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ABSTRACT

INTERSPECIFIC AND INTRASPECIFIC COMPARISONS
OF SINGLE-BOTTLE SUCROSE
INTAKE IN PEROMYSCUS

By

Douglas W. Bloomguist

The postulated roles of taste for animal survival
suggest that animals exposed to different selection pres-
sures should differ in their response to taste solutions.
Comparative taste studies have focused largely on domes-
ticated species, however, and the measurement of taste
thresholds and preference for sugars with the laboratory
rat has received particular attention. Several studies
have examined sugar preferences among various species
of deer mice and other rodents, and interspecific compari-
sons have been based usually upon quantitative differences
in average relative intake from solutions. Sources of
intraspecific differences which could possibly explain
quantitative species differences have not been examined.

The present research was undertaken to measure

acceptance of 2%, 4%, and 8% sucrose solutions in two
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Douglas W. Bloomguist

species of Peromyscus and to determine by correlational

techniques the relation of age, weight, water intake, and
"preference" threshold to individual differences in intake
from the suprathreshold concentrations. A degree of ex-
planatory value by thresholds was predicted on the basis
of Fechner's psychophysical scaling law and assumptions
about the relation of sucrose intake to stimulus (concen-
tration) and sensory (sweetness and "hedonic intensity")
factors.

A single stimulus procedure was used to measure
24-hr. intake of water and sucrose solutions by P. m.

bairdi (n = 36) and P. polionotus (n = 29). In Experiment

1 P. m. bairdi were found to drink significantly less

water than P. polionotus and were less responsive to su-

crose as indicated by higher "preference" thresholds. Su-
crose thresholds were defined by a variety of criteria in-
volving either amount of increase in intake from or per-
centage of subjects drinking more from the low concentra-

tions of sucrose. By all criteria the P. polionotus

threshold estimates were lower than the corresponding P.

m. bairdi threshold values. In Experiment 2 no significant
species differences were found in 2%, 4%, and 8% sucrose
intake for the same animals. Intake increased significant-
ly over the range of concentrations, but differences in
sweetness accounted for only an estimated 10% of the vari-

ance in sucrose consumption by either species.
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Multiple correlation and regression analyses re-

vealed that 65% or more of the variance in P. polionotus

intake from each of the three concentrations could be ex-
plained by differences in voluntary water intake, age,

weight, and threshold, while for P. m. bairdi 37% or less
was accounted for by these variables. Both water intake
and threshold in that order explained a significant pro-

portion of the variability in P. polionotus sucrose intake.

Only the threshold was uniquely associated significantly
with intake among individual P. m. bairdi. The results
suggest that taste and satiety factors operated differ-
ently in these species to determine similar levels of
sucrose intake. It is uncertain whether taste factors
were more important in determining amounts of sucrose con-
sumed among individual P. m. bairdi or whether P. polio-
notus were able to exchange fluids less rapidly than

P. m. bairdi. The results provide indirect support for
the extension of psychophysical laws to the scaling of

taste in deer mice.
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Chapter I
INTRODUCTION

Comparative studies of taste behavior have been
undertaken for a variety of reasons and with an assort-
ment of substances, particularly sugars. The incentive
or reward properties of sucrose have been studied in
motivational and learning studies (e.g., Guttman, 1953;
Young & Shuford, 1954, 1955). As carbohydrates, glucose
and sucrose contain calories, and they have been used as
a liquid foodstuff in studies of appetite and food regu-
lation (e.g., Jacobs, 1962; Young & Greene, 1953). For
wild animals taste is ascribed a role in the ingestion
of nutrients (Kare, 1961) which means that in order to
survive animals must be able to detect food, to reject
poisons, and to discriminate between edible and inedible
substances (Young, 1968). Because of the assumed bio-
logical significance of taste, detection thresholds for
various substances representative of the four primary
taste qualities (for man, at least) have been measured in
order to determine differential sensitivity to various

chemicals. In general, though most comparative taste
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studies have been concerned with relative acceptability
or preference functions for taste substances (especially
sugars) differing in concentrations.

Species differences in response to taste solutions
have been reported both in kind and in degree. For ex-
ample, Kare (1961) reported that the rabbit, hamster, rat,
calf, and man respond positively to sucrose, while the
chicken and cat, under non-deprived conditions at least,
are relatively indifferent. Species differences have
been reported in other studies (e.g., Carpenter, 1956;
Fisher, Pfaffmann & Brown, 1965) to other substances.
Among rodent species, however, the response to sugars has
reportedly varied more in degree than in kind. For ex-
ample, the response to sugars in wild and domesticated
rats (Maller & Kare, 1965) or among various subspecies of

the Peromyscus deer mouse (Wagner & Rowntree, 1966, 1970)

have been expressed as qualitatively similar, but quanti-
tatively different. Because various rodents generally
have shown a preference for sugars differing in kind (e.g.,
sucrose, glucose, fructose) and in sweetness (concentra-
tion, or amount of solute in solution), it has been ob-
served that rodents share in common a "sweet tooth"
(Wagner & Rowntree, 1970).

Intraspecific differences in taste responses have
been noted, also. Ficken & Kare (1961) found a consider-

able range of thresholds in chickens for chloride
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substances. Kare (19 6l) reported individual differences
in acceptability of fructose in calves, of quinine, sac-
charin, and sucrose solutions in pigs. Pronounced strain
and individual differences have been observed for alcohol
preferences in house mice (Rodgers & McClearn, 1962).
Young (1966) reported consistent differences among indi-
vidual rats in preferences for compound solutions which
contained both sucrose and sodium chloride. Levine (1968)
found that a group intake curve for five sucrose solu-
tions presented simultaneously did not correspond to the
curve of a single one of 15 house mice used and that

none of the individual curves was the same. Wagner
(1968b) noted individual differences within several

species of deer mice (Peromyscus) and Kangaroo rats to

fructose and glucose.

The Problem of Individual
Differences in Taste

The incidence of both interspecific and intra-
specific differences prompted Kare (1961l) to conclude
that it is reasonable to assume that each species lives
in an isolated taste world and ". . . the unique taste
patterns of species or individuals can be a natural op-
portunity to explain the mechanisms . . ." (p. 15). How-
ever, little attention has been given to the importance
of individual differences or to their determinants. The

apparent lack of interest in individual differences is
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not unique to comparative studies of taste behavior,
though. Vale & Vale (1969) recently complained of the
failure to incorporate individual differences into gen-
eral laws of psychology. Indeed, they point out, inter-
action effects involving subjects in analyses of vari-
ance designs seem to be a "nuisanceﬁ to investigators
interested in determining the effects of some variable
on behavior. They add that "interaction often still re-
tains the taint of 'messiness' that derives from main
effects thinking."

Other problems with what Vale & Vale (1969) would
refer to as "main effects thinking" have been raised.
For example, highly reliable results (i.e., statistically
significant main effects) may represent weak effects.
That is, replicable differences may be found among means
due to differences in the values of the independent vari-
able(s), but variability among the individual subjects
within the groups or treatment conditions may be com-
paratively greater than the variability of means for the
levels of the treatments. Consequently, the strength of
an effect will be weakened to the extent that such in-
dividual differences are found.

In taste studies, a Treatment X Subjects design
with repeated measures is commonly employed in which each
subject is presented with several concentrations of the

same substance individually (either singly or with water)
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in a random order. Typically, the amount of fluid con-
sumed (intake) is the dependent variable, although prefer-
ence may be expressed in relative intake terms when paired
with water (see Chapters II and III). Across the range

of concentrations presented, intake for sucrose usually

is found to increase within a certain range. Accordingly,
the appropriate analysis of variance produces a signifi-
cant Treatment (i.e., Concentration) effect. 1Individual
differences in intake with a sample of animals is re-
vealed both by the Subjects effect, which represents dif-
ferences in level of fluid intake averaged across all
concentrations, and by the Treatment X Subjects inter-
action which represents differences in the intake pat-
terns or "profiles" of individual subjects to the taste
solutions presented (see Lindquist, 1953). Where signi-
ficant interactions are found, the interpretation of the
Concentration effect should be tempered, for it reveals
that subjects are not affected siﬁilarly by differences

in treatments, i.e., their intake patterns differ.

Hays (1963) and others have described procedures
for estimating the strength of association between inde-
pendent and dependent variables. Such procedures which
are applicable to designs amenable to analyses of vari-
ance provide information similar to that obtained by co-
efficients of determination used in correlation and re-

gression analyses; they enable one to estimate the
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proportion of variance accounted for by the independent
variable(s), which, therefore, provides a measure of the
strength of the main effect(s). One survey of published
psychological studies found that statistically signi-
ficant effects accounted for surprisingly little of the
total variance in many experiments (Dunnette, 1966).
While individual differences have been observed
in comparative taste studies, inquiry into underlying
determinants of interspecific and intraspecific dif-
ferences in taste behavior has not been seriously under-
taken. Unfortunately, the majority of taste studies
with animals have been performed with a few domestic
(e.g., chicken) and laboratory (e.g., rat) species (see
Kare & Ficken, 1961). The usefulness of these data for
evaluating the postulated functional significance of
taste is, therefore, diminished. Indeed, attempts to
establish the adaptive function of taste for animals have
been generally unsuccessful, although the postulated as-
sumptions are reasonable. While a seemingly dispropor-
tionate number of taste studies have been performed on
the laboratory rat, more work is needed because of con-
flicting conclusions over the roles of taste and post-
ingestional "regulatory" and satiety factors in deter-
mining preference functions (see Chapter III).
Mechanisms found to underlie the taste behavior

of laboratory rats may or may not be appropriately
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extended to other rodent species which also exhibit a

positive response to sweet substances. McClearn (1967,

p. 309) presenting a view shared by behavior geneticists

points out that:
failure to appreciate the implications of biological
individuality has resulted in a state of affairs
wherein many investigators expect that an obtained
result has universal application--to all rats, or
all monkeys, or even to all mammals. The explana-
tion of discrepant results from other investiga-
tions is usually sought in terms of subtle differ-
ences in apparatus to technique, and the possi-
bility is rarely considered that there exist dif-
ferent subgroups within a species to which different
rules apply.

In apparent contrast with McClearn's position, Vale &

Vale (1969, p. 1096) argue:
It is true that the organisms with which we deal
are in most instances both biologically and en-
vironmentally unique, but it does not follow that
all differences among organisms express differences
in basic processes.

The extent to which taste behavior can be gener-
alized across species is partially a matter of what kinds
of data one chooses to consider. It seems to be widely
accepted that sucrose and other sugars, for example, are
universally preferred substances for a wide variety of
rodents and other mammals. Moreover, quinine substances,
which are discriminable in much smaller quantities than
sucrose, generally are found also to be aversive to most
animals. Accordingly, these data suggest that a wide

variety of species share certain taste processes or mecha-

nisms in common. Curiously, among a variety of rodents
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and other mammals similar shaped taste preference patterns
to sucrose solutions of varying concentrations have been
obtained with a wide variety of experimental designs,
methods, procedures, and dependent variables (see Chap-
ter III).

Support for the former view which suggests that
permissible generalization may be narrow in scope comes
from comparative data showing quantitatively different,
though qualitatively similar, responses to preferred sub-
stances. In addition, the fact that the general shape
of preference curves is relatively impervious to depar-
tures in experimental procedure does not necessarily
mean that similar behaviors are being measured or that
the underlying determinants are similar, even within a
species. For example, in relatively long-term intake
studies (e.g., 24-hr. intake) certain postingestional
consequences are said to influence intake (see Chapter
III) which would be diminished or eliminated in brief-

exposure or short-term intake (e.g., l-hr.) tests.

Sources of Individual Differences

Where interspecific and intraspecific differences
are found with respect to degree of preference for a par-
ticular taste substance, the question arises: what is
the source of these differences? What are the underlying

determinants? Different selection pressures and energy
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requirements have been cited as probably being responsi-
ble for species differences in sugar preference (e.g.,
Maller & Kare, 1965). With respect to individual dif-
ferences within a species, however, Young (1968) observes
that "the correct interpretation of such differences is
an open problem."

Because investigators are not in agreement over
the relative roles of taste and postingestional factors
in determining sucrose intake functions, even for the
widely studied rat (see Chapter III), it seems appro-
priate to inquire into possible sources of individual
differences in rodents. While it is convenient to dis-
miss such differences as "biological uniqueness," it
would be useful if individual differences in relatively
genetically heterogeneous groups of animals could be
accounted for to a respectable extent by factors which
do not require genetic manipulation, and which might
reasonably be expected to underlie intake of taste
solutions.

Surely genetic factors play a role in determining
responses to taste substances. A genetic basis for
saccharin preference in rats (Nachman, 1959) and for the
ability of human beings to taste the synthetic compound,
PTC (Blakeslee & Fox, 1932), has been found, for example.
However, while the individual differences observed in

thresholds and preference for taste substances may have a
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genetic basis, it is not so easy to link underlying
genetic causes to a complex of more observable varia-
bles which may be related in varying degrees to ingestion
of taste solutions. Thus, whereas the basis of indi-
vidual differences in taste thresholds may be largely
genetic, the variability in intake from concentrations
may be related to other and more measurable factors, in-
cluding thresholds.

Not surprisingly, taste preferences can be modi-
fied by experience. Young (1959) has summarized the
roles of deprivation, satiation, habituation, and learn-
ing in altering preferences for foodstuffs such as su-
crose, for example. But, in the usual taste preference
experiment, experimentally naive and, commonly, non-
deprived animals are used. Frequently in such studies
the investigators do not examine the effects upon intake
of repeated presentations to the same or different taste
solutions. Instead, potential experiential effects are
averaged out by pooling intake recorded over two or more
test periods to depict the role of "taste" factors in
preference curves. However, it is clear that experiential
effects do occur which probably contaminate conclusions
(see Chapter III).

While genetic factors, dietary manipulations,
and experience will underlie individual differences and

variability in taste behavior, it was of interest in the
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present research to determine by correlational techniques
(see Chapter IV) to what extent several demographic and
behavioral variables may be associated with interspecific
and intraspecific differences in long-term (24-hr.) single
stimulus intake of sucrose solutions in two rodent sub-
species. The variables deemed as probably possessing a
certain degree of explanatory value for acceptance of
sucrose solutions measured by fluid intake were age and
weight, voluntary 24-hr. water intake (apparent water
need) , and a sucrose "preference" threshold estimate
(taste related).

Age, weight, and water intake. In the situation

where amount of fluid consumed is the measure of accep-
tance, individual differences in levels of fluid intake
may be expected to vary with differences in age and
weight, which in turn may be associated with voluntary
consumption of water. Age and weight are normally highly
correlated, of course. But, few studies have examined
solution ingestion and preferences as a function of age.
Bloomquist & Candland (1965) found that deprived rats
10-months o0ld consistently made fewer licking responses
to water and solutions of varying palatability in com-
parison with 1- and 5-month old rats. However, fluid
consumption of rats maintained on ad libitum water was
found to be an increasing function of age for rats

ranging in age from 1- to 25-months (Goodrick, 1969).
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Wagner (1965) found that absolute intake of glucose solu-
tions was affected by weight, though age alone produced
no differences in relative preference for two sweet solu-
tions.

Differences in levels of voluntary water con-
sumption would be expected to be related to amounts of
sugar solution ingested if palatability factors were
relatively equivalent among the animals. That is, if
the palatability of the taste solutions stimulate similar
levels of "affective arousal" or "hedonic intensity"
(Young, 1959) among individuals, and if it can be assumed
that intake from sweet solutions will be proportional to
hedonic intensity, then individual differences in amount
of solution ingested from a given concentration may be
largely accounted for by levels of voluntary water intake.
In other words, an animal with a relatively high level
of water intake would be expected to exhibit relatively
greater intake from a sucrose solution than an animal
with a lesser apparent water need, if the solution pos-
sesses equal incentive value for each subject.

Sucrose thresholds and Fechner's law. Variation

in the slopes or shapes of intake patterns across a

range of concentrations among individuals would be re-
vealed by the Concentration X Subject interaction. To
the extent that such an interaction effect is found it

would indicate that sucrose intake was determined by
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more than constant palatability (taste) factors combined
with level of water intake. Moreover, the assumption of
an equal palatability effect for all animals itself is
questionable on the basis of psychophysical principles.
Taste preference studies may be viewed as a
psychophysical scaling situation in which magnitude of
sensation is related to stimulus intensities. Young
(1959, 1968) argues that taste solutions of different
concentrations (and, therefore, different sweetness) will
differ in "intensity of positive affectivity" or in
"relative hedonic intensity" which they arouse. More
sustained drinking in two-choice tests is found for a
sweeter concentration because, in Young's motivational
terms, the solution arouses greater hedonic intensity.
Because animals will generally consume more of sweeter
sucrose solutions, for convenience let it be assumed
that the increases in intake are proportional to the
"hedonic intensity" aroused by the palatable character-
istics of the substance. Accordingly, a taste prefer-
ence function may be viewed as a scaling situation in
which the magnitude of sensation for sweetness or sweet
solutions ("hedonic intensity") as measured by level of
intake is related to stimulus intensity (concentrations).
The earliest expression of a lawful relationship
between sensation and stimulation was formulated by

Fechner in 1860 (see Woodworth & Schlosberg, 1954).
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Fechner's Law simply states that magnitude of sensation
is directly a function of the logarithm of stimulus in-
tensity. 1In other words, sensation is not directly pro-
portional to stimulus intensity; instead, it is loga-
rithmically proportional.

Beginning with Fechner's Law, the history of
psychophysics has been characterized by a search for a
universal law intended to be general for all modalities
(Stevens, 1962). While such laws have been generated
for the human population, there is some basis for ex-
pecting that Fechner's formulation may prove useful for
explaining individual differences in taste preference
among rodents. Young & Greene (1953) presented pairs
of sucrose solutions to rats in brief exposure tests and
they found that rats selected the higher of the concen-
trations in preference to the lower. Moreover, when the
choice results were scaled by a modified pair comparison
procedure and plotted against the logarithm of the con-
centration, they found a nearly straight line function.
Accordingly, the level of acceptability of sucrose with
this procedure was found to be directly proportional to
the logarithm of the concentration. In addition, Young
(1959) suggested that this relationship holds all the
way up the scale from the preference threshold which is
the lowest concentration at which a preference for sucrose

to water is evident.
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Although Young & Greene (1953) did not point out
the agreement, their conclusion is a statement of
Fechner's psychophysical scaling law,_ Since their choice
data of sucrose pairs conformed tQ Fechner's formulation,
it is tempting to consider the possibility that other
measures of sucrose preference, e.g., absolute intake,
may conform similarly to a logarithmic relationship.
Young (1968) appropriately points out that brief-exposure
tests should isolate taste factors more clearly than
long-term intake tests of preference. However, sucrose
intake functions for concentrations ranging up to about
8% are generally monotonically increasing for concentra-
tions varying in logarithmic steps and they are explained
in terms of increasing taste (palatability) factors
(Beck, 1967). For example, the intake curve for the
rat obtained by Owings.gf‘gg. (1967) is a nearly loga-
rithmic function.

Although an overall logarithmic relationship may
be found between intake and concentration for the rat,
it is not at all certain that the relationship will hold
so nicely for individual subjects or for other rodent
species. But, the basis for adopting Fechner's psycho-
physical law to account for individual differences in
sucrose intake is that individuals w@th different thresh-
olds for sucrose should experience different "hedonic

intensities" (i.e., sensation magnitudes) for a given
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concentration of sucrose above threshold. Because an
undetectable concentration would arouse a sweetness sen-
sation of "zero" intensity, and because sensation magni-
tude increases logarithmically according to Fechner's
Law, then it follows that animals with different sucrose
"preference" thresholds should exhibit similar slopes in
their intake functions, although the intercepts of these
functions will differ. For example, if two animals are
found to have different thresholds, then the increase in
sucrose intake to concentrations above the thresholds
should be inversely related to their sensitivity to, or
initial preference for, tasting sucrose. The animal
with a lower threshold should experience a greater "he-
donic intensity" to a given suprathreshold concentration
than an animal with a higher threshold; consequently,
the greater "hedonic intensity" should be translated
into a proportionally larger increase in intake for the
individual with the greater sensitivity. Therefore,
thresholds would be expected to correlate inversely with
sucrose intake.

The relationship between sucrose taste thresholds
and intake from suprathreshold concentrations has not
been empirically established, although both thresholds
and intake have been exhaustively studied independently,
for the rat at least. Typically, experimenters have

focused on one problem or the other. The extent to which
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this model derived from psychophysical scaling laws will
be useful for explaining sucrose intake behavior will de-
pend upon a variety of factors, of course, including the
adequacy of Fechner's law to taste, the validity of the
underlying theoretical assumptions about the inter-
relationships of palatability, hedonic intensity, and
intake, and also the reliability of the intake measures.
However, on both theoretical and empirical grounds it

is considered likely that this kind of linear psycho-
physical model will provide a certain degree of explana-
tory power for individual differences in sucrose intake,
in addition to knowing an animal's age, weight, and

voluntary water intake.

The Subjects

The use of inbred strains of laboratory rats or
mice presumably would preclude the genetic variability
desired in the subjects of the present research. For,
while genetic factors would be expected to underlie indi-
vidual differences in sucrose "preference" thresholds
which are assumed to approximate detection ability for
the substance (see Chapter II) and levels of daily water
intake, the intent of the present research is to ex-
amine the association of these other variables with su-
crose intake among a relatively heterogeneous sample of

animals within a particular species. In addition, because
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of the questions raised about the generality of sucrose
preference in rodents, it was deemed desirable to make
interspecific comparisons of rodents not far removed
from their wild state.

Two subspecies of deer mice were chosen for

interspecific and intraspecific comparisons. Peromyscus

maniculatus bairdi and Peromyscus polionotus are two of

38 species which are taxonomically classified in the

Peromyscus genus, subgeneus and species, and which be-

long to the maniculatus group. According to Hooper (1968)

P. polionotus and P. maniculatus are closely related

genetically, as they are thought to be derived from the
same parental stock. However, ecological barriers have
kept the two species relatively distinct and presumably
they have been exposed to different selection pressures.
P. m. bairdi, a grassland animal, is found in the east-

central region of the United States. P. polionotus, also

mainly a grass-dwelling animal is distributed in the
southeastern region of the United States, both on the
mainland and along coastal regions (Baker, 1968, p. 114;
Hooper, 1968, p. 42).

Both species have proved to be ideally suited
for laboratory conditions. All mice used in the present
study were laboratory stock several generations descended

from wildcaught parents.
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The literature on habitat selection, population
dynamics, physiology and behavior is more comprehensive

for P. m. bairdi than P. polionotus. For both sub-

species, however, there is an evident lack of information
on the perceptual and sensory capabilities of these ani-
mals (King, 1968, p. 523). Moreover, only a few studies
have examined deer mice preferences for various sugars
(see Chapter III), and no systematic studies of thresh-
old determinations or other measures of taste discrimina-

tion have been reported.

Purposes of the Research

On the basis of empirical data and psychophysical
theory, it was argued that age, weight, voluntary water
intake, and threshold estimates would be likely to ac-
count to an unknown extent for individual differences in
sucrose consumption. The relative explanatory value of
these variables has not been systematically established
for any population of animals. Moreover, it is possible
that the amount of variability which these variables can
explain may vary for different species. Accordingly,
the major purposes of the present research were as fol-

lows: For P. m. bairdi and P. polionotus, (1) determine

intake and reliability of intake for water and a range
of sucrose concentrations up to 8%; (2) obtain estimates

of a sucrose "preference threshold" for the individual
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animals and assess the agreement among thresholds de-
fined by different criteria; and (3) determine the pro-
portion of variance in sucrose intake from three supra-
threshold concentrations (2%, 4%, and 8%) accounted for
by age, weight, voluntary water intake, and a threshold
estimate for each subspecies. Finally, the usefulness
of the psychophysical model derived from Fechner's law
for describing sucrose intake functions is to be con-

sidered.
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Chapter II

SUCROSE THRESHOLDS

In general terms a "threshold" refers to an or-
ganism's ability to detect the presence of some stimu-
lus, and it is usually expressed in units of the physi-
cal stimulus. Specifically, with respect to taste
behavior for which the stimulus is invariably presented
in a fluid medium, the threshold is expressed as the
minimal concentration (amount of taste chemical sub-
stance dissolved in water) to which a specified be-
havioral response is obtained.

When one considers the interest in the biological
adaptive function of taste, it is surprising that so few
species have been tested for their sensitivity to sucrose
and other substances. Virtually all such rodent data
have been concerned with the laboratory rat. No taste
thresholds for sucrose or other taste substances have

been reported for Peromyscus. And, while the sensitivity

of the rat for sucrose is well documented, the reported
threshold values vary considerably. This variation can

be attributed partially to the fact that widely different

21
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psychophysical procedures, response measures, and thresh-
old definitions have been employed in these studies. Ac-
cordingly, to a certain extent the discrepancies in re-
sults are understandable. Because the problems involved
in determining the rat's sucrose threshold are the same
for other rodent species, it is appropriate here to ex-
amine the data and problems associated with the measure-
ment of the rat's threshold.

The concept of a "threshold" is, itself, somewhat
controversial. Some opponents argue that a threshold is
a meaningless concept because of the fact that it is so
variable in nature and it is variable depending upon how
it is measured. At the other extreme, though, investi-
gators have demonstrated, perhaps unwittingly, a tendency
to regard thresholds as invariate entities, the values
of which will vary only with differences in methodology.¥*
However, estimates of individual and group thresholds
have proven to be useful for delineating relative differ-
ences in sensitivity to various substances of a given
taste quality (e.g., sugars) or of different taste quali-

ties (taste, sour, bitter, salty). Moreover, if relative

*The term "threshold estimate" is probably a
more appropriate term for describing an animal's ability
to discriminate sucrose in water. Accordingly, the term
"threshold estimate" shall be used generally in pre-
senting and discussing the results of Experiment 1. How-
ever, for convenience the term "threshold" will be used
elsewhere in this dissertation with the understanding
that it is always considered to be an estimate.
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differences in the discriminative ability of different
species for a single substance (e.g., sucrose) can be
observed with the use of one or more procedures, then

it can be argued that such determinations are useful for

making interspecific comparisons of taste sensitivity.

Threshold Measurement Procedures

Essentially three different methods have been
employed to measure thresholds, and a variety of modi-
fications have been used with each. The methods can be
characterized as (1) the preference or free-choice
method, (2) the discrimination or forced-choice method,
and (3) the electrophysiological recording method. 1In
the preference or free-choice method the animal is al-
lowed to drink ad libitum from either of two bottles, one
containing the taste substance and the other containing
water (Campbell, 1958; Richter & Campbell, 1940a,b). The
total intake from each solution is measured over a rela-
tively long period (e.g., 2- to 24-hr.). A more recent
modification of the free-choice procedure, first de-
scribed by Young & Kappauf (1962), utilizes a series of
brief exposure tests in which the number of tongue licks
rather than fluid intake is measured; Beck, Self & Carter
(1965) and Burright & Kappauf (1963) have used this pro-

cedure to determine sucrose thresholds.
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In the discrimination method the animal is pre-
sumably motivated either to discriminate between the solu-
tion and water for food reward or to avoid punishment for
failure to discriminate. Carr (1952) and Harriman &
MacLeod (1953) used this general procedure for determining
salt thresholds, and Koh & Teitelbaum (1961) used both
procedures to compare thresholds for a variety of solu-
tions including sucrose.

Electrophysiological procedures have been used to
obtain the "nerve response threshold" by measuring the
"whole nerve" response to solutions of different concen-
trations (e.g., Hagstrom & Pfaffmann, 1959).

The usual procedure with any of these methods is
to present a range of concentrations of the solution
varying from subliminal to supraliminal values. fhe
concentrations are presented in either an ascending and/or
descending series, or in a random or counterbalanced
order. The former procedure is sometimes called the
"up-and-down" or "staircase" method (Guilford, 1954), and
it is analagous to the psychophysical method of limits;
the latter procedure resembles the method of constant
stimuli.

Reported Sucrose Thresholds
for the Rat

The sucrose thresholds reported for the labora-

tory rat are presented in Table 2.1. They are ordered
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TABLE 2.1

Reported Sucrose Thresholds for
the Laboratory Rat

Tzrgzzgig Motivation 3§§§Qgigt Reference
.15% p dep intake 20-hr. Campbell (1958)
.21% p dep intake 2-hr. Campbell (1958)
.21% 4 dep "tracking" Koh & Teitelbaum

(1961)
.32% p nondep licks 4-min. Burright &
Kappauf (1963)
.34% e nondep nerve response Hagstrom &
Pfaffmann (1959)
.43% p nondep licks 4-min. Beck et al. (1965)
.45% p nondep intake 20-hr. Campbell (1958)
.47% d nondep "tracking" Koh & Teitelbaum
(1961)
.50% p nondep intake 24-hr. Richter & Campbell
(1940b)
.57% p nondep intake 24-hr. Richter & Campbell
(1940a)
.75% p nondep intake 2-hr. Campbell (1958)
l1.16% p dep licks 4-min. Beck et al. (1965)

Note: Motivation refers to whether the rats were
deprived (dep) or nondeprived (nondep).

pPreference or free-choice method.
dDiscrimination or forced-choice method.

eElectrophysiological method.

by the magnitude of threshold value expressed in terms of
concentration. Threshold concentrations are generally
expressed as a percentage (weight/volume, or gm. solute/100
ml. solution x 100). It is not always clear, however,
particularly in reports of early studies, whether the per-

centage specified is by weight/volume or weight/weight.
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The former is the most common way of preparing concentra-
tions, but this lack of conformity in preparation and
specification of solutions is what prompted Pfaffmann,
Young, Dethier, Richter & Stellar (1954) to suggest that
all solutions be expressed in molar concentration.* It
was assumed for present purposes that the concentrations
were prepared by weight/volume. The general method
(preference or two-choice, discrimination or forced-choice,
and electrophysiological), motivational state (deprived

or satiated), and type of dependent variable used are also
indicated in Table 2.1.

The summary of results presented in Table 2.1
shows that no one type of method consistently produced
similar results. For example, the lowest and highest
threshold values were obtained with deprived animals using
a preference method. The results do not favor one type
of dependent variable over another, either, for variably
high and low thresholds have been obtained with 2- to
24-hr. intake and 4-min. tongue lick measures. One pat-
tern does seem to emerge from these results, however;
higher thresholds were generally found with nondeprived
animals, regardless of the method or dependent variable

used (although they are somewhat lower with 4-min. tests).

*Sucrose concentrations expressed as weight/volume
can be converted to molarity by the equation
(gm. per 100 ml.) X 10/ 342.3 = molarity,
where 342.3 is the molecular weight for sucrose (Pfaffmann
et al., 1954). :
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It is noted that the twelve threshold values pre-
sented in Table 2.1 were obtained from only seven studies.
Thus, in some cases two (e.g., Beck et al., 1965; Koh &
Teitelbaum, 1961) or even four (e.g., Campbell, 1958) dif-
ferent threshold estimates have been reported in the same
study. Such results afford an opportunity to compare
more readily the consequences of using different proce-
dures. Accordingly, it is seen that Campbell (1958) who
used 2-hr. and 20-hr. intake measures found the two lowest
threshold values in deprived rats. Koh & Teitelbaum
(1961) , using a discrimination method, obtained similar
results. Beck et al. (1965), though, found the opposite
results with tongue lick measures on deprived and non-
deprived rats.

It is generally assumed that a preference method
will provide higher threshold values than a discrimination
method. The thresholds obtained with the free-choice or
preference method are generally described appropriately
as "preference thresholds" (Beck et al., 1965; Burright
& Kappauf, 1963; Campbell, 1958), for such a threshold
represents the lowest concentration for which the animal
initially showed a preference for the taste solution to
water. Pfaffmann & Bare (1950) have argued that a dis-
tinction should be made between the physiological thresh-
0ld and the more variable preference threshold. Campbell

(1958) agrees that the preference threshold is not
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synonymous with, or even necessarily related to, the
sensory threshold. Behind this distinction is the reason-
able assumption that the rat may not necessarily demon-
strate a preference for a taste substance at a concentra-
tion at which it is just discriminable from water.
Harriman & MacLeod (1953) suggested that "one might even
argue that even the absolute threshold is really a prefer-
ential threshold under optimum conditions of stimulation

and motivation."

Evaluation of Threshold Methods

The distribution of threshold values in Table 2.1
suggests that the rat's sensitivity for sucrose is not
necessarily overestimated by a "preference threshold"
estimate. The rat's sucrose threshold is commonly re-
ported as approximately .50%, which is the concentration
reported by Richter & Campbell (1940b) and is nearly the
median threshold of those presented in Table 2.1. How-
ever, the wide range of thresholds (.15% to 1.16%) raises
questions about which procedure will reliably provide the
best measure of the rat's threshold for sucrose. Unfor-
tunately, standard errors of the mean and confidence
intervals have not been reported in a single study of
taste thresholds. Moreover, in some studies, such esti-
mates would be impossible to obtain, because the reported

thresholds are based upon the pooled data of individual
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subjects, rather than upon means of individual thresholds.
It is difficult, therefore, to determine how discrepant
many of the reported thresholds may be.

One reasonable criterion for selecting the best
single procedure for estimating the rat's sucrose thresh-
old would be the method which produces the lowest thresh-
old. 1In this respect, Campbell's (1958) 20-hr. or 2-hr.
preference test for hungry rats, or Koh & Teitelbaum's
(1961) tracking procedure for hungry rats would appear to
be equally suitable, for thresholds between .15% and .21%
were obtained with these entirely different procedures.
Another criterion would be the method which yields a
threshold corresponding closest to the absolute physio-
logical threshold in nondeprived rats. Indeed, Burright
& Kappauf (1963) suggested that their 4-min. test may, in
fact, be more sensitive than the 2-hr. test used by
Campbell (1958), and they point out that their threshold
of .32% "agrees very closely with the 'nerve response
threshold' as reported by Hagstrom and Pfaffman (1959)."

Such comparisons may be fortuitous, however. The
implications from these kinds of comparisons is that there
is a relatively stable taste threshold among laboratory
rats and that some methods lend themselves to tapping the
"true" threshold better than others. Moreover, implicit

in this kind of reasoning is the questionable assumption
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(McClearn, 1967, p. 309) that laboratory rats of diverse
strains do not differ in their response to sucrose.
Clearly, methodological differences will provide
different results. It appears that deprived animals in
either preference or discrimination tests will produce
somewhat lower sucrose thresholds (e.g., Campbell, 1958;
Koh & Teitelbaum, 1961), although it is not clear whether
deprivation produces a lowered sensitivity to the taste
substance, or whether lower thresholds result from an in-
creased motivation to obtain food or to avoid shock. In
nondeprived animals the duration of the intake measure in
preference tests may make a difference (Campbell, 1958).
In addition, some taste solutions are prepared with tap
water and others with distilled water. Young & Falk (1956)
found tap water to be more palatable than distilled water
for rats. Schnorr & Brookshire (1965) and Brookshire &
Schnorr (1965) acknowledged that rats can discriminate
between the two, but they found that experience with
either prior to testing can influence preference.
Investigators have been inclined to point primarily
to many of the major methodological differences in their
studies to reconcile different findings. Quite appro-
priately, Harriman & Macleod (1953) suggested that com-
parable thresholds would not be expected with various pro-
cedures because different motivational conditions influ-

ence psychophysical judgments (or responses); therefore,
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they conclude that "there are as many preferential thresh-
olds as there are conditions that motivate choice." How-
ever, little or no consideration has been given to the
implications of using different response measures and
threshold definitions. The criteria which investigators
have used to determine thresholds have differed as much
as the general methods and motivational conditions em-
ployed with the rat. Yet, for some unexplainable reason
the consequences of using different measures of taste
behavior as well as different criteria for determining
threshold concentration has been virtually ignored as a
factor which may partially explain the differences ob-

tained.

The Problem of Defining Thresholds

The so-called "preference" thresholds which pre-
sumably provide a measure of the rat's sensitivity for
sucrose are less related to absolute thresholds than they
are to difference thresholds which represent the minimum
amount of stimulus change required for a stimulus to be
perceived as different. For, analagous to classic psycho-
physical procedures for determining difference thresholds
(DL) , all sucrose threshold studies have employed two-
bottle choice tests in which the animal's response to a
sucrose solution is compared to water. Water, then, is

used as a standard stimulus and the sucrose concentrations
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are the variable comparison stimuli. Accordingly, the
so-called sucrose taste threshold is more appropriately
regarded as a difference threshold for water, i.e., the
minimal amount of sucrose required to be dissolved in
water (gm./100 ml.) for the solution to be discriminable
from water alone. After all, the threshold presumably is
an estimate of the concentration at which a "preferred"
substance in solution is just discriminable from water.
While the procedures employed for determining
thresholds generally resemble the classic psychophysical
methods of limits and constant stimuli (see Woodworth &
Schlosberg, 1954, or Candland, 1968), practical limita-
tions make it impossible to obtain more than a few esti-
mates of an individual rat's threshold. Because of the
variability in a single subject's judgments with re-
peated presentations of the stimuli, classic procedures
require administering many trials and taking into account
the systematic errors which have been identified with
such procedures. In the method of limits, for example,
it is generally found that thresholds will differ depending
upon whether the stimuli are presented in an ascending or
descending order. Rather than averaging the "thresholds"
on all trials to obtain the estimated threshold value for
a single subject, the threshold is interpolated between
the average of the ascending and descending trials. A

similar observation has been noted in one sucrose
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threshold study; Campbell (1958) presented two ascending
and two descending series of sucrose concentrations and
found that thresholds were higher on the ascending series
than descending series. Yet, in most taste threshold
studies on the rat only one or two ascending or descending
series of concentrations is presented to the animal. For
sucrose and salt thresholds ascending concentrations are
given, while concentrations of aversive solutions such as
quinine are usually presented in descending order.

The way in which the threshold value will be de-
termined with classic psychophysical procedures will vary
with the procedure used, for the data are treated dif-
ferently. But, basically it is conventional with such
procedures to define the DL as the amount of change in
the value of the standard stimulus required for a com-
parison stimulus to be perceived as different from the
standard on 75% of the trials. The assumption underlying
this criterion is that a 50% criterion would represent
chance guessing, while perfect discrimination (100%) is
greater than the minimal discriminable difference.

Definitions of Rat Taste
Thresholds

It has been common in recent taste studies to
adopt a 75% response criterion for defining thresholds.
However, in most cases the definitions of sucrose thresh-

olds with the rat have shared only a superficial



(L

Bu;
ite}
ta:
Elel
\‘r

oY

.4



34

resemblance with the conventional definitions of a DL.
Partially because the psychophysical judgments by the rat
are expressed by its intake or licking behavior to the
solutions, the 75% criterion adopted in some studies is
too arbitrary to be psychophysically sound. Generally,
with two-bottle free-choice preference procedures two
criteria for defining thresholds have developed which
utilize a 75% concept. Thresholds have been determined
by noting the concentration of sucrose for which either
(1) by interpolation, 75% of the relative intake (sucrose
intake/sucrose + water intake) occurs, or for which (2)
75% of the subjects drank (licked) sucrose more times
than water. Using free-choice preference tests Campbell
(1958) defined the threshold by interpolation as the con-
centration where 75% of the relative intake occurred.
Burright & Kappauf (1963) and Beck et al. (1965) used a
more precise procedure involving a series of short-term
tests in which the animals had to choose between sucrose
and water; however in both studies the threshold was de-
fined as the concentration at which, for 75% of the
animals, more tongue licks were recorded for sucrose than
for water.

Perhaps the soundest procedure for determining
taste thresholds from a psychophysical point of view is
the discrimination method used by Carr (1952) for salt.

Carr used a forced-choice procedure in which the animals
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were shocked for failure to discriminate salt from water,
and he conducted a series of 20 tests for each concentra-
tion. His threshold was determined for the average con-
centration for which the animals responded correctly on
75% of the trials (i.e., 15 of 20). Koh & Teitelbaum
(1961) used a "tracking" procedure with hunger and shock
motivation which would appear to be a precise procedure
for determining a rat's ability to discriminate sucrose.
They suggested, however, that shock may be a disruptive
stimulus in threshold studies.

The thresholds obtained from two-bottle tests by
these various definitions not only are derived from dif-
ferent dependable variables (e.g., intake, number of
tongue licks, correct choice), but they clearly convey
different kinds of numerical information about sucrose
discrimination. For example, the Burright & Kappauf (1963)
and Beck et al. (1965) definition (2 above) with free-
choice tests reveals what percentage of the animals
preferred sucrose to water, but not by how much it was
preferred. On the other hand, the relative preference
measured (1 above) used by Campbell (1958) reveals the
relative magnitude of preference on the average for a
particular sucrose concentration, but it does not convey
information about what percentage of subjects exhibited
that magnitude of preference while discriminating that

sucrose solution from water. Meanwhile, the discrimination
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procedure used for salt (Carr, 1952) yields the average
concentration which can be discriminated as different from
water 75% of the time. Thus, the adoption of the 75% rel-
ative intake criterion seems to be more arbitrary and less
satisfactory a criterion than 75% correct discriminations.
Designating the threshold as the concentration for which
75% of the subjects reveal a preference for sucrose
ignores individual differences in both discrimination
ability and relative amount of preference at the threshold
level. Therefore, it seems to be the least psycho-
physically defensible definition of a threshold.

Single-bottle thresholds. Taste thresholds for

salt and quinine, though not for sucrose, have been deter-
mined with single-bottle procedures. The single-stimulus
or one-bottle method was originally introduced by Beebe-
Center, Black, Hoffman & Wade (1948) for the measurement
of taste preference. With this method the animal is pre-
sented with a different test fluid each day or test
period. For the determination of salt and quinine thresh-
olds rats were given 1l-hr. tests following water depriva-
tion of 15- or 16-hr. Weiner & Stellar (1951) determined
the rat's salt threshold merely by noting the lowest con-
centration at which mean intake of salt exceeded mean water
intake. This criterion for a salt threshold was similar
to that used by Richter & Campbell (1940b) with a two-

bottle procedure for sucrose; that is, they defined the
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threshold (.50%) as "the concentration at which rats began
drinking more sugar solution and less distilled water."
Benjamin (1955) presented water on alternate days and de-
fined single-~-bottle quinine thresholds for individual rats
"as the lowest concentration at which the test-period in-
take of quinine solutions was less than the water intake
on the preceding or following test periods."

Because of the fact that single-bottle tests have
not been used to determine sucrose thresholds, it is not
possible to know how such thresholds would compare to
preference thresholds obtained by a similar two-bottle
procedure. Only one taste study has directly compared
thresholds obtained on the same animals with both a two-
bottle and one-bottle procedure. Benjamin (1955) found
that the one-bottle (l-hr.) procedure yielded signifi-
cantly higher quinine thresholds than the two-bottle (24-
hr.) test in intact rats. However, it is apparent from
the data presented in his report that the two threshold
estimates were not linearly related. That is, a Spearman
rank order correlation coefficient derived from the in-
dividual data presented produced an r = +.21 (n = 16)

which is not statistically significant.* Therefore, the

*The correlation coefficient was calculated by
the present writer from the data presented in Benjamin's
(1955) report.
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animals with higher thresholds determined by one method
did not necessarily have higher thresholds as measured by
the other.

Curiously, no investigator has compared sucrose
thresholds obtained by different procedures and definitions.
It may be found, for example, that ingestion measures with
a long-term preference method may yield thresholds com-
parable to the somewhat lower thresholds obtained in
short-term tests which use licking as the dependent vari-
able if the relative intake criterion were arbitrarily
changed to something less than 75%. It may be that at
least 75% of the subjects show a preference for sucrose
at the concentration for which the average relative intake
is 60%, for example. Moreover, it could be determined
statistically that 60% relative intake represents re-
liably greater intake than 50%, thus indicating that the
animal is discriminating between the solutions. It would
be possible, of course, to determine the percentage of
subjects drinking more sucrose than water at the concen-
tration at which 75% of the relative intake is found for
sucrose. Similarly, an index of the amount of preference
in the Burright & Kappauf (1963) and Beck et al. (1963)
studies could be determined by recording how many tongue
licks were made for water and sucrose during each of their

4-min. test periods.
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There is no single threshold method or definition
which would be suited for all purposes. An evaluation of
the desirability of a particular procedure should take
into account the purposes for which it is intended. For
example, if the purpose is merely to obtain threshold
estimates which delineate differences in the effective-
ness of various taste substances, then many of these pro-
cedures may be adequate. However, if the investigator is
asking questions about the cortical mechanisms underlying
taste sensitivity and wishes to compare pre-operative and
post-operative thresholds, then time limitations and
other considerations dictated by the experimental ques-
tions should determine the choice of procedure. For ex-
ample, the Burright & Kappauf (1963) procedure which
gives merely a group threshold estimate at the expense of
individual threshold estimates obviously would not be
useful for determining the effects of surgical operations,
which would have to be verified histologically. The un-
certainty over the reliability of threshold estimates,
over the relationship of thresholds determined by one
procedure to thresholds determined by another, and over
the consequences of using different criteria in defining
thresholds clearly provide problems for further research

into the measurement of animal taste thresholds.
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Experiment 1

Because the major purpose of the present research
was to account for individual differences in sucrose in-

take of Peromyscus, it was imperative that reliable

measurements of fluid intake and of individual threshold
estimates derived from the intake behavior of P. m. bairdi

and P. polionotus be obtained. Sources of intraspecific

variability needed to be reduced as much as possible. The
results of a pilot study using a two-bottle 24-hr. intake
procedure indicated that some animals did not show a con-
sistent position preference which would be required to
obtain reliable estimates of preference thresholds for
sucrose. In a two-bottle test, position preferences are
usually controlled by alternating the positions on which
the test fluids and water are presented. However, in
cases where an animal alternately or unpredictably tends
to consume most of his daily fluid intake from one drinking
tube or another an undesirable source of "error" is intro-
duced. Although this variability possibly would average
out across individuals and not seriously jeopardize inter-
specific comparisons of sucrose thresholds, it would pro-
vide a more serious problem for determining individual
thresholds; spuriously low thresholds could be obtained if
close to 100% relative intake on repeated occasions was
recorded for concentrations which were actually sub-

threshold.
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In order to eliminate the problems associated
with two-bottle preference tests, a single-bottle pro-
cedure was used in the present research. Weiner &
Stellar (1951) pointed out that one advantage of the
single-bottle procedure is that it prevents the develop-
ment of position habits and eliminates elaborate con-
trols. In addition, providing each animal with the same
drinking tube daily is a precaution that possibly would
reduce another source of intrasubject variability in
intake. Accordingly, the single-bottle procedure was
deemed practical because it would eliminate some unwanted
sources of individual variability.

The purposes of Experiment 1 were (1) to deter-
mine voluntary 24-hr. intake from water and low concen-

trations of sucrose in P. m. bairdi and P. polionotus,

(2) to evaluate the reliability of the intake measure by
presenting each solution twice, and (3) to compare the
results of sucrose threshold estimates obtained with a
variety of criteria for defining them. Accordingly, the
major purpose of Experiment 1 was to compare sucrose in-
take and sucrose thresholds in the two species and to
determine to what extent the threshold defined by dif-
ferent criteria agree. Water intake and a threshold esti-
mate for individual subjects measured in Experiment 1 will
be related to intake from suprathreshold sucrose solutions

(Experiment 2) in order to determine how intake from
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sucrose solutions is associated with apparent water needs
and ability to discriminate sucrose (Chapter IV). For
reasons explained in Chapter I it is of interest to test
the predictive power of psychophysical laws for indi-

vidual subjects by relating thresholds to intake.

Method

Subjects and Housing
Conditions

A total of 73 male deer mice (33 Peromyscus

polionotus and 40 Peromyscus maniculatus bairdi), sup-

plied by the Animal Behavior Laboratory, Department of
Zoology, Michigan State University, served as subjects.
All animals were laboratory-reared descendants of wild-
caught parents. Seventeen matings from 11 different

parent pairs produced the 33 polionotus, while the 40

bairdi were obtained from 21 matings and 11 parent pairs.
At various ages after weaning (23 days) the mice were im-
ported into the Mouse Laboratory in the Department of
Psychology at Michigan State University.

Prior to the experiment the animals were housed
communally by litters in 11.5 x 7 in. x 5 in. clear
plastic cages (Maryland Plastics) which were provided
with metal gridded tops. Wood shaving bedding and cotton
(for nesting) were provided in each cage. Purina Mouse-

Breeder Chow and tap water were available ad libitum. A
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12-12 hr. light-dark cycle (8:00 a.m. to 8:00 p.m.) was em-
ployed at all times. The minimum and maximum tempera-
tures in the Mouse Laboratory were recorded daily during
the experiment; the average minimum and maximum tempera-
ture for all testing days was 69 and 73 degrees F.

At the beginning of testing the ages of the

polionotus ranged from 54 to 140 days (mean = 86.1),

while the bairdi were between 58 and 148 days of age
(mean = 97.4). The average weights at this time were

13.6 and 16.1 grams for the polionotus and bairdi, re-

spectively.

Originally it was planned to use a total of 60
subjects, 30 of each species, and to run two squads of
animals at different times. When subjects of both
species were selected for the first squad, no more than
two animals from each litter were selected for testing.
However, some difficulty was encountered in procuring
additional animals for assignment in the second squad,
and therefore it was necessary to select siblings of the
first squad for assignment to the second. Accordingly,

11 bairdi and eight polionotus tested in the second squad

were siblings of subjects which began testing 33 days

earlier.
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Preparation of Solutions and

AEEaratus

Six different sucrose concentrations were used:

0%, .125%, .25%, .50%, 1%, and 2% (weight/volume). All
solutions were prepared with commercial cane sugar
(Domino) and cold tap water. The .125%, .25% and .50%
solutions were made by diluting a 1% stock solution. That
is, 125, 250, and 500 ml. of a 1% sucrose solution was
poured into a 1500 ml. beaker which was then filled to
1000 ml. with tap water. The 1% and 2% solutions were
prepared by the liter by adding the required amount of
tap water to 10 gm. and 20 gm. of sucrose, respectively.
All solutions, including tap water (0%), were stored in
l-liter plastic bottles and kept in a refrigerator. A
minimum of 20-hr. was allowed before the newly mixed
solutions were used in the experiment. Fresh solutions
were mixed every four days. A Mettler electronic bal-
ance (model P-6), accurate to 0.5 gm. was used to weigh
the sucrose.

Metal testing racks, each with four shelves, ac-
commodated the cages in which the subjects were tested.
Four cages were placed on each shelf. A 2 in. x 1 in.
piece of scalloped pine wood was attached to the rear
of each shelf which assured stable support for the

bottles.
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During testing the subjects drank from 25 ml.
graduated glass cylinder bottles which permitted readings
of fluid level to the nearest 0.1 ml. The bottles were
fitted with size 0 rubber stoppers and 3 in. straight
metal drinking tubes. The bottles were inverted and
placed at approximately a 45 degree angle through slots
in the metal wire top the animals were tested individually
in the same type of cage in which they were housed prior

to testing.

Design

Pilot work indicated that a range of sucrose con-
centrations from 0% to 2% would be sufficient for ob-
taining threshold estimates for both species with a
single stimulus 24-hr. intake procedure. Accordingly,
six different sucrose concentrations between 0% and 2%
in logarithmic steps were used. The experiment was de-
signed so that each subject would be given each of the
six sucrose concentrations twice; a different solution
was presented daily for six days in a random order which
differed for each subject and then the procedure was
replicated.

Each subject was tested for 16 days in Experiment
1. Following one day of acclimation to the test cage,
water was presented for the first two testing days. 1In

the following six days the six sucrose concentrations
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were given. A day of water alone preceded and followed
the replication of the procedure in which the sucrose
solutions were presented in a different random order for
six days. To summarize, the 16 testing days were sched-
uled as follows: days 1 and 2 (water), days 3 to 8
(sucrose concentrations), day 9 (water), days 10 to 15
(sucrose concentrations), and day 16 (water). Water in-
take (including 0% sucrose solutions), therefore, was
recorded for a total of six of the 16 days. Thus, a 2
(species) x 6 (sucrose concentration) design with re-
peated measures and replication on the same subjects was

used in this experiment.

Procedure
It was impractical to test all subjects at one
time; therefore, the subjects were tested in two squads.

The first squad consisted of 15 polionotus and 15 bairdi.

The second squad contained 18 polionotus and 25 bairdi.

The animals were randomly assigned to test cage positions
on the testing racks with the restriction that individuals
of each species occupy alternate spaces within a shelf
and between shelves. Therefore, if a bairdi assumed the
first position on the left on the top shelf, then a

polionotus was assigned the first position on the second

shelf, etc. The randomization of position was accom-

plished by arbitrarily assigning odd numbers to bairdi
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and even numbers to polionotus subjects between 1 and 30

(first squad) and 31 and 79 (second squad); an animal
was then assigned a cage space in either rack according
to the order in which its number appeared in a table of
random numbers.

All subjects were weighed on the day that they
were placed individually into test cages. Although 30
or more animals were tested daily, the required read-
ings, removal, and change of solutions was staggered in
such a way that only the animals occupying cages on two
shelves (i.e., no more than eight subjects) were treated
at a time. This procedure provided flexibility and it
also assured that no animal was without a solution for
more than a few minutes. Solutions were changed daily
beginning at 2:00 p.m. for the first 16 subjects and
3:00 p.m. for the remaining animals in each squad.

Before the level of fluid in the bottles was re-
corded, clean bottles were filled with fresh refrigerated
solutions. The solutions were not allowed first to stand
until they reached room temperature. Because the cylin-
ders were narrow and had a capacity of only 25 ml., it
was assumed that the solutions would reach room tempera-
ture relatively soon after being presented. Moreover,
because 24-hr. intake was recorded, it was believed that

the total amount of fluid ingested from each solution
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would not differ from the amount that would be recorded
if it were presented initially at room temperature each
day.

After the new bottles were filled with the ap-
propriate solutions, the level of fluid in the bottles
presented 24-hr. earlier was recorded and each bottle
was then removed. New drinking tubes were not provided
daily, however. Instead, each tube and stopper was
rinsed individually in tap water in order to remove any
sugar which possibly may have accumulated around the tip
of the tube. The stopper and tube was then inserted into
the new bottle, and the bottles were placed into the
cages at approximately a 45 degree angle. The new levels

of fluid were recorded to the nearest 0.1 ml.

Results
The data from this experiment were analyzed to
provide information about 24-hr. fluid intake of water
and of sucrose solutions by both species. Specifically,
the first matter to establish was the level of 24-hr.

voluntary water intake in bairdi and polionotus. Sec-

ondly, the shapes of their respective sucrose intake
functions were compared. Also, because intake for both
water and each sucrose concentration was recorded on
repeated occasions, the stability or reliability of in-

take was examined. Finally, the sensitivity or
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responsiveness of the animals of each species to sucrose
was determined by a variety of procedures, and the
agreement among the resulting "preference" threshold
estimates was evaluated.

Missing data. It is necessary to point out here

that although 33 polionotus and 40 bairdi were tested,

complete data were obtained on four fewer animals of

each species. That is, one day's data on four polionotus

and four bairdi subjects inadvertently were not recorded.
Because the data from this experiment were indispensable
for the analyses presented in Chapter IV, it was decided
to exclude the data on these animals from all analyses.

Accordingly, the data presented in Chapters II, III, and

IV are based on 29 polionotus and 36 bairdi subjects, not
33 and 40. In addition, as will be pointed out later, in
order to provide equal samples sizes it was necessary to
randomly eliminate seven bairdi from analyses of variance

in which species differences in intake were evaluated.

Water Intake

Table 2.2 shows the results of 24-hr. water intake
by each species for the six days that water was presented.

It can be seen from this table that polionotus averaged

greater intake on each of the days than bairdi and that
for each species water intake progressively increased

slightly over days. Three analyses of variance (Tables
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2.3 to 2.5) were performed on these data. The analyses
were run to determine the significance of species dif-
ferences in intake (Table 2.3), and also to evaluate the
effect of the increase in water intake as a function of
days in e;ch species separately (Tables 2.4 and 2.5).

Estimates of Proportion of
variance

Estimations of the proportion of variance in
intake accounted for by each source of variance in the
analyses of variance was estimated by dividing the sums
of squares of each effect by the total sums of squares.
This procedure was used to provide an estimate of eta
squared, a statistic analagous to the coefficient of de-
termination used in correlational analyses to estimate
the proportion of variability in one variable associated
with changes in another. Levine (1968a) used this index
of relative variability to determine sources of variation
in sucrose intake of house mice. Accordingly, estimates
of eta squared are presented in each analysis of variance
summary table.

Table 2.3 reveals that the difference in intake
between species and the increase in intake over days for
both species were statistically significant effects. No
Species X Days interaction was evident, however. The
kind of information provided by the‘proportion of sums

of squares in conjunction with significance levels is
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TABLE 2.2

Results of Water Intake as a Function

of Days for Peromyscus

Days
1 2 3 4 5 6 Total
Polionotus
Mean 5.07 5.20 5.47 5.76 5.82 5.94 5.54
SD 1.51 1.74 1.98 1.89 2.15 2.08 1.89
SE .28 .32 .37 .35 .40 .39 .35
Bairdi
Mean 3.78 3.98 4.14 4.22 4.29 4.41 4.14
SD .72 .86 .94 .88 1.03 1.05 .91
SE .12 .14 .16 .15 .17 .18 .15
TABLE 2.3
Analysis of Variance of Water
Intake for Peromyscus
Source SS af MS F eta2
Species (SP) 193.2 1 193.2 16.27*%* .20
Subjects w/i
Sp (S) 664.8 56 11.9 .69
Days (D) 24.1 5 4.8 17.08%* .03
Sp XD 1.7 5 .3 1.19 .00
DXS 78.9 280 .3 .08
Totals 962.7 347 1.00

Note: Seven bairdi were randomly
analysis; n = 29 for each species.

**p<,01.
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TABLE 2.4

Analysis of Variance of Water Intake as a
Function of Days for P. polionotus

Source SS df MS F eta2
Days (D) 18.2 5 3.6 9.09%x* .03
Subjects (S) 552.9 28 .88
DXS 56.0 140 .4 .09
Totals 627.1 173 1.00
**p<.01.
TABLE 2.5
Analysis of Variance of Water Intake as a
Function of Days for P. m. bairdi
2
Source Ss df MS F eta
Days (D) 9.4 5 1.9 11.85%* .05
Subjects (S) 150.1 35 .80
DXS 27.6 175 .2 .15
Totals 187.1 215 1.00

**p< .ol.
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illustrated in Table 2.3. For example, although both main
effects were highly significant statistically (p<.01l),
these effects combined contributed less than 25% to the
total variance. The largest source of variance in water
intake was the Subjects effect (nearly 75%), which in-
dicates that the variation in intake among the animals
within both species was substantially greater than the
overall intake difference between species or across days.
Thus, the variation in water intake within species was
found to be rather extensive relative to differences be-
tween species.

Tables 2.4 and 2.5 show simple analyses of vari-
ance on the water intake data for each species separately.
These analyses illustrate further that although the small
increase in water intake over days was significant, the
extent of individual differences in subjects' intake nul-
lified the experiential effects of time and experience
with low sucrose concentrations on water intake variabil-
ity. In summary, the results show that polionotus con-
sumed significantly more water daily than bairdi. The in-
crease in water intake over days was statistically signi-
ficant, but of relatively small magnitude compared with

subject variability.

Sucrose Intake

For purposes of presenting the sucrose intake

functions of the six concentrations the intakes recorded
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from the two different test periods were averaged for each
animal. Therefore, the means, standard deviations, and
standard errors of sucrose intake as a function of con-
centration presented in Table 2.6 were obtained on the
basis of the average intake recorded for each animal.

Because this procedure of averaging data is com-
mon in studies in which repeated measures are obtained,
it is of interest to inquire about the reliability of
such measurements. Accordingly, correlation coefficients
which provide an index of the reliability of intake from
one test period to the next for each solution i.e., test-
retest reliability, are presented in Table 2.6 also. It
is noted that the high correlations (.83 to .93) indi-
cate that averaging both intake measurements for each
subject was a defensible procedure; that is, the means
adequately reflect the intake behavior for these animals
to the sucrose solutions tested in this experiment.

An analysis of variance on the data presented in
Table 2.6 is summarized in Table 2.7. For purposes of
the analysis of variance each of the two days per concen-
tration on which intake was recorded was considered to be
replication of the procedure. The resulting replication
term provided an error term for testing the significance
of the Subjects effect in this and other analyses of
variance (e.g., Tables 2.8, 2.9, 3.2, 3.3, and 3.4).

Table 2.7 shows that polionotus ingested significantly
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TABLE 2.6

Results of Intake from Threshold Test
Concentrations by Peromyscus

Concentrations (%)

H20 .125 .25 .50 1.00 2.00
Polionotus
Mean 5.64 5.93 6.23 6.73 8.35 10.36
SD 2.03 2.12 2.21 2.35 3.43 4.30
SE .38 .39 .40 .44 .63 .80
r .93 .91 .88 .87 .89 .93
Bairdi
Mean 4.21 4.20 4.25 4.53 5.17 6.51
SD .96 .86 .86 .93 1.31 2.55
SE .16 .14 .15 .16 .22 .43
r .90 .90 .83 .85 .89 .84

Note: All correlation coefficients (r) are signi-
ficant at the .01 level for both species.

TABLE 2.7

Analysis of Variance of Intake from
Threshold Test Concentrations

Source SS df MS F eta2

Between
Species (Sp) 1029.1 1 1029.1 22.20** .17
Concentrations (C) 1124.3 5 224.9 75.04** .19
Sp X C 107.6 5 21.5 7.18*%% .02

Within
Subjects w/i Sp (S) 2596.2 56 46.4 67.60%** .44
cCXs 839.0 280 3.0 4,37%%* .14
Replications 238.6 348 0.7 .04
Totals 5934.7 695 1.00

Note: Seven bairdi were randomly dropped from
analysis; n = 29 for each species.:

**p<,.01.
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more fluid than bairdi across the range of concentrations
tested, and that both species increased their intake sig-
nificantly from sucrose. Moreover, Species X Concentra-
tion and Concentration X Subjects interactions were found
to be significant.

The source of the Concentration X Subjects inter-
action is evident upon an examination of individual in-
take functions (Appendices A and B). While the majority
of animals displayed monotonic intake functions for these
concentrations, the intake patterns differed markedly.
Moreover, it is clear from examining the separate analyses
of variance shown in Tables 2.8 and 2.9 that bairdi were
much more variable than polionotus in their drinking of
sucrose concentrations up to 2%. Indeed, the proportions
of sums of squares in these tables indicate that although
the Concentration X Subjects interaction was highly sig-
nificant for each species, the interaction was a sub-
stantially greater source of the overall variance in in-
take for bairdi (37%) than for polionotus (11%); for the
latter animals, the individual differences in subjects'
intake across all concentrations (i.e., Subjects effect)
accounted for more than half of the total variance alone.

In summary, the results show that for concentra-
tions up to 2%, at least, polionotus intake was relatively
greater in terms of the average curve. Although both

species displayed an increase in intake from sweeter
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TABLE 2.8

Analysis of Variance of Intake from Threshold
Test Concentrations for P. polionotus

2
Source Ss daf MS F eta
Concentrations (C) 957.6 5 191.5 61.94*%* .25
Subjects (S) 2329.2 28 83.2 81l.12%* .60
C XS 432.9 140 3.1 3.01*%* .11
Replications 178.4 174 1.0 .05
Totals 3898.1 347 1.01

**p<,01.

TABLE 2.9
Analysis of Variance of Intake from Threshold
Test Concentrations for P. m. bairdi

Source SS af MS F eta2
Concentrations (C) 298.3 5 59.7 23.89%* .25
Subjects (S) 367.0 35 10.5 32.04** .31
cCXs 437.0 175 2.5 7.63%* .37
Replications 70.7 216 .3 .06
Totals 1173.0 431 .99

*#p<.01.
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solutions, polionotus exhibited a more accelerated in-
crease; that is, the general slope of the polionotus func-
tion was steeper. Intake from each concentration for
both species was highly reliable as indicated by correla-
tion coefficients calculated on the intake recorded in

two different 24-hr. periods.

Sucrose Thresholds: Group Data’

It was pointed out earlier that the variability
in thresholds reported for the rat may be a consequence
not only of differences in methodology, but also of the
criteria adopted for defining them. Since more than one
threshold estimate rarely has been reported within a
single investigation, it was of interest to evaluate the
extent of agreement among threshold estimates obtained
by various criteria on the data from the same group of
subjects.

Definitions. The criteria adopted in the present

study were suggested from various sources. First, two
group threshold estimates were obtained by pooling indi-
vidual data and using criteria similar to those employed
by Weiner & Stellar (1951) in their single-stimulus study
of salt thresholds, and also by adopting the criteria
used in a different situation by Burright & Kappauf (1963)
and by Beck et al. (1965). Accordingly, two threshold

estimates for each species were found (1) by noting the
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concentration for which mean sucrose intake first ex-
ceeded water intake, and (2) by interpolation, the con-
centration for which 75% of the subjects consumed more
sucrose than water.

Threshold estimates. The threshold estimates ob-

tained with both criteria from the collective data are
presented in Table 2.10. The lowest concentration at
which mean sucrose intake exceeded water intake (AL Gl)
was found simply by consulting Table 2.6.* With this

criterion it is clear that for polionotus the lowest

TABLE 2.10

Threshold Estimates (Concentration) Based
upon Group Data in Peromyscus

Species
Threshold
P. polionotus P. m. bairdi
AL Glg .125 .500
AL G2 .210 .625

a . . .
Defined as lowest concentration at which mean
sucrose intake exceeded mean water intake.

bDefined as concentration for which by inter-
polation sucrose intake of 75% of the subjects exceeded
water intake.

*AL, is conventional notation for the absolute
threshold in human psychophysical studies, where L stands
for the Latin word, "limen" or threshold.
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sucrose concentration offered (.125%) resulted in greater
intake. For bairdi, however, the threshold estimate was
more difficult to define with this criterion. The first
increase in intake was observed for .25% sucrose; how-
ever, this increase represented a change of only .04 ml
which is considerably less than the precision which ex-
isted in measuring intake (to nearest 0.1l ml). A more
convincing estimate, then, using the current criterion,
would be .50% sucrose, for which a mean increase of .3 ml
was reliably obtained.

The second threshold estimate (AL G2) reported
in Table 2.10 was interpolated directly from data pre-
sented in Fig. 2.1 which shows the percentage of subjects
consuming more sucrose than water in two test periods for
each solution. Again, the lower "threshold" was found
for polionotus (.210% vs. .625% for bairdi). Figure 2.1
also reveals that at every concentration offered a higher
percentage of polionotus than bairdi consumed more sucrose
than water. Moreover, all of the polionotus drank more
sucrose from .50% to 2% concentrations inclusive, while
some bairdi never consumed more 2% sucrose than water.
Thus, not only did bairdi consume less water and sucrose
solution (Table 2.6), but fewer bairdi responded more to

sucrose than to water at each concentration presented.
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Fig. 2.1. Percentage of subjects for which sucrose intake
exceeded water intake as a function of concen-
tration.



PERCENTAGE OF SUBJECTS

100

804

704

60

50

404

D P. polionotus
@ P. m. bairdi

62

.125%

.25% .50% 1%

LOG SUCROSE CONCENTRATION




63

Sucrose Thresholds: Individual Data

Definitions. Underlying all criteria for deter-

mining individual thresholds was the assumption that an
increase, rather than a decrease, in intake would occur
to detectable sucrose concentrations. In other words,

it was assumed that sucrose would not be aversive to any
individual animal, and, therefore, an indication of their
ability to discriminate sucrose from water would be found
where a reliable increase in sucrose-intake over water
occurred. Accordingly, the various threshold definitions
to be described are regarded as single-stimulus sucrose
"preference" thresholds, even though the subjects were
not given an opportunity to demonstrate a "preference"
for sucrose to water directly as obtained in two-bottle
tests.

To some extent the criteria used for defining
thresholds were suggested from an examination of individ-
ual intake curves. As could be expected from the species
differences in levels of intake and slopes of their in-
take functions (Table 2.5), a criterion for defining
thresholds could favor one species or the other depending
upon the constraints it imposes. Largely for this reason
it was decided to determine sucrose "preference" thresh-
olds in individual deer mice by using several criteria.
The definition used by Weiner & Stellar (1951) for single-

bottle salt thresholds suggested several criteria. An
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attempt to account for intra-subject variability in fluid
intake was a consideration in another definition. Four
threshold estimates were obtained on each animal. 1In the
remaining text these threshold estimates will be denoted
as AL 1, AL 2, AL 3, and AL 4.

It is recalled that Weiner & Stellar (1951) de-
termined the rat's salt threshold merely by noting the
lowest concentration at which mean salt intake exceeded
water intake. Because one of the two sucrose thresholds
for Peromyscus (GL 1) presented in Table 2.10 was ob-
tained with the Weiner & Stellar (1951) criterion, it
was of interest to determine how well the mean threshold
value obtained by using this criterion for individual
subjects would compare. In other words, to what extent
is the group threshold estimate based upon an increase
in mean intake of all animals representative of the mean
threshold estimate based upon the increase in intake by
individual animals?

The Weiner & Stellar (1951) criterion simply sug-
gests that the lowest concentration at which sucrose in-
take exceeds water intake and continues to exceed water
intake at higher concentrations will provide a reasonable
measure of the animal's sensitivity for sucrose. This
criterion can be satisfied in several different ways,
however. That is, individual profiles depicting intake

as a function of concentration can be widely different
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and yet be assigned the same "threshold." Consider the
hypothetical examples shown in Fig. 2.2 which illustrate
three different intake curves, not atypical of those
found in Experiment 1. For purposes of illustration the
average water intake is equal in all three cases. Note
that in terms of the criterion presently considered, each
of the three subjects has the same threshold (.125%),

but the slopes and patterns of their curves differ. At
.125% individual (a) shows a marked increase in sugar in-
take over water and intake exceeds water for the remaining
concentrations. However, the pattern of intake at higher
concentrations fluctuates; at several succeeding concen-
trations it is less than .125% intake. In the second
case, intake for (b) shows a sizeable increase over water
at .125% and is less than intake for subsequent concen-
trations, although the intake for succeeding concentrations
fluctuates. The overall slope of the bottom curve (c) is
relatively flat, but note that intake for all concentra-
tions exceeds intake for the preceding concentrations;
that is, intake increases monotonically for all concen-
trations above water.

Since the threshold criterion seems to be variably
conservative or liberal depending upon the slope and pat-
tern of the individual's intake curve, it is of interest
to inquire to what extent threshold estimates based upon

criteria customed to each of the three possibilities would
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Three hypothetical intake curves illustrating
different ways a threshold criterion could be
satisfied (explained in text).
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agree with one another. They would correlate highly, of
course, if the usual pattern was similar to (c); but the
agreement would decrease to the extent that patterns (a)
and (b) were found. Accordingly, threshold estimates
for individual subjects were determined according to the
following criteria which impose additional constraints
in the order in which they appear:

(AL 1): the lowest concentration from which su-
crose intake exceeds water intake and intake from all
higher concentrations exceeds water intake.

(AL 2): the lowest concentration from which su-
crose intake exceeds water intake and intake from all
higher concentrations exceeds intake from that concen-
tration.

(AL 3): the lowest concentration from which su-
crose intake exceeds water intake and intake from each
higher concentration exceeds intake from immediately
preceding concentrations.

These three definitions of thresholds (AL 1, AL 2,
and AL 3) do not take into account the relative magnitude
of increase in sucrose intake over water. It was sug-
gested previously that a relatively small increase in
sucrose intake may represent the animal's ability to dis-
criminate sucrose from water if the difference in intake
is a reliable difference. 1Indeed, for the two-bottle
situation it was suggested that the common index of rela-
tive sucrose acceptance (sucrose/sucrose + water x 100 =
75) was rather arbitrary; it does not represent the

animal's ability to discriminate one of two solutions

correctly 75% of the time which would be more consistent
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with conventional psychophysical definitions. A relative
percentage of average intake does not take into account
the fact that the variance may differ among animals and
various sucrose concentrations. The 75% relative intake
measure, then, may be less conservative in situations
where there is considerable variability in intake as ob-
served over repeated daily intake measures, and it may
be too conservative where less variability is found. 1In

the present study polionotus displayed greater intake to

all concentrations than bairdi; but, while the general

slope of the polionotus intake curve was steeper, there

also was greater variability associated with mean intake
at each concentration (Table 2.5). Therefore, although

the intake curves were steeper for polionotus, smaller

but less variable increases in intake for bairdi could
indicate equal discriminability, but less responsiveness,
for sugar than water.

Since threshold estimates AL Gl and AL G2 (Table
2.10) were derived from the pooled data of all subjects
and AL 1, AL 2, and AL 3 do not take into account either
the intra-subject variability in intake or the relative
magnitude of difference in sucrose and water intake, one
additional criterion was used for obtaining a sucrose
threshold estimate. A difficulty with the individual
threshold estimates obtained by adopting the criteria

previously described is that their precision is seriously
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limited by the choice of concentrations, particularly in
the upper range. An animal's threshold was necessarily
restricted to one of only five discrete concentrations
covering a broad range between .125% and 2%. As a result,
different levels of discriminability are likely to be
represented among a number of animals assigned the same
threshold estimate value. In order to overcome this dif-
ficulty which was also noted in a previous study (Beck

et al., 1965), threshold estimates also were obtained by
determining the amount of intake which corresponded to
one standard deviation above the average intake of water
recorded on six days throughout the experiment. A dif-
ferent criterion was considered which would define the
threshold as the concentration which by interpolation
exceeds the 95% confidence limit of water intake. How-
ever, this criterion was not adopted because it was thought
to be too restrictive. Therefore, from the empirical in-
take functions plotted for each animal, an additional
threshold was defined as

(AL 4): the concentration corresponding to in-
take equal to one standard deviation above the six day
water average found by linear interpolation.

Admittedly, the criterion of one standard devia-
tion is arbitrary, but not more so than a .75 relative
proportion criterion used in two-bottle studies. How-
ever, another way of considering this particular cri-

terion is that the threshold estimate is the concentration
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for which the difference in average sucrose and water in-
take is equal to a Z score of +1.00, which corresponds to
a cumulative probability of .84 in the normal density
curve or an alpha level of .16 for a one-tailed signifi-
cance test. No difference between the sucrose and water
means would correspond to a cumulative probability of .50.

If we consider what this criterion suggests in
terms of many repeated measurements of water intake, more
than 75% (i.e., 84%) of them presumably will have a value
less than one standard deviation above the mean. From
this point of view, then, we are designating the sucrose
threshold estimate in terms of the intake expected to
correspond more than halfway between 50% and 100% of all
possible water intake measures for a given individual.
Underlying this reasoning are assumptions of normality
and equal variance in sucrose and water intake.

Assignment of threshold values above 2%. For

some of the bairdi subjects the criterion for one or more
of the threshold estimates could not be satisfied on the
basis of an individual's intake data. That is, the range
of concentrations adopted in this study evidently did not
embrace the sensitivity or responsiveness of all the
animals to sucrose. Therefore, in such cases that a

given criterion could not be met, it was decided to assign

arbitrarily a value of 3% for that particular threshold
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estimate. This arbitrary value was used at least once for

seven of the 36 bairdi, but not for one of the 29 polio-
notus.

Threshold estimates. Table 2.11 presents the

means, standard deviations, and standard errors of the
four threshold estimates expressed as percentage concen-
tration. The species differences were significant for
all threshold values (df = 1 & 63; p<.01l for all com-
parisons). By whatever criterion adopted threshold es-

timates were lower for polionotus. In fact, the highest

mean threshold value obtained for polionotus (.39%) was

lower than the lowest bairdi value (.70%). Overall, the
difference in mean threshold estimates between species
was approximately .50% and higher; for the four criteria

used in this study the differences ranged from .47% to

TABLE 2.11

Results of Threshold Estimates (Concentration)
Obtained with Different Criteria
for Peromyscus.

Polionotus Bairdi
Threshold Mean SD SE Mean SD SE
AL 1 .23 .15 .03 .70 .71 .12
AL 2 .31 .24 .04 .79 .72 .12
AL 3 .39 .37 .07 92 .71 .12

AL 4 .30 .20 .04 1.03 1.04 .17
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.73% sucrose concentration. In general, the variances
were proportional to the mean threshold estimates and
were larger in all cases for bairdi.

The lowest threshold estimates for both species
were generally found with the definitions which required
noting the concentration at which sucrose intake first
exceeded water intake and remained greater at higher
concentrations (ALs 1, 2, and 3). And, as expected for
these three estimates, the value of the threshold was a
function of the number of constraints imposed by the
criteria; that is, the definition which required a
strictly monotonic intake function (AL 3) resulted in
the highest value among these three estimates, while the
value based on the criterion imposing the weakest con-
straint (AL 1) was lowest for both species by ranking.

The intercorrelations among the four threshold
values and significance levels are presented in Table 2.12

for polionotus and Table 2.13 for bairdi.* The most

striking finding from these tables is that for polionotus,

*Because of the dependency among comparisons
made from the same sample of subjects, it should be noted
that less than one of the ten comparisons would be ex-
pected to be significant spuriously at the .05 level
(Hays, 1963, p. 576). The values of the coefficients re-
quired for significance at the .05 level when testing
for the first correlation were r = .37 (df = 27) for
polionotus and r = .33 (df = 34) for bairdi. For signi-
ficance at the .01 level, the corresponding values for
polionotus and bairdi, respectively, were .47 and .42.
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TABLE 2.12

Intercorrelation Matrix of Threshold
Estimates for P._ polionotus

AL 1 AL 2 AL 3 AL 4
AL 1 -- .56%* .21 .30
AL 2 - .30 -.05
AL 3 -- LS5T7**
AL 4 -

**p<.01 for first correlation.
TABLE 2.13
Intercorrelation Matrix of Threshold

Estimates for P. m. bairdi

AL 1 AL 2 AL 3 AL 4
AL 1 - J96%*%* .82%% .55%%*
AL 2 - .8l** .65%%
AL 3 -- .60%*
AL 4 --

**p<.01 for first correlation.
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whose individual intake functions were generally steeper
in slope and more monotonic than bairdi functions, there
was substantially less agreement among the various thresh-
old estimates than for bairdi. Undoubtedly this result
was due partially to the differences in variance in each
threshold value between species. All of the bairdi
intercorrelations were significant, while only three of

the ten polionotus comparisons were significantly associ-

ated.
In summary, the results presented in Tables 2.11

to 2.13 reveal (1) that bairdi consistently were as-

signed higher threshold values than polionotus with four

different criteria; (2) that the definition which took
into account intra-subject variability (AL 4) yielded
the highest mean threshold estimate for bairdi, although

it agreed well with others for polionotus; and (3) that

the agreement among the various threshold estimates de-
termined by their intercorrelations was generally greater

for bairdi.

Discussion
The major conclusions drawn from the results of

this study are (1) captive P. polionotus ingest more

water per day when available ad libitum than captive

P. m. bairdi; (2) Polionotus are more responsive to low

concentrations of sucrose solutions than bairdi; and
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(3) threshold estimates will vary depending upon the

criteria adopted for defining them.

Water Intake

No water intake data have been previously re-

ported for polionotus, and data published on bairdi in-

take do not agree well with the results of the present
study. Lindeborg (1952) reported an average daily in-
take of 3.0 ml. for 18.6 gm. bairdi maintained on "air-
dry" food in a laboratory environment ranging in tempera-
ture from 68 to 77 Deg. F. In the present study 16.1 gm.
bairdi maintained on a dry lab chow diet at similar lab-
oratory temperatures averaged 4.1 ml. daily over six
days. Although a statistically significant increase over
days was found (Table 2.2), it should be noted that the
lowest daily intake recorded (3.8 ml.) was six standard
errors greater than the intake reported by Lindeborg.
Chew (1965, p. 53) cautions that comparisons of data be-
tween laboratories may be uncertain because of the fact
that water intake in captive mammals will depend upon a
variety of factors, such as temperature and humidity,
type of diet, caging conditions, and other environmental
considerations.

Attempts have been made previously to identify
relationships between habitat and drinking in captivity,

but the findings are not very conclusive for explaining
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the results obtained in the present study. Ross (1930),
for example, found a suggestive relationship between a
species' presumed region of origin and its drinking in

captivity. He found that races of Peromyscus bairdi,

which occupy a relatively humid habitat, drank more than

Peromyscus eremicus, which normally inhabit semiarid

regions; however, no differences between races within a
species were observed. Moreover, Lindeborg (1952), who
compared water consumption of 11 races of five species

of Peromyscus, found some differences with climatic

regions, but no differences among species occupying dif-
ferent habitats with the same climate were found.

Even if a reasonably clear relationship between
natural habitat and the water consumption of captive
animals were to be established, the implications would
have to be considered cautiously. For Chew (1965) ap-
propriately points out that the major sources of water
in free-living mammals in natural environments is the
fluid contained in the food they consume, while captive
mammals provided with dry food and water ad libitum
naturally obtain their water from the drinking bottles.
The amount of water consumed and exchanged will depend
upon a variety of metabolic and environmental factors.
Moreover,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>