elim inat ion com ponents (cage design, air  
exchange, frequency of cleaning)  (Serrano, 1971) . Filter covers, which reduce air  exchange at  the cage 
level, can rapidly lead to det r im ental concent rat ions of NH3.  Cont rolling NH3 within safe levels requires 

constant  at tent ion to stocking density and to frequency of cage cleaning. 



Perfum e and deodorants should never be used to m ask am m onia or other anim al odours in lieu of proper 
husbandry. These substances m ay be harm ful to the anim als (Baker, Lindsey and Weisbroth, 1979;  
Pakes, Lu and Meunier, 1984) . Volat ile anesthet ics should be used only with proper scavenging 
equipm ent . 

Chem icals can enter the anim al's environm ent  through the water. Other than checking for bacter ial 
contam inants, water quality is rarely m onitored except  for aquat ic anim als. Chlor inated m unicipal water 
sources are com m only used. Over 700 organic com pounds have been isolated from  such sources -  90%  
are natural decom posit ion products. These m ay react  with chlor ine to produce chloroform  (Pakes, Lu and 
Meunier, 1984) . I norganic solutes, part icular ly copper ( from  copper pipe)  and chlor ine are especially 
hazardous to aquat ic organism s. 

Food m ay be contam inated with heavy m etals (e.g., lead, arsenic, cadm ium , nickel, m ercury) , naturally 
occurr ing toxins (e.g., m ycotoxins, ergot  alkaloids, pyrrolizidine alkaloids, est rogenic com pounds) , 
agricultural chem icals (e.g., herbicides, pest icides, fert ilizers) , and addit ives (e.g., ant ibiot ics, colouring, 
preservat ives, flavourings, unintent ionally incorporated drugs)  (Baker, Lindsey and Weisbroth, 1979;  
Pakes, Lu and Meunier, 1984;  Silverm an and Adam s, 1983) . 

Chem icals found on contact  surfaces include cleaning agents such as soaps, wet t ing agents, detergents, 
solvents, and disinfectants (Burek and Schwetz, 1980) . Unless otherwise specified as safe according to 
the m anufacturer 's inst ruct ions, these substances should be thoroughly r insed from  surfaces which will 
contact  anim als. The efficacy of the r inse cycle of the cage-washer should be checked periodically. 

Bedding m aterials, part icular ly wood products, m ay int roduce naturally occurr ing volat ile oils, herbicides, 
pest icides, and preservat ives into the anim al's m icroenvironm ent . Other possible contam inants include 
PCB's and ant ibiot ics (Silverm an and Adam s, 1983) . Volat ile hydrocarbons in cedar and pine shavings can 
induce hepat ic m icrosom al enzym es (Weisbroth, 1979) . 

3 . Bedding  

The choice of bedding m aterials and cage flooring profoundly affects the m icroenvironm ent  of sm all 
rodents. I n m ost  circum stances, contact  bedding is recom m ended. Most  species should be provided with 
solid flooring and bedding pr ior to partur it ion. Som e desirable character ist ics of contact  bedding are listed 
below. 

Bedding m aterial should always be taken into considerat ion in designing an experim ent  and should be 
uniform  throughout  the study because of its influence on behavioural and physiological responses and on 
toxicity and carcinogenesis studies. 

DESI RABLE CRI TERI A FOR RODENT CONTACT BEDDI NG (Kraft , 1980)  



Moisture absorbent   

Dust  free  

Unable to support  bacter ial growth  

I nedible  

Non-staining  

Non- t raum at ic  

Am m onia binding  

Ster ilizable  

Deleter ious products not  form ed as a result  of 
ster ilizat ion  

Easily stored  

Non-desiccat ing to the anim al  

Uncontam inated 

Non-nut r it ious  

Non-palatable

Unlikely to be chewed or m outhed  

Non- toxic  

Non-m alodorous  

Nestable  

Disposable by incinerat ion 

Readily available  

Relat ively inexpensive  

Fire resistant   

Rem ains chem ically stable during use  

Manifests batch to batch uniform ity  

Opt im izes norm al anim al behaviour  

Non-deleter ious to cage-washers  

Non- injur ious and non-hazardous to personnel

Unsterilized m aterials are a possible source for the int roduct ion of disease into rodent  colonies. Wild 
rodents enjoy nest ing in packages of bedding, and cats will defecate in loose bedding (Newm an and 
Kowalski, 1973) . Recom m ended bedding m aterials for each species are discussed in Volum e 2 of this 
Guide.  

4 . Populat ion Density and Space Lim itat ions 

Populat ion density and group size influence the physiological and psychological state of the anim al and 
can profoundly affect  experim ental responses (Baer, 1971;  Clough, 1976) . Product ivity, growth, and 
behaviour of laboratory m ice m ay be seriously altered by variat ions in floor space alone. I nfant  growth 
and survival, as well as m aternal behaviour, m ay be adversely affected by excessive floor space. I nfant  
m ortality in large cages can occur from  failure of fem ales to nurse their  young due to inhibit ion of 
m am m ary developm ent . Nest -building behaviour in rats is adversely affected in densely populated pens, 
leading to an increasing tendency to ignore the pups and to infant  death. Housing density can affect  
efficiency of feed ut ilizat ion and the incidence of skin lesions (Les, 1968, 1972) . 

I solat ion st ress m ay result  in increases in nervousness, aggression, suscept ibilit y to convulsions and 
certain drugs, m etabolism , and adrenocort ical act ivity (Balazs and Dairm an, 1967;  Hatch, Weiberg, 
Zawidzka et  al.  1965;  Moore, 1968) . As m uch as possible, housing type and densit ies should be kept  
uniform  throughout  a study. Further details on appropriate housing (see also Laboratory Anim al 



Facilit ies) . I ndividual species requirem ents are discussed in Volum e 2 of this Guide ( see also Social and 
Behavioural Requirem ents of Experim ental Anim als) . Recom m ended housing densit ies are listed in 
Appendix I .  
  

C. MI CROBI OLOGI CAL CONTROL 

The effects that  m icrobiological agents can have on experim ental results and the health of laboratory 
anim als have been widely docum ented (Baker, Lindsey and Weisbroth, 1979;  Lindsey, Connor and Baker, 
1978;  Pakes, Lu and Meunier, 1984) . Cont rol of the m icrobiological status of the experim ental anim al and 
its environm ent  is necessary for valid scient ific results and anim al well-being. The sources of m icrobial 
contam inat ion include verm in, experim entally infected and spontaneously ill laboratory anim als or their  
t issues or tum ours, air , food, water, bedding, ancillary equipm ent , and personnel. Good facilit y 
m anagem ent  pract ices and constant  surveillance are necessary to m inim ize the int roduct ion of unwanted 
m icrobes. I nsect  and rodent  verm in should be st r ict ly cont rolled or excluded from  the facilit y (Sm all, 
1983) . 

Whenever possible, the health status of all anim als should be ascertained before the anim al is brought  
into the facilit y. Anim als having an unknown health status should be quarant ined and tested before being 
adm it ted to the facilit y (Loew and Fox, 1983) . Addit ionally, all tum our and cell lines should be tested 
before being int roduced (Sm all, 1984) . Research on contagious diseases m ust  be carr ied out  in 
appropriate containm ent  facilit ies (see 3. below) . 

The laboratory anim al veter inarian should be consulted about  regular m onitor ing of the health status of 
anim als within a facilit y, as it  is im portant  to verify the m icrobiological standing for publicat ion of 
experim ental results and to m inim ize cross-contam inat ion between areas (Baker, Lindsey and Weisbroth, 
1979) . The use of sent inel anim als is one proven, sensit ive, and pract ical com ponent  of an anim al health 
surveillance program  (Loew and Fox, 1983) . Health m onitor ing program s should consider the source and 
species of anim al, husbandry pract ices, the nature of research carr ied out  in the facilit y, and the 
associat ion of personnel with laboratory anim als in other locat ions. The efficacy of cage and equipm ent  
sanitat ion should be tested periodically by cultur ing for m icroorganism s, as well as by checking physical 
indicators (Baker, Lindsey and Weisbroth 1979;  Sm all, 1983) . Feed, water, and bedding should also be 
sam pled and cultured periodically. The frequency and intensity of m icrobiological m onitor ing program s 
will be dependent  upon husbandry pract ices, the level of confidence desired, associated r isk factors, and 
econom ics, in addit ion to the factors m ent ioned above (Sm all, 1984) . 

Personnel m ust  be inst ructed in the precaut ions they m ust  take to avoid int roducing diseases into the 
facilit y. The specific precaut ions will vary between areas and facilit ies, depending upon the nature of the 
facilit y, the status of the anim als, and the type of research being conducted. The co-operat ion of all staff 
working with anim als, in both caretaking and experim ental act ivit ies, is essent ial to m aintain facilit y and 
scient ific standards. 

1 . Convent ional Facilit ies 

A convent ional room  or facilit y is one which is not  especially designed for isolat ion procedures. An 
isolat ion unit  could operate convent ionally if isolat ion m anagem ent  pract ices are not  em ployed. The 
following pract ices reduce the probabilit y of contam inat ion in a convent ional facilit y:  

-     Personnel should wear clean clothing and outer protect ive garm ents in anim al room s. 

-     Personnel should wash their  hands upon entering and leaving a room . 

-     There should be no m ovem ent  of personnel and equipm ent  between room s which  house anim als of 
different   



      m icrobial status without  proper precaut ions. 

-     Anim als enter ing shared facilit ies, such as laborator ies, surgery, irradiators, etc., should not  be 
returned to  
     the holding room  unless the shared room  and equipm ent  therein have been disinfected between 
groups of  
     anim als. 

-     Cleaning and sanitat ion pract ices as out lined in Laboratory Anim al Care should be followed. 

2 . Barr ier  Facilit ies 

Gnotobiotes, SPF breeding colonies, aging study colonies, and im m unodeficient  or im m unosuppressed 
anim als require a higher level of cont rol of the m icrobial environm ent  than pract ised in convent ional 
housing (Hessler and Moreland, 1984) . Barr ier housing prevents infect ious agents from  entering and 
infect ing anim als inside the barr ier. Barr iers can be established at  the room  level as in large-scale 
com m ercial product ion of disease- free rodents;  around groups of cages as for gnotobiotes or breeding 
colony nuclei in free-standing flexible film  isolators;  or at  the level of the individual cage as in 
m icroisolat ion cages. 

Closed barr ier system s em ploy variat ions of the following principles:  

-     The room , isolator, or isolat ion cage is ster ilized chem ically or physically pr ior to ent ry of anim als, 
supplies,  
      or equipm ent . 

-     Anim als enter through ports from  isolators or t ransport  containers which prevent  contam inat ion. 

-     All other m aterials, supplies, and equipm ent  are ster ilized before enter ing the barr ier. 

-     Effect ive ent ry and exit  system s include pass- through autoclaves, ster ilized double-door t ransfer 
cham bers,  
     or germ icidal dunk tanks. 

-     Exits from  large barr iers m ay be through air locks with powerful exhaust  com ing from  the inside of the 
unit . 

-     Personnel m ust  shower, dress in ster ile garm ents, and don head covers, m asks and Gloves before 
enter ing  
     a large barr ier. 

-     The inter ior of sm aller isolators is accessed through rubber or neoprene gloves sealed to the isolat ion 
unit . 

-     I ncom ing air  is filtered with high-efficiency part iculate air  (HEPA)  filters and air  pressures are carefully  
     balanced to consistent ly prevent  backflow into the barr ier. 

-     Water is ster ilized through filt rat ion, UV light , acidificat ion, or autoclaving. 

-    Feed and bedding are autoclaved or irradiated before enter ing the barr ier. Special enriched diets m ust  
be  



    used if the feed is to be autoclaved (Hessler and Moreland, 1984) . 

Microisolat ion cages are generally used to protect  anim als in otherwise convent ional room s. With lam inar 
flow cage-changing stat ions and special m anagem ent  procedures (ster ilizat ion of feed, bedding, water, 
etc.) , highly disease-suscept ible anim als such as thym us deficient  and Severe Com bined I m m une 
Deficiency (SCI D)  m ice m ay be successfully m aintained in a convent ional room . Rigorous m icrobiological 
m onitor ing is necessary to m aintain and verify the health status of anim als kept  in barr ier-sustained 
system s. 

3 . Biohazard Containm ent  

Containm ent  is required for anim als exposed to known infect ious m icroorganism s. Required containm ent  
and m anagem ent  procedures vary with the biohazard classificat ion of the m icroorganism , based on the 
degree of r isk to m an and other anim als (HWC/ MRC, 1990) . Personnel m ay be required to shower before 
leaving the containm ent  unit . All cages and m aterials are ster ilized upon leaving the area. Air  pressures 
are balanced so that  the highest  pressure is outside the containm ent  area. Air  exit ing the facilit y is 
diluted with clean air , filtered, or incinerated. Because it  is hazardous to staff and anim als, UV light  is not  
generally recom m ended for rout ine disinfect ion of laboratory air . The infect ious disease unit  should be 
segregated as m uch as possible from  the rest  of the anim al facilit y. Specific requirem ents will differ with 
the degree of r isk. Depending on the hazard, containm ent  of sm all groups of anim als m ay be 
accom plished with flexible film  isolators or m icroisolat ion cages. The use of lam inar air flow racks to 
prevent  cross-contam inat ion between cages should be carefully evaluated as the t ransfer of certain 
pathogens m ay be enhanced in som e instances (Clough, 1973) . I nfect ious disease units should be 
disinfected im m ediately following use. Recom m endat ions for cont rol of biohazards can be found in 
Laboratory Biosafety  Guidelines (HWC/ MRC, 1990)  and elsewhere (Barkley and Richardson, 1984) . 
Biological safety cabinets approved for the appropriate biohazard level m ust  be used for experim ental 
m anipulat ions. These cabinets m ust  be inspected and tested annually by t rained personnel (HWC/ MRC, 
1990) . 

Persons working in infect ious disease units should be protected with a com prehensive occupat ional health 
and safety program .  
  

D. CHEMI CAL AND RADI OI SOTOPE UNI TS 

I n Canada, laboratory use of radioisotopes is regulated by the ( federal)  Atom ic Energy Cont rol Board 
(AECB) , in accordance with the Atom ic Energy Cont rol Regulat ions. The AECB issues licences to the 
inst itut ion for the possession of radioact ive m aterial. When radioisotopes are used in anim als 
experim entally, Standard Operat ing Procedures (SOPs)  to ensure that  related hazards are m inim ized 
should be defined and enforced;  these SOPs are considered by the AECB when it  issues the Radiat ion 
Licence. As well,  the AECB recom m ends that  the inst itut ion's Radiat ion Safety Officer sit  on the 
Occupat ional Health and Safety Com m it tee in an ex-officio capacity. 

The Workplace Hazardous Materials I nform at ion System  (WHMI S)  is regulated by federal and provincial 
health and safety authorit ies. I t  legislates labelling requirem ents, availabilit y of Material Safety Data 
Sheets (MSDS) , and t raining program s required for personnel to work safely with certain hazardous 
m aterials. 

The chem ical and radiat ion hazard area should be separated from  other anim al housing and work areas. 
The hazardous area m ust  be clearly posted and ent ry rest r icted to necessary personnel. Contam inated 
cages should not  be t ransported through corr idors. Safe t ransport  equipm ent  and procedures should be 
developed if necessary. Lam inar flow cage-changing stat ions are recom m ended to protect  the staff from  
aerosolized contam inants (Hessler and Moreland, 1984)  (see also Occupat ional Health and Safety) .  
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I V. FARM ANI MAL FACI LI TI ES AND ENVI RONMENT

 
These guidelines are intended for farm  anim als used in agricultural research and teaching. Where 
agricultural anim al species serve as m odels for hum ans in biom edical research projects and teaching 
dem onst rat ions, they are to be kept  in sim ilar facilit ies com pat ible with each anim al's norm al 
requirem ents and under condit ions that  will m inim ize st ress, bearing in m ind the condit ions required for 
non-agricultural species used in sim ilar experim ents. 

When farm  anim als are brought  to the laboratory, considerat ion m ust  be given to the t ransit ion from  the 
am bient  outdoor condit ions (e.g., cold weather, photoperiod) , so that  the anim als are given as sm ooth a 
t ransit ion period as possible. Bringing anim als in from  the cold will result  in physiological changes (e.g., 
hypervent ilat ion in sheep)  which will also be reflected in changes in their  dietary requirem ents. 
Husbandry procedures such as shearing sheep, the t r im m ing of hoofs, m ay also be of benefit  to the 
anim als at  this t im e. The t im e required for the anim als to adapt  to the laboratory's environm ent  will vary. 

The t ransit ion back to outdoor farm  condit ions following laboratory confinem ent  also requires careful 
planning, not  only with respect  to the am bient  clim ate, but  also with respect  to the regrouping of the 
anim als. 

Com prehensive guidelines for environm ental enrichm ent , as well as for housing large anim als in 
m etabolism  crates, are found in the chapter on Social and Behavioural Requirem ents of Experim ental 
Anim als. 

The use of m etabolism  cages or crates necessarily reduces the anim al's social and behavioural act ivit ies. 
This pract ice should not , therefore, be used m erely for the purpose of convenient  rest raint , but  should be 
reserved for approved m etabolic studies. Anim als so housed should be under close and expert  
observat ion throughout  the period of the study  ( see also Social and Behavioural Requirem ents of 
Experim ental Anim als) .  
  

A. FACI LI TI ES 

Acceptable baseline inform at ion on facilit ies and housing for farm  anim als for product ion purposes m ay be 
found in the Nat ional Research Council (NRC)  Canadian Farm  Building Code (NRC, 1990) . Sim ilar ly, the 
various recom m ended Codes of Pract ice for livestock and poult ry published by Agriculture Canada 
(Agriculture Canada, 1771/ E, 1984;  1821/ E, 1988;  1757/ E, 1989;  1853/ E, 1990;  1870/ E, 1991)  are also 
useful references. I n addit ion, a revision of the Recom m ended Code of Pract ice for the Care and Handling 
of Farm  Anim als- -Pigs (1898/ E)  is now in press. 

Where a new facilit y or extensive rem odelling of exist ing housing is contem plated, the plans should be 
discussed with agricultural engineering experts (provincial departm ents of agriculture and regional 
agricultural colleges) . Detailed inform at ion is available in the m ost  recent  edit ion of the Canadian Farm  

Building Code (NRC, 1990) , and the Canadian Farm  Building Handbook  (Agriculture Canada, 1988) . 

The Am erican Guide for the Care and Use of Agricultural Anim als in Agricultural Research and Teaching 
(Curt is, 1988) , contains useful inform at ion. The Scient ists Center for Anim al Welfare (SCAW) has also 
published a volum e on farm  anim al well-being (Mench, Mayer and Krulisch, 1992) . 

A num ber of art icles on Farm  Anim al Housing were com piled as a special feature by the Veterinary Record 
(Wathes, Jones and Webster, 1983;  Linklater and Watson, 1983;  Sainsbury, 1983) . The Brit ish Veterinary 
Associat ion's (BVA)  Anim al Welfare Foundat ion has published guidelines for the detect ion and relief of 



pain in a num ber of species of farm  anim als (Edwards, 1985;  Gent le, 1985;  Oldham , 1985;  Silver, 1985) . 
I t  has also published guidelines on t ransportat ion of farm  species (Gibson and Paterson, 1986) . 

Facilit y design and the nature of the pr im ary enclosures used for the housing of farm  anim als have a 
m ajor im pact  on their  welfare. The condit ions for product ion-oriented agricultural research m ust  often be 
sim ulated and som et im es intensified in com m ercial applicat ions of intensive husbandry pract ices in food 
anim al product ion (Fraser, 1975) . With others, however, at tem pt ing to im pose close confinem ent  can 
int roduce a severe st ress and "skew" research results. 

Probably the m ost  im portant  factor in the provision of appropriate anim al care for farm  anim als is the 
at t itude and concern for anim al well-being of the anim al at tendants and herdsm en. 

Dom est icat ion is a cont inuing process, and m uch of today's livestock and poult ry product ion involves 
anim als of genet ic st rains that  were selected for growth or reproduct ion in various environm ents under 
varying degrees of cont rol (Siegel, 1984) . 

Current ly, no precise object ive m easures exist  which can be em ployed to evaluate the st ress level of 
livestock product ion system s. Due to problem s inherent  in biochem ical m onitor ing, the physiological 
param eters of st ress cannot  be com pletely relied upon (Freem an, 1971) . The suggest ion that  high 
product ivity does not  const itute a reliable indicat ion of a lack of st ress m ay, in som e special instance, be 
correct . However, wide acceptance of the negat ive correlat ion between st ress and product ivity has proven 
m ost  useful and beneficial in that  its acceptance by agricultural producers has given r ise to cont inuing 
efforts to upgrade environm ental condit ions (Mann and Harvey, 1971;  Wilson, 1971;  Agriculture Canada, 
1988) . The Report  of the Technical Com m it tee to Enquire into the Welfare of Anim als kept  under 

I ntensive Livestock Husbandry System s in Britain concluded that  no one factor can be considered 
conclusive in assessing well-being, and the fact  that  farm  anim als are producing norm ally should be taken 
as no m ore than a guide in this regard (Bram bell,  1965) . The well-being of farm  anim als probably will be 
assessed best  by an integrated system  of indicators in four categories:  1)  reproduct ive and product ive 
perform ance;  2)  pathological and im m unological t raits;  3)  physiological and biochem ical character ist ics;  
and 4)  behavioural pat terns (Curt is, 1988;  Duncan, 1981;  Curt is, 1982;  Sm idt , 1983) . 

Cages and pens should not  only serve to confine the anim al, but  m ust  also ensure its com fort  and safety 
by perm it t ing norm al postural and behavioural adjustm ents. Adequate vent ilat ion, ready access to food 
and water, and sat isfactory viewing of the confined anim al are also m andatory. The Bram bell Report  in 
dealing with the im plicat ions of m odern technology on anim al welfare, sum m arizes this concept  by 
suggest ing that  regardless of the system  of m anagem ent , five basic freedom s should be respected for all 
farm  anim als;  the freedom  to get  up, lie down, groom  norm ally, turn around and st retch its lim bs 
(Bram bell,  1965) . Crit icism  that  these cr iter ia are not  always fully m et , and that  intensive livestock 
system s rest r ict  liv ing space and in som e cases drast ically reduce freedom  of m ovem ent , is often 
just ified. The equivocal point  is, to what  extent  the potent ial st ress of confinem ent  is counterbalanced by 
such things as the period of the im posed st ress, injury prevent ion and im proved disease cont rol. 

I f slat ted or part ially slat ted floors are used, the slat  width and spacing will vary with the species, but  
should be such as to provide adequate support  and m inim ize the r isk of injury while perm it t ing free 
drainage of excrem ent  (Sm ith and Robertson, 1971) . Slat  m aterial should be durable. The possibilit y that  
toxic gases m ay develop from  the liquid m anure disposal system  m ust  always receive considerat ion, as 
these m ay prove dangerous to both livestock and personnel. 

Solid floor surfaces for farm  anim als should be finished with m aterials and finishes that  will m inim ize 
slippage and thus the probabilit y of injury and bruising. Epoxy resin floors if properly keyed have been 
recom m ended for swine. The use of heavy rubber m at t ing ( rubber cow m ats)  m ay prove useful in 
farrowing crates and for tethered anim als, as well as for stanchion- t ied cat t le. The arrangem ents for 
tethering anim als in relat ion to each other and to service areas within a facilit y m ay have a considerable 
influence on the well-being, health and product ion of the anim als. For exam ple, sows in t ie stalls will 
generally thr ive bet ter if they can see each other and are fed sim ultaneously.  
  



B. SPECI FI C ENVI RONMENTAL CONSI DERATI ONS 

Considerat ion of the facilit ies and environm ental requirem ents of cat t le and poult ry have been dealt  with 

in m ore depth than have those for other classes of livestock. These two species are used as type species 

in order to exem plify m any of the pr inciples com m on to the environm ental requirem ents of other species 

of farm  m am m als and birds.  

1 . Cat t le  

Condit ions of housing for beef and dairy cat t le suitable to northern hem isphere condit ions are well 
described in several Canadian and U.S. publicat ions (NRC, 1990;  Agriculture Canada, 1988;  Curt is, 1988;  
MWPS, 1987) .  I t  should be rem em bered that  the im portance of good and intelligent  
m anagem ent  w ill increase proport ionately w ith the intensity of the anim al product ion system s 
em ployed. 

i)  Tem perature  

Cat t le are tolerant  of a wide range of am bient  tem peratures provided they are healthy, well- fed, and not  
exposed to ext rem es of solar radiat ion, hum idity or high wind speeds (Webster, 1983) . Undesirable 
condit ions of sanitat ion, m ud, disease, parasites and various insect  pests reduce cat t le tolerance to 
ext rem es of tem perature. 

Newborn calves are m ore vulnerable to ext rem es and fluctuat ions of tem perature than are older anim als, 
with fluctuat ions tending to be m ore cr it ical than the absolute tem perature. For dairy cows and calves 
m aintained in closed housing system s, the opt im um  tem perature is one close to 20oC with an acceptable 
range between 10 and 25oC (Sainsbury and Sainsbury, 1988) . 

Cat t le m aintained in free-stall and other open housing system s frequent ly choose to stand in areas where 
the tem perature is near or below 0oC. Cat t le m aintained in cold environm ents require m ore total feed 
which can readily m eet  the ext ra m aintenance requirem ent  of about  1%  per each 1oC reduct ion in 
effect ive environm ental tem perature. Under these condit ions, product ivity is not  lowered and cat t le do 
not  appear to be uncom fortable. 

When st ill air  tem peratures clim b above 25oC, feed intake and perform ance of heavily fed cat t le begin to 
be affected and they m ay becom e physiologically st ressed. Tolerance to heat  and to cold vary with 
genotype. I n general, beef cat t le appear to be m ore winter hardy than dairy cat t le. I n fact , the lower 
cr it ical tem perature of intensively fed and housed dairy cat t le is probably only about  -7oC, while in beef 
cat t le it  can be -20oC. Windbreaks in windy areas and overhead shelter in geographical areas subject  to 
cold rains, sleet  and wet  snow are highly desirable regardless of breed or type of cat t le. 

ii)  Vent ilat ion and hum idity  

The object ive of a vent ilat ion system  is to provide the air  exchange required to m aintain environm ental 
tem perature and hum idity within the desired ranges and to rem ove m ethane and carbon dioxide expelled 
from  the rum en and lungs of cat t le, am m onia from  the decom posit ion of feces and urine, dust  from  feed 
and bedding, and airborne m icroorganism s. 

I n winter, rem oval of water vapour is a pr im e need in order to avoid condensat ion within the building. 
Adequate insulat ion and, in som e special cases, supplem ental heat  (e.g., calf housing in certain locat ions)  
will also aid in m aintenance of dry prem ises. Cold weather vent ilat ion rates should be sufficient  to 
m aintain relat ive hum idity below 80%  and above 40%  (Curt is, 1983) . During cold weather, vent ilat ion in 



housing for neonatal anim als should m aintain acceptable air  quality without  chilling the anim als. I n 
sum m er, vent ilat ion aids in keeping am bient  tem perature below the upper cr it ical level of 25oC. I deally, 
the vent ilat ion rate should be high enough to prevent  indoor tem peratures from  exceeding outdoor by 
m ore than 3oC when the atm ospheric tem perature is above 25oC (Curt is, 1988) . 

A proper vent ilat ion system  should m ove the r ight  am ount  of air  for m oisture and pollutant  rem oval in 
winter and for heat , m oisture and pollutant  rem oval in sum m er. The system  should provide a relat ively 
uniform  tem perature, as this is m ore im portant  than the absolute tem perature. Sim ilar ly, the air flow that  
is established through the building should be even, so that  neither drafts nor dead air  pockets are 
created. 

Open housing system s should be built  so as to perm it  ext ra air  m ovem ent  in the sum m er and m inim um  
drafts in winter. Air  current  pat terns are also of im portance in winter in relat ion to snow accum ulat ion. 
Cat t le should be able to feed, rest  and exercise with m inim um  exposure to cold wind and low tem perature 
precipitat ion. 

The indoor relat ive hum idity range recom m ended in the Canadian Farm  Building Code is 25 to 75% . 
Levels of 50 to 55%  hum idity m ay be considered ideal and to provide a m inim um  of influence on the 
physiological effects of other environm ental param eters such as tem perature and vent ilat ion. The com fort  
zone of anim als is reduced (or narrower)  at  both high and low tem peratures under condit ions of high 
hum idity. High hum idity in closed housing at  low tem peratures leads to condensat ion;  the result ing 
dam pness enhances the r isk of disease t ransm ission. 

iii)  Odours 

Odours result  from  rum inat ion by cat t le, from  feces and urine, from  silage, spoiled feeds, etc. Odours 
m ay taint  the m ilk and, if highly repugnant  to herdsm en, m ay also result  in the delivery of poorer anim al 
care. Odours often indicate the presence of gases which can be harm ful to cat t le and to m an. This is 
especially t rue with m odern liquid m anure system s in which hydrogen sulphide (H2S) , am m onia (NH3)  

and m ethane (CH4)  are produced. High concent rat ions of H2S are lethal, and low to m oderate levels of 

H2S and NH3 are im plicated in reduced anim al health and perform ance. High CH4 concent rat ions are 

explosive and at  lower levels CH4 is a sim ple asphyxiant . CO2 results pr im arily from  rum en ferm entat ion 

and exhalat ion by cat t le. Except  in ext rem e cases of poorly vent ilated housing, coupled with liquid 
m anure agitat ion, CO2 accum ulat ion is not  considered to be injur ious to hum ans or anim als. Occupat ional 

health standards for gases are shown in Table 1.  
  

TABLE 1  OCCUPATI ONAL HEALTH STANDARDS FOR GASES 

Gas TLVa  ppm Excursion   
factorb

TW A  
lim itc ppm

H2S 10 2 20

NH3 25 1.5 37.5

CO2 5000 1.25 6250

a TLV ( threshold lim it  value)  represents condit ions under which it  is believed that  nearly all workers m ay 
be repeatedly exposed for  
   an eight -hour day and 40 hour work week without  adverse effect . 

b Excursion factor defines the m agnitude of the perm issible excursion about  the TLV. 



c TWA ( t im e-weighted average)  lim it  defines the m axim um  concent rat ion perm it ted for a short  exposure 
period.  
   TLV x Excursion Factor =  TWA lim it .  
  

iv)  Light ing  

Light  intensity m ust  be adequate to m aintain a high level of husbandry. For instance, an intensity of 538 
lux (50 fc)  is desirable in the area of the udder in a m ilking parlour so that  the operator can properly care 
for the cow's udder. Two hundred and fifteen (215)  lux (20 fc)  are quite adequate in m ost  general 
housing situat ions with cat t le. While approxim ately equal hours of light  and dark have generally been 
considered acceptable, som e evidence suggests that  longer hours of light  increases feed intake and cat t le 
perform ance. 

v)  Bedding  

Bedding m aterials used in stalls and pens are chosen on the basis of availabilit y, cost  and suitabilit y, as 
well as the need. The housing system , and in part icular the m anure disposal system , will largely dictate 
the bedding m aterial if any, and how m uch is appropriate. St raw or other appropriate m aterials are 
com m only used with or without  rubber m at t ing, and on concrete, sand or wood bases. Com fort  and 
cleanliness of anim als is dependent  not  only on am ount  and type of bedding, but  also on anim al stocking 
density, type of shelter, tem perature and hum idity levels. I n open housing under cold condit ions, loose 
st raw is very helpful in m inim izing heat  loss from  cat t le, and a st raw-m anure base sufficient  to allow for 
ferm entat ion can provide addit ional heat . Under condit ions in which cat t le consum e significant  am ounts of 
bedding, freedom  from  toxic com pounds in the bedding is cr it ical. 

vi)  Populat ion density  

Condit ions for housing of beef and dairy cat t le are well described in the Canadian Farm  Building 

Handbook  (Agriculture Canada, 1988) . Space requirem ents vary depending on size and type of anim al, 
type of shelter, whether t ied or loose, num bers of anim als per group, and level of m anagem ent .  As m ore 
intensive anim al agriculture is pract ised, quality of m anagem ent  m ust  im prove accordingly. 

2 . Sheep  

General inform at ion on the facilit y requirem ents and environm ental condit ions suitable to the raising and 
m aintenance of sheep in Canada is available in a num ber of books and m onographs (Agriculture Canada, 
1988;  NRC, 1990;  Curt is, 1988;  Ensm inger and Parker, 1986) . 

i)  Tem perature  

The com fort  zone for the various classes of sheep has been reported as follows:  ewes and ram s 7-24oC;  
feeder lam bs 5-21oC;  newly born lam bs -  unt il dry 24-27oC, which m ay be provided by heat  lam ps 
(Ensm inger and Parker, 1986) . While these are stated to be the com fort  zones, sheep will not  suffer in 
tem peratures below -18oC if they are in fleece and the hum idity is low. 

ii)  Vent ilat ion  

The requirem ents vary widely due to geographic locat ion. During the winter, the recom m ended 
vent ilat ing capacity of buildings housing sheep is 0.6-0.7 m 3/ m in for each ewe and 0.3 m 3/ m in for each 
lam b. I n sum m er the vent ilat ing system  should provide 1.1-1.4 m 3/ m in per ewe and 0.65 m 3/ m in per 
lam b (Ensm inger and Parker, 1986) . 



Preferred relat ive hum idity is considered to be around 60% ;  however, a range from  50%  to 75%  is 
acceptable (Ensm inger and Parker, 1986) . 

iii)  Light ing  

There are no specific light  requirem ents cited for sheep. Where windows equate to 3 to 5%  or m ore of 
the floor area, these will provide sufficient  natural light . Photoperiod m ay need to be regulated for the 
purpose of cont rolling the onset  of est rus. 

Although natural light  is norm ally sufficient  for sheep in m ost  situat ions, supplem ental light ing should be 
provided during lam bing periods. 

iv)  Bedding  

St raw is the m ost  com m on bedding m aterial used. Som e m odern units use a liquid m anure system  with 
floors of expanded m etal, wire or slats and no bedding. Providing that  space allocat ion is correct , these 
system s are acceptable. 

v)  Populat ion density  

Table 2 taken from  the 1988 edit ion of the Canadian Farm  Building Handbook  (Agriculture Canada, 1988)  
gives the accepted detail for sheep accom m odat ion. The space allocat ion cited m ay be considered 
generous from  the viewpoint  of pract ical com m ercial sheep raising,  but  acceptable for  research and 
teaching anim als. 

Generally the num ber of anim als per pen should not  great ly exceed 100 pregnant  ewes or 50 ewes with 
lam bs or 500 feeder lam bs. 

TABLE 2 ACCOMMODATI ON FOR SHEEP 

ACCOMMODATI ON EW ES AND RAMS FEEDER LAMBS

Feed lot  (m 2/ head)    
   hard surfaced  
   soil1

1.4  
6.5

0.6  
2.8

Open- front  shed floor area (m 2)    
   Pregnant  ewe   
   Dry ewe   
   Ceiling height  m inim um  (m )

1.4  
0.93  
2.7

0.6 

2.7

Slot ted floors (m 2/ head)2   
   %  floor area slot ted   
   slot  width (m m )    
   slat  width

0.65  
100  
19  

50-75

0.4  
100  
16  

50-75

Lam bing pen, not  slot ted (m , m inim um )   
   Claim ing pen only   
   Lam bing and claim ing pen

1.2 x 1.2  
1.2 x 1.5

 



Feed rack, length per head (m m )   
   Group feeding   
   Self- feeding  

Height  at  throat  (m m )    
   Sm all breeds   
   Large breeds

400  
150  

  

300  
375

300  
100  

  

250  
300

Feed storage   
  Hay (kg/ day per head)    
    Sm all breeds   
    Large breeds   
  Grain (kg/ day per head)    
    (m aintenance)    
    ( finishing)

1.4  
2.3 

0.15

0.9  
  

0.23  
0.45-1.13

Bedding storage (kg/ day per head) 0.34 0.11

Water surface area (m 2/ 40 head) 0.1 0.1
1  Soil-surfaced feed lots should be used only where annual precipitat ion is less than 500 m m . A paved 
st r ip next  to the feed bunk  
    should be at  least  1.8 m  wide, or as wide as the t ractor used for cleaning. The st r ip should slope 1: 25 
away from  the feed bunk. 

2  An alternat ive to slot ted floors, for ewes, ram s or lam bs is 25 x 50 m m , 4 m m -gauge expanded and 
lat tened m etal m esh.  
    Expanded m etal m esh floors m ay be covered with a solid panel to retain bedding for lam bing.  
  

3 . Sw ine  

Detailed inform at ion and guidelines for swine housing m ay be found in the Canadian Farm  Building 

Handbook  (Agriculture Canada, 1988) . The Veterinary I nfect ious Disease Organizat ion has published 
three booklets on Farrowing Barn Design and Managem ent ,  Swine Nursery Design,  and Feeder Barn 

Design and Managem ent ,  designed to provide swine producers with current  inform at ion on m odern 
building design and operat ion (VI DO, 1986, 1987) . 

The internal surfaces of all swine houses and equipm ent  contained therein should be const ructed of 
sm ooth, non-porous m aterials which can be readily and effect ively cleaned and disinfected. Pen dividers 
and feeders should be free of sharp edges or project ions which m ight  cause injury to the anim als. 
Passageway and pen floors should be effect ively drained. All floors, whether solid, slat ted, or wire m esh, 
should provide adequate foot ing and be non- injur ious to the pigs. 

I t  is not  feasible to state specific values for such environm ental param eters as tem perature, hum idity and 
vent ilat ion that  are m eaningful for all classes of swine in all possible research and teaching situat ions. The 
precise requirem ents will vary considerably with age, type of housing, density of populat ion, etc., and the 
ranges cited in m ost  instances refer to the upper and lower lim its of generally accepted com fort  zones. 

i)  Tem perature  

With the possible except ion of the neonatal and nursing piglets, swine are ext rem ely adaptable and 
com fortable over a wide range of clim at ic condit ions, if they are provided with the proper facilit ies to 
conserve or dissipate body heat . Pole barns or outside huts can be com fortable even in ext rem ely cold 
weather, if the unit  has a sufficient  populat ion and is provided with adequate and appropriate bedding for 
the pigs to create a com fortable m icroenvironm ent . Anim als with access to outside runs or paddocks in 
hot  weather should have a shaded, preferably dam p, area so they can st retch out  on the ground and 



dissipate body heat  by conduct ion. Total confinem ent , on concrete or slats, m ay interfere with conduct ive 
heat  t ransfer so the environm ental support  system s m ust  be adequate to m aintain a sat isfactory com fort  
zone through all seasons. 

For adults and m ost  growing pigs (> 30 kg)  the com fort  zone range is about  15-25oC (Curt is, 1988) . The 
farrowing facilit y presents a special concern because the environm ental requirem ents for the sow, and 
the newborn piglet  are drast ically different . For the com fort  of the sow a tem perature of 15-26oC should 
be m aintained, whilst  the creep area should be dry, draft - free and provide a tem perature of from  26-32oC 
at  all t im es for the newborn piglets (Curt is, 1988) . 

ii)  Vent ilat ion and hum idity  

Adult  and growing pigs will thr ive at  a relat ive hum idity within the range of 40-80%  (Curt is, 1988) . 
Vent ilat ion rates in winter should be sufficient  to cont rol m oisture. I n sum m er the air flow rates required 
to rem ove heat  produced by the anim als are 15-20 X higher than the rates required for m oisture cont rol 
(VI DO, 1987) . Metal bars or wire m esh part it ions between individual pens are preferable to solid 
st ructures as they facilitate air  m ovem ent  at  the level of the anim al. 

iii)  Light ing  

Photoperiod has a definite effect  on the age at  which sexual m aturity is achieved and m ay also influence 
growth rate and feed efficiency (Maybry, Jones and Seerley, 1983) , although Berger, Mahone, Svoboda et  

al.  (1980)  suggest  that  no part icular photoperiod is necessary for growing pigs. From  the viewpoint  of 
good anim al care, the light  intensity should be such that  anim als in all areas of the facilit y can be 
observed clearly at  all t im es. 

iv)  Noise and odours 

Som e noise and odour will inevitably be present  in any pract ical swine unit . Odours m ay be m inim ized by 
regular efficient  cleaning and adequate vent ilat ion. Noise levels can be held down by ensuring that  
m echanical equipm ent  operates relat ively quiet ly and by m inim izing procedures which disturb the 
anim als. 

v)  Bedding  

Where swine are held for relat ively short  periods in sm all units, st raw or other appropriate m aterials m ay 
be used. I n large units, with autom ated cleaning and m anure handling, it  is custom ary to house pigs 
without  bedding. Where pigs are m aintained in pole barns or outside huts, deep st raw bedding should be 
provided. 

vi)  Populat ion density  

Young pigs up to 10 or 12 weeks of age get  along very well,  and substant ial num bers can be kept  
together in a single pen (Curt is, 1988) . As the anim als grow older, aggressive behaviour develops and 
fight ing or bullying will occur, part icular ly in larger groups. Generally, group size should be kept  to ten or 
less for m ature sows and anim als in the late growing phase (Sainsbury and Sainsbury, 1988) . With 
elect ronic feeding stat ions, larger groups m ay be m ore appropriate. Whenever groups of sows are first  
established, som e fight ing will take place for the first  few days. The belligerent  interact ions between 
individuals within the group should subside as the social hierarchy is established;  however, it  is difficult  to 
add new anim als to previously established groups. I f the grouped pigs are lim it - fed, it  is essent ial that  
sufficient  feeder space be provided so that  all anim als can eat  at  the sam e t im e. 



When adult  pigs are confined to stalls, the stall should always be long enough to allow the pig to lie fully 
relaxed without  its head or nose touching the feeder or front  of stall.  The stall m ust  also be wide enough 
to allow the anim al to lie fully relaxed on its side with its feet  and legs extended. A stall width of 0.65 m  
will usually sat isfy this requirem ent . 

Although not  recom m ended by the Canadian Council on Anim al Care (CCAC) , if a t ie stall is to be used, 
ext rem e care m ust  be taken with regard to the design of the collar or belt  ut ilized and the tethered pig(s)  
m ust  be closely m onitored when first  rest rained. I f any abrasions occur in the region of the collar or belt  
the anim al m ust  be released im m ediately.  As a general rule, the t ie  system  should not  be used 
unless the anim al has been acclim at ized to it  at  an early age. Where slat ted or part ially slat ted 
floors are used, care m ust  be exercised to insure that  slot  width is such that  no port ion of the pig's hoof 
or leg will pass through. Part icular at tent ion m ust  be paid to the floor st ructure when dealing with 
newborn piglets. Tables 3 and 4 are pen floor space allowances for growing pigs and replacem ent  gilts 
and sows which will be included in a forthcom ing Recom m ended Code of Pract ice for the Care and 
Handling of Farm  Anim als- -Pigs (Agriculture Canada, 1898/ E in press) . 

TABLE 3 RECOMMENDED PEN FLOOR SPACE ALLOWANCES FOR GROWI NG PI GS BASED ON BODY 
WEI GHT.667 

Body W eight Fully Slat ted   
( 0 .0 3 5 * BW .6 6 7 ) + +

Part ia l Slats  
( 0 .0 3 9 * BW .6 6 7 )

Solid Bedded   
( 0 .0 4 5 * BW .6 6 7 )

kg ( lbs) m 2 ( ft2 ) m 2 ( ft2 ) m 2 ( ft2 )

10 22 0.16 (1.7) 0.18 (1.9) 0.21 (2.2)

20 44 0.26 (2.8) 0.29 (3.1) 0.33 (3.5)

50 110 0.48 (5.2) 0.53 (5.7) 0.61 (6.6)

75 165 0.62 (6.7) 0.70 (7.5) 0.80 (8.6)

90 198 0.70 (7.5) 0.78 (8.4) 0.91 (9.7)

100 220 0.76 (8.2) 0.85 (9.1) 0.97 (10.4)

110 242 0.81 (8.7) 0.90 (9.7) 1.03 (11.1)

+ + For calculat ions;  body weight  (BW)  is in kg, area in m 2.   
  

TABLE 4 RECOMMENDED PEN FLOOR SPACE ALLOWANCES FOR REPLACEMENT GI LTS AND SOWS 

Body W eight Part ia l Slats  
( 0 .0 5 4 * BW .6 6 7 ) + +

Solid Bedded   
( 0 .0 5 9 * BW .6 6 7 )

kg ( lb) m 2 ( ft2 ) m 2 ( ft2 )

100-150 (220-330) 1.5 (16) 1.7 (18)

150-200 (330-440) 1.8 (19) 2.0 (22)

200-250 (440-550) 2.1 (23) 2.3 (25)

> 250 (> 550) 2.3 (25) 2.6 (28)

+ + For calculat ions;  body weight  (BW)  is in kg, area in m 2.   
  

4 . Horses 

The basic condit ions for housing and m aintaining a proper environm ent  for horses are out lined in the 
Consort ium  Guide (Curt is, 1988)  and also in the Horse Housing and Equipm ent  Handbooks (MWPS, 
1986) . The Canadian Farm  Building Handbook  (Agriculture Canada, 1988)  deals specifically with housing 
for r iding horses. 



A bright , airy stable with access to an exercise paddock is desirable in housing horses in order to m aintain 
top condit ion, m uscle tone and health. The housing area should allow for adequate space within its 
alleyways to perm it  the safe m ovem ent  of horses and at tendants. 

Stall const ruct ion should preferably be of hardwood at  least  3.75 cm  thick. Doors and part it ions should be 
m etal faced, part icular ly along their  top edges, to discourage "cr ibbing."  There should be no 
protuberances which m ight  be injur ious to the anim als. Stall walls should be of sufficient  height  to 
prevent  interference with adjacent  anim als. I t  is im portant  that  doors be of adequate width (1.25 m )  and 
height  (2.25 m )  to perm it  the easy m ovem ent  of horses, without  r isk of injury. Ceilings and overhead 
support ing beam s should also be of sufficient  height , preferably 3 m , to perm it  the horse to assum e a 
norm al posture and to guard against  possible head injury. 

Floors should have durable, non-slip surfaces. Roughened concrete is sat isfactory;  wood flooring in the 
standing stall is often used;  packed earth m ay, in som e instances, be acceptable in box stalls. Under 
inst itut ional and laboratory condit ions, a room  or area separate from  the stable area should be provided 
to perform  special procedures (e.g., the collect ion of large quant it ies of blood, etc.) . 

i)  Tem perature  

Horses can tolerate low tem peratures provided there is adequate shelter from  ext rem es of wind, rain and 
snow. Sim ilar ly, quite high tem peratures can be tolerated provided adequate shade is available to the 
free- ranging anim al and that  appropriate vent ilat ion and hum idity are provided in the stable. An 
abundant  supply of fresh, potable water should be available at  all t im es, and is part icular ly im portant  in 
hot  weather. When housed in a dry draft - free environm ent , horses can also tolerate a wide range of 
environm ental tem peratures ( -7 to 29oC) . However, the opt im um  appears to lie between 10 and 15oC 
(Ensm inger, 1969) . The relat ive hum idity in horse quarters should range between 50-80%  (Curt is, 1988) . 

ii)  Vent ilat ion  

Vent ilat ion rate capacity should be at  least  0.7 m 3/ m in. per 450 kg of horse at  tem peratures of -18 to -
7oC and 2.8 m 3/ m in. per 450 kg of horse at  tem peratures of -1 to 10oC (MWPS, 1987) . The capacity will 
need to be increased during hot  weather. 

iii)  Light ing  

The level of light ing in a horse barn should allow for adequate exam inat ion of anim als and bedding. Total 
darkness should be avoided. A light  source should be present  at  night . I llum inat ion of at  least  200 lux is 
recom m ended for alleys, handling and feeding areas (Currence and McFate, 1984) . One 100 W 
incandescent  lam p per 8 m  of floor or each box stall will produce the required light  level (MWPS, 1987) . 

iv)  Bedding  

Sufficient  bedding should be provided in the form  of st raw, wood shavings or other suitable m aterial. 
Adequate floor drainage m ust  be assured in both the box and standing stall to guard against  foot  
problem s and unnecessary soiling of the anim al. 

Manure and soiled bedding should be rem oved daily to keep horses clean and dry, and the environm ent  
free of dust  and odours (Curt is, 1988) . The anim al should not  have access to the m anure storage area 
due to the high r isk of parasite infestat ion from  this source. 

Regular groom ing is st rongly advocated for m em bers of this species, part icular ly if housed in t ie stalls 



with lim ited freedom  of m ovem ent . 

v)  Populat ion density  

I deally juvenile and m ature horses should be housed in individual box stalls of at  least  3.5 m  x 3.5 m , 
with access to an exercise paddock of 10.0 m  x 27.50 m  or larger. Horses m ay be quite sat isfactor ily 
m aintained in standing stalls providing there is good separat ion between each anim al and regular access 
to an exercise paddock. Subsequent  to weaning, it  is desirable that  each anim al have a separate stall.  I n 
the exercise paddock, separat ion by age and com pat ibilit y should be m aintained. 

5 . Poult ry  

I t  is not  feasible in the space of a few pages to deal in detail with the housing, feeding and m anagem ent  
of poult ry. More detailed inform at ion m ay be found in the literature (Curt is, 1988;  Agriculture Canada, 
1988;  Moreng and Evans, 1985;  North and Bell,  1990) . 

a)  Chicks 

I n experim ental studies, chicks are either brooded and reared in floor pens or in bat ter ies. Buildings that  
house such facilit ies should be designed and operated in such a m anner as to provide m axim um  com fort  
for the birds and m inim um  risk of disease t ransm ission. 

I t  is custom ary for such buildings to have concrete floors equipped with floor drains and walls of sealed 
concrete block or  sealed plywood to facilitate easy cleaning and disinfect ion. I nsulat ion of walls and 
ceilings is essent ial as is adequate vent ilat ion. 

i)  Tem perature  

I nit ial brooding tem perature should be 35oC as m easured on a level with the backs of the chicks. As the 
birds age, the brooding tem perature should be reduced at  the rate of about  2.5oC per week. By the t im e 
the birds are 5-6 weeks old, the house tem perature should be down to 18 to 21oC (Curt is, 1988) . A 
therm om eter alone, however, is a poor tool for ensuring chick com fort . The chicks them selves should also 
be the indicators (North and Bell,  1990) . 

ii)  Vent ilat ion  

All poult ry buildings m ust  be adequately vent ilated either naturally or by forced air . I n m ost  installat ions, 
the m inim um  vent ilat ion rate in sum m er should be about  12 air  changes per hour. Such vent ilat ion rates 
are usually adequate to keep am m onia levels in the buildings down to acceptable levels. Levels of 
am m onia in poult ry houses should not  exceed 25 ppm . Higher levels are likely to prove det r im ental to the 
birds and uncom fortable for at tendants. 

iii)  Light ing  

Light ing system s vary widely;  however, art ificial light  cont rolled by a t im e clock should always be 
em ployed. Chicks brooded in bat ter ies are usually subjected to about  35 lux (3.5 fc)  of white light  on a 
cont inuous basis for the first  four days after hatching. Broiler chicks brooded in floor pens should receive 
35 lux of illum inat ion at  the floor for the first  48 hours after hatching, with a light  cycle last ing 23 hours, 
the dark cycle one hour. A 23-hour program  is preferable to 24 hours of light , because it  acquaints the 
flock with periods of darkness. This is very br ight  illum inat ion;  however, it  is essent ial that  chicks learn to 
dr ink and eat  as soon as possible. After the first  two days, light  intensity should be reduced to about  10 
lux (1 fc)  at  floor level (North and Bell,  1990) . Replacem ent  stock are generally lighted like broiler chicks 



unt il about  six weeks of age when a rest r icted light ing schedule is int roduced. Such schedules, over a 
period of t im e, reduce the hours of light  to about  eight  hours per day. 

iv)  Bedding  

Many different  types of lit ter have been used successfully in floor pens. Preference in m ost  parts of 
Canada is for wheat  st raw or wood shavings. I n general, visual cleanliness of lit ter is considered of less 
im portance than dryness;  spillage of water m ust  be m inim ized by using suitable waterers. A sufficient  
num ber of air  changes m ust  be provided in the building to rem ove the m oisture- laden air  from  the pens;  
at  the sam e t im e, care m ust  be taken not  to reduce the m oisture level to the point  where a dust  problem  
is created. 

v)  Food and w ater  

A good supply of fresh, clean water m ust  be provided and m aintained at  all t im es. Feeders of m any 
different  types ( t roughs, hanging feeders and m echanical feeders)  have all been used successfully. Where 
pract ical, they should be provided with reels or gr ills to prevent  wastage and fouling of the feed by the 
birds. Feeders should be of a type and size suitable for the age (size)  of the birds. Sufficient  feeder space 
m ust  be provided to perm it  all of the birds to eat  at  one t im e. 

vi)  Populat ion density  

Som e guidelines for space requirem ents for chickens will be found in Table 5. The recom m ended 
allowances should be considered as "rules of thum b" rather than as absolute m inim um  allowances. 

TABLE 5 GUI DELI NES FOR MI NI MUM SPACE REQUI REMENTS FOR POULTRY 

Floor area/ bird   
cm 2

Brooding and Grow ing Period   
Floor pen housing                         0-6 weeks   
                                                        > 6 weeks  

Cage housingc                             Leghorn- type/ Medium -size   
                                                       0-6 weeks   
                                                       6-12 weeks  
                                                       12-20 weeks

64a-1116b  
742a-2786b  

  

97/ 155  
194/ 310  
290/ 348

Laying Period   
  Floor pen housing on lit ter   
    Leghorn- type   
    Medium -size  

  Cage housing   
    Leghorn- type   
    Medium -size

1625   
1858   

  

387  
452

Breeding flocks -  m ales and fem ales   
   Floor pen housing on lit ter

1393a-2786d

Feeder space  -  Length/ bird cm . 10

Nests -  per 100 layers 25

Adapted from  Curt is (1988)  and North and Bell (1990)   
a Mini-Leghorn pullets  



b Meat - type cockerels  
c Cages should allow birds to stand erect   
d Meat - type  
  

b)  Laying and Breeding Hens 

I n general, the type of building required for housing laying and breeding chickens is sim ilar to that  
required for floor brooding of chickens;  however, the internal design and equipm ent  required are 
different . Houses for layers and breeders m aintained on floors are usually equipped with dropping pits or 
dropping boards, nests, appropriate t roughs or hanging feeders, and autom at ic waterers. 

I n order to prevent  cannibalism , the birds are often beak- t r im m ed with an elect r ic beak t r im m er. Heavily 
beak- t r im m ed birds m ay suffer a severe setback in growth and in subsequent  perform ance in the laying 
house. Excessive t r im m ing should, therefore, always be avoided both on hum ane and econom ic grounds. 

i)  Vent ilat ion  

Vent ilat ion rates required in sum m er and winter in houses for laying and breeding chickens are fair ly 
sim ilar to those required in houses for rearing replacem ent  stock. I n winter, the system  m ust  rem ove 
m oisture build up whilst  m aintaining an opt im um  house tem perature between 18 and 24oC. I n the 
sum m er, the vent ilat ion system  should m aintain the house tem perature below 27oC. At  tem peratures 
above 27oC laying pullets begin to suffer and perform ance dim inishes (North and Bell,  1990) . 

ii)  Light ing  

Art ificial light , cont rolled by a t im e clock, m ust  be provided to layers for opt im al product ion. I t  is usual to 
provide 14 hours of white light  per day at  a light  intensity of 10 lux (1 fc)  at  the feeders and waterers 
(North and Bell,  1990) . 

iii)  Bedding  

The floors are usually covered with lit ter of st raw or shavings. Occasionally, such houses have floors of 
2.5 cm  x 5 cm  m esh, heavy gauge, elect r ically welded wire which obviates the need for lit ter. 

Houses suitable for m aintaining layers in cages usually have single or m ult iple cages arranged in rows 
about  76 cm  apart . Stair-step or single-deck type cages, with m echanical cleaning arrangem ents 
underneath are perhaps the m ost  popular cages, since rem oval of droppings is m ade easier with such 
cages than with m ult iple-deck cages. 

iv)  Food and w ater  

Feeds appropriate to the stage and level of product ion are readily available com m ercially. Food m ay be 
supplied in m ash or pelleted form . Laying or breeding rat ions usually contain about  16%  protein. Water is 
generally supplied by autom at ic waterers. Both t rough and large cup waterers have been found 
sat isfactory for layers in floor pens while t rough, dr ip and sm all cup waterers have been found suitable for 
layers in bat ter ies. 

v)  Populat ion density  

Som e guidelines for space requirem ents for hens will be found in Table 5. 



c)  Com m ercial vs. Experim ental Condit ions 

The housing, feeding and m anagem ent  of chickens have been t reated above as in com m ercial pract ice. 
The principal difference between the com m ercial situat ion and the experim ental situat ion is that  in the 
lat ter, m any different  t reatm ents and replicat ions are involved which often m ay necessitate the use of 
m any sm all floor pens or m any sm all bat tery groups. These m ust  be group-  or individually- fed with 
individual or group data being collected from  each. Product ion-oriented agricultural research, in order to 
be relevant , will m ost  often require an approxim at ion of good com m ercial m anagem ent  and housing 
pract ices. 

Where chickens are ut ilized as a bioassay tool in biom edical and behavioural research, the environm ental 
condit ions given above for chicks and m ature birds should be considered as const itut ing m inim al 
acceptable standards. When chickens m ust  be int roduced into a laboratory anim al facilit y in which poult ry 
are not  usually accom m odated, it  is necessary to provide appropriate caging. I n these circum stances, 
advice should be sought  from  som eone knowledgeable in poult ry science and husbandry as well as 
laboratory anim al science to assure that  such considerat ions as sufficient  head room , feeder space and 
proper flooring are sat isfactor ily m et . Care should also be taken to ensure that  feeders and waterers 
(part icular ly where fountains and open cups are used)  are located so as to avoid becom ing fouled with 
feces or clogged with bedding.  
  

C. PEST CONTROL 

Program s should be in place to cont rol infestat ion by verm in ( flies, m osquitoes, fleas, lice, t icks, rodents, 
skunks and birds) . The m ost  effect ive cont rol is by prevent ing ent ry by the appropriate screening of 
openings and sealing cracks, m aintaining the integrity of all surfaces, and elim inat ing verm in breeding 
sites. Pest icides should only be used judiciously and when necessary and where the r isk to anim als and 
the experim ental process is m inim al. 

Cats are som et im es used for rodent  and bird cont rol and if so they should receive appropriate veter inary 
care including com plete inoculat ion against  the com m on feline diseases, including rabies.  
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V. LABORATORY ANI MAL CARE

 
A. I NTRODUCTI ON  

a)  Anim al Care and Handling  

All anim al facilit ies should have in place Standard Operat ing Procedures (SOP)  for anim al care. Assistance 
in this regard m ay be found in a m anual and com puter program  developed by Olson, Morck, and 
Nabrotzky (1992) . 

All anim als m ust  be observed at  least  once daily. 

Anim als m ay have to be handled when being put  into new cages or rem oved for various experim ental 
purposes. Most  dom est ic and laboratory anim als need no rest raint  for such rout ine handling, and will 
respond to gent leness. Under norm al condit ions, all standard laboratory anim als, except  non-hum an 
prim ates (NHP) , can be handled without  the use of gloves or other rest raining aids. I n all cases, only the 
m inim al am ount  of force necessary should be em ployed. Manipulat ion of the type and intensity of light  
used often proves useful in handling sm all wild m am m als and birds (Fall,  1974) . 

Successful handling requires the abilit y to recognize the anim al's state of m ind, which m ay include 
bewilderm ent , apprehension and, in som e cases, discom fort  or pain. Proper t raining is im portant  to 
provide consistency in handling which usually results in m ore m anageable anim als. 

Whenever possible, the use of cum bersom e protect ive garm ents, such as gloves, should be avoided, as 
they often prevent  the handler from  developing the proper sense of touch and cause the anim al 
discom fort . However, with wild and sem i-dom est icated species (m ink, m onkeys, etc.)  use of protect ive 
gaunt lets and rest raining equipm ent  is usually necessary. The use of specialized cage squeeze 
m echanism s followed by t ranquillizat ion is often advocated for handling the larger NHP. Transfer devices, 
pole tether devices and t raining through reward m ay be used to effect  rout ine cage changes. Transfer 
devices have also been designed and ut ilized for a variety of sm all wild rodent  species (Caudill and 
Gaddis, 1973) . 

The handling of individual species is addressed in Volum e 2 of the Guide.  I n addit ion, Agriculture Canada 
has published Codes of Pract ice for handling m any species of farm  anim als (Agriculture Canada, 1771/ E, 
1984;  1821/ E, 1988;  1757/ E, 1989;  1853/ E, 1990;  1870/ E, 1991) . I n addit ion, a revision of the 
Recom m ended Code of Pract ice for the Care and Handling of Farm  Anim als- -Pigs (1898/ E)  is now in 
press.  
  

B. GENERAL PRACTI CES 

1 . Recept ion  

The portal through which anim als and containers enter a facilit y is im portant  in the overall prevent ion of 
disease. The exam inat ion of newly arr ived anim als should have several aim s:  evaluat ing the condit ion 
and health of the anim als;  prevent ing cross-contam inat ion of anim als from  different  sources;  and 
ensuring that  the order has been accurately filled. The health status of the anim als at  their  source and 
the possibilit y of cross-contam inat ion during t ransport  are im portant  considerat ions. Cross-contam inat ion 
is always a greater r isk if the anim als are not  shipped in a vehicle dedicated to the t ransport  of anim als, 
com ing from  a single source. However, this r isk can be decreased by the use of filtered shipping crates. 

Each new shipm ent  of anim als should be received, uncrated and exam ined by t rained personnel and 



placed in clean cages in a designated recept ion area separate from  the anim al holding room (s) . The 
recept ion area should be cleaned and disinfected after each new shipm ent . Shipping containers should 
not  enter the m ain facilit y unless properly decontam inated and should be properly disposed of, or 
thoroughly cleaned and disinfected if they are to be reused. I ncom ing anim als should be ident ified and 
their  arr ival appropriately recorded. 

Anim als that  appear unhealthy, or which have been in any way debilitated in t ransit , should be separated 
from  the rem ainder and held in an appropriate locat ion for observat ion and t reatm ent . Where this is not  
feasible, such anim als should be euthanized without  delay. 

2 . Condit ioning/ Quarant ine  

The level of condit ioning required will depend on the differences in m icrobial status between the resident  
anim als and the incom ing anim als. Rodents are com m only purposebred for the laboratory and can be 
received from  the supplier in a defined state, with a known health, nut r it ional and, to a varying extent , 
genet ic background. Sim ilar ly other purposebred species obtained from  reputable sources will have 
com plete health profiles and will have received specified prophylact ic t reatm ent . Such anim als m ay not  
norm ally require further quarant ine for confirm at ion of their  health status;  however, a holding period of 
several days will give the anim als the opportunity to adjust  to their  new surroundings. A m inim um  
adjustm ent  period of tw o days is required after  shipping for  im m une funct ion, cort icosterone 
levels and other physiological param eters to stabilize  (Sm all, 1984;  Toth and January, 1990) . 

Legally procured st rays or donated anim als, acquired feral anim als, such as NHP, and anim als from  other 
random  sources should be subjected to a period of condit ioning following their  recept ion. Condit ioning 
requires that  the anim al be held for a varying period of t im e (1-6 weeks)  in separate quarters. The length 
of the condit ioning period will depend on the species, the health status of the anim als, the reliabilit y of 
the supplier, and whether an act ive process of screening anim als for the presence of or exposure to 
infect ious agents is undertaken. During this period, thorough physical exam inat ions should be 
undertaken. Further exam inat ion will depend on species and intended use. 

The condit ioning period should be of sufficient  durat ion to perm it  the proper evaluat ion of the suitabilit y 
of the anim al(s)  for their  intended use, and test ing for contagious, zoonot ic and other diseases that  m ay 
be of concern. This can include serological screening for ant ibodies to viruses and other pathogens, the 
exam inat ion for ecto-  and endo-parasites, m ycoplasm a, and pathogenic bacter ia. I f contam inat ion during 
t ransport  is a possibilit y, an appropriate period to allow expression of disease or ant ibody product ion 
should be allowed. Sufficient  t im e m ust  also be allowed for appropriate t reatm ent  or vaccinat ion against  
diseases that  tend to be endem ic in the species being condit ioned. 

During the condit ioning/ quarant ine period, the anim als should be held in facilit ies separated from  other 
anim als with no crossover of personnel, equipm ent , supplies or vent ilat ion (Frost  and Ham m  Jr., 1990) , 
unless effect ive m easures are taken to prevent  cross-contam inat ion. 

3 . Holding ( Maintenance)  

Only one species should be housed in a convent ional anim al room  unless m aintained in isolator caging, 
racks or cabinets. Shipm ents of the sam e species, acquired from  different  suppliers, should also be 
separated according to health status if space perm its, or housed in isolator caging. Where the m ixing of 
species and/ or stocks from  different  sources is unavoidable, every effort  should be m ade to place 
together those that  are behaviourally com pat ible, have sim ilar environm ental requirem ents, and a low 
probabilit y of cross- infect ion. NHP should not  be housed with any other species. 

Anim als should be held in enclosures adequate for that  species as described in the individual sect ions of 
Volum e 2 of this Guide.  



4 . I dent ificat ion and Records 

Cage or group ident ificat ion m ay be used for sm all laboratory anim als if individual ident ificat ion is not  an 
experim ental prerequisite. I ndividual ident ificat ion can be by ear tagging, ear notching, tat tooing, tail 
m arking, subcutaneous m icrochip im plant  or other species appropriate m ethod (Hayden, 1974;  Ball,  
Argent ier i,  Krause et  al.  1991;  I waki, Matsuo and Kast , 1989;  Castor and Zaldivar, 1973) . Dye m arking 
on the hair provides for short - term  ident ificat ion. Larger laboratory anim als should always be individually 
ident ified by tat too, neck band, individual tag, or a subcutaneous ident ity tag. 

The Canadian Council on Anim al Care (CCAC)  opposes the use of toe clipping as a m ethod of 
ident ificat ion for the short - term  learning experience of field studies. Where it  is necessary to provide 
perm anent  individual ident ificat ion between lit ter m em bers of newborn rodents, toe clipping m ay be 
necessary. I f,  for any reason, this procedure has to be undertaken on other than neonatal anim als, either 
a local or general anesthet ic should be adm inistered (Stonehouse, 1978) . 

The im portance of keeping com plete and thorough records on all experim ental anim als cannot  be 
overem phasized. The following inform at ion should be recorded for each anim al:  arr ival date, sex, 
est im ated age and w eight , breed and type, colour and m arkings and any physical 
abnorm alit ies or other ident ifying features ( I LAR, 1984) . The nam e of the project  or  
invest igator and protocol num ber to w hich it  is a llocated should be noted, as w ell as that  of 
the supplier  and eventual disposit ion. Anim al records should be kept  for a period of one year after 
the final disposit ion of the anim al. The cages in which anim als are housed, pr ior to or during an 
experim ent , should be clearly m arked indicat ing the sex and num ber of contained anim als, the 
invest igator responsible for them  and such special inst ruct ions as m ay be pert inent  to their  care. Records, 
especially when used in conjunct ion with data processing equipm ent , can facilitate facilit y m anagem ent  
(Wasserm an, Blum rick and Liddell,  1982;  Rieger and Beriault , 1983) . 

Use of room  cards/ boards on the doors of anim al room s indicat ing the species, invest igator(s)  whose 
anim als are being held and any special notat ions that  m ay be pert inent  is a good pract ice. 

People donat ing anim als to research facilit ies are required to sign a statem ent  that  they are the legal 
owner. This docum ent  should include ident ificat ion of the anim al by the cr iter ia previously noted, and 
should specifically t ransfer ownership and disposal of the anim al to the inst itut ion. Anim als (such as dogs, 
for which a system  of nat ional regist ry exists)  should always be checked for the presence of ident ifying 
m arkings.  
  

C. CARE OF THE ANI MAL 

1 . Food  

All experim ental anim als should receive palatable, wholesom e and nut r it ionally adequate food according 
to the requirem ents of the species, unless the study requires otherwise. I n certain experim ents where 
sm all quant it ies of chem ical residues m ay influence results, cert ified diets with docum ented analysis of 
contam inant  pest icides, herbicides, etc., are available from  com m ercial m anufacturers of laboratory 
anim al diets. 

a)  Food Storage  

Whenever possible, pasteurized or ster ilized diets obtained from  reputable suppliers should be used. 
Proper storage of foods is necessary to m inim ize the possibilit y of contam inat ion, deter iorat ion or 
spoilage. Dry laboratory anim al diets should be used within six m onths of the m illing date when stored in 
cool, dry, well-vent ilated quarters. I rradiated diets kept  under the sam e condit ions have approxim ately 
double the shelf life. Prim ate and guinea pig diets should be used within three m onths of the m illing date, 



unless vitam in C is supplem ented. To avoid problem s from  age deteriorat ion, the date of m illing of each 
shipm ent  should be obtained from  the supplier ( this is usually m arked in code on the bags) . Bags should 
then be m arked, put  on plast ic or m etal pallets or racks to keep them  off the floor, and stored so that  the 
oldest  will be used first . Stale shipm ents should not  be accepted. Shelf life will be appreciably enhanced if 
the storage area is m aintained at  a tem perature of < 16C (60.8F)  (Weihe, 1987) . Canned foods can be 
safely stored for long periods. Clean green vegetables suitable for hum an consum pt ion m ay enhance the 
diet ;  however, vegetable discards m ay prove sources of infect ion and should be avoided. 

Food used in m icrobe-cont rolled environm ents is often autoclaved. Autoclaving decreases the 
concent rat ions of som e vitam ins and ant ioxidants (Maerki, Rossbach and Leuenberger, 1989) . However, 
autoclavable diets are available which contain higher concent rat ions of heat - labile ingredients to 
com pensate for the losses induced by heat -ster ilizat ion. Shelf life m ay be decreased, but  need not  be if 
the process is handled properly (Oller, Greenm an and Suber, 1985) . Gam m a irradiat ion is also used for 
diet  ster ilizat ion (Halls and Tallent ire, 1978) . 

Diet  in large quant it ies should not  be stored in anim al holding room s. Sm all quant it ies, sufficient  for one 
or two days m ay be kept  in the room  in covered, verm in-proof containers. 

b)  Special Considerat ions 

All anim als tend to reduce their  food intake when sick. Anim als with a high m etabolic rate, e.g., sm all 
rodents and those requir ing fair ly frequent  feedings of high protein diets (e.g., the cat ) , can becom e 
debilitated very rapidly. I n cases of anorexia in these species, oral intubat ion and force feeding as well as 
int ravenous therapy (cat )  should be inst ituted without  undue delay. Rest r icted feeding for m aintenance of 
adult  anim als is com m only pract ised for som e species and st rains, such as rabbits. Anim als on rest r icted 
food or fluid intake for experim ental purposes should be closely m onitored for weight  loss, signs of 
dehydrat ion, signs of st ress and deteriorat ion in health (McI ntosh and Staley, 1989) . I t  should be noted 
that  food and water rest r ict ion m ay have a m arked effect  on the response of anim als to toxic substances 
and other experim ental variables (Dam on, Eidson, Hobbs et  al.  1986) . For som e species, part icular ly 
NHP, providing a variety of foods can be useful as a form  of environm ental enrichm ent . 

Generally, food should not  be scat tered over the bot tom  of the cage, where it  m ay be contam inated or 
wasted. Except ions to this include provision of food to newly hatched birds and abnorm al (handicapped)  
anim als, such as m ice with m uscular dyst rophy. 

2 . W ater  

Drinking water should be available to anim als at  all t im es, unless cont ra- indicated by the experim ental 
protocol. Tap water, even if from  m unicipal water system s, is not  ster ile and quickly becom es 
contam inated with even m ore bacter ia after the bot t le is placed on the cage (Tober-Meyer and Bieniek, 
1981) . Monitor ing water quality is an im portant  aspect  of any research program , as water contam inat ion 
and chem ical com posit ion can affect  the health of anim als and the results of anim al experim ents. 

Methods available to rem ove both m icrobial and chem ical contam inat ion include acidificat ion, 
chlor inat ion, reverse osm osis, ult rafilt rat ion and ult raviolet  (UV)  light  (Newell, 1980) . Som e of these 
m ethods m ay alter im m une funct ion (Herm an, White and Lang, 1982;  Fidler, 1977)  and growth rates in 
experim ental anim als (Hall,  White and Lang, 1980;  Tober-Meyer, Bieniek and Kupke, 1981) . Regardless 
of whether or not  the water supply is t reated, all water dispensing equipm ent  should be thoroughly 
sanit ized according to inst itut ional SOPs, and periodically m onitored for bacter ial contam inants. 

A watering m ethod unlikely to spread disease or contam inate the water supply should be chosen. Water 
bot t les should be t ransparent  so as to perm it  ready observat ion of cleanliness and water level;  of a 
m aterial that  will withstand ster ilizat ion, and of a wide m outh design to facilitate cleaning. Water bot t les 
should always be replaced with clean, freshly filled ones, rather than by refilling the ones in use. Anim als 



housed under freezing condit ions m ay require heated water bowls. 

Autom at ic watering devices are econom ical to operate, but  if not  properly designed, are difficult  to 
disinfect  properly and m ay lead to cross-contam inat ion (Malatesta and Schwartz, 1985) . Recirculat ing 
system s elim inate stagnat ion of water and help prevent  buildup of m icroorganism s. The correct  pressure 
in the dr inking valves prevents backflow of water into the lines when anim als dr ink from  or play with the 
valve. Malfunct ion of autom at ic watering system s can lead to drowning or drought ;  consequent ly, the 
system  m ust  be rout inely and thoroughly checked. Som e anim als need to be taught  to use autom at ic 
watering devices. Autom at ic watering devices are not  recom m ended for guinea pigs, unless they are 
habituated to them . 

Most  fish have a low tolerance for both copper ions and chlor ine. Their water supply, therefore, should 
either be dechlor inated or obtained from  an unt reated source, and should not  be brought  into the 
aquarium  through copper piping. 

3 . Exercise  

Experts disagree about  the need for exercise in laboratory anim als. A judgem ent  in such cases m ust  thus 
be m ade by the laboratory anim al veter inarian in consultat ion with the invest igator. Although m any adult  
anim als do not  seem  to have a m ot ivat ion to exercise per se,  in the process of sat isfying their  
behavioural needs, they do get  exercise (Fox, 1990) . Exercise requirem ents for anim als should reflect  
species, age and environm ent . Research inform at ion on the requirem ents of each species for exercise is 
lim ited and varied, but  cont inually increasing. Young anim als of m ost  species involve them selves in m uch 
m ore play and exercise act ivity than adults. For som e species, exercise m ay not  be required in adult  
anim als for physiological health (Weihe, 1987;  Clark, 1990;  Cam pbell,  1990) . Several studies suggest  
that  there are no beneficial effects on behaviour, health or in enhancem ent  of voluntary act ivity in the 
laboratory-bred beagle from  increasing the cage dim ensions beyond the standard 76 cm  x 76 cm  x 76 cm  
(30" x 30" x 30")  size, provision of half-hour daily exercise, or from  1.22 m  x 3.05 m  (4' x 10')  floor pen 
housing (Newton, 1972;  Hite, Hanson, Bohidar et  al.  1977) . Judgm ent  should be based on the anim al's 
breed, tem peram ent , physical condit ion, the condit ions under which it  has previously been kept  and the 
length of t im e it  is to be confined. Anim al cages m ust , however, always be large enough to allow the 
innate norm al behavioural and postural adjustm ents (see Appendix I ) . There are m any varied 
m ethods and program s of exercise which are successfully used in dogs (Eckstein, Moran, Gom ez et  al.  
1987;  Clark, 1990;  Hughes and Cam pbell,  1990) , including walking program s using outside volunteers. 
Caged rats spontaneously exercise by playing with cage m ates and during feeding (Weihe, 1987)  (see 
also Social and Behavioural Requirem ents of Experim ental Anim als) .  
  

D. CARE OF THE FACI LI TY 

1 . Cleaning and Sanitat ion  

Em ployees m ust  be aware of proper cleaning and disinfect ing procedures and their  im portance in disease 
prevent ion (Sm all, 1984;  Harr ison and Mahnke, 1991;  Van Houton and Hayre, 1991) . All cages, pens, 
racks, aquaria, accessory equipm ent , etc., m ust  be thoroughly cleaned and disinfected before reuse. Most  
of these item s should be subject  to regular (usually weekly)  cleaning during use. As a general rule, 
laboratory anim als should be m oved to freshly cleaned cages at  least  once a w eek. Cleaning 
pract ices need to be m odified according to the species and housing system  for dom est ic anim als, fowl, 
rept iles and aquat ic anim als. The effect iveness of detergents, disinfectants and facilit y cleaning program s 
should be m onitored and constant  (Thibert , 1980) . 

The abilit y to clean and sanit ize a facilit y is great ly influenced by facilit y design and const ruct ion 
m aterials. The object ive of a sanitat ion program  is to reduce the m icrobial contam inat ion or "bioburden" 
to a level that  reduces the possibilit y of any cross-contam inat ion (Harr ison and Mahnke, 1991) . Proper 
sanitat ion will not  com pensate for the t ransfer of infect ion by personnel. Cleaning and sanitat ion m erely 



com plem ent  proper procedures which m inim ize contam inat ion (Thibert , 1980) . Act ivit ies such as pressure 
spraying and dum ping bedding can aerosolize m icroorganism s allowing cross-contam inat ion if anim als are 
present  (Frost  and Ham m  Jr., 1990) . Opening doors can alter the air flow in a facilit y, enhancing the 
possibilit y of t ransfer of contam inants (Keene and Sansone, 1984) . Moveable equipm ent  can t ransm it  
organism s between areas. Therefore, such equipm ent  should be dedicated to a part icular room  or area. 

Procedure room s using anim als from  different  sources are a potent ial source of cross-contam inat ion. 
Proper disinfect ion of surfaces should be ensured after use. 

Bedding in anim al cages or pens should be changed as often as necessary to keep the anim al clean, dry, 
and relat ively odour- free and am m onia levels in the cage at  appropriate levels. I n rats, this is 25 ppm  
(Schoeb, Davidson and Lindsey, 1982) . Sm aller laboratory anim als require one to three changes per 
week, depending on such variables as the sizes of the anim als, populat ion density and type of caging and 
whether or not  lit ters are being produced. Larger species such as dogs, cats and NHP usually require at  
least  a daily change. 

Food containers should be easily cleaned and disinfected. 

Anim al cages are m ost  efficient ly cleaned and sanit ized with m echanical washing equipm ent  operat ing at  
83C (180F)  or higher, for a m inim um  of ten m inutes. Cages should be carefully r insed to rem ove all 
t races of washing and disinfect ing agents, as exposure to these m ay adversely affect  both the anim al and 
the experim ental results. All autom at ic washing equipm ent  should be subjected to regular m aintenance to 
assure proper perform ance. Where an autom at ic cagewasher is not  available, use of a spray washer and 
disinfectant  are preferable to the dip tank and r insing m ethod. I t  should be noted that  sodium  
hypochlor ite and iodophores are effect ive on m ost  anim al viruses;  however, disinfectants should be 
chosen according to the spect rum  of viruses and organism s required to be killed and the possibilit y of 
deact ivat ion by the local environm ent . There are references available to aid in ident ificat ion of the 
appropriate disinfectants (Block, 1983;  Harr ison and Mahnke, 1991;  Orcut t , 1991) . Chlor ine dioxide 
ster ilants/ disinfectants have becom e m ore recent ly available and are often used in facilit ies m aintaining 
SPF or im m unosuppressed anim als because of their  rapid broad spect rum  act ivity, even in the presence 
of an organic load (Frost  and Ham m  Jr., 1990) . 

All chem icals should be used properly, according to label direct ions. Detergents, disinfectants and 
pest icides m ay cause changes in the experim ental anim al by inducing or inhibit ing cellular enzym e 
act ivity (Burek and Schwetz, 1980) . This should be a considerat ion when conduct ing experim ents which 
m ay be adversely affected. 

2 . W aste Disposal 

Dead anim als, anim al t issues and excreta, bedding, unused food, etc., should be collected in leak-proof 
m etal or plast ic containers with leak-proof, disposable liners and t ight  lids. Liners are essent ial for anim al 
t issues, carcasses, and radioact ive or toxic waste. I nfect ious waste should, ideally, be incinerated on the 
site. I f the waste is to leave the facilit y it  should be ster ilized (autoclaved)  before rem oval. Gam m a 
irradiat ion is a relat ively recent  m ethod of disinfect ion of waste products which m ay com e into m ore 
prom inent  use (Garcia, Brooks, Stewart  et  al.  1987) . 

Waste which cannot  be rapidly disposed of should be stored in a cold storage area provided for that  
purpose. Such areas m ust  be verm in- free, easily cleaned and disinfected as well as being physically 
separated from  other storage facilit ies. The waste storage area should be located so that  wastes need not  
be carr ied through other room s of the facilit y. 

Dead anim als should be rem oved from  cages as soon as they are not iced. The laboratory anim al 
veter inarian who should have been im m ediately inform ed of sick anim als, should also be inform ed of 
dead ones. Dead anim als should be properly ident ified, placed in disposable plast ic bags and taken to the 



postm ortem  area im m ediately upon discovery. I n the postm ortem  area they should be held under 
refr igerat ion for necropsy or for disposal in accordance with the invest igator 's inst ruct ions. Nat ional 
guidelines as well as local and provincial laws cont rol waste disposal pract ices that  could endanger public 
health (HWC/ MRC, 1990) . Saskatchewan, Alberta and New Brunswick regulate livestock m anagem ent  and 
m anure disposal, and Ontario has a suggested Code of Pract ice on the sam e subject . (Copies of these 
m ay be obtained from  provincial departm ents of Agriculture.)  

Considerable forethought  and extensive consultat ion is advisable before installing an incinerat ion facilit y 
for the disposal of pathological waste. 

3 . Verm in Control 

A properly const ructed building should be verm in-proof, but  m ay not  be free from  verm in. Verm in enter 
on food, bedding, people and anim als. I nsects and arthropods thus int roduced, m ay act  as the 
interm ediate hosts of certain parasites and m ay also m echanically t ransm it  bacter ial and other pathogens 
(Hughes, Kassim , Gregory et  al.  1989) . Wild rodents m ay t ransm it  a wide variety of bacter ia, viruses, 
and parasites to caged m em bers of closely related species (Levine and Lage, 1984) . New facilit ies should 
be checked cr it ically for verm in before any anim als are m oved in. 

Verm in should also be cont rolled in already- infested older buildings. A cont rol program  will include the 
proper t raining of personnel, good waste disposal, sealing or elim inat ing breeding sites, exterm inat ion 
through pest icides or t rapping, and the recovery of all escaped and/ or wild anim als. I t  is im portant  that  
pest icides be applied only under professional supervision. Many pest icides are dangerous to hum ans, and 
m ay adversely affect  the experim ental anim al and the research (Bell,  Farrell and Padget t , 1975) . Any 
cont rol program  that  is init iated m ust  extend throughout  all areas of the facilit y, with special at tent ion to 
food and bedding storage. The pract ice of using a free- roam ing cat  for the cont rol of wild and escaped 
rodents is not  acceptable except  in farm  anim al facilit ies, and only under close m anagem ent . 

I f insect  colonies are kept  in or near an anim al care facilit y, there m ust  be regular m onitor ing of the 
facilit y against  infestat ion from  escapees. Such insect  colonies should be kept  behind a screened 
enclosure or inside an escape-proof container. The use of insect icides m ust  also be com pat ible with these 
insect  colonies. 

4 . Holiday and Em ergency Care  

a)  W eekend and Holiday Care of Laboratory Anim als is Essent ia l 

I t  should be recognized that  changes in personnel and feeding and cleaning schedules, as can occur 
during these periods, are known to be st ressful to rout ine-oriented anim als (Beaver, 1981) . 

b)  Anim al Care is a  Cont inuous and Daily Responsibility  

This point  should be em phasized in job descript ions for anim al care personnel and in union cont racts. 
Basic anim al care should be categorized as an "essent ia l service" and a clause to this effect  should be 
included in all collect ive agreem ents, and should not  be subject  to interrupt ion through st r ike act ion. Staff 
m ust  be provided for weekends and holidays, and skilled assistance m ust  be available in the event  of an 
em ergency. 

The nam es and telephone num bers of staff responsible for the anim als should be given to security 
personnel. Som e inst itut ions m ay also choose to have contact  telephone num bers posted prom inent ly in 
the facilit y. I n either case, direct ions for contact ing responsible anim al care staff m ust  be m ade available 
in the facilit y. All the anim al care staff should be inform ed of their  responsibilit ies in em ergency 
situat ions. 



The CCAC suggests use of the following:  

Essent ial Services Provision 

To be inserted near the St r ikes and Lockouts clause:  

Clause  

"Designat ion of Em ployees to Care for Research Anim als 

The part ies agree that  proper care*  of all research anim als* *  will be m aintained by the m em bers of the 
bargaining unit  in the event  of a st r ike or lockout  in the course of this Agreem ent  or its cont inuance. 

At  least  seven days before the com m encem ent  of a st r ike or lockout , the em ployer will designate and 
ident ify a num ber of em ployees which it  deem s sufficient  to provide for cont inuous proper care of the 
anim als during the st r ike or lockout . A list  of the nam es will be delivered to the Union and the part ies 
agree to m eet  with a view to execut ing a form al agreem ent  with respect  to the em ployees affected. 
Should the part ies be unable to reach agreem ent  on the persons to be designated, the m at ter will be 
referred to the CCAC, for final and binding resolut ion by the Council.  

All persons so designated will be paid their  regular salary during the period of designat ion. 

Due regard will be had for previously arranged vacat ions and other m at ters and as far as possible the 
designated dut ies will be dispersed am ong all appropriate em ployees equally. No other dut ies will be 
assigned to these designated em ployees.  
____________________ 

*  Proper care im plies provision of appropriate tem peratures, hum idity, light  cycles, vent ilat ion, food, 
water and cleaning as well as  
  exercise and nursing care where appropriate. 

* *  Research anim als m eans any live non-hum an vertebrate or invertebrate ut ilized in research, teaching 
and test ing."   
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VI . SOCI AL AND BEHAVI OURAL REQUI REMENTS OF  
EXPERI MENTAL ANI MALS

 
A. I NTRODUCTI ON  

I n the past , em phasis has been directed towards providing adequate caging for experim ental anim als in 
order to contain them  hygienically, to facilitate husbandry, and m inim ize (husbandry)  variables. However, 
increasing im portance is now being placed on reducing the anim al's st ress, and im proving its social and 
behavioural well-being. Provision of varied environm ental enrichm ent  m ay or m ay not  result  in increased 
cost  of operat ion;  however, it  is considered that  there is often im m ediate benefit  to the anim al and 
ult im ately to the researcher and the research. 

This chapter contains general pr inciples rather than specifics. I t  is not  infallible. Nor should it  be taken 
literally at  the expense of the anim al ( for exam ple, it  m ay be found that  an otherwise desirable 
environm ent  or social grouping is not  suitable for an individual anim al) . This chapter, including a CCAC-
approved policy statem ent , will receive cont inuing review, with changes m ade as needed. The abilit y to 
t reat  anim als in the way we would wish requires sensit ive and conscient ious applicat ions of knowledge. 
Crit ical, r igorous, scient ific endeavour is required of us all in order to reach this goal. Managem ent  and 
housing situat ions that  fulfil the anim al's behavioural requirem ents should be interpreted as providing an 
ideal toward which we should aim . 

1 . W hat  is Anim al W ell- being or W elfare? 

Anim al welfare is described by Broom  (1986)  as an anim al's "state as regards its at tem pts to cope with 
its environm ent" . Blood and Studdert  (1988)  define it  as "m aintaining appropriate standards of 
accom m odat ion, feeding and general care, the prevent ion and t reatm ent  of disease..."  The Am erican 
Veterinary Medical Associat ion (AVMA)  enlarges on this to include "all aspects of anim al well-being, 
including proper housing, m anagem ent , nut r it ion, disease prevent ion and t reatm ent , responsible care, 
hum ane handling, and, when necessary, hum ane euthanasia"  (Anon., 1990) . 

Fraser (1989)  notes that  anim al well-being encom passes "both the physical and psychological. These 
norm ally coexist . Physical well-being is m anifested by a state of clinical health. Psychological well-being is 
reflected, in turn, in behavioural well-being. The lat ter is evident  in the presence of norm al behaviour and 
the absence of substant ially abnorm al behaviour."  

The World Veterinary Associat ion (WVA)  states that  anim al ethology "puts the em phasis on knowledge 
which is scient ifically based. I ts aim  is to clar ify:  a)  needs that  can be filled;  and b)  harm  that  can be 
avoided..."  (WVA, 1989) . 

Hurnik (1988)  defines anim al well-being as "a state or condit ion of physical and psychological harm ony 
between the organism  and its surroundings."  However, it  is agreed that  anim al welfare is not  a single 
phenom enon, and that  on one definit ion will sat isfy everyone (Moberg, 1992;  Baxter, 1993;  Duncan and 
Dawkins, 1983) . 

The Royal Society for the Prevent ion of Cruelty to Anim als (RSPCA)  has recent ly recognized the need to 
draw at tent ion to st ress in experim ental anim als and the necessity for alleviat ing this condit ion whenever 
it  is associated with suffer ing (RSPCA, 1992) . An annotated bibliography on anim al welfare has recent ly 
been prepared (Murphy, Rowan and Sm eby, 1991) . 

One m ust  always rem em ber, as well,  Hollands's sensit ive definit ion writ ten m ore than a decade ago:  
"This then would be m y definit ion of anim al welfare:  dignity-according to anim als the natural dignity 



which is due them  as liv ing, sent ient  creatures" (Hollands, 1980) . 

2 . Environm ental Enrichm ent  

Environm ental enrichm ent  is defined by Beaver (1989)  as "addit ions to an anim al's environm ent  with 
which it  can interact ."  

As a general rule, m ost  experim ental anim als are social anim als and benefit  from  the com pany of 
conspecifics or hum ans. As well,  predictabilit y in interact ions usually enhances the anim al's well-being, 
while the opposite results from  frequent  regrouping and restabilizing. 

I t  should be rem em bered that  an anim al's experiences during the developm ental phases determ ine social 
behaviour. Therefore, condit ions of anim al holding in a breeding facilit y will im pact  on the anim al's future 
well-being. 

The social needs of anim als used in research, teaching, or test ing, should be given equal considerat ion 
with environm ental factors such as light ing, heat ing, vent ilat ion and containm ent  (caging) . Part icular ly in 
the case of singly housed anim als, daily observat ion provides an alternat ive form  of social contact  for the 
anim al and com m only facilitates handling in that  the anim al becom es accustom ed to the hum an 
presence. 

A m ore com plex environm ent , use of art ificial appliances, and bet ter use of exist ing space enhance 
st im ulat ion. Sim ply increasing the num ber of square inches or cent im et res available to an anim al does 
not  prom ote bet ter space ut ilizat ion (Line, 1987;  Fajzi, Reinhardt  and Sm ith, 1989) ;  however, the 
am ount  of space should be appropriate to the species. I n group housed anim als, the size of the social 
group in relat ion to its available space should be regular ly appraised. 

3 . Group Form at ion  

When anim als are int roduced to each other and pairs or groups are established, there is an init ial period 
during which they work out  their  social relat ionships (dom inance ranks, etc.) . There m ay be aggressive 
interact ions;  however, when condit ions are r ight , the social organizat ion will stabilize. Once the hierarchy 
has been established the interact ions are subt le, and based m ore on avoidance or r itualized threat  than 
overt  aggressive act ion. I f their  daily rout ine is disrupted, if resources such as food or rest ing spaces are 
lim ited, or the anim als are poorly grouped, the hierarchy becom es disestablished and the num ber of 
aggressive interact ions increases. The anim al's well-being is threatened when:  

a)  space is insufficient  for m aintaining behaviourally adequate distance;  

b)  feeding or rest ing space for all individuals is insufficient ;  or when feeding and rest ing cannot  be 
accom plished concurrent ly;  

c)  regrouping is perform ed so frequent ly that  anim als m ust  repeatedly undergo the stabilizat ion process;  
and 

d)  group sizes are inappropriate for the species. 

The above statem ent  challenges intense confinem ent  pract ices which prohibit  anim als from  engaging in 
their  norm al social-behavioural act ivit ies. 

I n addit ion to sufficient  pr im ary space for rest ing, anim als also need what  could be called secondary 



space, for freedom  of m ovem ent  at  their  own will.  An im portant  except ion m ay occur at  the t im e of 
partur it ion, when m ost  individual anim als should be given their  own quarters. 

Most  anim als should not  be housed singly unless required by m edical condit ion, aggression, or the 
dictates of the study. Singly housed anim als should have som e degree of social contact  with others of 
their  own kind. For m ost  species, at  the very least  there should be potent ial visual contact . Olfactory and 
auditory contact  with other anim als is also usually desirable. 

Protocols w hich involve single housing m ust  describe proposed m easures for  m eet ing the 
social requirem ents of the isolated anim al ( e.g., w here appropriate, increased posit ive hum an 
contact ) . I nvest igators m ust  just ify any deviat ions from  the CCAC guidelines before an Anim al 
Care Com m it tee ( ACC)  and receive its approval, before any study can begin. All protocols m ust  
be review ed at  least  annually by the ACC. 

4 . Posit ion Statem ent  

"SOCI AL AND BEHAVI OURAL REQUI REMENTS OF  
EXPERI MENTAL ANI MALS ( SBREA)

Well-being in anim als has two com ponents:  physical and behavioural. Physical well-being is m anifested 
by a state of clinical health. Behavioural well-being is m anifested by behaviour considered to be norm al 
for that  species and st rain, together with the absence of significant ly abnorm al behaviour. Behavioural 
well-being is considered to reflect  psychological well-being, and to that  extent , the term s are considered 
to be synonym ous in our usage. 

I n the interest  of well-being, a social environm ent  is desired for each anim al which will allow basic social 
contacts and posit ive social relat ionships. Social behaviour assists anim als to cope with circum stances of 
confinem ent . Caging, whether for single anim als, pairs, or groups, should be enriched appropriately for 
the species. 

I t  is necessary to recognize affiliat ions which com m only occur within and between species. Chronic 
isolat ion as a m ethod of accom m odat ion, should not  norm ally occur. However, in except ional 
circum stances, and with clear scient ific and biological just ificat ion, som e anim als m ay be bet ter kept  
alone. Posit ive interact ions with hum an-beings are im portant  in som e species, and part icular ly in 
condit ions of social isolat ion. Som e individuals seem  m ore readily accepted by anim als than others;  this 
concept  should be used to m axim ize the benefits of these affiliat ions. 

February, 1990"
B. ANI MALS USED I N  AGRI CULTURAL RESEARCH  

1 . I nt roduct ion  

The report  of the Bram bell Com m ission in 1965, described the farm  anim al's "Five Freedom s" as the 
abilit y to easily " turn around, groom  itself, get  up, lie down, and st retch its lim bs" (Bram bell,  1965) . I n 
1989, the WVA adopted its own Five Freedom s, which applied to all species and which were based on 
those of Britain's Farm  Anim al Welfare Council (FAWC) (Webster, 1987) . The FAWC has recent ly revised 
these Five Freedom s, which define ideal states and which now include:  

a)  Freedom  from  hunger and thirst ;   
b)  Freedom  from  discom fort ;   
c)  Freedom  from  pain, injury and disease;   
d)  Freedom  to express norm al behaviour;   
e)  Freedom  from  fear and dist ress (Seam er, 1993) . 



Carpenter (1980)  suggested enough freedom  to perform  natural physical m ovem ent , including daily 
rout ines of natural act ivit ies;  facilit ies for com fort  act ivit ies such as rest , sleep, and body care;  adequate 
food and water to m aintain full health;  social contact  with other anim als of their  own kind;  opportunity for 
explorat ion and play, especially in young anim als;  and sat isfact ion of m inim al spat ial and terr itor ial 
requirem ents. 

The necessary scient ific knowledge upon which to base a com prehensive set  of guidelines which would 
fully protect  the welfare of agricultural anim als is not  yet  available (Expert  Com m it tee on Farm  Anim al 
Welfare and Behaviour, 1987) . Nonetheless, the CCAC believes that  there is sufficient  inform at ion to set  
out  som e general pr inciples that  can be updated and expanded as 

Codes of Pract ice for Canada for pigs, veal calves, poult ry, dairy cat t le and beef cat t le (Agriculture 
Canada, 1771/ E, 1984;  1821/ E, 1988;  1757/ E, 1989;  1853/ E, 1990;  1870/ E, 1992)  represent  the basic 
indust ry standards and, for the m ost  part , are the m inim um  CCAC requires for research inst itut ions 
undertaking agricultural research. I n addit ion, a revision of the Recom m ended Code of Pract ice for the 
Care and Handling of Farm  Anim als- -Pigs (1898/ E)  is now in press. Researchers and others working with 
agricultural anim als m ust  be fully conversant  with these codes. 

The Health of Anim als Act  (Governm ent  of Canada, 1990) , which replaced the Anim al Disease and 
Protect ion Act , states that  the "Governor- in-Council m ay m ake regulat ions:  

a)  for the hum ane t reatm ent  of anim als and generally:  

i)  governing the care, handling and disposit ion of anim als;  

ii)  governing the m anner in which anim als are t ransported within, into or out  of Canada;  and 

iii)  providing for the t reatm ent  or disposal of anim als that  are not  cared for, handled or t ransported in a 
hum ane m anner."  

Curt is (1992)  suggests that  there is a double standard in place regarding current  farm  pract ices and the 
procedures used with agricultural anim als in biom edical research. This is a dilem m a not  uncom m only 
faced by ACCs. Another dilem m a occurs because agricultural anim als are used in food and fibre- related 
research, as well as biom edical research, and it  is often difficult  to clearly label such studies as being only 
agricultural or only biom edical (St r icklin, Purcell and Mench, 1992) . 

I n at tem pt ing to develop guidelines, thought , observat ion, and concern for the anim al m ust  be upperm ost  
in our m inds for, as Hurnik (1988)  states:  "There is a need to exercise ext rem e care to avoid the 
em ot ional tendency to rely exclusively on character ist ics which m ay be of concern to hum ans, but  that  
are not  necessarily cent ral to the overall quality of anim al life."  Spedding (1988)  also warns that  "perhaps 
the biggest  danger is that  a dissat isfied public m ay dem and changes that  elim inate what  is disliked, but  
result  in either no im provem ent  or even a reduct ion in the welfare of the anim als involved."  

I n that  we m ust  "work to ensure the anim al's welfare in life and at  the point  of death" (Webster, 1987) , 
we m ight  note a recent  exam ple of change result ing from  hum an percept ion of what  const itutes 
hum aneness, when Great  Britain passed Slaughter of Anim als (Hum ane Condit ions)  Regulat ions 1990 
(effect ive July 5, 1992) , requir ing head rest raint  during slaughter of cat t le. Unfortunately, after the fact , 
research showed, by m easuring cort isol levels, that  the rest raint  process was far m ore st ressful than 
allowing the anim al to stand free when the capt ive bolt  was fired (Ewbank, Parker and Mason, 1992) . 

2 . Anim al St ress 



Suffer ing, loosely defined as experiencing a wide range of unpleasant  em ot ional states such as pain, fear, 
anxiety, frust rat ion and perhaps boredom , can be a m ajor threat  to an anim al's welfare. Poor anim al 
welfare m ay be apparent  in changes in an anim al's behaviour, physiology, health status, reproduct ion or 
growth. Many clinical condit ions in anim als first  becom e apparent  to observers through a set  of 
behavioural indicators (Fraser, 1984/ 85) . Depressed anim als show a deplet ion of the behavioural 
repertoire character ist ic of the norm al anim al (Fraser, 1984/ 85, 1988) . 

The three ways in which an anim al responds to a st ressful situat ion include changes in behaviour, 
act ivat ion of the autonom ic nervous system , and act ivat ion of the neuroendocrine system . Because of its 
rapid and specific responses to m any st ressors, the autonom ic nervous system  has been an appealing 
candidate for the diagnosis of st ress by m easuring heart  rate, respirat ion, and the secret ion of 
catecholam ines. Many invest igators accept  the increased secret ion of glucocort icoids as proof of st ress 
occurr ing. I t  has been dem onst rated that  st ress associated with t ransportat ion, rest raint  or handling 
dim inishes im m une funct ion in a num ber of livestock species (Grandin, 1992;  Kelley, Osborne, Everm ann 
et  al.  1981;  Coppinger, Minton, Reddy et  al.  1990) . 

However, Moberg (1985)  states that  m onitor ing these autonom ic nervous system  and endocrine system  
responses outside the laboratory has not  been pract ical, and thus they have proven to be of lit t le use in 
defining st ress and well-being in dom est ic anim als. Duncan (1992)  notes that  sophist icated biological 
system s have evolved to help anim als cope with st ress, and that , while it  is im possible for us to shield 
agricultural anim als from  all st ress, the key to protect ing their  well-being is to m inim ize the biological 
costs of unavoidable st ress, and to recognize the need for research directed at  st ress. 

The idea that  anim als have certain "behavioural needs" has received considerable at tent ion. For exam ple, 
Baxter (1983)  has argued that  all psychological processes which affect  anim al welfare m ust  have a 
desired state or set  point  (or set  band covering a range of values)  at  which the anim al will st r ive to 
rem ain, or to which it  wishes to return. Deviat ions from  this set  point  will cause a reduct ion in the 
anim al's well-being. However, Hughes and Duncan (1988)  reviewed the literature in this area and showed 
that , in certain cases, an argum ent  could be m ade for anim als needing to be able to perform  part icular 
behaviours, even if the goal of the behaviour has already been provided to the anim al. 

A behavioural need will appear in the cases of behaviour m ot ivated m ainly by internal factors or by a 
com plex interact ion between internal and external factors where the perform ance of the pat tern is 
const rained. For exam ple, a hen provided with a replica of a nest  is st ill m ot ivated to perform  norm al nest  
building behaviours (Hughes, Duncan and Brown, 1989) . 

3 . Housing and Husbandry  

Three m ajor factors influence welfare in anim al agriculture:  a)  housing;  b)  stockm anship;  and, c)  
m anagem ent  (Hurnik, 1988) . Hughes and Duncan (1988)  suggest  that , in order to fully protect  welfare, a 
housing system  would have to allow the perform ance of certain behaviour pat terns in addit ion to 
providing all the environm ental needs of the anim als. However, which behaviour pat terns are essent ial 
has yet  to be elucidated, and research is being undertaken to answer this quest ion (e.g., Dawkins, 1990) . 

I n the U.S., the Am erican Associat ion for the Accreditat ion of Laboratory Anim al Care (AAALAC)(1991) , 
takes the posit ion that , in accredited facilit ies, housing and care for farm  anim als should m eet  the 
standards that  prevail on a high quality, well-m anaged farm . 

I n m aintaining farm  anim als in the laboratory, it  is im portant  to be aware of their  behaviour in a farm  
situat ion. A prom inent  feature in farm  anim al behaviour is the act ive way in which individuals associate 
with each other and form  social groups (Mench, St r icklin and Purcell,  1992;  Fraser and Broom , 1990;  
Grafen, 1990) . I solat ion from  conspecifics is a profound source of st ress (Grandin, 1992;  Gross and 
Siegel, 1981) , as social anim als obtain both physical and physiologic com fort  from  each other (Fr iend and 
Dellm eier, 1988;  Van Put ten, 1988) . 



Proper handling and rest raint  of farm  anim als in a laboratory environm ent  are key elem ents to their  
success as research anim als. Prior fam iliar izing of experim ental anim als to handlers and experim ental 
procedures can be of considerable benefit  in the laboratory, says Panepinto (1992) , the developer of the 
Panepinto sling used to rest rain m iniature swine and sheep. St roking the pig, as opposed to st ressing it ,  
has been shown to have a beneficial effect  on reproduct ion (Panepinto, 1992;  Anon., 1992) . 

Anim als raised in a barren, non-st im ulat ing environm ent  m ay display stereotypies such as bar bit ing, 
cr ibbing or tongue rolling in horses (Van Put ten, 1988;  Fraser and Broom , 1990;  Fraser, 1992) . 
Environm ental enrichm ent  will often reduce unwanted excitabilit y and help prevent  abnorm al behaviour 
(Grandin, 1992) . For exam ple, in housing dom est ic poult ry used in experim entat ion, nest  boxes and 
perches (high and low)  should be provided. Aquat ic fowl should have access to a swim m ing facilit y or 
som e form  of wet t ing in clean water. 

Anim als should be housed singly only when the experim ental procedure requires this;  e.g., in m etabolism  
studies, som e infect ious disease studies or nut r it ional research. 

When anim als are int roduced to each other and a group is established, there is an init ial period during 
which the anim als often fight  in an effort  to work out  their  social relat ionships (McGlone and Curt is, 1985;  
Fraser and Rushen, 1987;  Fraser and Broom , 1990;  Mench, St r icklin and Purcell,  1992) . Subsequent ly, 
dom inance-subordinate relat ionships cont inue;  however, interact ions are subt le, based m ore on 
avoidance or r itualized threat . Anim als should be regrouped as infrequent ly as possible, so that  they need 
not  repeatedly endure the stabilizat ion process (Fraser and Broom , 1990;  Kenny and Tarrant , 1982) . 

I n housing dom est ic species, Mench, St r icklin and Purcell (1992)  suggest  that  there should be enough 
space for m aintaining som e m inim um  separat ion from  each other, equal access to feed and water, and 
the abilit y to engage in significant  behaviours and m ake norm al postural adjustm ents. However, it  has 
been dem onst rated that  when anim als are group housed, the area available to a part icular anim al does 
not  consist  just  of its individual space, but  instead the ent ire area in which the anim al is enclosed. 
Therefore, the space requirem ents per anim al are greater when one houses one or few individuals 
(St r icklin, Purcell and Mench, 1992) . 

The anim al should also receive, on a regular and substant ial basis, at tent ion from  an at tendant  t rained to 
deal with the species (Kilgour and Dalton, 1984) . I t  is noted that  the dom est icat ion of various species has 
depended on their  capacity for social affinity with hum ans (Gross and Siegel, 1982;  Gonyou, 1991) . 
Substant ial periods of observat ion m ust  be m aintained by the personnel responsible for the well-being of 
these anim als (e.g., anim al at tendants, veter inarians)  and adequate provision m ade in the work- t im e 
schedule to perm it  regular appraisal of the balance between social group and space. 

A stockperson's quality will depend on his or her ethical sensit iv ity, fam iliar ity with the anim als, skill in 
interpret ing behavioural sym ptom s indicat ing deprivat ion, suffer ing and m orbidity, and the care shown in 
handling anim als. The stockperson's skill in carrying out  part icular tasks such as cast rat ion, inject ing 
anim als, clipping teeth, etc., is also very im portant . Object ive studies are now being carr ied out  to 
ident ify the character ist ics of good stockm en (Seabrook, 1984, 1987;  Hem sworth, Barnet t , Colem an et  

al.  1989) . The quality of m anagem ent  refers to such things as decisions about  operat ion of vent ilat ion 
system s, provision of food and water, provision for em ergencies, provision of sanitat ion and prophylact ic 
m easures, and choice of techniques and procedures for cast rat ion, dehorning, giving inject ions, etc. 

The quality of a housing and husbandry system  can affect  welfare in m any different  ways. I t  can, of 
course, act  in a direct  physical way by causing injury, by reducing health, or by providing clim at ic 
condit ions which are far from  opt im al. I t  m ay also reduce welfare by affect ing the behaviour, or the 
physiological and im m une system s of the anim als. 

Duncan (1981, 1983)  has proposed the following classificat ion for physical and social effects of husbandry 
system s. 



a)  Physical Effects 

Aspects of the physical environm ent  provided m ay reduce welfare by alter ing the anim al's behaviour by:  
1)  blocking or frust rat ing the perform ance of a part icular act ivity;  2)  failing to provide the specific 
releasing st im uli necessary for elicit ing certain behavioural pat terns;  and 3)  providing too high a level of 
general st im ulat ion. For exam ple, if the environm ent  is too com plex or keeps changing in a way that  the 
anim als cannot  predict , the anim als m ay then becom e fearful and anxious. Alternat ively, if the 
environm ent  is too barren and m onotonous, the level of general st im ulat ion m ay be too low, leading to 
boredom . While it  is not  easy to m easure fear and boredom  in a scient ific way, we m ust  not  assum e that  
anim als do not  experience these em ot ions. 

b)  Social Effects 

Husbandry system s can also influence the behaviour and welfare of anim als by alter ing and cont rolling 
the anim als' social environm ent . All of the com m on agricultural species are gregarious, which m eans that  
an inadequate social environm ent  can be expected to reduce welfare. Com pared to what  m ight  be 
considered as "norm al"  or "natural,"  m any husbandry system s often deviate in the following ways:  1)  the 
parent -offspring bond m ay be disrupted or prevented from  form ing;  2)  young anim als m ay be weaned 
too early;  3)  anim als m ay be kept  in groups that  are too large or sm all;  4)  anim als m ay be kept  at  too 
high a density;  5)  anim als m ay be kept  in single-age or single-sex groups;  6)  group m em bership m ay be 
disrupted;  and 7)  anim als m ay be isolated to som e extent . 

4 . General Principles 

I n order to im prove and enhance the anim al's environm ent , the CCAC encourages research inst itut ions:  

a)  to experim ent  with group housing for such anim als as lactat ing sows (after a few days in farrowing 
crates) , calves, dairy cows and sheep. I t  is recognized that  group housing m ay lead to increased 
aggression or bullying am ong anim als, increased chance of disease t ransm ission, and increased difficulty 
in detect ing health problem s of individual anim als. However, unless the welfare or safety of an anim al is 

in danger, these facts should not  be used to reject  group housing.  The level of anim al m anagem ent  will 
probably have to increase and the t raining required for stockpersons will have to change. Evidence is 
accum ulat ing that  new piggeries should not  have individual stalls for gestat ing gilts or sows unless 
required for experim ental purposes (Barnet t , Winfield, Cronin et  al.  1985;  Barnet t  and Hem sworth, 1991;  
Becker, Ford, Christenson et  al.  1985;  Cronin, Van Tartwij k, Van Der Hel et  al.  1986;  Schouten, Rushen 
and De Passillé, 1991;  Von Borell and Ladewig, 1989) . 

b)  to pract ise environm ental enrichm ent  such as providing toys for pigs, " teats"  for veal calves, sm all 
or ifice  nipples and frequent  feedings for art ificially raised lam bs, and greater opportunit ies for anim als to 
perform  norm al food searching and foraging behaviours. 

c)  to provide the m eans for increased social contact  and to allow the anim als to perform  a wider range of 
behaviours. 

d)  to increase the age at  weaning. For exam ple, piglets weaned at  three weeks have an increased 
incidence of belly nosing (an abnorm al behaviour) ;  the recom m ended m inim um  age for weaning is 
therefore four weeks. 

e)  to shorten periods of isolat ion and rest raint  and to use them  only when it  is absolutely necessary, and 
not  m erely for the convenience of the experim enter. I ndividually penned anim als should be allowed to 
m aintain visual contact  with at  least  one other anim al while standing or ly ing in the pen, unless the 
isolat ion is required for experim ental purposes and has been approved by the ACC. For pigs, in part icular, 
m aintaining olfactory contact  m ay be as im portant  as visual contact . I n sheep, the head region is the 



prim ary focal point  used to recognize each other and should therefore be the least  obst ructed region from  
the perspect ive of neighbouring sheep t rying to m aintain visual contact . 

The Expert  Com m it tee on Farm  Anim al Welfare and Behaviour (1987)  suggests that  governm ent  agencies 
and universit ies should re-order their  pr ior it ies so that  research on farm  anim al welfare and behaviour will 
have a level of staffing and support  typical of that  supplied to other disciplines such as nut r it ion, 
reproduct ive physiology, genet ics, and food products. 

The CCAC recognizes the im portance of educat ion in im proving anim al well-being and welfare. I deally, all 
students of anim al product ion and veter inary m edicine should receive inst ruct ion in farm  anim al 
behaviour, anim al welfare, and the ethics of livestock product ion.  
  

C. ANI MALS ( LARGE)  HELD I N  METABOLI SM CAGES 

The use of m etabolism  cages or crates necessarily reduces the anim al's social and behavioural act ivit ies. 
This procedure should not , therefore, be used m erely for the purpose of convenient  rest raint , but  should 
be reserved for approved m etabolic studies. Anim als so housed should be under close and expert  
observat ion throughout  the period of the study. 

1 . Condit ioning  

A seven to 10 day condit ioning period in a floor pen, to "acclim at ize" the anim al to a new diet  ( if this is 
necessary) , and before its placem ent  in the associated m etabolism  crate, is required, followed by three to 
four days' adjustm ent  to the crate. 

2 . Size of Metabolism  Crates 

Enough space m ust  be provided for the anim al to r ise and lie down norm ally. Som e anim als (e.g., calves 
and sheep)  swing their  weight  forward when r ising;  therefore, the required length of crates should be 
greater than the sim ple length of the anim al. Width of the crates m ust  be sufficient  to allow sternal 
recum bency. 

Other postures for exam ple shown by sheep, as well as serving to m ake the anim al com fortable, also 
have a therm oregulatory funct ion. I f the dim ensions of a m etabolism  crate do not  perm it  such postures 
(e.g., lateral recum bency) , then proper tem perature and other environm ental cont rol becom es a 
responsibilit y of the research. 

3 . Contact  w ith Other Anim als 

Many anim als are highly social. An isolated anim al is often not  norm al behaviourally, nor possibly 
m etabolically. To m inim ize st ress, crates should be designed and posit ioned so that  there is good visual, 
auditory, and olfactory contact  with conspecifics. 

4 . Pre- , During and Post - Experim ent  Checks 

A physical and behavioural assessm ent  of the anim al should be done before, during, and after an 
experim ent . Anim al care personnel should observe the anim al before and after eat ing in order to 
ascertain, for exam ple, if intake has decreased. 

5 . Observing Changes in Behaviour  



Str ict  at tent ion should be paid to observing changes in behaviour, which can indicate a degree of st ress 
or anxiety, or fear stereotypies (e.g., increased drinking in sheep) . Not ing such changes is im portant  to 
good science as well as good anim al care. 

6 . Durat ion of Confinem ent  

Enforced im m obilit y has a negat ive effect  on bones, joints, and m uscles. For this reason, anim als should 
be released for periodic exercise or released from  the m etabolism  crates for at  least  three hours per 
seven days. 

Any period of study exceeding 21 days in a m etabolism  crate m ust  be just ified to the ACC by the 
invest igator, on grounds of experim ental design and scient ific m erit .  However, the total period in the 
crate should not  exceed 30 days. 

7 . Except ional Circum stances 

I n except ional circum stances (e.g., catheter izat ion studies) , it  m ay not  be possible to im plem ent  the 
recom m ended weekly exercise requirem ent . I n such cases, variances to these guidelines require 
just ificat ion by the invest igator, and review and approval of the inst itut ional ACC.  
  

D. CATS 

1 . I nt roduct ion  

Various authors have proposed schem es to assist  those who are at tem pt ing to enhance the welfare of 
research anim als. Beaver (1989)  proposes five basic m ethods which can be used to alter an anim al's 
environm ent  so as to perm it  the anim al to live and produce to its full potent ial. These include behavioural 
enrichm ent , social peers, art ificial appliances, food gathering act ivit ies, and cont rol of the environm ent . 

Spinelli (1989)  in com m ent ing on Beaver's five m ethods, disagrees with her definit ion of enrichm ent . 
However, he notes that  there are a variety of st rategies that  will be useful singly or in com binat ion to 
prom ote the psychological well-being of laboratory anim als. Spinelli contends that  environm ental 
enrichm ent  and an anim al's psychological well-being "m ay be one of the m ost  im portant  areas of study in 
laboratory anim al science over the next  few years."  

Beaver 's five areas will be interpreted in light  of recognized behaviour system s for cats (Felis catus) . Such 
system s represent  species- typical behaviours which are co-ordinated to serve a specific funct ion that  has 
adapt ive value (Catcot t , 1975) . As such, they m ust  all be integrated to a greater or lesser extent  in any 
m odel which seeks to opt im ally m eet  the needs of, and avoid harm  to, the anim als in our care. These 
system s include:  

Social Behaviour                                 Sexual Behaviour  
Feeding Behaviour                              Parental -  Offspring Behaviour  
Elim inat ive Behaviour                         Com fort  Behaviour  
Play Behaviour                                     Rest ing -  Locom otory Behaviour  
Exploratory Behaviour                         Agonist ic Behaviour 

Species- typical behaviours which occur in the dom est ic environm ent  are co-ordinated to serve a specific 
funct ion that  has an adapt ive value and therefore should not  be a redirected response to som e external 
st ressor. For exam ple, spraying is a norm al behaviour in the wild environm ent , but  is a sign of conflict  
behaviour in dom est ic anim als kept  in close quarters. An awareness of norm al behaviour pat terns in the 



species is essent ial in order for care-givers to ident ify and address abnorm al behaviour. Both are 
extensively addressed by Hart  and Pedersen (1991) . 

I n the absence of scient ific data to indicate a bet ter m anagem ent  schem e, there is an underlying 
presum pt ion that  m im icking the wild habitat  should be highly desirable for capt ive anim als in general. 
Generally, this is accom plished in a m odified fashion for m ost  species, elim inat ing, for exam ple, such 
features as predators which the species m ight  encounter in the wild (Beaver, 1989) . However, even in 
this lat ter regard, Markowitz and Laforse (1987)  have discussed art ificial prey as behavioural enrichm ent . 

2 . Behavioural Enrichm ent  

Behavioural enrichm ent  should, in general term s, foster and prom ote a full and extensive repertoire of 
norm al behaviour (ethogram )  for the dom est ic anim als, whilst  prevent ing the developm ent  of abnorm al 
behaviour. The provision of physical st im uli and target  objects that  will prom ote the expression of species-
typical behaviours should be incorporated into any plan for behavioural enrichm ent . 

I t  m ay be possible to assess program  success by the extent  to which it  prevents developm ent  of 
behavioural abnorm alit ies and prom otes norm al behaviour, or m inim izes the expression of or elim inates 
pre-exist ing abnorm alit ies that  an individual or group displayed prior to enrichm ent  at tem pts. 

The hom e range of dom est ic cats varies t rem endously based on populat ion density, need (hunger) , desire 
(hunt ing, m at ing) , and such natural and m an-m ade barr iers as r ivers, fences, etc. While dom est ic cats 
liv ing in rural areas m ay range over m any tens of acres on a daily basis, as urban crowding intensifies, 
the terr itory com m only shrinks to a hom e range of one- fifth of an acre each or less (Morr is, 1986) . 

Although cats have been port rayed as asocial loners (Leyhausen, 1990;  Beaver, 1981) , som e authors 
now quest ion this content ion, as well as how m uch the social nature is being changed by select ive 
breeding (Morr is, 1986;  Liberg and Sandell,  1990;  Hurni and Rossbach, 1989) . Even now, m ost  cats are 
not  highly social because they st ill need individual space and privacy. However, com pat ible individuals 
m ay share their  first  order hom e (house, room  or even chair)  as well as their  hom e range (backyard, 
neighbourhood, or acres of farm land)  (Morr is, 1986;  Leyhausen, 1990;  Macdonald and Moehlm an, 1982) . 

3 . Social Peers 

I nsofar as "solitary confinem ent"  is considered an unnatural condit ion for m ost  species (Beaver, 1989) , it  
is necessary to exam ine the role of conspecifics in prom ot ing well-being and behavioural enrichm ent  in 
dom est ic cats. A wealth of anecdotal inform at ion suggests that  pairs and stable groups are successful 
alternat ives to single cage housing for cats or other species. However, finding scient ific data to 
dem onst rate this and other social funct ions im portant  to behavioural well-being in cats is a challenge. 

Beaver (1981)  reports that , although the socializat ion process is not  well understood in cats, the cr it ical 
window for their  socializat ion m ay end as early as nine weeks of age. Cats weaned at  an early age and 
raised in isolat ion later displayed excessive undirected act ivity, disorganized behaviour and fear of novel 
situat ions (Seitz, 1959) . 

Cont inued socializat ion with conspecifics is essent ial to the well-being of developing kit tens. Blackshaw 
(1985a)  notes that :  "Kit tens reared in the absence of other cats from  the 7th week on -  and so deprived 
of the possibilit y of social play -  later showed poor cont rol of at tack and escape behaviours, sexual and 
parental encounters."  

Sim ilar findings regarding social deprivat ion have been reported for other species including calves (Broom  
and Leaver, 1978) , rodents (Rosenzweig and Bennet t , 1977) , and dogs (Scot t  and Fuller, 1965) . 



Cats would be best  adapted to the research environm ent  when raised and socialized to research facilit ies 
and hum an handlers before seven weeks of age. Cont inued, regular hum an contact  is also im portant  
(Beaver, 1989;  Karsh and Turner, 1990)  in order to m aintain the hum an socializat ion. Beaver (1981)  
notes that  excessive handling can be st ressful to the unsocialized or asocial anim al. 

Anim al caretaker styles can also affect  the behaviour of anim als (Beaver, 1981, 1989;  Hurni and 
Rossbach, 1989;  Fox, 1986) . I t  is considered that  calm , gent le, consistent  keepers reduce the st ress in a 
populat ion. 

Visual st im uli can also im prove behavioural well-being. 

I n m ost  anim als, changes in rout ine should be avoided or m inim ized as m uch as possible. For exam ple, 
even the int roduct ion of a new technician can change liver enzym es in chim panzees (Moor-Jankowski and 
Mahoney, 1989) . Hem sworth and Barnet t  (1987)  report  that  inconsistent  behaviour has the effect  of 
increasing pigs' fear of hum ans. 

4 . Enrichm ent  Devices ( Art ificia l Appliances)  

Having recognized the need for adequately sized, appropriate caging that  is clean, safe, secure, and 
suitably bedded, considerat ion is now being given to provision of species-appropriate act ivit ies through 
int roduct ion of com plexity within the cage space. Enrichm ent  devices would include, for exam ple, toys, 
scratch posts, clim bing apparatus, PVC culverts for pr ivacy and play, etc. Act ivity can be encouraged by 
hanging an object  that  can be swat ted or watched, or by providing an object  that  will roll when bat ted 
(Beaver, 1981) . 

The concept  of novelty is an im portant  one when considering play-art icles for cats. I t  is widely reported 
anecdotally that  cont inued exposure to an item  reduces the play value to the extent  that  the cat  quickly 
becom es indifferent  to the art icle, only to show renewed interest  after a br ief period of rem oval. 

One m ust  also consider the age of the cats. Kit tens require a variety  of art icles with which to play. Play 
behaviour in kit tens occupies alm ost  10%  of total t im e and is considered to assist  in the acquisit ion of 
inform at ion and skills includes an opportunity to learn the com m unicat ive value (m essage and m eaning)  
of displays, part icular ly "graded displays" (Blackshaw, 1985a) . 

5 . Food Gathering Act ivit ies 

Food gathering act ivit ies can be m anipulated to foster environm ental and behavioural enrichm ent . 
Unfortunately, although m uch has been writ ten about  the food gathering act ivit ies of non-hum an 
prim ates (NHP) , there is a relat ive dearth of literature for dom est ic cats. Unt il recent ly, it  was assum ed 
that  if an anim al had adequate supplies of nut r it ious food and clean water, it s " feeding" needs were m et . 
Clearly, this approach denies the com plex range of behaviour exhibited by cats as part  of a predator 's 
feeding behaviour system , which includes, but  is not  lim ited to searching, chasing, catching, killing and 
consum ing prey ( food) . Four of these five behaviours are redundant  for anim als provided with am ple 
nut r it ious food, and they are deprived of the opportunity to express such behaviours. 

The diet  of feral cats includes sm all rodents, birds, etc., which have part ially digested vegetable m aterial 
in their  intest inal t racts. The cravings m any cats have to consum e sm all am ounts of grass, house plants, 
etc., m ay reflect  a craving for plant  m aterial in a m ore natural form  than as com m ercial pet  food 
(Leyhausen, 1990;  Beaver, 1981;  Blackshaw, 1985b;  Beaver, 1980) . This need could be m et  in a variety 
of ways (e.g., by providing sm all am ounts of fresh grass or other safe plant , or cooked vegetables which 
can be ingested without  causing gast r ic irr itat ion) . 

A cat 's appet ite m ay be affected by light ing and noise level, by the presence or absence of people, by the 



type and cleanliness of the container, and by the presence or absence of other cats (Scot t , 1975) . 

Preference tests have shown that  cats prefer their  food at  30C (86F)  (McKeown and Luescher, in press) . 
Although it  m ay not  be possible or necessary to incorporate this docum ented preference in all feeding 
regim es, such knowledge form s the basis for enhanced care for individuals undergoing unusual st resses, 
(e.g., part ial anorexia in the im m ediate post -operat ive period) , or when int roducing new individuals to a 
group, etc. 

Most  cats generally do not  like to eat  from  narrow, deep bowls;  however, som e will only dr ink by dipping 
a paw in such a bowl and licking the foot . I f an anim al will not  eat  from  a container on the floor, the bowl 
m ay be placed on the perch. 

Som e cats prefer fresh, clean water that  has been allowed to stand for a t im e to perm it  the dissipat ion of 
chem ical odours that  result  from  water t reatm ent . Other cats refuse to dr ink unless from  a running 
source, such as a dr ipping faucet . Many cats are loath to eat  or dr ink from  any container which is 
contam inated with odour or saliva from  another cat . Obviously these factors and count less others are 
significant  in providing the opt im al housing for cats under a variety of caging condit ions. 

I diosyncrasies of behaviour which reflect  the fast idious nature of felines should be considered in any 
effort  to provide for their  social and behavioural needs. For exam ple, texture is im portant  to cats:  the 
texture of their  food can affect  appet ite;  the texture of rest ing and sleeping locat ions can determ ine 
preferences in this regard. 

Many cats will not  use a lit ter box that  has been soiled by another cat . I ndeed, m any cats even have 
preferences for certain textures or types of lit ter and will not  use others. Even the locat ion of the food, 
water, and lit ter containers relat ive to each other, rest ing areas, doors, etc., can have a significant  im pact  
on the well-being of cats. 

6 . Control of the Environm ent  

Assum pt ions are widely held that  an anim al's well-being is enhanced by affording som e degree of cont rol 
over its environm ent  (Line, 1987) . Whether this is expressed in the negat ive language of " reducing 
st ress" or the posit ive language of "environm ental enrichm ent"  we cont inue to seek ways to allow anim als 
to express their  individual needs or desires. Radio broadcasts played during working hours m ake cats less 
fr ightened by sudden noises and m ore easily accustom ed to st range hum an voices (Hurni and Rossbach, 
1989) . 

The existence of a range of tem peratures within the enclosures allows for an individual to seek preferred 
rest ing spots. Provision of safe indoor/ outdoor enclosures perm its further freedom  of choice and therefore 
som e degree of cont rol. Choice of texture, height , tem perature, and degree of enclosure are exam ples of 
a few m ethods of environm ental enrichm ent  for anim als. Cats are noted for their  enjoym ent  of a warm , 
sunny sleeping locat ion. 

Height  (as provided by perches, for exam ple)  is also a desirable factor for m any cats when seeking a 
rest ing spot  (Beaver, 1989;  Blackshaw, 1985a) . I n group housing, access to the individual's preferred 
vert ical niche, with sufficient  elevated rest ing places for all cats, will enhance the enrichm ent  program . 

Som e prefer a dark, secluded spot  for rest  (Beaver, 1981) ;  others m ay choose to sleep closely by another 
m em ber of the group. Anecdotally, it  is noted that  som e cats prefer to sleep on (sanit izeable)  fleeces and 
soft  blankets. 

Many anecdotal observat ions regarding cats have been well docum ented in other species. For exam ple, 
Cham ove and Anderson (1989)  report  that  such arboreal species of m onkeys as the callit r ichids rarely 



com e to ground in the wild. Furtherm ore, they state that  in capt ivity these m onkeys alm ost  never visit  a 
bare floor (1%  of the t im e) ;  however, the t im e spent  on the ground increases ten- fold if contact  bedding 
such as a leaf- like subst rate is used. Obviously, since the floor m ay encom pass as m uch as 40%  of the 
total usable surface area and m ore than 60%  of the horizontal surface area, addressing the issue of 
texture preference can provide a potent  tool for environm ental enrichm ent  for m any species. 

Both predictabilit y and cont rollabilit y are im portant  variables to reduce st ress. Therefore, when 
cont rollabilit y cannot  be provided, allowing the anim al som e degree of predictabilit y is one coping 
st rategy which should enhance well-being (Beaver, 1989) . 

The concept  of predictabilit y m ust  be interpreted in light  of species- typical behaviours. For exam ple, while 
som e species such as higher pr im ates m ay respond posit ively to changes in t im e and content  of their  
daily feedings (Line, 1987) , other species can experience unnecessary dist ress from  alterat ions to their  
rout ine. Changes in rout ine which m ay, for exam ple, occur during weekend feeding and cleaning 
schedules, are known to be st ressful in rout ine-oriented anim als (Beaver, 1981) . 

7 . Housing  

The least  st ressful housing environm ent  for research cats will usually be gang housing, especially if there 
are num erous perches on which individuals can rest  (Beaver, 1989) . When establishing pairs or sm all 
groups, com pat ibilit y can first  be determ ined by observing which anim als sit  near each other. 

Group pens or cages should be provided with adequate, usable, vert ical space (e.g., shelves, or a t ree-
like st ructure with plat form s) . I f kit tens are present , access to higher levels can be provided through the 
use of a slant ing board or sim ilar object . Group housed cats prefer warm ed floor areas on which to sleep 
(McKeown, Pers. Com m ., 1990) . 

The housing should provide an area for eat ing and for elim inat ion. I n the lat ter regard, provision of a 
num ber of lit ter boxes can reduce the possibilit y of refusal by individual anim als to use a part icular box. 

Aggression can occur between adjacent , individually housed anim als. Provision of a dark, secluded hide-
out  (e.g., box)  can allow a ret reat  from  this type of st ressful environm ent  (Beaver, 1981) . [ This also 
proved beneficial in NHP which were provided with a pr ivacy panel (Reinhardt , 1990) .]  

I f anim als m ust  be singly housed for an experim ent , then where possible and appropriate, they should be 
group housed with their  or iginal conspecifics between studies. Fem ales are considered m ore appropriate 
for long- term  holding, as they are generally m ore am iable towards one another and can be kept  in groups 
after several days of lim ited exposure (Hurni and Rossbach, 1989) . 

I f possible, all anim als not  in large pens should be exercised daily, unless cont ra- indicated for health or 
experim ental protocol reasons. 

Som e authors (e.g., Hurni and Rossbach [ 1989] ) , suggest  that  intact  m ales be housed separately by four 
to six m onths unless they rem ain with lit ter m ates and no st ranger is int roduced. However, Taylor (Pers. 
Com m ., 1990)  reports long- term  success with several colonies of intact  m ales housed in groups of 6-14. 
New individuals, carefully int roduced, caused m inim al disrupt ion and in m ore than two years of 
observat ion only three to four episodes of aggression greater than r itual display were noted. None 
resulted in serious injury;  however, in each of those cases it  was only necessary to rem ove one individual 
to restore harm ony. 

Asocial individuals should also be singly housed, as the biggest  st ress to these cats is other cats. I n 
addit ion, intact  m ale cats not  kept  in a breeding harem , cats recuperat ing from  surgery, and research 
anim als being condit ioned to a cage, are usually singly caged;  however, cats can form  bonds. This can be 



illust rated som et im es by the m anifestat ion of separat ion anxiety (McKeown, Pers. Com m ., 1990) . 

8 . Maternal Behaviour  

The durat ion of gestat ion in the cat  ranges from  60 to 68 days, with an average of 65 to 66 days. During 
approxim ately the last  third of pregnancy, obvious behavioural changes occur, although som e queens 
have already been showing increased docilit y. Along with a rapid weight  gain, due prim arily to fetal 
growth, there is an accom panying increase in appet ite, decrease in act ivity, and decrease in agilit y. 
Distent ion of the m am m ae m ay also occur. 

I n the week im m ediately preceding partur it ion, the queen will seek a dark, dry area where she can 
rem ain relat ively undisturbed. A nest ing box fills this need. During this period before delivery, the queen 
usually spends an increasing am ount  of t im e in self-groom ing, part icular ly of her m am m ary and perineal 
areas. She m ay also becom e m ore irr itable or defensive, possibly as a result  of the ext rem e st ress 
associated with this t im e of pregnancy. 

As partur it ion becom es im m inent , the fem ale becom es increasingly rest less, digs at  the floor or nest ing 
m aterial, and assum es a defecat ion posture without  defecat ing. There m ay be calling vocalizat ions, 
especially by Siam ese cats, and a few queens becom e excessively anxious and even hyster ical (Fox, 
1974) . 

Each of the four phases of partur it ion is highly variable, although their  order holds t rue for the m ajority of 
bir ths. The init iat ion of each new phase is usually m arked by an abrupt  behavioural change, from  
cont ract ions causing genitoabdom inal licking to placental delivery result ing in the consum pt ion of the 
placenta (Beaver, 1980) . 

Hurni and Rossbach (1989)  suggest  that  queens in group housing be provided with a cage to which they 
be confined overnight  and during m id-day;  this would be m ade available from  just  before partur it ion unt il 
four to six weeks after. By let t ing them  out  for a few hours in the forenoon and afternoon into the stock 
pen, the fem ale rem ains socialized to the com m unity and the st ress of changes in the populat ion 
hierarchy is reduced. 

9 . Random - Source vs. Purposebred Anim als 

Since it  is considered advantageous to house research anim als in a social environm ent , the housing of 
anim als which are genotypically sociable is a dist inct  advantage. Cats' tendency to socialize well is a t rait  
which is carr ied genet ically by the m ale (McKeown, Pers. Com m ., 1990) . Proper select ion for 
genotypically social cats is therefore possible in purposebred populat ions. As well,  kit tens growing up with 
social conspecifics becom e m ore social than those raised with non-social conspecifics (Schar, 1983) . By 
culling anim als which exhibit  undesirable t raits even after adequate socializat ion (Ringler and Peter, 
1984) , the populat ion can be further selected to include m ore anim als which are behaviourally adapted to 
the research environm ent . 

For certain types of studies, use of purpose-bred cats provides advantages which enhance the quality and 
validity of the research. These include a known health status, and cont rol over the anim al's age, genet ic 
factors, and environm ent . This allows the product ion and use of a m uch m ore uniform  populat ion of 
known status. Losses are less, results are m ore valid, and therefore fewer anim als need be used. I n 
addit ion, there are m any advantages to the cats kept  in the research environm ent , in term s of their  social 
and behavioural well-being.  
  

E. DOGS 



1 . I nt roduct ion  

Dogs (Canis fam iliar is)  have been hum an-beings' com panions for over 12,000 years (MacArthur, 1987) . 
I n the laboratory, this potent ial for developing a close relat ionship with people m ay be realized through 
appropriate socializat ion of the anim al at  an early age. As well,  m ost  breeds of dogs used in research, 
teaching and test ing are naturally gregarious and seek the com panionship of other dogs (MacArthur, 
1987;  Beaver, 1981) . This tendency is also seen in packs of feral or wild dogs t ravelling together 
(Dunbar, 1979) . Therefore, unless cont ra- indicated by the protocol, m edical condit ion, or the anim al's 
aggressiveness, dogs should be paired or group housed with conspecifics in cages or runs, with space 
adequate for act ive norm al behaviour. I f this is not  possible, dogs should be released at  regular intervals 
into space adequate to perm it  this norm al species- typical behaviour. 

Social rearing of puppies is the m ost  effect ive m eans of ensuring com pat ible conspecific behaviour as 
adults (Fox, 1972) . Moreover, dogs that  have been handled as puppies show greater resistance to st ress 
and greater disease tolerance than those which are not  handled (Fox, 1975) . 

The appropriate m aintenance of dogs will be discussed under breed differences, cr iter ia for assessing well-
being, housing, socializat ion to people, and enrichm ents. 

2 . Breed Differences 

The differences in size between Newfoundlands and Chihuahuas represent  som e of the ext rem es seen 
am ong the m any breeds of dogs. These differences include not  only m orphology, but  also tem peram ent  
(e.g., terr iers vs. labrador ret r ievers) , conform at ion (e.g., beagles vs. greyhounds) , urea m etabolism  
(dalm at ians) , developm ent  of behaviour pat terns (MacArthur, 1987)  and other im portant  considerat ions. 
Although every dog belongs to the single species (Canis fam iliar is) , each breed has specific behavioural 
and social needs. 

I nterbreed m orphological differences becom e im portant  in select ion of proper cage size (even though 
they have the sam e body weight , long, lean dogs are likely to require different  cage sizes than short , 
stocky dogs) . The decision to group house will depend to som e degree upon breed differences. Much can 
be learned appropriate to the well-being of dogs from  a basic knowledge of breed- typical behaviours;  
however, at tent ion to the uniqueness of each individual anim al is the only way in which well-being can be 
assured. 

I n addit ion to understanding breed differences, an understanding of int rabreed differences, which are the 
natural outcom e of environm ental and genet ic factors, is also of great  value. Lit ter m ates, even when 
reared under the sam e condit ions, m ay behave ent irely different ly. 

3 . Criter ia  for  Assessing W ell- being  

Evaluat ion of anim al well-being includes both engineering (environm ental)  standards (e.g., m inim um  
cage size, tem perature, light  cycles, etc.)  and perform ance or outcom e m easures (McCarthy, 1989)  
standards ( the dogs' general state of health and their  com pat ibilit y in social groups and with people) . 

The well-being of dogs is dependent  on a num ber of factors which include:  t raining and dedicat ion of the 
scient ific, anim al care, and veter inary staff;  a facilit y in com pliance with this Guide;  observat ions of the 
anim al's physical health (does it  appear healthy, alert , act ive?) ;  observat ion of the dog's behaviour;  pair  
or group housing of com pat ible anim als;  and socializat ion to people. 

a)  Clinical Observat ions 

i)  Eyes 



Clarity and expressiveness of the eyes is a good indicator of general health. This should not  be confused 
with non-eye contact , som et im es dem onst rated by dogs raised as subordinate to people. 

ii)  Posture  

I ll or dist ressed dogs m ay appear lethargic or cower in the rear of the cage or kennel. Abnorm al gait  or 
the carrying of a lim b is suggest ive of a localized t raum a or infect ion. 

iii)  Hair  coat  

I ll or chronically dist ressed dogs will often m anifest  a rough, unkem pt  hair coat . Self-groom ing m ay be 
absent . 

iv)  Stool 

Presence of diarrhea, or stool with m ucus, blood, or helm inths (worm - like endoparasites)  should be 
quest ioned. 

v)  Appet ite  

I nappetence or too- rapid ingest ion of food should be quest ioned;  sudden changes in weight , dr inking or 
eat ing behaviour should also be quest ioned and invest igated. 

b)  Behaviour  

i)  General 

One should look for evidence of how well the dogs are adapted to the environm ent . Whether singly or 
socially housed, they should not  norm ally exhibit  highly repet it ive or atypical behaviours. Dogs generally 
perceive the cage or kennel as hom e terr itory and, when the threat  is not  too great  (e.g., the door 
rem ains closed) , they m ay bark in defence of the terr itory. Opening the kennel door m ay elicit  very 
different  behaviours;  solicitat ion from  hum an-bonded anim als and fear from  unsocialized ones. These 
differences m ay not  be seen with the door closed;  however, judgem ent  about  a fear- response to st range 
individuals m ust  be m ade caut iously, for a certain degree of inquisit iveness or anxiety over the presence 
of unknown persons is norm al. 

ii)  Tow ard cagem ates 

Com pat ible cagem ates should dem onst rate equal desire for at tent ion when the cage is approached by 
fam iliar people. Overly dom inant  individuals (and dogs overly socialized to people and undersocialized to 
dogs)  (Beaver, 1981)  will prevent  subordinate individuals from  being touched by the person, which, at  
t im es, m ay lead to aggression that  cont inues as long as the person rem ains at  the cage door. 

iii)  Tow ard people  

Dogs that  bark excessively, rem ain in the rear of the cage, refuse to com e to the cage door even for 
fam iliar technicians, or dem onst rate aggressive tendencies when approached, are likely not  well-
socialized to people. Unsocialized dogs are fearful of people, m ay becom e " fear-biters,"  are difficult  to 
catch and rest rain, and m ay have physiological variabilit y incom pat ible with som e scient ific studies. These 



m anifestat ions are de facto evidence of dist ress and poor well-being. Such dogs are poor candidates for 
chronic studies. 

iv)  Maternal 

Toward the end of gestat ion, the bitch will begin to seek seclusion, a safe, warm , dark and quiet  place, 
and it  is advisable to m ake such provisions by placing a whelping box in som e corner that  she will accept . 
She should be shown her whelping quarters early on in her pregnancy and be given am ble t im e to 
becom e accustom ed to them  (Fox, 1972) . Where possible, during the bir th of the pups any kind of 
handling or interference should be avoided. 

The behaviour of the pregnant  bitch changes toward the end of gestat ion. She is generally m ore rest less 
and appears uncom fortable. She m ay show nest ing behaviour and start  to tear up newspapers and to 
scratch at  the floor of the whelping box. Often the bitch will go off her food, and som e occasionally vom it  
during the few days im m ediately pr ior to partur it ion. I t  is not  unusual for the bitch to pant  a great  deal 
and to regular ly look apprehensively at  her hindquarters (Dunbar, 1979) . 

Nest  boxes for whelping bitches, provided with bedding m aterials and heat  sources, keep hom iotherm ic 
newborn pups warm  and dry. 

4 . Housing  

Housing should facilitate social group form at ion, hum an interact ion, com fort , and sanitat ion. The use of 
m odular cages or runs that  can be converted to accom m odate either pairs or groups of dogs is desirable. 

Hite, Hanson, Cont i et  al.  (1977)  and Hughes, Cam pbell and Kenney (1989)  discuss the effects of cage 
size on beagles ( the m ost  com m only used purposebred dog) . Caging should perm it  ready access by 
personnel and perm it  visual, olfactory, and auditory contact  with other dogs. 

Rest ing boards m ade of non-conduct ive, non-perm eable m aterials should be provided to perm it  anim als 
to escape the floor, especially when tem perature cont rol and wet t ing m ay be a problem . 

i)  Social housing  

Social housing is desirable for m ost  breeds of dogs. Centuries of interact ion with people and other dogs 
have developed species- typical behavioural pat terns, which m ust  be understood in order to evaluate and 
provide for their  well-being (Beaver, 1981) . Som e breeds of dogs (e.g., hounds)  are highly social;  others 
such as terr iers are not  (Beaver, 1981) . Single caging for m ost  social breeds m ay be st ressful. 

Movem ent  of an individual(s)  away from  com pat ible anim als can be disrupt ive. Dogs that  are rem oved 
from  a social group (by vir tue of health, protocol, or aggression)  should rem ain in the sam e room , as 
close to the sam e social group as possible, and should be returned to the group as soon as possible. 
When the group is stable, posit ions within the room  should not  be changed without  cause. 

ii)  Single housing  

For those anim als com fortably adapted to solitary liv ing, int roducing cagem ates m ay induce dist ress. I n 
these circum stances, except ions to social housing m ay be appropriate, especially where hum an 
com panionship is provided and they are in visual and auditory contact  with other dogs. 

I f dogs m ust  be housed singly, they should be in visual, auditory and olfactory contact  with others in the 



room . I t  is likely that  m ult iple social groups exist  within such a room , with the m ost  stable groups 
consist ing of individuals im m ediately adjacent  to or across from  each other. 

I t  should be rem em bered that  dom inance can be expressed across the aisle, so that  an anim al rem oved 
from  a cagem ate because of dom inance aggression should not  be placed direct ly across the aisle from  its 
or iginal cagem ate, but  m oved to a locat ion away from  the overly dom inant  individual. 

5 . Socializat ion to People  

Of all the com m on laboratory species, dogs are the m ost  highly dom est icated and adapted to live in 
int im ate associat ion with people. Socializat ion creates an at tachm ent  and t rust  of people, which assists in 
the developm ent  of coping st rategies that  serve to br idge periods of adaptat ion to new procedures and 
environm ents, thereby reducing st ress and experim ental variabilit y. 

Without  early exposure to people ( i.e., socializat ion) , dogs rapidly becom e fearful of hum ans and 
m anifest  fear and dist ress in a variety of physiological and behavioural ways (e.g., " fear bit ing")  (Beaver, 
1981) , all of which are incom pat ible with their  well-being and can influence the reliabilit y of research data 
derived from  them . 

The dog's abilit y to cope when a person enters the scene, or its environm ent  changes, is a key cr iter ion 
to well-being (Dunbar, 1979) . Coping connotes the abilit y of the dog to adapt  to st resses with m inim al 
behavioural or physiological alterat ion (Archer, 1979) . 

Therefore, all dogs used in a facilit y, for whatever purpose, should be socialized to people, (either in the 
facilit y or by the supplier) , or serious considerat ion be given to their  euthanasia or use in acute non-
survival studies. Socializat ion (handling by people)  should take place when pups are between 6-10 weeks 
of age (Wolfle, 1989a, 1989b;  MacArthur, 1987;  Fox, 1975) . A num ber of other invest igators believe the 
socializat ion period should extend to at  least  12 weeks (Pfaffenberger, 1963;  Bateson, 1987;  Vanderlip, 
Vanderlip and Myles, 1985a, 1985b;  Scot t  and Fuller, 1965) . Fox (1968, 1990)  contends that  puppies 
deprived of hum an contact  unt il after 10 weeks of age will be very difficult  to handle later in life. 

Adult  dogs that  dem onst rate lack of socializat ion should not  rem ain in the facilit y any longer than it  takes 
to determ ine that  the behaviour is unlikely to respond to rem edial socializat ion, which, in any event  is 
t im e and energy consum ing and not  at  all sure of success (Dunbar, 1979) . Such dogs should be either 
euthanized or used im m ediately in an acute, non-survival study. Socializat ion should be considered a 
cr it ical part  of every breeding program , and when anim als are purchased from  a supplier, socializat ion 
should be writ ten into cont ract  specificat ions. 

Hum an/ dog interact ions will ensure cont inuat ion of the benefits gained from  socializat ion. Quant ificat ion 
of contact  during the socializat ion period, in term s of specific frequencies or durat ions, is less im portant  
than the quality of the interact ion. Puppies are suscept ible to at tachm ent  to hum ans or other anim als. 
Thus, repet it ive interact ion with people during this period is m ore im portant  than the exact  nature, 
frequency, or durat ion of the interact ion. 

Wolfle (1990)  described the socializat ion of large num bers of foxhound puppies with only five m inutes per 
puppy per week. However, it  should be noted that  this was a com plex, r ich, bi-weekly socializat ion 
procedure where lit term ates were t reated as a group and thus each pup benefit ted from  the interact ion of 
people with the lit term ates. Nevertheless, it  is clear that  the am ount  of "hands-on" t im e required to 
socialize large num bers of puppies does not  seem  to be cr it ical, and should be possible to accom plish with 
exist ing staff in m ost  facilit ies. 

Through observat ion, it  should be established whether each dog in a social group is behaving norm ally 
(Beaver, 1981) . By having a variety of people part icipate in the socializat ion of each dog and by 
reinforcing their  socializat ion as adults, the problem  of over-at tachm ent  to an individual (person)  can be 



avoided. 

Housekeeping rout ines should include recognit ion of each dog as the technician works about  the room . 
Mom ents taken to speak to and pet  the dogs will be repaid through reduct ion in the dogs' anxiety and 
physiological variabilit y (Wolfle, 1990, 1985, 1989a, 1989b) . The effects of anim al caretaker styles m ay 
affect  the anim al (Fox, 1986)  and thus experim ental results. 

6 . Enrichm ent  Devices ( Art ificia l Appliances)  

"Enrichm ents,"  often in the form  of toys or other appliances, are frequent ly given to dogs to produce a 
desired change in behaviour. For exam ple, abnorm al or persistent  groom ing m ay be m oderated by giving 
the dog rawhide or other t reats on which to gnaw;  however, this should be done only with the knowledge 
of the facilit y m anager and invest igator. Beaver (1989)  notes that  dogs respond well to running through 
m azes as a m eans of environm ental enrichm ent . 

Music has long been used to reduce st ress in m any laboratory anim al facilit ies (Line, Clarke, Ellm an et  al.  
1987)  and dairy barns (Ewbank, 1968) , (perhaps because of its init ial st ress- reducing effect  on the 
at tendant ) . However, few definit ive data exist  to recom m end its use for dogs. I f used, the volum e should 
be placed at  conversat ional levels. Levels exceeding 85 db for a sustained period m ay cause auditory 
dam age. I t  should also be rem em bered that  m any laboratory anim als, including dogs, are able to hear 
frequencies above what  hum ans can hear (Dunbar, 1979) . I f violin m usic, for exam ple, is played at  high 
volum e, dogs m ay be in acute discom fort . Conversat ional ( talk show)  radio sound m ay accustom  the 
anim al to the hum an voice. 

7 . Exercise  

Exercise for dogs has recent ly been m andated in Am erican law which requires " that  research facilit ies 
shall establish, in consultat ion with the at tending veter inarian, writ ten procedures and system s for 
exercise of dogs..."  (USDA, 1989) . 

Dr. Dale Schwindam an, Assistant  Deputy Minister for Regulatory Enforcem ent , Anim al and Plant  Health 
I nspect ion Services, U.S. Departm ent  of Agriculture, has stated that , in looking at  exercise and 
socializat ion requirem ents, it  m ay turn out  that  social contact  with other dogs or with hum ans in the case 
of singly housed anim als is m ore im portant  than exercise. He reports that  it  has been proposed that , in 
addit ion to housing in com pat ible groups, the abilit y to see and hear other dogs will be required. Singly 
housed anim als would receive posit ive physical contact  with hum ans. Any except ions to the requirem ent  
for exercise and socializat ion would have to be approved by the I nst itut ional Anim al Care and Use 
Com m it tee ( I ACUC) . I t  has also been proposed that  anim als held in (space that  is)  less than what  is 
required for perm anent  housing as m andated by the Guide for the Care and Use of Laboratory Anim als 
(USDHHS, 1985)  would have to be released for exercise for at  least  thir ty m inutes daily (Schwindam an, 
1990) . 

Scient ific data have indicated that  cage size had no significant  effects on hem atologic or serum  
biochem ical values of purposebred beagles;  that  the dogs had lit t le inclinat ion to exercise when released 
alone into an exercise area, unless hum ans were present  in the room ;  and that  even a m oderate exercise 
program  had no dem onst rable effect  on biochem ical param eters such as hem atology, clinical chem ist ry or 
indicators of st ress (Cam pbell,  Hughes, Griffen et  al.  1988;  Hughes, Cam pbell,  and Kenney, 1989;  
Cam pbell,  1990) . 

Studies dem onst rated that  on the average, dogs spend only 0.5 to 1.5 hours daily in any type of act ivity, 
regardless of the housing system . Most  of the dog's act ivity takes place during the m orning hours when 
there is the greatest  am ount  of hum an act ivity in the area. Providing increased hum an contact  will 
im prove the handling and behavioural character ist ics of the dog, but  not  its act ivity, because dogs that  do 
not  have enhanced hum an contact  m ay m ove around the cage in an effort  to at t ract  at tent ion (Hughes 



and Cam pbell,  1990) . These authors contend that  they have shown that  "dogs are basically lazy. They do 
not  like to exercise and have no part icular inclinat ion to run about  an area."  Fox (1986)  reports that  dogs 
that  are well- fed and content  do not  exercise rout inely. 

Although, unlike the U.S., no legal requirem ents for the exercise of dogs exist  in Canada, the concept  of 
exercise, and perhaps m ore im portant ly com m unal housing and socializat ion of the anim al, both with 
conspecifics and hum ans, is considered of great  im portance by the CCAC. I nst itut ions are being asked to 
furnish docum entat ion of ACC approval for any dog housed individually. I ncreasingly, the provision of 
environm ental enrichm ent , in its various form s, will be st rongly recom m ended by the CCAC. 

I n conclusion, it  should be rem em bered that , as Erwin (1985)  advised, react ions of anim als to any type of 
environm ental enrichm ent  should be m onitored to determ ine whether the desired outcom e is achieved. 

Beaver (1989)  rem inds us that  studies have not  determ ined the am ount  of act ivity that  is actually 
beneficial to any species. Neither has it  been shown whether stereotypic behaviour is beneficial or 
harm ful (Fox, 1986) . Much knowledge of anim al behaviour rem ains to be garnered and established in 
order to produce an environm ent  that  will enhance the dog's well-being.  
  

F. NON- HUMAN PRI MATES 

1 . I nt roduct ion  

When anim als are used, efforts m ust  be m ade to provide a physical and social environm ent  conducive to 
their  well-being. As well,  social st ructure m akes m any experim ental anim als sensit ive to the ill effects of 
inappropriate housing condit ions. I n Canada, only four species of non-hum an prim ates (NHP)  are 
current ly used in research, teaching and test ing:  rhesus m onkeys (Macaca m ulat ta) , cynom olgus 
m acaques (Macaca fascicular is) , Afr ican green m onkeys (Cercopithecus aethiops)  and squirrel m onkeys 
(Saim ir i sciureus) . Com m on and scient ific nam es of a num ber of species are included as Addendum  1. 

I n focusing on NHP, em phasis m ust  be placed on enhancing their  social and behavioural well-being. As 
Markowitz and Line (1989)  point  out :  " I t  is clearly possible to find m ethods by which environm ental 
enrichm ent  can be com bined with a research protocol to enhance both."  

Even though the anim al m ay appear healthy, researchers "cannot  be content  with defending the status 
quo,"  says Line (1987) . He challenges invest igators to seek pract ical ways to expand opportunit ies for 
pr im ates to display norm al behaviour, "especially those housed singly" . As Volum e 2 (1984)  of this Guide 
noted:  "Any prim ate housed alone will probably suffer from  social deprivat ion, the st ress from  which m ay 
distort  processes, both physiological and behavioural."  I t  is im portant , therefore, to provide the com pany 
of com pat ible conspecifics or other NHP species, and, if this is im possible, increased hum an com pany. 

There is a growing body of scient ific data on space/ cage size appropriate for NHP. While enclosure size is 
an im portant  variable, the pr im ary em phasis should be on providing laboratory anim als with the opt ion 
for species-appropriate act ivit ies (Bayne, 1989;  Bayne and McCully, 1989;  Line, 1987;  Bant in and 
Saunders, 1989;  Fajzi, Reinhardt  and Sm ith, 1989;  Cham ove, 1989;  Markowitz and Spinelli,  1986;  Segal, 
1989a) . Wilson (1982)  found that  in capt ive gorilla and orangutans, enclosure size had no effect  on the 
level of act ivity. She suggested that  objects within the environm ent  were m ore im portant  than the size or 
com plexity of the enclosure. Prim ates m aintained in the absence of external st im uli tend to display 
locom ot ion far m ore frequent ly than other categories of behaviour such as facial expressions, play, and 
inquisit ive behaviour (Mart inic, 1990) . Cham ove (1989)  notes that  m any successful enrichm ent  
techniques act  in a way sim ilar to that  of increasing physical space. Snowdon, Savage and McConnell 
(1984)  note the adverse effects of too-sm all caging on reproduct ion, and the widely accepted fact  that  
sm all cages increase the incidence of stereotyped m ovem ents and other non- locom otory abnorm al 
behaviour. 



Anim als that  are not  housed properly and t reated hum anely "yield data that  are clearly confounded with 
dist ress" (Markowitz and Spinelli,  1986) , i.e., m ay yield unreliable data due to the effects of behavioural 
st ress (Levine, 1985)  and int roduce unwanted variables (Morton and Griffiths, 1985) . I t  is im portant , 
therefore, that  those using NHP should first  acquaint  them selves with the anim al's dist inct ive 
character ist ics and needs. Differences within and between species m ake the task difficult  (Snowdon, 
1990) . Wolfle (1990)  suggests that  the researcher consult  the psychological literature about  anim al 
cognit ion and percept ion. "The best  tool of all for providing well-being begins with rout ine frequent  
observat ion of every anim al,"  he concludes. 

2 . I nterpretat ion of the Behavioural and Morphological Postures 

Pr im ate users som et im es m isinterpret  the m eaning of the behavioural or m orphological signals of NHP, as 
well as the effect  of certain hum an behaviours on NHP. I nadequate anim al husbandry pract ices are likely 
to increase the level of st ress during cleaning, feeding and handling (Fox, 1986;  Line, Morgan, Markowitz 
et  al.  1989) , and increase the r isk of injur ies to both hum ans and anim als. Som e of these m isinterpreted 
signals are described below. 

a)  The Stare  

The stare usually expresses an aggressive m ood in NHP (e.g., rhesus) . Threats are always init iated and 
accom panied by a stare, which usually precedes at tack. This behaviour typically elicits one of the 
following responses by the recipient :  a threat  ( in increasing order of intensity are star ing back, star ing 
with the m outh open, and grunt ing) , an at tack ( lunging, hit t ing, bit ing) , or a subm issive react ion 
(avoiding to look, leaving, displaying a fear gr im ace) . Prim ate users should keep in m ind that  when 
looking intensely at  a m onkey, they are threatening it  and announcing an im m inent  at tack. 

b)  The Fear Grim ace  

The fear gr im ace resem bles an exaggerated sm ile;  the m outh corners are fully ret racted, showing all the 
teeth. This expression m ay be accom panied by a high-pitched, loud vocalizat ion (Van Hoof, 1963, 1967) . 
The fear gr im ace, or bared- teeth display is a r itualized signal of subm issiveness em it ted unidirect ionally 
by subordinate to dom inant  individuals. 

Thus, the fear gr im ace does not  convey a playful m ood or an aggressive m ot ivat ion. The fear gr im ace is 
often inadvertent ly elicited by pr im ate handlers when they m ove towards a m onkey, while looking at  it .  
The best  way not  to elicit  a fear gr im ace is to avoid star ing at  the m onkey, and to approach it  indirect ly. 

c)  Lip- Sm acking or Teeth Chat ter ing  

I n the m any species in which it  occurs (e.g., stum p- tails) , the teeth chat ter ing face indicates a tendency 
to flee, the lip-sm acking face a st ronger sense of social at t ract ion (Van Hoof, 1963) . These are greet ing 
gestures that  express an affiliat ive m ood, and probably include a subm issive com ponent , depending on 
the context . 

d)  Groom ing  

Rem oval of part icles of dir t  and ectoparasites in NHP is undertaken to establish, m aintain or restore 
posit ive social bonds by expressing a state of non-aggression and by reducing tension. The cleaning 
funct ion of social groom ing is only secondary in im portance. Groom ing m ay pacify another anim al, but  is 
also used to m aintain social bonds, as in m others groom ing infants or juveniles, and between m em bers of 
a m ated pair. 



Groom ing also serves to appease dom inant  individuals and prevent  aggression, to provide contact -
com fort  (consolat ion)  to the vict im s of at tacks, to reconcile with an opponent  after a fight , or to reassure 
subordinates. For exam ple, groom ing is directed by m ales to fem ales in courtship, and is an im portant  
com ponent  of co-operat ive partnerships, such as coalit ions and alliances. 

e)  Sexual Sw elling  

I n m any species, fem ales in est rus m anifest  a reddening and/ or swelling of the perineum . This signals 
their  sexual recept ivity to m ales. The extent  of this swelling is highly variable am ong species. Sexual 
swellings are som et im es m isinterpreted as injur ies or sym ptom s of a pathologic condit ion. Blaffer-Hrdy 
and Whit ten (1987)  present  com parat ive data on cycle length, durat ion of m enst rual flow, visual signals, 
and the behaviour of m ales as well as fem ales in est rus, for all species. 

3 . Dist inct ive Characterist ics 

a)  Locom ot ion  

I n cont rast  with m ost  other experim ental anim als, which are pr im arily terrest r ial, NHP are character ized 
by a num ber of m ajor m orphological and behavioural adaptat ions to a three-dim ensional arboreal life. 
These adaptat ions are stereoscopic vision, m anipulat ive skills and specific m odes of locom ot ion (clim bing, 
leaping, etc.) . Most  pr im ates show vert ical flight  react ions (Burt  and Plant , 1990) . For each species there 
is a defined behavioural repertoire, and for each species, preferred vert ical lim its in the wild should be 
considered. 

b)  Social Life  

Most  pr im ate species, including the m ajority of those used in laborator ies, are highly social (Boccia, 
1989)  and live in com plex social groups;  however, such social groups are not  necessarily perm anent . 
Species which are pr im arily solitary include som e lem urs and orangutans (Jolly, 1985) . The three m ajor 
categories of societ ies are the fam ily, the one m ale/ m ult ifem ale group, and the m ult im ale/ m ult ifem ale 
group. Most  laboratory pr im ates belong to the third category. 

Many studies have shown that  NHP recognize individually every m em ber of their  group and that  they 
establish long- term  bonds, extending over years or a lifet im e, with m any of their  kin and non-kin. Such 
relat ionships are bilateral and m ult idim ensional, involving play, contact -com fort , groom ing, sexual 
act ivity, protect ion, support  during conflicts, etc. 

Because of the social bonding that  takes place in m ost  species, social isolat ion is likely to affect  individual 
anim als. Studies have indicated that  the effects of social isolat ion differ am ong rhesus, crab-eat ing 
m acaques and stum p- tailed m acaques, with rhesus m ost  severely affected (Sacket t , Ruppenthal, 
Fahrenbruch et  al.  1981) . 

The m ajor cont r ibut ions regarding social deprivat ion were m ade by Harlow in the 1960s. Anim als raised 
in total social isolat ion were character ized as withdrawn, personally bizarre, and aberrant  in social, sexual 
and exploratory behaviour (Harlow and Harlow, 1965) . Goosen (1981)  has discussed the isolat ion of 
rhesus, not ing that  individually housed m onkeys have lit t le opportunity to develop coping st rategies, and 
m ay exhibit  bizarre behaviour pat terns (Novak and Suom i, 1988) . 

c)  Cognit ive Abilit ies 

I ntelligence is reflected in m any of the NHP behaviours. For exam ple, lion- tailed m acaques, chim panzees 
and capuchin m onkeys are known to m anufacture probing tools, and a num ber of species use " tools"  to 
facilitate food acquisit ion such as cracking nuts (Beck, 1980) . Research has also indicated that  lion- tailed 



m acaques m anipulate objects, and use objects to serve as ladders, to create perches, and to apply 
leverage (Westergaard, 1988) . Macaca nem est r ina learn through the observat ion of others and pass on 
social t radit ions (Cole, 1963) . They excel in the use and m anipulat ion of third part ies by form ing 
coalit ions and com pet ing for the st rongest  allies, through the ut ilizat ion of affiliat ive st rategies. They are 
capable of som e form s of decept ion (Sm uts, Cheney, Seyfarth et  al.  1987) . 

d)  Em ot ions 

Physical and em ot ional st ress cause the release of various horm ones, one of the m ain groups of which 
are the adrenal steroids, part icular ly cort isol (Moberg, 1985) . 

I f it  is accepted that  hum ans and apes are related through evolut ion, it  is considered that  the Afr ican 
apes ( the gorilla and two chim panzee species)  are hum ans' closest  kin (Mart in, 1988) . NHP exhibit  m any 
external m anifestat ions of em ot ions such as facial expressions, vocalizat ions, postures, gestures, and 
react ions, sim ilar to those of hum ans. 

Many of the ways in which NHP exhibit  em ot ional responses, for exam ple, separat ion and external threat , 
appear sim ilar to ways in which hum ans react  to com parable situat ions. Moreover, m any of the abnorm al 
behaviours displayed by capt ive NHP are sim ilar to the behaviour pat terns of inst itut ionalized hum ans 
(Passingham , 1982) . 

4 . Assessing Social and Behavioural W ell- being  

Psychological well-being can be defined as "a state of harm ony, both physical and psychological of an 
anim al with itself and with its environm ent"  (Coelho and Carey, 1990) . Dresser (1988)  points out  that  an 
anim al's well-being " ...connotes not  only the absence of pain and dist ress. I t  im plies as well that  an 
individual's physiological, security and behavioural needs are fulfilled."  

Although we cannot  m easure psychological well-being in NHP, the following cr iter ia serve as indicat ions 
that  such a state exists:  a)  good physical health;  b)  no signs of pain, dist ress or discom fort ;  and c)  no 
abnorm al behaviours. 

Moberg (1985)  proposes that  an anim al's well-being is com prom ised only when it  is st ressed by events in 
its environm ent , and suggests that  researchers should look for changes in the anim al's im m une 
com petence, reproduct ive funct ion or growth and developm ent :  "The existence of pre-pathological states 
in these system s would indicate the anim al's well-being was threatened."  

a)  State of Physical Health  

Poor health and physical injur ies are not  com pat ible with psychological or physical well-being. Physical 
health should be rout inely assessed by a qualified veter inarian. 

Som e of the m ost  obvious external signs that  can be m onitored are the condit ion of the coat  and skin, 
the appearance of the eyes, and, if the size of cage perm its, the gait  pat tern. 

Exam ples of abnorm alit ies include unresponsiveness and hypersubm issiveness, hair  pulling-and-eat ing 
(Reinhardt , Reinhardt  and Houser, 1986) , and m ay include the crouching posture. 

b)  Absence of Signs of Pain, Dist ress and Discom fort  

Although NHP express fear through high-pitched scream s, when experiencing pain they are unlikely to 



em it  loud vocalizat ions. I nstead, they display a hunched or crouched posture, an abnorm al or slow gait . 
They stop self-groom ing and avoid conspecifics. They m ay m oan, refuse to eat  and drink, and often 
at t ract  the at tent ion of conspecifics (Hinde and Rowell, 1962)  (see Cont rol of Anim al Pain) . 

c)  Absence of Abnorm al Behaviours 

Laboratory pr im ates m ay exhibit  abnorm al behavioural disorders in both a barren cage or in a com pat ible 
group (Reinhardt , Reinhardt  and Houser, 1986) . However, Reinhardt  (1990b)  reports that  m ost  behave in 
norm al ways even in an im poverished environm ent . 

Every species of NHP is character ized by a specific behavioural repertoire. Ethogram s or descript ive lists 
of species- typical behaviours, have been published for m any species (Van Hoof, 1967;  Bert rand, 1969;  
Fedigan, 1976;  Skinner and Lockard, 1979;  O'Keefe and Lefshitz, 1985;  Walsh, Bram blet t  and Alford, 
1982;  Erwin and Deni, 1979) . A vast  body of inform at ion on the social behaviour of NHP liv ing in the wild 
or in large outdoor enclosures is also available. For geographical dist r ibut ion, ecology, diet , reproduct ion 
and social behaviour of a representat ive sam ple of taxonom ic subgroup of NHP see Sm uts, Cheney, 
Seyfarth et  al.  (1987) . 

Despite the existence of a fair  degree of interspecific and intergroup variat ion, it  is possible to ident ify 
general categories of abnorm al behaviours observed in capt ive species of NHP. Exam ples are sum m arized 
below. More details and a descript ion of idiosyncrat ic variants m ay be found in the literature (Goosen, 
1981;  Walsh, Bram blet t  and Alford, 1982;  Erwin and Deni, 1979) . 

d)  Exam ples of Abnorm al Behaviour Pat terns 

i)  Bizarre postures and behaviours 

Self-bit ing, self-clasping, self-grasping, hair  pulling-and-eat ing, feces spreading, face or eye poking, penis 
sucking, and " float ing lim b" accom panied by at tack of the lim b. 

ii)  Stereotypical behaviours 

Pacing, "salut ing,"  head tossing or weaving, walking or bouncing in place, som ersault ing, rocking, and 
cage charging. 

iii)  Appet it ive disorders 

Coprophagia ( ingest ion of anim al's own feces) , ur ine dr inking, hyperphagia (excessive over-eat ing) , and 
polydipsia (excessive, long- term  thirst ) . 

iv)  Abnorm al levels of act ivity  

I nact ivity, depression. 

v)  Abnorm al social behaviours 

Maternal neglect  of infants, m aternal over-protect iveness of infants, high levels of fearfulness and over-
dependence of infants, inappropriate sexual behaviour, hyperaggressiveness, hypersubm issiveness, and 
avoidance of social interact ions. 



5 . W ays of Prom ot ing Social and Behavioural W ell- being  

There are a num ber of ways to alter or im prove an anim al's environm ent . Beaver (1989) , for exam ple, 
suggests five basic m eans:  behavioural enrichm ent  (by creat ing an environm ent  sim ilar to the wild 
habitat ) , social peers, art ificial appliances, food gathering act ivit ies, and cont rol of non- food item s. Som e 
of these will be described below. 

a)  Social Peers 

The best  psychological enrichm ent  is social enrichm ent  (Crocket t , 1990) . Providing opportunit ies for 
social interact ions is by far the best  way to help NHP cope with the two m ain categories of problem s 
associated with capt ivity:  boredom  (underst im ulat ion)  and fear. Social interact ions appear to provide the 
r ichest  source of st im ulat ion and the best  source of em ot ional security. Segal (1989b) , in edit ing a new 
publicat ion on NHP noted that  several authors independent ly reached the conclusion that  " the single m ost  
im portant  thing one can do to enrich the life of a capt ive pr im ate is to provide it  with a com panion 
anim al."  Moreover, it  is believed that  m ore social interact ion m ay take place in an environm entally 
enriched m ilieu (Mart inic, 1990) . 

b)  Housing  

i)  Single housing  

The reasons com m only cited for housing pr im ates singly are reviewed, and contested, by Reinhardt  
(1990a) ;  these include wounding, disease t ransm ission, dom inance hierarchies, social dist ress, and 
undernourishm ent  of a lower- ranking partner. Reinhardt  concludes that  chim panzees, orangutans, rhesus 
m onkeys and stum p- tailed m acaques have been resocialized without  undue r isks or disadvantages:  
"There is no reason to suspect  that  other pr im ate species are less suitable for careful resocializat ion 
program s."  He warns, however, that  such program s m ust  be tested for each species before social housing 
is im plem ented. Fr itz (1989)  reported that  resocializing singly caged chim panzees caused neither 
wounding nor death. 

Single housing is st renuously discouraged, except  in those situat ions when it  is necessary for the 
experim ental protocol, in the case of aggression, or to prevent  or contain disease. When single housing is 
required for an experim ental protocol, the inst itut ional ACC m ust  be very diligent  in assuring this aspect  
is necessary to achieve the experim ental object ives. ACCs should require the invest igator to subm it  
scient ific just ificat ion for  environm ental im poverishm ent , e.g., as a result  of regulat ions or the 
dem ands of the study protocol. 

Singly housed anim als have exhibited depressed heart  rates and elevated blood pressure sim ilar to the 
elevated blood pressure noted in hum ans diagnosed as being depressed (Coelho and Carey, 1990) . 

I f single caging m ust  be used, every effort  should be m ade to enrich it  (Reinhardt , Houser, Eisele et  al.  
1987;  Bayne, Mainzer, Dexter et  al.  1991) , although st rategies for so doing are apparent ly st ill very 
lim ited (Cham ove, 1989) . I f possible, NHP should be given the opportunity to take part  in species- typical 
act ivit ies. I n the case of singly housed NHP, the role of the anim al care technician takes on added 
im portance (Cham ove, 1989;  Wolfle, 1990) . Fam iliar ity with the handler, surrounding and procedure can 
significant ly reduce anxiety. Posit ive reinforcem ent , using rewards such as food, encourage anim als to 
accept  m anipulat ions without  apprehension. 

I n order to preclude the need for single housing to facilitate sam pling of body fluids and chronic 
m onitor ing of physiological param eters, a system  of social tethering has been developed (Coelho and 
Carey, 1990) . 



ii)  Pair  housing  

Novak and Suom i (1988)  claim  that  pair-housed prim ates enjoy a state of physical health that  is usually 
superior to that  of m any free- ranging m onkeys. Pair ing of 700 capt ive cynom olgus breeding fem ales (and 
subsequent  offspring)  was successfully pioneered in 1983 in the Ot tawa colony of the Health Protect ion 
Branch of Health and Welfare Canada (McWilliam , 1989) . Although pair housing is not  advocated as 
universally beneficial (Crocket t , 1990;  Rupenthal and Walker, 1989) , the benefits appear to outweigh the 
r isks (Crocket t , 1990) . 

Most  all age-sex com binat ions of pair  housing are possible. Reinhardt  (1987, 1988, 1991)  and Reinhardt , 
Houser, Eisele et  al.  (1988)  have successfully paired rhesus unrelated adult  fem ales, unrelated adult  
m ales, and adults of both sexes with infants. 

Pair ing provides social st im ulat ion and m akes it  possible to avoid som e of the problem s associated with 
larger groups (Erwin, 1979;  Crocket t , 1990) . I t  elicits m ost  species- typical social interact ions for the 
sexes and ages concerned, except  for the m ult i-anim al interact ions. 

I n an interest ing innovat ion, Reinhardt  (1990c)  in a recent ly cont rolled study provided isosexually paired 
(m ale-m ale, fem ale- fem ale)  adult  rhesus m onkeys with pr ivacy panels. I t  was found that  they spent  
m ore t im e in close proxim ity and m ore t im e groom ing each other and huddling, while the incidence of 
agonist ic conflicts was significant ly reduced. 

Monkeys that  are paired should be com pat ible. Com pat ibilit y can be defined as an affiliat ive relat ionship 
in which such interact ions as groom ing occur and in which both m em bers appear relaxed. This only 
occurs after a dom inance relat ionship has been established. Reinhardt  (1987)  suggests com pat ibilit y is 
shown when neither anim al exhibits signs of depression, and neither has inflicted serious injury on the 
other. Before being paired, prospect ive cagem ates should be allowed to becom e fam iliar with each other 
in adjacent  cages perm it t ing visual and auditory com m unicat ion. Dom inance signals, such as star ing, 
open-m outh threat , displacem ent , or fear gr im aces, m ay be displayed in this situat ion or soon after the 
m onkeys have been put  together. 

The pair m ay be form ed in a third cage in order to avoid aggression (Erwin, 1979)  which to som e species 
such as gibbons m ay be related to terr itor iality. They should be m onitored regular ly for signs of 
incom pat ibilit y, such as injur ies, avoidance of contact , or inappetence. Once pairs have been established, 
they should not  be disrupted unless dictated by an experim ental protocol. 

iii)  Group housing  

Larger groups usually offer a m uch r icher social environm ent  and should be favoured over pairs when 
groups will rem ain relat ively stable. However, it  should be noted that  chim panzees associate in tem porary 
part ies, unlike stable groups of m ost  large pr im ates (Nishida and Hiraiwa-Hasegawa, 1987) . For t roop-
liv ing pr im ates such as rhesus, the best  way to prom ote their  well-being in the laboratory m ay be to rear 
them  with partners or in social groups (Novak and Drewsen, 1989) . When groups are being form ed, 
observers m ust  adjust  group com posit ion so the units show m inim al aggression (Wolff and Ruppert , 
1991) . 

There are drawbacks to group housing which should be considered, however. I ncreased social interact ion 
m ay result  in disease t ransm ission as well as the r isk of injury and death (Beaver, 1989;  Line, Clarke and 
Markowitz, 1989;  Novak and Suom i, 1988;  Wolverton, Ator, Beardsley et  al.  1989;  Line, 1987) . Snowdon 
(1990)  notes that  the various species have different  responses to group housing. Group form at ion m ay 
be st ressful;  Sapolsky (1989)  contends that  it  takes up to 12 to 15 m onths for anim als' st ress m arkers to 
return to norm al levels;  however, Reinhardt , Cowley, Scheffler et  al.  (1990)  disputes this as regards to 
rhesus. Erwin (1979)  notes that  " fight ing is a fair ly com m on occurrence in pr im ate groups even in natural 
set t ings, but  t raum a due to aggression is an especially pressing problem  in capt ive groups of m acaques 



and baboons."  

NHP are prom pt  to form  coalit ions through which they establish their  dom inance ranks and com pete for 
food and sexual partners. Rem oving a m onkey from  its group m ay disrupt  the exist ing network of 
alliances and induce rank changes, which m ay be associated with vicious fight ing, result ing in injur ies 
(Kaplan, Manning and Zucker, 1980;  Reinhardt , Reinhardt , Eisele et  al.  1987) . Anim als that  are to be 
reint roduced should be kept  away from  the group for as short  a t im e period as possible. 

c)  Social I nteract ion w ith Hum ans 

I t  is suggested that  there be as m uch interact ion as possible between the NHP and the invest igator or 
technician (Hearn and Dixson, 1984;  Bayne, 1989) . The interact ion, however, m ust  not  involve handling 
other than what  is necessary for the m aintenance of the anim al or for invest igat ional procedures. The 
necessary precaut ions are described in Volum e 2 of this Guide (CCAC, 1984) . 

Direct  physical contact  between hum ans and NHP should be evaluated from  facilit y to facilit y. I n m any 
instances it  should be kept  to an absolute m inim um  for exam ple, because of the need to break the 
hum an/ anim al bond when staff changes occur or when an anim al m ust  be euthanized, as well as the 
hazards posed by zoonot ic diseases. Som e of the m ost  significant  diseases are Herpesvirus sim iae 
infect ion (B-Virus)  and infect ious hem orrhagic fever viruses. Also, m any NHP have ext rem e physical 
st rength in relat ionship to body size, and can inflict  serious injury on personnel. Furtherm ore, hum ans 
can t ransm it  infect ious diseases to pr im ates, e.g., m easles, tuberculosis. 

Forced physical contact  between hum ans and NHP can be ext rem ely st ressful to the m onkey. Moor-
Jankowski and Mahoney (1989)  have reported that  even the int roduct ion of a new technician can change 
the NHP's liver enzym es to the point  that  it  can com prom ise a study. Many anim als react  to the presence 
of a hum an observer with ant i-predator behaviour such as m obbing and alarm  calling (Caine, 1989) , and 
threat  behaviour toward observers (Wolff and Ruppert , 1991) . Talking to the m onkeys, com bined with the 
physical presence of the hum an, will accustom  the NHP to the hum an presence, and m ay thus reduce 
st ress. Burt  and Plant  (1990)  suggest  that  use of m esh cage fronts are preferable to the barred variety 
aiding interact ion between anim als and staff. 

d)  Diet  Supplem entat ion and Food Gathering Act ivit ies 

The core diet  of the NHP should be a com plete, well-balanced com m ercial diet , or alternat ively a diet  of 
equal quality prepared in the diet  kitchen of the inst itut ion. This diet  should be supplem ented to suit  the 
nut r it ional requirem ents of the pr im ate species being used (Jones, 1972) . 

Supplem entat ion and innovat ive ways of present ing the food to the m onkey are effect ive ways of 
enhancing well-being, part icular ly of those in individual caging. Exam ples of item s used for 
supplem entat ion are raisins, fruit ,  chicken scratch feed, and Prim a-Treats (Addendum  2) . Fresh branch 
clippings m ay be used for supplem entat ion, providing toxic plants are avoided and the dust  and pest icides 
are washed off the branches. 

The diet  supplem ent  can also be provided as food puzzles (e.g., Kong Toys)  containing frozen juice, 
peanut  but ter or raisins (Addendum  2) . Seeds, etc., can be hidden in deep lit ter. These m ethods of 
supplem entat ion require the m onkey to search and/ or work for the food (Anderson and Cham ove, 1984) . 
This challenge will sim ulate the foraging act ivity which the NHP pursue in their  natural habitat , and has 
been found to reduce stereotypies and increase exploratory behaviour (Anderson and Cham ove, 1984;  
Boccia, 1989) . 

e)  Exercise  



The m ajority of NHP in their  natural environm ent  m ove widely and regular ly within their  established hom e 
ranges. Except  for owl m onkeys and m any prosim ians, pr im ates are diurnal, spending large port ions of 
the day foraging for food or part icipat ing in groom ing and other social act ivit ies. For this reason, NHP 
housed in standard cages over long periods of t im e, whether they are held singly or in pairs, appear to 
benefit  from  species-appropriate act ivit ies rem iniscent  of those in the wild (Hearn and Dixson, 1984;  
Cham ove, 1989;  Burt  and Plant , 1990) . 

I t  has not  been dem onst rated that  sim ply enlarging the am ount  of available space will im prove the well-
being of the anim al (Novak and Suom i, 1988;  Fajzi, Reinhardt  and Sm ith, 1989;  Novak and Meyer, 
1988) . I ndeed, an increase in aggression has been associated with an increase in space for som e capt ive 
pr im ates (Novak and Meyer, 1988) . 

Exercise cages for NHP were int roduced over a decade ago (Tolan, Malone and Rogers, 1980) . However, 
it  is considered that  environm ental com plexity, rather than size alone should be increased (Line, 1987;  
Line, Clark and Markowitz, 1989;  Bryant , Rupniak and I versen, 1988) . Wolff and Ruppert  (1991) , 
report ing on an exercise program  involving rhesus, cynom olgus and capuchins, note that  the m ajority of 
anim als interacted in a posit ive fashion. Constant  observat ion prevented fights and thus m inim ized injury. 
Much of the aggressive behaviour was non-physical (e.g., vocalizing or teeth baring rather than bit ing) . 

The NHP entering an exercise area for the first  few occasions will usually exhibit  a fear response (Wolff 
and Ruppert , 1991) . However, exercise can be st im ulated by synchronizing it  with feeding. Deep lit ter in 
which food can be hidden can also be used in the exercise cage and will st im ulate the m onkeys to forage. 
To inst ill a feeling of security, freedom  of m ovem ent  between the exercise cage and the hom e cage is 
preferable. 

I f m ore than one m onkey is exercised at  the sam e t im e, the anim als should be cage m ates. However, it  is 
som et im es possible that  singly housed or paired m onkeys can be exercised in larger groups if they have 
been confined in the sam e room , and are exercised together on a regular basis. These anim als m ust , 
however, first  be tested for com pat ibilit y. 

f)  Physical Enrichm ent  of the Cage Environm ent  

I t  is im portant  that  the anim al be given as m uch cont rol (or even the percept ion of cont rol) , as possible 
over its environm ent  (Line, 1987) . Guidelines for m inim um  cage size have been established by the CCAC 
(see Appendix I ) . Life in cages can be enriched and act ivity prom oted by the installat ion of devices such 
as sm all branches (O'Neill,  1989) , toys (Line, Clarke and Markowitz, 1989) , perches (Crocket t , 1990) , 
swings (Bayne, Suom i and Brown, 1989)  and food puzzles (Beaver, 1989;  Cham ove and Anderson, 
1989) . Such enrichm ent  is part icular ly im portant  to the singly caged anim al (Fajzi, Reinhardt  and Sm ith, 
1989) , where devices which encourage foraging appear m ost  successful (Crocket t , 1990;  Bayne, Mainzer, 
Dexter et  al.  1991) . Jerom e and Szostak (1987)  contend that  foraging devices are used m ore frequent ly 
than play objects by baboons. Clim bing is an especially good exercise. Bryant , Rupniak and I versen 
(1988)  contend that  enrichm ent  of the hom e cage could benefit  the anim als m ore than exposure to a 
playpen rout ine. Enrichm ent  devices and their  suppliers are listed in Addendum  2. 

Wolfle (1990)  notes that  choice tests perm it  the anim al to indicate that  one environm ent  or toy is 
preferred over another. Other tests m easure the frequency of use of new space or new " toys."  I t  has 
been suggested that  toys be rotated in order to m inim ize underst im ulat ion (McWilliam , 1989) . 

Because of the im portance of vision to the NHP, part icular ly M. nem est r ina,  (Cole, 1963) , cages should be 
posit ioned so that  the m onkeys can see anim als of like species. Solid-sided caging prevents visual 
contact . I f physical contact  is possible, there m ust  be assurance that  the anim als are com pat ible. 

There is a diversity of opinion with respect  to the use of audiovisual devices ( radio, video, television)  as a 
m eans of enhancing the well-being of NHP. They appear to be of m ost  benefit  if the m onkey can turn the 



equipm ent  on and off at  will (Beaver, 1989;  Line, Clarke, Ellm an et  al.  1987) . I n som e situat ions, audio 
m ay serve as a contentm ent  device for the pr im ate;  however, it  is possible for som e sounds to be 
irr itat ing and st ressful. 

Visual m eans of enrichm ent  m ay be st ressful to the anim al if the m onkey perceives the picture to be 
threatening. This m ay be circum vented by the preparat ion of tapes or videos especially prepared for 
pr im ate entertainm ent . I t  has been reported anecdotally that  m onkeys are part iculary fascinated by 
visuals depict ing their  natural environm ent , or anim als that  are found in their  natural habitat . NHP are 
fascinated by videos of them selves (Chapais, Pers. Com m ., 1990) . 

6 . Disposit ion  

Following com plet ion of the study, considerat ion should be given to further use of NHP ut ilized in non-
invasive research, in an effort  to m inim ize the num bers of anim als used. However, m onkeys used in 
invasive or st ressful projects should not  be subjected to further st ressful procedures or condit ions and 
should be hum anely killed according to CCAC euthanasia guidelines found elsewhere in this Guide.  
Maxim um  ut ilizat ion of NHP t issues, histological specim ens, etc., is encouraged. 

Following com plet ion of research, retent ion of an anim al in the laboratory, on the assum pt ion that  it  m ay 
be required for future studies, is rarely just ifiable. 

7 . Sum m ary  

I n considering all the factors related to well-being of NHP, we should rem em ber that  "because well-being 
is subject  to past  experiences, present  circum stances, and future expectat ions, it  is a dynam ic and 
changing phenom enon" (Wolfle, 1990) .  
  

G. RODENTS AND RABBI TS 

1 . I nt roduct ion  

Over the course of the past  25 years, standards have been established which are considered to represent  
opt im um  housing requirem ents for laboratory anim als. Many of the im provem ents in housing and 
m anagem ent  standards were pr im arily designed to reduce variables and enhance the reproducibilit y of 
experim ental results (Lang and Vessell,  1976) . However, during the past  decade, increased em phasis has 
been placed on the behavioural and social needs of anim als kept  in the laboratory set t ing. Most  
invest igat ions into enhancem ent  of the anim al's environm ent  have concent rated on the "higher 
m am m als,"  part icular ly NHP. This docum ent 's conclusions have been based on contem porary concerns. 

Laboratory rodents and rabbits are frequent ly perceived to have relat ively few requirem ents other than 
basic housing, husbandry, and dietary needs. Thus, cont rol of the environm ent  has frequent ly been the 
pr im ary considerat ion, with lit t le (or no)  em phasis on other areas. 

"Well-being" is frequent ly difficult  to assess object ively in these species. Weight  gains, general behaviour, 
and adrenal weights are exam ples of cr iter ia which have been used in studies of this type (Cham ove, 
1989) . 

Housing condit ions should be evaluated carefully for each species, and considerat ion given, wherever 
possible, to innovat ive group housing in species such as guinea pigs and rabbits. 

Qualified invest igators should be encouraged to do addit ional object ive, cont rolled studies on the 



environm ental needs and preferences of rodents and rabbits in the laboratory set t ing. 

Awareness of norm al behavioural pat terns in each species is essent ial. For exam ple, coprophagy 
( reingest ion of feces)  is a norm al funct ion in several species, including rabbits and rats (Sm elser, 1985;  
Newton, 1978) . Rats norm ally ingest  35-65%  of their  feces on a daily basis. Deprived of this opportunity, 
15-25%  reduct ions in weight  gains have been observed (Newton, 1978) . 

Beaver (1989)  suggests that  five aspects in part icular m ay cont r ibute to environm ental enrichm ent :  
behavioural enrichm ent , social peers, art ificial appliances, food gathering act ivit ies, and cont rol of the 
environm ent . Som e of these are discussed below. 

2 . Behavioural Enrichm ent  and Social Peers 

Social interact ion with peers is recognized to be a desirable, if not  an essent ial aspect  of laboratory 
anim al well-being. 

a)  Mice  

Mice thr ive when housed in groups of two or m ore per cage. I n one study, evidence of "st ress" was 
m inim al in m ice housed at  four per cage, com pared with groups of two or eight  per cage (Peng, Lang and 
Drozdowicz, 1989) . A high incidence of st ress- related tail lesions has been observed in cages housing up 
to 40 m ice which were placed together after weaning. The problem  was resolved when the groups were 
reduced to five per cage (Les, 1972) . 

As another exam ple, fem ale C3H/ He m ice in an intensive breeding program , and housed under condit ions 
of severe social st ress, had an incidence of spontaneous m am m ary tum ours considerably different  from  
counterparts kept  under ideal condit ions. At  400 days of age, approxim ately 90%  of anim als m aintained 
under adverse condit ions had m am m ary tum ours, while the incidence of tum ours was around 10%  in 
fem ales housed and m ated under opt im um  condit ions (Riley, 1975) . 

Com pat ibilit y is a cr it ical considerat ion. I t  m ay be im possible to house m ale m ice together after puberty, 
part icular ly those of m ore aggressive st rains. 

b)  Rats 

Rats are frequent ly housed singly for certain types of studies;  however, it  is desirable that  two or m ore 
com pat ible rats be housed together in an appropriate cage. Post -puberal m ales are usually com pat ible, 
part icular ly if they have been together  since an early age. I t  has been shown that  even groups of highly 
standardized m ale rats exhibit  a high level of variabilit y of behavioural pat terns (Gärtner, Ziesniss, 
Karstens et  al.  1991) . 

c)  Guinea Pigs 

Guinea pigs live in groups of five to ten individuals in the wild (Sutherland and Fest ing, 1987)  and thr ive 
under group housing, although it  is unlikely that  two or m ore sexually m ature m ales will live together 
without  incident  unless they have been together since bir th. I n their  natural environm ent , guinea pigs 
exhibit  a st rong herd or fam ily or ientat ion, and this should be m aintained in the laboratory set t ing, if at  
all possible. The one boar per harem  arrangem ent  is the recom m ended procedure in breeding colonies. 
Guinea pigs should not  be housed singly;  however, if this is necessary, Sutherland and Fest ing (1987)  
recom m end a m inim um  of 700 cm 2.  Vocalizat ion appears to play an im portant  part  in guinea pig social 
behaviour, and they call for at tent ion from  hum an caretakers (Sutherland and Fest ing, 1987) . 



d)  Ham sters 

Adult  ham sters are frequent ly caged separately because of their  tendency to fight , with the except ion of 
the fem ale during the t im e she is ready to m ate. However, they have been housed together under certain 
circum stances, part icular ly if they have been weaned and raised together since bir th (Hobbs, 1987) ;  
nonetheless, the European ham ster becom es m ore aggressive as it  grows older. Ham sters spend m ore 
t im e in social proxim ity if they have had prior group housing experience. Singly housed ham sters show 
m ore agonist ic behaviour with conspecifics, and lower weight  gains than group-housed anim als. Early 
housing experience can profoundly affect  later social preferences and behaviour. 

e)  Gerbils 

Most  gerbil species are gregarious and live in large groups (Norr is, 1987) . Therefore, they should be 
housed in pairs or in larger groups wherever possible. I f anim als are placed together before they reach 
puberty, fight ing should not  be a problem . Gerbils usually m ate for life;  thus, it  is advisable that  single 
pairs be kept  together throughout  life. Most  are norm ally docile, although aggression m ay be noted after 
pair ing for m at ing. 

Mature m ongolian gerbils of either sex m ay show a character ist ically severe form  of epilept iform  seizure 
(Norr is, 1987) . 

f)  Rabbits 

I n their  natural habitat  in the wild, rabbits of the genus Oryctolagus are social anim als, frequent ly liv ing 
in warrens of up to 100 or m ore rabbits of various ages. I n the laboratory, convent ion has dictated that  
sexually m ature anim als be housed singly:  a)  to avoid fight ing injur ies;  and b)  to prevent  ovulat ion and 
subsequent  pseudopregnancy due to physical interact ion in m ature does. Male rabbits, if penned 
together, becom e increasingly aggressive from  about  90 days (Adam s, 1987) . However, group housing 
for adult  rabbits has been under study, both in the laboratory set t ing, and in com m ercial rabbit r ies 
(Stauffacher, 1992;  Love, 1988;  Anon., 1989a) . 

Group housing in larger enclosures has provided anim als with the opportunity to live a m ore natural 
lifestyle, including am ple opportunity for adequate exercise, m utual groom ing, and general im proved well-
being (Love, 1988;  Boyd, 1988) . Breeding colonies have been established, using the group housing 
approach (Anon., 1989b) . I n som e facilit ies, com pat ible rabbits are allowed to exercise in a designated 
floor area several t im es per week. 

3 . Enrichm ent  Devices ( Art ificia l Appliances)  

a)  Mice  

Mice have used em pty plast ic water bot t les placed in the cage for a "ur inal,"  and an addit ional bot t le for 
nest ing and as a "bolt  hole" . I t  was concluded that  provision of the bot t le was beneficial in several 
respects, including im proved sanitat ion, and an opportunity to establish their  own opt im al environm ent  in 
the nest ing bot t les (Boyd, 1988) . However, in one study, the addit ion of objects such as flower pots and 
bricks has been reported to increase aggression am ong m ale m ice (Ayling, 1989) , presum ably because of 
terr itor ial inst incts. 

b)  Rabbits 

The use of rest ing boards has been shown to have a calm ing effect  on rabbits, which use them  to hide 
beneath (Anon., 1989a) , and the use of tubing as "bolt  holes" has been suggested. 



c)  Ham sters 

Hobbs (1987)  states that  wheel- running has not  been shown to be beneficial;  however, a raised top to 
the cage provides opportunity for clim bing and exercise. 

d)  Gerbils 

I t  has been recom m ended that  gerbils be supplied with appliances such as PVC plast ic pipe since they are 
burrowers in their  natural habitat , and retain this behavioural pat tern, as well as food hoarding, in the 
laboratory (Norr is, 1987) . I t  is likely that  other sm all rodents would also benefit  from  these addit ions. 

4 . Caging and Bedding  

i)  Floor space per anim al is an im portant  considerat ion, and requirem ents for individual species have 
been ident ified in Appendix I  [ the U.S. and the U.K. have developed standards as well (USDHHS, 1985;  
UFAW, 1987) ] . Although am ple floor space per anim al is essent ial, there is som e evidence that  the actual 
needs for group-housed guinea pigs, for exam ple, m ay be less than current  guidelines indicate (White, 
Balk and Lang, 1989) . 

ii)  Solid bot tom  cages are st rongly recom m ended for housing rodents, part icular ly for long- term  
studies. Solid floors with appropriate bedding are part icular ly cr it ical for breeding rodents (Weihe,1987) . 
Wire bot tom  cages, although less labour intensive to use, are far rem oved from  the natural environm ent . 

iii)  Bedding is also an im portant  considerat ion. For exam ple, gerbils are act ive burrowers, and prefer 
bedding that  can be used for digging and tunnel m aking, an im portant  act ivity in this species. There have 
been studies of bedding preferences in sm all rodents ( I turr ian and Fink, 1968) . St raw bedding has been 
recom m ended for rabbits (Adam s, 1987)  who also notes that  breeding fem ales kept  in m etal cages m ust  
be provided with nest -boxes som e days before partur it ion. I n m etal caging, Adam s (1987)  found that  16 
m m  m esh, 2 m m  gauge wire was sat isfactory in prevent ing sore hocks. 

a)  Rats 

I t  is now recognized that  rats like to run, stand on their  hind legs, and jum p (Weihe, 1987) ;  
unfortunately, present ly available caging does not  perm it  this. Weihe (1987)  recom m ends addit ion to the 
caging of paper, wood, pellets or grain as a m eans of environm ental enrichm ent . He also suggests caging 
of solid plast ic with a wire m esh lid, and cr it icizes use of wire m esh- floored cages. Rectangular cages are 
m ore sat isfactory than square caging, with 20 cm  high cages suggested (Weihe, 1987) . 

b)  Mice  

I n one study conducted in m ice, vert ical dividers were placed in cages, and the anim als' perform ance and 
well-being com pared with that  of anim als housed in convent ional cages. Mice preferred the com plex 
cages, and appeared to be " less em ot ional"  than were the m ice kept  in regular cages. I t  was concluded 
that  the divided cage represented a m ore natural housing arrangem ent , and that  its use would lead to 
healthier anim als (Cham ove, 1989) . 

c)  Gerbils 

Any cage suitable for rats and golden ham sters is sat isfactory for gerbils. As gerbils often stand erect  on 
their  hind legs, the cages should have a solid bot tom , with floor to lid height  at  least  15 cm . A 
m onogam ous breeding pair requires a floor area of about  700-900 cm 2 and gerbils caged in large groups 



need about  100 cm 2 floor area per anim al (Norr is, 1987) . 

d)  Rabbits 

Adam s (1987)  suggests that , for laboratory purposes, room s designed to accom m odate units of 50-60 
rabbits are best . I f m etal caging is used, 16 m m  m esh, 2 m m  gauge wire is sat isfactory in order to 
preclude sore hocks. 

These are often built  with portable sides with or without  a roof or raised grid floor. They m ay be used to 
house a variety of species such as cats, dogs and NHP. Rabbits and guinea pigs have also been 
successfully housed in floor pens. I n Swiss studies, near- to-nature surroundings for rabbits have been 
replaced by m anageable art ificial subst itutes (Stauffacher, 1992) . 

e)  Guinea Pigs 

I n guinea pigs, easily sanit ized boxes with an end opening, placed in the floor pens, have proven to be an 
unqualified success. These boxes serve as a place to hide and as a secure place for farrowing, and 
provide som e variety in the environm ent  (White, Balk and Lang, 1989) . 

5 . Food Gathering  

Good quality legum es or appropriate vegetables (e.g., carrots, cabbage, etc.)  are useful supplem ents to 
com m ercially available diets for  guinea pigs, rabbits and gerbils. Seed m ixtures are recom m ended 
addit ions for species such as gerbils and ham sters although Norr is (1987)  warns that  gerbils will eat  
sunflower seeds and exclude other seeds. He also suggests feeding seed m ix to young anim als on the 
cage floor. Nut r it ious food item s of this type will provide a pleasant  diversion, as well supply addit ional 
nut r ients to these species. However, quality cont rol of such m aterials is essent ial since there is the 
potent ial for biological or chem ical contam inat ion. This pract ice could be cont ra- indicated in anim als in 
nut r it ional or toxicology studies. 

Rabbits are said to prefer pelleted com m ercial feed rather than m eal, and to have a higher requirem ent  
for fibre than other species (Adam s, 1987) . 

6 . Control of the Environm ent  

Am bient  tem perature, hum idity, air  changes, frequency of cage cleaning, light -dark cycles, noise and 
daily rout ines, are exam ples of environm ental condit ions that  affect  the welfare of anim als in a research 
facilit y (Clough, 1982;  Gam ble, 1982;  Riley, 1975;  Peterson, 1980;  McSheehy, 1983;  Everit t ,  McLaughlin 
and Helper, 1987;  Besch, 1980;  Gärtner, Büt tner, Döhler et  al.  1980;  Anon., 1989b) . 

Significant  variat ions in certain blood const ituents were observed in rats subjected to various handling 
and experim ental procedures. On the other hand, the presence of a fam iliar anim al at tendant  in the room  
in the absence of m anipulat ions had m inim al influence on the blood character ist ics under study (Gärtner, 
Büt tner, Döhler et  al.  1980) . Sudden changes in hum idity m ay adversely affect  rabbits (Anon., 1989b) . 

I n laboratory rodents and rabbits, st im uli and condit ions have been ident ified which m ay have adverse 
effects on psychological well-being and general health.  Anim al room s m ay not  be used for 
perform ing any experim ental procedures requir ing m anipulat ion, part icular ly those likely to 
evoke fear and/ or vocalizat ion. 

a)  Noise  



Levels of 50-70 DBA or higher are considered likely to be det r im ental to the hearing of rodents and 
rabbits. Adverse effects have included audiogenic seizures in young m ice (Bevan, 1955;  Gam ble, 1982) , 
and reduced fert ilit y in m ice and rats (Newton, 1978) . 

b)  Light ing  

Light  intensity can influence rodent  act ivity, m aternal behaviour, and various other aspects of 
reproduct ive physiology (Clough, 1982) . Reproduct ive disorders have been ident ified in m ice and rats 
housed under inappropriate light / dark cycles, or in the absence of such a cycle (Newton, 1978) . I n albino 
rats, cont inuous exposure to light  levels of greater than 700 Lux can cause severe ret inal degenerat ion 
over a period of t im e (Everit t ,  McLaughlin and Helper, 1978;  Clough, 1982;  Sem ple-Rowland and 
Dawson, 1987) , and there are other reports of light -associated ret inal dam age in albino rats (McSheehy, 
1983) . Data on acceptable light  levels for laboratory rodents are available ( I LAR, 1977) .  
  

H. W I LDLI FE HELD I N  THE LABORATORY 

Wildlife species which are threatened, endangered or Convent ion on I nternat ional Trade in Endangered 
Species of flora and fauna (CI TES)- listed m ust  be conserved, and every effort  should be m ade to replace 
these anim als after study, either through reint roduct ion to the environm ent  of or igin, or placem ent  in 
capt ive breeding- release projects. 

Researchers planning to use large num bers of anim als should, where feasible, breed replacem ent  stock 
rather than cont inuing to rem ove anim als from  the wild. 

The chapter on wild vertebrates in Volum e 2 of this Guide (CCAC, 1984)  is com prehensive and wide-
ranging, and should const itute the pr im ary source of inform at ion and guidance, along with the Categories 

of I nvasiveness and Ethics of Anim al I nvest igat ion docum ent  found elsewhere in this Volum e. 

As noted in Volum e 2, such anim als should only be brought  into an inst itut ion after the invest igator 
proposing to use them  has dem onst rated adequate knowledge of the anim als' social and behavioural 
requirem ents or those of a closely related species. Those who will be responsible for such anim als m ust  
also be able to provide for appropriate m anagem ent  and housing before the anim als are int roduced into 
the laboratory. 

A num ber of recent , excellent  publicat ions are listed under Addit ional Reading.  
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ADDENDUM 1

COMMON AND SCI ENTI FI C NAMES OF NON- HUMAN PRI MATES

 
Com m on Nam e  

Afr ican Green m onkey  

Assam ese m acaque 

Baboon 

Bush baby  

Capuchin m onkey  

Chim panzee  

Com m on m arm oset   

Cynom olgus m acaque  

Gibbon  

Japanese m acaque  

Lion- tail m acaque 

Owl m onkey  

Rhesus m onkey  

Squirrel m onkey  

Spider m onkey  

Stum p- tailed m acaque 

Tam arin  

Pig- tail m acaque

Scient ific Nam e  

Cercopithecus aethiops 

Macaca assam ensis 

Papio spp.  

Galago spp.  

Cebus apella 

Pan t roglodytes 

Callithr ix jacchus 

Macaca fascicular is (M. irus)  

Hylobates spp.  

Macaca fuscata 

Macaca silenus 

Aotus t r ivirgatus 

Macaca m ulat ta 

Saim ir i sciureus 

Ateles spp.  

Macaca arctoides (M. speciosa)  

Saguinus spp.  

Macaca nem est r ina

 



  
ADDENDUM 2

 
SOURCES OF ENRI CHMENT DEVI CES

 
Puzzle feeders and t reats  
Kong Toys  
Prim a-hedrons  
(perch and swing toys)  

Prim ate Products  
1755 East  Bayshore Road, Suite 28A  
Redwood City, CA 94063  
Telephone:  415-368-0663 Fax:  415-368-0665

Nyla Balls   
(Wolf size are used for  
Cynom olgus m onkeys)

H & L Pet  Supplies  
27 Kingston Crescent   
Kitchener, Ontario N2B 2T6  
Telephone:  519-743-8954 

Cent ral Sales  
60 Eastern Avenue  
Bram pton, Ontario L6W 1X8  
Telephone:  1-800-387-2522 

Rolf C. Hagen I nc.  
3225 Sartelon  
Ville St . Laurent , Quebec H4R 1E8  
Telephone:  514-332-0914

Fruit -punch flavoured  
fructose pellets ( for  
environm ental enrichm ent  t reats)  

P.J. Noyes Com pany I nc.  
Whitefield Road  
P.O. Box 381  
Lancaster, NH 03584  
Telephone:  603-788-4952

Fleece foraging/ groom ing board  
Foraging crum bles "m ixed size"  
Turf foraging board  
Foraging bites  
Prim a-burgers  
Prim a-gel  
Prim a- t reats  
Marm oset  diets

BI O-SERV®   
P.O. Box 450  
Frenchtown, NJ 08825  
Telephone:  908-996-2155  
Outside USA:  908-996-4123

Prim a- t reats   
Prim a-Foraging/ Groom ing boards   
Kong Toys  

Nyla Balls and Nyla Toys  
Boom er balls  
 

Kaplan Laboratory Anim al Supplies and Services  
4960 Alm aden Exp., Suite 233  
San Jose, CA 95118  
Telephone:  408-266-1235



VI I . SPECI AL PRACTI CES

 
A. ANI MAL ACQUI SI TI ON  

1 . Procurem ent  

All anim als m ust  be legally acquired. Anim als received as donat ions for research should have been legally 
released (see Laboratory Anim al Care, I dent ificat ion and Records) . I t  is alm ost  always preferable to 
obtain standard laboratory species from  an established breeder or licensed supplier. Several provinces 
have regulat ions governing the procurem ent  of dogs (see also Responsibilit y for the Care and Use of 
Experim ental Anim als) . I n Ontario, laboratory anim al supply facilit ies are licensed and inspected. All 
com m ercial producers of laboratory anim als, regardless of whether or not  they com e under provincial 
legislat ion, are expected to provide housing facilit ies and to follow pract ices sim ilar to those out lined in 
this Guide.  

I t  is in the best  interests of the user and the supplier to co-operate in the elim inat ion of any undesirable 
condit ion affect ing the health and quality of the anim al. The inst itut ion ( i.e., the receiver)  should inform  
the supplier of any undesirable condit ions observed in the stock received. The supplier should, if 
requested, provide detailed inform at ion on health status m onitor ing, breeding, and husbandry pract ices 
followed. 

The acquisit ion of anim als should be dependent  upon the pr ior approval of the project  by the inst itut ional 
Anim al Care Com m it tee (ACC) . Acquisit ion procedures should be in place to ensure that  the inst itut ion 
will have an up- to-date and ongoing inventory of all anim al experim ents for which it  m ay be accountable, 
and to allow for the pr ior preparat ion of appropriate space and such other arrangem ents as m ay be 
necessary for the recept ion of the incom ing anim als. 

2 . Transportat ion  

a)  I nt roduct ion  

Depending upon the species and size of the anim al, the m odes of t ransportat ion can be by land, sea or 
air . For m ost  laboratory species, the m ost  com m on m ethod is either by ground t ransportat ion, over 
relat ively short  distances, or by air  for longer distances. The object ive of any m ethod of t ravel is to 
ensure the safety, security, and com fort  of the anim al in the container, and to take it  to its dest inat ion as 
quickly and as safely as possible. 

Although m any agencies are concerned with anim al t ransportat ion per se,  those dealing with the 
t ransportat ion of experim ental anim als are few in num ber. The Anim al Transportat ion Associat ion 
( form erly known as the Anim al Air  Transportat ion Associat ion)  (AATA)  is involved in m aking 
im provem ents to all m odes of t ransportat ion. Publicat ions are available on the subject  of anim al 
t ransportat ion. The Canadian Federat ion of Hum ane Societ ies (CFHS)  (1988) , for exam ple, conducted a 
survey of surface livestock t ransportat ion in Canada. A recent  Brit ish Veterinary Associat ion (BVA)  
sym posium  has exam ined the welfare of anim als in t ransit  (Gibson, Paterson and Conville, 1986) , as has 
a sym posium  of the World Associat ion for Transport  Anim al Welfare and Studies (WATAWS) (Laing, 
1991) . 

b)  Regulat ions- - Containers and Transportat ion  

The I nternat ional Air  Transport  Associat ion ( I ATA)  annually produces the I ATA Live Anim al Regulat ions,  
which includes inform at ion concerning the docum entat ion, the containers and other requirem ents for 
hum ane t ransportat ion of live anim als ( I ATA, 1992) . Som e 81 containers are described under the 



headings of species, design and const ruct ion, preparat ions for dispatch, feeding guide, general care and 
loading. While the container inform at ion is specific for air  t ransportat ion, the requirem ents for the 
containers are applicable to all m odes of t ransport , for they ensure safety, com fort , and security for the 
anim als (Rowsell,  1992) . 

I n order to ensure accurate technical content , the I ATA Regulat ions are prepared in consultat ion with 
representat ives from  the Convent ion on I nternat ional Trade in Endangered Species of Wild Fauna and 
Flora (CI TES)  and the Office I nternat ional des Epizoot ies (OI E) . For over 10 years, the Canadian Council 
on Anim al Care (CCAC) , the I nternat ional Council for Laboratory Anim al Science ( I CLAS) , as well as the 
Eurogroup for Anim al Welfare, have m aintained close liaison with the I ATA Live Anim als Board, 
addressing pr im arily the issues concerned with t ransportat ion of experim ental anim als. 

Legislat ion in Canada addressing t ransportat ion includes the ( federal)  Health of Anim als Act  (C-66, June, 
1990, rev. March, 1992;  38-39 Elizabeth I I ,  Chapter 21) , Ontario's Anim als for Research Act  (Revised 
Statutes of Ontario, 1980, Chapter 22 as am ended by 1989, Chapter 72,s6 and Regulat ions 
16,17,18,19) , and, in Alberta, the Universit ies Act  (Sect ion 50, "Dog Cont rol and Procurem ent" ;  Regs. 
341-366) . I n 1972, Alberta Regulat ion 33-72 was expanded to cover the t reatm ent  of anim als (Rowsell,  
1974) . As well,  there is specific legislat ion governing the t ransportat ion of anim als in provinces and 
specific bylaws in m unicipalit ies. 

The t ransportat ion of anim als from  the United States into Canada is affected by the U.S. Departm ent  of 
Agriculture's Anim al Welfare Act  (1966)  by specifying m inim um  and m axim um  tem peratures to which 
anim als in t ransit  m ay be exposed. The U.S. Departm ent  of the I nter ior, U.S. Fish and Wildlife Service, is 
responsible for the enforcem ent  of the im portat ion of wild m am m als and birds;  as well,  the U.S. 
Departm ent  of the I nter ior is responsible for the enforcem ent  of the Marine Mam m al Protect ion Act . 

c)  Transportat ion Stress 

One of the least  cont rollable variables in anim al experim entat ion is the effect  on the research caused by 
m oving anim als from  one area to another (Landi, Kreider, Lang et  al.  1982, 1985;  Aguila, Pakes, Lai et  

al.  1988;  Bean-Knudsen and Wagner, 1987, Reinhardt , 1992) . This m ight  involve great  distances 
between count r ies, or m inor distances, such as within the anim al facilit y itself.  Even m oving anim als 
within the anim al room  affects the st ress indices, which are m ore great ly influenced if the individual doing 
the t ransport ing is a st ranger (Gärtner, Büt tner, Döhler et  al.  1980) . 

The st ressors in anim al t ransportat ion include inexperienced handlers, the am ount  of t im e spent  in 
preparat ion, in t ransit , and on arr ival at  the dest inat ion, and the state of the m ode of t ransport , e.g., 
rough roads, rough rail beds, rough seas and air  turbulence. Of im portance are the com fort  and suitabilit y 
of the container, sufficient  t im e spent  for adaptat ion to the container pr ior to t ransport , and the 
tem perature and vent ilat ion of both the container and the am bient  tem perature of the environm ent  and 
the various tem perature zones through which the anim al m ay pass. I t  is essent ial to m ake appropriate 
pre-arrangem ents concerning the t ransport  of the anim al in order to m inim ize the length of t im e spent  in 
t ransit . 

Transportat ion st resses can be m inim ized by avoiding long distance shipping, slow m odes of t ransport  
and, as m ent ioned, by acclim at izing the anim als to the containers and, if possible, to the m ode of 
t ransport . Kiley-Worthington (1990) , in studies involving the t ransportat ion of anim als in circuses and 
zoos, showed that  unhandled, naive anim als ( i.e., those that  are wild or have not  been dom est icated or 
are not  used to confinem ent ) , will probably suffer the m ost . Although there is a great  deal of concern 
about  circus anim als, show dogs, or com pet it ive horses subject  to regular t ransportat ion, this researcher 
reported that  there was "no evidence suggest ing that  the t ransport ing of circus anim als is necessarily or 
even unusually dist ressing or t raum at ic for the anim al, although it  is for naive livestock."  

The requirem ent  for t raining those involved in the t ransportat ion of anim als is often neglected. Although 
it  is well established that  inexperienced handlers can affect  the anim als significant ly, lit t le has been done 



to ensure proper t raining of individuals engaged in anim al t ransportat ion. I n 1978, the CCAC produced an 
audio-slide presentat ion on "Hum ane Transportat ion of Live Anim als"  which was m ade available to all 
air lines and any of the other agencies engaged in the t ransportat ion of anim als (Fletch, 1978;  Rowsell,  
1990) . 

The principles enunciated in the CCAC-produced t raining program  cont inue to be applicable today. I t  
notes, for exam ple, that  personnel engaged in the t ransportat ion of anim als, including those em ployed by 
the anim al facilit y, require knowledge of the various types of anim als, the differences between species of 
birds and m am m als, as well as considerat ion of the invertebrates. They m ust  also be cognizant  of the 
container requirem ents, and specificat ion requirem ents for labelling and m arking, and for com plet ion of 
the proper docum entat ion, which includes any licensing requirem ents, both for export  and the count ry of 
designat ion. They should be knowledgeable of shippers' responsibilit ies as well as those of the individuals 
receiving the anim als. They should realize the im portance of m aking advance arrangem ents concerning 
the shipm ent  and t ransport  of anim als. 

The responsibilit y for knowing about  the safe and hum ane t ransport  of anim als includes, as well,  those 
who, in the conduct  of their  dut ies, are exposed to the anim als or have responsibilit y for the anim als they 
m ay be carrying, i.e., in the t ruck, on-board ship or in the aircraft . The inst itut ion receiving the anim als 
should be prepared for accept ing the anim als by providing proper facilit ies and appropriate handling by 
t rained, experienced personnel. 

d)  Anim al Handling  

The anim al in a laboratory set t ing becom es condit ioned to the environm ental condit ions such as 
tem perature, hum idity, air  changes, noises, the habits of those working within the anim al room , and 
anim al or hum an pherem ones (substances secreted and released by anim als for detect ion and response 
by another of the sam e species) . All of the foregoing m ay change when the anim als are t ransported to 
the facilit y or m oved within it  (Slatnetz, Frat ta, Crouse et  al.  1957;  Baker, Lindsey and Weisbroth, 1979;  
Gibson, Paterson and Conville, 1986;  Aguila, Pakes, Lai et  al.  1988;  Rowsell,  1988) . Unfortunately, m any 
of these changes have not  been m easured precisely (Yousef, 1988) . As well,  quest ions have been raised 
as to the suitabilit y of certain tests used to m easure the st ress induced by environm ental changes. 
Behavioural changes such as increased agitat ion, difficulty in handling, reluctance to eat  or to dr ink, 
br ist ling of the coat , hiding, and abnorm alit ies in behaviour m ay go largely unnot iced, but  m ay cause 
variat ions in experim ental data. Therefore, it  is essent ial that  the anim al be allowed to equilibrate to a 
new environm ent . Because the period for equilibrat ion of each anim al and between species varies, 
knowledge of the species and of the individual anim als is essent ial. 

When the anim al arr ives at  its dest inat ion, the inst itut ion m ust  ensure that  it  is then brought  to the 
inst itut ion in a safe and hum ane m anner. Air  condit ioned vehicles specifically designed for this purpose 
are essent ial in order to reduce st ressors that  m ay have increased during the t ransport  period. 
Acclim at izat ion to the environm ent  and a stabilizat ion of the anim al, physiologically and behaviourally, 
are essent ial prerequisites before the anim al is used. Landi, Kreider, Lang et  al.  (1982)  dem onst rated 
that , following air  t ransportat ion of rodents, a two-week period was required for blood and st ressor 
param eters to return to norm al. The adherence to the pr inciples of hum ane t ransportat ion and handling 
throughout  the t ransport  period and on arr ival at  the inst itut ion should help ensure that , when anim als 
are used in research, teaching, or test ing, the results are m eaningful and scient ifically valid. 

3 . Breeding  

A review of m odern m ethods of breeding laboratory anim als is beyond the scope of this Guide.  However, 
it  is axiom at ic that  all types of anim als involved in a breeding program  for anim al product ion research 
purposes will require the best  of care and that  accurate breeding records m ust  be kept  (Box, 1976) . I t  is 
essent ial that  breeders and researchers who propose to breed anim als for specific research purposes 
acquire detailed inform at ion on the anatom y, behaviour and physiology of reproduct ion relat ing to the 
stocks concerned (Altm an and Dit tm er, 1972;  Greep, 1974;  Hafez, 1970;  Crawford, 1990) . Blaffer-Hrdy 
and Whit ten (1987)  present  com parat ive data for non-hum an prim ates (NHP)  on cycle length, durat ion of 



m enst rual flow, visual signals, and the behaviour of m ales as well as fem ales in est rus, for all species. 
Breeders should refer to the sect ions of this Guide dealing with m anagem ent , caging and special housing 
of the various species. 

I f an anim al m odel of hum an disease is to be produced, it  is m andatory that  the scient ist  or breeder fully 
appreciates the basic physiological and pathological processes involved in the defect . The research facilit y 
is generally the best  locat ion for this type of breeding program . However, under som e circum stances it  
m ay be preferable to cont ract  for supply of a part icular m utant  st rain, either with a reliable com m ercial 
enterprise or by arrangem ent  with som e other scient ist  who is already breeding and ut ilizing the sam e 
m odel ( I LAR, 1979) . The breeding of any laboratory anim al m ust  be done in accordance with the 
accepted genet ic standards and genet ic nom enclature (Fest ing, Kondo, Poiley et  al.  1972;  I LAR, 1979;  
Lyon, 1981;  Lyon and Searle, 1989) , subjects which are beyond the scope of this Guide.  

The decision to establish a breeding colony program  in a research inst itut ion is one that  the invest igator 
and the inst itut ional ACC should always study carefully in term s of the nature of the project . Unless 
breeding is an integral, even essent ial, part  of the research or teaching exercise, thorough evaluat ion 
ought  always to be undertaken of:  a)  the ult im ate real cost  ( to the inst itut ion)  of anim als bred within the 
research facilit y;  b)  the occupancy of valuable and cost ly space which will no longer be available for other 
research;  and c)  the ult im ate num bers of anim als that  will have to be produced versus the actual 
num bers that  will be ut ilized. Sm all in-house breeding program s alm ost  always involve the need to 
dispose of anim als superfluous to the needs of the project , and the m aintenance of excess breeders in 
order to t ry to cope with fluctuat ing dem ands. 

I n com m ercial livestock product ion, select ion m ay be based on ancest ry, individual perform ance or 
progeny or com binat ions of these factors. However, in sm all laboratory species, em phasis has been 
placed on m aintaining genet ic purity (Fest ing, Kondo, Poiley et  al.  1972) . I n recent  years, quest ions 
raised about  the genet ic hom ogeneity of som e st rains has led to the genet ic test ing of anim als. The larger 
suppliers of sm all laboratory anim als provide genet ic cont rol for their  stocks and st rains, and m ay provide 
genet ic test ing services to invest igators using other st rains. 

The genet ic nature of an anim al populat ion can be changed in three ways:  by select ion, through 
m anipulat ion of the breeding system , or by alter ing the genom e through the int roduct ion of alien genes 
(DeTolla, 1991) . Tradit ionally, the rapidity with which genet ic change in a populat ion is achieved will 
depend in part  on the sex of the selected anim als;  the fem ale has less effect  on the m axim al select ion 
different ial than the m ale, as the lat ter can produce m any m ore progeny. The decision as to which 
anim als are to be bred will depend on num erous cr iter ia direct ly related to the purpose of the breeding 
exercise. 

4 . Breeding Transgenic Anim als 

The t im e required to produce large num bers of t ransgenic anim als will depend on the reproduct ive 
capacity of the anim al. Transgenic anim als are now considered a standard biom edical research tool 
(Saffer, 1992)  and are increasingly being used as anim al m odels for hum an diseases (Merlino, 1991) , 
gene therapy, the study of virus- induced disease, the physiology of foreign gene expression (Palm iter and 
Brinster, 1986;  Geist feld, 1991) , probes into com plex system s (Hanahan, 1989) , and as m odels for 
genet ic toxicology studies (Myhr and Brusick, 1991) . Their use is increasing, and indeed, has been cited 
as a m ajor cause in the first  r ise in anim al use in the U.K. for m any years (Anon., 1992) . 

Managem ent  of a t ransgenic m ouse colony has recent ly been described by Geist feld (1991) , and a 
procedures m anual has been published by Hogan, Constant ini and Lacey (1986) . As well,  there are 
num erous research reports (Brinster, Chen, Trum bauer et  al.  1985;  Bishop and Sm ith, 1989;  
Depam philis, Herm an, Mart inez-salas et  al.  1988;  Gordon, Scangos, Plotkin et  al.  1980;  Jaenisch, 1976, 
1988)  describing t ransgenic anim al use. Britain's Health and Safety Execut ive published Guidelines on 

Work with Transgenic Anim als (1989)  (Baynards House, 1 Chapstow Place, London, W2)  which m ust  be 
followed when creat ing, breeding or handling t ransgenic anim als in the U.K. (Connor, 1989) . 



I n describing m anagem ent  of a t ransgenic m ouse colony Geist feld (1991)  suggests that  Caesarian-
derived pups be used in order to elim inate pathogens. Various breeding system s are feasible;  usually a 
2: 1 to 3: 1 harem  m at ing system  is effect ive, although there are no hard and fast  rules. 

Som e of the problem s associated with the breeding of t ransgenic m ice have been out lined by Donnelly 
and Walsh-Mullen (1991) . These include contam inat ion of the m edia used in collect ing eggs and 
blastocysts for m icroinject ion, because of which the surrogate dam  fails to deliver. They note that  
int roducing foreign genes m ay cause deleter ious insert ions that  prove lethal to the anim al or that  
com prom ise reproduct ion. 

The CCAC recent ly established a Com m it tee on Anim al Biotechnology (CABT) , which has as its m andate:  
" to develop ongoing guidelines for em bryo m anipulat ion, fetal research, and t ransgenic anim als" . The 

CABT considers it  acceptable for t ransgenic/ em bryo m anipulat ion research to produce anim als which do 

not  have a negat ive im pact  on the anim al's well-being or on the environm ent , and which have a posit ive, 

scient ifically just ifiable endpoint . Should t ransgenic technology result  in a new species or st rain of anim al, 

research techniques m ust  be developed to adequately test  the im pact  of such anim als, in the view of the 

Com m it tee. Som e of Canada's inst itut ions have prepared their  own guidelines for research involving 

t ransgenics.  

5 . Anim al Models w ith Special Needs 

Anim al m odels of hum an disease are used to study the causes and therapeut ic and prevent ive m ethods 
for hum an disease, as well as to develop new drugs (Nom ura, Katsuki, Yokoyam a et  al.  1987) . Models 
are available for m any diseases and condit ions, e.g., hem ophilia (Moake, 1988)  atherosclerosis (Reddick, 
Read, Brinkhous et  al.  1990;  Farrell,  Saunders, Freem an et  al.  1986) , Pasteurellosis (Morck, Costerton, 
Bolingbroke et  al.  1990) , intest inal disease (Pfeiffer, 1985) , hepat ic degenerat ion (Hultgren, Stevens and 
Hardy, 1986) , enter ic diseases such as Cam pylobacter jejuni (Fox, Ackerm an, Taylor et  al.  1987) , 
cardiom yopathy (Wagner, Reynolds, Weism an et  al.  1986)  and neurological disease (Barnes, 1986) . 
Anim al m odels for advancing understanding of diseases such as hypertension, gast rointest inal t ract  and 
cardiovascular disease were discussed at  a sym posium  of the Brit ish Laboratory Anim als Veterinary 
Associat ion (BLAVA)  (Anon., 1986) . Another m eet ing addressed the challenges facing researchers into 
the hum an im m unodeficiency virus (HI V)  and the need for anim al m odels in this regard (Groopm an, 
1991) . 

Anim al m odels of som e condit ions or diseases have special needs beyond those of norm al, healthy 
laboratory anim als. These special needs m ust  be recognized and accom m odated when such anim al 
m odels are going to be used in research. I t  should be the responsibilit y of the pr incipal invest igator to 
take into considerat ion the special needs of the anim als before em barking on the research project . These 
special needs will no doubt  im pact  on the research budget  in term s of addit ional anim al care t im e, 
m aterials, and equipm ent . ACC reviews of research proposals should include an assessm ent  of these 
ext ra considerat ions for the anim als. 

The principle that  encom passes this responsibilit y to at tend to the special needs of anim al m odels could 
be stated as follows:  that  any pain, suffer ing, dist ress, or deficits in funct ion that  negat ively affect  the 
anim al's well-being, not  scient ifically "necessary"  for the study, should be alleviated or m inim ized. Cost  or 
convenience should not  deter from  this. Further, as soon as the study is done, the anim al suffer ing should 
be term inated (Olfert , 1992) . 

6 . I dent ificat ion of the Sexes 

Generally, sexes are kept  separated subsequent  to weaning, except  for breeding purposes or because of 
experim ental design requirem ents. Unwanted m at ings am ongst  stock anim als should not  occur, and 
under experim ental condit ions m ay com prom ise the experim ental results. 



The sexing of anim als m ay be difficult  in the newborn or in species with which one is unfam iliar. I n 
addit ion to the genital organs them selves, secondary sex character ist ics can be used in som e cases 
(Valle, 1990) . Detailed descript ions of the techniques/ observat ions used to sex the various com m on 
laboratory anim al species can be found in the species chapters of the CCAC Guide Volum e 2, or in other 
general books on species used as laboratory anim als (Poole, 1987) . Descript ions of the techniques used 
to determ ine the sex of som e of the less com m on species are also available (Goin and Goin, 1971;  Frye, 
1991;  Marcus, 1981) .  
  

B. RESTRAI NT AND MANI PULATI ONS 

1 . Physical Restraint  

a)  I nt roduct ion  

I t  is necessary to rest rain m ost  anim als for even the sim plest  of procedures (e.g., to take the anim al's 
tem perature) . When short - term  chem ical rest raint  (e.g., anesthet ic, t ranquillizer, etc.)  is not  possible and/
or is not  com pat ible with the experim ental requirem ents, som e form  of physical/ m echanical rest raint  m ay 
have to be used. 

I t  is well known that  the quality of the rest raint  will influence the anim al's response (Hem sworth, Barnet t  
and Hansen, 1986) . With laboratory rodents, Lee (1992)  contends " there is no superior rest raint  than an 
able technician aide's hands."  I t  has been shown that  an experienced technician picking up a rat  disturbs 
the anim al less than a totally inexperienced technician who is afraid of being bit ten (Barclay, Herbert  and 
Poole, 1988) . I m m obilizat ion st ress is known to have an effect  on rat  perform ance (Grilly and Gowans, 
1986) . Paré and Glavin (1986)  have reviewed rest raint - induced st ress. 

Anim als becom e accustom ed to repeated, gent le, short - term  rest raint  which is not  accom panied by 
st ressful or painful procedures. Longer- term  rest raint  is accom panied by evidence of st ress unless the 
anim al has undergone a prolonged period of acclim at izat ion to the experim ental situat ion, and is not  
subjected to any painful procedures while it  is being rest rained (Golub and Anderson, 1986;  Rushen, 
1986) . The level of dist ress varies from  anim al to anim al in the sam e situat ion, and m ay affect  
experim ental results. 

Two factors which have a st rong influence on the degree of st ress experienced by a rest rained anim al are 
the isolat ion from  conspecifics (during rest raint ) , and the degree of im m obilizat ion. These two factors 
should be considered if the experim ental procedure requires that  the anim al be rest rained. Visual, 
auditory and olfactory contact  with conspecifics m ay suffice to reduce st ress levels. Sheep, for exam ple, 
should not  be out  of sight  and sound of other sheep, even if they are able to m ove around in the isolat ion 
pen (see also Social and Behavioural Requirem ents of Experim ental Anim als) . 

I n all situat ions in which prolonged physical rest raint  is required, the use of proposed rest raining m ethods 
m ust  first  have been just ified and received approval through peer review and the inst itut ional ACC, using 
the guidelines established by the CCAC. Such reviews should provide assurance that  the technology is 
either lacking or its use is not  warranted for obtaining the required m easurem ents in the unrest rained 
anim al. The rest rained anim al will always require special considerat ion, care and surveillance (see also 
Social and Behavioural Requirem ents of Experim ental Anim als;  Categories of I nvasiveness statem ent ;  
Ethics of Anim al I nvest igat ion docum ent , found elsewhere in this Guide) . 

b)  General Guidelines for  Care of Restrained Anim als 

i)  Rest raint  procedures should only be invoked after all other less st ressful procedures have been 
rejected as alternat ives. 



ii)  Supervision of anim als in rest raining devices should only be assigned to fully qualified and experienced 
personnel. 

iii)  The principal invest igator has the responsibilit y to ensure that  all m em bers of the research team , 
part icular ly those responsible for day- to-day anim al care, are fully aware of the rat ionale for the rest raint  
procedures and for the com plicat ions for the anim al which m ay occur as a result  of the rest raint . 

iv)  Consultat ion should be sought  with those experienced in the rest raint  procedures to be invoked, pr ior 
to its init ial use, to ensure that  m inim al rest raint  is used to accom plish the experim ental goals. 

v)  Physiologic, biochem ical and horm onal changes occur in any rest rained anim al (Gärtner, Büt tner, 
Döhler et  al.  1980;  Toth and January, 1990;  Moberg, 1992;  Bush, Custer, Sm eller et  al.  1977;  Mayer and 
Bowm an, 1972;  Markowitz and Spinelli,  1986) , and invest igators should consider how these effects will 
influence their  proposed experim ents. 

c)  Special Surveillance  

The following com m ents are generally applicable to all rest rained anim als;  however, they refer especially 
to rest raint  in non-hum an prim ates (NHP) :  

i)  Regardless of durat ion of rest raint , special at tent ion m ust  constant ly be paid to the possible 
developm ent  of associated ill effects. 

ii)  A m inim um  of twice daily, careful physical inspect ion of each rest rained anim al is m andatory. 

iii)  I nspect ion should include not  only physical exam inat ion, but  also evaluat ion of general behaviour. 
Food and water consum pt ion, as well as the anim al's weight  if possible should be recorded daily. When 
any unusual m anifestat ions develop, or physiological param eters show undue variance, im m ediate 
therapeut ic m easures m ust  be taken. 

d)  Restraint  Devices 

Devices developed for short - term  laboratory anim al rest raint  include a plast ic cage for rest raint  of 
opossum  (Thom ason and Russell,  1986) , an acute rest raint  device for rhesus m onkeys described as "a 
pract ical and inexpensive alternat ive to the standard pr im ate chair"  (Robbins, Zwick, Leedy et  al.  1986) , 
and a full-body ret raining device for sm all anim als that  perm its the short - term  recording of physiologic 
data (Yagiela and Bilger, 1986) . The use of slings, pioneered for m iniature swine by Panepinto 
(Panepinto, Phillips, Norden et  al.  1983)  has now been extended to rats and rabbits (Kum ar, Wong, 
Johnson et  al.  1979)  and other species. Com m ercial sources of slings for rats and rabbits are available (e.
g., Harvard Bioscience, Ealing Scient ific Ltd., 6010 Vanden Abeele St ., St . Laurent , Quebec Canada H4S 
1R9) , and for livestock species and dogs (Munk's Livestock Sling Mfg. I nc., 1143 W. Marches Pt . Rd., 
Anacortes, WA 98221 USA) . 

Efforts are being m ade to provide less rest r ict ive rest raint  system s that  facilitate m ovem ent  and perm it  
sam pling or protect  the inst rum entat ion or equipm ent  (Houghton, 1985;  Anderson and Houghton, 1983;  
Dalton, 1985;  Munson, 1974) . Exam ples include;  an int ravenous catheter system  for long- term  (at  least  
six to eight  weeks)  parenteral nut r it ion of unrest rained rats (Brenner, Muller, Walter et  al.  1985) , a 
backpack system  for m ini-pum p infusions in m arm osets (Ruiz de Elvira and Abbot t , 1986) , and a 
tethering system  for int ravenous and int ragast r ic drug adm inist rat ion in the baboon (Lukas, Griffiths, 
Bradford et  al.  1982) . 

Scient ists are cont inuously seeking new m ethods which will lessen the st ress involved in the collect ion of 



sam ples such as bile (Rath and Hutchison, 1989;  Kanz, Vanoye-Trevino and Molsen, 1989) , and blood 
(Lawhorn, 1988) . I t  should be re-em phasized that  efforts to reduce the st ress of m onitor ing often involve 
the t raining and socializat ion of the anim al to the procedure (Vanderlip, Vanderlip and Myles, 1985a, 
1985b) . 

The advent  of vascular access ports has m ade it  possible to take repeated blood sam ples from , or 
adm inister drugs to, a wide variety of anim als with the m inim um  of rest raint  (Houghton, 1985) . These 
ports consist  of an int ravascular catheter at tached to a reservoir with a diaphragm  (Dalton, 1985;  Harvey-
Clark, 1990) . The appropriate blood vessel is cannulated and the reservoir is located subcutaneously at  a 
suitable locat ion. With the use of a topical, penet rat ing analgesic cream , access to the port  can be 
achieved painlessly. Sam ples m ust  be taken using ster ile technique, in order to avoid contam inat ion of 
the vascular access port . These ports are usually m aintained patent  by filling them  with a heparin 
solut ion, and m ay rem ain funct ional for m any m onths or years. 

Another exam ple of a less rest r ict ive rest raint  system  that  facilitates anim al m ovem ent , yet  perm its 
sam pling or protect ion of inst rum entat ion or equipm ent  is the "Jacket  and Swivel Tethering System " 
developed by Chatham  (1985) . I t  allows m uch greater m ovem ent  and perm it  sim ultaneous fluid 
sam pling, drug infusion, and elect ronic m easuring and m onitor ing. The tethered anim al can be 
m aintained com fortably and hum anely for m onths, while fully inst rum ented. The light  weight  and 
flexibilit y of the tether, com bined with the low fr ict ion of the swivel, inhibits very lit t le of the anim al's 
norm al cage act ivity. (Alice King Chatham  Medical Arts, 5043 Oaknoll Ave., Los Angeles, CA 90043;  
Harvard Bioscience, Ealing Scient ific Ltd., 6010 Vanden Abeele St ., St . Laurent , Quebec Canada H4S 
1R9.)  

The "Pole and Collar"  system  (Anderson and Houghton, 1983)  provides a standardizable, efficient  m eans 
of t raining m onkeys to calm ly leave their  cages, enter rest raint  devices for as long as the procedures 
require, and return to their  cages without  the need for chem ical rest raint  or forced m anual subm ission 
(Houghton, 1985) . 

Biotelem et ry system s are increasingly being used to t ransm it  biological inform at ion from  anim als to a 
rem ote locat ion. A variety of biotelem et ry system s are available, from  backpack system s to those that  
are totally im plantable (Halpryn, 1985) . 

2 . I m plantat ion, Cannulat ion and Sam pling  

Chronic studies involving the im plantat ion of elect rodes, cannulae and catheters will require that  the 
anim al be anesthet ized at  the t im e of im plantat ion, and rest rained awake when sam pling is undertaken. 

Elect rode im plantat ions m ust  be undertaken by, or under the direct  supervision of personnel experienced 
in the techniques involved, and m ust  ut ilize proper surgical and anesthet ic procedures (Meyer and Meyer, 
1971;  NI H, 1991)  (see also Standards for Experim ental Surgery and Anesthesia) . Detailed descript ions of 
stereotaxic surgical techniques m ay be found in several sources (Hart , 1969;  Pellegrino and Cushm an, 
1971;  Skinner, 1971;  Singh and Avery, 1975) . 

3 . Bleeding  

Guidelines for blood rem oval from  laboratory m am m als and birds have recent ly been published in Great  
Britain (BVA/ FRAME/ RSPCA/ UFAW Joint  Working Group on Refinem ent , 1993) . Efforts should constant ly 
be m ade to refine scient ific techniques so as to reduce the volum e of the blood sam ple. I n sm all anim als 
such as m ice, volum e and frequency are of part icular im portance. I f the anim al's welfare is threatened by 
the volum e of the sam ple required, either m ore anim als should be used, or com pensatory blood 
t ransfusion considered. 

Rather than m ult iple sam pling carr ied out  by repeated needle punctures, a but terfly needle or a 



percutaneous (over the needle)  cannula taped in posit ion, should be ut ilized. 

I n rem oving volum es greater than 0.1 m l, as large a bore as possible should be used in order to ensure 
rapid blood withdrawal without  collapsing the vein, with the const raint  of avoiding hem atom ata form at ion. 
Before taking a sam ple, it  is im portant  to accurately locate the vein and dilate it  by gent le obst ruct ion or 
warm ing. I f general body warm ing is used, the anim al m ust  be constant ly observed to prevent  
hypertherm ia, as evidenced by m ore rapid breathing, pant ing or salivat ing. The use of xylene (xylol, 
dim ethylbenzene)  as a dilator is not  recom m ended as it  causes skin rashes and is easily m isused. 

Com m on bleeding sites m ay be found in Appendix VI I I  of this Guide.  

4 . Mot ivat ion Procedures 

I n the conduct  of behavioural studies, the use of posit ive reinforcem ent  (e.g., reward in the form  of a 
preferred food)  is preferable to use of aversive st im ulat ion (Lea, 1979) . CCAC's Ethics of Anim al 

I nvest igat ion ( found elsewhere in this Guide)  also notes that  invest igators, ACCs and Review Com m it tees 
are advised to "be especially caut ious in evaluat ing...elect r ic shock as negat ive reinforcem ent ."  Elsewhere 
in this Guide under the Use of Anim als in Psychology, it  is noted:  

"Sim ilar ly, when researchers use elect r ic shock as a m eans of producing st ress or m ot ivat ing anim als to 
escape or avoid, they are fully recognizant  that  elect r ic shock does not  norm ally occur in nature. They do 
assum e, however, that  this part icular, easily cont rolled aversive event  can serve as a m odel for analogue 
of other unpleasant  events that  do occur naturally and affect  behaviour...."  

Experim enters are urged to use the least  aversive shock intensity x durat ion x frequency com binat ion 
that  is com pat ible with the goals of the research (Olfert , 1992) . Part icular values of these param eters will 
thus vary with species, and with the goal of the research. I n m any instances, there are well-developed 
procedures for determ ining the appropriate value of shock, based upon behavioural cr iter ia. For exam ple, 
" t it rat ion" procedures allow the m inim um  value of shock that  will m aintain a given behaviour to be 
determ ined for each individual anim al. I n all cases, it  behooves the invest igator to base the select ion of 
shock values upon behavioural cr iter ia, so as to use the least  aversive shock that  will perm it  collect ion of 
orderly data and the success of the research. For exam ple, the arbit rary select ion of a " low", a "m edium " 
and a "high" intensity, without  careful considerat ion of the behavioural effects of these values and the 
interact ion of the elicited behaviours with the desired behavioural outcom es, m ay cause undue suffer ing 
and waste of research anim als, and affect  the research. 

When shock is being used in com binat ion with other st ressors, the invest igator should be aware of the 
possibilit y of sum m at ion of negat ive effects.  
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VI I I . HEALTH AND SAFETY I N  THE W ORKPLACE

Those working with experim ental anim als r isk exposure to physical hazards (e.g., heat , noise, radiat ion) , 
chem ical hazards (e.g., disinfectants, cleaning solut ions) , as well as intest inal parasites, enter ic bacter ia, 
pathogenic organism s, and anim al bites (Soave and Brand, 1991) . As well,  those working with swine in 
confinem ent  buildings m ay suffer future chronic and irreversible lung dam age, according to Donham  and 
Leininger (1984) . Those working with non-hum an prim ates (NHP)  m ust  take special precaut ions. 
Guidance for these individuals m ay be found in Volum e 2 of this Guide.   
  

A. REGULATORY REQUI REMENTS 

As is the case with other laborator ies, the anim al care facilit y should have an Occupat ional Health and 
Safety program . All persons using the facilit y should also be fam iliar with the requirem ents of relevant  
federal, provincial and m unicipal legislat ion. This would include, for exam ple, the federal Health of 
Anim als Act  (38-39 Elizabeth I I ,  Chapter 21, pgs. 387-421) , which replaced the Anim al Disease and 
Protect ion Act  and which governs cont rol of anim al diseases and toxic substances. Those working with 
anim als should also be cognizant  of inst itut ional and/ or facilit y safety program  (see also Volum e 2 of this 
Guide [ CCAC, 1984a] ) . 

The Workplace Hazardous Materials I nform at ion System  (WHMI S) , which resulted from  federal and 
provincial co-operat ion, was inst ituted in 1988. Federal governm ent  laborator ies are governed by federal 
WHMI S and the Canada Labour Code. The following publicat ions are available free of charge from  Labour 
Canada:  The Em ployer and WHMI S;  I nt roduct ion to the WHMI S Program ;  Exercise WHMI S in the 

Workplace,  and a relevant  poster. 

Elsewhere, provincially enacted Health and Safety legislat ion specifies the accountabilit y of owners and 
directors and the r ights and responsibilit ies of em ployers, supervisors and workers in the workplace. The 
r ight  to refuse unsafe work is a part  of the Occupat ional Health and Safety (OHS)  Act . WHMI S regulat ions 
are also a sect ion of this legislat ion and require that  each em ployer provide safe working condit ions and 
that  em ployees be inform ed about  all hazards they will face in the course of their  dut ies. Em ployees are 
also given the r ight  to withdraw from  the workplace if faced with an unsafe condit ion. All hazardous 
substances, including m icroorganism s, m ust  be labelled in a specified m anner, and a Material Safety Data 
Sheet  (MSDS)  m ust  be available to accom pany each hazardous substance. Each province has adapted 
these federal governm ent  guidelines for its own purposes. WHMI S m aterial m ay be obtained from  
provincial Minist r ies of Labour. 

All personnel working with anim als m ust  understand how to handle the species involved, both for their  
own safety and health, and for that  of the anim als. Training for this should be provided.  
  

B. BI OLOGI CAL HAZARDS 

Guidelines for working with biohazards (e.g., bacter ia, viruses, parasites, fungi and other infect ious 
agents) , are provided in the Health and Welfare Canada/ Medical Research Council Laboratory Biosafety 

Guidelines (HWC/ MRC, 1990) . The guidelines include such item s as biohazard containm ent , laboratory 
design, personal hygiene and safety facilit ies, and can be used to provide t raining for em ployees as 
m andated by WHMI S. 

The biosafety guidelines apply to all research carr ied out  or supported by the federal governm ent  and 
have been adopted by m any indust r ies. 



Standard Operat ing Procedures (SOP)  based on the guidelines, aim ed at  m inim izing r isks to hum ans in 
biohazard r isk areas, should be developed and enforced. 

Personal cleanliness is an im portant  barr ier to infect ion and washing of hands after handling any anim al 
will reduce the r isk of disease spread and self- infect ion. All em ployees working with anim als, as well as 
visitors to the facilit y, should wear protect ive clothing, m inim ally a lab coat . 

All contam inated m aterial m ust  be decontam inated before disposal. Necropsy of anim als infected with 
highly infect ious agents should be carr ied out  in cert ified and tested biological safety cabinets. Necropsy 
m aterial for disposal should be sealed in plast ic bags, properly labelled and incinerated. The necropsy 
room  should be properly equipped to provide adequate refr igerat ion and hand-washing facilit ies.  
  

C. ZOONOSES 

Those infect ions that  are "secondarily t ransm it ted from  anim als to hum ans" are referred to as zoonoses 
(Schnurrenberger and Hubbert , 1981;  August  and Loar, 1987;  Acha and Szyfres, 1989)  and can seriously 
affect  research (Ham m , 1986;  Bhat t , Jacoby, Morse et  al.  1986;  I LAR/ NRC, 1991) . 

While m ost  infect ious agents show a considerable degree of species specificity, they also m ay, from  t im e 
to t im e, vary widely in virulence and in their  capacity to break through species barr iers. Thus, infect ions 
that  have not  com m only been considered to be zoonot ic hazards m ay sporadically affect  suscept ible 
persons or anim als. Persons potent ially at  higher r isk are those who suffer from  defect ive im m une 
system s and those who are under severe st ress or who have non-overt  clinical disease. Num erous 
pathogenic m icroorganism s, such as those responsible for tuberculosis, brucellosis, rabies, etc., which are 
norm ally perpetuated by direct  t ransm ission from  one or m ore species of vertebrate anim als, are also 
readily t ransm issible to hum ans. 

Transm ission of infect ions from  anim als to hum ans can generally be avoided through proper veter inary 
care and adherence to SOPs for cont rol of t ransm ission. However, when anim als are obtained from  areas 
in which zoonot ic diseases are known to exist , e.g., in NHP acquired from  the wild (Houghton, 1986)  
special at tent ion is required. 

Work involving exposure to hazardous m icroorganism s m ight  require pr ior im m unizat ion of the staff, if a 
vaccine is available. I t  is recom m ended, for exam ple, that  all personnel handling random -source dogs and 
cats, including dealers and handlers, should receive rout ine rabies vaccinat ion (see also Special Anim al 
Colonies, I nfect ious Disease Units) . 

Serological test ing and banking of reference serum  sam ples from  all personnel working in the anim al 
facilit y is advisable. This is of part icular im portance where NHP are being handled and/ or agents 
infect ious to hum ans are being used. 

Caut ion should be exercised in assigning wom en of childbearing status to anim al care dut ies that  m ight  
expose them  to potent ial or known teratogens. For exam ple Toxoplasm a gondii,  a protozoan that  infects 
m ost  species of warm -blooded anim als, including hum ans, is spread prim arily by oocysts shed in cat  
feces. These oocysts sporulate in two to four days and m ay survive for m ore than a year (Fraser and 
Mays, 1986) . Hum an toxoplasm osis can result  in spontaneous abort ion, prem aturity, st illbir th or 
congenital defects (Schnurrenberger and Hubbert , 1981) . 

The life cycle of the causat ive organism s im plicated in a num ber of indirect  zoonoses m ay involve 
t ransm ission through one or m ore other vertebrate and/ or invertebrate interm ediate hosts before 
affect ing hum ans ( for exam ple, in taeniasis, tularem ia, and vesicular stom at it is) . Am ongst  invertebrate 
vectors of zoonot ic disease, the bit ing insects are the m ain offenders. A list  of som e of the diseases 
t ransm it ted to hum ans from  anim als is included in Appendix VI I . 



The role of cold-blooded vertebrates in the epidem iology of zoonoses should not  be overlooked. I n 
part icular, turt les infected with salm onella m ay const itute a hum an health hazard in the student  
laboratory as well as in the anim al facilit y (Sherr is, 1990) .  
  

D. PROCEDURES FOR W ORKI NG W I TH NON- HUMAN PRI MATES 

This topic has also been discussed in Volum e 2 of this Guide (CCAC, 1984b) . 

All anim als m ust  be regarded as potent ial sources of zoonoses, although the r isk of this occurr ing will 
vary widely with the class, species, and source of the anim al involved. I n general, the m ore closely 
related phylogenet ically a species is to hum ans, (Anon., 1987a, 1987b;  FRAME, 1987;  Rice, 1987a, 
1987b) , the greater the likelihood of zoonoses. I t  is for this reason that  special precaut ions m ust  be 
followed for NHP (Love, 1980;  Wong and Gardell,  1982;  Richter, Lehner and Henrickson, 1984;  Else, 
1988) . 

Each inst itut ion that  m aintains a NHP facilit y is responsible for providing the proper veter inary and hum an 
m edical services to safeguard the health and safety of both personnel and anim als. I nternat ional 
guidelines have been prepared for those working with NHP (FRAME/ CREA, 1987;  Kaplan, 1987;  Anon., 
1989;  MRC, 1985) . 

Outbreaks of viral diseases, e.g., Callit r ichid Hepat it is Virus (Anderson, 1991)  recent ly " rocked the 
pr im atologist 's world,"  and current  procedures for the rapid diagnosis of pr im ate viral diseases include 
serology, virus isolat ion, direct  visualizat ion using elect ronm icroscopy or im m unofluorescence, and 
detect ion of viral com ponents (Kalter and Herberling, 1990) . 

The m ost  reasonable and effect ive approach in reducing occupat ional infect ion r isks is to develop and 
follow SOPs that  preclude or m inim ize overt  occupat ional exposure am ong personnel working with NHP or 
biological sam ples therefrom . SOPs should be established for an Occupat ional Health and Safety Program  
for personnel which would include serological screening and vaccinat ion, use of protect ive clothing, 
containm ent , st ress on personal hygiene, procedures for accidents including bite wounds and/ or other 
exposure to potent ial r isk, and for quarant ine and quality cont rol procedures for confined anim als. 

Guidelines have been prepared for prevent ion of Herpes Sim iae (B-Virus)  infect ion by a B-Virus Working 
Group which convened at  the Centers for Disease Cont rol (Anon., 1987c;  Kaplan, Balk, Brock et  al.  1987;  
Schulhof, 1990) . Herpes Sim iae is fatal in hum ans (Kalter and Herberling, 1989) . 

Sim ilar ly, because of the expanding use of Sim ian I m m unodeficiency Virus (SI V) , which is closely related 
to the Hum an I m m unodeficiency Virus (HI V) , guidelines in this regard have been prepared as well 
(Anon., 1989) . Standard serological procedures to ident ify SI V ant ibody are used in laborator ies 
conduct ing research with the virus, and the Nat ional I nst itutes of Health (NI H)  and World Health 
Organizat ion (WHO) have expanded their  diagnost ic services (Kalter, 1987) . 

I n addit ion to NHP from  the wild, those within the colony m ay also carry indigenous latent  infect ions 
(Baulu, Everard and Everard, 1987;  Dance, King, Aucken et  al.  1992) . I t  is im portant  to establish r igid 
quarant ine and quality cont rol procedures for the anim al colony and to bet ter define and be m ore aware 
of the potent ial r isks. The Ebola- like virus outbreak in the U.S. in 1989 exem plified such r isks (Anon., 
1990;  Anderson, 1990a, 1990b;  Dalgard, Hardy, Pearson et  al.  1992) . 

Adherence to the following list  of precaut ions is recom m ended:  

a)  all NHP m ust  be considered as potent ially carrying a disease t ransm issible to hum ans;  



b)  NHP, or anything that  has been in direct  contact  with them , should not  com e in contact  with the skin;  

c)  protect ive clothing, including coveralls, boot  covers, surgical caps, m asks and gloves should be worn 
when working with NHP, and rem oved when leaving the NHP quarters;  

d)  sm oking and bringing food and drink into NHP room s are st r ict ly forbidden;  

e)  facilit ies for washing hands m ust  be m ade available and used by all personnel im m ediately upon 
leaving NHP room s;  

f)  personnel with sores, cuts, and other lacerat ions should not  com e in contact  with NHP. However, if this 
is unavoidable, then the lesion m ust  be adequately covered prior to and during any act ivity in a room  
containing NHP, and dressings m ust  be changed im m ediately upon leaving. These dressings and any 
other disposable item s so exposed m ust  be t reated as biological hazardous waste;  

g)  all cuts, bites, scratches, or needle punctures acquired while working with or in proxim ity of NHP m ust  
be reported to the m edical authority designated by the inst itut ion. SOPs for all wounds so encountered 
should be developed and followed accordingly. I m m ediate t reatm ent  m ust  ensure that  the wound is m ade 
to bleed freely and thoroughly scrubbed and cleansed with soap and water. A flushing of the wound area 
with a provodine iodine solut ion is recom m ended. I n the event  that  ster ilit y has been breached (e.g., 
tearing or puncture of a surgical glove)  the hands m ust  be re-scrubbed before leaving the room  and re-
gloved before cont inuing the procedure. 

Following injury by a NHP, the anim al concerned m ust  im m ediately be im m obilized and exam ined for 
excessive salivat ion and for lesions of the oral cavity which m ay be character ist ic of Herpes (B-Virus) . 
SOPs m ust  be followed for dealing with this type of accident . Procedures for sam pling for Herpes B of the 
anim al and of the injured person m ust  be followed. The results of the exam inat ion m ust  be 
com m unicated to the previously designated m edical authorit ies, along with inform at ion on the species of 
NHP, length of t im e in the colony, and contacts with other species;  

h)  special precaut ions should be taken whenever conduct ing necropsies on NHP that  have died during the 
condit ioning period;  necropsy procedures should include the wearing of protect ive clothing, surgical caps, 
and m asks, gowns and surgical gloves. The use of biosafety cabinets for conduct ing all necropsy of NHP 
t issue is  
recom m ended;  

i)  because of the possible danger of contact ing Hepat it is A, it  is recom m ended that  personnel working 
with newly im ported chim panzees receive hyper- im m une serum  globulin prophylact ically. Anim als should 
be tested for hum an hepat it is ant igens and, if posit ive, st r ict ly quarant ined;  

j )  all personnel having contact  with NHP m ust  be free of tuberculosis and should receive  a tuberculin 
skin test  not  less than once yearly and X- ray exam inat ion as prescribed. I t  should be noted that  it  has 
recent ly been reported that  m isleading posit ive tuberculin react ions were caused in squirrel m onkeys that  
had received Freund's Com plete Adjuvant  (FCA)  (Pierce and Dukelow, 1988) ;  

k)  protect ive leather gaunt lets should be worn when handling conscious NHP. Several variet ies are 
available com m ercially;  

l)  all laundry that  has been in direct  contact  with NHP or their  excreta should be autoclaved prior to being 
sent  out  for washing.  
  



E. ALLERGI ES 

Allergies to laboratory anim als are a significant  occupat ional health concern for people regular ly working 
with the com m on laboratory anim al species (Aoyam a, Ueda, Manda et  al.  1992;  Olson, 1986;  Bland, 
Levine, Wilson et  al.  1986;  Botham , Davies and Teasdale, 1987;  Kibby, Powell and Crom er, 1989;  Lutsky, 
1987;  Slovak and Hill,  1987;  Venables, Tee, Hawkings et  al.  1988) . Laboratory anim al allergy (LAA)  is an 
im m ediate- type hypersensit iv ity react ion, I gE-m ediated, which develops upon exposure to a laboratory 
anim al, it s fur or dander, its ur ine, saliva, serum  or other body t issues. Typical sym ptom s range from  
m ild (e.g., upper respiratory signs such as sneezing, itchy and/ or runny nose and eyes, and skin 
react ions such as red, raised and itchy wheals after contact  with anim als, their  t issues or their  excreta) , 
to severe [ e.g., wheezing, shortness of breath, and a feeling of chest  t ightness (asthm a) ] . Persons 
experiencing such sym ptom s should be advised to contact  their  physician for diagnosis and t reatm ent . 

Measures which can reduce the degree of exposure to laboratory anim al allergens include:  

a)  use of protect ive gear such as gloves, face m asks, gowns, shoe covers, etc., worn only in anim al 
room s;  

b)  regular hand-washing, and showering after work;  

c)  use of im proved filt rat ion in anim al room  vent ilat ion system s, and the use of special filtered caging 
system s;  and 

d)  educat ional program s for em ployees ident ifying high r isk (e.g., high allergen load)  areas and tasks, 
and st r ict  use of prevent ive m easures, as set  out  by the inst itut ion's SOPs. 

I nst itut ions are encouraged to include a considerat ion of LAA in their  Occupat ional Health and Safety 
program s. As noted above, ident ifying high r isk areas and tasks (Eggleston, Newill,  Ansari et  al.  1989;  
Gordon, Tee, Lowson et  al.  1992;  Swanson, Cam pbell,  O'Hallaren et  al.  1990) , and the use of SOPs in 
these areas, along with educat ion of staff, are useful in reducing the severity of the problem  (Botham , 
Davies and Teasdale, 1987) . Procedures for m onitor ing exposure, health-m onitor ing of staff at  r isk, and 
for dealing with staff who becom e allergic should also be considered (Botham , Davies and Teasdale, 
1987;  Lutsky, 1987;  Newill,  Evans and Khoury, 1986) .  
  

F. PHYSI CAL I NJURI ES AND CHEMI CAL HAZARDS 

Physical injur ies related to the handling of anim als m ay be kept  to a m inim um  by ensuring that :  

a)  all staff are t rained and experienced in handling the species with which they work, and that  they know 
the part icular hazards associated with each species;  

b)  all staff are fam iliar with the hazards of the experim ent , and are provided with (and use)  a proper 
working area, protect ive clothing and equipm ent ;  

c)  a m echanism  is in place in every unit  to deal with anim al- inflicted injury, and for referral for any 
further m edical t reatm ent  if this is required. 

Responsibilit y for ensuring that  first  aid kit (s)  are available and always properly stocked m ust  be clearly 
ident ified. The locat ion of the first  aid kit (s)  should be prom inent ly m arked and all personnel using the 
facilit y should be m ade aware of these locat ions. 



I njur ies from  chem icals can be avoided by t reat ing all chem icals with care, by knowing their  propert ies 
and adhering to the accepted safety pract ices for handling that  type of product . WHMI S, legislat ive and 
inst itut ional requirem ents m ust  be m et . 

Care should always be taken in handling such com m on chem icals as indust r ial detergents used in cage 
washers, cleaning agents, and powerful disinfectants. These substances should be stored separate from  
anim al feed and bedding m aterials. Volat ile liquids used as anesthet ics or for euthanasia, and other toxic 
and volat ile m aterials, should be stored in well-vent ilated fum e hoods or cabinets designed for that  
purpose.  
  

G. RADI ATI ON AND ULTRAVI OLET LI GHT 

Radioact ive m aterials present  special hazards. All persons working with these m aterials should know the 
propert ies of each, and be fam iliar with the appropriate safe handling techniques. The possession of 
radioact ive m aterials is authorized by Radioisotope Licences issued by the ( federal)  Atom ic Energy 
Cont rol Board (AECB)  to the inst itut ions. The Radiat ion Safety Program  is adm inistered by a Radiat ion 
Safety Officer, who the AECB recom m ends sit  as an ex-officio m em ber of the inst itut ion's Occupat ional 
Health and Safety Com m it tee. Use of X- rays is governed by Occupat ional Health and Safety Acts under 
provincial Minist r ies of Labour. 

I sotope- t reated anim als m ay pass radioact ive m aterial in their  excrem ent , which should therefore be 
disposed of in an approved m anner, as m ust  the anim al itself after death. Com plete records should be 
kept  through to the final disposit ion of these anim als. 

The eye and skin are cr it ical areas for exposure to ult raviolet  (UV)  light . The eye, in part icular, can be 
seriously injured. Staff should not  be exposed to UV rays;  however, if they m ust  be, they should be 
warned of the hazards and provided with "wraparound" safety glasses. As well,  the source of illum inat ion 
should be suitably m arked. The m axim um  intensit ies tolerated by sensit ive faces for a seven-hour day, 
range from  0.1 to 0.5 m illiwat t  per square foot .  
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I X. STANDARDS FOR EXPERI MENTAL ANI MAL SURGERY

 
A. I NTRODUCTI ON  

Dist ress result ing from  inappropriate or inadequately perform ed surgical technique or post -operat ive care 
const itutes "unnecessary pain" . Adequate knowledge of topics such as anim al physiology, pharm acology 
and anatom y is essent ial for the success of any research program  involving the use of experim ental 
anim als, especially where surgical techniques are required. Good surgical techniques, appropriate 
anesthesia, proper inst rum entat ion and com petent  pre-  and post -operat ive care are all essent ial to the 
welfare of the experim ental anim al and the success of the surgical com ponent  of the research project , as 
are correct ly designed surgical facilit ies. 

All persons perform ing surgical techniques should have dem onst rated abilit y in the surgical procedures 
required. I n this respect , it  is essent ial that  inst itut ions provide the opportunity for basic t raining and 
pract ice in required procedures before experim ental surgery is conducted. Cadaver pract ice and non-
survival t r ials can help t rain invest igators. Adequate t raining and pract ice will help m inim ize anesthet ic 
and surgical t im e and cont r ibute to faster recovery of the anim al. 

Medical t raining does not  include t raining in the husbandry, m edicine or surgery of laboratory anim als. I t  
cannot  be assum ed, therefore, that  pr ior hum an surgical experience will result  in good experim ental 
anim al surgery because there are significant  differences in both anesthesia and surgical technique. The 
guidelines of the Academ y of Surgical Research (ASR, 1989)  should be consulted regarding the t raining 
necessary for the various groups of professionals. I n large experim ental surgery program s, a key m em ber 
of the team  should be an experienced veter inary surgeon. The prim ary object ive is always responsible 
use of the experim ental anim al. I t  is im portant  that  all personnel involved in acute or chronic surgery 
t reat  the anim als hum anely and with dignity at  all t im es. I t  is the responsibilit y of the pr incipal 
invest igator to ensure that  proper procedures and precaut ions are observed. The following standards 
have been developed as a guide to this end.  
  

B. FACI LI TI ES FOR SURVI VAL SURGERY 

The physical environm ent  in which surgery is perform ed m ay vary from  a specially designed, 
sophist icated surgery suite to a sm all, specifically designated area of a laboratory. What  is required will 
depend on the surgical procedure and whether or not  the anim al is to be recovered from  anesthesia. 
Definit ions for m ajor and m inor surgery are included in the Glossary. 

The suite in which asept ic surgery is perform ed should consist  of the following separate areas:  

a)  anim al preparat ion area;  

b)  hum an preparat ion/ scrub area;  

c)  operat ing room (s) ;  

d)  recovery area adequate for intensive care and post -operat ive support  of anim als;  

e)  support  areas which would include areas for stor ing inst rum ents, packs, supplies and  
     for washing and ster ilizing inst rum ents. 



Only item s used on a regular basis (e.g., anesthet ic m achines, suture m aterials, stainless steel (s/ s)  kick 
buckets, s/ s inst rum ent  tables)  should be stored in the operat ing room  (OR) . Ancillary equipm ent  such as 
elect rosurgery units, respirators, and elect rocardiogram  (ECG)  m onitors should be easily sanit ized, 
portable, and stored in the support  area if not  used regular ly. 

I t  is st rongly suggested that  surgical facilit ies be within or adjacent  to the anim al facilit y. The surgical 
facilit y should be located away from  the general facilit y/ inst itut ional t raffic. Access to the area should be 
rest r icted to essent ial support  staff. 

The inter ior surfaces of the surgical facilit y should be im pervious to m oisture and easily cleaned. Floor 
drains and high pressure hoses m ay be necessary in facilit ies used for large dom est ic anim als. The 
vent ilat ion system  of the OR should provide a net  posit ive pressure with respect  to the surrounding 
facilit ies. The surgery should be supplied with non- recirculated air . I ncom ing air  should be as ster ile as 
possible by m eans of filt rat ion or som e other appropriate system . The operat ing room  floor should be 
skid-proof. Elect r ical out lets should be covered and located at  least  1.5 m  above the floor. The light ing in 
the OR m ust  be adequate for both surgery and clean-up. Surgical lights, either free standing or m ounted 
on walls or ceiling, are essent ial. They are equipped with ster ilizable handles so that  the surgeon can 
adjust  them . Piped- in gas services elim inate the safety hazard of exposed pressurized tanks. I deally 
services for oxygen (and nit rous oxide)  and suct ion should be present  in the surgery, anim al preparat ion 
area and in anim al intensive care/ recovery. All these areas should also be equipped with a system  for 
scavenging anesthet ic gases. Surgery tables should be durable, im pervious to m oisture and easily 
cleaned. Stainless steel and plast ic are ideal m aterials for this (Bennet t , Brown and Schofield, 1990) . 

I deally ALL recovery surgery should be perform ed in a suite especially designed for this purpose. 
However, it  is recognized that  m inor (m inim ally invasive)  surgery in sm all rodents of the suborder 
Myom orpha ( rats and m ice)  is often perform ed in laborator ies. I n this case, an area in the laboratory 
should be set  aside and used only for surgery, and should be out  of the m ain laboratory t raffic. I t  should 
be unclut tered, easily cleaned, well- lit ,  and should have facilit ies for evacuat ing/ scavenging anesthet ic 
gases if they are in use. At  no t im e should surgery be perform ed in an anim al housing room . 
Major ( invasive)  surgery in rodents, including stereotaxic surgery, should be perform ed in a dedicated 
surgery room . 

I ntensive care/ post -operat ive recovery should be located adjacent  to the OR and close to the persons 
responsible for post -operat ive m onitor ing. This area should be easily sanit ized and contain cages/ pens of 
the appropriate size for the species being used. Cages m ay vary from  a sophist icated com m ercial unit  
that  provides oxygen and heat , to a standard cage in which hypotherm ia is prevented by increasing the 
environm ental tem perature, e.g., by use of circulat ing hot  water blankets, heat  lam ps or hot  water 
bot t les. The type of m onitor ing equipm ent  found in this room  will depend on the surgery perform ed. 
However, the m eans to m onitor the anim al's cardiovascular system , respiratory system  and core 
tem perature should be available. An em ergency kit  and crash cart  should be readily available. Large 
dom est ic species (e.g., rum inants or pigs)  m ay be recovered in their  individual stalls. The stalls should be 
clean, warm , dry and well-bedded. I f bedding is not  in use, anim als should not  be recovered on the stall 
floor, but  on rubber m ats or raised plat form s. Since the stalls are likely to be at  som e distance from  the 
surgery suite, it  is im portant  that  there be frequent  and careful post -operat ive m onitor ing. The recovery 
room  should contain an area for record keeping.  
  

C. PRE- OPERATI VE PLANNI NG AND ANI MAL PREPARATI ON  

All persons involved in an experim ental surgery program  should be ident ified to ensure that  they are 
properly t rained in the pr inciples and pract ice of asept ic technique, proper inst rum ent  use, t issue 
handling, closure and sutur ing techniques, anesthesia and analgesia. 

The prim ary invest igator m ust  develop a writ ten protocol for the operat ive procedure in which possible 
com plicat ions or special m aintenance requirem ents ar ising from  the procedure are ant icipated. The 
protocol should clearly ident ify the responsibilit ies of all persons involved in the project ;  support  staff, 



anim al care staff, research technicians and invest igators. Adequate staff m ust  be available for proper care 
of each anim al during the peri-operat ive period. For som e projects, the surgical facilit y m ay need to be 
staffed on a 24 hour basis. 

I t  is recom m ended that  pre- operat ive care, operat ive technique and post - operat ive care 
pract ices be developed in consultat ion w ith a veter inarian. A laboratory anim al veter inarian m ust  
be consulted to ensure that  there is adequate veter inary care for  the anim al, including appropriate 
anesthesia and analgesia. 

Only healthy, disease- free anim als should be used in an experim ental surgery program . Specific Pathogen 
Free (SPF)  rodents and rabbits are available com m ercially. Random -source anim als m ust  undergo a 
condit ioning period as recom m ended by the laboratory anim al veter inarian. 

A period of acclim at izat ion, in which the anim al can adjust  to new environm ents, special housing, 
tethers, slings, other form s of rest raint  or frequent  handling, is very im portant . This will great ly decrease 
the am ount  of dist ress or disorientat ion experienced by the anim al and ensure the validity of 
experim ental results. 

Surgical records should be kept  for  a ll experim ental anim als. The degree of detail recorded will 
vary with the procedure and the species. The am ount  of inform at ion recorded for a calf undergoing heart  
t ransplantat ion will be very different  from  that  recorded for a group of rats undergoing adrenalectom y, 
for exam ple. 

Each species has a different  fast ing t im e before surgery .  Food is usually withheld for 12 hours before 
surgery in dogs, cats, ferrets, non-hum an prim ates (NHP)  and pigs (Flecknell,  1987) . Water should be 
withheld only for two to three hours ( if at  all)  before the actual surgery so that  dehydrat ion does not  
result . Fast ing rum inants for 24 to 48 hours pr ior to surgery helps to reduce the incidence of rum enal 
tym pany (bloat )  (Flecknell,  1987) . I t  is unnecessary to withhold food and water from  rodents and rabbits 
except  in special circum stances such as surgery of the lower bowel. 

I f fast ing is required, it  can be done overnight  in large rodents, or for up to 24 hours in rabbits, as they 
retain their  food longer. Mice or other sm all rodents with sim ilar ly high m etabolic rates should not  be 
fasted for m ore than three or four hours (see also Anesthesia) .  
  

D. SURGI CAL PROCEDURES AND I NTRA- OPERATI VE NURSI NG CARE 

Methods for rest raining anim als for inject ions or the collect ion of body fluids are described in Volum e 2 of 
this Guide (CCAC, 1984) . Table 1 provides a sum m ary of the inject ion sites, needle sizes and volum es to 
be int roduced for the sm aller com m on laboratory species. 

All species undergoing surgery should receive a sim ilar  level of care and at tent ion. Recovery 
surgery in a ll species of anim als should be perform ed using asept ic technique. I nst rum ents 
should be ster ile . Objects int roduced into the anim al, such as telem et ry im plants, osm ot ic m inipum ps, 
vascular access ports, cannulae and any other biom edical devices, m ust  be ster ile. Suitable preparat ion of 
the surgeon will include wearing a scrub suit , perform ing a surgical scrub, wearing a cap, m ask, ster ile 
gown and ster ile surgical gloves. For m inor recovery surgery in rodents, a m inim um  of a clean lab coat , 
hand scrub, m ask and ster ile surgical gloves is required of the surgeon. 

Surgery in field condit ions should be perform ed in as clean an environm ent  as possible, with ster ile 
inst rum ents, ster ile surgical gloves and asept ic technique. 

Every effort  m ust  be m ade to m inim ize infect ion. The rat  m ay exhibit  increased resistance to post -



surgical infect ion com pared to other rodents;  however, this should not  be an excuse for less- than-
adequate ster ilizat ion of im plants, cannulae, etc., or for non-ster ile technique. Rout ine use of ant ibiot ics is 
inappropriate. 

Those perform ing "m ult iple run" surgeries, in which a large num ber of rodents are undergoing the sam e 
procedure, should also use asept ic technique. Several sets of ster ile inst rum ents will be required. 
I nst rum ents, if used m ore than once, should be kept  in a germ icidal solut ion between anim als. 

General publicat ions are available that  describe in detail the pre-surgical preparat ion of the anim al and 
the incision site, the preparat ion and ster ilizat ion of inst rum ent  packs, drapes, fluids, etc., and the 
draping of the anim al. For surgeries that  are frequent ly perform ed in veter inary pract ice (e.g., 
rum enotom ies, thoracotom ies, cast rat ions) , clinical approaches m ay be used. For experim ental surgery, 
guides to approaches for each body system  are available (Gay, 1986a, 1986b, 1989;  Swindle and Adam s, 
1988) . 

TABLE 1 FOR EACH SPECI ES, SI TE OF I NJECTI ON, MAXI MUM NORMALLY ACCEPTED VOLUME AND 
NEEDLE SI ZE*  

Species Subcutaneous I nt ram uscular I nt raperitoneal I nt ravenous

MOUSE Scruff, 2-3 m l,   
< 20 G

Quadriceps/ poster ior 
thigh, 0.05 m l, < 23 G

2-3 m l, < 21 G Lateral tail vein, 
0.2 m l, < 25 G

RAT Scruff, back, 5-10 
m l, < 20 G

Quadriceps/ poster ior 
thigh, 0.3 m l, < 21 G

5-10 m l, < 21 G Lateral tail vein, 
sublingual vein, 
penile vein 
( jugular vein, 
fem oral vein- -cut  
down) , 0.5 m l, 
< 23 G

HAMSTER Scruff, 3-4 m l,  
< 20 G

Quadriceps/ poster ior 
thigh, 0.1 m l, < 23 G

3-4 m l, < 21 G Fem oral or jugular 
vein (cut  down) , 
0.3 m l,   
< 25 G

GUI NEA PI G Scruff, back, 5-10 
m l, < 20 G

Quadriceps/ poster ior 
thigh, 0.3 m l, < 21 G

10-15 m l, < 21 G Ear vein, 
saphenous vein, 
dorsal penile vein, 
0.5 m l, < 23 G

RABBI T Scruff, flank, 30-50 
m l, < 20 G

Quadriceps/ poster ior   
thigh, lum bar 
m uscles,   
0.5-1.0 m l, < 20 G

50-100 m l, < 20 G Marginal ear vein, 
1-5 m l, (slowly)  
< 21 G

CAT Scruff, back, 50-100 
m l, < 20 G

Quadriceps/ poster ior   
thigh, 1.0 m l, < 20 G

50-100 m l, < 20 G Cephalic vein, 2-5 
m l, (slowly) , < 23 
G

DOG Scruff, back, 100-
200 m l,  < 20 G

Quadriceps/ poster ior 
thigh, 2-5.0 m l, < 20 
G

200-500 m l, < 20 G Cephalic vein, 10-
15 m l, (slowly) , 
< 21 G

BI RD   
(dom est ic 
fowl)

- - Pectoral m uscles, 1-2 
m l, < 21 G

Midline, halfway 
between cloaca and 
sternum , 10-15 m l, 
< 21 G

Brachial (wing)  
vein, 2-3 m l, < 21 
G

*  I n int ravenous adm inist rat ion for infusion, the am ount  of fluid replacem ent  m ay exceed recom m ended 
m axim um  volum es, part icular ly in dogs and cats. 
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When select ing a surgical approach, it  is im portant  that  the surgeon consider the anatom y and norm al 
body posture of the anim al. This is especially im portant  in rum inants. I n this way, the least  painful 
approach or the one prom ot ing a speedy recovery can be chosen. The surgeon should also be fam iliar 
with the behaviour of the anim al species being used, so that  the appropriate closure technique can be 
used. 

During surgery, it  is im portant  that  the physiological condit ion of the anim al be m onitored and kept  
stable. The degree of m onitor ing will depend on the equipm ent  available. Basic m onitor ing of the 
cardiovascular system , respiratory system  and core tem perature requires very lit t le equipm ent . These 
observat ions should be recorded in the anim al's surgery record. I t  is essent ial that  the anim al be clinically 
exam ined at  least  twice per day in the im m ediate post -operat ive period. 

At tent ion should be paid to the fluid requirem ents of the anim al. Careful at tent ion should be paid to 
hem ostasis during surgery, to avoid hypovolem ic shock, especially in sm all anim als. Prolonged surgical 
procedures or those in which there will be significant  blood loss require int ravenous elect rolyte 
replacem ent  and/ or blood t ransfusion. 

The anim al should be posit ioned on the table so as to avoid com prom ising cardiovascular or respiratory 
funct ion and pressure point  t issue necrosis. I t  should be protected from  hypotherm ia and firm ly, but  
carefully rest rained in the operat ive posit ion. 

The use of a single anim al in m ult iple survival surgeries is st rongly discouraged. Mult iple m ajor surgery 
protocols m ust  be approved by the inst itut ion's Anim al Care Com m it tee (ACC) , and allowed only if for 
scient ific reasons. Mult iple m ajor surgeries on a single anim al are not  to be perform ed in order 
to save m oney .  A second m ajor surgery m ay be perform ed if it  is non-survival. 

Minor procedures such as biopsies m ay be perform ed m ore than once. However, it  is im portant  that  
anim als recover com pletely between procedures. 

The subject  of anesthesia is covered elsewhere in this Guide;  however, the following points should be 
noted by experim ental surgeons:  

a)  all surgical procedures are to be carr ied out  under anesthesia;  

b)  those doing surgery have an obligat ion to be aware of the efficiency of the anesthet ic technique being 
used;  

c)  it  is the responsibilit y of the surgeon and anesthet ist  to ensure that  this anim al is spared discom fort  
during the ent ire peri-operat ive period. This includes the period during the induct ion of anesthesia, for 
the ent ire surgical period and for the post -surgical recovery period. 

d)  in no case is it  acceptable to use m uscle paralyt ics w ithout  appropriate anesthet ics. No ACC 
should approve the use of a  "paralysed- aw ake anim al"  ( see also Ethics of Anim al 

I nvest igat ion )  in a  surgical or  other procedure w hich m ight  involve pain or dist ress.  
  

E. POST- OPERATI VE RECOVERY AND SUPPORT 



Recovery from  anesthesia can be hazardous and requires frequent , perhaps cont inuous m onitor ing. 
Depending on the anesthet ic regim e, recovery m ay take from  a few m inutes to several hours. Qualified 
staff m ust  be available to m onitor the anim al throughout  the ent ire recovery period. I n the case of 
recovering neonatal rodents, care m ust  be taken to prevent  m aternal cannibalism .  Under no 
circum stances should any anim al be allow ed to recover unat tended. 

A num ber of nursing act ivit ies will be required during the im m ediate post - operat ive period, e.g., 
rem oval of endot racheal tube if used, m aintenance or rem oval of int ravenous lines, frequent  turning of 
the anim al to avoid bruising and vascular and respiratory problem s, and recording of physiological 
param eters. All these should take place in a designated area suitable for intensive care. 

When norm al eat ing and drinking behaviour has resum ed, and physiological param eters have been 
stabilized or are within expected lim its, the anim al m ay be rem oved from  intensive care to m ore 
standardized husbandry. However, the anim al m ust  cont inue to be m onitored carefully;  the wound will 
need at tent ion, sutures need to be rem oved, catheters flushed, etc. Depending on the m odel created,  
long- term  post - operat ive care m ay involve special diets, daily m edicat ion, physiotherapy or som e 
other form  of specialized t reatm ent . All anim als m ust  be m onitored for signs of post -surgical infect ion or 
other com plicat ions. 

The goal of the surgery team  m ust  be to m inim ize any pain or dist ress. The degree of post -operat ive pain 
will vary;  however, in all cases, every at tem pt  m ust  be m ade to relieve pain with appropriate use of 
analgesics and good nursing care.  I nvest igators m ust  consult  w ith a veter inarian to set  up an 
analgesic regim e for ALL species of anim als used. The type of analgesic, the dose and durat ion of 
t reatm ent  will depend on the species and tem peram ent  of the anim al and the type of surgery it  has 
undergone. Most  analgesics in use are relat ively short  act ing and require adm inist rat ion every few hours. 
I t  is the responsibility of the invest igator to m ake sure that  the necessary staff are available to 
adm inister  analgesics as prescribed. The laboratory anim al veter inarian will have the necessary 
expert ise to advise on the newer analgesics and m ethods of adm inist rat ion. 

All personnel in the project  should be fam iliar  w ith the anim al's behaviour and posture w hen 
norm al and w hen in pain. 

a)  Responsibility for  Surgical Standards 

i)  The responsibilit y for the anim al in each surgical case lies with the person doing the surgery who, in 
turn, should be accountable to the inst itut ional ACC for his/ her adherence to these standards and for 
dem onst rat ing an acceptable level of expert ise. 

ii)  The responsibilit y for supervision of the experim ental anim al surgical facilit y should be clearly defined. 

iii)  Where support ive t reatm ent  is required (analgesics, t ranquillizers, ant ibiot ics, etc.) , the surgical 
invest igator m ust  inst itute suitable t reatm ent  in consultat ion with a veter inarian. 

iv)  I f the anim al, as a result  of the experim ental m anipulat ion, is in dist ress that  cannot  be relieved, 
authorized personnel, e.g., the laboratory anim al veter inarian, should be contacted im m ediately and 
procedures inst ituted for euthanasia.  
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X. CONTROL OF ANI MAL PAI N I N  RESEARCH,  
TEACHI NG AND TESTI NG

 
A. I NTRODUCTI ON  

"Many of the advances m ade in our knowledge of the basic m echanism s of pain and advances in pain 

therapy would have been im possible without  experim ents in anim als, which have yielded enorm ous 

benefits for both hum ans and anim als. The knowledge gained has resulted in m ore effect ive m ethods of 

pain cont rol in both hum ans and anim als, has brought  about  a decrease in suffer ing, and has thus 

im proved the quality of peoples' lives" (Bonica, 1992) .  

The assessm ent  and m anagem ent  of pain and suffer ing is a challenge that  m ust  be faced if anim als are to 
be t reated ethically and hum anely (Fosse, 1991) . A landm ark publicat ion on anim al pain was Dawkins's 
(1980)  Anim al Suffer ing:  The Science of Anim al Welfare.  Recent  valuable addit ions include Anim al Pain:  

Ethical and Scient ific Perspect ives (Kuchel, Rose and Burrell,  1990) , Anim al Pain (Short  and Van Poznak, 
1992) , and a handbook, Recognit ion and Alleviat ion of Pain and Dist ress in Laboratory Anim als,  prepared 
by the Com m it tee on Pain and Dist ress in Laboratory Anim als of the I nst itute of Laboratory Anim al 
Resources ( I LAR) , which discusses st ressors in the laboratory and the anim al behaviours they cause, the 
physiology of pain and dist ress, drug dosages and euthanasia ( I LAR, 1992) . 

The first  sym posium  on anim al pain was presented in 1982 by the Federat ion of Am erican Societ ies for 
Experim ental Biology (FASEB)  (Kitchell,  Er ickson, Carstens et  al.  1983) . I t  was quickly followed by other 
publicat ions, sym posia, and guidelines related to pain relief in anim als (Zim m erm an, 1983;  RSPCA, 1983;  
Wall and Melzack, 1984;  Flecknell,  1984;  Gibson and Paterson, 1985;  Morton and Griffiths, 1985;  
AVTRW, 1986;  Frenk, Cannon, Lewis et  al.  1986;  AVMA, 1987;  Beynen, Baum ans, Bertens et  al.  1987;  
Rowan, 1988;  Anon., 1990;  Balls, 1989, 1990;  Arena and Richardson, 1990;  Dawkins, 1990;  Goyd, 
1990;  LASA, 1990;  Bateson, 1991;  Moberg, 1992) . 

Sackm an (1991)  has prepared a review art icle on cont rol of pain in cats and dogs.  
  

B. W HAT I S ANI MAL PAI N? 

I n addit ion to ethical concerns, poor health, pain or dist ress in anim als inter ject  unwanted variables into 
research that  can great ly interfere with interpretat ion of the studies (Montgom ery, 1990) . Pain research 
often requires the product ion of the sam e sensat ions and behaviour in anim als that  ethical guidelines say 
m ust  be elim inated (Am yx, 1990) . Wall (1992)  suggests that  instead of agonizing over an undefinable 
concept  of pain, we sim ply study the anim al's efforts to stabilize its internal environm ent  and then aid it ,  
or at  least  not  int rude on those efforts without  good reason. 

The quest ion of dist ress in anim als and how to define and m easure it  is st ill quite perplexing (Olfert , 
1992;  Lewis, 1942;  Brown, 1988;  Molony, 1985) . 

Reduct ion or alleviat ion of st ress or pain is considered by Flecknell (1987)  as a refinem ent  in anim al care, 
as part  of Russell and Burch's (1959)  "3Rs" of refinem ent , reduct ion and replacem ent  (Sm yth, 1978;  
Rowsell and McWilliam , 1986) . Poor anesthet ic techniques, for exam ple, can adversely affect  research 
and m ay produce unnecessary pain (Flecknell,  1987) . Anim al suffer ing includes st ress, dist ress, 
discom fort , and deprivat ion, (Sm ith, 1988)  as well as anxiety and fear. Freedom  from  discom fort  and 
freedom  from  pain, injury or disease are two of the anim al's Five Freedom s, as prom ulgated by the U.K.'s 
Farm  Anim al Welfare Council (FAWC) (Seam er, 1993) . 



I n the absence of evidence to the cont rary, it  m ay be assum ed that  any st im uli or experience which 
produces pain and discom fort  in hum ans, also does so in anim als (LASA, 1990;  RSPCA, 1983) , as first  
prom ulgated by the Lit t lewood Com m it tee in 1965. Am yx (1990)  suggests that  when Anim al Care 
Com m it tees (ACC)  are reviewing protocols which involve aversive st im uli,  m em bers test  the st im ulus on 
them selves. 

Discom fort  m ay not  be sufficient  to m anifest  observable pain. However, it  is im portant  to be able to 
assess discom fort , because this provides the first  steps towards avoiding it .  

At tem pts to define what  const itutes st ress have been m ade for som e t im e, with lit t le agreem ent  (Levine, 
1985) . However, it  was recent ly defined by I LAR (1992)  as " the effect  produced by external ( i.e., physical 
or environm ental)  events or internal ( i.e., physiologic or psychologic)  factors, referred to as st ressors, 
which induce an alterat ion in an anim al's biologic equilibr ium ."  The presence or absence of st ress appears 
to be the only acceptable indicator of anim al well-being (Duncan, 1992) . 

I n addit ion to st ress in the research set t ing, the st ress of anim al t ransportat ion, even for short  distances, 
has been dem onst rated in laboratory anim als (Gärtner, Büt tner, Döhler et  al.  1980;  Clark, Mason and 
Moberg, 1988;  Toth and January, 1990)  and farm  anim als (Fraser and Broom , 1990) . 

Sherr ington (1947)  or iginally defined a noxious st im ulus as one which was actually or potent ially 
dam aging to the skin, to which Lineberry (1981)  added product ion of escape behaviour in anim als. The 
receptors specifically responsive to noxious st im uli are term ed "nociceptors"  (Kitchell,  Er ickson, Carstens 
et  al.  1983) . However, Wall (1992)  states that  there is evidence that  the Cent ral Nervous System  (CNS)  
can ext ract  inform at ion relevant  to pain from  afferents other than specific nociceptors. 

The st rongest  intensity of noxious st im ulat ion that  a hum an-being will perm it  is called the "pain tolerance 
threshold"  (Kitchell,  Er ickson, Carstens et  al.  1983) . Bateson (1991)  notes that  the subject ive 
experiences of an anim al, if it  has any, m ay be totally different  from  hum ans, reflect ing its different  way 
of life and the different  ways in which its body works. For exam ple, m ost  clinical veter inary neurologists 
are am azed by the high pain thresholds of som e dogs (Kitchell,  Er ickson, Carstens et  al.  1983) . 

I n pain research, the vast  m ajor ity of anim als used are rodents, specifically rats (Am yx, 1990) . Silverm an 
(1991)  notes, however, that  "pain detect ion in rodents is not  easy. Slight  behavioural changes, 
vocalizat ions, abnorm al use of body parts m ay signal pain, but  we m ay not  be able to evaluate its 
m agnitude."  I n rodents, im portant  indicators are recum bency and changes in the hair coat  and brightness 
of the eyes (Montgom ery, 1990) . 

Criter ia for assessing m orbid and m oribund condit ions in oncologic and toxicologic research include 
im paired act ivity, change in tem peram ent , rest lessness, decreased feed or water intake, abnorm al 
vocalizat ion, abnorm al posture, self-m ut ilat ion and changes in bowel or ur inary act ivity (Montgom ery, 
1990) . 

One of the character ist ics of pain or dist ress in anim als is a change in behaviour and reflex at t r ibutes 
(Am yx, 1990) . Anim al care personnel and research invest igators m ust  be fam iliar with the norm al 
behavioural character ist ics of the experim ental anim al, for the success or failure of the study can depend 
on the expert ise of the technician observing the anim als to m inim ize pain and dist ress (Montgom ery, 
1990;  Bateson, 1991) . Moreover, fam iliar ity with the handler, surroundings and procedures can reduce 
anxiety in the anim al, as can posit ive re-enforcem ent  (LASA, 1990) .  
  

C. GUI DELI NES 

The first  code of laboratory procedures regarding anim als in North Am erica was form ulated by Walter B. 
Cannon in 1909, and was adopted and enforced in the laborator ies of Am erican m edical schools, and later 



served as the basis of Am erican Physiological Society's (APS)  Guiding Principles in the Care and Use of 

Anim als (Cecil and Sam uels, 1987) . 

I n both Britain and The Netherlands, suffer ing is categorized as m ild, m oderate or substant ial in severity 
(Sm ith, 1988) . 

A working party of Britain's Laboratory Anim al Science Associat ion (BLASA)  has discussed the assessm ent  
and cont rol of pain in experim ental anim als (LASA, 1990) . Barclay (1988)  has developed a disturbance 
index for rodents. The Laboratory Anim al Science Associat ion's (LASA)  Working Party on Assessm ent  and 
Cont rol of Severity has developed a Severity I ndex (SI ) . This has been applied to such areas as 
adm inist rat ion of substances, collect ion of t issues and body fluids, surgical techniques and rest raint . The 
SI  is reached by m eans of assigning scores based on consciousness, anesthesia, preparat ion (preparatory 
m anipulat ion) , rest raint  ( ranging from  brief m anual rest raint  to whole body rest raint ) , durat ion, t issue 
sensit iv ity, organ r isk and m ortality. As well,  the consequences in term s of pain, dist ress and deprivat ion 
are evaluated. Procedures are judged on a scale of up to 34 points. Exam ples ranged from  two points for 
int ravenous perfusion in an anesthet ized anim al, to 24 points for parabiosis ( reversible suspension of 
obvious vital act ivit ies or anatom ical and physiological union of two organism s)  (LASA, 1990) . 

I t  is LASA's content ion, based on Maslow (1970)  and Curt is (1985)  that  interference with the basic 
physiological funct ions or needs presents a greater r isk to well-being or survival than interference with 
behavioural requirem ents (LASA, 1990) . The Canadian Council on Anim al Care (CCAC)  believes, however, 
that  at  least  as regards non-hum an prim ates, "m easures to safeguard psychological stabilit y should take 
equal precedence to those concerning physical health"  (CCAC, 1984) . 

This Guide includes the Categories of I nvasiveness in Anim al Experim ents which were or iginally based on 
those of the Washington-based Scient ists Center for Anim al Welfare's (SCAW)Categories of Biom edical 

Experim ents Based on I ncreasing Ethical Concerns for Non-Hum an Species (Orlans, Sim m onds and 
Dodds, 1987) . The Categories of I nvasiveness docum ent  has since been am ended nine t im es. I n the 
m anagem ent  of anim al pain, see also the CCAC statem ent  on Ethics of Anim al I nvest igat ion which is 
found elsewhere in this Guide.   
  

D. THE ROLE OF THE VETERI NARI AN I N  REDUCI NG PAI N  

Veter inary t raining and expert ise play a vital role in fulfilling an inst itut ion's responsibilit ies to prevent  and 
m inim ize pain and suffer ing in all anim als used for research, teaching and test ing (Gorham , 1991;  
Rowsell,  1992) . The Canadian Associat ion for Laboratory Anim al Medicine (CALAM) in 1990 adopted a 
docum ent - -Adequate Veterinary Care,  which the CCAC considers a basis for its own policy on this topic. 
The docum ent  covers the prevent ion and relief of anim al pain. 

The cont r ibut ion of t rained anim al technicians has already been noted. The Canadian Associat ion for 
Laboratory Anim al Science (CALAS)  sets standards, exam ines and registers laboratory anim al technicians 
in Canada.  
  

E. SI GNS OF PAI N AND DI STRESS*  

There are num erous stereotypical responses to st ress or pain st im uli in anim als, part icular ly in m am m als. 
Nevertheless, species differences do exist . Recognit ion of changes in behaviour and physical appearance 
in the species under study will allow early ident ificat ion of an anim al experiencing pain or dist ress. Som e 
species specific observat ions are presented in this sect ion. 

Non- hum an Prim ates ( NHP)  



Monkeys often show rem arkably lit t le react ion to surgical procedures or to t raum at ic injury. Obvious signs 
of pain are not  readily seen. Loud and persistent  vocalizat ion, for exam ple, com m only signifies only alarm  
or anger. The anim al in pain m ay be huddled in a crouching posture with a "sad" facial expression and 
glassy eyes, or it  m ay sit  hunched with its head forward and its arm s across its body. I t  m ay avoid its 
com panions and m ay stop groom ing itself. A m onkey in pain m ay also at t ract  increased at tent ion from  its 
cage m ates, which can vary from  social groom ing to at tack. Acute abdom inal pain m ay be shown by facial 
contort ions, clenching of the teeth, rest lessness, and shaking accom panied by grunts and m oans. Food 
and water intake is usually dim inished or absent . 

Key Signs: hunched posit ion, fa ilure to groom , refusal of food or w ater, dejected appearance.  
____________________ 

*  With acknowledgem ent  to:  Associat ion of Veterinary Teachers and Research Workers. Guidelines for the 

recognit ion and assessm ent  of pain in anim als.  Pot ters Bar, Herts:  Universit ies Federat ion for Anim al 
Welfare (UFAW), 1989;  Laboratory Anim al Science Associat ion Working Party. The assessm ent  and 
cont rol of the severity of scient ific procedures on laboratory anim als. Lab. Anim . 1990;  24:  97-130;  
Hansen, B., Hardie, E. and Young, M. Recognit ion of acute pain and dist ress in the dog. Hum ane 
I nnovat ions and Alternat ives to Anim al Experim entat ion 1990;  4:  170-173;  Morton, D.B. and Griffiths, P.
H.M. Guidelines on the recognit ion of pain, dist ress and discom fort  in experim ental anim als and a 
hypothesis for assessm ent . Vet . Rec. 1985;  116(16) :  431-436.  
  

Dogs 

Dogs in pain generally appear quieter, less alert , and withdrawn, with st iff body m ovem ents and an 
unwillingness to m ove. I n severe pain, the dog m ay lie st ill or adopt  an abnorm al posture in order to 
m inim ize its discom fort . I n less severe states, it  m ay appear rest less and the im m ediate response to 
acute, but  low intensity pain m ay be an increased alertness. There m ay be inappetence, shivering, and 
increased respirat ions with pant ing. Spontaneous barking is unlikely;  the dog is m ore likely to whim per or 
howl, especially if unat tended, and m ay growl without  apparent  provocat ion. A dog m ay lick or scratch at  
painful areas of its body. When handled, it  m ay be abnorm ally apprehensive or aggressive. The anim al 
exhibits anxious glances;  it  seeks cold surfaces. I ts tail is often between its legs. 

Penile prot rusion and frequent  ur inat ion m ay also be noted. 

Key Signs: inappetence, bites at  pain regions, abnorm ally apprehensive.  
  

Cats 

Cats in pain are generally quiet , with an apprehensive facial expression;  the forehead m ay appear 
creased. There m ay be crying or yowling and the cat  m ay growl and hiss if approached or m ade to m ove. 
There is inappetence and a tendency to hide or to separate from  other cats. The posture becom es st iff 
and abnorm al, varying with the site of the pain. A cat  with head pain m ay keep its head t ilted. I f the pain 
is generalized in the thorax and abdom en, the cat  m ay be crouched or hunched. With thoracic pain alone, 
the head, neck, and body m ay be extended. I n abdom inal or back pain, the cat  m ay lie in lateral 
recum bency with its back arched. I f the anim al is standing or walking, the back is arched and the gait  
st ilted. I ncessant  licking is som et im es also associated with localized pain. Pain in one lim b usually results 
in lim ping or holding up of the affected lim b. 

A cat  in severe pain m ay show dem ented behaviour and m ake desperate at tem pts to escape. I f a painful 
area is touched or palpated, there m ay be an instant  and violent  react ion. There m ay be pant ing, with an 
increased pulse rate and pupillary dilatat ion. A cat  in chronic pain m ay have an ungroom ed appearance 
and show a m arked change from  its norm al behaviour. The anim al exhibits tucked in lim bs, hunched head 



and neck, and ut ters a dist inct ive cry or hissing and spit t ing sound. I ts ears are flat tened. I t  shows fear of 
being handled and m ay cr inge. 

Key Signs: st iff posture, dem ented behaviour, lack of groom ing, hunched head and neck, 
inappetence.  
  

Mice  

After procedures which cause pain, m ice m ay increase their  sleeping t im es. Reduced food and water 
intake, with resultant  weight  loss, dehydrat ion and wast ing of the m uscles on the back m ay be observed. 
Piloerect ion (erect ion of hair)  and a hunched appearance indicate pain or dist ress. The anim al fails to 
groom , but  scratches m ore frequent ly. Sick m ice are often isolated from  the rem ainder of the group. 
Aggressive vocalizat ion is observed in the early stages, decreasing where pain or st ress reduces the 
abilit y to m ove and respond. 

The eyes appear sunken, and ocular and nasal discharge m ay be noted as the anim al's condit ion worsens. 
The respirat ion rate increases and breathing m ay be forced or laboured. Defecat ion/ ur inat ion are 
im m ediate react ions to st ress in the m ouse, and increase or decrease as st ress cont inues. The m ovem ent  
of vibr issae (m uscle hairs)  becom es less evident  as pain or st ress cont inues. Affected m ice becom e m ore 
t im id and apprehensive;  however, as pain or st ress increases, they m ay becom e aggressive, with a 
tendency to bite. The anim al m ay at tem pt  to bite the source of pain or affected area, and m ay self-
m ut ilate the affected part . 

Writhing m ovem ents are noted when the pain is abdom inal. There is gradual assum pt ion of a hunched, 
'sleeping posture' away from  any light  source. Where lim bs or feet  are affected, sudden running 
m ovem ents are exhibited as an escape m echanism ;  there is increasing difficulty in m aintaining posture. 
The m ouse m ay show unsteady gait , difficulty in m oving in st raight  line, and circling m ovem ents where 
balance is affected. A rolling gait  is often noted with developing ascites. 

As its condit ion worsens, the anim al becom es quiet  and unresponsive, separates from  the group and 
eventually becom es unaware of its surroundings. Hypotherm ia is observed with increasing deteriorat ion 
in condit ion;  the anim al feels 'cold' to the touch. 

Key Signs: w ithdraw al, bit ing response, piloerect ion, hunched back, sunken eyes and 
abdom en, dehydrat ion, w eight  loss.  
  

Rats 

Rats are generally docile and less aggressive than m ice towards m em bers of their  own species and 
hum ans. Acute pain or dist ress is usually accom panied by constant  vocalizat ion and st ruggling. Rats will 
often lick or guard a painful area. I ncreased scratching can indicate chronic pain. A rat  in pain will often 
sit  crouched with its head turned into its abdom en. Sleeping periods will be disturbed and increase if pain 
or dist ress are present . An elevated respiratory rate associated with sneezing occurs where the 
respiratory system  is affected. I ncreasing piloerect ion (star ing coat )  is noted, along with an increasingly 
unt idy appearance as the anim al fails to groom  itself. There m ay be som e hair loss. The anim al ceases to 
eat  and drink norm ally. There is poor skin tone, and evidence of m uscle wast ing along the back- -
indicat ive of dehydrat ion and weight  loss. 

During repeated painful or dist ressing procedures, anim als m ay becom e m ore aggressive and resist  
handling, which will increase with increasing pain or dist ress. The eyelids rapidly assum e a half-closed or 
alm ost -closed posit ion. The eyes m ay appear sunken, and ocular discharge is com m on, often progressing 
to red-coloured hem atoporphyrin exudate which m ay encircle the eye. Nasal discharge, if present , m ay 



be red-coloured as well (Harkness and Ridgway, 1980) . 

Const ipat ion or diarrhea m ay occur depending on the organ system (s)  affected. Urinat ion decreases with 
reduced water intake;  however, frequency m ay increase where ur inary infect ion or horm onal disturbance 
is present . Anim als in pain init ially show increased awareness/ aggressive responses and a tendency to 
bite, but  eventually becom e depressed and unresponsive. Exploratory behaviour lessens. Aversive 
behaviour is shown towards other anim als. There is possible self-m ut ilat ion of affected parts in later 
stages. Abdom inal cont ract ion and st ilted m ovem ents m ay occur if abdom inal pain is present . There m ay 
be increasing pain associated with locom ot ion. Lam eness in one of the lim bs or sim ply careful gait  m ay be 
noted. A "waddling" gait  occurs where abdom inal enlargem ent  take place as a result  of intest inal 
obst ruct ion or ascites. Circling often occurs where balance is disturbed. 

I nit ially, the rat  exhibits increased angry or aggressive vocalizat ion, especially on handling. There is a 
gradual reduct ion in vocal response as the pain or st ress cont inues, and m ovem ent  ceases unless a 
sudden painful st im ulus is experienced. Hypotherm ia indicates significant  deter iorat ion in the anim al's 
condit ion. A pale appearance indicates anem ia or blood loss. 

Key Signs: vocalizat ion, st ruggling, licking/ guarding, w eight  loss, piloerect ion, hunched 
posit ion, hypotherm ia.  
  

Guinea Pigs 

Guinea pigs are alert , but  t im id and apprehensive anim als which will t ry to avoid capture and rest raint . 
Rarely is there any aggression towards hum ans. Any sign of acceptance indicates the anim al is unwell.  
Loud vocalizat ion will accom pany even m inor and t ransient  pain. Guinea pigs often appear sleepy when in 
pain. I nit ially, there is an increased level of response to painful or st ressful st im uli.  However, this 
gradually subsides and the anim al becom es unresponsive. I t  gradually appears m ore apprehensive. The 
eyes m ay be sunken and dull.  The respiratory rate increases as a painful or st ressful st im ulus increases 
or cont inues;  where the respiratory system  is affected, respirat ions becom e increasingly forced and 
laboured. Often loss of weight  occurs as well as hair loss, scaly skin, and dehydrat ion. Where the 
gast rointest inal t ract  is affected there m ay be evidence of diarrhea. There is a tendency to 'barbering' 
under dietary st ress with failure to eat  or dr ink. Group aggression m ay occur and dam age to the skin of 
the back m ay result  from  fight ing. There is excessive salivat ion where abnorm al teeth cause eat ing 
difficult ies, a tendency to an arched back where abdom inal pain is present , and failure of the "r ight ing" 
reflex in seriously ill anim als. There m ay be pain associated with locom ot ion, lam eness, and careful gait  
due to sore feet  in older anim als. 

Key Signs: w ithdraw al, vocalizat ion, fa ilure to resist  rest raint , star ing coat , unresponsive.  
  

Mongolian Gerbils 

Gerbils are highly act ive, nervous anim als and usually at tem pt  to avoid rest raint . Signs of pain and 
dist ress are difficult  to assess, as gerbils apparent ly object  to any interference. There is an increased level 
of response under painful or st ressful st im uli.  Ocular discharge is com m on. Under st ressful condit ions, the 
eyelids m ay be half closed, with dry m at t ing of the eyelids. The increased respiratory rate associated with 
lung involvem ent  is difficult  to assess by eye. Loss of coat  condit ion occurs. Loss of hair  from  the tail m ay 
be seen in overcrowded anim als. Facial lesions and sores m ay result  from  excessive burrowing in the 
corners of the cage. 

Dehydrat ion is rarely seen, since the gerbil's norm al m etabolism  enables full ut ilizat ion of the water 
content  of the diet . Only sm all quant it ies of ur ine are voided under norm al condit ions. Feces are norm ally 
firm , dry pellets. Const ipat ion is rare. Diarrhea, if it  occurs, m ay quickly lead to death from  fluid loss. 



Gerbils are norm ally ext rem ely act ive and nervous. Under severe st ress, there m ay be tem porary collapse 
and apparent  shock syndrom e;  however, the anim als recover, given t im e. Changes in exploratory 
behaviour and increased aggressive response m ay occur. A hunching up and arching of the back m ay be 
observed, especially with abdom inal involvem ent . Abnorm al gait  is associated with locom ot ion or 
abdom inal involvem ent . 

Key Signs: hunched appearance, w eight  loss, shock syndrom e.  
  

Syrian ( golden)  Ham sters 

Under norm al condit ions, ham sters will sleep for long periods during the day, and lit t le act ivity will be 
seen. They often appear aggressive towards their  cage m ates and em it  loud screeching noises, 
disproport ionate to the degree of interference, when handled. This response increases under painful or 
st ressful st im uli.  Ocular discharge is com m only associated with st ress. An increased respiratory rate is 
associated with lung involvem ent . Loss of coat  condit ion is seen where the diet  is deficient  in Vitam in E 
and short  chain fat ty acids. Loss of body condit ion occurs with decreased food and water intake. 
Const ipat ion is unusual in the ham ster. Diarrhea, when it  occurs, is profuse and liquid, staining the 
perineal region. I ncreasing depression takes place when the anim al is left  undisturbed. Dayt im e sleep 
periods m ay be extended and increasing lassitude m ay be seen except  when the anim al is being handled. 
Exploratory behaviour is reduced. A hunched appearance is noted, as is an unwillingness to m ove, 
especially where abdom inal organs are involved. Lateral recum bency can indicate that  the anim al is 
m oribund. Norm al gait  is affected when pain is associated with locom ot ion. St ilted m ovem ents are 
som et im es associated with abdom inal involvem ent , e.g., ascites following cirrhosis of the liver. 

Key Signs: w eight  loss, hunched appearance, increased aggression or depression, extended 
sleep periods.  
  

Rabbits 

The rabbit  presents significant  difficult ies in recognit ion of pain and dist ress, as it  often quiet ly accepts 
apparent ly painful or dist ressing procedures;  this m ay relate to its feral behaviour where concealm ent  is 
im portant  to survival. Even healthy rabbits m ay not  m ove frequent ly or indulge in exploratory behaviour. 
Pain is usually character ized by a reduct ion in food and water intake (and thus weight  loss and 
dehydrat ion)  and lim ited m ovem ent . Although rabbits frequent ly becom e ill and dist ressed without  
showing m uch apparent  loss of condit ion, careful exam inat ion will reveal a loss of m uscle m ass on the 
lower back. Ocular discharge is a com m on response to st ress in the rabbit , with prot rusion of the 
nict itat ing m em brane. 

Under cont inued pain or st ress, rabbits assum e a 'sleepy' appearance. The anim al exhibits increased 
depression, progressive unawareness and lack of response. The anim al will often face the back of cage, 
away from  light . An increased respiratory rate is associated with either apprehension or lung 
involvem ent . There is fecal staining of the coat . Night  t im e pellet  product ion m ay be interrupted. 
Const ipat ion and diarrhea are com m on responses to pain or st ress. Excessive self-groom ing m ay 
precipitate hair balls in the stom ach. Where foot  soreness is involved, weight  m ay be thrown forward or 
backward to reduce discom fort . Body st retching and lying flat  are com m on indicat ions of abdom inal 
discom fort . Pain m ay be associated with locom ot ion, especially with sore feet . 

Key Signs: reduced eat ing and drinking, faces tow ards back of cage, lim ited m ovem ent , 
apparent  photosensit ivity.  
  

Horses 



Periods of rest lessness are noted in horses experiencing pain or dist ress. Food is held in the m outh 
uneaten. The horse exhibits an anxious appearance with dilated pupils and glassy eyes;  increased 
respirat ion and pulse rate with flared nost r ils;  profuse sweat ing and a r igid stance. I n prolonged pain, 
behaviour m ay change from  rest lessness to depression with the head lowered. I n pain associated with 
skeletal dam age, lim bs m ay be held in unusual posit ions and there is a reluctance to m ove, with the head 
and neck " fixed."  There m ay be a pain- induced tachycardia. 

I n abdom inal pain, a horse m ay look at , bite or kick its abdom en;  it  m ay get  up and lie down frequent ly;  
walk in circles;  or roll.  When near collapse, the horse m ay stand very quiet ly, r igid and unm oving, but  
with signs of deter iorat ing circulatory status such as m ucosal cyanosis and prolonged capillary filling t im e. 
Horses in pain generally show a reluctance to be handled. 

Key Signs: anxious appearance, rest lessness, bit ing at  site of pain, depression, fixed posit ion.  
  

Cat t le  

Cat t le in pain often appear dull and depressed, with the head held low and showing lit t le interest  in their  
surroundings. There is inappetence, weight  loss and, in m ilking cows, a sudden drop in m ilk yield. Severe 
pain often results in rapid shallow respirat ions. On being handled, they m ay react  violent ly or adopt  a 
r igid posture designed to im m obilize the painful region. Grunt ing and grinding of the teeth m ay be heard. 
Acute pain m ay be associated with bellowing. Generally, signs of abdom inal pain are sim ilar to those seen 
in the horse, but  are less m arked. Rigid posture m ay lead to a lack of groom ing due to an unwillingness 
to turn the neck. I n acute abdom inal condit ions, such as intest inal st rangulat ion, the anim al adopts a 
character ist ic stance with one hind foot  placed direct ly in front  of the other. Localized pain m ay be 
indicated by persistent  licking of an area of skin, or kicking at  the offending area. 

Key Signs: dull, depressed, inappetence, grunt ing, gr inding of the teeth, r igid posture.  
  

Sheep and Goats 

I n general, signs of pain in these species are sim ilar to those in cat t le. Changes in posture and m ovem ent  
are apparent , and a change in facial expression m ay be indicat ive of pain or dist ress. There is a general 
reluctance to m ove. Goats are m ore likely than cat t le to vocalize in response to pain. Grinding of the 
teeth and grunt ing are also heard. Sheep, in part icular, tolerate severe injury without  overt  signs of pain 
or dist ress. Following procedures such as cast rat ion and tail docking, lam bs m ay show signs of discom fort  
such as standing up and lying down repeatedly, tail wagging, occasional bleat ing, neck extension, dorsal 
lip curling, kicking, rolling and hypervent ilat ion. 

Key Signs: r igid posture and reluctance to m ove.  
  

Pigs 

Pigs in pain m ay show changes in gait  and posture. They norm ally squeal and at tem pt  to escape when 
handled;  however, these react ions m ay be accentuated when the anim al is in pain. Adult  pigs m ay 
becom e aggressive. Squealing is also character ist ic when painful areas are palpated. Handling of chronic 
lesions m ay not  elicit  signs of pain. Pigs will often be unwilling to m ove and m ay hide in bedding if 
possible. 

Key Signs: vocalizat ion and the lack of norm al social behaviour m ay be helpful indicators of a  



pig in pain.  
  

Birds 

Birds in pain m ay show escape react ions with vocalizat ion and excessive m ovem ent . Head m ovem ents 
increase in extent  and frequency. There m ay be an increase in heart  and respiratory rates. Prolonged 
pain will result  in inappetence and inact ivity with a drooping, m iserable appearance. The eyes m ay be 
part ially closed, the wings held flat  against  the body, and the neck ret racted. When handled, the escape 
react ion m ay be replaced by a state of tonic im m obilit y. Birds with lim b pain will avoid use of the affected 
lim b and will "guard" it  from  extension. 

Key Signs: escape react ions, atonic im m obility, inappetence, avoidance of use of pain site.  
  

Rept iles 

Acute pain in rept iles m ay be character ized by flinching and m uscle cont ract ions. There m ay be aversive 
m ovem ents away from  the unpleasant  st im ulus, and at tem pts to bite. More chronic and persistent  pain 
m ay be associated with anorexia, lethargy and weight  loss, although it  is difficult  to associate any of 
these signs of lack of well-being specifically with pain. 

Key Signs: flinching and m uscle contract ions, w eight  loss, anorexia.  
  

Fishes 

I t  is difficult  to determ ine the nature of the response to pain in fish. Although they exhibit  a pronounced 
response to injur ies or to contact  with irr itants, their  response to chronic st im uli m ay be sm all or absent . 
Fish with severe wounds which would cause im m obilit y in a m am m al, will often appear to behave 
com pletely norm ally, even resum ing feeding. Fish will react  to noxious st im uli,  such as that  adm inistered 
by a hypoderm ic needle, by st rong m uscular m ovem ents. When exposed to a noxious environm ent , such 
as a st rong acid, they show abnorm al swim m ing behaviour with at tem pts to jum p from  the water, their  
colouring becom es darker and their  opercular m ovem ents becom e m ore rapid. Such effects are indicat ive 
of som e degree of dist ress;  however, it  is not  possible to describe these unequivocally as signs of pain.  
  

F. ANALGESI C AGENTS 

The appropriate use of analgesics during or after a painful procedure is an integral part  of a protocol plan. 
The following general inform at ion, as well as details of adm inist rat ion and dosages by species, are given 
in several references (Sawyer, 1985;  Sackm an, 1991;  Flecknell,  1984)  in addit ion to the anesthet ic 
textbooks listed in the addit ional reading. 

The opioids (m orphine- like drugs)  are the m ost  widely used analgesic agents. Opioids act  by binding to 
specific receptors. The m ain classes of receptors are m . 

1 . Opioid Agonists 

Opioids produce potent  hypnot ic and analgesic effects including significant  depression of the 
cardiovascular and respiratory system s and an alterat ion in the therm oregulatory m echanism . The 
euphoria and addict ion associated with opioids in hum an is not  a problem  in anim als when the drugs are 



used properly. Som e opioids induce vom it ing in dogs and NHP and rapid int ravenous inject ion m ay 
occasionally result  in an excitatory phase in m ost  species. I n farm  anim als, as well as in the cat  and 
m ouse, the effects of opioids are less predictable, and undesired excitem ent  m ay occur. Avoidance of the 
excitem ent  phase in species with an enhanced sensit iv ity to opioids can often be achieved by the use of 
very low dosages (Green, 1982) . 

Opioids used in the veter inary m edicine include m orphine, m eperidine, fentanyl, oxym orphone, etorphine 
(M99)  and carfentanil.  They are pure or relat ively pure m  agonists and are all good analgesics. 

a)  Morphine  is m ost  frequent ly used clinically for the cont rol of post -operat ive pain in dogs and NHP, 
providing up to four hours of pain relief. I n dogs, its use is com plicated by undesirable gast rointest inal 
effects. I nt ravenous bolus adm inist rat ion in dogs m ay cause histam ine release which m ay cont r ibute to 
m orphine's hypotensive act ion (Hall and Clarke, 1991) . As a pre-m edicant , m orphine's st im ulatory effect  
on the vagus nerve m ay induce bradycardia, unless at ropine is given in advance. Profound respiratory 
depression occurs rapidly and is dose- related. I nt racranial and int ra-ocular pressure are increased 
(Sackm an, 1991) . 

b)  Meperidine  has effects sim ilar to m orphine and is the drug of choice for prem edicat ion in the dog, as 
very lit t le gast rointest inal st im ulat ion is induced. However, severe hypotension m ay occur after 
int ravenous use. As analgesia lasts only one to two hours, it  is not  recom m ended for alleviat ing post -
surgical pain. This drug has also proven useful as a post -operat ive sedat ive for NHP and horses. 

c)  Fentanyl is a very potent  short -act ing opioid. I t  is com bined with droperidol to m ake a 
neuroleptanalgesic that  provides profound analgesia. New synthet ic com pounds of fentanyl include 
alfentanil,  which has an ult rashort  half- life, and sufentanyl with a half- life shorter than fentanyl, but  with 
fewer peripheral side effects (Flecknell,  1984) . 

d)  Oxym orphone  is m ore potent  than m orphine and produces m ore sedat ion in the dog than m orphine 
or m eperidine. Post -surgical pain relief lasts two to six hours. Cardiovascular stabilit y is m uch greater 
than with the other opioids. I t  is frequent ly com bined with diazepam  or aceprom azine for anesthesia and 
analgesia in old or sick anim als. An ant icholinergic should be given to prevent  severe bradycardia. 

e)  Etorphine ( M9 9 )  is an ext rem ely potent  m orphine derivat ive with a high tendency to produce init ial 
excitem ent  followed by depression. Because of its potency, it  has been widely used in dart  guns for the 
capture and im m obilizat ion of zoo anim als and wild gam e (Fowler, 1986;  Green, 1982) . The drug has also 
been used successfully in certain cold blooded anim als (Fowler, 1986;  Green, 1982) . I t  is ext rem ely 
dangerous to hum ans;  therefore, diprenorphine (M5050)  m ust  be available for im m ediate reversal should 
accidental hum an exposure occur (Fowler, 1986) . 

f)  Carfentanil is current ly preferred to etorphine by m any zoo veter inarians because of its higher 
potency, which allows adm inist rat ion by swabbing or spraying of the buccal or nasal m ucosa. I t  can be 
reversed by cyprenorphine (M285)  or diprenorphine (M5050)  (Lum b and Jones, 1984)  and nalt rexone. 
Carfentanil can be fatal in hum ans if accidentally injected (part ial im m obilizing dose) . 

2 . Opioid Agonist / Antagonists 

The search for analgesic agents with fewer side effects than pure m µ agonists led to the developm ent  of 
part ial m µ agonists and kappa agonists such as butorphanol and buprenorphine. This group of drugs m ay 
also be used to reverse the depressant  effects of an opioid while preserving the analgesic qualit ies. 

a)  Butorphanol is a synthet ic analgesic with five t im es the potency of m orphine. A degree of sedat ion 
occurs and the respiratory depression has a ceiling effect  that  does not  increase with higher doses. 
Cardiovascular effects are m inim al and it  is a poor opioid antagonist  (Dyson, 1990) . Analgesia lasts two 
to five hours following  



subcutaneous inject ion, and m ay be accom panied by som e dysphoria. 

b)  Buprenorphine  is a long-act ing analgesic that  antagonizes the depressant  effects of the opioid 
agonists, while st ill m aintaining long- term  post -operat ive analgesia of 8-12 hours in m any species 
(Flecknell,  1984) . 

c)  Pentazocine lactate  is a poor analgesic with a very short  durat ion (approxim ate half- life in the dog 
of 22 m inutes) . I t  has m inim al cardiovascular effects and is a m ild respiratory depressant . 

d)  Nalbuphine  is slight ly less potent  than m orphine, with a wide safety m argin and m inim al 
cardiovascular and respiratory depression. Analgesia lasts three to eight  hours. I t  has also been used as 
an opioid antagonist  to reverse sedat ion and respiratory depression of opioids while m aintaining analgesia 
(O'Hair, Dodd, Phillips et  al.  1988) . 

3 . Opioid Antagonists 

Naloxone hydrochlor ide, an effect ive antagonist , is available to reverse the effects of opioids ( this 
includes the analgesia) . I t  has no agonist  propert ies and does not  produce respiratory or cardiovascular 
depression. I t  has an antagonist ic effect  for one to four hours, and can be used to reverse the effects of 
any of the opioid agonist / antagonist  group. Nalorphine or diprenorphine m ust  be available when using 
etorphine, in case of accidental hum an adm inist rat ion (Lum b and Jones, 1984) . Nalt rexone is a long-
act ing derivat ive of naloxone. At  present , it s use in veter inary m edicine is lim ited;  however, should a 
pure long-act ing antagonist  be required, it  could prove useful (Hall and Clarke, 1991) . 

4 . Non- steroidal Ant i- inflam m atory Drugs ( NSAI DS)  

These agents produce analgesia by reducing inflam m at ion and thus peripheral sensit izat ion. They have 
lit t le, if any, cent ral analgesic act ion. Side effects are interference with platelet  and renal funct ion and 
gast r ic ulcerat ion. Cats m etabolize these agents slowly and m ust  be dosed infrequent ly to prevent  
toxicity. Those com m only used in dogs are the carboxylic acid group (aspir in, naproxen, m eclofenam ic 
acid, flunixin)  and the enolic acids (phenylbutazone, dipyrone, and piroxicam ) . I n cats aspir in, 
phenylbutazone and dipyrone are frequent ly used at  low dosages (Sawyer, 1985) . 

a)  Aspir in  relieves pain associated with peripheral inflam m at ion, but  is ineffect ive for visceral pain. I n 
cats, it  should be given only every 48 to 72 hours. 

b)  Naproxen  is used when aspir in does not  relieve the pain, and the once daily adm inist rat ion is 
convenient . As is the case with aspir in, gast r ic ulcers are listed as a side effect . 

c)  Meclofenam ic acid  is popular for t reat ing m usculoskeletal pain that  is refractory to aspir in. I t  has 1.5 
t im es the potency of phenylbutazone. 

d)  Flunixin  is reported to have greater analgesic propert ies than phenylbutazone, m eperidine or codeine, 
and is used for osteoarthr it ic pain. I ts use in large anim als is well established. I ts use in sm all anim als is 
expanding. I n dogs, it  has the potent ial to produce serious gast rointest inal effects (bleeding)  if a 
m axim um  of three doses is  
exceeded (Hall and Clarke, 1991) . 

e)  Phenylbutazone  relieves m usculoskeletal pain, but  has been associated with blood dyscrasias, 
gast rointest inal disturbances, nephropathies and hepat it is. 

f)  Dipyrone  is an analgesic, ant ipyret ic, ant i- inflam m atory that  also m ay cause blood dyscrasias with 



prolonged use. 

g)  Piroxicam  is popular in hum an m edicine for its once daily dosage and very effect ive relief of 
osteoarthr it ic pain. Toxicity is sim ilar to that  of other non-steroidal ant i- inflam m atory drugs (Sackm an, 
1991) . 

5 . Analgesia provided by Local Anesthet ics 

As an alternat ive to system ically adm inistered agents, analgesia can be provided by use of local 
anesthet ics. Bupivacaine, a long-act ing local anesthet ic, is preferred for post -operat ive analgesia 
(Flecknell,  1992) . I t  can either be injected around specific nerve t runks which supply the surgical site, or 
infilt rated into the m uscular and subcutaneous t issue layers during closure of a surgical incision. Use of 
local anesthesia to infilt rate the surgical wound is a sim ple technique that  can provide 4-12 hours 
analgesia. 

Select ive blocking of the intercostal nerves two to three intercostal spaces on either side of a 
thoracotom y incision has recent ly been recom m ended for relief of pain following thoracotom y in dogs. 
Bupivicaine hydrochlor ide is used before incision closure, and provides four to five hours of analgesia. The 
respiratory pat tern of dogs recovering from  thoracotom ies is not  significant ly changed. This provides a 
dist inct  

advantage over opioid analgesics which m ay cause significant  respiratory depression. This technique, 
while providing relief of pain associated with the surgical incision, does not  elevate visceral ( int rathoracic)  
pain (Sackm an, 1991) . 

6 . Neuroleptanalgesics 

Neuroleptanalgesia is a state of sedat ion and analgesia produced by the com bined use of a t ranquillizer 
(neurolept ic)  and an opioid. Minor surgery can be perform ed;  however, the pat ient  rem ains rousable and 
responds to certain st im uli.  Moderate respiratory depression occurs, and m uscle relaxat ion tends to be 
poor, but  can be counteracted by com binat ion of the neuroleptanalgesic with a benzodiazepine (Flecknell,  
1987) . The m ost  com m only used preparat ion is I nnovar-Vet , (droperidol 20 m g/ m l and fentanyl 0.4 m g/
m l) , which should not  be confused with I nnovar, prepared for hum an use (droperidol 2.5 m g/ m l and 
fentanyl 0.0005 m g/ m l) . 

I nnovar-Vet  has been used extensively in the dog and is reported useful in m any other species. I t  has a 
wide m argin of safety, is well tolerated by anim als in poor physical condit ion, and is part ially reversible 
with naloxone. Significant  bradycardia m ay be avoided by pr ior use of at ropine. I ts use is cont ra- indicated 
in the cat , cow, horse and sheep due to CNS st im ulat ion. Anim als rem ain responsive to auditory st im uli,  
and aggressiveness during recovery and other disposit ion changes last ing several days have been 
reported in the dog (Lum b and Jones, 1984) . 

A variety of other opioids and t ranquillizers can be com bined to produce neuroleptanalgesia;  am ong 
these, m ixtures of m orphine/ prom azine and etorphine/ aceprom azine have proven useful in a variety of 
anim als (Flecknell,  1987) . Meperidine/ aceprom azine (Lum b and Jones, 1984)  and oxym orphone/
aceprom azine (Short , 1987)  have also been used for the dog and cat .  
  

G. AREAS FOR FUTURE STUDY 

Farm  anim al welfare, t ransgenic anim als, am phibians, rept iles and invertebrates all const itute areas of 
increasing concern. 



The welfare of dom est ic anim als is of great  im portance, and it  is claim ed by Spira (1986)  that , because of 
their  num bers, 95%  of all anim al suffer ing takes place in intensive m anagem ent  ( " factory farm ing")  
pract ices;  thus, every 1%  reduct ion in their  suffer ing will accom plish m ore than all other protect ion 
cam paigns for other species of anim als put  together. Anim al behaviour and applied anim al ethology are 
increasingly becom ing areas of great  im portance (Maxie, 1987;  Fraser, 1988;  Fraser and Broom , 1990;  
McKeown and Luescher, 1988;  Duncan, 1992) . 

Another area that  will becom e of increasing concern is the product ion of t ransgenic anim als (Jaenisch, 
1988;  Baker, 1988;  Ewing, 1990;  Cross, 1990;  McLaren, 1990;  Page, 1990)  and the possible pain and 
dist ress that  m ay be caused them . Their uses in research have recent ly been discussed (Saffer, 1992;  
Merlino, 1991)  as well as m anagem ent  of their  colonies (Geist feld, 1991) . The CCAC, foreseeing the need 
for guidelines on anim al biotechnology, has recent ly established a com m it tee com prising knowledgeable 
scient ists, and representat ives of indust ry and anim al welfare, to develop such guidelines to include 
em bryo m anipulat ion, fetal research and t ransgenic anim als. Agriculture Canada is also considering a 
proposed fram ework for regulat ing the product ion and use of t ransgenic anim als (Sethi, 1992) . 

Only recent ly has the analgesia, anesthesia and euthanasia of am phibians, rept iles and fish been 
addressed (UFAW, 1989;  Johnson, 1992;  I wam a, 1992;  Davis, 1992) . Evaluat ion of pain and st ress has 
been discussed in rept iles (Lance, 1992) , cold-blooded vertebrates (Arena and Richardson, 1990;  Fior ito, 
1986) , and birds (Gent le, 1992) . I t  has been contended that  fish can experience pain and fear to a 
degree which can be com pared with hum an react ions (Anon., 1988) . 

I n addit ion to studies involving vertebrates, the use of invertebrates in research is governed in Canada by 
CCAC's Categories of I nvasiveness found elsewhere in this Guide.  I t  states that  cephalopods and som e 
other higher invertebrates have nervous system s as well developed as som e vertebrates and therefore 
m ay warrant  inclusion in the Categories under B, C, D and E. I n Great  Britain, only one species of 
cephalopod, the com m on octopus (Octopus vulgaris) , is only now being brought  under the Anim als 
(Scient ific Procedures)  Act  (Anon., 1993) . Handling, anesthesia and surgery of cephalopods are out lined 
in a recent  Universit ies Federat ion for Anim al Welfare publicat ion (Boyle, 1991) . 

Other areas of concern to the scient ific com m unity and ACCs include, for exam ple, the effects of blood 
loss (McGuill,  1989)  and the use of Freund's Com plete Adjuvant  (FCA)  (Broderson, 1989) . An expert  
com m it tee of CCAC has been established especially to exam ine this lat ter issue and invest igate 
replacem ents for FCA. The CCAC Guidelines on Acceptable I m m unological Procedures appear elsewhere in 
this Guide,  and are revised as new knowledge becom es available. 

I n the developm ent  of research in the future, the scient ist  should consider the im portance of refinem ent  
and should address those studies which are known to cause the m ost  pain and suffer ing (Rowsell,  1992) . 

We have a considerable distance to go before anim als need no longer be used. However, as Medawar 
(1972)  notes:  "We m ust  grapple with the paradox that  nothing but  research on an anim al will provide us 
with the knowledge that  will m ake it  possible for us, one day, to dispense with the use of them  
altogether."  And to paraphrase Wall (1984) :  "So long as one anim al rem ains in pain and we cannot  help, 
our knowledge of pain rem ains inadequate."   
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XI . ANESTHESI A

 
This chapter provides guidance and inform at ion on anesthesia and relief of pain in experim ental anim als. 
I t  is not  m eant  to be com prehensive, and non-veter inary users should consult  with a veter inary 
anesthesiologist  or laboratory anim al veter inarian when such drugs are to be adm inistered. I nform at ion 
on com m on dosages and m eans of adm inist rat ion of analgesic, t ranquillizing and anesthet ic agents are 
given in the Appendices. The agents described in this chapter are all prescript ion and/ or 
controlled drugs. Non- veter inary users m ay obtain prescript ion drugs from  a licensed 
veter inarian, and should contact  the Bureau of Dangerous Drugs, Health and W elfare Canada 
regarding the use of controlled drugs in research. 

Methods for assessing the depth of anesthesia vary with the species and the drug, and are discussed in 
Green (1982) . Specific details are available in the textbooks and review art icles listed in the references.  
  

A. MANAGEMENT OF ANESTHESI A 

1 . General 

Sedat ives, analgesics, and general anesthet ic agents m ust  be ut ilized for the cont rol of pain and dist ress 
unless cont rary to the achievem ent  of the object ives of the study. I n the lat ter  case, approval of the 
inst itut ional Anim al Care Com m it tee ( ACC)  is m andatory. 

Anesthet ic agents frequent ly affect  the cardiovascular, respiratory and therm oregulatory m echanism s, in 
addit ion to the cent ral nervous system  (CNS) . Every effort  should therefore be m ade to m aintain the 
circulat ion, respiratory funct ion and the body tem perature of the anesthet ized subject  within norm al 
physiological lim its (Parker and Adam s, 1978) . Endot racheal intubat ion ensures that  the airway rem ains 
patent  and free from  obst ruct ion. 

Hypotherm ia m ay occur during exposure to anesthet ic gases and during int ra-abdom inal surgery, 
part icular ly in sm all anim als. This m ay result  in death or a great ly prolonged recovery from  the 
anesthet ic. The degree of hypotherm ia m ay be reduced by placing the anim al on a circulat ing warm  water 
blanket  or other device that  assists in conserving body heat  (Muir and Hubbell,  1989;  Lum b and Jones, 
1984;  Flecknell,  1987) . 

2 . Handling the Pat ient  

The anim al should alw ays be handled gent ly and calm ly in order to m inim ize st ruggling and 
fr ight . Prolonged excitem ent  will disturb the circulatory and m etabolic state of the pat ient  and induce a 
degree of shock. Furtherm ore, at tem pts to anesthet ize a st ruggling anim al present  physical problem s in 
addit ion to enhancing the likelihood of an abnorm al response to the anesthet ic agents. These points are 
part icular ly im portant  when rest raining and anesthet izing wild anim als (Fowler, 1986) . 

3 . Fast ing  

Cats, dogs, non-hum an prim ates (NHP) , ferrets and pigs should receive no food during the 8-12 hours 
pr ior to induct ion of anesthesia in order to m inim ize the r isk of vom it ing during induct ion or recovery 
from  anesthesia (Flecknell,  1987) . Very sm all or im m ature m am m als should be subjected to a m uch 
shorter fast , usually from  two to four hours, due to their  higher m etabolic rate. Withholding food from  
rum inants for 12-24 hours m ay help reduce the incidence of rum inal tym pany (bloat ) ;  however, reduct ion 
of the volum e of digesta in the rum en requires m uch longer periods of starvat ion (36-72 hours) . Water 
should be withheld for 12 hours before surgery to prevent  gorging and increase in the volum e of rum en 



contents. Pre-anesthet ic fast ing of sm all rodents or rabbits is unnecessary since they do not  vom it  during 
induct ion (Flecknell,  1987) . Guinea pigs should be fasted 6-12 hours before anesthesia to allow t im e to 
clear their  m ouths of the food bolus com m only carr ied at  the base of the tongue. Sm all birds often are 
not  fasted at  all,  in order to m aintain energy during the st ress of the procedure (Muir and Hubbell,  1989;  
NRC [ U.S.] , 1977) . Fast ing pregnant  anim als of all species, part icular ly rum inants, can produce severe 
m etabolic disturbances. Other than rum inants, every anim al should be provided with dr inking water unt il 
approxim ately one hour before induct ion of anesthesia (Flecknell,  1987) . 

4 . Ant icholinergics 

Ant icholinergics block parasym pathet ic st im ulat ion to the cardiopulm onary system  and reduce salivary 
secret ion. They are used in com binat ion with sedat ives and analgesics as pre-m edicat ion to general 
anesthesia. Ant icholinergics are no longer rout inely adm inistered to each anim al undergoing anesthesia. 
They are adm inistered select ively, after a pre-anesthet ic clinical exam inat ion of the anim al, and according 
to the determ ined needs of the individual pat ient , the ant icipated response to the anesthet ic m edicat ion, 
and the tendency to develop bradycardia or excessive salivat ion (Short , 1987) . 

a)  Atropine is the m ost  com m only used ant icholinergic agent ;  however, rout ine adm inist rat ion is 
cont roversial due to the high incidence of associated cardiac dysrhythm ias (prem ature vent r icular 
cont ract ions and sinus tachycardia)  (Lum b and Jones, 1984;  Flecknell,  1987) . I t  is m ost  com m only 
recom m ended for use in NHP, pigs, guinea pigs and chinchillas in order to decrease airway secret ions, but  
should not  be given if a m arked tachycardia is already present  (Green, 1982) . 

b)  Glycopyrrolate is a quaternary am m onium  ant icholinergic. Although its m echanism  of act ion is 
sim ilar to that  of at ropine, its effects last  longer. Glycopyrrolate seem s to be less likely than at ropine to 
produce sinus tachycardia (Paddleford, 1988) . I t  does not  penet rate the CNS because of its difficulty in 
crossing the blood-brain barr ier. I t  is also less likely than at ropine to cross the placental barr ier, 
indicat ing that  it  is a select ive peripheral ant icholinergic agent  (Short , 1987) .  
  

B. TRANQUI LLI ZERS AND SEDATI VES 

Tranquillizers produce a calm ing effect  without  sedat ion (Green, 1982) . They have no analgesic 
propert ies, and even at  the high doses that  cause ataxia ( failure of m uscular co-ordinat ion)  and 
depression, anim als are easily aroused. Tranquillizers are useful over a wide range of species, often in 
com binat ion with other drugs, to lessen the dose of a general anesthet ic and produce a sm oother 
induct ion and recovery. Sedat ives are used to produce drowsiness and reduce fear and apprehension 
(Flecknell,  1987) . 

The psychological state of the anim al pr ior to adm inist rat ion of t ranquillizers m ay m arkedly affect  the 
degree of sedat ion achieved. Anim als that  are vicious, int ractable and in a state of excitem ent  m ay not  
becom e m anageable except  with very high ( incapacitat ing)  doses. 

a)  Phenothiazines ( prom azine, aceprom azine)  produce sedat ion and reduce the dose of drugs 
needed for general anesthesia, but  also cause m oderate hypotension and hypotherm ia (Lum b and Jones, 
1984;  Flecknell,  1987) . 

b)  Benzodiazepines ( diazepam , m idazolam )  produce variable sedat ion depending on the species 
(Lum b and Jones, 1984;  Flecknell,  1987;  Green, 1982) . They are good m uscle relaxants and have no 
m arked undesirable side effects. Diazepam  cannot  be m ixed with other water soluble agents, while 
m idazolam  can (Flecknell,  1987) . 

c)  Butyrophenones ( azaperone, droperidol)  have sim ilar effects as phenothiazines, but  are m ore 
potent  and cause less hypotension (Lum b and Jones, 1984;  Flecknell,  1987;  Green, 1982) . Droperidol is 



used in com binat ion with an opioid to produce neuroleptanalgesia (Flecknell,  1987) . 

d)  a lpha- 2 - adrenergic agonists ( xylazine, detom idine, m edetom idine)  

i)  Xylazine ( Rom pun)  is a sedat ive and analgesic that  acts as a CNS depressant  and induces m uscle 
relaxat ion by inhibit ing the t ransm ission of im pulses in the CNS. I ts m ajor use in laboratory anim al 
anesthesia is in com binat ion with ketam ine to produce surgical anesthesia. This com binat ion has been 
used in dogs, cats, NHP, large farm  anim als and wild anim als (Olson and McCabe, 1986;  Lum b and Jones, 
1984) . I t  causes respiratory depression and a bradycardia which m ay progress to heart  block (Flecknell,  
1987) . I t  also increases the suscept ibilit y of the m yocardium  to circulat ing catecholam ines during 
halothane anesthesia (Short , 1987) . Vom it ing m ay occur in dogs and cats, and gas accum ulat ion due to 
gast rointest inal atony ( lack of norm al tone or st rength)  m ay be a problem  in both large dogs and 
rum inants (Lum b and Jones, 1984) . Xylazine produces profound physiological changes and its safe use 
requires knowledge of these effects which are often species specific. Yohim bine and 4-am inopyridine 
reverse m ost  of the effects of xylazine without  relapse in m any species (Jernigan, Wilson, Booth et  al.  
1988) , with the except ion of NHP (Lynch and Line, 1985) . 

ii)  Detom idine is m arketed for use in horses, and has the sam e cardiovascular effects (bradycardia and 
hypotension)  as xylazine, but  is m ore potent  and has a longer-act ing effect . 

iii)  Medetom idine is being evaluated for use in dogs and cats, and has cardiovascular effects sim ilalr  to 
xylazine. A m edetom idine/ ketam ine com binat ion in cats has the advantage over xylazine/ ketam ine in 
that  a lower dose of ketam ine is needed, the durat ion of act ion is longer and the analgesia bet ter 
(Verstegen, Farget ton, Donnay et  al.  1990) .  
  

C. GENERAL ANESTHETI CS 

1 . Dissociat ive Anesthet ics 

Dissociat ive anesthet ics produce a state of chem ical rest raint  and anesthesia character ized by m uscle 
r igidity and dissociat ion of the m ind from  the external environm ent . The eyes rem ain open, necessitat ing 
use of protect ive ointm ent . Various reflexes, including the blinking reflex and laryngeal reflex, rem ain 
intact , and adequate respirat ion is norm ally m aintained. An increase in heart  rate, blood pressure and 
int racranial pressure frequent ly occurs. Thus, their  use is cont ra- indicated in head injur ies or int ra-ocular 
surgery. While the use of dissociat ive anesthet ic agents is m ost  com m on with NHP and cats, they have 
also been used in m ost  other m am m alian species as well as birds and rept iles (Jones, 1977) . Com binat ion 
with a t ranquillizer is recom m ended in m ost  species to enhance analgesia and reduce m uscle tone 
(Flecknell,  1987;  Green, 1982) . 

a)  Ketam ine hydrochloride is the m ost  com m only used m em ber of this group. Depth of anesthesia is 
dose related. Side effects include excessive salivat ion which m ay be cont rolled with at ropine (Flecknell,  
1987) , a tendency toward convulsions, and a recovery character ized by excitem ent , disorientat ion, and 
hallucinat ions which m ay be cont rolled by t ranquillizers and barbiturates (Lum b and Jones, 1984) . I n all 
cases, a sm ooth recovery will be facilitated if the pat ient  is left  undisturbed in a quiet , darkened 
environm ent . 

b)  Tiletam ine is sim ilar to ketam ine, but  is longer last ing and m ore potent ;  therefore, a sm aller dose 
volum e is needed. I t  is m ost  com m only sold in com binat ion with the t ranquillizer zolazepam  (Telazol) , 
which im proves m uscle relaxat ion, CNS depression, and em ergence from  anesthesia. I t  also prevents 
t iletam ine seizures. Cats m ay take 12-36 hours to be clinically "norm al"  following t iletam ine anesthesia. 
Tiletam ine/ zolazepam  has proven successful in rats and gerbils, but  not  in m ice or ham sters 
(Hrapkiewicz, Stein and Sm iler, 1989) . Tiletam ine causes nephrotoxicity in rabbits (Bram m er, Doerning, 
Chrisp et  al.  1991;  Doerning, Bram m er, Chrisp et  al.  1992) . 



2 . Barbiturates 

Barbiturates differ from  t ranquillizers and opioids in that  increasing the dose progressively increases the 
depth of depression unt il a state of general anesthesia is reached. They are poor analgesics. Their 
pr im ary use is in the induct ion and/ or m aintenance of general anesthesia. Barbiturates are potent  
respiratory depressants and their  effects on the cardiovascular system  are variable. At  interm ediate 
dosages, excitem ent  is som et im es induced (Green, 1982) . 

The barbiturates are grouped according to durat ion of act ion into long act ing (e.g., phenobarbital) , short -  
or interm ediate-act ing (e.g., pentobarbital)  and ult rashort -act ing (e.g., thiopental, thiam ylal, 
m ethohexital)  (McLaughlin, 1988) . The short -  and ult rashort -act ing drugs are com m only used for 
anesthesia. Anesthet ic durat ion varies widely with species;  however, in general, short / interm ediate 
barbiturates produce approxim ately 2-3 hours of anesthesia and ult rashort  barbiturates range from  10 to 
20 m inutes (McLaughlin, 1988) . 

Variat ion in dose response and durat ion of effect  of barbiturates is ext rem e within and between species 
(Olson, 1986a;  Green, 1982;  McLaughlin, 1988) . The following are exam ples of the variat ion found with 
pentobarbital ( interm ediate)  anesthesia:  

i)  cats frequent ly having a considerably prolonged sleeping t im e (McLaughlin, 1988) ;  

ii)  m ice on hardwood bedding take alm ost  twice as long to recover as m ice on softwood bedding, and 
m ale m ice sleep longer than fem ale m ice (McLaughlin, 1988) ;  

iii)  the anesthesia produced in adult  horses and cat t le is of relat ively short  durat ion;  however, the 
recovery period is long and difficult  (Lum b and Jones, 1984) . 

Whenever possible, barbiturates should be adm inistered int ravenously, slowly, to effect . Adm inist rat ion 
by other routes is far less sat isfactory, as dosage is m ore difficult  to judge and the anesthet ic effects are 
less predictable. Any of the barbiturates can cause skin sloughing if perivascular inject ion accident ly 
occurs (McLaughlin, 1988) . 

Although barbiturates are com m only used, they are often poor choices for general anesthesia due to poor 
analgesia, profound cardiovascular effects, high m ortality and num erous external factors that  can affect  
dose response and sleeping t im e. Adequate anesthesia can be obtained by com bining a barbiturate with a 
t ranquillizer, sedat ive or an opioid (Olson, 1986a;  Lum b and Jones, 1984;  McLaughlin, 1988) . 

3 . Chloralose  

Chloralose m ay be used for  non- survival experim ents requir ing prolonged anesthesia and m inim al 
surgical interference (Flecknell,  1987;  Holzgrefe, Everit t  and Wright , 1987) . There is disagreem ent  
about  whether chloralose is a t rue anesthet ic agent  or a hypnot ic with lit t le analgesic act ion. I t  is used 
prim arily for physiological studies to preserve the vagal and cent ral baroreceptor reflexes or in acute 
cardiovascular studies to preserve m yocardial funct ion. While chloralose is generally considered to have 
no applicat ion in survival studies or in clinical veter inary m edicine (Lum b and Jones, 1984) , one recent  
study used chloralose repeatedly over a long t im e period in puppies without  any signs of toxicity (Grad, 
Wit ten, Quan et  al.  1988) . 

4 . Urethane ( Urethan, Ethyl Carbam ate)  

Urethane produces long periods of anesthesia, has a wide safety m argin and lit t le effect  on norm al blood 
pressure and respirat ion. I t  produces sufficient  analgesia to allow surgical m anipulat ions (Flecknell,  



1987) .  How ever, the drug should be handled w ith ext rem e care as it  is considered to be 
cytotoxic, carcinogenic and im m unosuppressive. I t  also causes profound changes in gast rointest inal 
funct ion and is st im ulatory to the hypothalam us and pituitary (Olson, 1985) .  Anim als should not  be 
allow ed to recover follow ing urethane anesthesia. 

5 . Saffan  

Saffan is a com binat ion of two steroids, alphaxalone and alphadolone dissolved in a surfactant  (vehicle) , 
Crem aphor EL, to solubilise it .  I t  is adm inistered int ravenously or int ram uscular ly, although the lat ter 
route gives m ore unpredictable results. Muscle relaxat ion is good, and recovery rapid. I t  is rapidly 
m etabolized and is an excellent  agent  for long- term  m aintenance (Flecknell,  1987) . I t  has been used for 
the cat , pig, large farm  anim als, sm all NHP, rodents, birds and exot ics (Lum b and Jones, 1984;  Flecknell,  
1987;  Green, 1982) . I t  is not  recom m ended in the dog due to the associated m assive histam ine release 
caused by the Crem aphor EL vehicle that  often occurs (Flecknell,  1987) . Saffan m ust  not  be used with 
barbiturates (Flecknell,  1987) . 

6 . Tr ibom oethanol ( Avert in)  

The use of Avert in is cont roversial because of the wide variat ion in results between laborator ies. Although 
no longer available in Canada, it  m ay be int roduced in a different  form ulat ion. Purchased as a powder, it  
m ust  be dissolved in am ylene hydrate and then diluted with dist illed water at  40C im m ediately pr ior to 
use. Great  care m ust  be taken to use only fresh solut ions as it  decom poses very rapidly in light  or 
tem peratures above 40C, producing byproducts that  are severe t issue irr itants. I n rodents, it  is given 
int raperitoneally (Green, 1982) , result ing in good m uscle relaxat ion and m oderate respiratory and 
cardiovascular depression (Flecknell,  1987;  Green, 1982) ;  however, post -operat ive fatalit ies are often 
high due to peritoneal adhesions. Even if a freshly prepared solut ion is used, m ortality is often high after 
adm inist rat ion of a second anesthet ic at  a later date (Green, 1982;  Norr is and Turner, 1983) . 

7 . Non- specific I njectable Anesthet ic Antagonists 

Several agents have the abilit y to reverse m any of the effects of non-opioid injectable anesthet ics 
through non-specific antagonist ic propert ies. 

a)  Yohim bine blocks cent ral alpha-2-adrenoreceptors, and part ially antagonizes barbiturates, xylazine, 
ketam ine, benzodiazepines and phenothiazines (Fowler, 1986;  Lum b and Jones, 1984) .  
  

b)  4 - am inopyridine ( 4 - AP)  part ially antagonizes xylazine, ketam ine and barbiturates. Yohim bine and 4-
AP are often com bined for a m ore effect ive reversal (Lum b and Jones, 1984) . 

c)  Doxapram  is a respiratory st im ulant  and not  a reversal agent  per se;  however, it  has been used to 
part ially antagonize the respiratory depression produced by barbiturate anesthesia in dogs (Hatch, 
Jernigan, Wilson et  al.  1986) . 

8 . I nhalant  Anesthet ics 

I nhalant  anesthet ics have the advantage of requir ing m inim al detoxificat ion by the body, as they are 
exhaled through the lungs, and the level of anesthesia can be easily and rapidly cont rolled. However, 
their  use requires specialized equipm ent  for adm inist rat ion, and constant  m onitor ing of the pat ient  
(St im pfel and Gershey, 1991) . Som e are explosive or inflam m able, or t issue irr itants. Chronic exposure 
to som e agents is hazardous to the health of the operat ing room  personnel (Lum b and Jones, 1984) . 

The speed of induct ion and recovery depend on the solubilit y of the anesthet ic in blood. Highly soluble 



anesthet ics (m ethoxyflurane)  are slow to reach an equilibr ium  in the blood;  therefore, induct ion and 
recovery are prolonged. I nsoluble anesthet ics (halothane)  reach an equilibr ium  rapidly, m aking 
m anipulat ion of anesthet ic depth easier, but  also m ore hazardous due to the potent ial for rapid overdose 
(Flecknell,  1987) . 

The use of inhalat ion anesthesia requires the following equipm ent :  

i)  a vaporizer for the volat ile anesthet ics;  

ii)  a source of carr ier gas (usually oxygen or air) ;  

iii)  a breathing system  from  which the anesthet ic m ixture is inhaled;  

iv)  a m ask or endot racheal tube for connect ing the breathing system  to the pat ient  (Sedgwick and Jahn, 
1980;  Gilroy, 1981) . Except ions are discussed with the individual agents. Num erous sim ple system s have 
been devised and reported in the laboratory anim al literature for use in sm all laboratory anim als (Dudley, 
Som a, Barnes et  al.  1975;  Skartvedt  and Lyon, 1972;  Rich, Grim m , Wong et  al.  1990;  Olson, 1986b;  
Levy, Zwies and Duffy, 1980;  Mulder and Hauser, 1984) . 

Unnecessary exposure of personnel to gases from  volat ile anesthet ics m ust  be avoided by use of 
appropriate scavenger system s (Muir and Hubbell,  1989) . Several reports have suggested a health r isk 
associated with prolonged and repeated exposure to low concent rat ions of halothane (hepatocellular 
toxicity) , m ethoxyflurane ( renal toxicity) , nit rous oxide (neurologic disease and pernicious anem ia)  and to 
the chronic ingest ion of chloroform  ( renal and hepat ic tum ours in rodents)  (Ret t ig, 1987;  St im pfel and 
Gershey, 1991) . Expired gases should be vented to the exter ior or adsorbed onto act ivated charcoal 
(Mitchell,  1976) . 

a)  Ether- based Volat ile  Agents 

i)  Diethyl ether is a highly volat ile agent  of relat ively low potency and wide range of safety. Ether 
produces good m uscle relaxat ion and analgesia;  however, it  is very irr itat ing to m ucous m em branes. The 
vapours are highly explosive, necessitat ing ext rem e caut ion in its use and storage.  Due to the r isk of 
explosion, the use of ether is discouraged as excellent  a lternat ives are now  available (Flecknell,  
1987;  St im pfel and Gershey, 1991) . 

ii)  Methoxyflurane ( Metofane)  is a highly soluble, potent  ether-based anesthet ic. Because of its low 
volat ilit y, it  m ay be used safely for induct ion with anesthet ic cham bers, and nose cone m aintenance. 
Methoxyflurane produces som e respiratory and cardiovascular depression, but  less than halothane at  
com parable depths of  
    anesthesia. Myocardial sensit izat ion occurs, but  is not  as severe as with halothane. Muscle relaxat ion 
and analgesia are good, and it  is neither irr itat ing nor explosive in anesthet ic concent rat ions. I n anim als, 
m ethoxyflurane anesthesia for less than one hour is not  usually associated with hepatorenal toxicity, 
especially if periods of hypoxia and/ or hypercapnia are avoided (St im pfel and Gershey, 1991) . 

iii)  Enflurane provides rapid induct ion and em ergence from  anesthesia. I t  provides m oderate levels of 
analgesia and m uscle relaxat ion, the lat ter decreasing as anesthet ic concent rat ions increase. I t  produces 
profound depression of respiratory funct ions and m yocardial perform ance (Short , 1987) . I t  is largely 
elim inated via the lungs. Unlike halothane, very lit t le of the drug is m etabolized by the liver. This m ay 
offer som e experim ental advantages;  otherwise, there is lit t le to choose between enflurane and halothane 
in term s of efficacy (Flecknell,  1987) . Enflurane is expensive and requires a special vaporizer. 

iv)  I soflurane is less potent  than halothane or m ethoxyflurane. I t  is relat ively insoluble which leads to 
fast  induct ions and recoveries. I t  m ay be used in halothane vaporizers that  have been recalibrated. I t  



produces a slight ly m ore severe respiratory depression than does halothane, but  slight ly less depression 
of the cardiovascular system  (Flecknell,  1987) . There is very lit t le m yocardial sensit izat ion to 
catecholam ines;  in fact , isoflurane has the greatest  m argin of safety with the cardiovascular system  of all 
the inhalant  anesthet ics. I soflurane produces bet ter m uscle relaxat ion than halothane, but  has poorer 
analgesic propert ies. I t  undergoes even less biot ransform at ion than enflurane and is alm ost  com pletely 
elim inated in exhaled air  (Flecknell,  1987) .  I soflurane has a pungent  odour which m ay cause breath 
holding during induct ion. I t  has no known toxicit ies, but  it  is expensive (Raper, Barker, Burwen et  al.  
1987) . 

b)  Halogenated Hydrocarbons 

i)  Halothane, a halogenated hydrocarbon, is highly potent  and volat ile. I t  should be used only with a 
finely calibrated precision vaporizer. I t  produces dose-dependent  depression of the cardiopulm onary 
system  and hypotension (Flecknell,  1987) . There is direct  m yocardial depression and sensit izat ion to 
circulat ing catecholam ines. The analgesia offered by halothane is reasonable, as is m uscle relaxat ion. The 
vapours are neither explosive nor irr itat ing, but  can be hepatotoxic to m an (Lum b and Jones, 1984) . 

c)  Other Agents 

i)  N it rous oxide has very low anesthet ic potency. I nduct ion of a state of general anesthesia or even 
unconsciousness is not  possible in m ost  anim al species (Flecknell,  1987;  Mahm oudi, Cole and Shapiro, 
1989) . As it  exerts m inim al effects on the cardiopulm onary system , it  can be used to reduce the required 
concent rat ion of other agents and so reduce the degree of depression at  a part icular depth of anesthesia 
(Flecknell,  1987) . I t  has som e analgesic propert ies in anim als;  however, the potency is less than half that  
experienced in hum ans (Short , 1987) . Following cessat ion of nit rous oxide adm inist rat ion, 100%  oxygen 
m ust  be adm inistered to the  
anim al to prevent  hypoxia caused by the rapid diffusion of the gas from  the body (Flecknell,  1987;  Short , 
1987) .  Because it  presents num erous occupat ional hazards, nit rous oxide should be scavenged. 
I f a carr ier gas is required 100%  oxygen is effect ive and non- toxic as well as being vital to life (St im pfel 
and Gershey, 1991) .  
  

D. MUSCLE RELAXANTS  
 
1 . Glyceryl Guiacolate  

Glyceryl guiacolate (guaifenesin)  is a cent rally act ing m uscle relaxant , with its act ion on the internuncial 
neurons of the spinal cord. As the drug has lit t le effect  on the diaphragm , it  produces m uscle relaxat ion 
without  respiratory paralysis. A state of sedat ion and hypnosis is produced;  however, the degree of 
analgesia is in dispute. Guaifenesin is m ost  often used as part  of induct ion technique in large farm  
anim als. I t  is useful in com binat ion with thiobarbiturate for short  surgical procedures and for intubat ion 
pr ior to the adm inist rat ion of an inhalant  anesthet ic (Lum b and Jones, 1984) . Guaifenesin has been 
added to ketam ine and xylazine to produce effect ive anesthesia in ponies, dogs and pigs with m inim al 
cardiovascular and respiratory depression. This sam e com binat ion has also been used in a cont inuous 
infusion for long term  anesthesia in cats (Brown, McCarthy and Bennet t , 1991) . 

2 . Neurom uscular Blocking Agents 

Succinylcholine (a depolar izing agent ) , curare, pancuronium , gallam ine, atacurium  and vecuronium  (non-
depolar izing agents)  are neurom uscular blocking agents which act  peripherally at  the neurom uscular 
junct ions. Ant icholinesterases such as neost igm ine, pyr idost igm ine and edrophonium  are antagonist ic to 
the non-depolar izing agents, but  ineffect ive against  the depolar izing agents (Lum b and Jones, 1984) . 
Neurom uscular blocking agents are used as adjuncts to general anesthet ics where profound m uscle 
relaxat ion is desired. 



These agents produce m otor paralysis only. There is no sedat ion or analgesia. Their  use on 
conscious anim als is prohibited ( see also Ethics of Anim al I nvest igat ion ) . 

The use of neurom uscular blocking agents abolishes som e of the signs used to judge the depth of 
anesthesia. Autonom ic funct ions rem ain intact  with the newer agents (atacurium , vercuronium ) ;  
therefore, increases in heart  rate and arter ial blood pressure m ay indicate the percept ion of pain. Anim als 
m ust  be art ificially vent ilated as the respiratory m uscles are paralyzed. Should neurom uscular blocking 
agents be a com ponent  of an anesthet ic protocol, it  is ext rem ely im portant  that  proper equipm ent  and 
personnel with experience in the use of these agents be available.  
  

E. LOCAL AND REGI ONAL ANESTHETI CS 

Local anesthet ics such as lidocaine, procaine, bupivacaine and tet racaine m ay be used to block the nerve 
supply to a lim ited area for the perform ance of m inor or rapid procedures. Local anesthesia is also 
frequent ly used as an adjunct  to various sedat ive and hypnot ic agents in m ore prolonged and invasive 
procedures, such as caesarian sect ion. Local anesthet ic agents m ay be used for the regional infilt rat ion of 
a surgical site, field blocking, nerve blocks, and for epidural and spinal anesthesia (Green, 1982;  Elm ore, 
1981;  Kero, Thom asson and Soppi, 1981;  Gray and McDonell,  1986) . Veterinary assistance should be 
sought  in the init ial use of the last  three procedures (Lum b and Jones, 1984;  Gray and McDonell,  1986) . 
A com binat ion of lignocaine/ pr ilocaine has also been used topically for pain- free venipuncture in som e 
laboratory anim als (Flecknell,  Liles and William son, 1990) .  
  

F. ANI MAL HYPNOSI S ( Tonic I m m obility)  

A state of hypnosis or tonic im m obilit y can be readily induced in a variety of anim als including rabbits, 
birds, sm all rodents and rept iles (Prest rude and Crawford, 1970;  Dannem an, White, Marshall et  al.  1988) . 
I t  is character ized by a lack of spontaneous m ovem ent  or overt  response to external st im uli for up to 
several m inutes, and is usually exhibited under st ressful or fearful condit ions. There is evidence that  
anim als rem ain aware of external events and hypnosis can be interrupted by m ild tact ile or auditory 
st im uli.  I t  is usually induced by placing the anim al on its back and gent ly extending the neck and hind 
legs to place t ract ion on the spine. Recent  work indicates that  som e degree of analgesia is produced with 
hypnosis;  however, individual anim al suscept ibilit y to hypnosis varies great ly and in consequence 
hypnosis cannot  be recom m ended as a suitable a lternat ive to appropriate analgesics w hen 
painful procedures are to be perform ed (Dannem an, White, Marshall et  al.  1988) .  
  

G. SPECI ES CONSI DERATI ONS 

a)  Canine  

General anesthesia:  sedat ion, followed by int ravenous induct ion with an ult rashort -act ing barbiturate, 
intubat ion and m aintenance with an inhalant  anesthet ic. Alternat ively, interm ediate or long-act ing 
barbiturates m ay be used but  are poor analgesics and can result  in profound respiratory and 
cardiovascular depression (Flecknell,  1987;  Green, 1982) . Minor surgical procedures can be carr ied out  
using neuroleptoanalgesics, xylazine com binat ions and diazepam  com binat ions (Green, 1982) . 

b)  Feline  

General anesthesia:  sedat ion, induct ion using an injectable agent , intubat ion and m aintenance with an 
inhalant  anesthet ic (Green, 1982) . The larynx should be sprayed with a local anesthet ic such as 2%  
lidocaine (without  epinephrine)  pr ior to intubat ion (Flecknell,  1987) . Mask induct ion with an inhalant  
anesthet ic is also well tolerated if the cat  is sedated previously and handled expert ly. Ketam ine and 



ketam ine com binat ions have proven very useful for rest raint  and m inor surgical procedures (Flecknell,  
1987;  I ngwersen, Allen, Dyson et  al.  1988) . Saffan or xylazine also produce sedat ion and anesthesia for 
m inor surgical procedures (Flecknell,  1987;  Green, 1982) . 

c)  Ferrets 

Adm inist rat ion of int ravenous drugs can be difficult  in the awake ferret ;  therefore, alternate routes are 
usually used. I nt ram uscular ketam ine and ketam ine com binat ions are useful (Muir and Hubbell,  1989;  
Moreland and Glaser, 1985) , as are fentanyl/  droperidol and int ravenous Saffan (Flecknell,  1987;  Green, 
1982) . For induct ion with inhalat ion anesthet ics, a special induct ion cham ber is usually used, with 
m aintenance by m ask or intubat ion (Poole, 1987;  Moody, Bowm an and Lang, 1985) . 

d)  Rabbits 

Neuroleptanalgesics and ketam ine com binat ions with xylazine, aceprom azine or azaperone have been 
used successfully (Muir and Hubbell,  1989;  Olson, 1986a;  Flecknell,  1987;  Lipm an, Marini and Erdm an, 
1990) . Ketam ine alone does not  produce adequate anesthesia or analgesia (Lum b and Jones, 1984;  
Flecknell,  1987) . The degree of analgesia produced by Saffan is generally low. At  the higher dose rates 
needed to produce m edium  or deep surgical anesthesia, there m ay be sudden apnea followed by cardiac 
arrest  (Flecknell,  1987) . A technique of cont inuous int ravenous infusion of ketam ine and xylazine has 
been reported to m aintain a light  anesthet ic plane for up to 4 hours, although hypoxem ia and 
hypotension are m arked (Wyat t , Scot t  and Richardson, 1989) . I nhalant  anesthet ics and m ask induct ion 
are readily tolerated (Peeters, Gil,  Teske et  al.  1988) . Endot racheal intubat ion in the rabbit  is relat ively 
difficult  for anatom ical reasons. Barbiturates alone are not  recom m ended in rabbits, as the dose required 
to produce surgical anesthesia is very close to the lethal dose. Respiratory arrest  frequent ly occurs before 
the onset  of surgical anesthesia. They m ay be used, if com bined with a sedat ive or t ranquillizer (Olson, 
1986a;  Peeters, Gil,  Teske et  al.  1988) . I f at ropine is used it  m ust  be at  high dose levels to counteract  
the presence of serum  at ropinase (Muir and Hubbell,  1989) . 

e)  Sm all laboratory rodents ( rats, m ice, guinea pigs, gerbils, ham sters and w ild rodents)  

Withholding food and water is unnecessary pr ior to anesthesia, since vom it ing norm ally does not  occur 
(Flecknell,  1987) . Anesthet ic agents used include barbiturates, ketam ine, ketam ine com binat ions (Muir 
and Hubbell,  1989;  Flecknell,  1987;  Wixson, 1987a, 1987b) , neuroleptoanalgesics (Muir and Hubbell,  
1989;  Green, 1982;  Parkes, 1987;  Olson, 1986a) , t iletam ine/ zolazepam  (Muir and Hubbell,  1989)  and 
Saffan (Green, 1982) . Ketam ine alone produces severe respiratory depression at  doses high enough for 
surgical anesthesia in sm all rodents (Flecknell,  1987) . I nt ram uscular ketam ine/ xylazine causes m uscle 
necrosis in Syrian ham sters and is not  recom m ended in that  species (Gaertner, Boschert  and Schoeb, 
1987) . The sam e problem  has been noted with fentanyl/ droperidol in guinea pigs (Holm es, 1984) . 
Ketam ine com binat ions and pentobarbital are poor anesthet ics in the gerbil,  but  fentanyl/ m etom idate 
(Flecknell,  John, Mitchell et  al.  1983)  and t iletam ine/ zolazepam  have proven effect ive (Hrapkiewicz, Stein 
and Sm iler, 1989) . Barbiturates are st ill in com m on use, but  are very poor analgesics, and often cause 
high m ortality, especially when given int raperitoneally or when full- st rength com m ercial solut ions are 
used int ravenously (dilut ion is recom m ended) . When com bined with a sedat ive, t ranquillizer or an opioid, 
adequate anesthesia results (Olson, 1986a) . 

I nduct ion of anesthesia with an inhalat ional agent  is best  accom plished with an induct ion cham ber. 
Anesthesia m ay be m aintained with a face m ask. Endot racheal intubat ion is difficult  in sm all rodents and 
requires purpose-m ade laryngoscopes (Flecknell,  1987) . 

The safe adm inist rat ion of general anesthesia to the guinea pig is notor iously difficult ,  since they often 
m aintain their  pedal reflex and m ake squirm ing m ovem ents even when deeply anesthet ized (Holm es, 
1984) . Their response to m any injectable anesthet ics is very variable. Post -anesthet ic com plicat ions such 
as respiratory infect ions, digest ive disturbances, and generalized depression, are seen (Flecknell,  1987) . 
Spinal anesthesia offers a useful alternat ive (Green, 1982) . 



Very br ief procedures (e.g., orbital blood sam pling)  m ay be perform ed on rodents by using a 50: 50 
m ixture of carbon dioxide and oxygen, if the anim al is rem oved from  the gas cham ber as soon as the 
pedal reflex has disappeared (Green, 1982;  Fenwick and Blackshaw, 1989) . 

Hypotherm ia m ay be used to anesthet ize neonatal m ice and rats (1-2 days old) . The pup is placed in an 
ice water slush for 20-30 m inutes (Green, 1982) . 

f)  Non- hum an Prim ates 

Ketam ine and its com binat ions are m ost  often used for rest raint , part icular ly where rapid recovery is 
desired. Neuroleptanalgesics have also been used, and Saffan is useful for sm all species such as 
m arm osets. The NHP can be intubated and inhalat ion anesthesia adm inistered using techniques sim ilar to 
those used for the hum an (Flecknell,  1987;  Sainsbury, Eaton and Cooper, 1989) . 

g)  Horses 

Both induct ion and recovery from  anesthesia m ay be associated with excitem ent . Due to their  size and 
st rength, special facilit ies are required for induct ion and recovery in horses. Veterinary consultat ion 
should be sought . Xylazine and aceprom azine are m ost  com m only used as pre-anesthet ics, followed by 
an induct ion agent  ( thiam ylal sodium , guaifenesin, etc.)  and inhalat ion anesthesia (Muir and Hubbell,  
1989;  Green, 1982) . 

h)  Rum inants 

Many surgical procedures can be perform ed under local or regional anesthesia (Muir and Hubbell,  1989;  
Green, 1982;  Gray and McDonell,  1986) . The greatest  problem s with sedat ion and general anesthesia are 
regurgitat ion, hypovent ilat ion and bloat . The use of at ropine in rum inants is cont roversial, as it  induces 
bloat  and increases the viscosity of the saliva, while not  decreasing the quant ity. Xylazine is given at  one-
tenth the dose of horses, and usually results in recum bency. I t  is probably best  to adm inister xylazine by 
slow int ravenous inject ion in sheep and goats as results produced by int ram uscular adm inist rat ion are 
unpredictable. I t  should be noted that  som e goats appear part icular ly sensit ive to xylazine (Hall and 
Clarke, 1991) . Bloat  is often a problem  following xylazine adm inist rat ion, and abort ion can be induced in 
the last  t r im ester (Muir and Hubbell,  1989) . Xylazine/ ketam ine with or without  guaifenesin can be 
com bined for shorter surgical procedures (Coulson, Januszkiewicz, Dodd et  al.  1989) . Other 
recom m ended injectables for sheep are Saffan and ketam ine/ diazepam  (Flecknell,  1987) . 

Although thiopental is useful for induct ion, pentobarbital is not  recom m ended, especially in goats, due to 
respiratory depression. Anim als less than three m onths old m etabolize barbiturates very poorly (Muir and 
Hubbell,  1989) . 

Mask induct ion with an inhalant  anesthet ic such as halothane or isoflurane is part icular ly useful with the 
sm aller species. Sheep should always be intubated to prevent  aspirat ion if regurgitat ion occurs. 
I ntubat ion is accom plished with the use of a laryngoscope in sm all rum inants and by direct  palpat ion of 
the larynx in large ones. A lidocaine spray should be used on sheep vocal cords pr ior to intubat ion to 
prevent  laryngospasm  (Flecknell,  1987) . 

i)  Sw ine  

Pigs should be fasted 12 hours before surgery to prevent  vom it ing;  however, water can be offered unt il 
the pre-anesthet ic is given (Muir and Hubbell,  1989) . As respiratory depression is a frequent  sequela to 
general anesthet ics in pigs, reversible drugs such as xylazine or opioids are recom m ended (Green, 1982;  
Muir and Hubbell,  1989) . Epidural anesthesia is also com m only used (Muir and Hubbell,  1989) . Ketam ine 



in com binat ion with xylazine, diazepam , aceprom azine or fentanyl/ droperidol have produced good results 
as general anesthet ics (Muir and Hubbell,  1989;  Green, 1982;  Swindle, 1985) , as have other injectable 
anesthet ic such as Saffan (Flecknell,  1987)  and t iletam ine/ zolazepam  (Muir and Hubbell,  1989;  Bauck, 
1984;  Cantor, Brunson and Reibold, 1981) . Barbiturates are generally used only in com binat ion with a 
sedat ive (Muir and Hubbell,  1989) . Azaperone produces sedat ion, but  has no analgesic effect  (Flecknell,  
1987) . 

I nhalat ion agents are well tolerated and m ask induct ion can be carr ied out  on sm all pigs with ease 
(Becker, 1986) . I ntubat ion of the t rachea is difficult  for anatom ical reasons (Lum b and Jones, 1984;  
Flecknell,1987;  Green, 1982) , and a lidocaine spray on the vocal cords is used to prevent  laryngospasm  
(Green, 1982) . 

Malignant  hypertherm ia has been observed in response to inhalat ion anesthet ics (especially halothane) , 
depolar izing m uscle relaxants and st ress in swine. A predisposit ion to hypotherm ia is probably inherited 
(Basrur, Bouvet  and McDonell,  1988) , and is com m onest  in the Landrace and Poland China breeds. 
Dant rolene is effect ive therapy for m alignant  hypertherm ia (Muir and Hubbell,  1989) . 

j )  Avian  

Hypotherm ia is a frequent  problem  in general anesthesia, especially for sm all birds. Sm all birds are also 
prone to handling shock, and sm all fr iable vessels m ake int ravenous inject ion difficult  (Green, 1982) . 
Ketam ine is an effect ive pre-anesthet ic, and ketam ine/ xylazine (Muir and Hubbell,  1989)  or ketam ine/
diazepam  (Fowler, 1986)  are two of the safest  injectable anesthet ics. Tiletam ine/ zolazepam  is an 
alternat ive to ketam ine/ xylazine (Muir and Hubbell,  1989;  Green, 1982) . Diazepam  com bined with 
chloropent  (chloral hydrate, sodium  pentobarbital, m agnesium  sulfate)  provides surgical anesthesia for 
60-90 m inutes in the dom est ic fowl (Christensen, Fosse, Halverson et  al.  1987) . Saffan has been used in 
a variety of avian species (Lum b and Jones, 1984) . However, it  should only be adm inistered 
int ravenously, and even then used with great  caut ion due to associated cardiac arrhythm ias (Green, 
1982;  Short , 1987) . 

I nhalant  anesthesia with m ask induct ion can be used fair ly safely and effect ively;  however, because of 
the efficiency of the avian respiratory system , changes in anesthet ic depth tend to occur very rapidly, 
especially in sm all birds (Muir and Hubbell,  1989;  Lum b and Jones, 1984;  Green, 1982) . Resuscitat ion is 
com plicated due to accum ulat ion in the air  sacs (Fowler, 1986;  Ludders, Mitchell and Schaefer, 1988) . 
I nhalants cannot  be used for thoracic procedures because the gas leaks through the opened air  sacs 
(Christensen, Fosse, Halverson et  al.  1987) , and posit ive pressure vent ilat ion is necessary for abdom inal 
procedures due to an incom plete diaphragm . Rest raint  m ust  allow free m ovem ent  of the sternum  for 
respirat ion. I soflurane is the safest  inhalat ion anesthet ic, followed by halothane (Muir and Hubbell,  1989) . 

k)  Cold Blooded Anim als 

Agents com m only used include t iletam ine/ zolazepam , ketam ine, Saffan, t r icaine m ethanesulfonate (MS-
222)  and inhalant  anesthet ics. Dosage varies widely between species. Absorpt ion and excret ion of 
injectable anesthet ics are direct ly related to environm ental tem perature. 

Fish should be fasted 24-48 hours to prevent  vom it ing (Green, 1982) . They are com m only anesthet ized 
by im m ersion or use of a recirculat ion system  that  passes an anesthet ic solut ion over the gills. Tr icaine 
m ethanesulfonate (MS-222)  (Brown, 1987) , and benzocaine (Green, 1982)  are recom m ended, although 
num erous other anesthet ics including carbon dioxide, ether, chloral hydrate, halothane and Saffan have 
also been used (Muir and Hubbell,  1989;  Lum b and Jones, 1984;  Green, 1982) . Benzocaine is as effect ive 
as MS-222, equally safe for personnel and m uch less expensive (Green, 1982) . Exposure of benzocaine to 
direct  sunlight  causes breakdown and releases highly toxic chlor ine (Poole, 1987) . 

Rept iles and am phibians can be effect ively anesthet ized with local anesthet ics, im m ersion in a solut ion 



containing an anesthet ic agent , injectable or inhalat ion anesthet ics (Muir and Hubbell,  1989) . 
Hypotherm ia should only be used for rest raint  in non-painful procedures, as it  is not  known whether or 
not  analgesia is induced. Secondary t issue dam age also results from  the pract ice. Hypotherm ia is not  a 
suitable anesthet ic for m ajor surgery (Muir and Hubbell,  1989) . Am phibians can be anesthet ized by 
im m ersion in MS-222, which provides excellent  m uscle relaxat ion and analgesia (Muir and Hubbell,  1989;  
Green, 1982) . Preferred injectable anesthet ics for rept iles include ketam ine and t iletam ine/ zolazepam , 
although Saffan and etorphine have also been used successfully (Muir and Hubbell,  1989;  Fowler, 1986) . 

I nhalat ion anesthesia is induced by soaking a cot ton ball with a volat ile anesthet ic and placing it  with the 
anim al in a box or bag, or using an induct ion cham ber or face m ask (Muir and Hubbell,  1989) . Halothane, 
isoflurane and m ethoxyflurane are preferred to ether (Muir and Hubbell,  1989) . Rept iles are relat ively 
easy to intubate, as the larynx is readily visualized. Their slow respiratory rates and abilit y to breath-hold 
const itute com plicat ing factors (Muir and Hubbell,  1989) . I nhalants are not  recom m ended for turt les 
(Green, 1982) . 

Johnson (1992)  warns that  in adm inister ing anesthet ics to am phibians and rept iles, one m ust  consider 
the st ructure of the rept ilian respiratory system . Respiratory m ovem ents are different  in snakes, which 
have one lung, crocodiles which have diaphragm s, and lizards which have pleuroperitoneal cavit ies. He 
suggests that , because their  respiratory m ovem ents m ay be weak, if a volat ile anesthet ic is used, one 
m ay have to assist  respirat ion because they have a poor way of expelling air . Johnson also notes that , if 
anesthesia is to be done for a long period of t im e, am phibians m ust  be kept  m oist ;  as they are all 
poikilotherm s, keeping them  at  their  preferred opt im um  tem perature zone will have an effect  on the 
absorpt ion and excret ion of the anesthet ic. 

l)  I nvertebrates 

Volk (1986)  discusses m ethods of evaluat ing anesthet ic depth in various invertebrates and includes a 
com plete list  of anesthet ics.  
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XI I . EUTHANASI A

 
A. I NTRODUCTI ON  

The term  "euthanasia,"  is derived from  the Greek term s "eu" for "good" and " thanatos" for "death" or an 
easy death (Bennet t , Brown, Schofield et  al.  1990) . However, the term  "euthanize" will be used in this 
Chapter, rather than the m ore accurate "euthanat ize."  Whichever term  is used, the m ethod m ust  be 
"hum ane":  that  is, it  m ust  be painless, m ust  m inim ize fear and anxiety, be reliable, reproducible, 
irreversible, sim ple, safe and rapid. I f possible, it  should also be esthet ically acceptable for the person 
carrying out  the procedure, as well as for any observer. 

I n the 1950s, the term  "euthanasia"  was rarely heard;  euphem ism s included "sacrifice,"  "dest roy,"  "put  
down,"  or "put  to sleep" (Zweighaft , 1990) . However, rarely were these term s prefixed with the word 
"hum ane";  nor was it  considered necessary. Hum ane Slaughter Acts were not  prom ulgated and applied 
unt il the late 1950s and early 1960s in Canada or the USA. Even with the advent  of legislat ion in this 
regard, m any of the m eat -producing species, e.g., fowl, were not  included under the Regulat ions. 

I n the use of anim als in research, teaching, and test ing it  is essent ial that  the scient ific com m unity take 
on the m ant le of responsibilit y for applying scient ific judgem ent  and new knowledge to ensure that , when 
the life of an anim al is taken, it  is assured of a "good death."  Even with non-consum pt ive or non- invasive 
studies using anim als, there are occasions when it  is necessary to euthanize the anim al (e.g., return of a 
wild anim al to a host ile habitat )  (see also Categories of I nvasiveness found elsewhere in this Guide) . 

I n the first  edit ion of this volum e of the Guide,  the Chapter on euthanasia states:  "The m ost  im portant  
cr iter ion of acceptance of a euthanasia m ethod as hum ane is that  it  have an init ial depressive act ion on 
the Cent ral Nervous System  (CNS)  to ensure im m ediate insensit iv ity to pain."  Although the pr inciple of 
this cr iter ion rem ains sound, to the or iginal wording should be added " to produce rapid unconsciousness 
and thus assurance of insensit iv ity to pain;  this m ust  be followed by cardiac and respiratory arrest ."  

I t  is im portant  that  Russell and Burch's (1959)  "Three R" pr inciple noted elsewhere in this Guide,  be 
equally applied to m ethods of euthanasia. Refinem ent  of procedures is an often-neglected area and one 
which should be addressed in order to ensure that  the cr iter ia for a hum ane death are in place. 

The applicat ion of these euthanasia guidelines requires the use of professional judgem ent , technical 
com petence, coupled with an understanding of the anim al, it s behaviour and its physiology, as well as an 
understanding of the environm ental and ecological im pact , the sensit iv it ies of other personnel and the 
concerns of the general public.  
  

B. CRI TERI A FOR A HUMANE DEATH  

The person applying the m ethod of euthanasia is a m ost  im portant  factor in ensuring that  an anim al's 
death is hum ane. Regardless of whether the procedure is applied to an individual anim al or to a group, it  
m ust  always at tem pt  to m eet  the following cr iter ia:  

a)  death without  signs of panic, pain or dist ress;  

b)  m inim um  t im e to loss of consciousness, i.e., shortest  lag t im e;  

c)  reliabilit y and reproducibilit y;  



d)  safety for personnel involved;  

e)  m inim al undesirable physiological and psychological effects on the anim al;  

f)  com pat ibilit y with the requirem ent  and the purpose of the scient ific study;  

g)  m inim al or no em ot ional effects on the observer and the operator;  

h)  m inim al environm ental or ecological im pact ;  

i)  sim ple, inexpensive m echanical equipm ent  which is relat ively m aintenance free;  and;  

j )  a locat ion rem ote and separate from  the anim al room s. 

I t  is often difficult  to recognize evidence of st ress when anim als are euthanized in the presence of other 
anim als. Recent  inform at ion on pherom ones provides evidence that  anim als can com m unicate with one 
another through various types of signals. I n certain experim ents with rats, st ress induced by 
experim ental t reatm ent  m ay give r ise to the product ion of signals that  affect  non- t reated anim als housed 
nearby (Duncan and Petherick, 1991;  Beynen, 1992;  Short  and Van Poznak, 1992) .  
  

C. PAI N AND STRESS 

The cont rol of anim al pain is discussed elsewhere in this Guide ( see Cont rol of Anim al Pain in Research, 
Teaching and Test ing)  and should be reviewed by those conduct ing euthanasia procedures. The literature 
is growing regarding anim al pain (Dawkins, 1980, 1990;  Bateson, 1991;  Flecknell,  1984;  Wall, 1992;  
Fosse, 1991;  Rowsell,  1992) . I t  is sufficient  to note that , over the past  25 years, there has been a 
revolut ion in our understanding of pain m echanism s which was generated by experim ental work on 
anim als. We cannot  get  inside the head of the anim al;  thus, an im portant  part  of assessing anim al pain is 
em pathy coupled with the ethical concerns. 

Briefly, it  is believed that , for pain to be experienced, the cerebral cortex and sub-cort ical st ructures m ust  
be funct ional. I f the cerebral cortex or sub-cort ical st ructures are rendered non- funct ional by any m ethod, 
such as hypoxia, pharm acological depression, elect r ic shock or concussion, then the feeling of pain is 
inhibited. Unfortunately, we have no cr it ical m eans of determ ining the adequacy of anesthesia and the 
assessm ent  of its depth in anim als, whereas a range of different  m easures have been used for 
determ ining the adequacy of anesthesia in hum ans (Whelan and Flecknell,  1992) . The crude cr iter ia 
available to judge unconsciousness in an anim al include, for exam ple, the absence of a blinking reflex, 
toe pinch reflex and tail reflex. Rarely is an elect roencephalogram  (EEG)  available showing com plete 
flat tening of the EEG as an indicat ion of brain death. This is the cr iter ion adopted by the Am erican 
Academ y of Neurology as acceptable for establishing brain death in young children after other clinical 
cr iter ia, such as deep com a, failure to breathe spontaneously, and the absence of reflexes occur (Anon., 
1987) . 

I n assessing death, it  is im portant  to observe that  heart  act ion has stopped, thus ensuring a cessat ion of 
blood delivered to the brain, as well as the cessat ion of respirat ion. No anim al should be considered dead 
unt il reflex m ovem ent  as well as cardiac and respiratory m ovem ents, have ceased. 

I f an anim al has been given a curare- like preparat ion, the absence of reflexes should not  be used to 
indicate unconsciousness and thus insensit iv ity to pain.  
  



D. MECHANI SMS FOR CAUSI NG DEATH  

Death can ensue when the brain is affected by hypoxia, direct  or indirect , when there is direct  depression 
of neurons essent ial for liv ing physiological funct ions, or there is physical disrupt ion of brain act ivity to 
produce unconsciousness. 

a)  I n hypoxia ,  death m ust  be considered painless and free of st ress only when unconsciousness 
precedes the loss of m uscle act ivity (paralysis) . Paralyzing agents ( e.g., curariform  agents such as 
curare, succinylcholine, gallam ine, nicot ine sulphate, m agnesium  or potassium  salts and other 
neurom uscular blocking agents)  m ust  never be used alone for  k illing anim als (Rowsell,  1990) . 
Following unconsciousness due to brain hypoxia, som e anim als exhibit  a degree of reflex m otor act ivity. 

b)  Direct  depression of neurons:  the depression of neurons of the brain which produces 
unconsciousness and then death, is som et im es associated with vocalizat ion and m uscle act ivity. Death is 
produced by hypoxem ia, direct  depression of the respiratory cent res in the CNS, or cardiac arrest . 

c)  Physical disrupt ion of brain act ivity produces im m ediate unconsciousness; how ever, there 
m ay be m arked physical m uscular act ivity due to the depolarizat ion of the nerve cells. W hile 
the m ovem ent  is esthet ically unpleasant , it  is not  a  m anifestat ion of pain or dist ress: the 
anim al feels nothing.  
  

E. METHODS USED FOR EUTHANASI A 

1 . Physical 

Physical m ethods of euthanasia include stunning, cervical dislocat ion, elect rocut ion, pithing, decapitat ion, 
shoot ing, m acerat ion, m icrowave radiat ion, and exsanguinat ion. 

I n the laboratory, physical m ethods are norm ally rest r icted to those anim als which are easily handled, 
such as sm all rodents, poult ry, large dom est ic anim als, and som e am phibians and rept iles. I f the 
research protocol requires a physical m ethod of euthanasia because other m ethods could invalidate the 
scient ific study, the use of such m ethods m ust  be just ified by the scient ist  and approved by the Anim al 
Care Com m it tee (ACC) . Prior sedat ion or t ranquillizat ion should take place whenever possible. 

Decisions to use physical m ethods for euthanasia m ust  be based on professional judgem ent  and be 
undertaken only by experienced individuals. Acquir ing (or re-acquir ing)  the skills to use physical m ethods 
of euthanasia m ay be accom plished by pract ising the techniques on dead anim als, preferably those 
recent ly killed, and be subject  to close scrut iny by those experienced in the m ethodology. 

a)  Stunning is som et im es used with sm all laboratory rodents. The blow m ust  be delivered to the cent ral 
skull bones with sufficient  force to produce m assive cerebral hem orrhage and thus im m ediate depression 
of the CNS, producing rapid unconsciousness. This technique should not  be undertaken in the presence of 
casual observers or the uninform ed, for it  is esthet ically unpleasant . However, when properly applied, the 
anim al is im m ediately rendered unconscious and thus insensit ive to pain. Subsequent  to stunning, the 
anim al's m ajor blood vessels should be cut , and the chest  and the heart  opened. 

b)  Cervical dislocat ion is suitable for poult ry, m ice, im m ature rats or rabbits, or sim ilar sm all species. 
The technique consists of separat ion of the skull and the brain from  the spinal cord by pressure applied 
poster ior to the base of the skull (Clifford, 1984) . When the separat ion of the cord occurs, CNS 
st im ulat ion of respirat ion and heart  beat  is interrupted, leading to death. The supply of blood to the brain 
cont inues to nourish it  because the carot id arter ies and jugular veins are intact ;  however, the blood will 
rapidly be depleted of oxygen and there will be an increase in carbon dioxide after respirat ion ceases, 



leading to brain disfunct ion. 

Studies have dem onst rated that  the EEG flat tens and the blinking reflex disappears im m ediately after the 
spinal cord separates, thus indicat ing that  the anim al is not  sensit ive to pain (Allred and Berntson, 1986;  
Rowsell,  1990;  Derr, 1991) . I n addit ion, the severed spinal cord does not  deliver a painful st im uli from  
areas poster ior to the separat ion;  thus, with the separat ion of the spinal cord from  the brain, painful 
st im uli cannot  be perceived. However, significant  m uscular m ovem ents m ay take place. 

The Report  of the AVMA Panel on Euthanasia (AVMA, 1993)  differs from  its 1986 predecessor in that  it  
notes that  data suggest  that  elect r ical act ivity in the brain persists for 13 seconds following cervical 
dislocat ion (Vanderwolf, Buzsaki, Cain et  al.  1988) . I n addit ion to m ice, it  lists as suitable subjects 
im m ature rats weighing less than 200 g, rabbits weighing less than one kg, poult ry and other sm all birds. 
I t  also notes that :  " I n heavier rats and rabbits, the greater m uscle m ass in the cervical region m akes 
m anual cervical dislocat ion physically m ore difficult ;  accordingly, it  should be perform ed only with 
m echanical dislocators or by individuals who have dem onst rated proficiency in euthanat izing heavier 
anim als."  The need for proper t raining is st ressed. 

c)  Decapitat ion with guillot ine is used prim arily to euthanize rodents and sm all rabbits. Used alone, it  
provides a m eans of ensuring that  t issues and body fluids are chem ically uncontam inated as well as 
providing a m eans of obtaining an anatom ically intact  brain and brain t issues for further study. 

After consult ing the literature (Vanderwolf, Buzsaki, Cain et  al.  1988;  Derr, 1991;  Mikeska and Klem m , 
1975) , the Canadian Council on Anim al Care (CCAC)  concurs with the Report  of the AVMA Panel on 

Euthanasia (AVMA, 1993)  that  pre-sedat ion before decapitat ion or cervical dislocat ion is not  necessary. 
However,  the use of cervical dislocat ion and decapitat ion w ith guillot ine as euthanasia m ethods 
m ust  be scient ifically defended by the invest igator and approved by the ACC. Well-designed and 
easily operated guillot ines are available from  com m ercial sources. Guillot ines should not  be used by 
personnel who have not  been properly t rained in the m ethodology and how to properly handle the 
anim al. Decapitat ion as a m eans of euthanizing am phibia and rept iles is not  recom m ended (AVMA, 1986;  
Cooper, Ewbank, Plat t  et  al.  1989) . 

d)  Pithing, which is used to euthanize frogs and turt les by dest roying the brain after the frog has been 
anesthet ized, requires considerable skill.  A sharp, pointed probe is inserted through the skin between the 
skull and the at las. I t  is then pushed forward through the foram en m agna into the cranial cavity, using a 
twist ing m ot ion. The technique should be at tem pted only after acquir ing knowledge of anatom y using 
skeletons, and after a period of t raining including pract ice on dead anim als. This m ethod can cause pain 
and suffer ing if the proper regions of the brain are not  com pletely dest royed. 

e)  Shoot ing by penetrat ing capt ive bolt  pistol has been used prim arily for pre-slaughter stunning of 
food anim als. To a lesser extent , it  is used in em ergency situat ions such as roadside injur ies or other 
sim ilar events where no other m ethod, or the expert ise necessary to apply it ,  is available. 

Capt ive bolt  pistols are also used in em ergency situat ions in slaughter of horses. However, because of 
their  behavioural/ physical response of rearing on their  hind legs and falling backwards, unless proper 
rest raints are applied, there is a danger to the operator. I t  is essent ial that  the capt ive bolt  pistol be 
withdrawn from  the anim al's head instantaneously. An extension handle is at tached to the pistol to allow 
the operator to put  one or both hands in front  of the horse's eyes, thus reducing head tossing. This 
specially designed capt ive bolt  pistol for killing horses requires knowledge of the placem ent  needed in 
order to penet rate the deep st ructures of the brain (Wat ts, 1976) . 

Britains' Royal SPCA, following the use of the capt ive bolt  pistol in the abat toir , developed a sm aller, hand-
held m odel for em ergency euthanasia of injured dogs and cats which was used by som e SPCAs and 
hum ane societ ies (UFAW, 1968) . I n Canada, however, it  was considered esthet ically repugnant  by the 
general public and therefore its use was lim ited to those occasions when the injured anim al could be 
rem oved from  public view (UFAW, 1988) . 



More recent ly, a capt ive bolt  pistol was developed for killing rabbits and goats (Accles and Shelvoke Ltd., 
Aston, Birm ingham , Eng. B64QD) . With this device, the clinical evidence, including the loss of corneal 
reflex and organized EEG act ivity, suggested that  loss of consciousness and cerebral death occurred 
alm ost  im m ediately (Dennis, Dong, Weisbrod et  al.  1988) . 

Only com m ercially produced penet rat ing or capt ive bolt  pistols should be used. Proper ut ilizat ion is 
essent ial. Considerable technical com petence and precise knowledge of the anim al's anatom y are 
necessary;  therefore, this m ethod should be used only by an experienced operator. Exsanguinat ion m ust  
follow unconsciousness. 

f)  Percussion stunning is carr ied out  by m eans of a non-penet rat ing form  of capt ive bolt  stunning 
device with m ushroom -shaped t ip. The effects on brain funct ion will depend on the speed of the bolt  on 
im pact , it s proper posit ioning, and the thickness of the cranial bone. Unfortunately, the m inim um  speeds 
necessary for effect ive percussions have not  yet  been determ ined. The value of this m ethod is that  it  can 
be used to replace som e r itual slaughtering m ethods. Percussion stunning has been used as an 
alternat ive m ethod to the penet rat ing capt ive bolt  by som e Canadian abat toirs. Unfortunately, the 
inst rum ents are m ore subject  to breakdown and m alfunct ioning than the standard penet rat ing capt ive 
bolt . More recent ly, a percussion- type inst rum ent  has been developed for use in anim al cont rol, 
part icular ly for dogs. I ts feasibilit y and its hum aneness as a technique need to be established in the field 
operat ions. 

Capt ive bolt  pistols, including percussion stunning devices, require perm its for their  possession in 
Canada. 

g)  Shoot ing is an effect ive m eans of hum anely dest roying anim als in the field.  Only experts should 

carry out  this procedure . The subject  m ust  be shot  at  close range and the bullet  m ust  st r ike the brain 
so as to render the anim al im m ediately insensit ive to pain;  12-bore or 20-bore shotguns, or 22-calibre 
r ifles or revolvers m ay be em ployed, depending upon the species and size of the anim al to be killed. 
Whether or not  pr ior sedat ion should be used is debatable (Ebedes, 1988) . The use of shoot ing by 
firearm s in a laboratory set t ing is prohibited. I n such set t ings, there are always other available m ethods 
of euthanasia and individuals with appropriate expert ise. 

There are advantages of shoot ing as a euthanasia m ethod in the field, for unconsciousness is 
instantaneous if the bullet  dest roys a significant  port ion of the brain involving part icular ly the vital 
cent res. I n the field, this m ay be the only possible m ethod to render the anim al im m ediately unconscious 
and to produce death. The need for expert ise of the m arksm an cannot  be overem phasized. For use in 
em ergency situat ions, Guidelines for Euthanasia of Dom est ic Anim als by Firearm s have been prepared by 
the Anim al Welfare Com m it tee of the Canadian Veterinary Medical Associat ion (CVMA)  (Longair, Finley, 
Laniel et  al.  1991) . 

h)  Elect rocut ion, used m ainly to kill dom est ic anim als (Eikelenboom , 1983)  is rarely used in the 
laboratory set t ing. I f elect r ic shock is used, it  m ust  be delivered in two phases:  the first  elect r ic shock 
passes through the brain, stunning the anim al;  the second, delivered a fract ion of a second later, 
produces a fibr illat ion of the heart , killing the anim al. Violent  extension of the ext rem it ies, part  of the 
seizure induced by elect rocut ion, is esthet ically unpleasant . 

i)  Microw ave radiat ion is a relat ively new technique em ployed m ainly by neuroscient ists who wish to 
m aintain the anatom ic, enzym at ic and physiological chem ical com posit ion of the anim al's brain in an 
unaltered state (Stavinoha, 1983;  I karashi, Maruyam a and Stavinoha, 1984) . Microwave radiat ion m ust  
be delivered specifically to the brain;  therefore, standard household m icrowave ovens m ust  not  be used 

(Stavinoha, Frazer and Modak, 1977) ;  only inst rum ents w hich have been designed specifically for  
this purpose and have the appropriate pow er and m icrow ave dist r ibut ion m ay be ut ilized. 

j )  High alt itude decom pression is considered unacceptable by the CCAC. At  one t im e, it  was used by 



som e anim al cont rol agencies and hum ane societ ies for killing unwanted dogs and cats, but  is now not  
recom m ended by them  (White, 1984) . When anim als have upper respiratory problem s or gast rointest inal 
upsets, the gases in these areas, as well as in the sinuses, expand and cannot  be vented, thus producing 
significant  pain and dist ress (White, 1984) . 

k)  Exsanguinat ion ( depriving an anim al of blood)  is only acceptable as a euthanasia procedure if the 

anim al is first  rendered unconscious by physical m eans such as stunning, or pharm acological m eans, e.g., 
inject ion of an anesthet ic (Gregory and Wot ton, 1984) . The use of this m ethod m ust  be scient ifically 
just ified and approved by an ACC, who m ust  have established the technical com petence of the person 
who will conduct  the technique. 

l)  Macerat ion requires the applicat ion of severe rest r ict ions on the size and age of the anim als that  m ay 
be subjected to this process (Ewbank, 1987) . For exam ple, it  is used to kill newborn m ice, and in som e 
poult ry operat ions for killing surplus one-day-old m ale chicks, where it  has been deem ed acceptable by 
Agriculture Canada. Equipm ent  has been specifically designed for this purpose and, although esthet ically 
unpleasant  to consider as well as to observe, the m ethod produces instantaneous unconsciousness and 
death when used properly. 

m )  High pressure w ater jet  has recent ly been proposed for stunning slaughter pigs (Schatzm ann, 
Leuenberger, Fuchs et  al.  1991) . However, its use has not  been reviewed by other experts qualified to 
evaluate hum ane slaughter techniques. 

2 . Non- inhalant  Pharm acologic Agents 

The m ajority of injectable drugs used as anesthet ic agents are acceptable for euthanasia if an adequate 
overdose is given. The preferred route is int ravenous ( I V) , and should be accom panied by adequate 
rest raint , m aking the anim al as com fortable as possible with m inim um  dist ress or anxiety. Pre-sedat ion 
or t ranquillizat ion m ay be necessary for wild, feral or fearful anim als not  accustom ed to rest raint . 

I f the anim al is too sm all to receive int ravenous inject ions, or if anatom ically suitable veins are not  visible 
or apparent , e.g., in sm all rodents and guinea pigs, the int raperitoneal ( I P)  inject ion of a non- irr itat ing 
overdose of a pharm acological agent  is acceptable. 

With m ost  of the available injectable anesthet ic agents, the am ount  to be injected is too large to use the 
int ram uscular, subcutaneous, int rathoracic, int rapulm onary, and int rathecal sites. Adm inist rat ion by a 
route other than int ravenous in m ost  cases results in a delayed onset  of the anesthet ic effect  of the drug. 
Under these circum stances, it  is essent ial that  the anim al be placed in a cage or enclosure to ensure 
prevent ion of injur ies through stum bling and or falling, and in order to m ake the anim al m ore com fortable 
and facilitate onset  of the overdose of anesthet ic. 

a)  Barbitur ic acid derivat ives ( barbiturates)  used as anesthet ics are effect ive in producing 
euthanasia when given as an overdose. The pharm acological act ion of these drugs is to depress the CNS, 
start ing with the cerebral cortex, and progressing through the stages of anesthesia to produce 
unconsciousness. With an overdose, deep anesthesia develops, followed by apnea as the respiratory 
cent re is depressed, followed by cardiac arrest  and death. Som e of the com binat ion barbiturate 
derivat ives have a cardiotoxic effect ;  however, this is of no consequence because the anim al dies before 
such an effect  histologically m anifests itself. 

Barbitur ic acids are cont rolled substances under regulat ion by the Bureau of Dangerous Drugs, Health 
and Welfare Canada. As cont rolled substances, they m ust  be stored in locked cabinets and a writ ten log 
m aintained of date and am ount  used and the purpose of use. Euthanasia agents containing barbitur ic acid 
derivat ives are often coloured to m ake them  clearly ident ifiable. The am ount  used for euthanasia should 
be in accordance with the m anufacturer 's direct ion. The abuse or m isuse, either accidental or deliberate, 
of such substances creates a significant  r isk and associated legal liabilit y. Those possessing such 



com binat ions for euthanasia m ust  provide adequate security. 

b)  T- 6 1  is m anufactured by Hoechst -Roussel Canada Ltd. (4045 Cote Vertu, Mont real, Quebec, H4R 
2E8) . I t  contains a local anesthet ic ( tet racaine Hcl) , a st rong hypnot ic agent  which depresses the CNS 
causing unconsciousness (brain death) , as well as a curariform  drug which has a paralyt ic effect  on the 
respiratory cent re and a relaxing effect  on skeletal m uscles (Rowsell,  1979) . A recent  study dem onst rated 
that  induct ion of m uscle paralysis and unconsciousness occur sim ultaneously (Hellebrekers, Baum ans, 
Bertens et  al.  1990) . These authors concluded that  the m uscular act ivity and vocal response seen in 
som e dogs was not  a conscious response. 

T-61 should be adm inistered int ravenously at  the dose and adm inist rat ion rate directed by the 
m anufacturer. I f inst ruct ions are not  followed, it  is possible for T-61 to produce an excitatory phase and 
vocalizat ion. I t  is not  registered or rest r icted by the Bureau of Dangerous Drugs and m ay be used by non-
m edical, technical personnel. However, it  m ust  be ordered by a veter inarian and be shipped direct ly to 
the veter inary clinic involved (Clarke, 1990) . I ts availabilit y in other count r ies has been affected because 
of cr it icism  levelled pr im arily as a result  of failure to follow the m anufacturer 's direct ion for the dosage 
and the rate of inject ion. Although this is not  a rest r icted drug, the sam e guidelines concerning its 
safekeeping apply as to any of the barbitur ic acid derivat ives and anesthet ics, for its use has been abused 
(Sm ith and Lewis, 1989) . 

c)  Chloral hydrate is a dissociat ive anesthet ic and produces no loss of the corneal or blinking reflex. 
Difficult ies include slow onset  of act ion, rest raint  difficult ies, and the am ount  that  m ust  be adm inistered. 
Death is due to hypoxem ia caused by progressive depression of the respiratory cent re. I t  m ay be 
preceded by gasping, m uscle spasm s, and vocalizat ion, causing difficult ies in com fortably rest raining the 
anim al being euthanized. Therefore,  w hile it  should not  be used for dogs and cats, it  is acceptable 
for int ravenous use in large anim als and is an effect ive euthanasia agent  for poult ry. 

A com binat ion of chloral hydrate, m agnesium  sulphate, and sodium  pentobarbital, adm inistered 
int ravenously to large dom est ic anim als as an overdose, is an acceptable m ethod of euthanasia. 

d)  Ketam ine hydrochloride, also a dissociat ive anesthet ic, cannot  be recom m ended for euthanasia 
because it  is difficult  to assess what  const itutes an overdose. 

e)  Magnesium  sulphate alone is a neurom uscular blocking agent  (Hevner and de Johng, 1973) ;  
however, it  does not  depress the CNS. Adm inist rat ion of m agnesium  sulphate should only be used in 
com binat ion with barbitur ic acid derivat ives and adm inistered only by the I V route. The I P route is not  
acceptable because of the irr itat ing nature of a saturated solut ion. 

3 . I nhalant  Anesthet ics 

An overdose of inhalant  anesthet ics such as ether, halothane, m ethoxyflurane, isoflurane, and enflurane 
fulfils the pr inciple of a hum ane death. Their use, however, poses a r isk to hum an subjects who m ay be 
exposed to their  vapours;  thus, they are considered an occupat ional hazard (see Anesthesia, as well as 
Occupat ional Health and Safety) . Cham bers are available com m ercially to expose anim als to such 
anesthet ic gases in order to either produce anesthesia or, by overexposure, to produce euthanasia. 
Scavenging system s to rem ove excess gases are readily adapted to such enclosures. Addit ionally, 
anesthet ic m asks can be prepared to fit  even sm all rodents. The vapours are inhaled unt il respirat ion 
ceases. The anim al is then checked to ensure that  it  is dead. 

The soaking of gauze with inhalant  anesthet ics and then placing it  in a container with the anim al(s)  to be 
euthanized m ay be used only if there are no other m ethods of delivery of the anesthet ic gases. The fact  
that  inhalant  anesthet ics are liquid m akes it  essent ial that  anim als be exposed to vapours only, as the 
liquid form  is a topical irr itant . The delivery system  should provide sufficient  oxygen with the anesthet ic 
vapour to ensure unconsciousness precedes hypoxia. 



a)  I n the past ,  chloroform  and ether have been com m only used as anesthet ics or, when exposure to 
their  vapours is of sufficient  concent rat ion and durat ion, to produce euthanasia. However,  chloroform  is 
no longer recom m ended because of its carcinogenic, hepatotoxic and nephrotoxic potent ia l. 
Ether is a flam m able and explosive agent ,  and should never be used in the presence of flam e or where 
elect r ical equipm ent  is not  protected and shock resistant . 

b)  N it rous oxide is of value as an agent  for euthanasia only in com binat ion with other volat ile inhalant  
anesthet ics. I t  is a com bust ible agent , but  is non- flam m able and non-explosive. With the except ion of 
ether, m ost  inhalant  anesthet ic agents are expensive and require special anesthet ic delivery m echanism s;  
thus, their  use as euthanasia agents is lim ited to species where venipuncture is found to be too difficult  or 
im possible. Addit ionally, use of inhalant  anesthet ics for euthanasia of large anim als is expensive because 
of the am ounts that  m ust  be used. 

4 . Non- anesthet ic Gases 

Non-anesthet ic gases include carbon m onoxide, carbon dioxide, nit rogen, argon and cyanide. 

a)  Carbon m onoxide, even in low concent rat ions, can harm  other anim als and hum ans exposed to its 
fum es. A colourless, odourless gas, it  is difficult  to detect . Carbon m onoxide obtained from  the exhaust  of 
a gasoline com bust ion engine contains im purit ies and thus can produce irr itat ion and discom fort . 
Therefore, delivery of an irr itant - free carbon m onoxide is m andatory if this is the chosen m ethod. Carbon 
m onoxide is rarely used now to dest roy unwanted dogs and cats by anim al cont rol agencies and hum ane 
societ ies;  however, it  cont inues to be used for som e of the fur-bearing species. I n the laboratory, 

because of the safety problem s associated with its delivery, carbon m onoxide is not  recom m ended as a 

euthanasia agent  (Chalifoux and Dallaire, 1983) . 

b)  N it rogen and argon are inert  gases which are both colourless and odourless, non- flam m able and 
non-explosive. They are considered as having a m inim al im pact  on the environm ent  or the atm osphere. 
Both are used in a closed cham ber through a process called " flushing" in which the passage of these 
gases reduces oxygen levels to a m axim um  of 1.5% . At  such low levels of oxygen, the anim al will 
collapse, and death will be produced by hypoxem ia. However, dogs, cats, and rabbits m ay vocalize at  the 
1.5%  level of oxygen, as well as show increased m uscular act ivity and st ruggling. Nit rogen and argon do 
not  produce a narcosis pr ior to the onset  of hypoxia which in itself will lead to unconsciousness followed 
by death result ing from  paralysis of the respiratory cent re in the anoxic brain. Carbon dioxide, on the 
other hand, can induce a narcosis because of its physiological effect  on the CNS (Herin, Hall and Fitch, 
1978) . 

Quine, Buckingham  and St runin (1988)  found that  use of aceprom azine as a t ranquillizer before placing 
dogs in a nit rogen euthanasia flushing cham ber produced longer survival t im es. However, it  was not  
recorded whether or not  these t reated dogs showed the sam e am ount  of hypervent ilat ion pr ior to or 
following the loss of consciousness;  yelping, gasping, convulsions and m uscular t rem ors usually 
accom pany this process. Chalifoux and Dallaire (1983) , however, concluded that  prem edicat ion with 
t ranquillizers im proved the hum aneness of carbon m onoxide euthanasia. 

c)  Argon gas is m ore dense than air  and thus tends to rem ain in the lower layers;  however, both 
nit rogen and argon have no analgesic or anesthet ic propert ies. 

d)  Carbon dioxide ( CO2 )  is frequent ly used to kill rodents and birds in the laboratory. Although it  is a 

com ponent  of room  air, pure CO2 is heavier than air  and pract ically odourless. I t  concent rates in the 

lower port ion of the euthanasia cham ber, and rats and other burrowing anim als will tend to keep their  
noses in the lower zone containing adequate concent rat ions of the gas. 

I ts use as a euthanasia agent  is dependent  ( for its hum aneness)  on whether or not  it  is in sufficient  



concent rat ion to produce a narcosis. Maintenance at  the correct  level requires som e m anipulat ion to 
physiologically achieve, but  will produce a narcosis and if oxygen levels are not  increased, will lead to 
death. Carbon dioxide also st im ulates the respiratory cent re in the brain and in low concent rat ions of up 
to 10%  of inspired gas is considered a potent  respiratory st im ulant  causing a tenfold increase in the 
vent ilat ion rate and a feeling of profound respiratory dist ress. The st im ulat ion of the respiratory cent re 
produces hypervent ilat ion, thus cr it ically affect ing the onset  of CO2 narcosis. At  approxim ately 40% , the 

CO2 induces anesthesia which is slow in onset  and accom panied by involuntary excitem ent . Eventually, 

there is apnea, a fall in blood pressure, and death (Ontario Minist ry of Agriculture and Food Mem o to 
Pound Operators and Veterinarians in Ontario, August  12, 1987) . Brit t  (1986)  found that  the slow 
induct ion of narcosis is preferable, as using a precharged cham ber, or passing CO2 into the cham ber too 

rapidly, can produce obvious signs of dist ress in the anim als. However, he concluded that  "neither (slow 
nor swift )  m ethod was found to be st ress- free, so no recom m endat ion can be a counsel of excellence."  

McArthur (1976)  reported on a m ethod for deliver ing a carbon dioxide euthanasia of sm all anim als, 
including cats, puppies, m ice, rats, gerbils, guinea pigs and ham sters. I n this study, unconsciousness was 
produced without  dist ress to the anim als, and occurred within a m inute when levels of oxygen were 
m aintained at  31 to 33% , with CO2 ranging from  56 to 63% . Unconsciousness was used to describe 

anim als that  had collapsed and showed com plete relaxat ion. Deep surgical anesthesia was produced by 
leaving the anim als in this environm ent  for a three-m inute exposure period. Once deep surgical 
anesthesia was reached, the oxygen supply was turned off and CO2 filled the cham ber. 

Carbon dioxide m ay be purchased in cylinders or in the solid state, as dry ice. I t  is relat ively inexpensive, 
non- inflam m able, non-explosive and essent ially non-hazardous. I t  presents no danger to operators or 
at tendants when used with properly designed equipm ent  in an adequately vent ilated space. 

The essent ial cr iter ia for producing a CO2 narcosis is to m aintain the oxygen level close to, or slight ly 

below norm al air  levels, and increase the percentage of carbon dioxide in the air . I t  is im portant  to 
understand that  newborn anim als, having existed in an environm ent  with low oxygen levels pr ior to 
partur it ion, require higher levels of carbon dioxide in order to produce a hum ane death. Therefore, 
newborn anim als should not  be rem oved from  cham bers charged with carbon dioxide for approxim ately 
one-half hour after all m ovem ent  has ceased. 

Carbon dioxide does not  accum ulate in t issues;  thus, there is no residue in food-producing anim als. 
Neither does it  appear to cause any distort ion of the cells, which appear norm al under m icroscopic 
exam inat ion. 

Dogs, cats and other larger anim als with an invest igat ive behaviour will often extend their  heads above 
the zone of effect ive CO2 concent rat ions and thus be exposed to levels that  excite rather than depress 

the CNS;  thus, som e will hypervent ilate, st ruggle, stagger, and fall.  The im portant  elem ent  is to m aintain 
an even dist r ibut ion of CO2 in the euthanasia cham ber;  this requires addit ional equipm ent . 

Carbon dioxide has proven to be non-effect ive in killing diving m am m als that  have adapted to a relat ively 
anerobic (oxygen- free)  environm ent ;  100%  CO2 is required to kill m ink. Carbon dioxide is also used for 

pre-slaughter stunning in swine (Gregory, Moss and Leeson, 1987) . 

e)  Potassium  cyanide is a very potent  paralyzing agent  of the respiratory cent re. I t  is one of the m ost  
rapidly act ing poisons. Death appears to be alm ost  instantaneous and irreversible through the product ion 
of rapid anoxia with CNS depression. However, death by exposure to cyanide gas is not  considered 

hum ane because convulsions or seizures occur pr ior to death.  As w ell, because of the ext rem e 
danger associated w ith its use, cyanide is not  recom m ended as a m ethod in the laboratory.  
  



F. SPECI FI C SPECI ES 

I n addit ion to the euthanasia m ethods for com m on laboratory species noted above, the following apply 
to:  

1 . Am phibians, Fishes and Rept iles 

The m ost  com m only used m ethod for euthanizing am phibians, fish, and rept iles is by stunning, using the 
m ethodology previously out lined for vertebrates and terrest r ial m am m als. This can be followed by 
decapitat ion or crushing of the skull.  

Sodium  pentobarbital and barbitur ic acid derivat ives m ay be used int ravenously or int roduced direct ly 
into the abdom inal or pleuroperitoneal cavity of m ost  cold blooded anim als, if their  anatom y perm its. 
Tr icaine m ethanesulfonate (MS-222)  m ay be adm inistered by a variety of routes to induce euthanasia. 
For aquat ic m am m als, as well as am phibians and fish, this m aterial m ay be placed in the water. 
Alternat ively, in the case of large fish, a gill cover is placed over the gills and concent rated MS-222 is 
flushed over the gills. Benzocaine hydrochlor ide is a com pound sim ilar to MS-222 and m ay be used as a 
bath or in a recirculat ion system  for the euthanasia of fish. 

I t  is worth not ing that  m any experts in the study of am phibians and rept iles approve of the use of cold for 
the anesthesia of these anim als. Subsequent  freezing or decapitat ion is not  considered to be painful;  
unfortunately, there is no evidence that  cooling to 4oC will lessen the pain threshold (Cooper, Ewbank, 
Plat t  et  al.  1989) . Cooper (1986)  states that  hypotherm ia would have to be instantaneous if it  were to be 
painless. 

I nhalant  anesthet ic agents, such as halothane, m ethoxyflorane, etc., m ay be used to kill rept iles and 
am phibia either in a cham ber or by a suitably adapted face m ask. Special at tent ion m ust  be paid to 
ensure they are dead following applicat ion of the m ethod. 

Carbon dioxide is not  suitable for all species and concent rat ions m ust  be m aintained at  a high level. Many 
sem i-aquat ic and terrest r ial m am m als, as well as rept iles and am phibia, are accustom ed to liv ing without  
oxygen and have a tolerance for hypoxia;  thus, they have exaggerated anaerobic capabilit ies 
(Hochachka, 1980)  (see also Chapter 22, Wild Vertebrates in the Field and in Laboratory in Vol. 2 of this 
Guide [ CCAC, 1984] ) . 

Decapitat ion as a m eans of killing am phibians and rept iles is unacceptable because of the differences in 
their  physiology (Cooper, Ewbank, Plat t  et  al.  1989;  AVMA, 1986) . 

2 . Dom est ic Anim als Killed for  Food  

Although this chapter is concerned prim arily with experim ental anim als, there are t im es when farm  
anim als in product ion studies or, in som e cases, in biom edical studies, will ult im ately be killed for their  
food value. Although we do not  apply the term  "euthanasia"  to the killing of such anim als, the pr inciples 
enunciated in the foregoing and in other docum ents apply:  it  is essent ial that  hum ane t reatm ent  of 
anim als be provided. I n North Am erica, the term  "hum ane slaughter"  is com m only used;  however, in the 
United Kingdom , the term  used is "pre-slaughter stunning" (Cockram  and Corley, 1991;  Ewbank, Parker 
and Mason, 1992;  Knowles and Warr iss, 1992) . Pre-slaughter handling, the am ount  of t im e the anim al is 
brought  to the area to be killed and when it  is stunned, and the proper design of rest raint  equipm ent  
affect  the level of st ress during handling, stunning and slaughter (Grandin, 1992a;  1992b) . A com parison 
has been m ade between dislocat ion and percussion in chickens (Gregory and Wot ton, 1990) . 

All killing of food anim als m ust  com ply with federal legislat ion (Agriculture Canada's Meat  I nspect ion Act  
S.C., 1985, C17 [ May 1985 Part  2, I tem  39, for 851078S14] ;  the federal Health of Anim als Act  [ C-66 



June, 1990, rev. March 1992] ;  38-39 Elizabeth I I  Chapter 21] ) . As well,  slaughter is discussed in 
Agriculture Canada Codes of Pract ice for the various livestock species (Agriculture Canada, 1771/ E, 1984;  
1821/ E, 1988b;  1757/ E, 1989b;  1833/ E, 1990;  1870/ E, 1992)  as well as m ink and foxes (Agriculture 
Canada, 1819/ E, 1988a and 1831/ E, 1989a)  and provincial legislat ion (see Legislat ion) . Provincial 
legislat ion on hum ane slaughter, where it  exists, as well as m unicipal and local bylaws m ust  also be 
followed. 

3 . Fur- bearing Anim als 

Mink, foxes, chinchillas, nut r ia and opossum s are often m aintained in research facilit ies. The m ethods 
listed above can be applied to the killing of these species. Ranched m ink are com m only killed by the use 
of carbon m onoxide, carbon dioxide and nit rogen (Hansen, Creutzberg and Sim m onson, 1991)  or 
elect r ical stunning followed by cervical dislocat ion.  
  

G. TI SSUE EFFECTS OF EUTHANASI A METHODS 

Tissue effects of euthanasia m ethods m ay be either direct  or indirect . They m ay affect  only com ponents 
in the int ravascular com partm ent  or they m ay affect  fixed t issues, thus influencing histological or 
elect ronm icroscopic findings. I n the m ajority of cases, death is so rapid that  even elect ronm icroscopic 
changes are non-existent  or m inuscule. I n m ost  instances, the concern of the invest igator that  
dem onst rable histocytotoxic changes m ay occur is unfounded. 

1 . Direct  Effects 

I n general, the direct  effects of the euthanizing m ethod are subt le or lacking, part icular ly with the non-
inhalant  pharm acological agents. The changes produced by m ethods which cause anoxia depend upon the 
rapidity of the induct ion of the anoxic state, and occur as the result  of changes in blood gases. For 
exam ple, pulm onary congest ion and edem a m ay be observed on gross observat ion in the anoxic state;  
however, the degree is dependent  upon rapidity of death. 

Lam ellar bodies in Purkinje cells of the cerebellum  have been observed in som e hypoxic anesthet ized 
dogs subjected to rapid decom pression (Bowm an, Cooke and Carry, 1969) . The knowledge of the 
sequent ial series of m orphological and biochem ical events leading to hypoxic injury to neurons and glial 
cells has not  been adequately studied (Kim , 1975) . There is nothing to suggest  that  hypoxic changes 
produced by carbon dioxide m ake t issues unsuitable for rout ine exam inat ion of the respiratory t ract  
(Fawell, Thom pson and Cooke, 1972) . 

Barbiturates ionize on inject ion into the int ravascular com partm ent . The degree of ionizat ion will depend 
upon the dissociat ion constant  of the drug and the Ph of the blood. Cell penet rat ion can occur only with 
the undissociated drug. After cell penet rat ion takes place, dissociat ion again occurs and the binding of the 
drug to int racellular organelles will take place. Tissue changes due to cellular  penetrat ion and 
int racellular  binding of barbiturates have not  been described. At  the sam e t im e as the barbiturates 
bind with plasm a proteins form ing an equilibr ium  of bound and unbound drug in circulat ing blood, splenic 
dilat ion with sequest rat ion of red blood cells produce an enlarged and grossly blue-black spleen (Lum b, 
1974) . 

2 . I ndirect  Effects 

The m ajor indirect  effects are due to t issue hypoxia brought  on by the death of the anim al. Thus, it  is 
im portant  that  t issues for histological and elect ronm icroscopy exam inat ion be prepared as rapidly as 
possible following unconsciousness and death of the anim al. 



The t issue requirem ents for oxygen vary widely. The dam ages to the neurons of the CNS occur m ost  
rapidly, but  are dependent  upon the degree of t issue hypoxia and t im e elapsed after death before t issue 
preparat ion. Hypoxia changes to neurons require elect ronm icroscopic exam inat ion. 

I n those t issues whose requirem ents for oxygen are not  as great  as the neurons (e.g., osteocytes, 
chondrocytes of bone and cart ilage, or other less oxygen-sensit ive t issues)  changes m ay be difficult  to 
detect  even with elect ronm icroscopy. 

Proper handling of the anim al pr ior to death, with im m ediate processing of t issues after death, are 
im portant  to obtain opt im al elect ronm icrographs with m inim al changes.  
  

H. EFFECT ON OBSERVERS 

We m ust  recognize that  a significant  num ber of people experience em ot ional uneasiness, physical and 
psychological discom fort  or dist ress when anim als are killed, even if a hum ane m ethod is applied. For 
exam ple, the 1987 Malouf Com m ission Report  on Seals and Sealing stated that , although the m ethod 
used for killing seals (st r ik ing the anim al's head with a hakapik)  was proven to be hum ane by num erous 
veter inary pathologists, the general public considered the act  repugnant . For over a decade, the 
whitecoat  seal on the ice on the Gulf of St . Lawrence or at  the Front  of St . Anthony, Newfoundland, was 
the only anim al that  the public had seen being killed in m edia presentat ions. 

I nexperienced observers m ight  m isinterpret  any m ovem ent , vocalizat ion, or reflex react ions as indicators 
of pain and dist ress. Therefore, it  is preferable that  euthanasia m ethods, in addit ion to providing a 
hum ane death, m inim ize or elim inate such involuntary m ovem ents. 

Over the past  several years, recognit ion has been given to the effect  of euthanasia on those required to 
carry it  out  (e.g., hum ane society workers, laboratory anim al veter inarians, anim al caretakers and others 
whose jobs involve euthanasia)  (Rollin, 1986;  Rollin and Kesel, 1990;  Grier and Colvin, 1990) . Arluke 
(1992)  stated that , understandably, uneasiness was part icular ly not iceable am ong newcom ers;  with 
seasoned workers, it  was m ost  com m on am ong anim al caretakers;  it  occurred am ong technicians, but  
was relat ively rare am ong veter inarians and scient ists. Owens, Davis and Sm ith (1981)  have noted that  
those who m ust  euthanize anim als have developed ways and m eans of dealing with their  em ot ions by 
avoiding unnecessary contact  with the anim als or by believing that , by being killed, the anim al is being 
spared addit ional suffer ing. 

Workers can (and will)  accept  that , when an anim al is showing pain and dist ress that  cannot  be relieved, 
it  m ust  be killed. I n this, their  at t itudes differ lit t le from  those of an owner of a com panion anim al who 
m ust  face sim ilar decisions. Like the pet  owner, the em ployee can feel gr ief;  therefore, it  is im portant  
that  st rong com m unicat ions be established with all staff m em bers, with a willingness to listen and to 
provide support  for those who m ay be feeling dist ressed or disturbed. I t  is im portant  that  such " feelings" 
not  be suppressed in the research set t ing. Em ployees should be aware that , regardless of the purpose of 
the experim ental study, at  an established t im e and date, the anim al m ust  be hum anely dest royed. 
Sem inars or workshops to help staff cope with anim al death m ay be useful.  
  

I . EUTHANASI A STATEMENTS- - OTHER AGENCI ES 

As noted, the Report  of the AVMA Panel on Euthanasia has recent ly been published (AVMA, 1993) . 
Euthanasia has been discussed by the U.S. Nat ional Research Council (NRC, 1991) . Reference to 
euthanasia m ay also be found in the U.K.'s Universit ies Federat ion for Anim al Welfare (UFAW) Report  on 

Euthanasia of Unwanted, I njured or Diseased Anim als for Educat ion or Scient ific Purposes (UFAW, 1986) , 
its Hum ane Slaughter of Anim als for Food (UFAW, 1987)  and Britain's Anim als (Scient ific Procedures)  Act , 
1986 (Balls, 1986;  McKie, 1986;  Fisher, 1990) . The Aust ralian Council for the Care of Anim als in 



Research and Teaching has prepared a bibliography which includes a num ber of references to euthanasia 
(ACCART, 1991) . At tent ion is also drawn to Field Research Guidelines (Orlans, 1988)  which lists a num ber 
of guidelines (ASM, 1987;  AOU, 1988;  ASI H, HL, SSAR, 1987;  ASI H, AFS, AI FR, 1987;  Zwart , deVries 
and Cooper, 1989) .  
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XI I I . THE USE OF ANI MALS I N  PSYCHOLOGY

 
The focus of psychology is the organizat ion of behaviour. I t  is concerned with processes that  cont rol and 
direct  adapt ive and m aladapt ive act ivity, and so the range of phenom ena studied is broad, and the 
paradigm s and research set t ings em ployed are varied. The study of behaviour m ay incorporate 
physiology, pharm acology, ethology, or even sociology, and for that  reason the dist inct ion between 
psychology and closely related disciplines is often blurred. Through the history of the discipline, extending 
back, for exam ple, to nineteenth century work on reflex organizat ion, through Pavlov's fundam ental 
discoveries about  condit ioning, and m ore recent ly to the ident ificat ion of m ot ivat ional and reward 
system s through elect r ical st im ulat ion of the brain, anim al behaviour has played a cent ral role in research 
and conceptualizat ion. Although there are clearly recognized lim itat ions to the use of anim als in research 
(e.g., no access to verbal report ) , it  does perm it  a cont rol of hereditary and experient ial variables that  
could seldom  be achieved in other ways. Furtherm ore, anim al research places hum ans in an evolut ionary 
context  and m akes possible a com parat ive and biological perspect ive on hum an behaviour. 

Basic anim al research in psychology has played a significant  role in advancing our understanding of 
processes of learning, m em ory, percept ion, m ot ivat ion, and em ot ion, and of behavioural adaptat ions of 
individuals and species to their  environm ents. While m uch of this work has addressed theoret ical issues, 
it  can have direct  im plicat ions for contem porary applied problem s. Exam ples of such problem s that  affect  
anim als direct ly include capt ive and dom est ic anim al care, non- lethal m eans of predator cont rol, and the 
reint roduct ion of endangered species to their  form er habitats. Exam ples of problem s that  have a direct  
effect  on hum an welfare include the cont rol of depression, phobias, pain, addict ion, and the pathological 
effects of st ress and anxiety. 

Although it  m ay be convenient  to dichotom ize research act ivit ies as basic and applied, it  is im portant  to 
recognize that  there is a cont inuum  and that  it  is difficult  to know a prior i where along that  cont inuum  the 
im plicat ions of som e research program  will fall.  Applicat ions som et im es follow quite direct ly from  basic 
research, and fundam ental discoveries often ar ise in applied research. I t  is also im portant  to appreciate, 
as Hebb (1966)  has pointed out :  "Before we can have applied science, we m ust  have a science to apply."  
This is a posit ion shared by m any researchers who, while cognizant  of applied im plicat ions, or ient  their  
work toward the elucidat ion of issues that  are basically scient ific and theoret ical in nature. 

Since psychological research approaches a wide range of topics with a diversity of m ethodologies, it  is not  
surprising that  anim al research in psychology m ay not  be well understood outside the discipline. The 
following points are directed at  research st rategies and general experim ental procedures that  have 
apparent ly been sources of m isunderstanding:  

1.     Many problem s studied by psychologists deal with the understanding and cont rol of 
psychopathology, such as depression, phobias, psychosom at ic disorders, psychoses, hyperact ivity and 
learning disabilit ies, obesity and addict ion. Many aspects of these problem s cannot  be studied 
sat isfactor ily in hum an pat ients because of the difficult ies associated with non-experim ental paradigm s in 
determ ining the causal relat ionship am ong variables. I n other words, when one studies pat ients with a 
form  of psychopathology, all one can establish is that  som e variable, X, is correlated with the pathology, 
P. Yet  an understanding and cont rol of the problem  requires knowing m ore than correlat ions. I t  is 
necessary to establish whether that  variable X in som e sense causes or is an antecedent  of the pathology 
P, whether the pathology P is an antecedent  for the change in variable X, or whether the two variables 
are related only indirect ly and non-causally through their  relat ionship to som e com m on underlying 
variables yet  to be determ ined. Seldom  is it  pract icable to study these kinds of im portant  issues in hum an 
pat ients using the necessary experim ental (as opposed to correlat ional)  research designs. One alternat ive 
and product ive research approach has been to use anim al m odels. I n the present  context , such m odels 
refer to " the product ion, under cont rolled condit ions, of phenom ena analogous to naturally occurr ing 
disorders."  

A m ore extensive discussion of the concept  of anim al m odels in psychology m ay be found in the literature 



(Abram son and Seligm an, 1977) . 

Using such m odels, it  becom es possible to conduct  experim ental studies involving the act ive m anipulat ion 
of variables, and this perm its clar ificat ion of the relat ionships am ong variables. I t  is im portant  to 
recognize, however, that  a m odel is sim ply that , and requires validat ion through a detailed study of its 
essent ial features and an analysis of its sim ilar it ies to the psychopathology in quest ion. 

2.     I n addit ion to their  use in applied problem s, anim al m odels play an im portant  role in the 
developm ent  of fundam ental behaviour theory. Research m ay study, for exam ple, the behaviour of 
anim als pressing a lever in an isolated cham ber, in order to exam ine the way in which the frequency or 
pat terning of lever presses is cont rolled by the schedule of food reward or reinforcem ent . No one is 
terr ibly interested in lever pressing as a behaviour in itself;  however, this sim ple and easily quant ified 
behaviour can be viewed as a m odel or analogue of m ore com plex form s of behaviour. The assum pt ion is 
that  if one can understand the basic pr inciples that  cont rol a sim ple behaviour, one will have at  least  a 
place to start  in developing pr inciples that  govern m ore com plexly organized behaviour system s. 

Sim ilar ly, when researchers use elect r ic shock as a m eans of producing st ress or of m ot ivat ing anim als to 
escape or avoid, they are fully recognizant  that  elect r ic shock does not  norm ally occur in nature. They do 
assum e, however, that  this part icular easily cont rolled aversive event  can serve as a m odel or analogue 
of other unpleasant  events that  do occur naturally and affect  behaviour. This use of m odels in psychology 
is often m isunderstood by those outside the discipline. I t  is im portant  that  they note that  quest ions of the 
validity of the assum pt ions and the adequacy and generalizabilit y of a m odel cannot  be answered a prior i 
and are m ore product ively approached through em pir ical*  research than logical argum ent .  
____________________________ 

*  I t  should be noted that  the word em pir ical has two quite different , but  equally correct  m eanings of 
which the reader should be aware. The first  refers to work that  is based on a system at ic observat ion and 
the applicat ion of scient ific pr inciples in m ethods. I t  is in this sense that  the word is norm ally used in 
psychology (although there also occurs the word em pir icism ,  which refers to a philosophy of 
knowledge) . The second m eaning of em pir ical is found in the m edical sphere, and refers to work that  
" relies on or is based on pract ical experience without  reference to scient ific pr inciples as, an em pir ical 
rem edy". I t  is related to the noun, em pir ic,  which refers to one " ignorant  of scient ific pr inciples"  and who 
" lacks regular t raining and proper qualificat ions" (Webster 's New World Dict ionary ,  Second College 
Edit ion, 1970) . The reader should be aware of these two quite opposite m eanings and of what  is im plied 
by the psychologist  when character izing research as "em pir ical" .  
  

3.     A basic assum pt ion of contem porary psychology is that  the brain is the organ of the m ind, a term  
which sim ply refers to the internal processes that  determ ine the organizat ion of com plex behaviour. 
Accordingly, one approach to the study of the propert ies of m ind is to study the funct ioning of the brain. 
Such research is som et im es correlat ional in that  it  relates indices of brain funct ion (e.g., 
elect roencephalogram s [ EEG] , evoked potent ials)  in hum ans and anim als to behavioural processes. 
Often, however, and for reasons related to the cont rol and sort ing out  of relat ionships am ong variables 
discussed under point  1) , the research involves an experim ental study of the effects of m anipulat ion of 
the brain on behaviour. No one assum es that  the brains of experim ental anim als are m iniature hum an 
brains;  however, it  is assum ed that  the basic pr inciples of brain organizat ion are com m on across 
m am m alian species and that  the brain of the part icular anim al species m ay  serve as a m odel for certain 
aspects of hum an brain funct ion. 

4.     Psychologists incorporate and m anipulate m ot ivat ional variables in their  research for three 
som ewhat  dissim ilar reasons. The first  is when the subject  of study is the m ot ivat ional system  in 
quest ion, e.g., the cont rol of feeding or dr inking behaviour. I n such a context , it  is obvious to all why an 
anim al m ight  be on a water or food-  rest r icted regim en. The second is when the m ot ivat ional system  in 
quest ion is being used as a m odel for other appet it ive or aversive m ot ivat ional system s, as discussed 
under point  2) . A third reason, and one that  is often not  well appreciated by those outside the discipline, 
is that  such m anipulat ion represents an effect ive m eans of facilitat ing the cont rolled study of phenom ena 



only indirect ly related to the m ot ivat ional m anipulat ion. 

Behaviour that  is or iented towards obtaining access to food and water, or escaping or avoiding an 
aversive event , can form  the basis of sound inferences about  non-m ot ivat ional processes associated with, 
for exam ple, learning, m em ory or percept ion. The origin of the m isunderstanding is that , although 
m ot ivat ion is m anipulated, the dependent  variables of the study relate to learning. The m isunderstanding 
is com pounded by the fact  that  although som et im es the interest  is in learning as a process itself, other 
t im es it  is in learning as a process that  is affected by sensory, perceptual, m otor or other processes that  
are in fact  the pr incipal foci of the study. As a sim ple exam ple, consider the case of studying the capacity 
of an anim al for pat tern discr im inat ion. One approach m ight  be to place the anim al repeatedly into a 
cham ber with two doors. Behind the door with pat tern A, food is always to be found. Behind the door with 
pat tern B, there is no food. The anim al is then taught  to enter one of the doors each t im e it  is placed in 
the cham ber. To learn to enter the door behind which the food is located requires the anim al to be 
m ot ivated and interested in finding and consum ing the food, and that  is why m ot ivat ion is m anipulated. 
When the anim al can consistent ly perform  the correct  response, i.e., when it  has learned to go to the 
door with pat tern A, one is in a posit ion to m ake som e statem ent  about  the perceptual capabilit y of the 
anim al, even though what  was m easured was learning, and what  was m anipulated was m ot ivat ion. The 
analysis of learning is cent ral to experim ental psychology, and m ot ivat ion is necessary for that  analysis. 
The rat ionale for the choice of m ot ivat ion m anipulated is not  always obvious, but  the later discussion of 
Guideline 7 at tem pts to ident ify som e of the considerat ions that  are m ade. Often these considerat ions 
relate to pract icabilit y and m inim izat ion of behavioural variabilit y, which prom otes the econom ical and 
efficient  use of anim al resources. 

Over the years, m em bers of the general public, the discipline of psychology itself, and other disciplines, 
have expressed concerns about  aspects of psychological research involving anim als. I n part , this m ay be 
due to psychology including as subjects of study phenom ena to which one can easily relate on a highly 
personal level (e.g., st ress, pain, anxiety, m ot ivat ion, etc.) . I n part , this m ay be due to a poor 
understanding of the nature of the m odel system s as a research tool, and we have t r ied to address that  
in these int roductory rem arks. However, in large m easure, this is undoubtedly due to a language, 
vocabulary, or jargon used to character ize phenom ena, events, or hypothet ical processes that  can 
som et im es conjure unrealist ic, dist ressing im ages. Those with concerns are to be encouraged to becom e 
fully inform ed about  the nature of psychological research, and those engaged in research are to be 
encouraged to be sensit ive to these concerns and to discuss openly their  work and its im plicat ions with 
concerned individuals outside their  discipline. 

Certain procedures used in the study of psychological problem s undoubtedly do produce som e dist ress in 
anim al and hum an subjects, and this places direct ly on the invest igator a responsibilit y to quest ion 
seriously what  is being done, why it  is being done, and where the work will lead. The Canadian Council on 
Anim al Care (CCAC)  and the scient ific com m unity have had a cont inuing concern for these and other 
issues related to the care and use of experim ental anim als. I n the recognit ion that  there are certain 
aspects of behavioural research that  are m isunderstood and can be problem at ic with respect  to research 
ethics, the Canadian Psychological Associat ion (CPA) , in consultat ion with the CCAC, has prepared the 
following set  of guidelines to assist  psychologists as researchers and inst ructors in m aking the ethical 
decisions viewed to be an integral part  of behavioural research with anim als. I t  is hoped that  these 
guidelines will com plem ent  those of the CCAC and facilitate the conduct  of ethically responsible research 
that  will prom ote our understanding of basic processes underlying behaviour.  
   
   
 

GUI DELI NES FOR THE USE OF ANI MALS I N  RESEARCH   
AND I NSTRUCTI ON I N  PSYCHOLOGY:  

COMMENTARY AND ELABORATI ON

The discipline and profession of psychology in Canada shares with contem porary society a deep concern 
for the welfare and hum ane t reatm ent  of anim als, especially in scient ific research and inst ruct ion. While it  
is recognized that  anim al research is essent ial to the further developm ent  of scient ific knowledge, it  is 
also recognized that  there are lim its to what  should be done to anim als in the conduct  of that  research. I n 



response to this concern, the Canadian Psychological Associat ion (CPA) , in consultat ion with the Canadian 
Council on Anim al Care (CCAC) , has form ulated these guidelines to assist  psychologists as researchers 
and inst ructors in m aking the ethical decisions that  are an integral aspect  of working with anim als. These 
have been published in a form  suitable for post ing in laborator ies. The purpose of this com m entary is to 
provide som e elaborat ion of considerat ions that  psychologists should give with respect  to im plem entat ion 
of the pream ble and each guideline. 

Psychologists have an obligat ion to advance know ledge and prom ote w elfare through the 
com petent  conduct  of research, the accurate com m unicat ion of findings, and the effect ive 
inst ruct ion of students. How ever, their  values and goals as scient ists som et im es com e into 
conflict  w ith their  values related to the t reatm ent  of living organism s. Dilem m as posed by the 
conflict  cannot  be resolved by r igid rules and regulat ions, but  require a  careful w eighing of 
values and alternat ives. I n m any cases, the decisions reflect  a  relat ive judgem ent  of the value 
of the research and the effects of the procedures on the anim als. Psychologists using anim als 
for  research or inst ruct ion should be prepared to m ake such decisions and to explain the bases 
of their  decisions to an inform ed audience. The follow ing guidelines are intended to assist  the 
scient ist  in m aking these ethical decisions. 

The CPA's Guidelines for the Use of Anim als in Research and I nst ruct ion in Psychology  were form ulated 
from  the ethical perspect ive advocated by Diener and Crandall (1978a)  in their  book Ethics in Social and 

Behavioural Research.  They consider research ethics to be a process of decision-m aking rather than one 
of devising explicit  rules and regulat ions intended to govern the conduct  of all research under all 
circum stances. Their approach is well represented in the following passage:  

"The ethical or m oral scient ist  m akes individual judgem ents about  research pract ices in light  of his/ her 
own values. According to this approach to ethics, the m oral person is not  one who blindly follows ethical 
codes, no m at ter how enlightened. The ethical decision-m aker is one who realizes that  his/ her choices are 
related to values, and weighs these values carefully when m aking im portant  decisions. For the m oral 
person there m ay be a few m oral absolutes (Szasz, 1967) ;  however, he or she realizes that  m ost  m oral 
decisions m ust  be m ade individually in each case (Sm ith, 1969) . This m eaning of ethics em phasizes the 
process by which the decisions are m ade as well as the final choice. The decision is m ade by a person 
w ho is educated about  ethical guidelines, carefully exam ines m oral a lternat ives, exercises 
judgem ent  in each situat ion and accepts responsibility for  his/ her choices (Diener and Crandall,  
1978b)  (em phasis added) ."  

As reflected in the Pream ble to these Guidelines, this ethical fram ework clearly places the responsibilit y 
for the careful considerat ion of personal, social, and professional values on the individual scient ist . A 
corollary of this is that  the individual researcher or inst ructor m ust  accept  responsibilit y for choices 
through accountabilit y to an inform ed public. Specifically, the invest igator m ust  be able to explain the 
rat ionale for both the research problem  and its m ethodology to inform ed colleagues, peers, and 
inst itut ional com m it tees. I f necessary, the invest igator m ust  be able to defend the research against  the 
cr it icism s that  suffer ing inflicted on anim al subjects was unnecessary in view of the object ives of the 
research, or unconscionable in view of the balance between the suffer ing inflicted and expectat ion of gain 
in scient ific knowledge or educat ion. The present  com m entary is intended to provide the scient ist  with an 
indicat ion of problem at ic issues and concerns that  require special at tent ion and considerat ion.  
  

A. THE SCI ENTI ST 

1 .     Pr ior  to undertaking a research or inst ruct ional project  w ith anim als, the scient ist  has a 
responsibility to be sufficient ly know ledgeable to ensure com pliance w ith these guidelines. 
W hen in doubt  about  com pliance, the scient ist  should consult  w ith inform ed colleagues and 
the inst itut ional Anim al Care Com m it tee ( ACC)  and give due regard to their  advice. I nvest igators 
are rem inded that  it  is the policy of the m ajor grant ing agencies, e.g., Medical Research Council (MRC)  
and the Natural Sciences and Engineering Research Council (NSERC) , of governm ent  departm ents and of 
m ost  universit ies that  ACC approval m ust  be received prior to com m encing any project  with anim als. 



The posit ion that  the ethical scient ist  is one who can m ake inform ed decisions and who is prepared to 
give a reasoned judgm ent  for the values and appropriateness of the object ives and procedures of the 
research or teaching assum es a considerable depth and breadth of knowledge by the scient ist . The 
decisions involved are usually com plex and m ult ifaceted. I f they are to be inform ed, scient ists m ust  be 
fam iliar with the recent  literature relevant  to the problem , aware of the current  status of the problem , 
fam iliar with procedures involved, either through study of the literature or direct  experience with the 
techniques, and aware of potent ial r isks. When undertaking research in a new area, or when the research 
involves severe st ress, pain, or pr ivat ion, the invest igator m ay have doubts about  the breadth and depth 
of his/ her knowledge and experience. Under such circum stances, there is an obligat ion to consult  with 
inform ed colleagues and/ or the ACC and to give due regard to their  advice. Such consultat ion does not  
absolve the invest igator from  responsibilit y for the decisions;  however, it  is evidence of a responsible 
at t itude towards becom ing sufficient ly knowledgeable to undertake research in an ethical m anner. 

2 .     A scient ist  t ra ined in research m ethods and experienced in the care of laboratory anim als 
should ensure that  the com fort , health and hum ane t reatm ent  of experim ental anim als are 
given appropriate considerat ion. 

Psychological research frequent ly requires that  an invest igator interact  with anim al subjects over an 
extended period of t im e. Accordingly, the psychologist  has a vested interest , quite apart  from  hum ane 
considerat ions, in ensuring that  experim ental anim als are well t reated and healthy;  otherwise, it  is likely 
that  behavioural data will be unreliable and the research object ives not  achieved. Although the day- to-
day m aintenance and/ or behavioural test ing of anim als m ay be done by t rained technical staff, it  is the 
responsibilit y of the individual scient ist  to be able to recognize good and poor pract ices by staff and 
students. This abilit y requires t raining in research m ethods and experience in anim al care procedures. 
While our at tent ion is naturally drawn to pract ices that  involve pain or physical illness, the scient ist  
should be sensit ive to problem s that  can arise from  the capacity of som e anim als to form  hum an 
at tachm ents (e.g., the dist ress that  m ight  be experienced by the anim al when returned to isolated 
quarters at  the end of a prolonged study) . 

3 .     The scient ist  should ensure that  a ll individuals under his/ her supervision have the 
t ra ining and com petence needed to carry out  their  responsibilit ies for  experim ental 
procedures, care, m aintenance, and handling of the species being used. 

A variety of technical skills is required in any laboratory to ensure proper care and handling of anim als, 
and it  is the responsibilit y of the scient ist  to ensure that  all supervised individuals have the skills and 
at t itudes required to carry out  com petent ly their  assigned dut ies. Since every species has unique 
biological and social needs, the design of experim ental and m aintenance protocols should take into 
considerat ion the species' norm al ecology, evolut ionary history, and behavioural adaptat ions to the 
natural environm ent . I t  is the responsibilit y of the scient ist  to acquire sufficient  expert ise in these 
regards, and to ensure that  the t raining of technical staff, students, and research associates is adequate 
to m eet  their  respect ive responsibilit ies. This is necessary, not  only from  the point  of view of the hum ane 
t reatm ent  of anim als, but  also from  the scient ific perspect ive of generat ing reliable data. 

4 .     The scient ist  should be fully cognizant  of the CCAC's guidelines and of current  federal, 
provincial, and local law s and regulat ions concerning the acquisit ion, care, use, and disposal of 
anim als. 

This guideline is self-explanatory. As professionals and as m em bers of society, psychologists have a 
responsibilit y to be aware of and to follow federal, provincial, and local laws and regulat ions concerning 
anim als. I n cases of doubt , the scient ists should consult  with the chairm an of the ACC or with the CCAC. 
Com pliance with this Guide is a requirem ent  of Canada's m ajor grant ing agencies, m any journals in 
Canada, and ACCs.  
  



B. RESEARCH  

5 .     There m ust  be a reasonable expectat ion that  studies involving anim als w ill: a)  increase 
understanding of st ructures and processes underlying behaviour; b)  increase understanding of 
the part icular  anim al species used in the experim ent ; or  c)  result  eventually in benefits to the 
health and w elfare of hum ans or other anim als. 

This guideline out lines the general spheres to which psychological research should cont r ibute if anim als 
are legit im ately to be involved. I t  specifically recognizes the value of research, the im plicat ions of which 
are largely theoret ical or philosophical, and is consistent  with the CCAC guidelines in that  there is a 
reasonable expectat ion that  the developm ent  of new scient ific knowledge and conceptualizat ion m ay 
result  in eventual benefits to the health and welfare of hum ans or other anim als. 

This guideline refers m ore to research program s than to individual studies. I t  is intended to recognize that  
there is no such thing as the "definit ive study" and that  the significance of any individual experim ent , 
especially when viewed after the fact , is not  always im m ediately apparent  and can be easily t r iv ialized. 
Accordingly, a part icular experim ent  m ust  be judged within the context  of a research program  as to 
whether it  will cont r ibute in a m eaningful way to a system at ic em pir ical or theoret ical base. 

An integral part  of any research program  is the use of sm all pilot  studies, the results of which are at  best  
suggest ive, but  which are im portant  for decisions about  direct ions to proceed, research design, 
param eters, etc. The value of such studies is often indirect , and therefore m ust  be evaluated in the 
broader context  of a research. 

This guideline bears also on the problem  of replicat ion or reproducibilit y of results in psychological 
research. Replicat ion is a necessary and desirable aspect  of science when it  is seen as a m anipulat ion of a 
special class of factors (e.g., different  laborator ies, different  experim enters, different  t im es of the year, 
etc.) , which can provide new scient ific knowledge of value in understanding a phenom enon. As with the 
case of pilot  studies, replicat ions m ust  be seen within the broader context  of a research program . To the 
extent  that  there is a reasonable expectat ion that  a replicat ion will cont r ibute to new scient ific knowledge, 
it  is consistent  with this guideline. 

6 .     Procedures subject ing anim als to pain, st ress, pr ivat ion, or  death should be used only 
w hen an acceptable alternat ive procedure is unavailable. 

I n psychological research, the subject ion of anim als to procedures involving pain, st ress, pr ivat ion, or 
death occurs in two broad contexts. The first  is when the subject  of study is pain, st ress, m ot ivat ional 
system s, or aspects of death, all of which are legit im ate and im portant  areas of the discipline. I n such a 
context , there are seldom  realist ic alternat ives, and the at tent ion of the scient ist  m ust  focus on ways of 
m inim izing discom fort . For exam ple, the study of st ress m ust  necessarily involve m anipulat ions that  will 
produce st ress;  nevertheless, the invest igator m ust  consider ways to m inim ize the t raum a of these 
m anipulat ions. I n the second context , procedures are em ployed to induce m ot ivat ional states that  
facilitate the cont rolled study of phenom ena only indirect ly related to the m ot ivat ional m anipulat ions ( for 
exam ple, learning discr im inat ion, m em ory, sensory thresholds, etc.) . Under such circum stances, the 
scient ist  has an ethical obligat ion to consider whether the research object ives could be m et  using broad 
alternat ives not  involving pain or discom fort . 

7 .     Scient ists should exam ine m ethodological and procedural techniques for  the purpose of 
m inim izing discom fort , illness, and pain to anim als. 

When acceptable alternat ive procedures to ones that  involve pain or pr ivat ion are not  available, there 
rem ains a responsibilit y to exam ine m ethodologies and procedures that  will m inim ize discom fort , illness, 
or pain, and that  are consistent  with the object ives of the research. The judgem ent  involved clearly 
requires considerable knowledge of the species and its behavioural repertoire, as well as the research 



problem . I ssues that  m ay arise in considering this guideline include:  I s the species appropriate for the 
study? Have the m ot ivat ional system s and the biological/ social needs of the species been assessed so 
that  a reasonable judgm ent  can be m ade about  the relat ive discom fort  and st ress produced by various 
potent ially painful procedures or different  kinds of levels of pr ivat ion? Can m ot ivat ional states in the given 
species be bet ter cont rolled through appet it ive m ot ivat ion (e.g., water or food deprivat ion)  or through 
aversive m ot ivat ion (e.g., m ild elect r ic shock)? Have param eters of the aversive st im uli or the deprivat ion 
been selected judiciously so as to be opt im al in light  of the behavioural requirem ents of the research and 
the pr inciple of m inim izing discom fort? Could lower levels of shock or pr ivat ion be used and st ill produce 
reliable behaviour? Could a lower level of aversive st im ulat ion or pr ivat ion be used, even though m ore 
anim als m ight  be required because of less reliable or stable behaviour? I n studies involving food 
m ot ivat ion, is pr ivat ion to a fixed percentage (e.g., 80% )  of ad lib body weight  required, or would 
cont rolled daily access to food (e.g., every 23 hours) , perhaps in com binat ion with a preferred incent ive, 
be sufficient? 

Manipulat ions involving surgery can be problem at ic with respect  to discom fort , and issues that  m ay arise 
in this regard include:  I s the m ethod of an anesthet izat ion opt im al? Are the surgical procedures 
sufficient ly asept ic to m inim ize post -operat ive infect ion and other st ress? I s an analgesic required during 
post -operat ive recovery? Does the m anipulat ion, such as im plantat ion of a chronic cannula or elect rode 
assem bly, cause irr itat ion, and if so are there ways to m inim ize this? Does a physiological or 
pharm acological m anipulat ion ( including adm inist rat ion of toxins)  cause a generalized deteriorat ion of the 
well-being of the anim al, and if so, how can this be m inim ized in a m anner consistent  with the research 
object ives? 

I t  is som et im es suggested that  one approach to m inim izing discom fort  is to m inim ize the num ber of 
anim als used in the research. However, since the detect ion of t reatm ent  effects is against  a background 
of uncont rollable behavioural variance, one m ust  be careful to ensure that  there is sufficient  power to 
detect  those effects when they are there. Otherwise, the anim als that  were used would have suffered 
needlessly. However, invest igators should consider single-subject  designs, repeated m easures designs, 
and other techniques to m inim ize variance, all of which could lead to fewer total subjects being required 
for the research. 

8 .     An experim ent  should be term inated w henever it  becom es apparent  to the scient ist  or  the 
inst itut ional ACC, that  its cont inuat ion w ill result  in injury or suffer ing that  is incom pat ible 
w ith these guidelines. 

With the best  of planning, som e experim ents sim ply do not  work out  as expected. This can be due to 
various reasons, such as equipm ent  failure, procedures having unforeseen effects, experim enter error, or 
behavioural variance so large as to obliterate any possible t reatm ent  effects. Also, on occasion, new 
research results becom e known and m ay m ake ongoing research redundant . I n such situat ions, the 
experim enters m ust  give careful considerat ion to whether it  is worthwhile to cont inue the work, and do so 
only if they are sat isfied that  it  is just ified in light  of these guidelines. 

9 .     The k illing or other disposit ion of experim ental anim als at  the term inat ion of the 
experim ent  m ust  be accom plished in a  hum ane m anner. 

At  the end of m ost  experim ents in psychology, experim ental anim als are killed. This m ust  be done in a 
hum ane m anner, as described in this Guide,  and in Volum e 2 (CCAC, 1984) . While this is obvious and is 
the accepted pract ice, problem s can arise when research anim als are not  killed. For exam ple, releasing 
t rapped anim als back into the wild m ay or m ay not  be hum ane depending on the species, its terr itor ial 
behaviour, feeding habits, t im e of year, etc. As noted earlier, som e anim als can form  hum an at tachm ents 
and problem s can arise after experim ents involving long- term  interact ion with them  if they are returned 
to isolated laboratory housing. The responsibilit y of the scient ist  to his/ her anim als extends beyond the 
actual term inat ion of the experim ent , and careful considerat ion m ust  be given to whether the m eans of 
disposing of the experim ental anim al is actually hum ane.  
  



C. I NSTRUCTI ON  

1 0 .     The decision to use anim als for  inst ruct ional purposes m ust  be based on a considerat ion 
of educat ional object ives rather than contr ibut ions to new  scient ific know ledge. I n other 
respects, ethical pract ices in the care and t reatm ent  of anim als are the sam e as those that  
apply to the use of anim als in research. 

A com m it tee of the Brit ish Psychological Society (BPS)  has com m ented that , " .. .No psychology 
undergraduate can for long rem ain unaware of the extent  to which the em pir ical basis of m uch 
psychological theory is derived from  experim ental work with anim als. Accordingly, it  is appropriate that , 
as a m at ter of course, all undergraduate students of psychology should receive specific inst ruct ion on the 
issues which ar ise from  anim al experim entat ion, issues scient ific, intellectual, m ethodological, pract ical, 
and ethical"  (BPS, 1979) . 

The CPA shares the view that  inst ruct ion on the use of anim als in psychology is desirable and necessary. 
On occasion, the actual use of anim als in inst ruct ion is required to achieve educat ional object ives. I n such 
cases, the sam e general considerat ions m ust  apply to anim al use in inst ruct ion as in research, that  is, a 
balancing of the expected benefits against  the costs, with the benefits seen in term s of advancing 
educat ion rather than increm ent ing scient ific knowledge. Clearly, classroom  dem onst rat ions of anim al 
behaviour by their  very nature involve phenom ena which m ay not  int r insically advance scient ific 
knowledge. However, to the extent  that  they assist  the student 's understanding of exist ing knowledge, 
they m ake a substant ive cont r ibut ion. As contained in the BPS posit ion, there is an obligat ion to 
incorporate m aterial on ethical issues into discussions of anim al use. I n this way, inst ructors can, by 
exam ple, prom ote the ethical use of anim als by future scient ists and inst ill in students an appropriate 
sensit iv ity to associated issues. 

1 1 .     Classroom  dem onstrat ions involving anim als should only be used w hen inst ruct ional 
object ives cannot  be achieved through the use of videotapes, film s, or  other a lternat ive 
m ethods. Careful considerat ion should be given to w hether the type of dem onstrat ion is 
w arranted by the ant icipated inst ruct ional gain. 

Videotapes and film s represent  effect ive m eans of dem onst rat ing pr inciples of anim al behaviour and 
experim entat ion. However, there are often advantages of using real anim als, not  the least  of which is to 
convey the realism  of the phenom enon. I n deciding on the m edium  of inst ruct ion, inst ructors have an 
obligat ion to evaluate carefully their  inst ruct ional object ives and 

I n m aking the evaluat ion, the inst ructor should be sensit ive to the possible t raum a that  the anim als m ay 
experience in being brought  into a classroom , and to the possibilit y of disease t ransm ission to or from  the 
anim al. The inst ructor m ust  also consider whether the anim al will be used solely for the dem onst rat ion, or 
whether it  has already been used in experim entat ion, or is breeding stock, or is m aintained for the 
purpose of dem onst rat ions. 

The guideline m akes reference to " type of dem onst rat ion" to alert  the inst ructor to the possibly adverse 
react ions that  a dem onst rat ion, live or film ed, m ay produce in unprepared students. Procedures which to 
the naive viewer m ay appear to involve pain or st ress (e.g., showing anim als with chronic cannulae or 
elect rode assem blies, anim als having epilept ic seizures, anim als being operated on, injected with drugs or 
social anim als raised in isolat ion, etc.)  are especially problem at ic. 

1 2 .     Student  projects involving pain or dist ress to anim als should be undertaken judiciously 
and only w hen the t ra ining object ives cannot  be achieved in any other w ay. 

Student  research projects fall along a cont inuum  from  casual classroom  projects at  one end, to doctoral 
dissertat ion research (which should cont r ibute to new scient ific knowledge)  at  the other. The value of 
such projects is seldom  to be found in their  m aking substant ive new cont r ibut ions to knowledge, but  is 



found in their  advancing knowledge through com m unicat ion. I f students are to acquire the knowledge 
and expert ise required by these guidelines, it  is necessary that  they gain experience in working with 
anim als. Especially in the case of students who show every indicat ion of em barking on a research-
oriented career, that  experience m ay involve using procedures that  involve m inim al pain or dist ress. I f 
so, the inst ructor m ust  consider very carefully the appropriateness of the project  and its procedures 
against  its t raining object ives for the individual student  and the developm ent  of student  sensibilit ies 
towards anim als. Students and inst ructors are rem inded that  ACC approval m ust  be received prior to 
com m encing any project  with anim als.  
   
   

* * * * * * * *

 
 
 
 
These guidelines shall be conspicuously posted in every laboratory teaching facility and 
applied set t ing w here anim als are being used. 

The CPA recom m ends that  a copy of the guidelines and this com m entary be included in laboratory 
m anuals as well as that  selected sect ions be posted in all laboratory facilit ies. I t  is hoped this will not  be 
seen as an em pty form ality, but  rather as an invitat ion for all laboratory personnel to becom e acquainted 
with the ethical process. Like science itself, ethical procedures are advanced by com m unicat ion and 
discussion.  
   
   
 

* * * * * * * *

 
 
 
 
I n any situat ion involving decisions and judgm ent , there will,  on occasion, be disagreem ents and 
m isunderstandings. When these arise in the context  of the use of anim als in research or inst ruct ion in 
psychology, they should be resolved as quickly as possible so as not  to im pede legit im ate research nor to 
prolong unacceptable procedures. The well-being of the anim al m ust  be a param ount  concern. I n general, 
there are two classes of problem s. I n the first , there m ay be allegat ions by students, colleagues, or the 
public that  som e on-going or com pleted research or inst ruct ion is inappropriate in light  of these 
guidelines. I n this case, the concerned individual should at tem pt  to work through the ACC of the 
inst itut ion in which the research is carr ied out . I n the second, individual psychologists m ay find their  ACC 
or a grant ing agency unwilling to approve som e research which they feel is scient ifically and ethically 
warranted. The CCAC has developed a form al appeal m echanism  of which researchers m ay take 
advantage. Part  of this m echanism  will involve consultat ion with the CPA.  
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XI V. GUI DELI NES ON THE USE OF ANI MALS  
I N  NEUROBI OLOGI CAL RESEARCH

A. I NTRODUCTI ON  

Research in the neurosciences cont r ibutes to the quality of life by expanding knowledge about  liv ing 
organism s. This im provem ent  in quality of life stem s in part  from  progress toward am eliorat ing hum an 
disease and disabilit y, in part  from  advances in anim al welfare and veter inary m edicine, and in part  from  
the steady increase in knowledge of the abilit ies and potent ialit ies of hum an and anim al life. Cont inued 
progress in m any areas of biom edical research requires the use of liv ing anim als in order to invest igate 
com plex system s and funct ions because, in such cases, no adequate alternat ives exist . Progress in both 
basic and clinical research in such areas cannot  cont inue without  the use of liv ing anim als as 
experim ental subjects. The use of liv ing anim als in properly designed scient ific research is therefore both 
ethical and appropriate. Nevertheless, our concern for the hum ane t reatm ent  of anim als dictates that  we 
weigh carefully the benefits to hum an knowledge and welfare whenever anim al research is undertaken. 
The invest igator using research anim als assum es responsibilit y for proper experim ental design, including 
ethical as well as scient ific aspects. 

The scient ific com m unity shares the concern of society at  large that  the use of anim als in research should 
conform  to standards that  are consonant  with those applied to other uses of anim als by hum ans. While it  
is unlikely that  any part icular set  of standards will sat isfy everyone, it  is appropriate for scient ific societ ies 
to form ulate guidelines that  apply to the hum ane use of laboratory anim als in part icular areas of 
research. I deally, such guidelines should also be acceptable to society at  large as reasonable and 
prudent . 

Most  of the m ore specific sect ions of this docum ent  were form ulated with respect  to research using warm -
blooded vertebrates. As a general pr inciple, however, ethical issues involved in the use of any species, 
whether vertebrate or invertebrate, are best  considered in relat ion to the com plexity of that  species's 
nervous system  and its apparent  awareness of the environm ent , rather than physical appearance or 
evolut ionary proxim ity to hum ans.  
  

B. FACTORS THAT RELATE TO THE DESI GN OF EXPERI MENTS 

The prim ary factor used to evaluate hum ane t reatm ent  in anim al research is degree of dist ress or 
discom fort , assessed by anthropom orphic judgem ents m ade by reasonable and prudent  hum an 
observers. The fundam ental pr inciple of ethical anim al research is that  experim ental anim als m ust  not  be 

subjected to avoidable dist ress or discom fort .  This pr inciple m ust  be observed when designing any 
experim ent  that  uses live anim als. 

Although m ost  anim al research involves m inim al dist ress or discom fort , certain valid scient ific quest ions 
m ay require experim ental designs that  inevitably produce these effects. Such situat ions, while 
uncom m on, are ext rem ely diverse and m ust  be evaluated individually. I t  is cr it ical that  dist ress and 
discom fort  be m inim ized by careful experim ental design. I t  is also im portant  to recognize that  there is no 
difference between dist ress and discom fort  that  m ay be inherent  in a valid experim ental design and that  
which m ay occur as an unintended side effect . I t  is therefore incum bent  on the invest igator to recognize 
and to elim inate all avoidable sources of dist ress and discom fort  in anim al subjects. This goal often 
requires at tent ion to specifics of anim al husbandry as well as to experim ental design. 

I nvasive procedures and paralyt ic drugs should never be em ployed without  benefit  of anesthet ic agents 
unless there is a very st rong scient ific just ificat ion and careful considerat ion is given to possible 
alternat ives. Advances in experim ental techniques, such as the use of devices chronically im planted under 
anesthesia, can offer alternat ive approaches. I f these are not  feasible, it  is essent ial to m onitor 



nocicept ive responses ( for exam ple, recordings of EEG, blood pressure and pupillary responses)  that  m ay 
indicate st ress in the anim al subject , and to use these as signals of the need to alleviate pain, to m odify 
the experim ental design, or to term inate the experim ent . 

When designing research projects, invest igators should carefully consider the species and num bers of 
anim als necessary to provide valid inform at ion, as well as the quest ion of whether liv ing subjects are 
required to answer the scient ific quest ion. As a general rule, experim ents should be designed so as to 
m inim ize the num ber of anim als used and to avoid the deplet ion of endangered species. Advances in 
experim ental m ethods, m ore efficient  use of anim als within-subject  designs, and m odern stat ist ical 
techniques all provide possible ways to m inim ize the num bers of anim als used in research. This goal is 
com pletely consistent  with the cr it ical im portance of replicat ion and validat ion of results to t rue progress 
in science.  
  

C. FACTORS THAT RELATE TO THE CONDUCT OF EXPERI MENTS 

Research anim als m ust  be acquired and cared for in accordance with the guidelines published in the NI H 

Guide for the Care and Use of Laboratory Anim als (Nat ional I nst itutes of Health, Publicat ion No. 85-23, 
Revised 1985) . The use of an anim al scheduled for euthanasia by a pound or shelter saves the life of 
another;  therefore, the use of pound or shelter anim als is endorsed for research projects in which they 
are suitable subjects. I n using anim als acquired from  a pound or shelter, as with all other aspects of 
research, invest igators m ust  adhere to the relevant  local, state and federal law. (The reference to pound 
or shelter anim als was added to the Guidelines following the recom m endat ion by the Com m it tee on 
Anim als in Research and approval by Council.)  The quality of research data depends in no sm all m easure 
on the health and general condit ion of the anim als used, as well as on the specifics of the experim ental 
design. Thus, proper anim al husbandry is integral to the success of any research effort  using liv ing anim al 
subjects. General standards for anim al husbandry (housing, food quality, vent ilat ion, etc.)  are detailed in 
the NI H Guide.  The experienced invest igator can cont r ibute addit ional specifics for opt im um  care for 
part icular experim ental situat ions, or for species not  com m only encountered in laboratory set t ings. 

Surgery perform ed with the intent  that  the anim al will survive, ( for exam ple, on anim als intended for 
chronic study) , should be carr ied out , or direct ly supervised, by persons with appropriate levels of 
experience and t raining, and with at tent ion to asepsis and prevent ion of infect ion. Major surgical 
procedures should be done using an appropriate m ethod of anesthesia to render the anim al insensit ive to 
pain. Muscle relaxants and paralyt ics have no anesthet ic act ion and should not  be used alone for surgical 
rest raint . Post -operat ive care m ust  include at tent ion to m inim ize discom fort  and the r isk of infect ion. 

Many experim ental designs call for surgical preparat ion under anesthet ic agents with no intent  that  the 
anim al should survive. I n such cases, the anim als ordinarily should be m aintained unconscious for the 
durat ion of the experim ent . At  the conclusion of the experim ent , the anim al should be killed without  
regaining consciousness and death ensured before final disposit ion. 

Certain experim ents m ay require physical rest raint , and/ or withholding of food or water, as 
m ethodological procedures rather than experim ental paradigm s. I n such cases, careful at tent ion m ust  be 
paid to m inim ize discom fort  or dist ress and to ensure that  general health is m aintained. I m m obilizat ion or 
rest raint  to which the anim als cannot  be readily adapted should not  be im posed when alternat ive 
procedures are pract ical. Reasonable periods of rest  and readjustm ent  should be included in the 
experim ental schedule unless these would be absolutely inconsistent  with valid scient ific object ives. 

When dist ress and discom fort  are unavoidable at t r ibutes of a valid experim ental design, it  is m andatory 
to conduct  such experim ents so as to m inim ize these effects, to m inim ize the durat ion of the procedure 
and to m inim ize the num bers of anim als used, consistent  with the scient ific object ives of the study.  
__________________________ 

*  Reproduced with perm ission of the Society for Neuroscience from  Handbook for the Use of Anim als in 



Neuroscience Research (1992) . References to Am erican publicat ions and to Am erican states are not  
relevant  to Canadian researchers.  
  



APPENDI X I   
  

HOUSI NG AND ENVI RONMENT

The following charts are based on successful experiences and professional judgem ent  ever cognizant  of 
the perform ance evaluat ion of the anim als being m aintained. As there are few object ive data available on 
the ideal space requirem ents for individual laboratory species, veter inary judgem ent  m ust  be considered 
in evaluat ing housing requirem ents. The Social and Behavioural Requirem ents of Experim ental Anim als 
chapter provides addit ional guidelines for specific species.  
  

SPECI ES  
( w eight )

SPACE PER ANI MAL TEMPERATURE oC R.
H.  
%

Vent ilat ion   
Changes/   

Hour

B.T.U.  
Anim al/   

Hour
Single-   
Floor 
Area

Minim al  
Height

Group or   
Loose   

Housing

Room /
Cage   

oC

Pen/ Free   
Ranging

CAT  

> 4 kg

0.28 
m 2  

0.37 m 2

0.76 m    
Perch

0.56 m 2  
Perches

20-22 15-25 45-
60

10-18 25-30

CATTLE   
Calf   
Cow

 
1.5 m 2  
3.0 m 2

  
2.4 m 2  
7-10 m 2

 
10-25

 
2-27

 
40-
70

 
5-20

 
300-800

CHI CKEN Chapter I V Table 3 18-22 12-27 45-
70

5-15 30

DOG   
< 12 kg   
12-30 kg   
> 30 kg

 
0.75 m 2  
1.20 m 2  
2.23 m 2

 
0.8 m   
0.9 m    
pen-2.0 m

 
1.5 m 2  
2.0 m 2  
3.0 m 2

 
18-21

 
5-25

 
45-
55

 
8-12

 
80-150

GERBI L 116 cm 2 15 cm pair +  lit ter   
900 cm 2

15-24  40-
50

8-10 4.0

GOAT 1.4 m 2 2.0 m 1.0 m 2 15-24 7-30 55-
65

6-12 350-500

GUI NEA 
PI G   
< 350 g   
> 350 g

 
300cm 2  
650cm 2

 
18 cm    
22 cm

 
500 cm 2  
800 cm 2

 
18-22

  
50-
60

 
4-8

 
5-6

HAMSTER  

> 100 g

 
100cm 2  
120cm 2

 
18 cm    
18 cm

fem . +  lit ter   
900 cm 2

 
21-24

  
45-
65

 
6-10

 
2.5

HORSE 4-5 cm 2 3 m 13-17 m 2 10-24 2-27 25-
75

4-8  

MOUSE   
< 20 g   
> 20 g

 
65 cm 2  
100cm 2

 
13 cm    
15 cm

fem . +  lit ter   
160 cm 2

 
22-25

  
50-
70

 
8-12

 
0.6

NON-
HUMAN 
PRI MATE   
Baboon   
(Papio sp)    
5-12 kg   
> 12 kg 

 
   
  

0.74 m 2  
1.39 m 2

 
   
  

0.91 m    
1.22 m

 
   
  

2.8 m 2

 
   
  

21-26

 
   
  

15-30

 
   
  

45-
60

 
   
  

12-16

 
   
  

60-140



(Macaca 
sp)   
< 7 kg   
7-15 kg   
> 15 kg

 
0.4 m 2  
0.6 m 2  
0.75 m 2

 
0.81 m    
0.91 m    
1.2 m

 
2-3 m 2  
perches

 
22-25

 
18-29

 
45-
60

 
10-15

 
60-200

OPOSSUM 0.56 m 2 0.75 m  21-25 10-27 45-
65

10-12  

PI GEON 0.18 m 2 0.38 m  16-20 5-27 45-
70

12-15 1.2

QUAI L 400cm 2 15 cm    
m ax. 30 cm

200 cm 2 21-22 20-30 45-
70

10-15  

RABBI T  
< 4 kg   
> 4 kg

 
0.37 m 2  
0.46 m 2

 
0.40 m    
0.45 m

fem . +  lit ter   
0.93 m 2

 
16-22

 
10-28   
shade

 
40-
50

 
10-20

 
30-40

RAT   
< 150 g  
> 150 g

 
150cm 2  
250cm 2

 
18 cm    
18 cm

fem . +  lit ter   
800 cm 2

 
20-25

  
50-
55

 
10-20

 
4.0

SHEEP Chapter I V Table 2 5-21 0-24 50-
75

15-25 500-800

SWI NE 2.0 to 4.0 m 2 of pen  
space per anim al

fem . +  lit ter  
5-8.5 m 2

17-24 10-25 55-
75

15-20 250-500



APPENDI X I I  

BREEDI NG AND REPRODUCTI ON DATA

SPECI ES  
( age 
and   

w eight )

Breeding 
Age   

range 
fem ale-   

m ale

Cycle 
Type*   
Length   
( days)

Durat ion 
of   

Sexual  
Recept ivity

Breeding   
Behaviour* *   

and   
Season* *

Gestat ion   
m ean ( d)   

range

Lit ter  
Size   
and 

Range

Opt im al* * *   
Reproduct ive   

Span   
( yrs/ m os)

Light   
Hours

CAT 7-10 m os 14-24   
S.P.

3-8 d   
irregular

Ph ( f. to m .)    
Jan. to Sept .

62   
57-65

2-6 6-7 yrs 12-14

CATTLE 16-24 
m os

18-24   
P

10-24 hrs Ph (A1)    
all year

283   
279-290

1 8-10 yrs 8-12

CHI CKEN 4-6 m os   Poly all year 21   
incubat ion

 9-12 m os 13-14

DOG 10-14 
m os

21   
M

4-8 d Ph ( f. to m .)    
Biannual

63   
58-68

breed   
4-10   
dependent

6-7 yrs 10-12

GERBI L 9-12 wks 4-6   
P

14-18 hrs MP   
all year

25   
24-26

4-5 15 m os 12-14

GOAT 15-18 
m os

14-21   
S.P.

48-72 hrs Poly   
Sept . to Feb.

151   
149-153

1-2 4-5 yrs 8-12

GUI NEA 
PI G

3 m os 15-19   
P

6-14 d H (1 to 6)    
all year

65   
59-72

2-6 2 yrs 12-15

HAMSTER 6-8 wks 4   
P

6-20 hrs M.P. or   
H (1 to 5)    
all year

16   
15-18

5-8 15 m os 12

HORSE 36-60 
m os

19-24   
S.P.

3 d   
2-6

Ph ( f. to m .)    
Feb. to Aug.

335   
320-360

1 12-15 yrs 8-12

MOUSE 6 wks 4-5   
P

10-20 hrs H (1 to 4)    
all year

20   
19-21

6-12 7-8 m os 14

NON-
HUMAN   
PRI MATE   
Baboon 
(Papio sp)

48-66 
m os

31-32 3-4 day 
m enses   
day 15-17 
opt im al 
breeding 
period

H (1 to 6)    
all year

175   
154-185

1 5-20 yrs 12-14

(Macaca 
sp)

36-48 
m os

28 3-4 day 
m enses   
day 10-12 
opt im al   
breeding 
t im e

H (1 to 8)    
or Ph ( f. to 
m .)  all year

165   
150-180

1 5-20 yrs 10-14

OPOSSUM 8-12 m os 22-27   
P

7-14 d   
post -partum

M.P. m arsupial   
12-13

1-12 5 yrs  

PI GEON 6 m os   M.P.   
all year

13   
incubat ion

 2 yrs 12-14

QUAI L 6 wks   H (1 to 3)    
or poly   
all year

16   
incubat ion

 5-6 m os 14

RABBI T 6-9 m os induced   
P

ovulat ion   
variable

Ph ( f. to m .)    
all year

31   
28-34

6-10 3 yrs 12-14



RAT 10-12 
wks

4-5   
P

10-20 hr H (1 to 6)    
all year

21   
20-22

7-14 9-10 m os 12-14

SHEEP 18-24 m 16-17   
S.P.

1-1 1/ 2 d Poly   
m id-Sept .   
to m id-Jan.

145   
144-148

1-3 4-5 yrs 12

SWI NE 9-11 m os 21   
P

2-3 d Poly   
all year

114   
112-116

6-16 3-4 yrs 10-12

*      P =  Polyest rus;  S.P. =  Seasonal Polyest rus;  M =  Monoest rus  
* *     H =  Harem  m at ing (1 m ale (m )  to #  fem ales ( f) ) ;  Poly =  Polygam ous;  Ph =  Polygam ous but  usually 
hand m ated, take (m ale to  
       fem ale)  or ( fem ale to m ale) ;  A.I . =  Art ificial I nsem inat ion;  M.P. =  Monogam ous Pair, set  up at  
weaning for life.  
* * *    Opt im al Reproduct ive Span -  refers to that  period of the fem ale's life during which fert ilit y and lit ter 
size are m axim al and  
       reproduct ive com plicat ions m inim al. Breeding stock will usually be replaced at  the end of this span of 
t im e for econom ic  
       reasons. 



APPENDI X I I I  

PHYSI OLOGI CAL AND NUTRI TI ONAL PARAMETERS*

SPECI ES Rectal  
Tem p.  

oC + 0 .5

Resp. 
Rate/   
Mean 

and   
( range)

Heart  
Rate/   
Mean 

and   
( range)

Average 
Daily   

W ater 
Consum pt ion

Urine   
Excreted   

Daily

Daily Feed   
Recom m endat ions

Digest ible   
Protein* *   

%

CAT 38.5 31   
(20-40)

150   
(110-
226)

150 m l   
100-200

50-120 m l 110-225 g 30

CATTLE 38.5 29   
(26-35)

58   
(46-55)

45-65 L 14-23 L. 7.5-12.5 kg 8.5-10

CHI CKEN 39.5 (12-36) 300   
(150-
400)

ad lib  85-115 g 13-17

DOG 39.0 24   
(20-34)

110   
(77-138)

25-35 m l/ kg 
body wt

65-400 
m l   
breed   
dependent

250-1200 g   
breed   
dependent

20

FERRET 38.5 34   
(33-36)

240   
(200-
400)

75-100 m l 26-28 m l 140-190 g 9.5

GERBI L 38.5 90   
(70-120)

360   
(260-
600)

3-4 m l or   
green feed

few drops 10-15 g 15

GOAT 39.0 19   
(12-35)

90   
(70-135)

1.5-4 L 1-2 L 1-4 kg 15

GUI NEA PI G 39.0 86   
(42-104)

280   
(230-
380)

12-15 m l/    
100 g body wt

15-75 m l 20-35 g   
+  Vit . C supp.

25-30

HAMSTER 39.0 77   
(35-135)

332   
(250-
500)

8-12 m l 6-12 m l 7-15 g 16

HORSE 38.0 12   
(10-14)

44   
(23-70)

25-55 L 3-15 L 8-16 kg 5.5-14

MOUSE 37.5 138   
(94-163)

470   
(325-
780)

3-7 m l 1-3 m l 3-6 g 12

NON-
HUMAN   
PRI MATE   
Baboon 
(Papio sp)

39.0 25   
(22-35)

115   
(105-
150)

 
  

400-600 m l

150-400 
m l

1-1.5 kg   
+  Vit . C supp.

 
  

17

Cynom olgus   
(M. 

fascicular is)

39.0 40   
(30-54)

220   
(165-
243)

350-950 m l 150-550 
m l

350-550 g   
+  Vit . C supp.

17

OPOSSUM 34.5 36-65 (140-
220)

100-200 m l  85-150 g 20-25

PI GEON 41.0 25-30 (140-
244)

40-50 m l  25-75 g 10-15



RABBI T  
39.0

40   
(32-60)

260   
(130-
325)

80-100 m l/
kg   
body wt

50-90 m l/
kg   
body wt

 
75-100 g

 
14

RAT  
37.0

92   
(70-115)

350   
(250-
450)

 
20-45 m l

 
10-15 m l

 
10-20 g

 
12

SHEEP  
39.5

25   
(20-34)

76   
(70-80)

 
600-1800 m l

400-1200 
m l

 
1-2 kg

 
5

SWI NE  
39.0

40   
(32-58)

70   
(60-75)

 
4.5-6.5 L

 
2.5-4.5 L

 
1.5-3 kg

 
14

*    Averages and ranges derived from  literature m ean values for young adult  anim als under various 
condit ions ( from  various  
    sources) .  
* *  Refers to ( ideal or digest ible protein required;  crude protein (CP) )  levels in m ost  prepared laboratory 
anim al diets m ay be  
    considerably higher. 
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APPENDI X I V  

HEMATOLOGY*

SPECI ES RBC X 

1 0 1 2 / L

Hb   
g/ L

PCV   
L/ L

Platelets  
X 1 0 9 / L

W BC  
X 1 0 9 / L

Neutrophils  
1 0 9 / L

Lym phocytes  
1 0 9 / L

Blood   
Vol.  

( m l/ kg)

CAT 7.5   
5.0-
10.0

120   
80-150

0.37   
0.24-
0.45

 
190-400

12.5   
5.5-19.5

7.5   
2.5-12.5

4.0   
1.5-7.0

66.7   
45-75

CATTLE 7.0   
5.0-
10.0

110   
80-150

0.35   
0.24-
0.46

 
220-640

8.0   
4.0-12.0

2.0   
0.6-4.0

4.5   
2.5-7.5

57   
55-60

CHI CKEN 3.0   
2.5-3.5

90   
70-130

0.3   
0.22-
0.35

 
14-60

12.0   
12.0-
30.0

3.0-6.0 14.0   
7.0-17.5

83   
60-90

DOG 6.8   
5.5-8.5

150   
132-
193

0.45   
0.38-
0.57

 
145-440

11.5   
6.0-17.0

7.0   
3.9-12.0

2.8   
1.0-4.8

83-101

GERBI L 8.5   
7.0-
10.0

150   
121-
169

0.48   
0.41-
0.52

 
638

4.3-21.6 0.3-4.1 3.2-9.7 60-85

GOAT 13.0   
8.0-
18.0

100   
80-120

0.35   
0.24-
0.48

 
250-750

9.0   
4.0-13.0

3.2   
1.2-7.2

5.0   
2.0-9.0

70   
55-80

GUI NEA PI G 5.2   
4.8-5.9

110-
140

0.43   
0.37-
0.46

 
450-630

3.8-13.5 2.6   
2.0-3.1

6.4-7.5 65-90

HAMSTER 7.5   
5.0-9.2

168   
146-
200

0.5   
0.46-
0.52

 
300-570

7.6   
5.0-10.0

1.5-3.5 6.1-7.0 65-80

HORSE 9.0   
6.8-
12.9

144   
111-
190

0.41   
0.32-
0.53

 
80-397

9.0   
5.4-14.3

4.7   
2.3-8.6

3.9   
1.7-6.8

72   
75-100

MOUSE 9.1   
7.9-
10.1

110-
145

0.37-
0.46

 
600-1200

5.0-13.7 0.4-2.7 7.1-9.5 70-80

NON-HUMAN   
PRI MATES   
Baboon (Papio 
sp)

5.0   
4.0-6.0

120   
90-150

0.42   
0.36-
0.49

 
  

135-400

 
  

3.0-11.4

 
  

2.7-7.3

 
  

2.6-5.9

 
  

50-70

CYNOMOLGUS   
(M. 

fascicular is)

 
5.0   
3.9-7.1

116-
145

0.38-
0.50

90-140 8.1-21.3 1.3-8.1 3.5-8.3 55-75

OPOSSUM 5.0   
3.4-7.1

 
121-
198

0.42   
0.30-
0.58

 
235-1235

 
3.0-27.0

 
1.5-6.5

 
1.9-9.2

 
45-65

QUAI L 4.7   
4.0-5.5

 
110-
150

0.42   
0.3-0.45

  
12.5-
25.0

 
2.5-5.0

 
5.0-7.0

 
55-75

RABBI T 6.5   
4.5-8.5

 
94-175

0.40   
0.31-
0.50

468   
180-750

 
4.0-13.0

 
3.0-5.2

 
2.8-9.0

 
57-65



RAT 5.4-8.5 115-
160

0.37-
0.49

450-885 4.0-10.2 1.3-3.6 5.6-8.3 50-65

SHEEP 12.0   
9.0-
15.0

115   
90-150

0.35   
0.27-
0.45

 
250-750

8.0   
4.0-12.0

2.4   
0.7-6.0

5.0   
2.0-9.0

 
58-66.4

SWI NE 6.5   
5.0-8.0

130   
100-
160

0.42   
0.32-
0.50

 
300-700

16.0   
11.0-
22.0

 
4.0-7.5

 
6.0-10.0

 
52-69

*  The norm al values m ay vary according to age, sex, breed and funct ion of anim als. 
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APPENDI X V  

CLI NI CAL BI OCHEMI STRY REFERENCE VALUESa

 
   
  

SPECI ES

 
   
  

Glucose   
m m ol/ L

 
   
  

Urea   
m m ol/ L

 
   
  

Cholesterol  
Total  

m m ol/ L

Protein Aspartate   
Am ino-

t ransferase  
( AST, 
SGOT)   

U/ L

Alanine   
Am ino-

t ransferase  
( ALT, 
SGPT)   

U/ L

 
   
  

Alkaline

Phosphatase  
U/ L

Total  
g/ L

Album in   
g/ L

Globulin   
g/ L

CATb 3.89-
6.11  
(5.05

± 0.42)

14.28-21.42 2.46-3.37 54-
78  
(66
± 7)

21-33  
(27± 2)

26-51  
(39± 7)

26-43  
(35± 9)

6-83  
(26± 16)

25-93  
(50± 35)

CHI CKENb  (9.30)  (56) (25) (31) (175)   

COWb 2.5-
4.16  
(3.19

± 0.38)

14.28-21.42 2.07-3.11 67-
75  
(71
± 2)

30-35  
(33± 1)

30-35  
(32± 2)

78-132  
(105± 27)

14-38  
(27± 14)

0-488  
(194± 126)

DOGb 3.61-
6.55  
(5.05

± 0.67)

7.14-19.99  
(12.14
± 2.86)

3.50-6.99  
(4.61± 0.98)

54-
71  
(61
± 5)

26-33  
(29± 2)

27-44  
(34± 5)

23-66  
(33± 12)

21-102  
(47± 26)

20-156  
(66± 36)

GOATb 2.78-
4.16  
(3.49

± 0.39)

7.14-14.28  
(10.71
± 1.43)

2.07-3.37 64-
70  
(69
± 5)

27-39  
(33± 3)

27-41  
(36± 5)

167-513 24-83 93-387  
(219± 76)

GUI NEA 
PI Gc  
Hart ley 
(500-800g)

4.94-
5.29  

(5.12)

15.35-
17.99  

(16.67)

 48-
56  

(52)

24-27  
(25)

 46-48  
(47)

38-45  
(41)

66-74  
(70)

HAMSTERc  
Syrian 
(100g)

3.61-
4.07  

(3.84)

14.85-
21.49  

(18.333.08)

4.71-6.13  
(5.42)

64-
73  

(675)

32-37  
(352)

 53-124  
(7932)

21-50  
(3511)

8-18  
(135)

HORSEb 4.16-
6.39  
(5.30

± 0.47)

7.14-17.14 1.94-3.89  
(2.88± 0.04)

52-
79  
(63
± 6)

26-37  
(31± 3)

26-40  
(33± 7)

226-366  
(296± 70)

3-23  
(14± 11)

143-395  
(244± 101)

MOUSEd  
CD-1   
[ Crl: CD-1
( I CR)BR] e

9.71-
18.60  

(15.00)

12.14-
20.59  

(16.07)

1.27-2.48  
(1.89)

42-
60  

(51)

21-34  
(28)

18-82  
(22)

55-251  
(139)

28-184  
(95)

28-94  
(67)

CF-1 [ Crl:
CF-1BR] e

9.10-
20.48  

(14.46)

8.57-19.99  
(14.99)

2.72-4.16  
(3.49)

54-
65  

(60)

30-40  
(35)

18-31  
(24)

30-314  
(177)

76-208  
(143)

67-303  
(167)

B6C3F1 
[ B6C3F1/
CrlBR] f

7.6-
26.0  

(17.3)

4.3-13.5  
(7.85)

1.53-3.63  
(2.29)

47-
60  

(52)

26-34  
(30)

17-29  
(22)

0-111  
(43)

 46-289  
(207)

NON-
HUMAN 
PRI MATE   
Baboon 
(Papio sp) c

(6.72
± 1.16)

  (63
± 6)

(37± 4)  (25± 3) (16± 4)  

Cynom olgus   
(M. 

fascicular is)g

2.20-
4.70

3.80-10.00 1.91-4.52 68-86 34-45 27-47 9-68 0-138 102-1163



Rhesus   
(M. m ulat ta)
c

(3.89
± 0.57)

12.07-
14.85  

(13.46)

3.31-4.43  
(3.87)

66-
80  
(70
± 8)

43-44  27-79  
(55± 27)

27-42  
(35)

(149)

PI Gb 4.72-
8.33  
(6.61

± 0.96)

7.41-21.42 0.93-1.40 79-
89  
(84
± 7)

(26± 7) 53-64  
(59± 6)

32-84  
(61± 26)

31-58  
(45± 14)

118-395  
(194± 84)

RABBI Tb 2.78-
5.18  
(4.08

± 0.53)

(10.212.14) 0.14-1.86  
(0.69± 0.41)

(64
± 3)

(27± 3)  (47) (79) (120± 14)

RATd  
Wistar[ Crl:
(W)BR] h

4.71-
7.33  

(6.22)

11.42-
19.28  

(14.64)

1.20-2.38 f  
(1.79)

63-
86  

(73)

33-49  
(47)

24-39  
(31)

39-92  
(64)

17-50  
(32)

39-216  
(123)

F-344 i  
[ CDF(F-344)
CrlBR]

4.24-
20.04  

(10.85)

7.85-19.99  
(10.00)

0.54-2.22  
(1.29)

60-
78  

(66)

34-43  
(39)

24-35  
(29)

56-436  
(233)

108-375  
(232)

147-399  
(248)

CD[ Crl: CD
(SD)BR] j

5.55-
16.71  

(11.69)

9.28-22.13  
(14.64)

1.18  
(0.52-1.914)

59-
79  

(70)

28-44  
(38)

26-39  
(32)

39-262  
(129)

110-274  
(216)

46-264  
(161)

SHEEPb 2.78-
4.44  
(3.80

± 0.33)

5.71-14.28 1.34-1.97  
(1.66± 0.31)

60-
79  
(72
± 5)

24-30  
(27± 2)

35-57  
(44± 5)

  
 

(307± 43)

  
 

(30± 4)

68-387  
(178± 102)

a Ranges with the m eans and standard deviat ions in parenthesis. Reported in S.I . units.  
b KANEKO, J.J., ed. Clinical chem ist ry of dom est ic anim als. Academ ic Press, 1989:  886-891.  
c LOEB, W.F. and QUI MBY, F.W., eds. The Clinical Chem ist ry of Laboratory Anim als. Pergam on Press, 1989:  417-476.  
d Sexes com bined, 19-21 weeks.  
e Baseline haem atology and clinical chem ist ry values for Charles River outbred m ice:  Crl: CD-1( I CR)BR. Crl: CF-1BR. 
Charles River Laborator ies Techn. Bull. ,  1986.  
f Values from  Parke Davis Research I nst itute, Mississauga, Ontario.  
g CLARKE, D., TUPASI , G., WALKER, R. and SMI TH, G. Stabilit y of serum  biochem ical param eters in Beagle Dogs and 
Cynom olgus m onkeys. Clin. Chem . Newsl. ( I n press) .  
h Baseline haem atology and clinical chem ist ry values for Charles River Wistar rats (CRL: (W)BR)  as a funct ion of sex and 
age. Charles River Techn. Bull. ,  Vol. 1, No. 2, 1982.  
i Baseline haem atology and clinical chem ist ry calues for Charles River Fischer-344 rats -  CDF(F-344)CrlBR as a funct ion 
of sex and age. Charles River Techn. Bull. ,  Vol. 3, No. 1, 1984.  
j  Baseline haem atology and clinical chem ist ry values for Charles River CD[ Crl: CD(SD)BR]  rats as a funct ion of sex and 
age. Charles River Techn. Bull. ,  Vol. 3, No. 2, 1984. 
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SERUM ELECTROLYTE REFERENCE VALUESa

SPECI ES Sodium   
m m ol/ L

Potassium   
m m ol/ L

Chloride   
m m ol/ L

Bicarbonate   
m m ol/ L

Phosphorus  
m m ol/ L

Calcium   
m m ol/ L

Magnesium   
m m ol/ L

CATb 147-156  
(152)

4.0-4.5  
(4.3)

117-123 17-21 1.45-2.62  
(2.00)

1.55-
2.55  
(2.06

+ 0.24)

  
 

(0.90)

CHI CKENb (2.52) (7.10)

COWb 132-152  
(142)

3.9-5.8  
(4.8)

97-111  
(104)

17-29 1.81-2.10 2.43-
3.10  
(2.78

+ 0.15)

0.74-0.95  
(0.84+ 0.10)

DOGb 141-152 4.37-5.35 105-115 18-24 0.84-2.00  
(1.39+ 0.29)

2.25-
2.83  
(2.55

+ 0.15)

0.74-0.99  
(0.86+ 0.12)

GOATb 142-155  
(150
+ 3.1)

3.5-5.4 99-110  
(105
+ 2.9)

   
 

(4.62+ 0.25)

2.88-
3.20  
(2.58

+ 0.15)

0.90-0.31  
(1.03+ 0.12)

GUI NEA PI Gc  
Hart ley (500-
800g)

122-125 4.7-5.3 92-97 22-24 1.71-1.72 2.40-2.67 0.97-1.01

HAMSTERc  
Syrian (100g)

128-145 4.9-5.1 94-99   
 

(30+ 2.9)

1.71-2.13 2.60-3.09 0.91-1.03

HORSEb 132-146  
(139
+ 3.5)

2.4-4.7  
(3.5+ 0.6)

99-109  
(104
+ 2.6)

20-28 1.00-1.81 2.80-
3.40  
(3.10

+ 0.14)

0.19-1.15  
(1.03+ 0.13)

MOUSEd  
CD-1   
[ Crl: CD-1( I CR)
BR] e

  
 

143-150  
(148)

  
 

3.8-10.0  
(6.3)

  
 

96-111  
(105)

   
 

2.68-3.62  
(3.08)

  
 

2.77-
3.02  

(2.90)

 

CF-1 [ Crl: CF-
1BR] e

139-157  
(148)

4.8-8.9  
(6.9)

104-119  
(111)

 2.91-4.65  
(3.76)

2.25-
2.89  

(2.57)

 

NON-HUMAN 
PRI MATE   
Baboon (Papio 
sp) c

  

(142
+ 3.5)

  

(3.8+ 0.5)

  

(107
+ 3.7)

   

(2.26+ 0.48)

  

(2.10
+ 0.02)

 

Cynom olgus   
(M. fascicular is)

142-153 f  
(149)

3.0-4.8 f  
(3.9)

101-112 f  
(107)

 1.18-2.30g 2.17-
2.55g  
(2.36)

 

Rhesus   
(M. m ulat ta) c

154-158 3.6-4.6 110-114  1.41-1.62 2.42-2.70 0.68-0.75



PI Gb 135-152 4.4-6.7 94-106 18-27 1.71-3.10 1.78-
2.90  
(2.41

+ 0.25)

1.11-1.52  
(1.31+ 0.20)

RABBI Tb   
 

(141
+ 0.93)

  
 

(5.30.5)

85-105.3  
(96.5
+ 6.7)

  
 

(47)

  
 

(1.34+ 0.15)

1.46-3.60   
 

(0.92+ 0.07)

RATd  
Wistar[ Crl: (W)
BR]

141-
150h  
(145)

5.2-7.8h  
(6.2)

99-114h  
(106)

 1.99-3.77 f  
(2.95)

2.67-
3.43 f  

(3.05)

1.07-1.28c

F-344 i  
[ CDF(F-344)
CrlBR]

139-150  
(145)

3.9-7.5  
(5.7)

82-99  
(93)

 2.42-5.62  
(4.13)

2.47-
3.32  

(2.82)

 

CD[ Crl: CD(SD)
BR] j

139-150  
(145)

3.6-8.4  
(5.7)

84-99  
(93)

 2.42-5.62  
(4.13)

2.47-
3.22  

(2.82)

0.66-1.79c

SHEEPb 139-152 3.9-5.8 95-103 20-25 1.62-2.36 2.88-
3.20  
(2.78

+ 0.07)

0.90-0.31  
(1.03+ 0.12)

a Ranges with the m eans and standard deviat ions in parenthesis. Reported in S.I . units.  
b KANEKO, J.J., ed. Clinical chem ist ry of dom est ic anim als. Academ ic Press, 1989:  886-891.  
c LOEB, W.F. and QUI MBY, F.W., eds. The clinical chem ist ry of laboratory anim als. Pergam on Press, 
1989:  417-476.  
d Sexes com bined, 19-21 weeks.  
e Baseline haem atology and clinical chem ist ry values for Charles River outbred m ice:  Crl: CD-1( I CR)BR. 
Crl: CF-1BR. Charles River Laborator ies Techn. Bull. ,  1986.  
f Values from  Parke Davis Research I nst itute, Mississauga, Ontario.  
g CLARKE, D., TUPASI , G., WALKER, R. and SMI TH, G. Stabilit y of serum  biochem ical param eters in 
beagle dogs and cynom olgus m onkeys. Clin. Chem . Newsl. ( I n press) .  
h Baseline haem atology and clinical chem ist ry values for Charles River Wistar rats (CRL: (W)BR)  as a 
funct ion of sex and age. Charles River Techn. Bull. ,  Vol. 1, No. 2, 1982.  
i Baseline haem atology and clinical chem ist ry values for Charles River Fischer-344 rats -  CDF(F-344)CrlBR 
as a funct ion of sex and age. Charles River Techn. Bull. ,  Vol. 3, No. 1, 1984.  
j  Baseline haem atology and clinical chem ist ry values for Charles River CD[ Crl: CD(SD)BR]  rats as a 
funct ion of sex and age. Charles River Techn. Bull. ,  Vol. 3, No. 2, 1984. 
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ZOONOSES- - EXPERI MENTAL ANI MALS TO MAN

A. BACTERI AL DI SEASES: 

Disease in Man Causat ive Agent Vertebrate Hosts1 Means of Spread Vectors and   
Notes on Cycle

Anthrax   
  Woolsorters  
  disease

 
Bacillus anthracis

Farm  anim als   
wild and zoo anim als

contact , inhalat ion, 
ingest ion

Spores:  long lived 
in soil

Brucellosis2  
  Undulant  Fever   
  Malta Fever   
  Zang's disease

B.suis  
   
  

B.abortus  
  

B.m elitensis 

B.ovis  
  

B.canis

swine   
   
  

cat t le, sheep, 
buffalo  

sheep, goats  

sheep   
   
  

dogs

contact  and ingest ion 
of m ilk, m ilk products, 
raw m eat    
   
   
   
  

direct  contact  
pr im arily with sem en  

contact  with infected 
sem en, fetuses, fetal 
m em branes and 
vaginal secret ions

 

Cam pylobacteriosis C.fetus  
C.jejuni

cat t le, sheep, pigs, 
dogs, non-hum an   
pr im ates, poult ry

ingest ion m ay survive   
inadequate 
heat ing

Chlam ydiosis3  
   Psit tacosis

Chlam ydia spp. Psit tacine birds, 
poult ry, pigeons

inhalat ion recovered 
nest lings

Colibacillosis4 E.coli cat t le, swine, 
poult ry, m isc. 
anim als

ingest ion  

Leptospirosis   
  Weil's disease

Leptospira spp. rodents, dogs, farm  
and wild anim als

contact , ur ine 
contam inated soil and 
water

 

Pasteurellosis P.m ultocida  
P.hem olyt ica  
P.pneum otropica

cats, dogs, rabbits, 
m isc. m am m als, 
birds

contact , bite wounds, 
inhalat ion

 

Plague Yersinia pest is rodents contact , flea bites, 
inhalat ion

fleas

Pseudotuberculosis Yersinia  
pseudotuberculosis

rodents, 
lagom orphs, 
pigeons, turkeys, 
canaries, wild birds

contact , contam inated 
food and water 
ingest ion

 

Rat  Bite Fever S.m oniliform is  
Spir illum  m inus

rodents rodent  bites, ingest ion infected saliva

Salm onellosis Salm onella spp. farm  anim als, 
rodents, rept iles, 
am phibians, zoo and 
wild anim als

ingest ion, inhalat ion, 
contact

 



Shigellosis   
  Bacillary 
dysentery

Shigella spp. non-hum an prim ates contact , fecal 
contam inat ion, 
ingest ion

direct  or by 
fom ites

Tetanus5 Cl.tetani dog, cat , equine spp. bite wounds, 
contam inated 
puncture wounds

soil

Tuberculosis M.tuberculosis  
M.bovis  
M.avium

non-hum an 
prim ates, cat t le, 
dogs   
cat t le, dogs   
poult ry, swine, 
sheep

contact , ingest ion, 
inhalat ion

Anthropozoonot ic6

Tularem ia   
Rabbit  fever

F.tularensis lagom orphs, wild 
rodents, birds, dogs

inhalat ion contact , 
t ick and insect  bites, 
ingest ion of 
contam inated food 
and water

bit ing insects and 
t icks

 
  

B: RI CKETTSI AL DI SEASES: 

Causat ive 
Agent

Diseases in 
Man

Com m on Vertebrate 

Hosts1

Means of Spread, Vectors, Cycle Notes

Coxiella8 Q fever cat t le, sheep, goats inhalat ion, ingest ion of contam inated raw 
m ilk, blood sucking anthropods, contact  
with am niot ic fluid or placenta

R.akari Ricket tsial pox wild m ice, rats m ite bites:  A. sanguineus

R.r icket tsia Rocky 
m ountain 
spot ted fever

wild rodents, rabbits, 
dogs

t ick bites:  Derm acentor  spp., Am erican dog 
t ick

R.siberica Asian t ick fever various wild rodents t ick bites:  t icks them selves m ay act  as 
reservoirs with t ick to t ick passage

R.typhi Murine typhus wild m ice, rats flea bites from  rat  fleas, rat  to rat  spread by 
lice, ingest ion of contam inated food

 
  

C. ARBOVI RUS DI SEASES: 

Causat ive 
Agent

Diseases in 
Man

Com m on Vertebrate 

Hosts1

Means of Spread, Vectors, Cycle Notes

Asian 
arboviruses

various 
t ickborne   
hem orrhagic 
fevers

wild rodents, hares, wild-
caught  m onkeys

t ick bites, sub- t ropical clim ate condit ions 
favour cycle

California 
encephalit is

California 
encephalit is

wild rabbits, rodents natural cycle wild rabbits and rodents/  
m osquito

Colorado 
t ickborne virus

Colorado t ick 
fever

ground squirrels, 
Derom yscus spp.

t ick bite, t ick/ sm all rodent  natural cycle

E.E.E. Eastern equine 
encephalit is

horses, birds m osquito bites:  bird/ m osquito/ horse natural 
cycle



Powassan virus Powassan 
encephalit is

wild rabbits, rodents t ick bites

S.L.E. St . Louis 
encephalit is

birds natural cycle bird/ m osquito only

V.E.E. Venezuelan 
equine 
encephalit is

horses natural cycle horse/ m osquito only

W.E.E. Western equine 
encephalit is

horses, birds m osquito bites:  bird/ m osquito/ horse natural 
cycle

 
  

D. OTHER VI RUS DI SEASES: 

Causat ive 
Agent

Diseases in 
Man

Com m on Vertebrate 

Hosts1

Means of Spread, Vectors, Cycle Notes

Filovirus Marburg 
disease   
Ebola 
hem orrhagic 
fever

Afr ican green m onkey   
Macaca sp.

direct  contact  with m onkey t issues

Hem orrhagic 
fever virus

S. Am erican 
and Korean 
hem orrhagic 
fever 

wild rodents   
Mastom ys ratalensis

contact , contam inat ion of food, etc., with 
rodent  excreta;  direct  contact

Hepat it is virus Hepat it is A chim panzees contact , anthropozoonot ic diseases9

Herpes sim iae Herpes B.
encephalit is

rhesus;  other Macaca contact , bite wounds, Old World m onkeys

L.C.M. virus Lym phocyt ic 
Chorio- -    
Meningit is

rodents;  num erous other 
m am m als

contact , inhalat ion;  congenital t ransm ission, 
t issue culture t ransm ission

Rabies virus Rabies dogs, cats, bats and 
m any others

bites;  saliva contact , virus concent rate in 
saliva

 
  

E. FUNGAL AND PROTOZOAN DI SEASES: 

Causat ive 
Agent

Diseases in Man Com m on Vertebrate 

Hosts1

Means of Spread, Vectors, Cycle Notes

Balant idium  

coli

Balant idiasis non-hum an prim ates ingest ion by contam inat ion of food or 
fom ites

Coccidioides 

im m it is

Coccidioidom ycosis cat t le, dogs and 
occasionally other spp.

inhalat ion of air-borne spores;  fungus 
present  in desert  soil

Entam oeba 

histolyt ica

Am ebiasis   
Am ebic dysentery

non-hum an prim ates, 
dogs

contam inat ion of food, usually by m an 
(natural host )  to dogs

Giardia 

intest inalis

Giardiasis non-hum an prim ates, 
dogs, beaver

m an is m ain reservoir, ingest ion of cysts 
in contam inated water or food

Histoplasm a  
capsulatum

Histoplasm osis dogs, other dom est ic 
and wild species

inhalat ion of fungi;  m ay also grow in soil



Toxoplasm a 

gondii

Toxoplasm osis cats;  occasionally other 
dom est ic and lab spp.

ingest ion of oocysts from  cats;  inhalat ion 
infected m eat ;  fetal t ransm ission m ay 
occur

Trichophyton 
spp.   
Microsporum  
spp.   
Other 
derm atophytes

Ringworm , 
derm atom ycosis

dog, cat , guinea pig, 
other rodents and farm  
anim als, rabbits

direct  contact , r ingworm  of m an can be 
t ransm it ted to anim als and visa-versa;  
soil m ay be reservoir

Trypanasom a 
spp.   
Plasm odium  
spp.   
Leishm ania 
spp.

Blood protozoan 
diseases

non-hum an prim ates, 
rodents, dom est ic and 
wild spp.

insect  vectors- -saliva t ransm ission;  som e 
few species direct  t ransm ission

1 Only m ore com m on host  species are listed.  
2 Brucella abortus has also been reported in bact r ian and drom edary cam els, alpacas, and caribou. B.suis 
has been reported in  
   Afr ican rodents, European hares ( it  is the reservoir) .  Brucellosis has also been reported in desert  rats 
in the U.S. and in foxes  
   and m ustelids in S. Am erica.  
3 One case of cat  to hum an t ransm ission causing conjunct ivit is.  
4 E.coli has m any serotypes;  those with capsular K ant igen are especially pathogenic to m an and anim als. 
Som e serotypes are  
   species specific. Man is the m ain reservoir of colibacillosis for hum ans with the route of infect ion the 
handling of hum an feces or  
   not  washing hands after using the bathroom .  
5 Tetanus is not  considered a t rue zoonoses.  
6 Man is the pr im ary vertebrate host .  
7 I n addit ion to the G.I . signs, this organism  is associated with abort ion in wom en.  
8 Organism  concent rated in placenta and fetal m em branes and fluids.  
9 Man is pr im ary host . Measles (Rubeola)  is another anthropozoonot ic virus to non-hum an prim ates.  
  

Reference 

ACHA, P.N. and SZYFRES, B. Zoonoses and com m unicable diseases com m on to m an and anim als. 
Washington, DC:  Scient ific Publishers No. 503, World Health Organizat ion, 1989. 
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COMMON BLEEDI NG SI TES

SPECI ES ANT, 
VENA 
CAVA

CEPHALI C 
VEI N

EAR 
VEI N

FEMORAL 
VEI N

HEART JUGULAR 
VEI N

ORBI TAL 
SI NUS

TAI L 
V/ A

TOE/
TAI L 
NI CK

W I NG 
VEI N

CAT  Xc  Xc,r,t  Xc,r,t     

COW      Xj ,t  Xt   

BI RD     Xc,f Xc    Xc,f

DOG  Xc,r,t ,u  Xc  Xc,r,t ,u     

FERRET     Xl Xl  Xl Xl  

FI SH     Xe    Xe  

FROG     Xg      

GERBI L     Xv  Xv Xv   

GUI NEA 
PI G

Xaa  Xn,o  Xo  Xo  Xc,o  

HAMSTER Xx  Xp  Xp,x  Xx  Xx  

NHP    Xc,w  Xc     

MOUSE     Xc,h,i,
n,s

 Xc,h,n,s Xh,s Xc,i,n,
s

 

OPOSSUM      Xk  Xk   

RABBI T   Xa,c,
b,n

 Xa,c,b      

RAT     Xc,n,z,
y

Xy Xc,n,z,y Xd,y Xc,n,z,
y

 

SMALL 
RUMI NANT 

 Xt    Xt     

SNAKE     Xm      

PI G Xq,t  Xq,t        

TURTLE     Xm    Xm  

X     Recognized bleeding site, followed by reference. 
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TRANQUI LLI ZER, SEDATI VE AND ANTI CHOLI NERGI C DRUG DOSAGES

 
  

SPECI ES

Aceprom azine   
Maleate   

( At ravet )

Xylazine   
( Rom pum ) d

Midazolam a  
( Versed)

Diazepam a  
( Valium )

Atropine   
Sulfatec

Glycopyrrolatec

Mg/ Kg Routeb Mg/
Kg

Route Mg/
Kg

Route Mg/
Kg

Route Mg/ Kg Route Mg/ Kg Route

CAT 0.2-
0.5   
1-3

I M I V   
PO

1-3 I M   
SC

0.2-
0.5

I M I V 1.0-    
m ax 
5 m g

 0.02-    
0.05

SC   
I M I V

0.011   
0.005

I M   
I V

CATTLE 0.1 I V 0.1 I M     not  effect ive   

DOG 0.1-0.5 I M I V   
SC

1-2 I M 0.2-
0.5

I M I V 1.0   
m ax 
20.0

I M I V 0.02-    
0.05

SC   
I M I V

0.011   
0.005

I M   
I V

GUI NEA   
PI G

    5.0 I P 2.5 I M I P 0.02-    
0.05

SC   
I M I V

  

HAMSTER/    
GERBI L

    5.0   
5.0

I P   
I P

5.0 I P 0.02-    
0.05

SC   
I M I V

  

MOUSE     5.0 I P 1.0 I M I V 0.1-
0.2

SC  

I M I V

  

NON-
HUMAN   
PRI MATE

0.5-1 SC I M 1-2 I M   1.0 I M I V 0.05 SC   
I M I V

  

RABBI T 1.0 SC I M 1-3.0 I M 2.0 I P 1.0 I M I V 0.1-
0.2

SC   
I M I V

0.1 SC

RAT     2.5 I P 2.5 I P 0.02-    
0.05

SC   
I M I V

  

SHEEP/    
GOAT

0.1-0.2 I M I V 1.0   
0.05

I M   
I M

    0.05 SC   
I M

  

SWI NE 0.2 I M I V     1-2 I M I V 0.05-    
0.1

SC   
I M I V

  

a The t ranquillizers listed are not  m arketed in Canada under veter inary labels. These are hum an Schedule 
F, Part  I I  (H&W Canada)   
   drugs requir ing prescript ion.  
b PO =  oral;  SC =  subcutaneous;  I M =  int ram uscular;  I P =  int raperitoneal;  I V =  int ravenous.  
c At ropine and Glycopyrrolate should be adm inistered 35-50 m inutes pr ior to surgery, SC or I M.  
d Xylazine- - is an analgesic as well as a sedat ive. 



APPENDI X X  

ANALGESI C DRUG DOSAGES

SPECI ES Acetylsalicylic 
Acid   

( Aspir in)

Meperidine 
HCI  

( Pethidine)   
( Dem erol)

Fentanyl +  
Droperidol* *   

( I nnovar- vet ) *

Morphine Butorphanol Buprenorphine

Mg/
Kg   

Route

Durat ion Mg/
Kg   

Route

Durat ion m l/ kg   
Route

Durat ion Mg/
Kg   

Route

Durat ion Mg/
Kg   

Route

Durat ion Mg/
Kg   

Route

Durat ion

CAT   2-6 
I M SC

2-3 hr   0.05-
0.1 SC

4 hr 0.4 SC 3-4 hr 0.005-
0.01 
SC I V

8-12 hr

CATTLE             

DOG 10 PO 8-12 hr 2-6 
SC I M

1-2 hr 0.2-
0.5 I M

 0.3-
2.0 
SC I M

2-4 hr 0.2-
0.4 
SC I M

3-4 hr 0.01-
0.02 
I M SC 
I V

8-12 hr

GOAT   up to 
200 
total 
dose 
I M

4 hr   up to 
10 
total 
dose   
I M

4 hr   0.005 
SC I M

8-12 hr

GUI NEA 
PI G

85 PO 4 hr 10-20 
SC I M

2-3 hr   2-5 SC 2-4 hr   0.05 
SC

6-12 hr

HAMSTER     0.02-
0.05 
m l/   
100 g 
I M   
0.1 of 
1: 10   
dilut ion 
I P

     0.5 SC 6-8 hr

MOUSE 120-
300 
PO

4 hr 10-20 
SC I M

2-3 hr 0.02-
0.05 
m l/    
100 g 
I M

 2-5 SC 2-4 hr 1-5 SC 4 hr 0.05-
0.1 SC

6-8 hr

NON-
HUMAN   
PRI MATE

10-20 
PO

6 hr 2-4 I M 3-4 hr 0.05-
0.2 I M

required 
dosages 
vary 
great ly 
with 
different  
NHP 
species

1-2 
SC I M

4 hr 0.025 
I M

4 hr 0.01-
0.05 
I M I V

8-12 hr

RABBI T 10 PO 4 hr 10-20 
SC 
I M   
5 I V

2 hr   
2-4 hr

0.15-
0.3 I M

 2-5 
SC I M

2-4 hr 0.1-
0.5 I V

4 hr 0.02-
0.05 
SC I V 
I M

8-12 hr

RAT 100 
PO

4 hr 10-20 
SC I M

2-3 hr 0.10-
0.25 
I M   
0.2-
0.5 I M

Sedat ion/    
Anesthesia. 
Dilute to 
10%  
solut ion 
pr ior to 
adm inist ra-   
t ion

2-5 SC 2-4 hr 2 SC 4 hr 0.01-
0.5 SC

8-12 hr



SHEEP   up to 
200 
total 
dose 
I M

4 hr   up to 
10 
total 
dose 
I M

4 hr   0.005 
I M

4-6 hr

SWI NE 10 PO 4 hr 2 I M 4 hr 0.5 
I M   
0.03 I V

 up to 
10 
total 
dose 
I M

4 hr 0.1-
0.3 I M

4 hr 0.1 I V 
I M

8-12 hr

*  I nnovar-vet  =  Fentanyl 0.4 m g/ m l +  Droperidol 20 m g/ m l. * *  Neurolepranalgesic. 
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I NJECTABLE ANESTHETI C AGENTS- - DOSAGE

SPECI ES Pentobarbita l Thiopental Ketam ine 

HCI a
Urethaneb Ketam ine/   

Xylazine
Alphaxalone/   
Alphadolone   

( Saffan) c

Mg/ Kg Route Mg/
Kg

Route Mg/
Kg

Route Mg/
Kg

Route Mg/
Kg

Route Mg/ Kg Route

CAT 25 I V 10-
15

I V 20 I M 1250 I V 15/    
1

I M   
I M SC

9-12   
12-18

I V   
I M

DOG 20-30 I V 25 I V   1000 I V   cont raindicated

GOAT 30 I V 15 I V 20 I M       

GUI NEA  

PI G

37 I P 20 I V 100-
200

I M 1500 I P I V 40-
100/    
4-5

I M   
I M SQ

40 I P

HAMSTER 50-90 I P 20-
40

I V I P       150 I P

MOUSE 30-40 I P 30-
40

I V I P 100-
200

I M   200/    
10

I M   
I P

10-15 I V

NON-
HUMAN   
PRI MATE

5-15 I V 15-
20

I V 5-25 I M   7/    
0.6

I M   
I M

6-9   
12-18

I V   
I M

RABBI T 45 I V 20 I V 50 I M 1000 I V I P 35-
50/    
5-10

I M   
I M

6-9 I V

RAT 40 I P 20-
40

I V I P 60-
100

I M 1000 I P 90/    
5-10

I P I M   
I P I M

10-12 I V

SHEEP 30 I V 15 I V 20 I M       

SWI NE 30 I V 6-8 I V 10 I M   20/    
2

I M   
I M

2   
5

I V   
I M

a Ketam ine useful for birds at  15-20 m g/ kg for im m obilizat ion and from  40-100 m g/ kg for anesthesia in 
healthy birds, alone or in  
   com binat ion with a suitable t ranquillizer.  
b May only be used for non-survival surgery- -gives prolonged anesthesia. CAUTI ON:  Urethane is 
carcinogenic.  
c Saffan useful as anesthet ic for birds given I V rapidly at  12-14 m g/ kg body weight . 
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ANESTHETI C AND SEDATI VE DRUG DOSAGE- - AMPHI BI ANS AND REPTI LES*

Species Agent Dosage and Adm inist rat ion

Chem ical 
Rest raint    
of Am phibians  
  

Frog

 
   
  

MS-222   
(Tr icaine   
m ethane-    
sulfonate)

 
   
  

1: 1000 adult  by im m ersion   
1: 5000 juvenile by im m ersion  

-  prepare 1: 1000 stock solut ion by adding 1 gm  MS-222 to 1  
   liter of water   
-  buffer with 2 gram s Na bicarbonate;  use of unbuffered acidic   
  MS-222 has caused acidosis, increased BUN,ACTH and  
   cholesterol and is believed to be a st ressor in other aquat ic  
   species   
-  for recovery use adm inister at  holding or am bient  tem perature   
  to avoid shock and use an airstone to oxygenate solut ion,  
  induct ion 15 m inutes   
-  for rapid induct ion, use warm ed solut ion;  however, m ay induce  
  shock   
-  for m aintenance, dilute induct ion concent rat ion 50 percent ,  
  cover anim al with paper towel soaked in solut ion   
-  recovery 30 to 90 m inutes

Newt /
Salam ander

MS-222   
(Tr icaine   
m ethane-    
sulfonate)   

Benzocaine   
 

1: 2000-1: 7500 by im m ersion  

-  prepare and adm inister solut ion as for frog   
-  induct ion m ore rapid;  3-5 m inutes  

1: 10,000 by im m ersion  

-  dissolve 100 m g crystalline solid in 5 m l ethanol, add to1 liter of  
  water   
-  5 m inute induct ion at  room  tem perature 

Chem ical 
Rest raint   
of Rept iles 

Crocodilian

 
  

Ketam ine   
   
   
   
  

Pentobarbital   
  

Halothane/    
I soflurane

 
  

40-60 m g/ kg I M  

-  adm inister in forelim b m uscles   
-  induct ion 15-30 m inutes   
-  require adjunct  anesthesia for surgery  

7.5-15 m g/ kg I P;  recovery up to 5 days, unpredictable effects   
-  not  recom m ended for recovery use  

-  use after prem edicat ion with ketam ine;   
  otherwise, apnea results in prolonged induct ion  
  in diving species   
-  use nasal m ask, preoxygenate for 3 m inutes with 100%   



   oxygen, then give 4%  halothane or isoflurane unt il j aw tone  
   slackens   
-  block m outh open, intubate and m aintain on posit ive pressure  
   vent ilat ion, use 100%  oxygen and 0.5-2%  anesthet ic gas   
-  do not  exceed 10 cm  water pressure during  
   PPV;  vent ilate 4-6 t im es per m inute 10-20 m l/ kg  
   t idal volum e

Turt le Ketam ine   
   
   
   
   
  

Halothane/   
I soflurane   
   
   
  

Pentobarbital

40-80 m g/ kg I M in forelim b  

-  results highly variable, prolonged induct ion com m on, resp.  
  arrest  and death at  doses over 110 m g/ kg com m on, prolonged  
  recovery 6 hours -  3 days   
-  use at  low dose to abolish apnea during gas anesthesia  

-  use after ketam ine prem edicat ion   
-  m ask induct ion using N2O as with crocodilian or direct   

   intubat ion and m aintain on gas anesthesia   
-  can spontaneously vent ilate, if in dorsal recum bency use PPV  
  at  6 breaths per m inute, m aintain at  0.5-1.0 percent  gas  

60 m g/ kg I P  

-  dilute stock solut ion to 25 m g/ kg to lessen irr itat ion   
-  prolonged induct ion (1-3 hours)  and recovery (3 days)    
-  m ay have no effect  in 10 percent  of turt les

Lizard Ketam ine   
   
   
  

Halothane/    
I soflurane   
  

 

20-30 m g/ kg I M in forelim b  

-  apnea com m on after induct ion, intubate and vent ilate as for  
   turt les with oxygen during apnea  

-  m ask induct ion with oxygen or nit rous oxide/ oxygen and 4  
  percent  gas, apnea com m on;  use ketam ine prem edicat ion   
-  m aintain at  0.5-2.0 percent  gas   
-  recovery rapid (30 m inutes or less)

Snake Ketam ine   
   
   
  

Halothane/    
I soflurane

40-80 m g/ kg I M in dorsal epaxial m uscles  

-  3-5 m inute induct ion, m uscle r igidity com m on   
-  recovery dose-dependent , 30-90 m inutes  

4 percent  by m ask/ cham ber  

-  apnea uncom m on, use of N2O will hasten induct ion which is  

   rapid (5-10 m inutes)    
-  m aintain at  0.5-2 percent , intubate and allow to spontaneously  
  vent ilate   
-  exercise caut ion if using PPV due to fragilit y of snake air  sac

*  BENNETT, R.A. A review of anesthesia and chem ical rest raint  in rept iles. J. Zoo. Wildlife Med. 1991;  22
(3) :  282-303. 
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ANESTHETI C AND SEDATI VE DRUG DOSAGE- - FI SHES

Anesthet ic Species Dose I nduct ion and 
Recovery

Com m ents

MS-222   
(Tr icaine 
m ethanesulfonate)    
   
   
   
   
  

 

Salm onids   
   
  

Carp/
Minnows  

Cod

25 m g/ l   
75-100 m g/ l   
  

40 m g/ l  

75 m g/ l

I nduct ion:  < 3 
m in   
Recovery:   
< 10 m in   
  

 

Use the higher concent rat ion for 
deep anesthesia. Slower at  low 
tem peratures

Benzocaine 
hydrochlor ide

Salm onids   
  

St r iped Bass  

Carp  

Cod

25-45 m g/ l   
  

55-80 m g/ l  

50-100 m g/ l  

40 m g/ l

I nduct ion:  2-4 
m in   
Recovery:  < 10 
m in

Very sm all safety m argin between 
effect ive and lethal doses

Lidocaine plus   
1 g/ l NaHCO3

Carp   
   
  

Tilapia  

Cat fish

350 m g/ l   
   
  

250 m g/ l 

350 m g/ l

I nduct ion:  1-1.5 
m in   
Recovery:  10-
13 m in

Can also be used successfully in 
conjunct ion with CO2

Metom idate Cod   
  

Rainbow 
Trout

5-20 m g/ l   
  

5 m g/ l

I nduct ion:  < 3 
m in   
Recovery:    
8-20 m in

Very large safety m argin between 
effect ive and lethal doses

Etom idate Salm onids   
  

Channel 
cat fish  

St r iped Bass  

Golden 
Shiners

1.0 m g/ l   
  

0.6-2 m g/ l  

1.0 m g/ l  

0.5-1.5 m g/ l

I nduct ion:  3-5 
m in   
Recovery:    
5-20 m in

More effect ive in alkaline waters

Propoxate Various 1-4 m g/ l I nduct ion:  0.5-1 
m in

Safe for 16 hours at  0.25 m g/ l



Ketam ine   
hydrochlor ide

Salm onids  

Shark

30 m g/ kg I M  

10-30 m g/ kg I M

I nduct ion:  10-
300 secs   
Recovery:  1-2 
hours

Does not  block vent ilatory rhythm

Quinaldine sulfate Salm onids   
  

Channel 
Cat fish 

Bluegill  

Largem outh 
Bass

15-40 m g/ l   
  

30-70 m g/ l  

10-30 m g/ l  

15-70 m g/ l

I nduct ion:  2-5 
m in   
Recovery:    
2-60 m in

Lower toxicity in soft  water

2-Phenoxyethanol Cod  

Salm onids

0.1-0.5 m l/ l  

0.25-0.5 m l/ l

I nduct ion:  2-4 
m in   
Recovery:  3-6 
m in

Narrow m argin of safety between 
lethal and effect ive doses

Methylpentynol Trout 1.5-8 ppt I nduct ion:  2-30 
m in   
Recovery:  4-60 
m in

Toxic to sm all fish

Chlorobutanol Salm onids 600-750 m g/ l I nduct ion:  ~ 3 
m in   
Recovery:  6-20 
m in

Toxic to sm all fish. Causes death 
at  all concent rat ions

Hypotherm ia Salm onids I m m ersion in 
crushed ice and 
water

I nduct ion:  10-
15 m in   
Recovery upon 
return to 
norm al 
tem perature 
range

Fish which live at  10oC will st ill 
show act ivity at  1oC 

Halothane Rainbow t rout 200 u/ l  Lethal if durat ion is > 10 m inutes

Urethan Various 5-40 m g/ l I nduct ion:  2-3 
m in   
Recovery:  10-
15 m in

Known to be carcinogenic

Diethyl ether Various 10-15 m l/ l I nduct ion:  2-3 
m in   
Recovery:  5-30 
m in

Highly irr itat ing to skin

Chloral hydrate Various 0.8-0.9 g/ l I nduct ion:  8-10 
m in   
Recovery:  20-
30 m in

Anesthesia is not  deep, m ore 
appropriate as a sedat ive

Propanidid Salm onids 1.5-3 m l/ l I nduct ion:  1-4 
m in   
Recovery:  4-10 
m in

Does not  cause blood chem ist ry 
alterat ion



Carbon Dioxide Salm onids   
   
   
   
  

Carp

50%  CO2: 50%  

O2  

250-350 m g/ l   
   
   
  

290-460 m l/
m in   
1-2/ m in @ 
50%  CO2

I nduct ion:  3-4 
m in   
Recovery:  10-
15 m in   
   
  

I nduct ion:  20-
30 m in   
Recovery:  20-
30 m in

Lethal if held in solut ion for m ore 
than two m inutes   
Solut ion should be buffered to 
reduce the water acidity   
Violent  induct ion

Carbonic acid  150-600 m g/ l 
H2CO3

  

Sodium  
bicarbonate

Trout / Carp   
  

Adult  salm on

pH 6.5 +  642 
m g/ l   
  

900 m g/ l

I nduct ion:  5 
m in   
Recovery:  10-
12 m in

 

Elect roanesthesia Salm onids AC 100V for 5-
7 sec   
  

DC 0.6v/ cm  or   
400V @ 5 
am ps pulsed 
for 13 sec  

RC 100Hz, 8m s 
@ 2m s 
intervals  

RC 0.64-0.82V/
cm

I nduct ion:  
rapid   
Recovery:  20-
30 m in  

I nduct ion:  
rapid   
Recovery:  
im m ediate   
   
   
  

I nduct ion:  
rapid   
Recovery:  80 
secs

Less im pact  on blood chem ist ry, 
but  m ay be m ore physically 
dam aging

See references on following page.  
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METHODS FOR EUTHANASI A BY SPECI ES  
( Methods in order of Acceptability)

Species Most  Acceptable Acceptable

AMPHI BI ANS Barbiturates   
I nhalant  anesthet ics   
Tr icaine m ethanesulfonate MS-222   
Benzocaine

Double pithing   
Decapitat ion and pithing   
Stunning and pithing   
CO2 +  O2 m ixture

AVI AN SPECI ES   
(birds)

Barbiturates   
I nhalant  anesthet ics

Elect rocut ion stunning followed by  
  exsanguinat ion   
CO2 +  O2 m ixture   

Physical stunning followed by   
  exsanguinat ion or   
  decapitat ion

BOVI NE SPECI ES   
(calves, cows, goats, 
sheep and other rum inants)

Barbiturates   
Penet rat ing capt ive bolt  followed by  
  exsanguinat ion

Shoot ing followed by   
  exsanguinat ion

CATS I nhalant  anesthet ics   
Barbiturates

CO2 +  O2 m ixture

DOGS I nhalant  anesthet ics   
Barbiturates

CO2 +  O2 m ixture

EQUI NES (horses) Barbiturates Shoot ing   
Penet rat ing capt ive bolt

FI SH Tricaine m ethanesulfonate MS-222   
Benzocaine

Stunning followed by cervical   
  dislocat ion or decapitat ion

FUR BEARI NG ANI MALS   
(m ink, fox, others raised 
for fur)

Barbiturates   
Elect r ical stunning using special   
  equipm ent  followed by cervical   
  dislocat ion   
I nhalant  anesthet ics in specially   
  designed cham ber

CO   
CO2 +  O2

I NVERTEBRATES   
(cephalopods, crustacea)

Tricaine m ethanesulfonate MS-222   
Benzocaine

CO2 bubbling through water

MARI NE MAMMALS   
(seals, porpoises, cetacea)

Barbiturates   
Etorphine hydrochlor ide

Stunning followed by   
  exsanguinat ion

NON-HUMAN PRI MATES Barbiturates   
I nhalant  anesthet ics

Tranquillizat ion and CO2 +  O2 m ixture

RABBI TS Barbiturates   
I nhalant  anesthet ics

CO2 +  O2 m ixture

REPTI LES I nhalant  anesthet ics in special   
  cham ber   
Barbiturates

CO2 +  O2 m ixture

RODENTS (and sim ilar 
sm all species)

I nhalant  anesthet ics in special '  
  cham bers   
Barbiturates   
Microwave irradiat ion in specially  
  designed units

CO2 +  O2 m ixture   

CO

SWI NE Barbiturates   
I nhalant  anesthet ics

Elect rocut ion using special   
  equipm ent



WI LD AMI MALS   
(200 species, etc.)

Shoot ing by expert  m arksm an   
I m m obilizat ion followed by   
  barbiturates

Sedat ion followed by penet rat ing   
  capt ive bolt

Barbiturates includes an overdose of all pharm acological agents which depress the Cent ral Nervous 
System  (CNS)  producing irreversible unconsciousness and death (see also Euthanasia and CCAC policy 
statem ents) . 

Com petence and knowledge of agents and procedures are m andatory requirem ents for personnel 
conduct ing euthanasia. 

Any other m eans (not  listed here)  of killing an experim ental anim al, m ust  not  be undertaken without  pr ior 
review and approval by an Anim al Care Com m it tee (ACC) , and should only be done in expert  hands. 



APPENDI X XV- A 

ETHI CS OF ANI MAL I NVESTI GATI ON

 
 
 
The use of anim als in research, teaching, and test ing is acceptable only if it  prom ises to cont r ibute to 

understanding of fundam ental biological pr inciples, or to the developm ent  of knowledge that  can 

reasonably be expected to benefit  hum ans or anim als.  

Anim als should be used only if the researcher 's best  efforts to find an alternat ive have failed. A cont inuing 

sharing of knowledge, review of the literature, and adherence to the Russell-Burch '3R' tenet  of 

'Replacem ent , Reduct ion and Refinem ent ' are also requisites. Those using anim als should em ploy the 

m ost  hum ane m ethods on the sm allest  num ber of appropriate anim als required to obtain valid 

inform at ion.  

The following principles incorporate suggest ions from  m em bers of both the scient ific and anim al welfare 

com m unit ies, as well as the organizat ions represented on Council.  They should be applied in conjunct ion 

with the Canadian Council on Anim al Care's (CCAC)  'Guide to the Care and Use of Experim ental Anim als. ' 

1. I f anim als m ust  be used, they should be m aintained in a m anner that  provides for their  physical 
com fort  and psychological well-being, according to CCAC's 'Policy Statem ent  on Social and Behavioural 
Requirem ents of Experim ental Anim als. ' 

2. Anim als m ust  not  be subjected to unnecessary pain or dist ress. The experim ental design m ust  offer 
them  every pract icable safeguard, whether in research, in teaching or in test ing procedures;  cost  and 
convenience m ust  not  take precedence over the anim al's physical and m ental well-being. 

3. Expert  opinion m ust  at test  to the potent ial value of studies with anim als. The following procedures, 
which are rest r icted, require independent , external evaluat ion to just ify their  use:  

i)   burns, freezing injur ies, fractures, and other types of t raum a invest igat ion in anesthet ized anim als,  
    concom itant  to which m ust  be acceptable veter inary pract ices for the relief of pain, including adequate  
    analgesia during the recovery period;  

ii)  staged encounters between predator and prey or between conspecifics where prolonged fight ing and 
injury  
    are probable. 

4. I f pain or dist ress is a necessary concom itant  to the study, it  m ust  be m inim ized both in intensity and 
durat ion. I nvest igators, Anim al Care Com m it tees (ACC) , grant  review com m it tees and referees m ust  be 
especially caut ious in evaluat ing the proposed use of the following procedures:  

a)  experim ents involving withholding pre-  and post -operat ive pain- relieving m edicat ion;  

b)  paralyzing and im m obilizing experim ents where there is no reduct ion in the sensat ion of pain;  

c)  elect r ic shock as negat ive reinforcem ent ;  

d)  ext rem e environm ental condit ions such as low or high tem peratures, high hum idity, m odified 
atm ospheres,  



     etc., or sudden changes therein;  

e)  experim ents studying st ress and pain;  

f)  experim ents requir ing withholding of food and water for periods incom pat ible with the species specific  
   physiological needs;  such experim ents should have no det r im ental effect  on the health of the anim al;  

g)  inject ion of Freund's Com plete Adjuvant  (FCA) . This m ust  be carr ied out  in accordance with 'CCAC  
    Guidelines on Acceptable I m m unological Procedures. '  

5. An anim al observed to be experiencing severe, unrelievable pain or discom fort , should im m ediately be  
hum anely killed, using a m ethod providing init ial rapid unconsciousness. 

6. While non- recovery procedures involving anesthet ized anim als, and studies involving no pain or 
dist ress are considered acceptable, the following experim ental procedures inflict  excessive pain and are 
thus unacceptable:  

a)  ut ilizat ion of m uscle relaxants or paralyt ics (curare and curare- like)  alone, without  anesthet ics, during 
surgical  
    procedures;  

b)  t raum at izing procedures involving crushing, burning, st r ik ing or beat ing in unanesthet ized anim als. 

7. Studies such as toxicological and biological test ing, cancer research and infect ious disease 
invest igat ion m ay, in the past , have required cont inuat ion unt il the death of the anim al. However, in the 
face of dist inct  signs that  such processes are causing irreversible pain or dist ress, alternat ive endpoints 
should be sought  to sat isfy both the requirem ents of the study and the needs of the anim al. 

8. Physical rest raint  should only be used after alternat ive procedures have been fully considered and 
found inadequate. Anim als so rest rained, m ust  receive except ional care and at tent ion, in com pliance with 
species specific and general requirem ents as set  forth in the 'Guide.' 

9. Painful experim ents or m ult iple invasive procedures on an individual anim al, conducted solely for the 
inst ruct ion of students in the classroom , or for the dem onst rat ion of established scient ific knowledge, 
cannot  be just ified. Audiovisual or other alternat ive techniques should be em ployed to convey such 
inform at ion. 

Revised October 1989

APPENDI X XV- B 

CATEGORI ES OF I NVASI VENESS I N  ANI MAL EXPERI MENTS

 
 
 
I nvest igators and teachers who consider it  essent ial to use vertebrates or invertebrates in their  research, 

teaching or test ing in the laboratory or in the field, m ust  adhere to hum ane principles, and take 

cognizance of the Canadian Council on Anim al Care's (CCAC)  Ethics of Anim al I nvest igat ion and other 

CCAC docum entat ion in assigning a category. Protocols m ust  be subm it ted to an appropriate review 

com m it tee for all studies and courses which involve the use of vertebrates and som e invertebrates in 



Categories B through E. Cephalopods and som e other higher invertebrates have nervous system s as well 

developed as in som e vertebrates, and m ay therefore warrant  inclusion in Category B, C, D, or E.  

The following list  of categories provides possible exam ples of experim ental procedures which are 

considered to be representat ive of each category .  

A. Experim ents on m ost  invertebrates or on live isolates 

Possible exam ples:  the use of t issue culture and t issues obtained at  necropsy or from  the slaughterhouse;  
the use of eggs, protozoa or other single-celled organism s;  experim ents involving containm ent , incision 
or other invasive procedures on m etazoa. 

B. Experim ents w hich cause lit t le  or  no discom fort  or  st ress 

Possible exam ples:  dom est ic flocks or herds being m aintained in sim ulated or actual com m ercial 
product ion m anagem ent  system s;  the short - term  and skillful rest raint  of anim als for purposes of 
observat ion or physical exam inat ion;  blood sam pling;  inject ion of m aterial in am ounts that  will not  cause 
adverse react ions by the following routes:  int ravenous, subcutaneous, int ram uscular, int raperitoneal, or 
oral, but  not  int rathoracic or int racardiac (Category C) ;  acute non-survival studies in which the anim als 
are com pletely anesthet ized and do not  regain consciousness;  approved m ethods of euthanasia following 
rapid unconsciousness, such as anesthet ic overdose, or decapitat ion preceded by sedat ion or light  
anesthesia;  short  periods of food and/ or water deprivat ion equivalent  to periods of abst inence in nature. 

C. Experim ents w hich cause m inor st ress or pain of short  durat ion  

Possible exam ples:  cannulat ion or catheter izat ion of blood vessels or body cavit ies under anesthesia;  
m inor surgical procedures under anesthesia, such as biopsies, laparoscopy;  short  periods of rest raint  
beyond that  for sim ple observat ion or exam inat ion, but  consistent  with m inim al dist ress;  short  periods of 
food and/ or water deprivat ion which exceed periods of abst inence in nature;  behavioural experim ents on 
conscious anim als that  involve short - term , st ressful rest raint ;  exposure to non- lethal levels of drugs or 
chem icals. Such procedures should not  cause significant  changes in the anim al's appearance, in 
physiological param eters such as respiratory or cardiac rate, or fecal or ur inary output , or in social 
responses. 

Note: During or after Category C studies, anim als m ust  not  show self-m ut ilat ion, anorexia, dehydrat ion, 
hyperact ivity, increased recum bency or dorm ancy, increased vocalizat ion, aggressive-defensive behaviour 
or dem onst rate social withdrawal and self- isolat ion. 

D. Experim ents w hich cause m oderate to severe dist ress or discom fort  

Possible exam ples:  m ajor surgical procedures conducted under general anesthesia, with subsequent  
recovery;  prolonged (several hours or m ore)  periods of physical rest raint ;  induct ion of behavioural 
st resses such as m aternal deprivat ion, aggression, predator-prey interact ions;  procedures which cause 
severe, persistent  or irreversible disrupt ion of sensorim otor organizat ion;  the use of Freund's Com plete 
Adjuvant  (FCA)  (see CCAC Guidelines on Acceptable I m m unological Procedures) . 

Other exam ples include induct ion of anatom ical and physiological abnorm alit ies that  will result  in pain or 
dist ress;  the exposure of an anim al to noxious st im uli from  which escape is im possible;  the product ion of 
radiat ion sickness;  exposure to drugs or chem icals at  levels that  im pair physiological system s. 

Note: Procedures used in Category D studies should not  cause prolonged or severe clinical dist ress as 
m ay be exhibited by a wide range of clinical signs, such as m arked abnorm alit ies in behavioural pat terns 
or at t itudes, the absence of groom ing, dehydrat ion, abnorm al vocalizat ion, prolonged anorexia, 



circulatory collapse, ext rem e lethargy or disinclinat ion to m ove, and clinical signs of severe or advanced 
local or system ic infect ion, etc. 

E. Procedures w hich cause severe pain near, at , or  above the pain tolerance threshold of 
unanesthet ized conscious anim als 

This Category of I nvasiveness is not  necessarily confined to surgical procedures, but  m ay include 
exposure to noxious st im uli or agents whose effects are unknown;  exposure to drugs or chem icals at  
levels that  (m ay)  m arkedly im pair physiological system s and which cause death, severe pain, or ext rem e 
dist ress;  com pletely new biom edical experim ents which have a high degree of invasiveness;  behavioural 
studies about  which the effects of the degree of dist ress are not  known;  use of m uscle relaxants or 
paralyt ic drugs without  anesthet ics;  burn or t raum a inflict ion on unanesthet ized anim als;  a euthanasia 
m ethod not  approved by the CCAC;  any procedures (e.g., the inject ion of noxious agents or the induct ion 
of severe st ress or shock)  that  will result  in pain which approaches the pain tolerance threshold and 
cannot  be relieved by analgesia (e.g., when toxicity test ing and experim entally- induced infect ious disease 
studies have death as the endpoint ) . 

Revised February 1991

APPENDI X XV- C 

CCAC GUI DELI NES ON ACCEPTABLE I MMUNOLOGI CAL  
PROCEDURES

 
 
 
When beginning an im m unizat ion, choosing the correct  adjuvant  m ay be difficult .  As a general 
suggest ion, Freund's Com plete Adjuvant  (FCA)  m ay be used when only sm all am ounts of soluble 
im m unogens are available. FCA is considered to be an em ulsion consist ing of equal volum es of FCA to 
ant igen (1 part  FCA or less to 1 part  ant igen) . I f large am ounts of part iculate, or highly im m unogenic 
im m unogens are available, other adjuvants should be considered. 

An im portant  aspect  in im m unizat ion procedures is the ut ilizat ion of skilled, com petent , technical staff 
experienced in the handling of the species being used and in perform ing the technique. They m ust  be 
knowledgeable and capable of recognizing signs of dist ress in all injected anim als, and be responsible for 
taking act ion when necessary. 

FCA should be used only for  the m ost  problem at ic im m unizat ion situat ions. I t  m ust  never be 
given either int ravenously or in repeated doses. FCA m ust  not  be used in horses. 

I nt raderm al Route  

Sound scient ific evidence and just ificat ion m ust  be available if the int raderm al route of inject ion of FCA is 
to be used, because of the frequent  ulcerat ion and infect ions that  occur at  the site of such inject ions. The 
use of the int raderm al route m ay be just ified only when the purpose is to induce cell-m ediated response. 

I n rabbits, volum es of inoculum  in excess of 0.05 m ls (50 m icroliters)  per site should not  be used. The 
locat ion of the site(s)  should be carefully selected so as to prevent  m ut ilat ion. A m inim al num ber of sites 
should be selected, and the distance between each site be m axim ized. 

The int raderm al route is inappropriate in the m ouse. Nor is it  recom m ended in other rodents. 



Subcutaneous Route  

I n guinea pigs, up to a total volum e of 0.4 m l (400 m icroliters)  of inoculum  m ay be injected 
subcutaneously dorsally in the neck, in one or divided into several sites. I n rabbits, the site of choice is 
the interscapular region (between the shoulder blades)  on the dorsum  (back) , adm inister ing up to 0.25 
m l of inoculum  (250 m icroliters)  per site, to a m axim um  of four sites. The distance between sites should 
be m axim ized. I n the m ouse, up to 0.1 m l (100 m icroliters)  m ay be adm inistered in the neck region. 

I nt ram uscular Route  

I n rabbits, int ram uscular inject ions of FCA m ay be adm inistered in the thigh m uscle;  up to 0.5 m l (500 
m icroliters) , preferably in one site. I nt ram uscular inject ion of FCA is not  recom m ended for sm all 
laboratory anim als such as rats, m ice, ham sters, gerbils, etc.. For larger anim als such as cats, dogs and 
poult ry, up to 1 m l of FCA injected into the thigh m uscles is acceptable. I n livestock such as pigs, cat t le, 
sheep and goats, the int ram uscular route is acceptable. 

I nt raperitoneal Route  

The int raperitoneal route for inject ion of FCA is perm it ted in sm all rodents only. FCA should be 
adm inistered only once, and be lim ited to m inim al volum es of up to 0.1 m l (100 m icroliters) . 

I nt ravenous Route  

FCA is not  to be injected int ravenously. 

Footpad I nject ion  

FCA should not  be injected in the feet  of rabbits. Footpad inject ion of FCA in rodents is not  perm issible 
unless there is scient ific evidence indicat ing this route is essent ial as a specific requirem ent  for the 
product ion of im m une response. I n rats and m ice, only one footpad m ay be used. Anim als should be 
m aintained on soft  bedding and not  on wire-bot tom ed cages. 

I nduct ion of Ascites Fluid in Anim als 

Pr istane or other recognized prim ing agent (s)  (excluding FCA)  m ay be used. 

Ascites m ay be collected only for as long as the anim al is not  experiencing pain or dist ress, is in good 
body condit ion, and does not  show signs of debilitat ion, dehydrat ion or other com plicat ions from  the 
procedure. Upon recognit ion of loss of condit ion, pain, or dist ress the anim al m ust  be euthanized 
according to a m ethod approved by the Canadian Council on Anim al Care (CCAC) . 

Observat ion of I nject ion Sites 

The inject ion site(s)  m ust  be observed by the invest igator or his/ her designate, a m inim um  of three t im es 
per week, for four weeks after each inject ion. 

I f a lesion(s)  develops at  any inject ion site, it  m ust  be reported through established channels, e.g., the 
anim al resources supervisor or veter inarian, and m ust  receive appropriate veter inary t reatm ent . Such 
lesions should be inspected at  least  three t im es per week by the invest igator or his/ her designate, unt il 



all lesions are healed. 

Revised June 1991



APPENDI X XVI  

JOURNALS HELD BY CCAC

 
 
Alternat ives To Laboratory Anim als  
Am erican Journal of Veterinary Research  
Anim al Behaviour   
Anim al Technology   
Anim al Welfare  
Applied Anim al Behaviour Science  
Canadian Journal of Veterinary Research  
Canadian Veterinary Journal  
Com pendium  on Cont inuing Educat ion for Pract ising Veterinarians  
Federat ion of Am erican Societ ies for Experim ental Biology Journal  
Journal of Agricultural & Environm ental Ethics  
Journal of the Am erican Veterinary Medical Associat ion  
Journal of Wildlife Diseases  
Lab Anim al  
Laboratory Anim als  
Laboratory Anim al Science  
Laboratory I nvest igat ion  
Nature  
Veterinarian Magazine  
Veterinary Record  
Veterinary Technician  
   
   
 

NEW SLETTERS

 
 
CCAC holds a num ber of newslet ters, am ong them :  

Anim al Welfare I nst itute Quarter ly   
Canadian Associat ion for Laboratory Anim al Science Newsl.   
Canadian Associat ion for Laboratory Anim al Medicine Newsl.   
Resource (CCAC)   
Caring for Anim als (CFHS)   
Council for Laboratory Anim als Newsl.   
Eubios Ethics I nst itute Newsl.   
Future Health (Canadians for Health Research)   
I nst itute of Laboratory Anim al Resources Newsl.   
Laboratory Prim ate Newsl.   
Scient ists Center for Anim al Welfare Newsl.  

Reproduct ions of m ost  art icles cited in this Guide,  and which have originated in journals and newslet ters 
other than those listed above, m ay be ordered in Canada through the inter library loan docum ent  delivery 
of the Canadian I nst itute for Scient ific and Technical I nform at ion (CI STI ) , Nat ional Research Council of 
Canada, Ot tawa, Ontario, CANADA, K1A 0S2. Telephone:  (613)  993-1586. 



APPENDI X XVI I  

GLOSSARY

 
 
* ABNORMAL BEHAVI OUR:  Behaviour that  deviates from  a defined, com parable standard. Such a 
standard m ay be a behavioural inventory typical for a given genotype, age group, sex, nut r it ional level, 
housing condit ion or m anagem ent  system , etc. 

AD LI BI TUM :  Free choice. 

ADJUVANT:  A substance which non-specifically enhances the im m une response to an ant igen. 

AMBI ENT TEMPERATURE:  The tem perature surrounding the anim al:  under caging condit ions m ay refer 
to the tem perature in the m icroenvironm ent  inside the cage as opposed to tem perature outside the cage 
in the room  or enclosure. 

ANALGESI C:  Substance which reduces or am eliorates the sensat ion of pain. 

ANESTHESI A:  The loss of sensat ion in a part  or port ion ( local)  or all (general)  of the body, usually 
produced by the adm inist rat ion of a chem ical or a drug. 

ANTI BODY: A m olecule produced by anim als in response to ant igen, and which has the part icular 
property of com bining specifically with the ant igen which induced its form at ion. 

ANTI COAGULANT: A substance added to whole blood to prevent  clot t ing. 

ANTI GEN: A foreign m aterial or substance that  st im ulates the form at ion of ant ibodies when int roduced 
into the t issues and blood st ream . 

ANTI SEPTI C: 1. Prevent ing decay or put refact ion;  2. A substance which will inhibit  the growth and 
developm ent  of m icroorganism s. 

ANXI ETY: An aroused state in which there is involuntary and voluntary nervous act ivat ion. 

ASEPTI C: The absence of liv ing germ s, free from  sept ic or poisonous put refact ive products. 

AXENI C: Free of foreign organism s;  germ - free. 

BACK CROSS: The cross of an F1 hybrid to either of its parents (see F1 below) . 

BARRI ER HOUSI NG: Housing for research anim als that  protects them  from  outside contam inat ion 
through both procedure and facilit y design. I n cont rast , containm ent  housing protects the outside 
environm ent  from  contam inants within the anim al housing facilit y. 

BI OSAFETY CABI NET: A special exhaust  hood with an enclosed work surface used for biological test ing 
and experim ents. Biosafety cabinets protect  the surrounding room , and they protect  workers from  
hazardous m aterials being used in the cabinet . 



BI OTECHNOLOGY: The use or developm ent  of techniques using organism s or parts of organism s to 
provide or im prove goods or services. 

BI OPSY: The surgical rem oval of a cell or sam ple of t issue for diagnost ic purposes. 

BREED: A populat ion of anim als within a species, which differs from  those in other populat ions within the 
sam e species in respect  to definite genet ically determ ined t raits. 

CANNULA: A tube (m ay be plast ic or glass)  which is inserted into the int ravascular com partm ent  or into 
the body to facilitate adm inist rat ion or withdrawal of gases or liquids. 

* CI RCADI AN: Referr ing to cyclic rhythm icity corresponding closely to a 24 hour interval. 

CLOSED COLONY: A colony not  recruit ing breeding anim als from  outside itself. 

* COGNI TI ON: A process of percept ion, reasoning and developm ent  of expectat ions. 

COLONY ( HERD, FLOCK) : An anim al populat ion m aintained under som e degree of cont rol for the 
purpose of reproduct ion. A group of anim als represent ing a single genet ic pool produced at  a single site 
under ident ical condit ions of m anagem ent . 

CONDI TI ONI NG: Term  applied to exam inat ion and preparat ion of anim als for research. 

CONGENI C: Anim als which genet ically differ at  one part icular locus. 

CONJUNCTI VI TI S: I nflam m at ion of the conjunct iva ( the m em brane that  lines the eyelids and covers the 
exposed surfaces of the eyeball) . 

CONTAGI OUS: A disease or disorder easily t ransm it ted from  individual to individual. 

CONTAI NMENT HOUSI NG: Housing for research anim als that  protects the environm ent  from  
contam inants within;  accom plished through procedure and facilit y design. 

* DEPRI VATI ON: Rem oval of needed substances ( feed deprivat ion, water deprivat ion) , perceptual 
isolat ion from  things desired (social isolat ion)  or prevent ion of the perform ance of necessary behaviours 
(sleep deprivat ion, exercise deprivat ion) . Deprivat ion frequent ly is used experim entally to induce a 
detectable dr ive. 

DI FFERENTI AL PRESSURE: The difference between pressures m easured at  two points or levels in a 
system . 

DOMI NANT: Cont rolling. Usually applied to cont rolling t rait  or gene governing genet ic pat terns. 

DRI VE: An internal state causing increased act ivity, e.g., hunger dr ive. 

EDEMA: The presence of abnorm ally large am ounts of fluid in the intercellular t issue spaces of the body;  
usually applied to accum ulat ion of fluid in subcutaneous t issues. 

EMBRYO: The early or developing stage of any organism , especially the developing product  of 



fert ilizat ion of an egg. 

* ENVI RONMENTAL COMPLEXI TY: The diversity and intensity of environm ental st im uli relevant  to a 
given organism , age group, species, etc. Environm ental com plexity m ay range from  very low to very 
high, and thus be character ized as insufficient , adequate, or excessive. 

ENZYME- LI NKED I MMUNOSORBENT ASSAY ( ELI SA) : Rapid, sensit ive and cost -effect ive test  for 
screening large num bers of serum  sam ples. ELI SA kits are com m ercially available. 

ESTRUS: The period when m at ing m ay occur. 

ETHI CS: A system  of m oral pr inciples or standards governing conduct . 

ETHOLOGY: The scient ific study of anim al behaviour. 

F1  HYBRI D: The first  generat ion cross between two st rains, between two inbred st rains, between two 
lines, etc. 

FARROW : The act  of giving bir th by sow (guinea pigs or swine) . 

FERTI LI ZATI ON: The union of the sperm  of the m ale with the ovum  (egg)  of the fem ale leading to 
reproduct ion. 

FETUS: A developing em bryo in utero. 

FOMI TE: Non- living objects that  can carry disease organism s (e.g., rest rainers, feeders, m ops, etc.) . 

FREUND'S COMPLETE ADJUVANT ( FCA) : An em ulsion of aqueous ant igen in oil.  Contains killed 
Mycobacterium  tuberculosis while I ncom plete Freund's Adjuvant  does not . 

FULL SPECTRUM LI GHTI NG: Fluorescent  light ing that  very closely m atches the spect ral energy 
dist r ibut ion of sunlight . 

FUME HOOD: A negat ive air flow cabinet  designed to prevent  exposure of personnel to hazardous 
m aterials being handled in it ,  chem ical or m icrobiological. 

GENE: The hereditary unit  that  occupies a fixed chrom osom al locus, which through t ranscript ion has a 
specific effect  upon phenotype. 

GENOME: The total genet ic m aterial contained within the cell.  

GENOTYPE: The genet ic const itut ion of an anim al, as dist inguished from  its phenotype. 

GESTATI ON: The period between concept ion and bir th which includes em bryonic and fetal life. 

GNOTOBI OTES: Anim als which are com pletely germ - free or m ay have one or m ore clearly- ident ified 
m icroorganism s exist ing in the anim al. 

GOOD LABORATORY PRACTI CES ( GLP) : Standards for conduct ing non-clinical research studies as 



published by the U.S. Federal Food and Drug Adm inist rat ion (USFDA) . 

GROSS SQUARE METERS: All of the floor space inside building m easured from  the outside surface of 
exter ior walls. 

HAREM MATI NG: Mat ing of one m ale with m ore than two fem ales. 

* HEALTH: A relat ive state of physical, psychological and social well-being. 

HEAT: The period during which the m at ing desire is prom inent  in the fem ale. 

HEMATOCRI T: The volum e percentage of erythrocytes ( red blood cells)  in whole blood. Also Packed Cell 
Volum e (PCV) . 

HEMOGLOBI N: The oxygen carrying pigm ent  of erythrocytes ( red blood cells)  com posed of iron com plex 
and protein. 

HI GH EFFI CI ENCY PARTI CULATE AI R ( HEPA)  FI LTER: Used in cleanroom s, biological safety 
cabinets, lam inar flow units, etc., to filter out  contam inat ing part icles as sm all as 0.5 m icrons in diam eter. 

HERI TABI LI TY: A m easure of the degree to which a phenotype is genet ically determ ined. 

HUMI DI TY ( RELATI VE) : The rat io of the quant ity of water vapour actually present  in the air  to the 
am ount  of water vapour that  air  is capable of holding at  the given tem perature. 

I MPRI NTI NG: The learning process involved in developing, during an early sensit ive period, the 
tendency to follow or otherwise approach an object . 

I NFECTI ON: Disease process caused by the invasion of m icroorganism s into the body t issue. 

I NBRED: I nbreeding -  result ing from  m at ing between closely related anim als. 

I NFLAMMATI ON: The condit ion into which t issues enter as a react ion to injury or an infect ious agent . 

I NTRADERMAL: Delivered into the derm is or skin. 

I NTRAPERI TONEAL ( I P) : Delivered into the peritoneal or abdom inal cavity. 

I NTRAVENOUS ( I V) : Delivered into a vein. 

LAMI NAR AI RFLOW : Uniform  direct ion m ovem ent  of air . Lam inar air flow is generally associated with 
fum e hoods or biological safety enclosures that  ut ilize this character ist ic to capture and carry away 
airborne part icles. 

LATENT OR MASKED I NFECTI ON: An infect ion or condit ion which is not  clinically expressed in the 
anim al but  m ay, under st ress or certain condit ions, develop into an overt , recognizable diseased state. 

LI TTER: a)  num erous young born at  one t im e of a single fem ale;  b)  in reference to bedding m ay m ean 



st raw, hay or other m aterial used for the purpose of bedding. 

MAJOR SURGERY: A surgical procedure in which there is direct  visual access to a m ajor body cavity 
(cranium , spinal canal, thorax, abdom en, pelvis)  and/ or exposure of m ajor vascular, m uscular, skeletal, 
neural, lym phat ic or glandular st ructures and/ or rem oval of, or alterat ion to, a funct ionally significant  
am ount  of t issue. There is no clear boundary between Major and Minor Surgery;  thus Anim al Care 
Com m it tees (ACC)  should use definit ions of these term s only as adjuncts to the "Categories of 
I nvasiveness", and should seek addit ional professional judgm ent  when the level of invasiveness and 
injury is unclear. 

MALI GNANT: Tending to becom e progressively worse and to result  in death. 

MASS AI R DI SPLACEMENT CLEANROOM ( MADC) : A cleanroom  used in conjunct ion with anim al 
housing in research facilit ies to keep the environm ent  free of hair , dandruff and other airborne 
contam inants. The level of cleanliness is determ ined by the num ber of air  changes per hour and the 
num bers and types of anim als held in the cleanroom . 

MATERI AL SAFETY DATA SHEETS ( MSDS) : Technical docum ents that  provide detailed and 
com prehensive inform at ion on cont rolled products related to health effects of overexposure to the 
products;  hazard evaluat ion related to the products handling, storage or use;  m easures to protect  
em ployees at  r isk of over-exposure;  and em ergency procedures. 

MI CROENVI RONMENT: A sm all, isolated habitat , usually within a cage. 

MI CROI NJECTI ON: A technique used for the insert ion of genes from  one cell into another cell.  

MI CROI SOLATI ON CAGI NG: A caging system  that  protects anim als from  becom ing contam inated via 
other lab anim als or personnel by placing the barr ier at  cage level and never allowing that  barr ier to be 
opened except  in a protected class 100 environm ent  by personnel whose pert inent  body surfaces are 
covered and decontam inated with a ster ilant . 

MI CROORGANI SM: A m icroscopic liv ing agent , often a producer of disease. 

MI NI PUMP: A sm all device, im planted in the body (usually subcutaneously or int raperitoneally) , which 
through osm ot ic pressure on a drug-containing cham ber, provides cont inuous cont rolled delivery of drugs 
to the body. 

MI NOR SURGERY: A surgical procedure that  does not  result  in rem oval of, or alterat ion to, a 
funct ionally significant  am ount  of t issue. There is no clear boundary between Minor and Major Surgery;  
thus Anim al Care Com m it tees (ACC)  should use definit ions of these term s only as adjuncts to the 
"Categories of I nvasiveness", and should seek addit ional professional judgm ent  when the level of 
invasiveness and injury is unclear. 

MORBI DI TY: The occurrence of sickness. 

MORI BUND: Close to death. 

MUTANT: An organism  bearing a m utant  gene that  expresses itself in the phenotype of the organism . 

MYCOTI C I NFECTI ON: Disease caused by a fungus. 



NECROPSY: System at ic dissect ion of an anim al after death to elucidate the cause of death. Sam e as 
postm ortem  exam inat ion. Necropsy preferred term  for anim al postm ortem  exam inat ions as opposed to 
autopsy for hum an-beings. 

NECROSI S: The death of a port ion of t issue or organ. 

NET ASSI GNABLE SQUARE METERS: The net  floor space in a building m easured from  the inside 
surfaces of exter ior walls and excluding inter ior walls and part it ions, m echanical equipm ent  room s, 
lavator ies, janitor ial closets, elevators, stairways, m ajor circulat ion corr idors, aisles, and elevator lobbies. 

NON- HUMAN PRI MATES: Any non-hum an m em ber of the order prim ates of m am m als including 
prosim ians, m onkey, apes. Synonym s:  infrahum an prim ate, sub-hum an prim ate. 

NON- SENTI ENT MATERI AL: Material that  fails to visually dem onst rate pain, without  or alm ost  devoid of 
nervous and sensory system s. 

NUDE MOUSE: A genet ically athym ic m ouse, it  also carr ies a closely- linked gene producing a defect  in 
hair  product ion. 

ORAL OR PER OS ( PO) : The act  of adm inister ing a substance through the m outh. 

OVUM: Egg or germ  cell produced by the fem ale reproduct ive organ, the ovary. 

PATHOGEN: An organism  which causes disease. 

PARTURI TI ON: The act  or process of giving bir th. 

PHENOTYPE: The outward visible expression of the hereditary const itut ion of an organism . 

* PI CA: Abnorm al appet ite for unusual and often inappropriate feed, e.g., dir t ,  hair , feces, etc. 

PLASMA: The fluid port ion of blood, without  cells, in which ant icoagulants have prevented clot t ing. 

* POLYDI PSI A: The consum pt ion of large am ounts of liquids ( frequent ly used interchangeably with the 
term , excessive thirst ) . 

* POLYPHAGI A: Consum pt ion of an unusually broad variety of foods. Com pare:  Hyperphagia. 

* POLYURI A: Excessive excret ion of ur ine. 

POST PARTUM: The im m ediate period following partur it ion or bir th of young. 

PROGENY: The young of a species. 

PROGNOSI S: The prospect  as to recovery from  a disease as indicated by the nature and sym ptom s of 
the case. 

PROPHYLAXI S: Prevent ion. 



PUBERTY: The onset  of sexual m aturity. 

QUARANTI NE: The segregat ion or isolat ion of anim als from  all others to prevent  the spread of disease. 

RESTRAI NT: Holding or securing to reduce act ivity in order to prevent  the anim al from  causing harm  to 
itself or harm  to the handler. 

* REW ARD TRAI NI NG: A type of operant  condit ioning in which a reward (posit ive reinforcer)  is direct ly 
cont ingent  on the perform ance of the subject . According to the t raining object ives, the perform ance 
result ing in reward m ay be either a produced response or a withheld response. 

RI SK: The probabilit y of adverse effects, their  nature and their  severity over a range of exposures. 

ROUGHAGE: Food that  is high in fibre and low in digest ible nut r ients. 

RUMI NANT: A cud-chewing polygast r ic anim al having usually four digest ive com partm ents;  includes 
such anim als as cows, goats, sheep. 

SANI TI ZE: To reduce the level of m icroorganism s to an acceptable health level. 

SEMEN: The ejaculate of the m ale reproduct ive organs containing sperm atozoa and including m aterial 
from  accessory glands and the testes. 

SERUM: Non-cellular com ponents of blood which rem ain after clot t ing. 

SERVI CE: I n reference to anim al breeding, refers to the act  of copulat ion by the m ale anim al. The m ale 
anim al serves (breeds)  the fem ale. 

SEVERE COMBI NED I MMUNE DEFI CI ENCY ( SCI D)  MOUSE: Mice that  possess a genet ic autosom al 
recessive m utat ion. SCI D m ice lack funct ional lym phocytes, a defect  that  is m anifested in a num ber of 
ways including lym phopenia, agam m aglobulinem ia and a high suscept ibilit y to infect ion. SCI D m ice are 
desirable research m odels for im plantat ion of foreign t issues and tum ours. 

SEXUAL MATURI TY: The age at  which the anim al is first  able to reproduce. 

* SOCI AL DOMI NANCE: Ascendency of an individual over another individual(s) . 

SPECI FI C PATHOGEN FREE ( SPF) : Defines the health status of anim als raised free of specific disease 
organism s. 

STANDARD OPERATI NG PROCEDURES ( SOP) : Writ ten docum ents specifying the procedures that  
m ust  be followed to ensure the quality and integrity of the study. 

* STEREOTYPED BEHAVI OUR: Behaviour repeated in a very constant  way. The term  generally is used 
to refer to behaviour that  develops as a consequence of a problem  situat ion such as extended social 
isolat ion, low level of environm ental com plexity, etc. 

STERI LI ZATI ON: The com plete dest ruct ion of m icroorganism s by heat , chem ical com pounds, 
m echanical or physical m eans. I n anim al breeding, refers to any procedure which renders the anim al 



incapable of reproduct ion. 

STOCK: A collect ion of outbred anim als being grown or m aintained for breeding or for experim ental use. 

STRAI N: A group of anim als of known ancest ry m aintained by a planned inbreeding m at ing system ;  
generally with som e dist inguishing character ist ics. 

STRESS: A st rain upon the norm al physiological or psychological processes or funct ions of the body, 
organ or t issue. Som e st resses m ay cause pathology or diseased states or weaken the norm al body 
defences. 

SUBCUTANEOUS ( SC) : Occurr ing beneath the skin. 

SUSCEPTI BLE: Lacking in resistance to infect ion or injury or perm it t ing a weak defense. 

SYNDROME: A group of signs (anim als)  or sym ptom s (hum ans)  occurr ing together designat ing a state or 
a disease. 

SYSTEMI C: A condit ion occurr ing throughout  the ent ire system  of the ent ire anim al body. 

THRESHOLD LI MI T VALUE ( TLV) : An airborne concent rat ion of a substance to which indoor workers 
m ay be exposed repeatedly without  adverse effects. 

TI SSUE CULTURE: The propagat ion of t issue rem oved from  organism s in a laboratory environm ent  that  
has st r ict  ster ilit y, tem perature and nut r ient  requirem ents. 

TOXI N: A product  poisonous to the anim al, ar ising from  a plant  or anim al cell.  I t  m ay be produced by the 
cell it self and excreted from  the cell or it  m ay be contained within the cell,  such as the bacter ial cell,  and 
released only on the death of the cell.  

TRANQUI LLI ZER: An agent , usually a drug, capable of m aking the anim al quiet  and docile. 

TRANSGENI C ANI MALS: Anim als whose hereditary DNA has been augm ented by the addit ion of DNA 
from  a source other than parental germ plasm , usually from  another anim al or a hum an, using 
recom binant  DNA techniques. 

TRAUMA: An injury. 

VACCI NE: A substance used to st im ulate the product ion of ant ibodies against  a specific disease-
producing agent , usually as a prevent ive m easure. 

VASCULAR ACCESS PORT: Catheters term inat ing subcutaneously in "ports"  which allow t ranscutaneous 
access with needles. 

VECTOR: A living thing that  is capable of carrying and t ransm it t ing infect ious agents. 

VERMI N: Any undesirable or disturbing offender such as flies, lice, fleas, cockroaches, t icks, m ice, rats, 
weasels. 



VI ABI LI TY: Usually refers to the abilit y of the young to live after bir th. 

VI RUS: Any of a large group of organism s containing genet ic m aterial, but  unable to reproduce outside a 
host  cell.  

VI TAL CENTER: Any one of a various group of nerve cells located in the m edulla oblongata of the cent ral 
nervous system  (CNS)  which co-ordinates funct ions essent ial to life, e.g., respirat ion, heart  beat . 

* W ELL- BEI NG: A state or condit ion of physical and psychological harm ony between the organism  and its 
surroundings. Good health and m anifestat ion of a norm al behavioural repertoire are the m ost  com m only 
used indicators of (an)  anim al's well-being. 

W HELP: The act  of partur it ion in the bitch, the bir th of puppies. 

W ORKPLACE HAZARDOUS MATERI ALS I NFORMATI ON SYSTEM ( W HMI S) : A federal system  to 
provide inform at ion on hazardous m aterials used in the workplace, it  concent rates on three key 
elem ents;  labels, m aterial safety data sheets, legislat ion and em ployee educat ion. 

ZOONOSI S: A disease of anim als that  m ay under natural condit ions be secondarily t ransm it ted to 
hum ans. 

____________________ 

*  Excerpted from :   1)  Dict ionary of farm  anim al behaviour.  Hurnik, J.F., Webster, A.B. and Siegel, P.B., 
eds.  University of Guelph 1985;  2)  Glossary of term s relevant  to farm  anim al behaviour and welfare.  
I n:   Farm  anim al behaviour and welfare.  Fraser, A.F. and Broom , D.M., eds., Ballière Tindall,  London 
1990:   385-391. 
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