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Abstract This experiment tested the reinforcing efficanroduction

cy of a saccharin-sweetened alcohol solution relative to

an isocaloric sucrose drink in rats. One dipper servigdexperiments with rats, the reinforcing value of solu-
10% alcohol plus 0.25% saccharin, and a second, c@6ns of alcohol plus water depended on whether the
currently available, dipper served 14.2% sucrose. Durig@mpeting reinforcer was water or sucrose. When the
the course of the experiment, access to the two driknpeting reinforcer was water, the rats preferred alco-
was challenged by increasing the schedule requiremgst (e.g., Samson et al. 1982). However, when the com-
(variable-interval) that determined when a lever pregsting reinforcer was sucrose, responding reinforced by
would operate the dipper. There were two main findinggicohol (e.g., 10% concentration) markedly decreased,
First, the rats continued to consume significant amouetgen when the sucrose concentration was as low as 1%
of alcohol despite access to the isocaloric sucrose s@hlg., Schwarz-Stevens et al. 1991). Moreover, these re-
tion. Second, schedule-requirement increases that |déons were equally strong for specially bred, alcohol-
creased sucrose-reinforced responding failed to decrgagderring, P rats (Schwarz-Stevens et al. 1991). In an
saccharin-sweetened alcohol reinforced respondiggfort to develop a procedure in which alcoholic drinks
These results extend and replicate earlier findings frggmained potent reinforcers relative to sucrose and other
studies in which alcohol was mixed with sucrose, and ti&loric sources, experiments with sweetened alcohol
alcohol mixtures held a caloric advantage over the cofere initiated (e.g., Heyman and Oldfather 1992; Hey-
peting sucrose solutions. The experiment also includ@dn 1993; Petry and Heyman 1995). The basic tech-
controls for differences in baseline response rates andrfgjue had three steps. First, using a lever press operated
the influence of saccharin on preference. In the baselifigper procedure, high baseline levels of alcohol-plus-
response-rate control conditions, the two reinforcesgcrose consumption were established. Second, a 10%
were 10% sucrose and a mixture of 10% sucrose-plg§crose solution was introduced at a concurrently avail-
quinine. The results showed that the persistence gpfie dipper. That is, one lever operated the sweetened-
sweetened-alcohol reinforced responding could not &eohol dipper and the other lever operated the sucrose
explained by differences in baseline response rates ordfigper. Third, access to one or both drinks was chal-
reinforcing properties of saccharin. Rather, the findingﬂ]ged by increasing the schedule requirements or by
were consistent with the idea that the rats were defeﬁﬁbviding large pre-session meals of chow and sucrose
ing baseline levels of alcohol-plus-saccharin consunpteyman and Oldfather 1992; Heyman 1993). There

tion. were two main findings. Responding reinforced by alco-
o _ . hol-plus-sucrose was more resistant to change, and
Key words Alcohol self-administration - Choice - schedule requirement increases that decreased respond-
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In the sweetened-alcohol experiments, the alcohol mixd right, were inserted into the front wall, 7 cm above the floor,
tres were caloricaly richer. For example, when (1 ¢, Tom Sach s, he Fere o i) were operate
PhO'Ce was between 10% sucrose and 10% alcohol mi § ing into which a 0.1-ml dipper could be raised. Each dipper
in 10% sucrose, the calorie advantage for the alcohol diBKin its own trough, so that it was possible to serve two different
was about 2.4:1 (0.96-0.40 kcal/ml; Heyman and Oldfatutions. Experimental events were arranged and recorded with
ther 1992). To test whether this difference contributeda® IBM compatible personal computer that used MED-PC soft-
the greater persistence of responding reinforced by sw¥gf€ (Tatham and Zurn 1988).
ened alcohol, the solutions were made isocaloric. One dip-
per served 10% alcohol sweetened with 0.25% sacchasigeedure
and the second dipper served 14.2% sucrose. Thus, the ca-

loric content of the alcohol drink decreased and the cald¥iceach lever, an independent variable-interval schedule deter-
ed when responses were effective. For example, once the inter-

. . . I
Com.:e_nt of the competing sucrose solution In?reased\rgﬁfor the left side dipper elapsed, the next left lever press operat-
addition, there were three other new test conditions. ¢ the left dipper (making the drinking cup available). Similarly,

The schedule challenge was more demanding. Fght lever presses were reinforced once the right side timer
sponses were reinforced according to variable-intergidpsed. The list of intervals for each schedule approximated a
schedules. In earlier experiments with this procedure, son distribution (Fleshler and Hoffman 1962). Importantly, the

hedul | ied ix-fold f >€lgvariable-interval timers ran independently of one another. For
schedule values were varied over a six-1old range, rold,ample, while the subject was responding on the left lever, the

to 30 s (e.g. Files et al. 1995). In the experiment reporigfirt timer could elapse and set up a reinforcer for a right lever re-

here, the range is 18-fold, from 5 to 90 s. Second, thepense. However, as is usually the case in concurrent-interval-

was a control group to determine if differences in basghedule experiments, responses just following a switch from one

line response rates contributed to the greater persistetéﬁgye other lever were not eligible for reinforcement until a brief
I'dat

- . - . elapsed (1.5 s in this experiment). This contingency elimi-
of responding reinforced by the alcohol mixtures. Thirfates adventitious switching (Herrstein 1961). Reinforcement

there was a control group to evaluate the reinforcing vednsisted of 3-s access to the dipper, which was long enough for

ue of saccharin (without alcohol) relative to sucrose. the rat to empty the cup (0.1 ml). Reinforcement was followed by

; ; ; ; :a:1.5-s blackout, and then the timer that had elapsed was restarted
On the baSIS.Of t.he earlier experiments, it was anti ith a new interval (drawn at random), and the process started
pated that caloric differences would not account for thgew.

persistence of responding reinforced by sweetened alco-

hol. However, there are no published, systematic evalua- _ _ _ _

tions of preference for alcoholic drinks versus isocaloffge-experimental induction of alcohol consumption

fCI)OdrS]' Iln previous ?]tUdlﬁS of preferelnc_e forbsweeterﬁ%ﬂ)r to the experimental conditions, the rats were induced to

alcohol, sucrose rather than a non-caloric substance, g§kgk alcohol. The goal was to establish rapid and large increases

saccharin, was added. in alcohol intake. Initially, one dipper provided water and the other
Thus, the experiment seeks to answer three questiakiper provided alcohol mixed with 10% sucrose. Alcohol concen-

will rats continue to consume significant levels of Sagation was initially set at 2.5% and then increased in 2.5 and 5%
teps to 25% (v/v). Each concentration was kept in effect until re-

cha_rln-swe(_—:‘tened alcohol when the_y also have acc_esép se rates were stable (about five to ten sessions per concentra-

an isocaloric, 14.2%, sucrose solution? Second, will fgmn). The criterion was the absence of an increasing or decreasing

sponding maintained by 10% alcohol-plus-saccharin tend for three consecutive sessions. During this phase of training,

more resistant to change than responding maintained é%”n?‘i'gggcs"s%%”sumpt'on levels varied from 2.50 to 4.75 g/kg

. ; o Third ) ‘ner 30- . -

'.Socalonc sucrose? Third, is the.re any ev'd.ence that i In the next phase of training, alcohol was reduced to a 10%

tial response rate levels explain the persistence of dgncentration, and sucrose was substituted for water in the second

sponding reinforced by sweetened alcohol? dipper. During a pilot study (results not reported here), the sucrose
concentrations in the second dipper were 19% and 24%. Finally,

the two solutions were made isocaloric. Sucrose was removed
from the alcohol solution and replaced by 0.25% saccharin, and

Materials and methods the concentration of the competing sucrose solution was set at
14.2%. Each mixture provided 0.56 kcal/ml.

Alcohol experiment The pilot study lasted 63 sessions. This means that the results
presented here were preceded by a 4-month period during which

Subjects the animals consumed large amounts of alcohol daily (typically

about 2.5-3.0 g/kg per 30-min session). Throughout, new solu-
Eight male Wistar rats served as subjects. At the start of the exj§iéns were prepared each day and kept in sealed flasks until the
iment they were approximately 8 months old and weighed on av&lart of the experimental session.
age 365 g. Following experimental sessions, they were fed 12 g
chow, an amount which kept body weights relatively constant for
the course of the study. These eight rats and the two other grodieshol-plus-saccharin preference: phase 1
were trained to lever press with an autoshaping procedure (e.g.,
Gamzu and Williams 1971). In the initial condition, the programmed inter-reinforcement inter-
vals were on average 5 s for both sweetened alcohol and sucrose.
After responding stabilized, the schedule requirements for the su-
Apparatus crose solution were increased. The first increment was by a factor
of 6-30 s, and the second increment was by a factor of 3-90 s.
The experiments were conducted in eight standard operant chévhile the sucrose interval requirement was increased, the average
bers (MED Associates: 28 cm, 20.5 cm, 26 cm). Two levers, l@fterval requirement for sweetened alcohol remained at 5 s. For
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Table 1 Order of conditions and number of sessions. Sucrose venough chow (6-12 g) to keep them at their initial body weights
sus alcohol-plus-saccharin (first schedule refers to suc.rose) (250-275 g). These weights were maintained in order to produce
response rates that approximated those at the sucrose lever in the

Schedule requirement (s) Sessions alcohol study.

VI5VI5 7

VI 30 VI 5 11 Apparatus

VI 90 VI 5 7

VI5VI5 7 The equipment was the same as used in the alcohol study.

VI 5 VI 30 8

VI 5VI90 9

Sucrose versus sucrose-plus-quinine (first schedule refers to sucrgg% edure

VI 5 VI 5 (no quinine) 18 In the initial condition of the experiment, each dipper served 10%
VI 5 VI 5 (plus quinine) 16 sucrose, and at each lever, responses were reinforced according to
VI 5 VI 30 6 a variable-interval 5-s schedule. Once response rates stabilized,
VI 5 VI 90 9 0.0003% quinine was added to the sucrose solution on the side of
VI5VI5 11 the chamber (right) that had previously served alcohol-plus-sac-
VI30VI5 10 charin. This concentration was chosen because pilot sessions
VI 90 VI 5 7 showed that it reduced response rates to levels that approximated

: : those maintained by alcohol-plus-saccharin. Thus, response rates
(S\}e}ggh\?{gg\éﬁ:gﬂz%fgr and saccharin versus sucrose in the initial condition of this experiment approximated those of

the initial condition of the alcohol experiment. Next, the interval
Condition Sessions requirement for the sucrose side was increased, using the same
14.2% sucrose vs water 4 values as in the alcohol experiment: 30 s and 90 s.

(alternating sides)
Saccharin vs water 4
Saccharin vs 14.2% suc 4
14.2% suc vs saccharin 4
Water vs saccharin 5
1.25% sucrose vs saccharin

Water vs saccharin 8

Response-rate control: phase 2

Following phase 1, the interval requirement for sucrose reinforce-
8 ment was reset to a mean of 5 s, and then the interval requirement
for the quinine side was increased.

Saccharin experiment

example, in the third condition of phase 1, the programmed ti%ﬁrb'ects
between reinforcers was 18 times longer for sucrose than !

sweetened alcohol. Eight male Wistar rats served as subjects. At the start of the study,

they were about 6 months old and weighed on average 312 g. Dur-
ing the course of the study they were fed 12 g chow after the ex-
perimental sessions. This led to an average weight gain of 9 g over

In phase 2, the interval requirements for the alcohol solution ng]g 6-week duration of the experiment.
increased. First, the sucrose schedule was set back to 5 s, re-estab-
lishing baseline conditions. Next, the schedule for aIcohoI-pIu&- aratus
saccharin was increased to 30 s and then to 90 s. PP

Each condition was in effect for at least five sessions and uq:i% ; ;
response rates appeared stable. The stability criterion was the > equipment was the same as used in the alcohol study.
sence of an increasing or decreasing trend in either sucrose or al-
cohol-plus-saccharin response rates over the last three sessj . ;
Table 1 summarizes the order and number of sessions in each ?g;?_:edure. saccharin, sucrose, and water preference tests
dition. In phase 1 and phase 2, experimental sessions were 60
long.

Alcohol-plus-saccharin preference: phase 2

He goal of these experiments was to evaluate the reinforcing effi-
cacy of saccharin relative to sucrose and water. Two sucrose con-
centrations were used, 1.25% and 14.2%, and saccharin concentra-
tion was 0.25%, as in the alcohol study. For some of the prefer-
ence tests, side biases were evaluated (by switching the contents of

The dependent variable of most interest was response rate,t éIeft and right dippers). Table 1 lists the order and number of

Data analysis

Py - . ; sions in each condition. Group means were based on the last
:g‘tjée aﬁgegﬁ'acggg'st?ﬁ trheéaggﬂzgllﬁ)l eb?é\gﬁﬁg mcgrzlitrslge_l_shén r{%?ﬁg or last four sessions of each condition (as described in Results
: : : - - 5e Elon), and pairetitests were used to determine differences in
analysis of variance (ANOVA) was used to analyze this relatiop: erence
ship. Response and reinforcement rates were calculated from et )
last three sessions of each condition.

Results
Response-rate control group . _
, The results were graphed in two ways: in terms of the
Subjects reinforcer for which the interval requirement was in-

Eight male Wistar rats served as subjects. At the start of the ex ép-ased’ af‘d In terms Of. the reinforcer for which _the In-
iment the subjects were about 2 months old and weighed on al@fval requirement remained the same (VI5s). Figure 1
age 267 g. Following daily experimental sessions, they were fdmmarizes the main findings for schedule requirement
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Fig. 1 Response and reinforcement rates as a function of saffig: 2 Response rate and reinforcement rates as a function of oth-
side schedule requirements. The interval requirements were oneaside schedule requirements. For the data shown, responses were
erage 5, 30, and 90 s for the data shown in the graph. At the coemforced according to a variable-interval 5-s schedule. At the
peting, concurrent schedule, the interval requirements were on@mpeting, concurrent schedule the variable-interval requirements
erage 5 s. The label to the left of “vs” refers to the reinforcers fawveraged 5 s, 30 s, and 90 s (as shown on x-axes). The label to the
the data shown in the graph. The label to the right of “vs” referslédt of “vs” refers to the data shown in graph. The label to the right
the competing reinforcers. The data were averaged from the tast'vs” refers to the reinforcers at the competing, concurrent
three sessions of each condition. The coordinates are logar:thmgchedules. The coordinates are logaritt:mic

increases. The average programmed interreinforcemienthe alcohol experiment, ark{1,7)=15.8,P<0.006 for
intervals and response and reinforcement rates gqténine-adulterated sucrose.
scaled logarithmically. See the figure caption for other However, when the reinforcer was alcohol-plus-sac-
details. charin, increases in schedule requirements did not invari-
The top panel shows that when the reinforcer was sibly decrease responding (the filled circles in Fig. 1).
crose or sucrose flavored with quinine, increases Ror the 5- to 30-s increment, responding increased in
schedule requirements decreased response rates, asexen of the eight rats [contrast te$i(1,7)=12.8,
pected. The omnibud--values were: F(2,14)=66.9, P<0.01] That is, decreases in reinforcement rates were
P<0.001 for sucrose reinforced responding in the quiniaecompanied by increases in responding. However, when
experiment,F(2,14)=20.0,P<0.001 for decreases in suthe schedule was increased from 30 to 90 s, responding
crose reinforced responding in the alcohol experimedecreased, and the slope of the line joining the data
and F(2,14)=13.9,P<0.001 for decreases in sucrosgoints shows that the proportional change in responding
plus-quinine reinforced responding. Contrast tests (R@as about the same as in the sucrose conditions. The de-
senthal and Rosnow 1985) confirmed that the decreasesmse in response rate under the 90-s schedule was sig-
in response rate entailed a significant linear componarmficant as measured relative to the 30-s condition [con-
but no significant higher order (non-linear) componentsast test:F(1,7)=12.2,P<0.01], and although seven of
Thus, when responding was maintained by sucroseeaght rats showed decreases relative to the VI5s condi-
quinine-adulterated sucrose, decreases in reinforcentant, this change did not reach significance at the 0.05
rate (same-side schedule increases) resulted in systeteaél according to a contrast test (rather0.06). The
ic, monotonic decreases in response rate. Hfvalues omnibus F-test was also significant even though the
for the linear contrasts wergE(1,7)=112.6,P,<0.001 for changes were bitoni¢{2,14)=9.1,P<0.01].
sucrose reinforced responding in the quinine experiment,The bottom panel of Fig. 1 shows changes in rein-
F(1,7)=43.2,P<0.001 for sucrose reinforced respondinfprcement rate for the reinforcer associated with the in-
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Table 2 Average alcohol consumption levels. The first schedugystematically change. The filled circles show that alco-

refers to the requirement for sucrose reinforcei:ient hol-plus-saccharin reinforced responding remained at
Schedule Alcohol consumption about the same level independent of the competing su-
requirement /kg per h ) =1l.2,F=0.55], an €

q g/kg p crose reinforcement raté&(2,14)=1.2,P=0.33] d th

open circles show the same sort of relationship for su-
crose reinforced responding when the schedule value for
alcohol-plus-saccharin was increased(2[14)=0.3,
P=0.78]. Thus, there were behavioral interactions when
sucrose was adulterated with quinine, but not when alco-
hol was adulterated with saccharin.

The bottom panel shows that reinforcement rate in-
creased even though the schedule values did not change.
100 F ’ ' ‘ ’ ' ' : This was in part due to increases in response rate and in
12{‘2;5 Suc } part due to changes in the pattern of responding that ac-

sqc% companied the decrease in drinking at the competing
schedule.
Table 2 lists the amount of alcohol consumed. The
60 | Sac % _ amounts were determined from the number of alcohol-
1 Sac% plus-saccharin reinforcers and the specific density of al-
cohol (0.79).
40 ] Figure 3 shows average response rates for the group
of rats that was given the saccharin versus water and sac-
charin versus sucrose preference tests. Side is not indi-
cated, because left and right response rates for a given
Wat . WOtA S s wat splutiqn were about the sar'ne'(for examlegsts on _
ot . , 1 2 Q n . side differences were not significant). Each data point
Su/W Sa/W Su/Sa Sa/W Su/SA Sa/W shows the average response rate from the last two ses-
Choice Pair sions of each condition (for conditions in which there
Fig. 3 R ding in th harin-pref . ™ was a side phange, the qlata point is the average qf four
Ig. 3 Responding In the saccharin-preference experiment. ssions, with left and right response rates combined).

axis lists the various choice combinations: “Su” stands for sucrc%‘ oo
“W” stands for water, “Sa” stands for saccharin (O.25%). The dat&l€ error bars indicate the group standard-error (some

were averaged from the last two or four sessions (see textprThewere too small to display).

ror barsindicate standard errors of the mean (some were too smallThe basic finding was that saccharin’s capacity to re-

to depict on this grap”) inforce behavior depended on the nature of the alterna-
tive drink. When the competing dipper provided water,

terval requirement increases. These changes, for the nsastharin maintained high rates of responding (between

part, simply reflect the programmed inter-reinforcemef0 and 80/min on average). However, when sucrose was

intervals. However, the filled circles show that at the 3042 competing reinforcer, responding at the lever that

interval there was less of a decline in sweetened-alcopaivided saccharin was sporadic and usually less than

reinforcement rate. This is because responding at #imin.

sweetened-alcohol lever increased rather than decreasedSucrose solutions maintained high rates of respond-

Figure 2 shows response and reinforcement ratesifg. The average rate was over 90 responses/min for the
the reinforcer associated with the unchanged schedlde2% concentration and over 50 responses/min for the
(which elapsed on average every 5 s). The x-axes cofr&5% concentration. The 14.2% solution was tested
spond to increases in relative reinforcement rate, aaghinst saccharin and water; it was equally reinforcing
changes in response rates and reinforcement rates refidative to these two substances (see Fig. 3).
changes in access to the competing reinforcer. In con-
trast, the x-axes in Fig. 1 correspond to decreases in rela-
tive reinforcement rate, and the data points reflect chabiscussion
es in the schedule depicted by the x-axes.

In the quinine-response-rate control study (the triahkhe results from the saccharin-preference study (Fig. 3)
gles), increases in the schedule requirement for the caimew that the reinforcing efficacy of the alcohol-plus-
peting reinforcer increased response rate, as expecsedcharin solution depended on the presence of alcohol;
The omnibusF-values were~(2.14)=14.4,P<0.001 for the results from the quinine, response-rate control group
sucrose andF(2,14)=12.7, P<0.002 for quinine-adultershow that the persistence of responding reinforced by
ated sucrose. Contrast tests showed that these increawestened alcohol cannot be explained by differences in
entailed a significant linear componerf(1,7)=13.7, initial response rates. This is the first demonstration that
P=0.008 and~(1,7)=29.9,P=0.001, respectively]. How- rats will drink substantial amounts of alcohol when they
ever, in the alcohol experiment, response rates did atsto have access to an isocaloric food. For example, Ta-

VI5VI5
VI 30 VI5
VI 90 VI 5
VI5VI5
VI 5 VI 30
VI5VI90

ORNWAW
QoI W

80

Suc
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ble 2 shows that in baseline conditions, the rats cam the rate at which their blood levels increase (e.g.,
sumed about three times as much alcohol as in compaaKim 1991). The precise relations between blood lev-
ble studies that used alcohol mixed in water (e.g., Sa@s and reward value for alcohol have not been deter-
son et al. 1988), and blood alcohol measures in sweathed. However, 0.1 ml of 10% alcohol/90 s works out
ened alcohol experiments (e.g., Heyman 1995; Heyntanabout 0.5 g/kg per h in this experiment, which is not
et al. 1996) have been higher than usually reported inmatch above the clearance rate of 0.3 g/kg per h (Wallg-
self-administration studies. The remainder of this Disen and Barry 1970). Thus, it is not unreasonable to sup-
cussion section will focus on the question of why rgose that the reinforcing nature of the alcohol-plus-sac-
sponding reinforced by sweetened alcohol was more ¢harin drink changed when it was delivered on a VI90s
sistant to change than was responding reinforced by schedule.
crose. This issue will be addressed in two stages. FirstThird, given that the strength of a reinforcer has some
persistence will be redescribed as an instance of “regmit, decreases in the frequency of sweetened-alcohol
lated preference.” Second, the factors that may have meailability must eventually lead to a decrease in behav-
diated regulated preference will be discussed. ior. However, these three accounts (which are not mutu-
In earlier experiments with the sweetened-alcohally exclusive) should not obscure the point that respond-
procedure, response rates changed so as to maintairinfpenaintained by sweetened alcohol was more resistant
initial, baseline levels of alcohol consumption (e.g., Hete change than was responding reinforced by sucrose.
man 1993). In the present experiment this was not po$Siee Nevin (1992) for a discussion of factors that influ-
ble because interval schedules set the maximum possélee response rate resistance to change.]
reinforcement rate. Nevertheless, the relationship be-It was also the case that the rats in the alcohol experi-
tween changes in schedule requirements and changesent and quinine experiment were different ages and
response rate can be explained in terms of the motivatiagights. This raises the possibility that these factors may
to maintain baseline levels of alcohol consumption. have influenced the relationships between responding
interval schedules increases in schedule requirementsaan@ reinforcement rate. However, the rats were mature,
typically accompanied by decreases in response rate and there is neither a theoretical nor empirical basis for
vice versa. This yields a monotonic relationship betwekalieving that mature rats should respond differently to
reinforcement rate and response rate, and the relationshignges in schedule values as a function of age and
has a characteristic “shape” that is well described by thieight (not counting, of course, decrepitude).
matching law (Herrnstein 1970), a quantitative model of To summarize this section of the Discussion: there
reinforced behavior. However, in the alcohol study theere two atypical findings: increases in response rate
typical rate relations generally did not occur. This hagen relative reinforcement rate decreased (Fig. 1), and
also happened in experiments in which the subjects tie absence of an increase in response rate when relative
tain their full daily ration of the reinforcer in the experireinforcement increased (Fig. 2). Both are explained by
mental session (e.g., Hursh 1978; Collier 1983). The die idea that the rats were motivated to preserve baseline
namics are simple enough. If the subject is motivatedi¢vels of alcohol consumption.
obtain a certain consumption level, it can only do so by An implication of the idea that alcohol consumption
responding more when schedule values are increasedragdlated preference is that sucrose and sweetened alco-
responding less when schedule values are decreasedh@swere relatively poor substitutes for one another. For
suming the appropriate initial conditions). This logic imexample, if the two reinforcers were interchangeable
plies that in the VI5s schedules the rats obtained thisien changes in the schedule requirements for one rein-
“ideal” or preferred amount of sweetened alcohol, andforcer should have brought about marked shifts in re-
the VI30s schedule, response rates increased so as tepending maintained by the competing reinforcer, as in
turn sweetened-alcohol consumption back to the leveltbé quinine experiment. Put another way, in concurrent
the VI5s condition. schedules, behavioral interactions are a measure of rein-
However, when the schedule requirement was iimrcer substitutability. Thus, an understanding of the sub-
creased from 30 to 90 s, responding maintained by alstitutability relations should help explain the persistence
hol-plus-saccharin decreased below baseline levasresponding reinforced by sweetened alcohol.
There are at least three possible explanations. First, aglthough taste influences preference (e.g., baseline
the length of the interval increases, changes in respodata in the quinine study), it does not appear to influence
rate have increasingly less influence on reinforcemesuibstitutability. For example, in experiments in which
rate (and thereby consumption). For example, in the litaste was the only differentiating factor (e.g. Rachlin et
iting case (an interval of infinite length), responding caal. 1976), reinforcers were highly substitutable, and in
not affect reinforcement rate. Thus, response rates ritag experiment, the rats readily consumed quinine-adul-
have stopped increasing because under a VI90s schetirlted sucrose rather than sucrose when schedule values
changes in responding have little influence on consungitanged. An alternative hypothesis is that post-ingestive
tion level. factors influenced substitutability. For example, a num-
Second, the reinforcing value of alcohol may requiber of experiments have shown that food and water do
a threshold level of consumption. For example, the mot readily substitute for one another (e.g., Hursh 1978;
warding effects of many self-administered drugs depe@deen and Rachlin 1991). Alcohol and sucrose differ in



78

both their metabolic and pharmacological consequendgsshler M, Hoffman HS (1962) A progression for generating

There is evidence that the pharmacological differencesVvariable interval schedules. J Exp Anal Behav S5: 529-530
may be relevant to substitutability. C?amzu ER, Williams DR (1971) Classical conditioning of a com-

. . . plex skeletal act. Science 171: 923-925
~ Alcohol calories do not produce as much weight gaditeen L, Rachlin H (1991) Economic substitutability of electrical
in rats and humans as do calories from non-alcohol ca-brain stimulation. food, and water. J Exp Anal Behav 55:

loric sources (e.g., Larue-Achagiotis et al. 1989; Lands 133-144

; ; rrnstein RJ (1961) Relative and absolute strength of response as
and Zakhari 1991). However, given the delay betweefi a function of frequency of reinforcement. J Exp Anal Behav 4:
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