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Meal-size effects on schedule-induced ethanol
and water consumption
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Food-deprived rats were given an unpredictable number of 45-mg pellets every 90 sec during daily 2-h
sessions. Fluid was available for 15 sec in the middle of each 90-sec interval: For two rats the fluid was
water, for two rats it was 5% ethanol, and for two rats it was 10% ethanol. When one or five pellets were
being presented, the proportion of all drinking occurring in intervals following the larger meal increased
with ethanol concentration. When zero or one pellet was being presented the proportion following the
larger meal declined with ethanol concentration. When one orfive pellets were delivered, the differences
in proportion largely reflected differences in the number of intervals in which drinking occurred, but when
zero or one pellet was delivered, the differences in proportion were due mainly to differences in the
amount drunk per interval. The role of meal size in schedule-induced polydipsia remains puzzling.

Food-deprived rats drink a surprisingly large amount
of water when they are fed small meals of food at
infrequent intervals, a phenomenon that is known
as schedule-induced polydipsia (see Falk, 1972, for
a review). Ethanol solutions are also drunk to excess
when small amounts of food are presented inter-
mittently, although some details of the phenomenon
vary according to concentration (Gilbert, in press).
Many authors have argued that ethanol’s calorific
value is a major determinant of ethanol drinking under
such conditions (e.g., Lester & Freed, 1972). If
calories are an important feature of alcohol consump-
tion, one would expect the amount of alcohol
consumed to vary inversely with the amount of food
consumed, other things being equal.

The present study is concerned with the variation
in ethanol consumption during intermittent feeding
as a function of the number of food pellets presented
during the previous meal. In the first part of the study,
one or five pellets were presented unpredictably at
the end of each 90-sec interval; in the second part,
zero or one pellet was so presented. If ethanol is being
drunk because it is a food, one might suppose that
less drinking would occur during intervals that
followed delivery of the larger meal in each case.

No previous studies have examined ethanol drink-
ing as a function of meal size. In the case of water,
the relation between amount drunk and number
of pellets per meal is controversial: Some authors
have reported a decline in drinking with increasing
numbers of pellets (e.g., Falk, 1967) and some have
reported an increase (e.g., Couch, 1974). The various
studies are difficult to compare, however, because
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interval length was sometimes varied at the same time
as meal size and because the time taken to eat the
pellets was sometimes not taken into account. Where
zeto or one pellet has been presented, however,
as in second-order schedules, there is general unanimity
that more drinking occurs after pellet deliveries
(Allen, Porter, & Arazie, 1975).

The present study examined both ethanol and
water drinking as a function of meal size. The interval
length was kept constant by presenting food indepen-
dently of the rats’ behavior. Fluid was available only
in the middle of each 90-sec interval in order to separate
drinking from eating. [An earlier study had shown that
such a procedure induces drinking of both water

-and ethanol solutions (Gilbert, 1974)]. Additionally,

the present procedures varied the number of pellets
per interval within each experimental session, thus
providing a more local comparison of the effect
of meal size on drinking than previous studies, in which
variation in meal size occurred between sessions only.
In this way, too, food was presented at the same over-
all rate in each session, thus avoiding the possibility
that drinking might vary as a function of the general
rate of ingestion of food.

METHOD

Subjects

The subjects were six male hooded rats maintained at
approximately 85% of their respective weights soon after their
arrival from Canadian Breeding Farms, when they were aged
close to 120 days and weighed close to 350 g. Water was always
available in home cages. Food was provided in controlled
portions shortly after experimental sessions, or at a similar
time on days during which no session was conducted. The
six animals comprised three groups of two each, each
group having a different fluid available during experimental
sessions. One pair had water available, one pair had a 5% (w/v)
ethanol solution, and the third pair had a 10% (w/v) ethanol
solution.
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Procedures

Two identical standard operant conditioning chambers
were used, each equipped with a pellet dispenser and a retract-
able drinking tube described earlier (Gilbert, 1974). Two-hour
sessions were conducted 4 or 5 days a week. The schedule
of experimental sessions was such that a given subject’s
session occurred at approximately the same time each day;
however, the two members of each group were run at
different times of the day in order to avoid confusion of
ethanol concentration and possible diurnal variation effects.

Subjects experienced the same sequence of experimental
sessions. The sessions varied only in the number and pattern
of presentation of 45-mg Noyes food pellets. Initially, 80
pellets were presented at the beginning of each session for 12
sessions. Then one pellet was presented every 90 sec during 30
sessions. Then one or five pellets were presented at the end
of each 90-sec interval during 42 sessions. Finally, zero or one
pellet was presented at the end of each interval during a
further 42 sessions. (Rats were uninformed of the end of
intervals that terminated without a pellet.) The drinking
tube was available only during the third or the fourth 15 sec
of each interval. There were equal numbers of each kind of
interval during a session, the irregular sequence being
controlled by a coded paper tape. The same sequence was
used for all animals for almost all sessions: Occasionally
complementary sequences were substituted to guard
against the possibility of order effects.

RESULTS AND DISCUSSION

Data are presented from the final six sessions of each
of the last two phases, in which one or five pellets were
presented and in which zero or one pellet was presented.
Rats given the same fluid differed little from each
other and their data are combined. Drinking was evenly
distributed between the third and fourth 15-sec portions
of the intervals; these data are also combined. An earlier
study had found no systematic difference between
drinking during any of the parts of a 60-sec interval
except the first (Gilbert, 1974). Lack of a difference
here suggests that eating was not encroaching upon
the time available for drinking, even when a meal
consisted of five pellets.

Mean fluid consumption per session is indicated
in the lower panel of Figure 1. The amounts may be
considered polydipsic in the sense that without the
intermittent feeding no animal drank more than 5 mi
during a session. The decline in water consumption
from the one-or-five to the zero-or-one condition was
probably caused by the change in pattern of food
presentation, because it was evident as soon as the
pattern was changed. The relative stability of ethanol-
solution consumption across conditions is consistent
with other data that point to such stability (Gilbert,
in press). However, because six times as many pellets
were delivered and eaten under the one-or-five
condition as under the zero-or-one condition, it would
have been reasonable to expect a decline in ethanol
consumption from the first to the second condition,
if ethanol was being ingested on account of its food
value.

The upper panel of Figure 1 shows the proportion
of drinking that occurred during intervals following
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Figure 1. Shows mean fluid consumption per 2-h session
(lower panel) and the proportion of fluid drunk in intervals that
followed delivery of the larger number of pellets (upper
panel). Each point is based on data from two rats collected during
six consecutive sessions. The filled points refer to sessions in
which presentation of one or five pellets terminated each interval.
The open points refer to sessions in which zero or one pellet
was delivered.

delivery of the larger meal. When one or five pellets
were being delivered, the proportion drunk after five
pellets increased with ethanol concentration. If ethanol
was being drunk on account of its food value, the
opposite relationship would be expected. The opposite
relationship is evident in connection with the zero-or-
one pellet condition: The proportion of fluid drunk
following delivery of one pellet declined with
ethanol concentration.

The number of intervals in which drinking occurred
varied in much the same way as the volume consumed,
as did the proportion of such intervals following
delivery of the larger meal: Thus, a figure representing
intervals in which drinking occurred as a function
of ethanol concentration would resemble Figure 1.
However, as Figure 2 shows, fluid consumption per
interval was constant only for the one-or-five condition.
When zero or one pellet was presented, rats drank more
water after one pellet but more 10% ethanol after
zero pellets. This difference in consumption per interval
accounts for most of the negative slope of the zero-
or-one line in the upper panel of Figure 1. Thus the
increase with ethanol concentration in the proportion
of fluid consumed after five pellets in the one-or-five
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Figure 2. Shows how the fluid consumption per interval in
which drinking occurred varied differently with ethanol
concentration when zero or one pellet was presented but varied
hardly at all when one or five pellets were presented. The open
and ciosed triangles show mean volumes per interval that
followed the delivery of zero and one pellet, respectively: The
open and closed squares show volumes per interval that followed
one and five pellets, respectively. Each point is based on data
from two rats in six consecutive sessions.

condition occurred mainly because of variation in the
number of intervals during which drinking occurred.
The decline with ethanol concentration in the propor-
tion of fluid consumed after one pellet in the zero-
or-one condition occurred mainly because of changes
in the volume of fluid consumed during the different
kinds of interval.

Why did the likelihood of drinking after five rather
than after one pellet increase with ethanol concentra-
tion? One possibility is that more was drunk after
five pellets because the rats’ mouths were drier, but
that the difference between drinking after one and
five pellets was not evident with water because
drinking occurred during almost every interval. If
this post hoc explanation has some validity, it implies
that a dry mouth may be a more important
determinant of ethanol drinking than food depriva-
tion. However, an even stronger factor must have
been responsible for the overall decline in drinking
with increasing ethanol concentration.

Why was there an increase in the amount drunk
after zero pellets with increasing ethanol concentration
but a decrease in the amount drunk after one pellet?
Here it might be reasonable to invoke food depriva-
tion, although it is not obvious why the amount of
10% ethanol drunk per interval should have been so
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much lower after one pellet in the zero-or-one
condition than after five pellets in the one-or-five
condition. The two conditions were not strictly
comparable, however, because in the first pellets were
being presented every 90 sec, whereas in the second the
mean interval between pellet presentations was 180 sec.
An alternative explanation of the changes in amount
consumed might invoke the frustration of not receiv-
ing a pellet, frustration that might have encouraged
ethanol drinking to a greater extent than it encouraged
water drinking. Even if there was independent evidence
for such a mechanism, it would still be necessary to
account for the decline with increase in ethanol
concentration in the amount consumed after one pellet
was delivered. The present data conflict with previous
work (e.g., Allen etal., 1975) in that a substantial
amount of water drinking occurred during intervals
that began without a pellet delivery. The other studies
of drinking induced by second-order schédules all
marked the end of intervals with salient stimuli,
whether or not a pellet was delivered. Thus, it is
possible that such stimuli suppress drinking that might
otherwise occur.

Clearly, the relation between the amount of food
delivered and the amount of drinking that occurs during
schedule-induced polydipsia is a more complex question
than hitherto supposed. Moreover, it is also likely that
schedule-induced alcohol drinking is determined by
many variables in addition to alcohol’s calorific value.

REFERENCES

ALLEN, J. D., PorTER, J. H., & Arazig, R. Schedule-induced
drinking as a function of percentage reinforcement. Journal of the
Experimental Analysis of Behavior, 1975, 23, 223-232.

CoucH, J. V. Reinforcement magnitude and schedule-induced
polydipsia: A re-examination. Psychological Record, 1974,
24, 559-562.

FaLk, J. L. Control of schedule-induced polydipsia: Type,
size, and spacing of meals. Journal of the Experimental
Analysis of Behavior, 1967, 10, 199-206.

FaLK. J. L. The nature and determinants of adjunctive behaviour.
In R. M. Gilbert and J. D. Keehn (Eds.), Schedule effects:
Drugs. drinking, and aggression. Toronto: University of Toronto
Press, 1972. Pp. 148-173.

GiLBERT, R. M. Scheduie-induced ethanol polydipsia in rats
with restricted fluid availability. Psychopharmacologia, 1974,
38, 151-157.

GiLBerT, R. M. Schedule-induced phenomena: Drug taking as
excessive behavior. In R. Stretch (Ed.), Behavioral models
of drug dependence. New York: Raven Press, in press.

Lester, D., & Freep, E. X. Schedule-induced consumption of
ethanol: Calories or chemotherapy? In O. Forsander and
K. Eriksson (Eds.), Biological aspects of alcohol consumption.
Helsinki: Finnish Foundation for Alcohol Studies, 1972.
Pp. 51-57.

(Received for publication August 21, 1975.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




