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CHAPTER 1

Subjects and instrumentation

NANCY ALMAND ATOR

The Johns Hopkins University School of Medicine, Department of Psychiatry and Behavioral Scienes,
Division of Behavioral Biology, Baltimore, MD 21205, U.S.A.

1. Introduction

The Experimental Analysis of Behavior traditionally has been concerned with discov-
ering basic principles by which behavior can be explained, predicted, and controlled.
Indeed, B.F. Skinner’s seminal work “The Behavior of Organisms’ (1938) purported
to do just that, with the strong conviction that principles discovered using the labora-
tory rat would prove to be generally applicable across species. Grandiose as such a
proposal seems, virtually all of the findings reported in “The Behavior of Organisms’
have stood the test of repeated replication in other rats, other species, with other
types of apparatus, and have led to myriad useful human applications (Catania and
Brigham, 1978; Martin and Pear, 1988; cf. Journal of Applied Behavior Analysis).
Much of the credit for the success of this early work can be attributed not only to
Skinner’s scrupulous attention to methodological detail and its documentation, but
also to his sensitivity to the implications of behavior that resulted when things went
wrong. Skinner’s (1956) account of his discovery of the ‘unformalized principles of
scientific practice’ are testimony to the way in which an intimate concern with metho-
dology can be as important to a scientific advance as a carefully formulated hypothe-
8is.

2. Choice of subjects
Because the basic behavioral processes show continuity across species, referring to

laboratory animals as ‘infrahuman’ or tacitly removing humans from the category
of animals (as in the phrase ‘humans and animals’) has struck many behavioral
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scientists as inappropriate (e.g., Poling, 1984). In this chapter the phrase ‘nonhuman
animals’ is used to avoid terminology that implies that humans are fundamentally
different behaviorally from other animals.

Most of the advantages of nonhuman animals as subjects for the study of behavior
are obvious: the total control of environment, and sometimes of behavioral and/or
genetic history, that is advantageous for basic research can be practically and ethi-
cally carried out only with nonhuman animals. In addition, because most behavioral
experiments explore a range of parameters of the independent variable in a single
subject, nonhuman subjects can be available readily over many weeks or months. An-
other advantage is not so obvious: use of a nonhuman subject forces the investigator
to focus on observable behavior alone, not attitudes, feelings, or conjectures of the
subject about his or her behavior.

The rationale for choosing a particular species includes, among other factors, the
experimental question, the usual life span of a species relative to the projected length
of the experiment, and costs. The range of species that have been used in operant
research is broad. A quick review of articles published in the Journal of the Experi-
mental Analysis of Behavior, since its inception in 1958 shows that subjects have in-
cluded, among others, porpoise, goat, sheep, cow, turtle, fish, octopus and crab as
well as the more familiar rat, pigeon and monkey. By far, rats and pigeons have been
the most prevalent subjects; monkeys have been selected more often for behavioral
pharmacology experiments than for basic operant research per se. The sections below
reflect the disproportionate use to date of different species in studies of operant be-
havior. It is advantageous to use a subject about which a good deal of information
is already available. This chapter recognizes, however, that certain species, less
frequently used in the Experimental Analysis of Behavior, are appropriate for certain
biomedical, psychophysical, or ethological inquiries and that researchers working in
those areas may wish to employ operant conditioning procedures as a part of their
investigation. Furthermore, there may be interest in extending areas of basic operant
research to other species.

The question of relative ‘intelligence’ of different species as a factor in choosing
subjects for behavioral experiments is virtually moot. Such discussions tend to be
highly anthropocentric and inconsistent with a functional analysis of the variables
that determine behavior in any given circumstance. Hodos and Campbell (1990) have
pointed out that evolution was not linear, with humans the most perfectly evolved
result, but branching, with Homo sapiens only one of a number of recently evolved
limbs. Each modern species is perfectly evolved to take advantage of its environmen-
tal niche. In fact, meaningful evaluation of the relative intelligence of different species
is extremely problematic (Hodos, 1988). Differential susceptibility to control by cer-
tain types of stimuli and to learning certain response topographies has been recog-
nized, however. The concept of ‘preparedness’, for example, summarizes the finding
that a species may be more likely to learn some stimulus discriminations in one con-
taxt rather than in another (see Section 13). A related factor is that when food is used

as a reinforcer with certain species the responses elicited by the food (i.e., as part of
the food-related behavior of the species) may interact with the response the re-
searcher has selected to train (Breland and Breland, 1961). The focus of the behavior-
al scientist properly falls then, not on issues of relative intelligence, but on devising
methods that take into account physical and behavioral characteristics of a particular
species (e.g., Rubadeau and Conrad, 1963; Bitterman, 1964; cf. Markowitz and Ste-
vens, 1978; Markowitz, 1982).

3. Animal care

Investigators must recognize their ultimate responsibility for the welfare of their sub-
jects. Good communication among those responsible for animal care is essential.
Communication breakdown is the most preventable cause of health problems in lab-
oratory animals. Some issues in the care and use of animals in research will be dis-
cussed below. Many texts provide information on biology, diseases and characteris-
tics of species commonly used in research (texts covering more than one species
include: Fox et al., 1984a; Holmes, 1984; Tuffery, 1987; Harkness and Wagner, 1989;
see Section 18.1.2. for references published by governmental and professional organi-
zations).

3.1. Ethics and regulations

Responsibility for animal welfare encompasses not only animal care, but also
thoughtful consideration of the parameters of experimental variables and of the rele-
vance of particular manipulations to the purpose of the experiment. The number of
subjects per experimental condition depends upon the experimental design (see Part
1, Ch. 4); however, as both an ethical and a practical consideration, experiments
should minimize the number of animals used. Proper instruction and supervision of
those handling and caring for animals is an ethical and a legally mandated responsi-
bility. Consultation with a veterinarian having laboratory animal experience not only
is useful to good long-term care of behavioral research subjects but also is legally
required.

Anyone working with animals will be subject to and should be familiar with na-
tional, state and/or local animal welfare laws and regulations; these rules apply to
many facets of animal procurement, housing, care and use. Many professional organ-
izations have codes of ethics to guide their members engaged in animal research (see
the American Psychological Association Guidelines in the Appendix of this volume).
The ‘NIH Guide for the Care and Use of Laboratory Animals’ (see Section 18.1.2)
contains the U.S. Public Health Service policy on care and use of animals, and has
long been the standard primary reference on research into animal care and use. The
U.S. Department of Agriculture (USDA) promulgates regulations pertaining to the
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procurement, care and use of research animals; they also define the mechanisms by
which institutions using animals monitor the use of research animals, such as man-
dating review of procedures using animals by “Institutional Animal Care and Use
Committees’ (see Section 18.1.2). The USDA conducts periodic unannounced inspec-
tions of animal facilities; other government agencies may also inspect facilities receiv-
ing federal funding. The orientation of this chapter is primarily for investigators
doing research in the U.S. Tuffery (1987) discusses practices and legal requirements
in the U.K. and some other countries as well.

3.2. Housing

Traditionally it has been recommended and/or required that species be housed in iso-
lation from each other to minimize spread of disease and possible stress to incompati-
ble species. Cage sizes are prescribed by government policy and regulation (see Sec-
tion 18.1.2). Individual animals in behavioral experiments typically are housed singly
for the purposes of environmental control and precise monitoring of food and water
consumption. Despite some sentiment that social housing may provide a more en-
riched environment, species differ in their behavior toward conspecifics when individ-
uals are housed in the same cage arbitrarily. Investigators interested in social housing
of any species should consult appropriate references before doing so.

Lighting conditions, including intensity, quality and photoperiod, can affect a wide
range of biological and behavioral responses (Baker et al., 1979a; Albers et al., 1982;
Pakes et al., 1984). Circadian rhythms themselves affect a number of physiological
systems and responses, including drug response (Hekkens et al., 1988). The light/dark
cycle chosen for windowless rooms should be controlled by an automatic timer. The
actual cycle is chosen arbitrarily (an exception would be for breeding colonies). A
cycle of 12 h light/12 h dark is often used, but 14 h light/10 h dark may be more
practical, given laboratory personnel work schedules. Although some laboratories
maintain constant 24-h light conditions to try to regulate circadian rhythms (particu-
larly with rats, which are nocturnal), this practice is not recommended by some (Tuf-
fery, 1987). Even recommended light intensities have been shown to produce retinal
damage in rats and mice at some exposure durations (Baker et al., 1979b; Pakes et
al., 1984). Light intensity is greater for animals on the higher shelves of caging sys-
tems; and Greenman et al. (1982) found a higher prevalence of retinal atrophy in
mice housed on the top shelves than in mice on the lower shelves.

3.3. Feeding and weight regulation

Information on the nutrient and water requirements of many animals is published
in The National Academy of Sciences ‘Nutrient Requirements of Domestic Animals
Series’ (see Section 18.1.2). Balanced animal diets, which take these recommenda-
tions into account, are available commercially both as chow and as pellets for rein-

forcement. As long as the expiration dates are heeded, this chow is all that is needed
to feed laboratory animals appropriately under free-feeding conditions. Under re-
stricted feeding conditions, however, vitamin supplements often are used. Some ex-
perimental procedures may use distilled water (e.g., oral drug delivery). Because tap
water is a source of trace elements and calcium, however, prolonged restriction of
access to tap water is not advisable without appropriate dietary supplements.

When food (particularly balanced pelleted or liquid diet) is used to maintain re-
sponding in an experiment (i.e., as a reinforcer), food access must be controlled and
weight must be maintained within some constant, narrowly defined range (referred
to as the running weight). As Laties (1987) has argued, such restrictions are not par-
ticularly severe because weight reductions are judged against ad libitum feeding con-
ditions in a laboratory rather than against the lower weights that result when animals
fend for themselves in the wild. Even if food is not being used as a reinforcer, it has
been shown that some species are healthier and live longer, without apparent behav-
ioral or sensory deficits, if they do not become obese (Masoro, 1985; Campbell and
Gaddy, 1987). Other factors in favor of regulated feeding during behavioral experi-
ments are that obese animals are not particularly active and that fluctuating weights
and/or hours of food deprivation add potential extraneous sources of behavioral var-
iability. The running weight often seen as the ‘generic’ standard is 80% of free-feeding
weight. The age of the subject and the period of time over which free-feeding is per-
mitted are critical determinants of whether the 80% rule is a reasonable one for a
given species. The goal is to select a weight range that permits the reinforcer to main-
tain responding during the experimental session and maintains the subject in good
health, Although stability in weight and in hours since feeding are generally impor-
tant to stability in a behavioral baseline, one particular body weight usually is not.
A lower weight range may be necessary early in training than after responding has
been shaped. If body weight per se seems to be critical to a phenomenon, it can be
planipulated systematically, as in studies of adjunctive, or schedule-induced, behav-
ior (Falk, 1972) and drug self-administration (Carroll and Meisch, 1984). Body
weight should be reduced to the running weight by removing free access to food and
fez?ding a measured amount each day. It sometimes has been the practice to reach
this weight quickly with rats, mice and pigeons by depriving the subject of food for
48-72 h but this practice is not recommended. Constant access to water should be
provided. There is an interdependency between food and water intake (e.g., food-
restricted animals drink less water), but species differ in their patterns of drinking

during the day and in their response to food restriction (see review in Normile and
Barraco, 1984).

3.4. General health concerns for humans and laboratory animals

A quarantine period is essential before bringing new animals into an existing colony
to protect the colony from introduction of disease or parasites. Likewise, laboratory
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animals that leave the laboratory environment (e.g., rats or mice used in off-site dem-
onstrations) should be requarantined before being returned to the laboratory. Bring-
ing pets into any area of an animal laboratory is never appropriate. No matter how
well-cared for, pets are potential sources of parasites or disease for laboratory animals.

There are many diseases (known as zoonoses) that animals may transmit directly
to humans (Fox et al., 1984b). With good quarantine and laboratory maintenance
procedures, however, only a few zoonotic diseases require particular vigilance on the
part of the researcher; they will be mentioned in the discussion of the various species.
Anyone working with laboratory animals should have a current tetanus innocula-
tion. Any bite or scratch must be washed immediately with soap and water. Wearing
disposable vinyl examination gloves when handling laboratory animals often is
recommended; this can minimize the frequency of hand-washing that is necessary
after handing animal subjects. Information on handling each species will be provided
in the sections below. Because animals in behavioral research usually are received at
a young age and handled almost daily, they become much more tractable than other-
wise. Some of the handling methods used in behavioral studies might not be suitable
for adult animals that have been handled only infrequently.

3.5. What to do with research animals at the end of the experiment

Many behavioral studies consist of a series of experimental conditions, each building
on the training and/or results of previous experiments. Euthanasia typically is not
part of the experimental protocol of strictly behavioral studies. It is not uncommon,
therefore, for the subjects finally to succumb to age-related disorders. In other cases,
animals with certain training histories often can be transferred to other investigators.
This is particularly encouraged with primates as a strategy for limiting the numbers
of primates that must be imported for research. Consideration of appropriate alter-
natives to euthanasia are encouraged (see Appendix for APA Guidelines). The re-
sponsible investigator must be convinced that anyone to whom a subject is entrusted,
including another investigator, is well-informed about its proper handling and care
and has the proper resources available. While there may be circumstances in which
it may be appropriate for a laboratory animal to be returned to the wild (cf. APA
Guidelines), purpose-bred laboratory animals have no experience of fending for
themselves. If euthanasia is deemed the appropriate course of action, it must be done
in accordance with legal and professional guidelines (Clifford, 1984; Tuffery, 1987).
A commonly employed method is overdose with a euthanasia solution (typically a
mixture of pentobarbital and alcohol), but consult with the attending veterinarian
as to current procedures for each species.

4. Rodents

Rodents are the most frequently used subjects in biomedical research; thus, a great
deal of information about them is available (Fox et al., 1984a; Holmes, 1984; Hark-
ness and Wagner, 1989; see Section 18.1.2). Rodents are readily available from well-
established suppliers of laboratory animals (see Section 18.1.1). These animals breed
successfully and frequently in captivity, and some laboratories maintain their own
breeding colonies (Baker et al., 1979b; Fox et al., 1984a; Harness and Wagner, 1989).
Recommended quarantine periods for rodents range from 7 to 28 days (Fox et al.,
1984a). Most behavioral research uses male rodents out of concern for the effects
of the female estrous cycle on the stability of behavior of female animals and/or on
behavior of males in the same laboratory (e.g., Steiner et al., 1981).

Identification methods for rodents vary. When a relatively small number of ani-
mals is being used, many researchers do not specially mark the animals and are very
careful about keeping track of returning each one to the appropriate cage. Often
physical characteristics serve to distinguish one animal from another (e.g., some re-
searchers draw or photograph the distinctive markings on pigmented rats). An easy
marking system is to devise a color code for marking fur or tail with indelible (non-
toxic) markers or dyes; these have to be renewed periodically. Standard ear punch
codes, tattooing, and ear tags also are available (Fox et al., 1984a).

Rodent incisors grow continuously and are worn down naturally by chewing; in
the guinea pig, this is true of the cheek teeth as well. If the animal is not able to gnaw
hard objects sufficiently or if the teeth become maloccluded, the incisors become
overgrown and can prevent the animal from eating. Beyond this common character-
1s.t1c. rodent species differ in physical and behavioral characteristics, in their suscepti-
bilities to health problems, and in drug sensitivities.

4.1. Rats

All laboratory rats, whether albino or pigmented, are derived originally from the
Norway rat (Rattus norvegicus). Baker et al. (1979b) contains a fascinating history
of the origins and research uses of laboratory rats and lists the wide variety of strains.
Rats can be obtained at any age after weaning (weaning occurs at 21 days, puberty
at 40-60 days). The strains most comrhonly used in behavioral research are Sprague-
Dawiley and Wistar (both albino) and Long-Evans (hooded, pigmented, Fig. 1). Sev-
eral 1.111?red strains of rats are chosen for behavioral characteristics, such as emotional
reactivity (e.g., Maudsley reactive rats, Broadhurst, 1975) and alcohol-sensitive or
ﬁlcohol.—prcferring rats (e.g., McClearn, 1981). Differences in shock-avoidance learn-
Ing among strains of rats have been reported as well (Iso et al., 1988; Shapiro and
Rlle.ty, 1980). Because of extensive use of the rat in biomedical research, data are
available on the effects of a wide range of variables on biological responses in the
rat (Lang and Vesell, 1976; Baker et al., 1979a; Pakes et al., 1984). Rat behavior and



Fig. |. Handling a rat. Left and middle panels show finger positioning for picking up and carrying a rat,
the animal shown is an adult male Long-Evans hooded rat. The right panel further illustrates

respectively:
limbs to maintain good control of the rat and to avoid being

positioning the fingers under the rat’s forel
bitten. (Photos by L.G. Ator.)

sensory abilities also have been studied extensively (see Munn, 1950, for a review of
classic research in these areas and Collier et al., 1977, for a review of feeding studies).
Disadvantages of laboratory rats for behavioral research include their short life spans
(generally 2.5-3 years) and susceptibility to life-threatening respiratory ailments.

4.1.1. Handling rats
When rats arrive in the laboratory, it is a good practice to handle them daily, even

if just to pet them; with frequent handling, rats become docile and later training may
be facilitated (West and Michael, 1987). To pick up a rat, place the index finger and
thumb of one hand behind the rat’s shoulder blades; the palm of that hand may be
rested on the rat’s back (Fig. 1).

Ideally, the rat is carried with the feet resting on the sleeve of the labcoat covering
the opposite forearm. When held with a minimum of pressure and with the feet sup-
ported, rats quickly habituate to being handled. With the fingers kept firmly but gent-
ly behind the shoulder blades, it is unlikely that the rat can bite. Heavy gloves can
interfere with appropriate handling. If any but the thinnest gloves are worn, it is diffi-
cult to achieve appropriate control, which makes it
too hard, causing it to struggle further and/or be inj
base of the tail is a suitable means for retrieving, but not carrying, a
further down the tail may result in the skin being torn off.

likely that the rat will be squeezed
ured. Grasping the rat by the
rat. Holding

4.1.2. Weight regulation of rats
Although research papers in which food was used as a reinforcer often report that

rats were maintained at 80 or 85% of free-feeding body weights they often do not
state either the time period over which unlimited access to food was provided or the
terminal weight. Rats are semicontinuous feeders and can gain weight indefinitely:
o ilen Aveentinn nF ad Iihitum feedine determines the free-feeding weight (cf. Peck,

1978, for weight regulation when the diet and response requirements for access to
food are varied). Some arbitrary time period for ad libitum feeding usually is chosen
(e.g., 2 weeks for a young adult rat). If a rat attains a relatively high weight (e.g
SOO‘g), however, 80% of that weight still may not be one at which training will OCI;JIJ:I,‘
rapld!y. lf.a free-feeding weight for a young rat is much lower (e.g., 350 g), an 80%
welg‘r.lt maintained over the rat’s lifespan may be unnecessarily restrictive. 01,'16 of the
solutions to this problem is to obtain normative growth information on the weights
of .free-feeding rats of that strain (e.g., Baker et al., 1979b; Fox et al., 1984a) and
to increase the running weights of the experimental animals over time. One could
maintain ‘control’ animals for this purpose to obtain the normative data under one’s
own laboratory conditions. However, because food restriction extends the life span
and retards aging in rats, the control rats might not live as long as the experimental
rats nor be entirely comparable (Masoro, 1985; Campbell and Gaddy, 1987). A dif-
fer?nt solution is to allow the weights of young rats to increase gradually to a 'speciﬁc
\?'clght range, one at which rats remain healthy and exhibit stable behavioral base-
lines. Give young adult rats free access to food and water during the quarantine peri-
od.. Whv..en training begins, give measured amounts of food each day, such that
weights increase to some target range. For example, we find 335 + 10 g t(; be a suita-
blfe range for adult male Long-Evans hooded rats; with female ra?s the weight range
might be Iqwer, as adult female rats are 50100 g smaller than m;\les (Baker et al
19?.9b).. It is common for supplemental food to be weighed, but one can learn t;
mamta‘un sta.blc weights by choosing particular size pieces of standard rat chow (e.g
%medlum pieces or 1 medium and 1 small). Even under standard laboratory con'di.-,
tions, the rate at which invidual rats lose weight varies, so choosing an arbitrar
amount for .all rats does not result in stable weights. Finally, Hurwitz and Davi)s:
‘(1983) describe a ‘labor-saving’ method for feeding rats in behavioral research, that
1s, merely providing each rat free access to food for 1 h after the session. 1

4.1.3. Caring for rats

;12112 ]l::s(tBe;}:(p:;oa::hlto minimizing illness i; .aggrcssive preventive maintenance of the
- neme ie ; al., 19?';13). The probal?lllty of activating respiratory diseases (see
e 1;[1;31 st.ncrease by sudden environmental changes and stresses (e.g., tem-
Py u;{)l—(??%s, (.irafts). A temperature range of 18-27°C (65-79 F) with rela-
- s tail); ( % is recommend.ed. Low humidity can produce ringtail, which
i Uisiions and may result in slo‘ughing of all or part of the tail (Baker et
diﬁg = {ile : ar3'f ammor}la can potentiate respiratory problems, so change bed-
e Sipd:: 1nbexper1mental chaml:.aers frequently. Do not interchange water
e w,ith ) dﬂll:) i tubes bet“ieen rats, V"flpe‘ down experimental chambers periodi-
B n ect;llnt that is a good virucide (e.g., household bleach); a phenolic
e essenfi; 1a éhlorhexadu.le (e.g., ‘Nolvasan@) could also be used. Thorough
e . Choose the time of disinfection carefully relative to experimental

ons, because the changed smell of the chamber may influence behavior.
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4.1.4. Health concerns with rats

References on rat anatomy, biology, and diseases include Baker et al., 1979b, 1980;
Holmes, 1984; Harkness and Wagner, 1989. Rats are unusually resistant to infection;
but two common health problems, tumors and respiratory disease, can jeopardize
completion of long-term experiments. Tumors can be benign or malignant; veteri-
nary assistance in diagnosing and treating a tumor is important. Any of a variety
of respiratory pathogens can be carried into a lab by an asymptomatic carrier and
be spread to other animals either directly (rat to rat) or indirectly (airborne). Sudden
changes in environmental conditions can increase susceptibility of a host animal to
the expression of the disease.

Threat of respiratory disease can be minimized by ordering gnotobiotic rats, that
is, rats free of those pathogens causing certain respiratory diseases (but they are not
necessarily free of all pathogens). These are often referred to as ‘specific pathogen-
free, SPF, rats’. Some suppliers have trade names for their gnotobiotic rats and
charge extra for them; other suppliers maintain that all their rats are ‘virus free’. Al-
though it can be an advantage to order gnotobiotic animals, any benefit is lost if they
are brought into an existing colony of rats not obtained from the same source and/or
that were not billed as gnotobiotic. If respiratory infection occurs, the only way to
truly be rid of it is to start over with a new colony of gnotobiotic rats after thoroughly
sanitizing the facilities. This usually is not practical in a behavioral laboratory. Opin-
ion about the likely success of treating respiratory disease in an individual rat varies,
probably with the experience of the person consulted. For any chance of success, it
is critical to detect the onset of respiratory disease as early as possible. Once a rat is
in extremis, it is unlikely to survive. The earliest behavioral sign of respiratory illness
can be a sudden, otherwise unexplained, decrease in responding during the experi-
mental session; or food may be left uneaten in the home cage, an unusual occurrence
for rats under restricted feeding with free access to water. Early physical symptoms
can include red-staining around the eyes, nasal and ocular discharges, and/or in-
creased difficulty breathing. Distinguishing the normal breathing sounds of a rat
from the rasping or snuffling sound made in respiratory disease can be accomplished
in a gentled rat by placing the rat on your shoulder and placing your ear against the
rat’s side. Quarantine the rat at the first suspicion of illness and provide free access
to food, softening it with water if food intake is decreased. Give a broad spectrum
antibiotic; consult with a veterinarian for the best currently available (cf. Holmes,
1984). A common, easily administered, treatment has been a regimen of tetracycline
. HCl in the drinking water. This approach is controversial because of problems of
achieving an appropriate dosage (Porter et al., 1985a, b); the key is to find a tetracy-
cline concentration that does not suppress drinking but which provides an ap-
propriate dose of antibiotic when the usual amount of fluid is consumed. We have
had some success with a 5 mg/ml concentration of tetracycline-HCL. It is presented
as the only source of fiuid for 5 days (it must be mixed fresh daily). With free access
s o mte mamarally drink sufficient amounts to obtain a 700 mg/kg dose in 24 h

11

(additional fluid could be given by gavage if necessary). At the end of the dosing peri-
od, the rat is monitored for an additional 5 days. If symptoms recur, the regimen
is repeated. If there is a high frequency of respiratory illness in a colony, it may be
helpful to place the whole colony on the tetracycline regimen for 5 days. ,

Other troublesome health problems include broken toenails and maloccluded or
broken front teeth. Broken nails bleed profusely but heal rapidly of their own accord
Maloccluded incisors must be trimmed. Incisors break if they are caught in somé
types of wire mesh. Chow must be softened in water until the incisor grows back
.For rats under restricted feeding, putting the food ration inside the cage, rather thar;
in a hopper on the side, prevents broken incisors and also minimizes loss of pieces
of the food ration. When rats are on free-feeding, placing large quantities of food
inside the cage is considered unsanitary, and the large quantity of food in the hopper
makes it easier to chew the food through the wire mesh.

Almost all humans working with rats get bitten at least once in their careers due
to carelessness or complacency. The laceration will be minimized if one does not jerk
away or drop the rat. A major health problem for humans working with rats is the
development of allergies, which can be so severe as to preclude further work with
rats. Some viruses and bacterial infections (e.g., ‘rat bite fever’, leptospirosis, salmo-
ne‘lla) can be spread from rats to laboratory workers but this is rare in a weil—main—
tained colony (Geller, 1979; Fox et al., 1984a).

4.2. Mice

The species commonly used in research is Mus musculus, the house mouse of North
Amerlcat a‘nd Europe. Because of the extensive genetic mapping of the laboratory
mouse, it is the mammal which has been most thoroughly characterized. There are
a large number of inbred and random-bred strains, with a variety of physiological
and behavioral characteristics (Foster et al., 1981-1983; Fox et al., 1984a). For exam-
tl?iz;sﬂ;?‘ d;wcl:opment qf strail?s of mice .l}.lat show differential sensitivities to the ef-
o ina :ot ol .and d]ffcrent{al l?robabﬂlt.ies of alcohol self-administration has re-
alcomlismx egsm:f use 91‘ _mice in behavioral studies of genetic contributions to
i and se -admlmstratl.on of other drugs (Elmer et al., 1988; George and
= }:)a erg, 1989). Sched_ules of reinforcement have been used with mice in behavioral
kve{:‘lilc;;og :1;{}1} (:1(1);1];:&1(;%? (Wenge;, 19'}.'9);' s.,trailn differences in control activity
g Ao reported variability in drug response across studies
(Zil;’hjeirlnlsrnaury bg;fadva;;:jfe of mice for some behavioral work is their short life span
permitr{ = ,t (E)beco y at : 9 days). Like some otl.ler rodents, mice live longest if not
i e harvne l;)e ese (Masoro, 198_5). I.{unmn.g weights of 75-80% of ad libitum
B o bc en reported_ fo’r mice in studies using nutritive reinforces. The
R 1ale mice asymp{tote within a narrow range (e.g., 29-35 g), depending on

; Tunning weights typically are 23-28 g. Permitting weights to rise to a fairly
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stable maximum (e.g., over a 2-week period if received at 6 weeks of age) before re-
ducing weights by restricted feeding is preferable to permitting weights to rise only
to the desired range as mentioned above for rats. Although stable reduced weights
can be maintained easily in mice, accidentally missing a day of feeding may prove
fatal, in contrast to such regimens with other species. Mice should be picked up by
the base of the tail and may be carried this way briefly; they should be placed on
a flat hand, while retaining hold of the tail, for longer journeys (see Tuffery, 1987).
Holding the mouse by the tip of the tail may strip the skin from it.

Mice are particularly sensitive to temperature fluctuations because of the relatively
large surface area per g of body weight (Jacoby and Fox, 1984); a range of 18-26°C
(64-79F) is recommended (Harkness and Wagner, 1989). Mice are also more sensi-
tive to water loss than most mammals (Jacoby and Fox, 1984); but water reinforce-
ment has been used with mice (with 20 min post-session access) without ill effect.
Reviews of mouse diseases may be found in Foster et al. (1982) and Jacoby and Fox
(1984). A number of infectious diseases share clinical signs and can be difficult to
diagnose. Mouse hepatitis infection (MHYV), actually a group of coronavirus infec-
tions, is fairly common; but may not result in expression of clinical signs. Even when
clinical signs are not present, MHV can have subtle effects on biomedical research
(e.g., by altering liver enzyme levels).

4.3. Gerbils

The Mongolian gerbil (Meriones unguiculatus) is used in biomedical research for cer-
tain unique anatomical and physiological characteristics, including susceptibility to
epileptiform seizures (Holmes, 1984). Limited operant conditioning work has been
done with gerbils (e.g., Powell and Peck, 1969). Gerbils are small; adults usually
weigh less than 100 g. Puberty occurs at 10-12 weeks; the life span is usually 2-3
years, but can be as long as 4 years. Gerbils tolerate a wide range of ambient temper-
tures well; if relative humidity is > 50%, however, the fur stands out and appears mat-
ted and greasy (Holmes, 1984). Gerbils require unusually small amounts of water (5
ml/100 g body weight/day, Harkness and Wagner, 1989). Gerbils should be housed
in containers with a layer of burrowing material; bedding does not require changing
as frequently as that of rats or mice due to the small quantity of urine excreted.
Gerbils are easily handled and rarely bite; lifting by the base of the tail must be done
carefully to avoid stripping the skin.

4.4. Guinea pigs

Guinea pigs (Cavia porcellus) are used in studies of immunology, audiology, and in-
fectious disease (Wagner and Manning, 1976; Holmes, 1984). Behavioral research
using operant procedures with guinea pigs has been characterized as difficult (e.g..
fomeme o1l 1975). Under conventional avoidance contingencies, guinea pigs “be-
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come catatonic in response to discomfort and/or fear” (Wagner and Manning, 1976
p. 284); but Heffner et al. (1971) used this sensitivity to advantage to determiné audi:
tory threshold under a conditioned suppression procedure. Use of food or water rein-
forcers can be problematic because some investigators found that deprivation of
eit.her had severe deleterious effects. Edible reinforcers used successfully in nonde-
prived guinea pigs include: carrot juice (Gundy, 1959), sucrose solutions (Wagner
am‘:[ Manning, 1976), a milk and cereal mixture (Berryman, 1976), and commercial
guinea pig pellets (Poling and Poling, 1978). However, Petersen et al. (1977) did have
success with edible reinforcers in guinea pigs maintained under a deprivation regimen;
they describe in detail procedures for training a discriminated operant in guinea pigs?
Free-feeding guinea pigs steadily gain weight to 1215 months before weight asymp-
totes (700-850 g for females, 950-1200 g for males, Wagner and Manning, 1976; cf.
Petersen et al., 1977). Guinea pigs are characterized as ‘shy and nervous’ and ‘r;eo-
phobic’, but they rarely bite or scratch. To pick up a guinea pig, approach it from
the front and back with both hands, one hand grasping around the shoulders, the
other supporting the rump. Among rodents, guinea pigs are relatively expcnsivej but
they have the longest life span (5-6 years; puberty at 5 months). They, and non-
human p.rimates, are the only common laboratory animals requiring a dietary source
of vitamin C (kale is a good supplementary source for guinea pigs, but it must be
Wasl.ied thoroughly). Further information on the biology, care, diseases and idiosyn-
crasies of guinea pigs is in Wagner and Manning (1976), Fox et al. (1984a), Holmes
(1984), Harkness and Wagner (1989). ,

4.5. Hamsters

The hamster species most popular in biomedical research is the golden or Syrian
han.lster (Mesocricetus auratus, Hoffman et al., 1968). Use of the hamster in the Ex-
perimental Analysis of Behavior has been limited (e.g., Shettleworth, 1975; Anderson
;?[: El;fttleworth, 1977). Hamsters are small, usually weighing 85-130 g. They will
undelr t}?:dleq roughly or startled. A hamster should be lifted by placing both hands
v aa:lmay palms 1.1pward arquncl the animal’s sides. Alternatively, hamsters
o ]ivmarr;ri:g container placed in the cage. Usual life span is 2 years, with some
" g ’ years (puberty occurs at 8-10 weeks). Under conditions of low
oy 19;’;1.5 l_(;rt:ay length, quiet, and cool temperature, hamsters may hibernate
S thé most,i arkness and Wagrfer, 1989). .Hamsters are relatively healthy ani-
y()ur;g o mpngant hams.ter disease proliferative enteritis usually affects very
N as;lan blt usually is fatal (Holn'}e‘?, 1.984)‘ Hamsters show idiosyncratic
el Hurr[; er of (?rugs; many antibiotics, including penicillin, are lethal
(1968) S,‘ ; Hoffman §t fal., 1968).' Texts on the hamster include; Hoffman et al.
» Siegel (1985), cf. bibliography in Harkness and Wagner (1989).
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Fig. 2. Handling a pigeon. Left panel shows an adult White Carneau pigeon in an experimental chamber.
The pigeon may be restrained by positioning one hand over the wing and under the breast if it is difficult
to approach with both hands (middle panel). Once the pigeon is lifted. the other wing may be restrained
(right panel). Note in the right panel that the fingers hold the feet along the body. (Photos by J.E. Barrett.)

5. Pigeons

Domestic pigeons (Columba livia) have been used extensively as subjects in the Experi-
mental Analysis of Behavior. Ferster and Skinner (1957) systematically investigated
virtually all of the currently defined schedules of reinforcement using the pigeon.
Their guidelines for using pigeons in behavioral research have been followed by many
subsequent investigators. The White Carneau (plural: Carneaux; Fig. 2) or the hom-
ing pigeon have been used most often, but there are a wide range of pigeon breeds
and varieties kept for show. Pigeons are easily trained and handled, and they have
life spans considerably longer than rodents (e.g., up to 15 years). They are hardy and
recover well from surgical procedures. Another advantage to the handler is their lack
of teeth! Pigeons have not been used frequently in biomedical research and are not
well-represented in general references on laboratory animals. Rather, books written
for pigeon fanciers are usually more informative (a standard is Levi, 1974; cf. Abs,

1983).

Both male and female pigeons are used in be
is not easy, even for pigeon breeders, and it is usually not possible to be sure of receiv-
ing young birds of one sex or the other. Investigators often discover that a pigeon
is female only when they find an egg in the cage. In any event, there is apparently
Jittle cause for concern over the effect of reproductive cycles on the stability of experi-
mentally established behavioral baselines in male and female pigeons. Pigeons reach
hey are usually obtained for behavioral studies

sexual maturity around 6 months. T
at 1 year, but some investigators purchase retired breeders (> 6 years). Pigeons typi-

cally are banded around 10 days of age by the supplier with a seamless band giving

tin tAamtiBeatinn number.

havioral research. Sexing a pigeon
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5.1. Handling pigeons

To pick up a pigeon, place the palms over the front of each wing (wing butt), spread-
ing the fingers over the surface of the wings (wing coverts); the feet are h:ald back
along the bird’s abdomen (Fig. 2). Hold the wings gently but firmly against the pi-
geon’s. body. Too tentative a hold permits wing flapping, which leads to greater diffi-
culty in holding the bird. Wearing thin cotton gloves will prevent the hands from
being §cratchcd by the bird’s claws; vinyl examination gloves do not hold up as well
for this purpose. Clipping the wings and tail feathers is common (Ferster and Skin-
ner, 1957) and facilitates catching an escaped pigeon, but is not necessary. Pigeons
are not likely to fly in the dark; therefore, merely turning off the lights in the room
given that there is some extraneous source of light for the human (such as from a,
hallway), will usually permit easy retrieval of an escaped pigeon.

5.2. Weight regulation of pigeons

Thc .80% body weight regimen is appropriate for many experiments and easily used
in thﬁ species. Pigeons tend to self-regulate feeding under free-access conditions and
stabilization of the body weight of an adult bird occurs in 2-4 weeks. Weights should
!36 taken daily over the last week to determine stability. The pigeon’s weight then
is l_‘cduced gradually to a target weight by feeding a small amount of food (5-10 g)
daily. A typical procedure is to weigh the bird before the daily session (to determine
whether the weight is within the appropriate range) and then to weigh the bird again
after the session to determine supplemental feeding. The bird is fed the difference (in
g) pctween the current weight and the target weight. If the bird is above the target
:’;1 gli::;tntc; supplemeptal fooFi is given th‘at day. Some investigators feed an additional
& : at, in their experlenc.e, permits the bird to be at, rather than below, the

rget weight for the next experimental session. Once trained, pigeons generally con-

tinue to perform quite reliabl i
y under weights of 85-95 -feedi i
(Ferster and Skinner, 1957). : 7 of the reeeeding veieh

3.3. Caring for pigeons

Ef:sc;n:hselilfl.];ld llza\fe free access to water supplied in an open trough. Pigeons im-
E Ze‘ies in l\;ater up to the nost'rils and drink in one long, continuous
s wéter eers, E.32). Plgeon§ bathe in water they can step in; thus, provide
B o 1nhc0ntamers accessible only through an opening for the head in a
Wore Co.nsumn ; en tl:ne water can [:Je fouled quickly and should be changed daily.
e g alm.] may be determ.med by Femporai patterns of food availability
(1974 Grain-&‘drréco, 1984). Nutrient requrenTenls are amply discussed by Levi
i pigeons shoyld.be pn‘)vlded with free access to grit as a mineral

ent and to assist the grinding action of the gizzard for proper digestion. Most
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commercial brands of pigeon grit contain sea shell, gravel and salt (Levi, 1974). The
grit can be provided as a deep layer in the food cup with the daily food ration placed
on top of it. Pigeons fed a balanced food-pellet or meal diet may not require grit
if the mineral content is adequate. Some investigators prefer to use grain, however,
finding that it is a more effective reinforcer than the pellets. The same type of feed
as that used as a reinforcer in the experimental session generally is used for supple-
mental feeding.

Pigeon beaks and nails may need to be trimmed occasionally. Beaks can be either
gently filed with an emery board or clipped with sharp scissors. Care must be taken
not to trim so deeply as to cause bleeding. Nails can be cut with scissors. Access to
grit may minimize the necessity for beak filing.

5.4. Health concerns with pigeons

Provided with proper daily care, laboratory pigeons have very few health problems;
however, wild birds and those maintained in outdoor coops are subject to a variety
of diseases and parasites (Levi, 1974; Fox et al., 1984a). Unlike rats and mice, pigeons
are obtained from suppliers who breed them for a variety of purposes, not just labo-
ratory use, and a period of quarantine (3 weeks is best) is especially important.

Ornithosis (also known as psittacosis, chlamydiosis, pigeon breeder’s disease, par-
rot fever) is an infectious-disease hazard for humans working with pigeons. A wide
range of symptoms can occur but respiratory involvement (including a form of pneu-
monia) and conjunctivitis are common (Fox et al., 1984b). Pigeons themselves are
susceptible to this disease, although they can carry it without showing symptoms
(Levi, 1974). It is spread via feathers and aerosolization of pigeon excretion. Wearing
a filter mask when spending time in a pigeon avarium is an important precaution
due to the considerable dust from pigeon feathers and dried excreta.

6. Nonhuman primates

Monkeys and apes have not been used as frequently as the laboratory rat and pigeon
for behavioral studies. Monkeys have been used extensively in behavioral pharmaco-
logy because of their similarity to humans in the pharmacokinetics of psychoactive
drugs and of drug-dependence processes; they are also the primary animal models
of certain types of biomedical investigations (NIH, 1978; Friedman and Popova,
1983, 1988: King et al., 1988). Monkeys’ color vision is like that of man, in contrast
to most other mammalian species (Jacobs, 1981). Monkeys have the advantage of
relatively long life-spans (15-25 years; Holmes, 1984). Some have been used in behav-
ioral studies for close to 20 years. Chimpanzees (Pan troglodytes), of the great ape
family, have been preferred for studies of verbal behavior (e.g., Terrace et al., 1979),
but due to their status as a threatened and endangered species and because they have
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been considered the irreplaceable model for certain human health problems, these
animals are extremely expensive (e.g., $5,000-$10,000); in the U.S., their distribution
is severely restricted (NTH, 1978).

For many years, virtually all nonhuman primates used in research were wild-
caught because of the difficulty of breeding sufficient numbers in captivity. In the
1970s, the importation of certain species became severely restricted due to destruction
of primate habitats and the consequent embargos placed on exportation of these
primates. In the U.S., a federally coordinated program, the National Primate Plan
was adopted to assure the continued availability of nonhuman primates for rcscarct;
(NIH, 1978; cf. Richter et al., 1984). A cornerstone of this program has been expan-
sion of domestic breeding colonies, coupled with policies of “minimizing the use of
primates and for getting the most benefit from those that must be used”” (NIH, 1978,
p. 12). Criteria for favorable review of research programs using nonhuman primatcé
in the U.S. have been stated formally (NIH, 1978); initiating a research program
using monkeys requires stronger scientific justification than even before. See Section
18.1.2 for resources for investigators using nonhuman primates.

; Caring for monkeys in long-term experiments is more expensive and labor-inten-
sive than care of most other species of laboratory animals. Per diem charges to the
1nvest{gat0r for caging, feed, bedding and animal services typically are the highest
for pnmatcs. They require significant space for housing. A legal requirement for at-
tention to the ‘psychological well-being’ of captive primates has created a dialogue
qx’er appropriate definitions of this term, which has emphasized the need for addi-
tional research on the contribution of cage size, exercise, social housing and environ-
menta.l enrichment to the well-being of each nonhuman primate species (Novak and
Suomi, 1988; Segal, 1989; Woolverton et al., 1989). Because operant experiments in-
volve daily periods of access to manipulable objects, visual and/or auditory stimuli,
and response requirements for access to food or other commodities, they generally
meet suggested guidelines for environmental enrichment. In fact, operant condition-
ing methods have been incorporated into many zoos for this ﬁurpose (Markowitz
and Stevens, 1978; Markowitz, 1982).

‘ ./’_slt}.lough some techniques for handling monkeys will be described below, anyone
Initiating a program of behavioral research with monkeys, should learn them first-
hand from an experienced investigator.

6.1. General weight regulation of nonhuman primates

iea;ee‘:f;rr:lztfatz"llsm and rate of growth can vary significantly from monkey to mon-
e el e ts:an(‘;e subspecies. Many mvest:gators.ﬁnd that food restriction (e.g.,
i ino? belc mﬁ per day), rther than r.ed.uctlon to a specific target weight,
e i h: able behavioral basc.ln?c.s. Rcs..tr.lctlon to some percentage of a free-
e ght may be necessary for initial training or for study of certain experimen-

questions, but the particular percentage necessary may vary across individual



18

monkeys. Nonhuman primate species differ in their nutrient and energy (gross kilo-
calorie per kg body weight) requirements (see Section 18.1.2; Ausman et al., 1985,
reviews nutrient requirements for squirrel monkeys of various ages and weights). Fa-
miliarity with requirements for the species is particularly important if food restriction
is to be used and/or if feeding will consist primarily of food pellets formulated for
use as reinforcers for ‘monkeys’ generally. Occasionally such diets will be too low
in certain requirements for a given species. Nonhuman primates require a dietary
source of vitamin C; providing a supplement of fresh fruit or vegetables daily or a
couple of times a week helps prevent vitamin C deficiency, particularly if a large part
of the monkey’s nutrient requirements is being supplied as food reinforcers.

6.2. Squirrel monkeys

Squirrel monkeys (Saimiri sciureus) of various subspecies are New World monkeys
native to Central and South America (Thorington, 1985). The squirrel monkey exists
in significant numbers in the wild; but subspecies from particular geographic areas
(e.g., Columbia and Peru), that traditionally have been used for biomedical research,
are in limited supply (NIH, 1978). They have been extensively used in biomedical
research, including a variety of behavioral studies (Rosenblum and Cooper, 1968;
Rosenblum and Coe, 1985). Squirrel monkeys are used frequently in Behavioral
Pharmacology (Barrett, 1985).

Adult male squirrel monkeys generally weigh 700-1100 g, and females 500-750 g
(Fox et al., 1984a). Sexual maturity in females occurs at approximately 2.5 years, but
males are considered ‘subadult’ for 2-3 years beyond that (Rosenblum and Coe,
1985). Squirrel monkeys are seasonally polyestrous (i.e., the squirrel monkey does
not menstruate); the mating season for squirrel monkeys in the northern hemisphere
is March to May with 7-13 day female estrous cycles (Richter et al., 1984; Rosen-
blum and Coe, 1985). Out of mating season, males normally lose weight and undergo
testicular atrophy. Both males and females have been used in behavioral research,
with no apparent disruptions of behavioral baselines when they are housed singly in
the same room and run in the same experimental chambers.

Some investigators routinely seat squirrel monkeys in chairs (see Section 10.2) dur-
ing experimental sessions, while other investigators merely place the unrestrained
squirrel monkey in the experimental chamber. There is some laboratory lore that
squirrel monkeys can be difficult to train and that it may be difficult to control stable
performances. Some attribute this to their unique reactions to ‘stress’ or to their char-
acteristically hyperactive movements. Careful attention to choosing the operandum
(Section 11.1) is helpful; training a squirrel monkey to press a vertically placed key
is more difficult than training to press a projection from the key; increasing the force
requirement of a lever may be important to obtaining schedule-characteristic re-
sponse patterns rather than undifferentiated high rates.
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6.2.1. Weight regulation of squirrel monkeys

When food restriction is used with the squirrel monkey, free-feeding should be per-
mitted for at least 3—4 weeks past the quarantine period for adults and subadult males
so that a stable weight can be determined. Because of natural seasonal weight varia-
tion in males, redetermination of the free-feeding weight in and out of mating season
may be useful if an arbitrary percentage of body weight is chosen and the monkey
is to serve as a subject over a number of years.

6.2.2. Handling squirrel monkeys

Squirrel monkeys are easier to handle than many other monkeys because of their
small size. They typically are handled with a ‘pole and collar’ technique (Kelleher
et al., 1963; Wood, 1969; see Section 18.2.2). The monkey wears a small leather collar
(rolled leather prevents chafing) to which a lightweight leash is attached. The other
end of the leash is hooked to a ring outside the cage door. When the monkey is to
be removed from the cage, the end of the leash is threaded through a ring on the

Fi ;

3111%1. i-a 'Sr;lf eZ(;Lu'rre] mo.nkey. Left panel ShO\I{S an adult male squirrel monkey being carried using the pole
e Fi:ue.',’?‘rghr panel shows a squirrel monkey seated in a chair (constructed in the laboratory).
. eN W aistplate. beneath. the monkey’s hands is hinged to permit easing the monkey in and
o M:l)‘. ote the shf‘nulus lights, lever (BRS/LVE, Laurel, MD) and pellet feeder (Gerbrands,
i }_mmo mo[}mtod behmcl thc‘ fl:ont w"a']l of the chair itself, which was contructed in the laboratory.
oy am.dn of the m'onkcy s tail is posmor?ed z?cross a brass plate to permit shock delivery in studies
right hu idance, punishment or shock—r?‘lamtamcd responding. (Left photo courtesy S. Bradbard;

Photo reproduced from Barrett, 1985, with permission of the publisher.)
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end of a pole; the monkey’s head can be drawn against the top of the pole, while
the investigator’s hand holds the leash at the bottom of the pole, thus protecting him-
self or herself from being bitten. The monkey will grasp the top of the pole and then
can be easily transported (Fig. 3). If the monkey is being placed in a chair (Fig. 3),
the handler can hold onto the legs while retaining the head at the top of the pole.
The monkey is placed on the seat, and the waistplate is lowered before releasing the
chain from the pole. If a squirrel monkey escapes, someone familiar with the monkey
can usually entice the monkey back with a food pellet or other treat, and easily re-
hook the leash to the collar while the monkey is distracted by the treat.

6.2.3. Health concerns with squirrel monkeys

Squirrel monkeys are relatively easy to care for, but otherwise hardy squirrel mon-
keys suddenly may stop eating and drinking and/or become prostrate. Abee (1985)
points out that squirrel monkeys are ‘stoic’ animals and often do not show overt signs
of distress until seriously debilitated. Thus, squirrel monkeys must be checked daily
and the first sign of illness requires rapid attention. Although a number of conditions
(including environmental stress) can produce similar symptoms, the first step is usual-
ly some form of fluid therapy. Even if dehydration is secondary to an infection, stabi-
lization of the monkey with fluid and electrolytes is necessary while blood tests are
being conducted and antibiotic sensitivity determined (Abee, 1985). Adequate envi-
ronmental temperature and humidity are important to the monkey’s health (24—
27°C; 75-80° F; 40-50% relative humidity); extremes of either can be harmful, but
cool conditions when squirrel monkeys are housed singly in metal cages can be par-
ticularly stressful (Abee, 1985). In some monkeys, food deprivation can produce
hypoglycemia, characterized by lethargy, weakness and disorientation (Abee, 1985).
Thus, although food restriction and food reinforcers are used routinely and success-
fully with squirrel monkeys, some squirrel monkeys may be more susceptible to
health problems under conditions of food deprivation. This may be related to the
fact that squirrel monkeys have a relatively high basal metabolic rate, short gastroin-
testinal tract, and low percentage of body adipose stores particularly out of mating
season (Richter et al., 1984; Abee, 1985). Squirrel monkeys can develop infections
of the upper canines, usually first manifested as a swelling of the face below the eye;
if left untreated, the abcess may rupture. Treatment involves extraction of the tooth
and irrigation with antibacterial solutions (Holmes, 1984; Abee, 1985).

6.3. Macaques

Macaques (M. macaca) are Old World primates; most species are native to Asia.
Rhesus monkeys (M. mulatta) are the most popular species of nonhuman primate
used for research and drug testing generally (NTH, 1978). For example, much of the
important opioid pharmacology, particularly with respect to dependence, has been
worked out using the rhesus monkey. Behavioral work also has been reported with
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cynomolgus monkeys (M. fasicularis), stump-tailed monkeys (M. arctoides), pig-
tailed monkeys (M. nemestrina), and Japanese macaques (M. fuscata). Macaques are
adaptable and readily trained in standard behavioral procedures. Laboratories report
using both males and females as behavioral subjects without any problems from cag-
ing the monkeys individually but in the same room. Because of the concerted effort
to breed macaques in captivity for research purposes, one can order monkeys of spe-
cific ages (puberty occurs at about 3 years; life span is 15-25 years). See Bourne
(1975) for specific information on care of rhesus monkeys. When weight is to be regu-
lated in macaques, they are maintained on free-feeding during the quarantine period;
after quarantine; they are fed ad lib for another week or 2, until stability in weight
is obtained.

Macaques can be handled with a ‘pole and collar’ technique similar to that de-
scribed above for the squirrel monkey, except that the monkey walks at the end of
the pole rather than being carried (cf. Anderson and Houghton, 1983). Alternatively,
the monkey’s head is drawn up against the cage door by the leash and the collar is
clipped to the cage, immobilizing the head momentarily. The cage door is then
opened and the arms are grasped between the elbow and the humerus and restrained
behind the back with one hand. With the other hand, the collar is unclipped and the
monkey is lifted from the cage; the free hand is placed around the small of the mon-
key’s back for carrying. With monkeys of 8 kg and larger, it may require two people
to handle a monkey in this manner. A disadvantage of using macaques is the serious-
ness of the bites they can inflict on handlers (see Section 6.5). Some references suggest
lc.ssemng the danger from bites by extracting or clipping (and capping) the long ca-
nine teeth (Holmes, 1984; Richter et al., 1984), but this has not been common in be-
havioral research laboratories.

Exp.erimel?tal sessions can be run in chairs specially designed for rhesus monkeys.
Some investigators use an intelligence panel that can be moved from cage to cage
Ti.lﬂ.lel‘ t.h{:m moving the monkey to the experimental chamber. For drawing blood or
giving 1nJeclions, macaques can be trained to shuttle from larger to smaller enclo-
sures, using bits of fruit as reinforcers. Most monkeys are adept at unlatching cage

6.4. Baboons

?:;2?21 Zre 5.115(::1 Old World monkeys, native to Africa. Papio anubis, Papio cynoce-
e ht;mxe ‘cfnub;s/.cynocephalus types are most often used in research. Papio
s (,h-u % ];set;ls:twe, seizure-prone species has been used in research on anticonvul-
oA cspecgia.ll a o?ns are gener.ally healthy and adapt well to the laboratory. They
e i{ useful for behavioral pharmaco].ogy research but they have not been
iy .e y as other monke'ys becausfe of their large size. Size varies greatly among

uals; adult females typically weigh 11-15 kg while adult males can be 17-50
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1 for a baboon (an adult male is shown). The panel (constructed in the ]abora?o—
o accommodate access to the elements of the panel) with
removal of the panel for cage washing. The levers are
a jewel light is mounted above each to serve as a dﬁs-
the middle of the intelligence panel is the opening
er left quadrant is a fountain-

Fig. 4. An intelligence pane

ry) is mounted on a cage (bars were remov'ed t

stationary bolts and thumbscrews to permit €asy

Lindsley levers (Gerbrands, Arlington, MA), an.d 1
iminati i tingencies. In

criminative stimulus for the schedule con

h which food pellets can be retrieved from the food tray. On the upp

et menbon (W andnta Minneanolis. MN). (Photo by L.G. Ator.)

throug
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kg. Puberty occurs between 3-6 years (Holmes, 1984), and usual life span is 15-24
years. Because most baboons in research are wild-caught, precise determination of
age is difficult. Tooth eruption patterns can be used to some extent if the baboon
is a juvenile (e.g., the long, razor-sharp canines of male baboons erupt between 5-6
years in the wild, but may erupt 1.5 years earlier in captivity (Phillips-Conroy and
Jolly, 1988). Experimental sessions often are conducted in the animal’s home cage
installed with an intelligence panel (Fig. 4). Alternatively, the baboon is trained to
move from the cage into the experimental chamber via a shuttle cage. Manual hand-
ling of unanesthetized baboons is foolhardy. A loose baboon is best ‘caught’ by entic-
ing the animal to go into a cage by throwing a treat into it. A cage containing an
easily visible piece of fruit can be placed in the doorway of the room, which also re-
stricts the baboon’s access to other areas. When the baboon enters the cage, the door
can be dropped (easiest if someone is on top of the cage holding the door up). In
our experience, escaped baboons do not go towards a human unless that individual
is holding or in front of fruit or other treats.

Determining a stable free-feeding weight in baboons can be difficult. Many young
adult male baboons will continue to steadily gain weight for years. In our experience,
unless the baboon is obese, merely using the once-a-day feeding regimen, even one
which permits gradual weight gain, has proven sufficient for most experimental pur-
poses. Shuttle cage arrangements can be designed for weighing baboons, but scales
may have to be specially designed to accommodate the cage. Baboons usually are
weighed on commercially available scales under ketamine anesthesia (see Section
6.5). Because weights change slowly in these large animals, they generally are not
weighed daily. We have found that when the feeding regimen is held constant weigh-
ing every 2-3 weeks is sufficient for most behavioral studies.

6.5. General health concerns with nonhuman primates

Many bacterial, parasitic and viral diseases are seen in monkeys, particularly those
that are wild-caught (Holmes, 1984; Richter et al., 1984), and monkeys represent one
of the most dangerous animal sources of infection for humans. Monkeys must be
Quarantined for 30-90 days, supervised by a veterinarian familiar with nonhuman
Primates. During quarantine they are tattooed with a unique identification number.
The diseases mentioned below are those that investigators should be particularly
aware of after quarantine is successfully completed. Staphylococcal and streptococ-
cal infections can be transmitted from monkeys to humans and vice versa; see Richter
ctal. (1984) and Holmes (1984) for a fuller discussion of primate diseases.

After quarantine, regular tuberculosis testing is important: tuberculosis is a disease
that humans can transmit to nonhuman primates and vice versa (nonhuman primates
also are susceptible to bovine and avian strains of tuberculosis; Holmes, 1984). Tu-

eulin tests should be given every 3 months for most monkey species. Humans
Working with monkeys should be tested at least annually (Institute of Laboratory
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Animal Resources, 1980). If a monkey tests positive, it has been standard veterinary
practice to euthanize the animal immediately for the protection of other primates.
Although there are reports of successful chemotherapy of tuberculosis, the time
course is prolonged (e.g., 12 months, Wolf et al., 1988). Long-term drug therapy (e.g.,
with isoniazid) as a preventive measure could complicate interpretation of behavioral
data (Kraemer et al., 1976) and have other undesirable clinical results (Holmes,
1984).

A number of herpes viruses have been isolated in monkeys. They usually are latent
or subclinical infections in host animals, but certain ones can be fatal when transmit- 7. Rabbits
ted to other species. The most dangerous herpes virus that monkeys transmit to man
is Herpes B virus (Herpesvirus simiae), found in macaques. In man it causes fatal en-
cephalitis and encephalomyelitis. Transmission can occur through a monkey bite or
contamination of a superficial wound with infected saliva; airborne transmission of
the disease also can occur. Frequency of infection in humans is low in an actuarial
sense, but fatal cases in recent years have reminded researchers of the serious conse-
quences of infection and the need for precaution (Cummins, 1988). It is recommend-
ed that protective clothing, particularly filter masks and disposable examination
gloves, routinely be worn in areas housing macaques.

Another viral disease of significance in Old World monkeys is measles (rubeola).
It is manifested as a rash on the chest and lower portions of the body and can cause
pneumonia, rhinitis and conjunctivitis. Anyone working with monkeys should have
been vaccinated against measles to guard against bringing it into the laboratory.
Chicken pox also has been reported in nonhuman primates (Holmes, 1984).

Because of the danger of bites from all monkeys and the difficulty of managing
larger primates, physical examinations, treatment and sometimes weighing (e.g., ba-
boons) is done under chemical restraint. Ketamine-HCI (injected intramuscularly)
is preferred for this purpose because it does not depress respiration (Clifford, 1984).
The drawback is that muscle relaxation is not good with ketamine and some monkeys
develop a tolerance to what little relaxant effects the drug has. Pretreatment with dia-
zepam or midazolam HCl sometimes is necessary for handling a large animal under
ketamine restraint (cf. Green et al., 1981).

Bloat is a problem most often mentioned in connection with macaques, but has
been observed in squirrel monkeys as well. Bloat is a condition of acute gastric dilata-
tion; often the exact cause is unknown, but ‘excessive’ food and water intake in a
short period of time seem to precede this condition; infectious disease may also play
a role. The condition is fatal unless treatment (gastric aspiration, intravenous fluid
therapy and possibly antibiotics) begins immediately. Feeding should be restricted
for 7-10 days (Holmes, 1984: Richter et al., 1984). Feeding food-restricted monkeys -
divided meals can help prevent this condition; return to free-feeding after restricted r';tg.[ei' An a.dlult female Dutch Belted rabbit in an operant chamber (constructed in the laboratory). A
feeding E—— gradual. er was inverted and extended by adding a stainless steel plate for the rabbit to lift. On the Ief{ ;itie

f the panel fi is free v, e
‘ 2 3 ood is f ravai 1es 1
] , I ; i : e it Iy a :il]labli arild te]'lll'lcs tmto tilc food I.l'a)’ were detected by interruption of an
M ]CB]'S are S]lb]E’Ct to denta pl’()h ems and g00d 1011g term hea th mainten: °d photocell beam. The opening in the center of the panel is for access to a liquid dipper (see Fig.

10). :
or further details see Barrett and Stanley (1982). (Photo courtesy J.E. Barrett.)

should include periodic removal of plaque with a dental scaler. The use of suc
pellets as reinforcers should be carefully considered and candy treats restricted o
Upless special care is taken to provide as natural as possible rearing cond-ilio
capt.:ve—bred monkeys tend to show behavioral abnormalities (e.g., stereotypies ens‘
p(?klng, Erwin and Deni, 1979) not exhibited by wild-caught a::lult monrl}(e ; yi'-
Richter et al., 1984; Rosenblum and Coe, 1985 on the squirrel monkey) e

Itlai.:)bits have been used extensively in pharmacology and physiology and on a mor
limited basis in studies using operant (e.g., Sewell et al., 1969; Barrett and Stanle "
1982?, or respondent, conditioning procedures (e.g., Harvey, 1987). The domcst?,,
rabbit (Oryctolagus cuniculus) comprises over 100 breeds a,nd Var%eties (Holmelsc
1984); the New Zealand White and the American Dutch are the most popular f01:
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research. Rabbits have been taught to operate a lever by training the topography of
using the nose to lift an inverted lever that had a stainless-steel extension attached
to it (Fig. 5; Barrett and Stainley, 1982). Rabbits have a longer life span than rodents
(5-13 years with puberty at 3-8 months, Holmes, 1984). Adult rabbits of both sexes
weigh 2-6 kg depending on species. Although rabbits can be quite tame with frequent
handling, ineffectual control of the rabbit can result in deep scratches to the handler
from sharp claws on the strong hind legs. Improper handling can result in serious
injury to the rabbit as well. Allowing the hind quarters to thrash in a rotation move-
ment or dropping the rabbit can produce injury to the spine, resulting in posterior
paralysis or death. To lift a rabbit, grasp the neck skin (the scruff), with the head
directed away from the body, while placing the other hand underneath the belly or
the back legs. To carry, keep one hand on the scruff and place the head in the bend
of the elbow; place the other hand under the rump. When placing the rabbit into
the experimental chamber or the home cage, put the hindquarters in first so that the
rabbit does not try to jump in. The rabbit should never be carried by the ears. All
rabbit teeth are open-rooted (continually growing), but malocclusion and over-
growth are most likely to occur with the incisors. References on the rabbit include
Harkness and Wagner (1989), Holmes (1984), and Weisbroth et al. (1974); see Sec-
tion 18.1.2 for nutrient requirements.

8. Dogs

Dogs have been used only occasionally as subjects in operant research (review in
Gay, 1968) and to a limited extent in Behavioral Pharmacology using schedules of
reinforcement (e.g., Waller and Waller, 1962; Risner, 1982; Risner et al., 1988). They
have been used in biomedical research for centuries because of the similarity to man
in their anatomy, physiology and response to disease; they are also used in pharma-
ceutical development. Thus, there is a good deal of information on appropriate care
of dogs in the laboratory (Fox et al., 1984a; sce Section 18.1.2 for nutrient require-
ments). Most dogs bred for research are beagles or other hound-type dogs. Unless
raised with special attention to socialization, however, these dogs are not as tractable
as are random-source dogs (those acquired by dealers from pounds or individuals).
When a young purpose-bred dog arrives in the laboratory, it is a good idea to house
the dog in the same cage with other dogs for a couple of weeks to facilitate adapta-
tion, Daily attention from handlers is also important. Dogs then usually will accom-
pany the experimenter to and from the experimental chamber on a leash; they can
be trained to stand on a scale for weighing and readily enter the experimental
chamber. In fact, intramuscular injections can be given by a single individual to a
dog familiarized with an experimental routine. Weight regulation in a young adult
(puberty occurs at 6-12 months) dog is easily accomplished. The stable free-feeding
weioht is determined through daily weighing over a 2-week period. The target weight
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(85 or 90% of the ad lib weight is often sufficient) can be achieved (over 1-2 weeks)
by restricting the amount fed. There has been some debate over the practice of surgi-
cally debarking dogs by clipping the vocal cords to decrease the volume of sound
the dog can produce. The only reason to do so is if excessive barking will cause dis-
turbance to those outside the housing area. The cords do regenerate over time, how-
ever; so for long-term behavioral research it is better to soundproof housing fac;ilities

On the other hand, others have suggested that well-maintained research facilities an(i
frequent positive contact with caretakers also decreases barking. Laboratory dogs are
generally healthy and their life-span (12-20 years) is an advantage for long-term stud-
ies. A disadvantage is the greater likelihood of individuals viewing the dog as a pet
and not a subject. Another disadvantage has been that most operant equipment for
dogs was specially fabricated, although some levers are now commercially available

Dogs can most easily be trained to press a lever that is mounted close to the ﬂoor-
and Risner (personal communication, July 17, 1989) successfully adapted sewing ma-,

::ihinc foot pedals for this purpose. Waller (1960) described a nose-operated lever for
0gs.

9. Cats

Cats have been used in psychophysical research (Frazier and Elliot, 1963; Berkley
1970) and a great deal of research has been done on the nervous system (;f the Cat,
Tht?y hz.ive not been used widely in basic operant research (Byrd, 1969; Richelle 1969:
review in Gay, 1968), although the first instrumental condilioni.n g stl;dies were, in thé
ca.t (Thorndike, 1898). One reason is that cats can be very difficult to train using food
reinforcers unless special attention is given to the type of operandum and its proximi-
?.;r:; t:: tLOOd magazine (cf. Br.eland and Breland, 1966). Berkley (1970) reviewed
- ol ;;;r(}blems,‘ and their solutions, of operant conditioning with cats; see
| availabl) gr design .of' an opefrandum for kittens. Pellet reinforcement for the
T ure;i gtk]we't hlgh-proten? foo@s are favored; beef baby food or canned
& tge 5 }mtdw‘at:er are e'ﬁ"ectlve without a specific weight reduction regimen.
& unv.: 00 k(‘ielwcrcd into a food cup via a fixed duration operation of a
. Segtionpl\;folr 2s»rwell. A.dry balat}ccd cat chow is used for supplemental feed-
ot ; 1 or nutrient requirements); enough chow is given to maintain
B i eXemiosrma welght range. Free access to water should be given; this and
e e t'irc lgportant for preventing urinary blockage, a life-threatening
B o wi]? cats. hrlend}y cals are easy to manage, but unfriendly cats can be
i scr.atc ' or bite. Cats can be almost impossible to hold onto if they
Boes. ¢ czflpmg dl’l(.j may nee?d t{.) be transported in carriers. See Fox et al.
) for other information on maintaining cats in a laboratory.
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10. Experimental enclosures and intelligence panels

In his autobiography, Skinner (1979) provided an interesting account of the develop-
ment of the technology of the Experimental Analysis of Behavior. His use of the op-
erant chamber and the cumulative recorder was critical to the systematic, objective
and intensive study of the behavior of single subjects.

For many years, behavioral research equipment was designed and built by the in-
vestigators themselves. A kind of documentation of the technological evolution of
behavioral research can be found in the technical articles published in the Journal
of the Experimental Analysis of Behavior, particularly those during the first 16 years
of publication (1958-1974). Much of the equipment now available commercially is
derived from these individual efforts, but investigators continue to devise methods
for meeting new research needs by constructing or modifying equipment. Section

18.2 lists suppliers for the types of equipment described below.

10.1. Chambers

Behavioral experiments typically are conducted in enclosed chambers, what Skinner
referred to as operant chambers but what were dubbed ‘Skinner boxes’ by psycholo-

contains three keys (Fig. 7) and a centrally placed
hopper behind the panel (see Fig. 8). The enclosure is sound-attenuating
e. The door contains a one-way mirror to permit viewing

Fig. 6. An operant chamber for a pigeon. The panel

opening for access to the grain
with a ventilation fan installed on the left sid
n temme (Dhataconrtesy BRS/LVE, Inc.)
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gis.t Clark Hull (Skinner, 1979). Although commercial chambers are readily available
(Fig. 6), ‘invcsligators often design their own to meet specific requirements or prefer-
ences (.Flgs‘ 2, 5 and 7). The chambers permit controlled introduction and removal
of er;wronmenta] stimuli. In a standard arrangement, one chamber wall comprises
the ‘}ntel]igcnoe panel’ or ‘work panel’ on which are mounted operanda (e.g., levers)

fe:cdmg devices, lights, speakers (Figs. 4, 5, 6 and 7). Depending upon the exp’eriment,
dxfferej-nt elements may need to be on separate walls which may require special con:
struction (some modular type chambers are available in which different kinds of pan-
els can be easily substituted). The floors of chambers should be appropriate to the
species for supporting the feet and collection of feces. Chambers in which shock will
be delivered through the floor must have the stainless steel bars spaced sufficiently
far apart for feces to fall through, preventing the shock circuit from shorting out

Fc.:rster and Skinner (1957) provide a detailed description of the basic chamber useci
with pigeons.

Fig. 7. A
-l.Ano
aftenuating gfcl‘l?‘l:;tlcha(agnlsﬁr for a rat. Left panel shows the chamber itself placed inside a larger, sound-
re (both constructed in the laborat - i i S
of the enc ratory); a speaker is mounted in the upper right co
ls, 1N TI}(:SU: chamber (levers and feeder, Gerbrands, Arlington, MA; food cup, Lafay?ttc [idianar;::
¢ chamber was constructed with extra height to permit tether connections that \l\:ould be out

of reach of th thr I W Veno e ANIA.
at for dell erng drugs
e 1 Vi ough
cal‘lnui ( ) gh a ch Omca]ly ind C]l]i’lg enous catheter or intracranial
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Chambers usually have some means of sound attenuation. If the operant chamber
is not already part of a sound-attenuating enclosure (Fig. 6), it typically is placed
inside such an enclosure (Fig. 7). This minimizes the chance of extraneous noise dis-
rupting responding or of the animal’s performance being controlled by sounds from
the programming equipment rather than the contingencies themselves (e.g., if a relay
closure correlated with reinforcer availability is audible to the subject, lever pressing
may be controlled more by that sound than by the variables the experimenter in-
tended). The degree of sound attenuation of the chamber can vary depending upon
whether or not the chamber can be placed in an isolated experimental room or
whether it must be located in a room where other activity is going on. The ventilation
fan on the enclosure (e.g., Fig. 6) provides a form of masking noise, but a low to
moderate level of white noise (see Section 13.2) usually is delivered through a speaker
also. The intensity (in decibels, dB) generally is adjusted to be that which the experi-
menter believes will be adequate for the circumstances; that is, the greater the noise
level in the laboratory, the louder the white noise would need to be to reduce extrane-
ous sounds. It is best to purchase or construct a chamber with greater sound attenua-
tion than to turn the white noise very high, however, because loud noise has been
shown to produce physiological indices of stress and very high dB can impair hearing
(cf. Fay, 1988). A viewing port in a wall of the chamber permits direct observation
of the subject during sessions. If the experimental chamber is in a room that can be
kept dark during sessions, one-way mirrors are useful (Fig. 6); otherwise, a wide-
angle through-the-door viewer (peephole) is a better choice (see also Section 15.2).

Although visual and auditory isolation from the laboratory during experimental
sessions is characteristic of behavioral experiments and important for a high degree
of stability in many behavioral baselines, some behavior is studied without such ex-
treme conditions. For example, experiments on oral and intravenous drug self-
administration in primates in which long sessions (3—24 h) are conducted have found
that drug intake can be consistent even when monkeys are working in rooms that
have a great deal of other activity.

10.2. Chairs

Many behavioral experiments with squirrel monkeys and macaques have involved
placing the animal in some form of chair, which then is placed inside the experimental
chamber. Chair restraint is useful for particular experimental procedures, such as
drug delivery before or during the session, shock delivery to a shaved portion of the
tail, or for precise orientation toward visual stimuli; often, however, it is used under
all experimental conditions in a given laboratory to make training more comparable
across the variety of experimental conditions that may be studied. Chairs for squirrel
monkeys usually have been constructed according to the design of Kelleher et al.
(1963), with the modification that the intelligence panel is integrated into the front
AF the chair (Fig. 3). A cable inside the chamber connects to a plug mounted on the
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chair (lower front of the chair in Fig. 3) to interface with the programming equip-
ment. Chairs for rhesus monkeys more often are wheeled into a chamber that has
the intelligence panel at one end. The monkey is seated by lifting the waistplate and
sliding the torso in (see Sections 6.2.2 and 6.3). With experience, both squirrel
monkeys and macaques adapt to the procedure and are easily seated for the experi-
mentlal session. Chairs are commercially available for baboons, but seating a baboon
requires the use of ketamine and is not practical for daily sessions. Uninterrupted
maintenance of any monkey in a chair across days is not recommended or generally

pe.rmitted by institutional animal research care and use committees without strong
scientific justification.

11. Response recording

The operant response typically selected is one that may be referred to generically as
‘lever pressing’. In fact, what is measured is operation of a switch; and the device
operated need not be a lever, but rather any mechanism that can be operated easily
an(.i repeatedly and recorded objectively and reliably. Collectively, the devices de-
scrll?ed below have been referred to as operanda (singular: operandum). Although
the investigator might presume the operant to be performed with a certain topo-
graphy (e.g., paw placed on lever), what is recorded is an electrical signal. In fact
the response might be performed in a number of ways, the particular t{)pograph):
having been reinforced adventitiously (i.e., superstitious behavior, cf. Pliskoff and
GDll\:lb, 1974, for an amusing example) or representing a less effortful manner of
meeting the contingencies. The devices described below can also be used to collect
d?lt‘ra on collateral behavior, that is, behavior other than that explicitly being con-
ditioned. Collateral behavior includes not only general activity but also behavior
tf:rmed ‘schedule-induced’ or ‘adjunctive’; that is, that which occurs largely as a func-
tion .Of the contingencies imposed on another response (e.g., drinking and mirror
pecking in Section 15.1.1; Falk, 1972; Wetherington, 1982; Part 2, Ch. 6).

11.1. Levers, keys, chains, panels and treadles

cohlz)esree:l?:r of a switch, u.sgall.y a microswil.ch, has been the most common response
L Whiolgctt‘int C?ndltl{).llll'lg: The particular device manipulated by the subject,
| anc t? m1_cr05w11f.:h lS‘ attached, varies across species. Levers, inserted
T monl{zpemg'g in the intelligence panel, are used most often with rats and
SOmeti}nes w.;ys (Figs. 3 and 7); 51m.rlar vcl."smns are available for mice. Because rats
For S moln kgnav‘v on a .le?'t?l‘, solid versions are more durable than hollow ones.
ol eys, a lever 1n1F1a‘ll).' developed by Ogden Lindsley for use with human
i 1s empl(‘Jyed. This ‘Lindsley lever’ is operated by pulling on a ball handle

€d to a shaft (Figs. 4 and 8). Although the most commonly used levers are fixed
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ey operandum, useful with primates, which operate_s the
Gerbrands Corp., with permission). (B) Omnidirectional
ft is moved in any radial direction or pushed in. (Photo
which operates a miniature microswitch when

Fig. 8. Various types of operanda. (A) A Lindsl
microswitches when it is pulled. (Photo courtesy
levers, which operate a microswitch when the éha .
courtesy BRS/LVE. Inc.). (C) A key, used with plgoon.s, or
- 4AVn ie mantad (Phota conrtesv BRS/LVE, Inc., with permission.)
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to the panel, retractable levers permitting the investigator remote control of exten-
sion and withdrawal of the lever through the panel are available commercially. A
lever modification that has been used with squirrel monkeys is a bead chain suspen-
ded from a lever mounted over the chair. This operandum has been used in studies
in which a second response, topographically different from a lever press, was impor-
tant to the experimental design (e.g., Barrett and Stanley, 1980). See Sections 7-9
for rabbit, dog and cat operanda; an omnidirectional lever (e.g., Fig. 8) can be useful
when a standard lever press is not the best response for a species (i.e., the lever will
operate when brushed or nuzzled).

The operandum used with pigeons typically is referred to as a ‘key’. It is a translu-
cent paddle attached to the intelligence panel behind a circular opening (Figs. 6 and
8). A peck on the disk moves the paddle and operates a microswitch. Because pigeons
easily can be trained to peck at a lighted disk, it is transilluminated. A variation on
the switch-action pigeon key has been described (Altman and Hull, 1973).

Although a ‘keypeck’ is the response typically chosen for pigeons, this response
has been considered problematic for some purposes (cf. Part 1, Ch. 2), and a treadle
(i.e., a lever mounted near the floor) has been used to generate a response topography
other than pecking (e.g., Foree and LoLordo, 1970; Hemmes, 1973; McSweeney,
1978). Investigators have experimented with different types of treadle. The difficulty
with choosing and/or positioning a treadle is that the bird may perch on it, or may
peck at it instead of stepping on it, or response rates may be unduly constrained by
the difficulty of operating the treadle. Some have constructed lever-type extensions
attached to a microswitch (e.g., a T-shaped plexiglass extension) or used a commer-
cially available rat lever that does not extend far enough into the chamber for the
bird to perch on. If the treadle surface is inclined, rather than horizontal to the floor,
the bird is less likely to perch on it. If pecking the treadle develops, increasing the
force requirement may decrease the probability of this behavior.

Larger, sturdier versions of the basic pigeon key are available for use with mon-
keys, and these are particularly useful for projecting a range of stimuli directly on
the key (see Section 13.1); squirrel monkeys are not easily trained to press such keys,
though; gluing a projection (e.g., a short hollow plexiglass cylinder) around the cir-
cumference may make it easier to obtain the press response. A variation of the key
operandum is a rectangular panel that can be mounted in the wall or the floor of
the chamber and pushed. The panel may be made of a material that permits transillu-
mination if one wishes to present stimuli directly on the operandum. Mirrors, behind
which microswitches are mounted, have been provided as a way of measuring sched-
ule-induced attack in pigeons. Looney and Cohen (1982) describe a variety of meth-
0ds for automatically recording attack in pigeons (cf. recording of mirror attacks in

Section 15.1 .1). Hutchinson et al. (1966) gives a method of recording a biting attack

4gainst a tube in squirrel monkeys.
) The operanda described above all involve switch operation that sends an electrical
‘Bput to the programming equipment. The switch consists of a set of electric conduc-
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W,

n of the lever moves the Common (C) contact on the
switch from the ‘normally closed® (NC) contact on the switch to the ‘normally open’ {NO) contact on
the switch. When the C contact is connected to the negative terminal of a DC power supply, lever opera-
tion ‘switches’ the negative charge, usually termed ‘ground’ (G), to the NO contact. The NO contact is
connected to one terminal of a 24V DC lamp; because the other lamp terminal is connected to the positive
(+) terminal of the power supply, the circuit is completed and the lamp will light.

Fig. 9. Schematic of switch operation. Depressio

tors, referred to as contacts, which can be either touching or separated. The schemat-
ic in Fig. 9 shows a lever attached mechanically to the common (C) element of a set
of contacts. Lever operation moves the C contact from its normal or resting position
against the top contact (the normally closed, NC, contact) to touch the bottom con-
tact (the normally open, NO, contact). To convert this mechanical event into an
electrical event, the contacts must be connected to a power source such that moving
the C to the NO contact completes an electrical circuit. In Fig. 9, a 24 VDC lamp
will be illuminated when the lever is depressed. Alternatively, the circuit could be
wired through the NC contact such that the light is on when the lever is unoperated,
with lever operation breaking the circuit to turn the light off for the duration of the
lever press. The advantage of wiring an operandum so that the interruption of the
NC to C contact defines the recorded response is that the distance or duration of
the complete excursion of the switch is not a variable; thus, moving the lever or key
only slightly can be recorded, and thus reinforced or punished, immediately. For ani-
mals that respond at a high rate, this method of wiring the operandum is preferred;
it is the only one capable of accurately recording the high key-pecking rates of
On the other hand, if one wants to reinforce only a complete excursion of
ned by having C to NO contact complete the
circuit. The primary rationale for wiring through the NO contact seems to be to pro-
mote a more uniform topography across subjects, such as with lever pressing in rats.
In some circumstances, the response might be defined as C+NO contact followed
by C+ NC contact to prevent lever holding (e.g., as in some shock-escape arrange-

ments, see Part 1, Ch. 5).
r o Liees that ran acenr with high rates of switch operation in high sensitivity,

pigeons.
the lever, then the response can be defi
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low current Cf'rcuits is ‘contact bounce’. This results in multiple switch closures bei
recorded, artifactually inflating recorded response rates. Contact bounce cansb ezl Y
tec.tec.l by ho9king an oscilloscope up to the switch output. It can be eliminat t:i be‘
building a minimum interval (on the order of milliseconds) between recorded ¥ it li,
closur.es into the circuit: the most elementary way, often used with electromechsm' N 1
or .solld-state programming units (see Section 14), is to place a capacitor acm‘:m;?
?w1tch Ol}tput. The necessary size of the capacitor is determined empirically b lS ke
ing at switch output on the oscilloscope, so as not to impose an artificiall l)({)wyce(')l? :
on response rate. Alternatively, special circuity may be built into interfac)t;s d gy
computers (see Part 2, Ch. 5). ped i
Somf: levers may use a Reed switch. This switch uses a magnet and contacts en
closed in an hermetically sealed vial; it requires very little force, and does not h —
the I?roblem of contact bounce. The alignment of the magnet wit’h the sensor is ca':' .
;z:ief;f tthe:“ma;gnet loses alignment with the switch under high rates of respondflll:;-
ifactually low rates of re i i :
e enougyh T B sponding will be recorded. Thus, the magnet should be
An important parameter of response specification is the minimum force require-
p‘lent necessary to operate the microswitch and be counted as a response Son‘lcq tud
ies have focused on specification of both minimum and maximum force r‘c uireniel:lt-
?nd on response duration as well (Fowler, 1987). Determination of theqminimur;
;rcel requlrft‘d can be deter@ined using a tension gauge. The minimum requirement
Z ould be fairly low to Perrnll the response rate to vary over a wide range as indepen-
;;;n:a:fa:(llc_s are manipulated. C9mmercially available levers typically have some
i éuztrmt% the forf:e requlf'ement. .Operanda need to be checked regularly
— b:b ;m?r; a(;ld .dgproprlate tension. Exposed contacts on levers or keys
oy interferis e wl;t a cm?tact cleane_r occasionally to prevent accumulation
S ng with the sxjvltch operation being recorded.
comingendfs\;fmee ’ odften used with rats., can be used either as an operandum, with
B i o fr?se l;pon_whee] turpmg, or to measure activity. In addition, the
E c)lf A et:tm unction as a reinforcer (Section 12.5). A microswitch system
i oy Zmo;e?lent of the wheel .tl.'n'ough whatever distance the experi-
el -8, Zerbolio, 1_964). In addition, commercially available running
ally come with a built-in counter to record whole revolutions.

11.2. Photocells

In some t i i

Criing ay;;estof ftgdres, defining the response as interruption of a beam of light

i rep otoce 1is usm?ful. For e.:xample, this type of response obviates problems

1986) The(:ll:il:-;m]ents l:;mg too high for very small or infant animals (cf. Glowa
: al can be required to poke its nose th S st ,

- ; se through an opening in the panel

" ne location to another t i

ey : : o meet the response requirement. A so-

ated system, making use of infrared emitting and detecting diodes, for idelfz
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fying the location of a pigeon’s pecks at stimuli on a cathode ray screen is described
by Clauson et al. (1985). Photocells also can be employed to measure duration of
entry into food trays (e.g., Fernie, 1971; Timberlake and Peden, 1987; Fig. 5). Com-
plete systems for measuring licking via optical detection circuitry are commercially
available and are suggested to avoid some of the problems of using contact sensors
(Section 11.3) for this purpose (cf. Czech, 1982). Photocells can be used to monitor
general activity and correct placement of the animal for stimulus presentation in psy-
chophysical studies; with proper adjustment, some types of equipment can provide
light beam lengths of more than a meter.

11.3. Contact sensors

A contact sensor detects contact by an animal when the animal bridges 2 open con-
tacts and completes a DC circuit. Such a device is useful if minimum force require-
ment is a problem, as with the mouse. Contact sensors have been used most often
as ‘lickometers’ or ‘drinkometers’ (e.g., McLeod and Gollub, 1976; Elmer et al.,
1988). The lick response serves either as the instrumental response upon which con-
tingencies are imposed, or as a dependent measure of drinking per se (cf. Section
15.1.1). In a simple arrangement, the cage is grounded, the spout is electrically iso-
lated from the cage, and when the animal licks (or touches) the spout a small DC
current flows through the animal to the spout; both frequency and duration of con-
tact can be recorded. If desired, the signal can operate a solenoid valve permitting
fluid to flow through the spout for some period of time (Henningfield and Meisch,
1976; cf. Hulse, 1960); one should program delivery to cease if spout contact is
broken during reinforcer delivery. The drinkometer in Fig. 4 is of this latter type.
The spout is electrically isolated from the panel; a 24 VDC ground wire is attached
to the back of the panel, which grounds the cage as well. When the baboon licks the
spout, he completes the circuit, which operates a solenoid in the drinkometer and
permits fluid flow. Pairs of lights on the faceplate of the drinkometer can serve as
discriminative stimuli and/or feedback. As with other responses, any contact will be
counted so systematic observation of the subject is important to determine whether
the responses actually are licks. For example, in a study of schedule-induced polydip-
sia, McLeod and Gollub (1976) found that drinking tube contacts by rats exposed
first to one type of reinforcement schedule consisted primarily of licks while tube con-
tacts by rats exposed first to another reinforcement schedule consisted primarily of
paw contacts. Problems with contact sensors usually involve the circuit being com-
pleted by moisture or some other substance or too sensitive a circuit being activated
by transients from other equipment. A potentiometer integrated into the circuit to
permit regulation of the sensitivity helps with the latter problem; maintaining the
cleanliness of the apparatus and daily testing obviate the former. However, counting
individual licks still may be a problem if fluid bridges the gap between the spout and
tlm tameme hatween licks. A total-contact time measure may be more accurate (the
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optica].systems based on photocells are said to overcome this problem, Section 11.2)
Recessing the tube may minimize recording ‘accidental’ contacts (e’ g., tail mo‘ve-.
ment.s).. Weijnen (1989) discusses the role of current levels as well as ;)t‘},lcr iscues i

sophisticated approaches to using lick sensors. Contact sensors also could ch useg

to measure activity other than licking (e i ips i
. ! .g., by placing contact sensor stri i
locations in the chamber). e

12. Reinforcer delivery

In the opefation of reinforcement, the investigator arranges for a consequence to fol-
low a specified response in the hope that the consequence will increase the probabili-
ty of the response occurring again. Strictly speaking one cannot refer to a conse-
quence as a reinforcer for an individual organism unless one can demonstrate that
it is serving as such with respect to a response (see Part 1, Ch. 3). As a practical mat-
tef though, we know from experience many of the events that are likely to serve as
reinforcers with different species and the conditions under which they will do so opti-
mally. Some ‘unconditioned’ reinforcers will be described below. They can be ulzcd
tg s}.lape new behavior and maintain that behavior independently of a specific condi-
tlpnlng h_1§:t0ry. These are contrasted with ‘conditioned’ reinforcers that require pre-
vious pairing with a reinforcer to be effective (see Part 1, Ch. 3). This is not to sa

that even upconditioned reinforcers always will maintain behavior in a given sub'ecf
To be maximally effective, reinforcers require what has been termed an ‘estab]isfliné

operation .(Michael, 1982). The most obvious of such facilitators is simple depriva-
tion of an item to be used as a reinforcer.

12.1. Food reinforcers and feeders

lé(;zt(ii llt? ;:: E:ILSI Corlll‘l‘mh(}n]y .uscd reinffarcer in e?cperiments with laboratory animals.
¥ s understt:)ro\; 1(; Cvarl_ous food items maintain operant behavior consistently
i (3" ! 0]11':31' et al., 197’{). The subject must be maintained under
U v Scf ontitlons. so that the f"emforcer will maintain a stable behavioral
o sion to session (see Section 3 and information on individual species
5 4-9).
F . . .
- (:i(;:cl:f[l,l:ésizri t?‘vall;iblt: in semi-purified and grain-based formulas for all the spe-
T differenisﬂc apter, as well as .others, in weights ranging from 20 mg to
e ﬁvors for some: species (e.g., banana flavor for monkeys). Com-
reinfor}:ers e e p:“f ets for. use with dogs sometimes can be made more effective
o ;'nalcll;lii gslz?:ciilo?vozs (eag., .rneatt; egg). Because the pellets are made
R . : e eaten during the experimental session can s
di:::]g;eiortlon or all. of the anlmal’s: daily nutrient requirement. Nutritive 111155115
are used with rats and squirrel monkeys. Some substances maintain re-
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sponding effectively in certain species with minimal weight regulation. Dextrose and

sucrose pellets have been used with rodents and primates. Sweetened condensed milk
and evaporated milk (diluted or undiluted) are effective with rats and mice (see dis-
cussion of reinforcers for mice in Wenger, 1979). Mayes et al. (1979) compared
sweetened condensed milk with honey and found that both maintained responding
in rats, but noted that honey is advantageous because it does not spoil as easily as
milk. Saccharin solutions have been effective with rats and rabbits. A solution of glu-
cose (3% w/v) and saccharin (0.125% w/v) is reported to be an especially effective
reinforcer in rats (Carroll et al., 1989). See Sections 4-9 on individual species for

inforcers; see Ames (1967) and Mark (1967) for

other information on effective rei
methodological detail on food reinforcers for fish.

Pellet dispensers are mounted outside the
pellet to drop through a tube into a
types of operating mechanisms (e.g.
power requirements (e.g.,

chamber or chair and permit 2 single
food cup (Figs. 3 and 7). Feeders with different
DC solenoid operated, AC motor driven) and
24 VDC or 5 VITL computer logic minimum voltage) are

Fig. 10. Left panel: A feeder used with pigeons mo

6). The hopper is filled with grain or pigeon chow.

hopper up to the opening above it. Note also the sonalert moun

stimuli. (Photo courtesy BRS/LVE, Inc.) Right panel: A dip

When operated, & solenoid pulls the dipper arm up from the reservoir fill
- v. it ~en mmaetacy (rerbrands, Corp.)

When operated, a solenoid pulls the b

unted on the back of an intelligence panel (cf. Fig.
ottom of the

ted on the lower left for delivering tone

per feeder used with a rat or squirrel monkey.
ed with liquid into an opening
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availabl i ; :
equ]i 3:1: tto ts)e maximally compatible with the type of interface and/or programmin
pelleI: If‘nt [(, ‘ectlon lé.t). The disk inside the feeder is appropriate to the size of thf
- T OU ltnf; .supphe.d by the manufacturer is not long enough to reach the food
thoilghyri Or;t u 1;“3 which can bf cut to appropriate lengths is a good choice. Al-
e 11;): ets are billed as ‘dustless’, some dust does accumulate and the ﬁ;eder
oot e‘: ll; must be cleaned periodically to prevent impairment of pellet delivery
T a:isunl?lul;ts'e sp::ngs as tubes or pierce small holes in plastic tubing to prevené
ion. Attention to the positioning of the fi
h : sitloning e food cup and/or the angl
Ofctil,;bsoi‘;rgm the feeder is LlSCfl.lll to minimize the possibility of pellets bouncinggﬁ;ﬁf
sy cup as they are delivered. The distance the pellet has to drop through
ad noet :, ould be considered so that an ‘unprogrammed’ delay of reinforcemeit
g c;::r.d\:hcn'the feeder can be mounted just behind the intelligence panel
m;‘ - hage' : l’ll) ), this is not a problem; but when very large feeders are used, the
cha);-,bc:) I l?the moucrllte? farther away from the food cup (e.g., on top (;f thz
; e sound of the feeder motor operation i ble. thi
" : CTEE ) peration is audible, this will
\:;:::1:? asb a c;hscnbmmatwe stimulus for approaching the food cup (see Seci?(rrllelg;
an bridge a brief delay between the reinforced i
let in the food cup. If the feeder i arced responseand aroivil of thepel:
: eeder is mounted awa i i
e y from the intelli
" 4 gence panel, how-
O‘I;Zl;jaltti:nllsleflll to program some other salient stimulus change to accomI:)any fccc:j‘:r
. nsl];*rec.t pellets as the feeder is filled to remove cracked or broken ones
unifornutylzaar:i ltf more likely the feeder will jam and, of course, will result in less-
nforcer magnitude. With many fi it i ’
¥ s y feeders, it is best n
thi bI‘Irr:i ts minimize the probability of the feeder jamming ot o fill them to
iquid di : i
tmu;h . lv:tls0 oerater (see Sect.lon 12.2) are delivered via a dipper raised from a
17l itse%f: _ ). Dippers are avgllable in capacities ranging from 0.01 to 1.0 ml; the
Giemer arm 18 remova}:?le and different sizes can be interchanged. The anéle cnti the
T 'I}I:PSt be adjusted so that a fluid residue does not remain on the di
W'ti-l - Within reach of the subject) after it is lowered P
i : : : :
(1957) dﬁi?ﬁs' mixed grain or pigeon chow is typically used. Ferster and Skinner
i isila standard composition (cf. Levi, 1974). Food is delivered from a
R ;l:'n up within t}_te pigeon’s reach when a solenoid is engaged (Figs
seconds o'f acces {;]u ot of the relflforcer is programmed in terms of the number ot.'
b i it Sha owed per delivery; usual reinforcer duration has been 3 or 4
| rin how efficient they are in consuming food from th i
) and this also can be infi ;i m the hopper (Epstein,
B influenced by feeder design (E i :
lterion is a duration of access th intai o n, ba); LS Y
without evidence of satiati ss that maintains responding reliably across the sessio
k. ce 0 satiation toward the end of the session (see P ¥
ns are pecking a key at a high i s Lo, .20 Tops
s gh rate, they will frequently make * ?
which meets the schedul > 2 € ‘extra pccl(S after
therefore t . e requirement for reinforcement. S i i
: ore time grain access from the last peck AT -y
fiie., the reinforcer - peck, rather than from the ‘reinforced’ peck
- cer access time resets with each peck after the rei y
¥, the period of time during which this reset contin rf_:lnforced . Rt
ingency is in effect must be
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limited. Alternatively, some investigators place a photocell in the hopper so that rein-

forcement can be timed from wher: the pigeon’s head breaks the photocell beam

(Timberlake and Peden, 1987). These strategies for assuring uniformity of access time

to the hopper are most important when magnitude of reinforcement is being manipu-

lated, but some investigators use such strategies routinely as a general control for
uniformity access subjects. Whether investigators use a commercial grain mixture or
buy components separately to make up their own, they try to ensure that the compo-

nents are similarly sized. Pigeons may eat larger pieces preferentially which results
in less preferred components accumulating on the bottom of the hopper and a change
in reinforcer quality across the session. This problem is obviated with pigeon chow,
but some investigators report that grain maintains responding more reliably across
birds under standard conditions. Because pigeons tend to scatter grain or chow as
they eat, spilled food can accumulate under the hopper and prevent it from lowering
completely out of reach at the end of the programmed reinforcement. Thus rate of
the dependent variable may be influenced unintentionally by the bird’s spending time
reaching for food from the barely available hopper. Cleaning out this area of the
chamber regularly avoids this problem. Catania (1965) devised a modification for
hoppers to prevent ‘grain stealing’ in the case just described and if the beak size of
a given bird enables it to reach the hopper even when fully lowered.

12.2. Water reinforcers

Water is an inexpensive, effective reinforcer. It can be delivered via either a dipper,
such as mentioned above for liquid diet, or a fountain-type drinkometer (see Section
11.3). Water reinforcement with pigeons has been accomplished using a procedure
which requires surgical intervention (Lucas et al., 1979). A period of water availabili-
ty (e.g., an hour) should be provided after the experimental session. Food is usually
freely available. Use of wateras a reinforcer requires careful attention to the parame-
ters of the deprivation period and to the watering of the subjects on days when ses-
sions are not conducted. Animals can remain healthy longer without food than with-
out water; and the level of water deprivation can influence strongly the amount of

food consumed.

12.3. Drugs as reinforcers

Certain intravenously delivered psychoactive drugs will serve as reinforcers (see Part
2, Ch. 2). They have the advantage that establishing operations or deprivation may
not be necessary to maintain responding. The main disadvantage involves the behav-
ioral and physical sequelae of drug delivery (e.g., direct effects on behavior, toxicity
of high drug doses). Drugs are used as reinforcers in studies in which the drug itself
is a focus of investigation or where there is interest in the generality of behavioral
team~mana with aualitatively different reinforcers.

(See Pare | cp,. 2). If the fee
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12.4. Other reinforcers

Electrlca.l stlplulation of certain areas of the brain (particularly the lateral h

mus) maintains responding quite reliably in certain species; most work ha oy
(Mogens‘on and Cioe, 1977; Liebman, 1983). Study of conditions under wlsl'u;ed o
na.l]y delivered shock serves as a reinforcer, that is, the phenomenon of sh “ EXt_el‘-
tained resl:tonding, has been important in the development of reinforce?nOCk-ll;nam-
an_d Behavioral Pharmacology (see Part 1, Ch. 3; Barrett and Stanle 19§Et o
rejmfo.rcers ha've been used occasionally. A few will be mentioned tg ,e )i’Other
diversity tha.t is possible: turning on a heat lamp when the subject is he]cyiwjn-lp il
chamber (mice, Revusky, 1966), access to a running wheel (rats Premackml;?clooled
cess of a male rat to a receptive female rat (Everitt et al. 1987’) Some st’ di e
investigated stimulus change as a reinforcer; under the c::mditio.ns studieg ltfishiz:

not usually been found to be strongly rei ing i :
Kish, 1966). ngly reinforcing in species other than monkeys (see

13. Discriminative stimuli

;isa;rzré:d 11:::11;(:;}; :tmiullcl are used in various ways in behavioral studies. A com-
‘ rat, o.r example, would be to sound a distinctive tone whenev-
er a particular response requirement (e.g., 30 lever presses) was in eff i
pose that condition with some other condition in which t}u:atS e tC‘J‘lx_la‘
" ‘ : one was not sound
ini: ?;1;: ::t\:;l:lclildlever presses have no programmed consequences). With cexp(::?i“f
e t()qu(:lmr.’: to press the lever rapidly when the tone was on and not
e e \;ras off. The to_nc then could be said to be functioning as a
e Cl;s t{:‘r lev..:er pressing (.scr‘: Part 1, Ch. 7). Establishing specific
B oot et m EIAIE}..ILIOHS) as dle%crlmm‘ative stimuli paired with differential
e r:;mlsdr.nent)lcqntlngcnues permits one to generate different
B T distini(:-n 11;)g within the same experimental session (see Part 1,
ey tlf)n etween the physu:a.l and functional definitions of a
i Stin.ml at is, one can describe a stimulus in physical terms and de-
B i oty 1o '1;13 was presented to the subject (e.g., ‘A 1000 Hz tone was
B 2\;(11}1 ance schech}le’, or ‘A red 7-watt bulb was illuminated dur-
i przsen e gelnforcer ). But t?n]y the observation of differential re-
| ritte s c:: E:ln a.bse.':nce. of the stimulus determines whether the stimulus
e e (.le.;ef 1sgr1;mnat1v§ for a response). Elegant psychophysical pro-
Sensory B e f;}fgs c])Jr use in various species, and investigators studying
‘_”“1 | te‘ bins (?9'}'(}) a u3t.:ful reference.
Suire  on (i,e ; odtl:n, \:15ual sUmull{s coincident with completion of the re-
.e., ‘feedback’) com.monly is used to facilitate training the response
dback stimulus occurs only when the response could be
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n intertrial interval) then the probability

reinforced (i.e., not during a timeout or a
ven greater degree by the reinforcement

of the response may be controlled to an €

contingencies.

A distinctive stimulus change with delivery of the reinforcer, such as the sound of

the feeder operation, is used to advantage as a discriminative stimulus for approach
to the food tray. Other stimulus changes, such as turning off the houselight and/or
keylight and illuminating the food tray for a pigeon, often accompany reinforcer deli-
very.

Certain types of stimuli are more useful with some species than with others because
of physiological capabilities. Many birds and primates have well-developed color
vision while that of other species is more limited (Jacobs, 1981). Many animals re-
spond to a much wider range of auditory frequencies than man, but there are differ-
ences in the overlap of the ranges. Rats and mice are especially sensitive to sounds,
but mice may not be able to hear sounds of very low frequency (pitch). Birds have
particularly good visual acuity, whereas they have a more restricted high-frequency
range for auditory stimuli than mammals. Catania (1964) discussed visual acuity in
the pigeon and its implications for stimulus placement. Fay (1 988) compiled the liter-
ature on hearing in different species.

‘Preparedness’, the concept that certain stimuli are easier 10 establish as discrimi-
native in some species than in others (Seligman, 1970), goes beyond mere physical
capacity but may be related to differences in the relative amounts of cortex devoted
to a given sensory system in some species (Hodos, 1988). For example, birds and
primates have well-developed visual systems and make extensive use of vision, while
other animals, such as rats, make less use of vision and more of auditory and olfac-
tory senses; fish have well-developed gustatory systems with which they can discrimi-
nate chemical stimulus dimensions of the environment. Many investigators have
found that rats learn auditory discriminations more readily than visual, and that
birds learn visual discriminations especially readily (€.8., experiments on taste aver-

sion learning, Revusky and Garcia, 1970; Thomas et al., 1988). ‘Preparedness’ does
not mean that training with a less ‘prepared’ stimulus dimension is impossible, just
that it may be more difficult to do so (see also Part 1, Ch. 7). For example, even
though rats are thought to have ‘poor vision’, W.H. Merigan and I trained Sprague-
Dawley rats using a simultaneous discrimination procedure to differentiate levels of

brightness of visual stimuli to a high degree of resolution.

13.1. Visual stimuli

Most chambers contain a lightbulb used for general illumination during the experi-
mental sessions. This ‘houselight’ can be programmed to turn on or off correlated
with certain contingencies; for example, the houselight is usually turned off during

reinforcer delivery with pigeons and in timeout. Because houselight on versus off can
T L ma(a o detection does not require the subject to be
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oriented i oo .
o zet:g" el; ia cc:rhtalndc:hrectton), it can come to control behavior rapidly and may be
ve than discrete lights o i i
e g n a panel with some species (e.g., rats, cats and
Additi : i n .

minatel(;lzt:al ws'ua[ stimuli can be arranged with a variety of lamps that can be illu-
by ;;st, mdcpende:jltly of the houselight. With the usual intelligence panels

are mounted in the wall and colored ,

; ; glass covers are used to
lc}ng}';;nt hues, t;es.e e{lire often referred to as ‘jewel lights’ (Figs. 4 and 7). If ];r(l)a(i‘lglz
area is desired, a light panel can be crea i ;
: . ted by coverin ing i
1 : £ an openin
r};s:: lI ;:;:1 translucenlt plexiglass and mounting colored light bulbs beh]:i’nd itg 1\1’;’1::;
igence panel is made of clear plexigl i :

‘ ‘ : glass, as is usually the case with the
Ezt}elciin\dw:: squirrel n:lonkey chairs, sockets for colored light bulbs can be mol:Jar?tZlds
< c;ciancl ((1F1g.d3l). Christmas tree bulbs (Figs. 3 and 5) have the advantage

p and readily available in a variety of

. g \ : y of colors, but have the disadva
Zf;zqutrl?i.aﬂ}ternatlng current (AC) in the chamber. Another method for presel:ltt?fc
iectioie;) Ji erent patterns or colors involves using commercially available rear rog
‘pigeon Ocr:wccs lihat can‘proget.:t up to 12 different stimuli (colors or shapes) onl:cl a
fesor! evg‘lozn ey key nll) a given session. By illuminating more than one cell at a

n larger number of distinctive stimuli are avai i

- ; . : available. Different col
Eﬁmi;n t‘groups are gvm.lable commercially. These often are used in studies ?);’_ Zl?d
g la(lj(;ln, _g;enerallzatlon, and concept formation with pigeons or monkeys {s:;
e v\(i,SheSs:?l land 8.). If an even larger number of different stimuli are needed, or
i— a;ger. image, a rear-projection screen can be mounted in the wali of
Dy }Ioi?g ;:::jie;tcan bcl%rojec{ed using a programmable carousel projector

ewart, 1988). See Clauson et al. (1985
ol . ) for use of a cathod
g;phicinné?ozr;:? cor;plq computer-generated stimuli. In using complex photoe
erned stimuli, considerations related i i !

B e e i Gons elated to visual acuity are impor-

- e of th i ;

iy e stimuli should either be held constant or randomly
When vi imuli i
e n\;;s;llia(l stimuli are pre.sented using DC current, operation of certain pieces
- Curr; tgt, sol;lanmd dll;wen feeders) using the same power supply might draw
o change the level of illumination; i i
§ : . nation; if so, u
pply for that piece of equipment solves the problem e @ separaie power

13.2. Auditory stimuli
Auditory

ntensities
of ways,

stimuli of vari i
e C;ainolus fre.quenc‘les (the psychological dimension of pitch) and
Doy :1 0 qglcal dll‘FlEI‘lSlOﬂ of loudness) can be generated in a variet
R e merclally. available white noise generators, connected to speakerﬁ
of i, imensi:ii ‘(e‘g.(,j l:1g. 7), can generate not only white noise, but also tones
g . cs and frequencies and clicking sound i
4 i g sounds at various rates and in-
o : se results from the random or pseudo i
il . random generation of a mix-
ble frequencies, usually 20-20,000 Hz signals, with a filter to scre:n":::xt
18
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square wave spikes from other equipment. More than one sound can be delivered
at a time if desired (e.g., white noise for masking during the session with a tone dis-
criminative stimulus turning on and off). When just a tone is required, a sonalert (Fig.
10) can be installed and the intensity varied by means of a potentiometer. A simple
way to produce a ‘click’ is to mount a relay (e.g-, 24 VDC or 120 VAC) behind the
intelligence panel; operation of the relay produces an audible click, often used as pro-
grammed ‘feedback’ for key or lever operations. As with visual stimuli, the level of
specification and control of auditory stimuli will be different depending upon whether
dimensions of the stimuli are independent variables, as in psychophysical studies.
One might use a separate power supply for auditory stimulus generators to prevent
the operation of other pieces of equipment from adding electrical pulses to the audi-
tory stimuli. For precise specification of auditory stimuli, such as in psychophysical
work, acoustic signals can be generated by an oscillator and passed through an elec-
tronic switch, then through a programmable attenuator to dampen stray signals from
the programming equipment, to an amplifier to precisely control intensity, and finally
through a high-quality speaker (e.g., Hienz et al., 1981; also references in Fay, 1988).

13.3. Other types of discriminative stimuli

Although visual and auditory stimuli are common discriminative stimuli, other kinds
of exteroceptive stimuli are possible (e.g., thermal, vibratory, tactile, olfactory), but
have been used rarely. Extance and Goudie (1981) used a compound stimulus con-
sisting of olfactory stimuli from another rat in conjunction with a drug cue and
showed greater control by the olfactory stimulus; Mellgren and Brown (1988) em-
ployed an olfactory stimulus (air freshener) combined with a certain location to study
discrimination learning in foraging. Pigeons are suceptible also to control by olfacto-
ry discriminative stimuli. Henton (1969) successfully used amyl acetate vapor and re-
views other work on odor discrimination in birds. Problems in employing such stim-
uli with any species include manipulating the qualitative dimensions of odors and
developing methodologies to assure the precise control of their presence and absence
(review by Schultz and Tapp, 1973). Flavors have been used extensively with different
species in taste aversion experiments (Revusky and Garcia, 1970). Tactile stimuli
have been used as stimuli in taste aversion (Domjan et al., 1982) and as elements of
compound interoceptive and exteroceptive stimuli in drug discrimination (e.g., Koek
and Slangen, 1984; see Part 2, Ch. 2). Thermal stimuli have been used as reinforcers
rather than discriminative stimuli (cf. Carlisle, 1970). Although thermal stimuli can
be difficult to control, Matthews (1969) describes an apparatus that might be usefu!
in this regard. See Part 2, Ch. 1 for a discussion of time as a discriminative stimulus.
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14. Programming the experiment

The elem i
e ;: t }f;tzgc;f ;h::l ;:E].aeflmental appara.ttus described above are brought together
S o iwire cable at an interface panel. The interface panel then i;
comeeted Wi Dinsmo};parlz;[;; used ic? program experimental contingencies and re-
S Cll' (b 1 ) hgs \\fnttz?-n: “When antecedent stimuli, responses and
e ye eCtI'IIC c1.rcu1ts, all relationships known to nature or that
el 4Pbsing srausioal it e labersioms sotage (s 318} Eormecy foore 1
ek ; . etting” (p. 288). For many year
gat frwagz 2(;1]"‘ asggzguils?f e;zn\t}s;:;:lurmg the experimental session and for rcici'dinsg, :EZ
. thi P C electromechanical switching (relay) circuitry, with
SIpRIhlS WAL, B arra.; or&;tory or .purchased commercially. Later, solid state
e [hge the cxpe}'ll.'n.ental contingencies in some laboratories
G M ot have ‘the ﬂex1b.111ty of relay circuitry for making pro gram:
A tz, even during experimental sessions. Recently, many laborato-
e sett.cm'nputer control of experiments, and it is the most reasonable
- Cartia usefmmj. up a new laboratory (see Part 2, Ch. 5). Elements of relay
perienced with such prggiznmcltr?ig; (1:;} Z:;rs):;fir T?ntmf;‘, o o e
g : : . ial for e ective use of relay equipm
i)aingus:;z}l?ff:;l:tgﬁzr:lmsgt‘s (SIdOWSkl, 1966 and Bures and Hu:to(rla, F98§?::i?:
pr?iramme: S andsgeltrzl:,n;r;;;t.atlon with relay circuitry; an excellent
e number : i
L% Constraim:‘f I?hnirlxﬁlla‘erls used for a given e:fperimcnt usually is a function of prac-
S 1ab0r;;t0ry all:pwt?tﬁricedures/expetnments are being conducted simultane-
i aSSOCia,tEd col the same species, one can either use multiple identical
e ntrol equlpmenl sc{ that a number of subjects can be stud-
B i e szme experlmept, with different experiments being conduc-
e n? ay. Alte.rnatwely, a single chamber could be devoted t
periment with the subjects studied successively across the day ’

15. Recording data

Selection of data to collect i iti

e o 4 10 ect is a cr‘ltlcal part of the programming of i

different e};;:;‘:i ;lentht:l volurye mdfcate the data necessary to anaﬁyse ?:h:?i);: 1::13:1.'

e e(j;(;l;tlr.lg;nC{es..Recoveng response rate during the time the

e 1s basic (i.e., exclusive of reinforcer delivery time, time-
als etc.). The degree of temporal resolution of data analys;s du:-

lg eﬂCh e?.’]) i t e Trime al ue: on EXE
€11 i pC q .
dl’l‘lp €,

ne Mmight
analy ithi i cou
of se data within small time blocks of a session to study time
o rse

a dl‘ug e
flect. The sections below describe m ec
- ow describe methods fo i h
“umulated on counters or in computer data files R
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15.1. Cumulative and event recorders

A hallmark of behavioral experiments is the use of recorders that produce graphic
representations of responding in real time. They permit moment-to-moment exami-
nation of responding as it occurs during the experimental session. Both cumulative
and event recorders (Figs. 11 and 12) have drums that move paper at a constant
speed. They are equipped with pens that can

be programmed to make a mark on
the paper with responses oOr other events (e.g., reinforcer delivery, onset of discrimin-
ative stimuli) during the session. Keller (1974) describes how to modify a cumulative
recorder to produce histograms. An advantage of such recorders is that the data are
available independently of the computer of of an individual manually recording data
from counters (but computer programs and/or hardware are also available to gener-
ate cumulative records using a printer). With judicious wiring, the record can aid in
identifying or troubleshooting equipment problems. Some recorders incorporate a

take-up roller that automatically rolls the paper as it moves across the drum, but cu-
t recorders do not. Although systems can be de-

mulative recorders and some even
1970), many investigators place

vised for automatically rolling the paper (Millner,

e ™ = - e
i [

Fig. 11. An event recorder (Esterline-Angus, In
on this recorder defiect with lever pres

dianapolis, IN) equipped with 20 event pens. The pens

ses for either of 2 levers and pellet delivery for any of 6 operan’
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:i sﬁgtﬁ:erdl?cngath the paper and cut the record or roll it up manually between ses
. The disadvantage of manual paper rolling is offset by th i ;
the completed records while the reco i i o oe el
: rder is running. Records can be cut off th
: . : e roll
per;jc)d;ca]l.y a.nfi folded a}ccordlon fashion to fit letter-size folders; alternatively 1';_
cords for individual sessions can be cut apart. (The cardboard back of an 8.5 >< 11
in tablet makes a useful template for folding longer records to fit letter-size fol&ers )

15.1.1. Using cumulative recorders
I;::: f;lz(;ﬂ;nt;e rec.or(.ier developed by Ralph Gerbrands (Dinsmoor, 1987) and man
ith variations by several companies subse : i
tly has been th
for many years. Cumulative record ippod wt ey
: ; ers usually are equipped with a ‘steppi ’
most investigators add one or more event i o st
' pens (Fig. 12). The advant f
lative recorder over an event recorder i oot
er is that the stepping pen can be
‘ | rogramme;
to move vertically up the page a fixed distance with each response (Fig. I;2)'g on som(:

Fig. 12. Cumulati i i
Standarg Steppiit;v;c;ezor:ers of different v.lntages (Gerbrands Corp., Arlington, MA) equipped with th
- ik nd supplemented \'.vlth two event pens. The bulb-shaped object on the u 1 hi }E;
= Norlhrup o brll rugstores) that is useful for drawing ink into the point of the gla: o

» Columbia, MD). The figure inset shows the recorder for the panel in Fig 482?12“:1({31;::)?:;

Pen (0!1 Lhe g h pellet delive The middle : Tl
left W Vi Wil Y < al
. ) S'(eps ith ea(:h Ie er opel’allon and deflects t! P iver nd ht
E

are event whi i 1 Vi or
pens hich deflect with left and ﬂght lever opcration, rcspecti 51}' (PhOtDS b}’ L.G. At )
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newer models, this can be set by a switch to be 2, 4 or 8 steps/mm. The slope of the
line created as the paper is carried forward by the drum (Figs. 12-14) can be used
to calculate the response rate (different paper drive gears can be obtained to change
the temporal resolution of the record). The record is used most often to judge re-
sponse rates at different time points in relative terms and to evaluate the temporal
distribution of responding, but calculation of response rate directly from the record
is straightforward and avoids ‘loss’ of data if counters or other recording methods
fail (note the scales in Figs. 13 and 14).

The records in Figs. 13 and 14 illustrate how one can program the cumulative re-
corder functions in various ways to provide the most useful real-time record, akin
to a snapshot, of the experimental session. In all the records shown, the drum moved
the paper forward at the rate of 5 cm in 10 min and the stepping pen advanced with
lever or key operation. Thus, flat places in the record indicate periods of pausing (i.e.,
not operating the lever). The stepping pen also can be programmed to deflect; this

S NN

it

P |

ve recorder; the records are from ex-
rcement schedules (see Part L, Chs.
): (A) multiple variable interval 15 s (avoidance of 0.5 s, 1 mA
): the two schedules alternated every 5 min (Ator, 1979):
(B) progressive ratio 7 (45 mg food pellet), in which the response requirement increased by 7 with each
pellet delivery (Merigan and Mclntire. 1974): (C) multiple fixed ratio 30 fixed interval 3 min (45 mg food
pellet; Ator, 1982); schedule requirements alternated with each pellet delivery. See Section 15.1. for further

g various uses of the cumulati

Fig. 13. Cumulative records illustratin
ever press under three reinfo

perimental sessions for rats trained to |
3 and 4 for details of the contingencies
shock) variable interval 30 s (45 mg food pellet
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2;1;1; I{-Jf th(;: T.teppirgig: pen is referred to as a ‘pip’. The pip often is used to indicate
cer delivery (Figs. 12 and 13), but Fig. 14 illustrates different uses: in A
.rat had to press the right lever 20 times before 1 press on the left | v
inforced, and the pip indicated all left lever presses, whether ?‘ein{;;iz ) iy
z,h the sitepplng pen deflected dur‘ing .all c.:ontacts with a drinking spout tl?fosghn\:rll;icl:ﬁ
hanol was available. In C, pips indicated operation of microswitches behind
mirror target. Thu§, one can see that during some of the lever or key ‘pause’ tlil;e:
tlTiEbagoon was dr¥nkmg and t.he'pigeon was pecking at the mirror. In Figs. 13C anci
, the sch.edgle 1nv0.lvcd a limited-hold 90-s contingency (i.e., failure to make 30
responses \.mthm 99 s in a fixed-ratio component or 1 response after the lapsing of
the S-fmn interval in a fixed-interval component resulted in schedule contin en%:'
changing automatically; the pip indicated the lapsing of the limited hold) ng li;eCS

L T
T T T O A T e T T YT e

» - -

Fig. 14. Cumulati : : .
4and § for dct:‘}:eo":fl‘:;d:oﬂlt‘_‘5"3“1}3 various uses of the cumulative recorder functions (see Part I, Chs
20 (45 mg food ocliot)s tho r;lt ingencies): (A) A recnrd. for a rat trained under fixed consecutive m;mbm:
B the righit lever (Smi;h a rlcgcewed the pellet only if he pressed the left lever after 20 or more presses
banany pellets) with Con:un- ? t 76). (B) Data for a baboon trained under fixed interval 600 s Uh[:cc 1-
SPout contacts (Ator and G an access 10 ?ral ethanol (4% w/v); a contact sensor (drinkometer) dctccteg
25 fixed interval 5 mi % ‘ths_ unpublished data). (C) A record for a pigeon trained under fixed rati
min (4 s grain access) with concurrent access to a large mirror (cf. Ator l;;())x (Drzzg

E) SeSsi
ons fi ;
tails, or rats under fixed ratio 30 (45 mg food pellet, Ator, 1982). See Section 15.1. for further d
N er de-
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shows that under a nonlethal exposure to carbon monoxide, performance was relati-
vely normal until halfway through the session when responding ceased entirely, such
that the limited-hold contingency was repeatedly met. Fig. 14E shows the effect of
equipment malfunction: the feeder jammed during the session, so that pellets were

not delivered. The record suggests that this may have first occurred near g where in-

creased pausing occurred; by h, responding decreased to such a low rate that the

limited hold elapsed frequently.
The stepping pen resets when it reaches its full excursion (Figs. 12, 14A and B,

the first of the two peaks at ¢ in B), but also can be programmed to reset coincident
with some other event. In Fig. 13 (B and C) and 14 (B, C, D and E) the pen reset
at food delivery. Fig. 14D shows how this feature permitted identification of an
equipment problem; that is, the peak at f shows that the counter being used to detect
completion of the fixed-ratio requirement failed and there were about 64 additional
presses before reinforcement (note that responding seemed relatively unaffected by
this). In Fig. 13A, the stepping pen reset when the schedule contingencies changed.
In Fig. 14A, the stepping pen reset whenever the left lever press occurred after the
20 right lever presses required for food delivery; in combination with the use of the
pip to show any left lever presses, this feature makes it easy to see the acquisition
of the ‘counting’ response (i.e., not pressing the left lever too soon) across the session.
The event pen only deflects. In addition to the use of the two event pens in Fig.
12, Figs. 13 and 14 show use of event pens to denote which component of the multiple
schedule was in effect at any point in the session: in 13C, the event pen was deflected
during the fixed-interval schedule contingency and raised during the fixed-ratio
schedule requirement; this was reversed in 14C. In 13A, the event pen was deflected
continuously during the food reinforcer schedule (e.g., b) but was raised during the
avoidance schedule; the event pen then deflected briefly with shock delivery (e.g-; ©)-

15.2. Observational techniques

Because of the simplicity and objectivity of data collection and analysis, most experi-
menters using schedule-controlled behavior have focussed on instrumentation for re-
cording discrete responses of interest rather than systematized general observation.
Subjects should be observed regularly, however, particularly with respect to response
topography and other general behavior, if only to assure oneself that everything is
working properly. A number of observational techniques for systematic human ob-
servation have been described. If observational data are to form a significant part
of the experimental report, however, careful consideration to the timing, frequency.
and reliability of the observations should be given (e.g., Poling et al., 1980). Some
pped chambers with closed-circuit TV monitors. The element
critical to the success of closed-circuit television monitoring is whether the camerd
is suitable to the lighting conditions in the chamber. Cameras that are sensitive 10
v tiotine ronditions would usually be required. If the chamber is dark for experi-

investigators have equi
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zin;il. reasons,l ;hsn using an infrared light source and a camera sensitive to such
itions would be necessary. See Part 2, Ch. 6 fi i i

: . , Ch. 6 for analysis of da
observational techniques. ’ e derived from

16. Conducting experimental sessions

A rcgu.lar routine of thoroughly checking the operation of equipment before a seri
of sessions for })urned-out light bulbs, malfunctioning feeders etc. is im ortanetnﬁ‘
tl'ue experlmen.t is controlled by computer, one can write a version c;f a prclf ram :
c1ﬁca.l]y for this purpose. Each subject’s experimental session should be stargted tSPe‘
prox‘lma'tely .the same time each day. Maintaining constancy of number of h01a1r ap;'
dcpnv‘atlon is one reason, but also diurnal variables can have subtle inﬂuencesS ;
behavior and on a number of physiological factors, including drug effects (Hekk s
et a‘l., 1988).. If more than one chamber is set up for the same experimental proced e,
a given sub]e:ct always should be run in the same chamber. Even thoughpchamll:rc’
may appear identical, there are always some differences, particularly in odors ers
operandum sensitivity, which would introduce an extraneous influen b 21_11
(cf. Extance and Goudie, 1981). e on behavior
th:t nlfl ;0;:?3; ;o co&(:_uct sessionfs ina bt?havi.oral experiment 5, 6 or 7 days a week,
[ mosatysb hlmfg determlnffd primarily by constraints on personnel to do
v S e ;w.loral exp.cnmejnts e.stablish a behavioral baseline against
= St (; Z?lzpe 1.nlervent10n will be J.udged, a regular running schedule facil-
e g stability in l‘hc target behavior(s) and having ample data for good
S W%kena;ln(::l of the:1 baseline performance. When sessions are not conducted over
| diﬂérente RT;IS to ev?luate Monday performance to see whether it is con-
F d.a : ough a ‘Monday effect’ after sessions have not been conducted
e thys 1s Iilart of lal?oratory lore, some behavioral baselines are more
gy jm ot t,;rs. Try.mg to ha\‘re v?feekend feeding done at roughly the
ol ﬁ‘y s usual (or mid-day to ‘split the difference’ across subjects) can
. e ef ects of a day or 2 off from the experiment.
weiglllll?}:lfntf}?;c?;ly zzre weighed f:ach dz.iy before the session to determine whether
i éze range. A wide varlet‘y of animal weighing scales are commer-
iy Cata;lia 1 ;t;;estggator.s have d?VlSEd different methods to facilitate weigh-
| i (;ertain). a.ndlmg by .chf.fer.:::n.t people may introduce variability in
. s species or celjtaln individual animals. This may be particular-
of rats; using a handling device or carrier (cf. Tigh : if it i
Ot possible for the same individual to run th e pric g s i
ﬁndling animals daily can become diﬁ'erentiall; Z?tl;iil ; o day.‘ A ca'“'aat: thos'e
als and begin handling them very differentl bt A
_fore g ! y(e.g., p!ayn?g with them while weighing
R o). While this can Be Ee of any species, it seems to arise more often
y handled. The daily routine before each session



52

must be consistent across animals to control the variability in responding that could
occur as a function of differential handling just before the session.

The length of each experimental session is determined by the amount of behavior
desired in each session and/or the number of different contingencies to which the sub-
ject will be exposed in a given session. Thus, there is no hard and fast rule. A daily
session may be as brief as a few minutes or as long as several hours. Some experi-
ments employ around-the-clock sessions (e.g., drug self-administration studies). The
type of reinforcer delivered will also play an important role in determining the length
of the session. For experiments using food or water reinforcers, the session should
end before satiation occurs. Supplemental feeding or watering in the home cage
should occur following the session. It sometimes has been observed that feeding rats
immediately after a session seems to result in a slowing of responding toward the
end of the session (Baccotti, 1976); therefore, it is prudent not to feed the subject
immediately after the session (i.c., wait 15 to 60 min).

17. Conclusion

Methods presented in this chapter represent those most generally used by behavioral
scientists working with nonhuman animals, but inevitably the author’s own prefer-
ences and experience have colored the selection of material to present and advice to
give. Probably nowhere in behavioral research are individual prejudices and idiosyn-
crasies more fervently defended than in the areas of subjects and instrumentation.
As with the behavior of our subjects, the scientific practices that are successful for
an investigator tend to be repeated, even if those specific methods were not critical
(e.g., 80% body weight) or germane (red versus black cumulative recorder ink) to the
results. Particular features of apparatus or procedure can influence a behavioral base-
line in many ways; a great deal of time and effort can be saved by using those meth-
ods that are tried and true. On the other hand, the history of the Experimental Analy-
sis of Behavior is replete with examples of how variations in technique can yield
results that illuminate some important aspect of behavior for the observant scientist
(cf. Sidman, 1960). A thorough understanding of the methodological variables in an
experiment is key to proper interpretation of the behavior that results.

18. Resources

This section lists some sources of animals, equipment and supplies mentioned in this

chapter.

53

18.1. Animals

18.1.1. Suppliers

A l%sting of licensed U.S. animal dealers is available from: Senior Staff Veterinarian

Animal Care Staff, Regulatory Enforcement and Animal Care, Animal and Planz

Health Inspection Service, Room 206, Federal Building, 6505 Belcrest Road, Hyatts-

ville, Maryland 20782. Concerns over inspection reports from licensed anima:l dealers

should be directed to the Freedom of Information office at USDA-APHIS, LPA-

EOSI,ARoom 206, Federal Building, 6505 Belcrest Road, Hyattsville, MD ’20?82,

— NIH Rodent Repository, Veterinary Resources Branch, Division of Research
Services Bldg. 14G, Room 102, National Institutes of Health, Bethesda, MD
20014, U.S.A. Serves as a national and international supplier of breeding ;tocks
of r0(.ients. and lagomorphs of known genetic characteristics for scientific purposes
Fo universities, NIH contractors, and commercial breeders. (A similar agency that
is ‘also a clearinghouse for information on laboratory animal science in the United
Kingdom is the United Kingdom Medical Research Council.)

— Palmetto Pigeon Plant, P.O. Drawer 3060, Sumter, SC 29151, U.S.A. is a reliable
supplier of pigeons to behavioral laboratories; pigeons also can be obtained from

_local pigeon breeders.

— Primate Supply Information Clearinghouse, Regional Primate Research Center
S‘J-SO, Seattle, WA 98195, U.S.A. The Primate Information Service at the Univer:
sity of Washington provides bibliographic services (see below) and also publishes

a newsletter to provide information for i i i
efficient sharing of laboratory primat
among U.S. researchers. o .

18.1.2. Bibliography

m —éhe E(.liorjnedical In.vestigator’s handbook for Researchers Using Animal Models
oun‘ ation for Biomedical Research, 818 Connecticut Ave., N.W., Suite 303.
ga§h1ngton, DC 20006, U.S.A. ’ ’ ’
mull(gz to the Care and Use of Experimental Animals. Canadian Council on Ani-
3 Lab are, 151 SIater, Ottawa, Ontario, Canada K1P 5H3.
tOar vor}a;lto r}ir Primate Newsletter. Judith E. Schrier (Ed.), Primate Behavior Labora-
Pu};l,iShS);: ology Department, Brown University, Providence, RI 02912, U.S.A.
3 & guarterly under a grant from the NIH, it is available free to those doi
Igsearch with nonhuman primates. o
— Natj ' ¢ i
ries’m;l;l ?cademy of S_c1efnces Nutrient Requirements of Domestic Animals Se-
t‘utién Klvii :niI P\:bhs\i;:ng Office, National Academy of Sciences, 2101 Consti-
, N.W., Washington, DC 20418, U.S.A is fogd
- ‘ ‘ s , U.S.A. This includes, am
mmi:;: Nutb:t1cnt .Requ1f‘ements of Laboratory Animals (1978), which covers ?zf
. gerbil, guinea pig, hamster, vole and fish; Nutrient Requirements of Non:

humg. i
n Primates (1978); Nutri i
: ent Requirements of Dogs (1974); Nutri i
; Nutrien =
ments of Cate (197R) and Nutrient Reaniremente nf R ahhite (3(}77\ ' Requlre
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_ NIH Guide for the Care and Use of Laboratory Animals. National Institutes of
Health Publication No. 85-23 (revised, 1985). Limited free copies are available
from the Office of Science and Health Reports, NIH Division of Research Re-
sources, Room 857, Westwood Building, 533 Westbard Avenue, Bethesda, MD
20892, U.S.A.

_ Primate Information Center, Regional Primate Research Center, §J-50, University
of Washington, Seattle, WA 98195, U.S.A. In addition to maintaining the Primate
Supply Information Clearinghouse listings (above), the Center provides bibli-
ographies of primate references on a multitude of topics and will do custom-de-
signed literature searches.

_ OPRR Public Health Service Policy on Humane Care and Use of Laboratory Ani-
mals (revised, Sept. 1986). Office for Protection from Research Risks, Bldg. 31,
Rm. 4B09, 9000 Rockville Pike, Bethesda, MD 20892, U.S.A.

_ The Recommendations for Governance and Management of Institutional Animal
Resources. Association of American Medical Colleges, Association of American
Universities, 1 Dupont Circle, N.W., Suite 200, Washington, DC 20036, U.S.A.

_ USDA Animal Welfare Act Regulations. The regulations are published in the Fed-
eral Register. Information for obtaining the most current rules is available through
the Animal and Plant Health Inspection Service, USDA, 6505 Belcrest Road,

Hyattsville, MD 20782, U.S.A.

18.2. Equipment and supplies

18.2.1. Complete laboratory instrumentation
The following companies have been reliable suppliers of a wide range of equipment

for operant research. Their catalogs list completely equipped operant chambers as
well as separate components; they also supply various types of programming equip-
ment. Some companies will accommodate special orders.

BRS/LVE, Inc., 9381-D Davis Avenue, Laurel, MD 20707, U.S.A.

Coulbourn, P.O. Box 2551, Lehigh Valley, PA 18001, U.S.A.

Gerbrands Corporation, 8 Beck Road, Arlington, MA 02174, U.S.A.

Lafayette Instrument, P.O. Box 5729, 3700 Sagamore Parkway, North Lafayette, IN

47903, U.S.A.
Med Associates, Inc., Box 47, East Fairfield, VT 05448, U.S.A.
18.2.2. Supplies and other equipment

The following companies are sources
ment than those listed above. General electronics supply houses are go
miscellaneous supplies such as jewel light covers and sockets, sonalerts and force ten-

of supplies or more limited selections of equip-
od sources for

sion gauges.
Bio-Serv Inc., P.O. Box 450, Frenchtown, NJ 08825, U.S.A. (food pellets, liquid
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Esterline Augus Instrument C i
orporation, P.O. i i

g_s_A_ o e O. Box 24000, Indianapolis, IN 46224,

enco Cage Products, 1188 Dorche

: ; ster Avenue, Boston, MA

Len ‘ , Y 02125, U.S.A.
ti'l sporting squirrel monkeys; also a stainless steel box with a mesh lid i s ?01'
Ge monkey can be placed for weighing) e I nto v

raphic Controls, P.O. Box 1272, Buff:
ey : alo, NY 14240, U.S.A. (cumulative recorder
Habers Export Agencies, P.O

, P.O. Box 4
A 36, Glens Falls, NY 12801, U.S.A. (squirrel
Kandota Instruments, Inc., 42
% ., 426 North Herschel Street, St

E,con;lact sensors — primate and mouse drinkometers) (S el MR S108 A4
. ssn crcraf% Co., 1101 East Hector Street, P.O. Box 666, Conshohoch

.S.A. (squirrel monkey collar). , B
Leeds and Northrup, 10630 Li

| , ttle Patuxent P i

P i o et ent Parkway, Columbia, MD 21044, U.S.A.

P.J. Noyes Company, Inc., P
lets). y, Inc., P.O. Box 381, Lancaster, NH 03584, U.S.A. (food pel-

Omnitech Electronics, Inc., 5
nite : ., 5090 Trabue R
(drinking, feeding and activity monitors). e
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CHAPTER 2

Response acquisition

SUZANNE GLEESON

Department of Psychiatry, Uniformed Services University of the Health Sciences, 4301 Jones Bridge Road
Bethesda, MD 20814, U.S.A.

1. Introduction

The study of response acquisition was a prominent feature of early approaches to
the study of learning. For example, Thorndike (1898) studied the process by which
C.ats learned to escape from a ‘puzzle box’, describing the results in terms of how the
time to escape the box decreased over successive trials. Within the operant tradition
however, which has as its goal the experimental analysis of the effects of reinforce:
n'}ent and other environmental variables on steady-state behavior (cf. Skinner, 1938;
S‘ldmalrl, 1960), response acquisition is an initial stage, akin to apparatus COI‘lStl:].lCtiOI;
:llzgiL:E?crtl; pfl:ogrgmming, th‘at precedes the experiment proper. The emphasis on
oy thi y & un::itlfonal relation bctw;en responses and environmental events also
S iman : or a response that is rt_:adlly measured and quantified. The ideal
e e easily executeFi, can be emitted repeatedly over long periods of time
u atlgue, and can vary in ways that are sensitive to manipulations in the inde-
pendent variable(s) of interest. o
thij‘:gb;z;: ;:E(mic v:th thesta chara,ctfaristi‘cs found in the behavioral repertoire
o bfs o t. e ;xpenmcnl;al situation. Rather, a response such as press-
il usuallacgulre before subsequent _experimcntation can be carried out.
e el}; is nqt emitted by. a rat w1thopt training, but other responses
i C:lnt) in the behavioral repertoire constitute the elements from
n be developed. As Morgan described it,

Just as a
sculptor carves a statue out of a bl cq carvi o
. _ ock of marble, so does acquisition ivi
of a mass of given random movements (1896, p. 23). , e

New ior i i
behavior is developed by shaping, a procedure of differential reinforcement that



