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Introduction

Food deprivation and water deprivation have each been used as
methods of controllling animals! motivation in behavoria}. studies.
In order to maintain a uniform level of motivation on consecutive
days, a frequently used procedure is to deprive animals of either
food or water for 23 of every 2L hours. Unless otherwise specified,
references to water deprivation or food deprivation as used in the
following discussion will refer to a 23 hour deprivation schedule.

On the basis of fairly extensive investigations of these
schedules, some conclusions have been drawn about their effects on
énﬁmaia' body weight and consurmatory behavior. These ﬁweatigations
have generated some interest in directly comparing the effects of
these two types of deprivation., These studies have suggested that |
the changes produced by & water deprivation schedule may differ from
those produced by a food deprivation schedule,

In general, there are two socurces from which interest in food
and water deprivation derives. One of these sources is the need
for knowledge of the effects of thess kinds of deprivation by investi-

gators using such deprivation as the motivational condition in

studies of learning. Thus, Reid and Finger (1955), and Blick (1960)
observe that adjustment to the deprivation schedule must occur before
Ss are introduced to the learning task to prevent possible confound-
ing of the effects of the independent variable and the effects of the



initisl changes in weight and intake that occur when deprivation
begins. A factusl demonstration of the importance of this has
recently been pi-wided by Capaldi and Robinson (1960) who showed
differences in learning as & function of degres of adjustment to a
food deprivation schedule.

A direct comparison of adjuaﬁnerrh to food deprivation and .to
water daprivatioﬁ in a single experiment, using hamogeneous animals,
identical procedures, etc., has apparently not been reported. How-
ever, existing studies of eaéh tvpe of deprivation separately have
been ralatively consistent in their findings, Thus, Reid ai:d Fingor
(1955, 1957), studying the effects of the 23 hour food deprivation
scheduie on the body weight of rats, found that body weight de-
creased steadily for the first 15 deprivation days. There was some
indication from the weight tables presented in these studies that
body weight might contimue to decline, although to a lesser extent,
for a longar period of time. They concluded that 15 days was the
minimm time required for adjustment. Finger, Reid, and Weasner
(1957), using a sinilar food deprivation schedule, found that body
weight declined for 20 days. Kaplan, et al. (1959) found that
depending on the S, weight declined for 10 to 15 days for animals on
a food deprivatidl schedule. Raymond, Carlton and McAllister (1955)
gave rats food for 50 minutes of each day, instead of the usﬁal 60
minutes, and found weight declining for about 10 days.

Finger and Reid (1952) exposed rats to a single 2k howr depriva-
tion experience.‘ One group was deprived of water, and one group vas
deprived of food. There was little difference in the amount of weight



lqstglwater deprived animals losing slightly more weight.

Reid and Finger (1955) also measured changes in food intake
occurring when the animals were pl#ced on food deprivation. Food
intake increased during the first 20'daya. Lavrence and Mason (1955),
using a 22 hour food deprivation schedule, found that food intake
increased throughout the 1l days reported. Baker (1955) reported
changes in food consumption for several different food deprivation
schedules. He found that intake generally increased for 10 days or
more,

Ehrenfruend (1959) kept rats on a schedule in which both food
- and water were withheld during each 23 hour daprt#ation period. Mash
was the intake substance used; Intake increased for the first 15 days.

Adjustment to a 23 hour water deprivation schedule has been
repcrted by Young, Heyer and Richey (1952) and Blick (1960. The
former writers reported that water intake reached a stable level
after 6 days on the schedule. Weight gain per intake period falled
to show consistent changes after four days. Blick (1960) found that
body weight declined for only three days. A stable level of water
intake was reached in approximately four days.

The available literature then, is consistent in indicating
different effects of deprivation on animals placed on the two types
of schedules. Weight changes and intake changes continue for longer
periods of time for animals adjusting to the food deprivation schedule
than for animals adjusting to the water deprivation scheduls. These

suggestions about the differences between food and water deprivatioxi~



mast be regarded as somewhat tentative, since they are derived from
different experiments using different strains of rats, anl having
different environmental conditions and procedures,

o sscond source of interest 1ies in the direct comparison of the
" effect on welght and intake of food deprivation with the effect on
these measures of water deprivation, independently of adjustment
considerations, HNo significant information is available from o
systematic, long-term comparieon of these schedules in the seme ov-
perimeut, particularly with regard to dsily body weight loss, daily
body welght gain during the intske period;, snd overall weipsht change.

The need for comparlsons between food and water deprivation is
emphasiged by a number of other studies which suggest that the bde-
havorial effects of the iwo kinds of deprivation are not the same.
E211 (1955) reported 2 stsble activity level only slightly, but sig-
nificantly higher than that of ad 1ib controls for rats adjusting
to 2 22 hour wator deprivation schedule. Food deprived animale
run under the same schedule and similar conditlons showed a negative-
1y accelerated increasing activity level as a function of length of
time on the schedule, The levol of activity reached by these animals
was considerably higher than that of the water deprived Ss., Petrinovich
and Bolles (1954) have related watsr deprivation to stereotypy of
behavior and food deprivation to variability of behavier, Using a
T maze, these investigators found that water deprived animals were
superior to food deprived animais in a problem requiring a constant
position response. However, for a T maze problem requiring response



alternation, food deprived animals made fewer errors and more quickly
reached the criterion. Bolles and Petrinovich (1956) noted that in
their 195L study, food deprived animale lost weighf» and vater deprived
animals showed a day to day weight gain. An experiment was thorefore
done to evaluate the effects of weight loss and weight gain on altere
nation behavior. Using various improvised deprivation ‘achedules,
woight losers and weight gainers were run either hungry or thirsty.
Alternation behavior was found to be primarily a function 6f changes
in body weight. Yo intrinsic correlation between alternation
behavior and type of deprivation was noted, Bolles (1959) reports
further differcnces in the types of performance influenced by water
and by food deprivation:

The present studv is desirned to make a divect comparison of
food and water deprivatiscn aschedules both in terms of the animals’
adjustment to the schedules, and tho relative effects of the two
schedules on several welght end intake measures. The three groups
used are: a control group, & 23 hour food deprivation schedule
group, and a 23 hour water deprivation schedule,pgroup. %The groups
will be compared over & period of 50 days in tems of body weight,
welight loss and gain, and food and water intake.



Method

Sublects. The Ss were 27 experimentally naive male albino

rats of the Sprague-Dawley strain. They were 173 days old at
_the start of the habituation periocd.

Apparatus. The Ss were housed in individual 1l-in. by &-in.

by 8-in. wire mesh cages kept in & small experimental room.
External noises were reduced by soundproofing material covering
the walls and ceiling of the room. The one window exposed the
animals to a natural day-night cycle. Temperature was thermo-
statically maintained at 78° P, -4- 2° P, No attempt was made to
control or measure humidity. A ;;apar lined tray under each cage
made it possible to recover food particles which fell through the
wire bottom of the cage. All body weight and food (Purina lab
chow pellets) measurements were made to the nearsst .1 gram on a
triple beam balance scale. Water measuremenﬁa were made to the
nearest .5 ml. by using a 150 ml. graduited cylinder; tap water
was used throughout the experiment and given to the Ss in 8-oz.
bottles attached to each cage.

Procedure. Upon receipt from the supplier, all animals were
placed on ad 1ib, food and water and weighed twice a week for a
period of 7 weesks before habituation started.

The habituation phase of the experiment occurred during the
period 12/17/60 to 12/23/60., Animals continued to have free access



to food and water during this period.. Body weight, 24 hour food
intake and 24 hour water intake were messured between 12:20 and
1150 P4, sach day., On the last habituation day (.2/23/60) Ss were
ranked on the basis of their mean body weights during habituation,
Ss were assigned randomly, three at a time, to the three groups -
control, 23 hour water deprivation, and 23-hour food deprivation.
Thus, nine matched groups (blocks) of three Ss sach wore formed
(Edwards, 19605 Ray, 1960). Animals remained on ad 1ib. food amd
water until the next day which started the experimental period,

On 12/24,/60 {designated as experimental day 0) at 2:15 P.M, al)
S8 were weighed, The order in which the 5s weras weighed, and in which
food and water were presented and taken away from the animals, was
held constant; ons S from each group was weighed alternately. Thus,
one control, one food deprived, ant one water deprived animal were
-handled in that order, this sequence boing repsated nine times,
Pood and water were removed from the animals assigned to the food
deprivation and water deprivation groups respectively, Food
 deprived animals had ad 1ib, water, and water deprived animals had
ad 1ib, food. The control 3s had ad 1ib, food ani water.

On 12/25/60 and on each of the following L9 experimental days
the following procedure was followed:

1) Food and watar for the daily one hour intake period were

premeagsured for all groups, The intake hour was from
1:15 to 2:15 P.K,



2) All Ss were woighed, The intake substances available
during the previous 23 hour deprivation pericd were
removed from the animalls cages and discarded., Thus
food was removed from the water deprived animals, water
from the food deprived animals, and both food and water
from the control animals. Food was mmav:ad from the
papers under the cages,

3) Premeasured food and water were put in each animals cage.
The experimenter left the room,

4) One hour later, food and water were removed from each
animal's cage and set aside for later measurenent. Food
which had gollected on the trays beneath the cages during
the one-hour intake period was added to the food left in
the cage for each aninmal,

5) All Ss were again weighed, The 53 were then provided with
the appropriate substance (s) for the next 23 hours,

6) The food and water remaining at the end of the intake
period were subtracted from the amounts put in at the
beginning of this period to obtain one hour food and
water intake. Water intake was corrected for spillage amd
evaporation by the amount lost during the hour from a
control bottle mounted on an empty cage.

The above procedure yielded eight daily measures for analysis:

preintake body welight, postintake body weight, weight change during



the one hour intake pericd, weight change during the 23 hour
deprivation period, net weight change for the 24 hour period, one~
hour food intake, one-hour water intake, and one-hour total intake.
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Hesults

An analysis of variance of habituation body welght for animals
assigned to different experimental treatments is preaented in
Table 1. The analysis indicates that the hypothesis of no
differences among the treatment groups in weight during the habitua-
tion period can be retained. The significant blocks F was expected
as a result of the matching procedure, since assignment to blocks
was based on ranked habituation body welght.

Preintake and Pogtintake Body Welghts. The mean preintake and post-
intake body weights for the three groups as a function of doys are
presented in Figure 1. Each point on the graph represzents the daily
mean of the 9 58 in each group,.

Tables 2 and 3 present the analyses of variance for preintake
axx:! postintake body weights., The overall differences among groups
are significant for both weight messures. Intergroup comparisons by
Duncan's test (Edwards, 1960) for individusl preintake weight means
are presented in Tabla 4. There it may be seen that each group is
significantly different (.01 level) from the other two groups.

Table § shows the sams comparisons for postintake weight., Again,
all differences botween groups are significant (.01 level).

Tables 2 and 3 also show that significant differences among the
blocks, constituted on the basis of habituation welght, persisted in
the weight measures taken throughout the experiment., Inspection of



Table 1

Analysis of Variance of Body Weight
During the Habituation Phase

Souree 4af as ng F P
Treatments 2 1044 5.22 048 > 05 V‘
Blocks 8 57;233.38 7,15&0& 65.83 < 001
Residual 16 1,738.88 108,68

Total 26 58,987.70




Body weight - Grams

Preintake weight - Control group ( n = 9)
Postintake weight - Control group

oo
o0
€2 Preintake weight - Food deprivation group ( n= 9)
-0 Postintake weight - Food deprivation group
660 —
&4 Preintake weight - Water devrivation group ( n = 9)
o0

640 — Pastintake weight - Water deprivation group > oo &S

620"" ::;:.”(7‘:

— .:.’. “‘Ad
““A

[P

TT T T T 1T
012 4 6 8 10 12 14 16 18 20 22 24, 2% 28 D 32 3% 36 38 40 L2 L4 46 48 50

Days
Fig. 1, Mean preintake and postintake body weight as a function of days,
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Table 2

Analysis of Variance of
Preintake Body Weight

Source df 88 ma P P

Treatments 2 90,907.67 L5,453.8, 130.70 < ,001

Blocks 8 6liy WT2.47 8,059.06 23,37 .00
R&Sidﬂ&l 16 5 F 561&- 15 3&7' 76
Total 26 160,9M¢29

b e e



Table 3

Annlys=is of Variance of
Postintcke Body Weight

Source daf 88 ns F P
Troatments 72,333.28  36,166.64  83.07 < .001
Blocks 8 69,238.97 8,654.87  19.88 < ,00L
Residual 16 65966,25 4,35.39
Total 26 18,538.50

i

H

fi
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Table 4

Comparison of Individual Gicup
Means for Prointake Weight

Differences in MYoans

Treatment Food dep. Water dep. Control Shortest Signife

Means 4
(u7.0)  (554.6) (611.2) .01
level
?QO& d -
(470.0 8446 UWl2 Ry, = 2570
Water dep.
(554.6) 56,6 Ry = 26,80

Food dep, Water dep. Contrl

1 lines appearing undsr the trcatment conditions listed across
the table indicate the absence of a significant difference
between the treatment means, Any two means underscored by
the same line are not significantly different, Any two moans
which are not underscored by the same line are significantly
different. In Table 4 all differences are significant;
therefore no lines appear,



Table 5

Comparison of Individual Growp
Heons for Postintake Welght

Difforences in Heans

Treatment Food dep. Hater dop. Control Shortest Signif-

Heans - ‘
(482.8)  (574.8) (612.4) LOL
level
Food dep.
(433,.8) 86,0 123.6 Rp = 28,75
Water dep. |
(574.8) 376 3 = 29,99

Food dep., Wnter dep. Control
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the data showed that these differences resulted from the blocks
remaining in the same relationship to each other, for preintake and
postintake welght, as they were on the habituation weight measure,

Figure 1 shows that the control animals consistently gained
weight throughout the experimontal period. Water deprived animals
showed an initial drop in weight. Beyond approximately the eighth
or ninth experimental day, neither preintake nor postintake weights
showed any further decline; both welght measuras showed a subsequent
gradual increase, Postintake weights paralleled preintzke weights
throughout the 50 day period for this group.

In sharp contrast to the weight loss picture presented by the
water deprived group, the weight of food deprived animals showed a
sharper initial drop and continued to decline as a negatively
accelerated function of days for the entire 50 days. There seemed
to be some tendency for the preintake and postintake woight curves
of the feood deprived group to initially diverge from each other,

Comparing the weight tremd of each deprivation group with the
eontrol group, a much greater and more rapidly 1n‘cmasing discrepancy
between the food deprivstion group and control group weights than
between the water deprivation group ani control group weights may be
noted,

A repeatei measures t-test shows that the mean postintake
welghts were significantly highor than mean preintake weights over the
50 day period for the food deprived (t= 10,50; dfs 8; P < ,01) amd
water deprived (t= 22,443 df= 10; P < ,01) groups. Differences
between preintake and postintake weights for the control group were



not significant (P> ,05).

Yelght Change During the Ong Hour Intake Perdod. Subtraction of
each day's preintake woight from the same day's postintake welight
yields weizht change during the irntake period., Fipgure 2 presents
the mean weight change per intake pericd for the three groups as
a function of dayas. These functions sugpest that water deprived
animals initially gained more weight per intake period than food
deprived animals and more quickly reached a level of weight gain
beyond which further consistent increases falled to occur, Food
deprived Ss appear to gain increasing amounts of weight for 15
days, while the water deprived Sa show little systematic increane
beyond Day 4. Control animals generally appear to have averaged
approximately one gram of weight gain per intake period,

Analysis of variance for differences among the groups in one-
hour weight change for the 50 day period was significant beyond the
«001 level and appears in Table 6, Individual comparisons between
group means are presented in Table 7. Both food and water deprived
animals gained more weight than the control animals (.01 level).
However, the difference between food and water deprived groups in
the amount of weipht gained, over the 50 day period, was not
statistically significant at the .05 level.

Inspection of Figure 2 shows that, while the curves for the two
deprived groups are virtually indistinguishable for the last 35 or
40 days, there ia a large differonce between them for the first 10
days. This fact promptsed 2 separate analysis of varlance on mean
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Body weight change — Grams

O—0O Control group
37 Yood deprivation group
O Water deprivation group

TT I T T T T T T T I T T T T T T T I T T T T T I T I T I T T T T I T T I TIT]
012 &4 6 8 10 12 1, 16 18 20 22 24, 26 28 30 32 34 36 38 LO 42 44 W6 48 50

Days
Fig. 2. Mean body weight change during the 1 hour intake period as a function of days,



Table 6

Analysis of Variance of One hour
(Intake Period) Weight Change

Blocks 8 121,80 15.22
Residual 16 200,63 12,5

Total 26 2,423.53
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Table 7

Comparison of Individuxl Group Heans for
One Hour Intake Feriod wWelght Change

Differences in Heans

Treatment Control Food dep. Wator dep. Shortest Signifw

Hoans ant ilang
(0.9) (18.8) (20.4) .01 .05
level level

Control

(0.9) 17.9 19.5 By = 4,87 3.5
Food dep,
(18.8) 1.6 Ry « 508 3.7

Control Food dep, Water dep.
(.o1)
(.05)




one-hour weight change during Days 1-10. As expected, there were
significant differences ameng the three groups during this period
(P= 56,763 df= 2, 16; P < .001). The important finding was that
Duncan's test revealed a aigniﬁcant difforence at the .05 level
betwesn the two daprivation.groups, in addition to significant
differencaes between each deprived group ani the control group.
Thus, the overall 50-day analysis fails to reveal a significant
difference hatween the deprived groups, vhile an analyeis eonfined
to the first 10 days does show such a difference,

Height Change During the 23 Hour Devrivation Period. Figure 3
prezents the menn welghé changae per 23 honr deprivaiisn period as
a function of days for the three groups, Thase values were derived
by suhtracting from each day's postintake weight the following day's
preintake weight. Negative values were assigned to indfcate a
1n2s in weight. The striking feature of Figure 3 is that weight
loss per deprivation period remains at approximately the same
level for both deprivation groups. The control group values for
this measure fluctuate around zero, with a slight tendency to be
positive, thus 1xﬁicat.1ng a slight weight gain,

Analysis of variance for differences among the groups in
amount of weight change per deprivation period appoars in Table 8.
Group differences were significant beyonl the ,001 level., Indi-
vidual comparisons between groups appear in Table 9 and indicate
that both food and water deprived animals differ significantly from
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Body weight change - Grams

[ ]
o W
e o il trtt

-+
W

O-O Control group
0-0 Food deprivation group

- O Water deprivation group

rtrvirvrrrrrrirrerrrerrrryvyvrryrrryrryvrvyrtrvrirryrrrnend
012 L 6 8 10 12 14 16 18 20 22 24, 26 28 30 132 34 36 38 LO 42 L4 L6 48 50
Days :

Fig, 3. Mean body weight change during the 23 hour deprivation period as a function of days,.



Table 8

Analysia of Variance of 23 Hour
{Deprivation Period) Weight Change

Source dar 1] s F p
Treatments 2 2,633,34 1,344.17 132,04 < .001
Blocka 8 91,49 11.44
Reaidunl 16 162,94 10,18
Total 26 2,952.77




Table 9

25

Comparison of Individual Group Means
for 23 Hour Deprivation Period Weight Change

Differences in Means

Treatment Food dep. Water dep. Control Shortest Signif-
Means icant Range
(-21.1) (~20.1) {4 0.5) 0L .05
level level

Food dep. ‘
Water dep.

(-20.1) 2.6 B3 = 457 3.33

Food dep. Water dep. Control
(.01)

(.05)
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the control group in the amount of weipght change per deprivation
period, There was however, no statisticslly significant
difference hetwsen food and water deprived animals on this moasure,
HNot ¥elcht Chanze per 24 Hour Intnke Period. Addition of each
animal’s 23 hour deprivation period weight change to the weight
changs of the animal during the immediately following 1 hour ine
take period provides a measure of the net weight change for each
day, The mean nst welight change for the various groups is pre-
sonted as a function of days in Figure 4. Negative values indi-
eate a net loss in weight,

Analysis of variance in Table 10 indicates a significant
overall difference among groups beymd the 001 lsvel, Indi-
vidual intergroup comparisons in Table 11 revealed that the mean
‘net weight change of each group is significantly different from
asvery other group at the 01 level of significance.

Control animals showed approximately & 1.5 gm. mean net weight
gain per day, Water deprived animals, aftsr two days of net weight
loss, showed a net weight change fluctuating around zero for a
period of time, and a slightly positive net weight change in the
later stage of the experiment, This accounts for the alight ine
crease in body welght for this group shown in Figure 1, Food
deprived animals show a decreasing net weight loss as a function of
days, The decreasing dally net weight loss as time on the schedule
increased was particularly apparent during the first 20 days of the
experiment, For the entirs 50 days, these animals show a mean net
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Net body weight change - Grams

0-0 Control group
~18— OO0 Food deprivation group
- OAWater deprivation group

22

rrryrrrryrrrrrrrrrrrrirrrrrvevrvrrrrerrrverirreeyriiid
L 6 8 10 12 14 16 18 20 22 2, 26 28 30 32 34 36 38 LO 42 L) L6 LB 50

Days :
Fig. L. Mean net weight change for each 24 hour period as a function of days, ( See text for details ).

i
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Teble 10

Analysis of Variance of Het Veight
Change During Each 2} Hour Period

Source daf 58 s F 4
'greaments 68,01 34400 79.07 <.001
Blocks 8 3 « 10 «39
Residual 16 6,87 i3
Total 26 77&98




Table 11

Comparison of Individual Group
Means for Dally Het Welght Change

I

Pifferences in Meana

Treatment  Food dep. Hoter dep, Control Shortest Signif-
(= 2.4) (+0.3) (1) 01
lovel
?Oﬂd dep.
(- 2.4 2.7 3.8 Ry = ,90
Water dep.
(4 0.3) L1 By = 9

Food dep, Water dep, Control



weight loss of 2.4 grams. Thus, as seen in Figure 1, food
deprived Ss continue to lose weight from day to day throughout
the experiment.
One Hour Food Intake. The mean food intake during the 1 hour
intake period is presented as a function of days for each group in
Figure 5. Analysis of variance in Table 12 indicated the difference
among groups was highly significant, Individual group comparisons
in Table 13 show that water deprived animals ate significantly more
food than control animals at the .05 level. Food deprived animals
differed significantly from both groups at the .01 level.,

| Food deprived animals show a generally increasing amount of
food eaten per intake period for approximately the first 14~17 days
on the schedule, Watei deprived animals consistently increase their
food intake for a period of only four days. The control group in-
take of food shows no major trerd.
One Hour Water Intake, Figure 6 presents the mean one hour water
intake for the treatment groups as a finction of days, Analysis of
varlance in Table 14 was significant for differences among groups
on this measure. Intergroup comparisons in Table 15 show that all
groups are significantly different from each other at the 01 level.

The water deprived animals show the largest water intake,

Their intake increases rapidly for three days and then reaches a
level beyond which no consistent increases occur, Food deprived
animals drink a lesser amount of water and irregularly increase
their intake for a longer period of time than the water deprived
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1 hour food intake - Grams

OO Control group
B0 Food deprivation group
LA Vater deprivation group

0 trirrr v rrrrrrrrv i rr v r i i v v i i e r iy i v v i iy b rryr ey
012 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4O L2 44 46 48 50
~ Days

Fig, 5. Mean food intake during the 1 hour intake period as a function of days.
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Table 12

Analysis of Varlance of
One Hour Food Intake

Source af 83 ms F P
Treatuents 2 437.25 218.92 62,099 <.,001
Blocks 8 34.68 Le3lh
Residual 16 55,50 347

Total 26 528,03
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Table 13

Comparison of Individual Group
Heans for One Hour Food Intake

Differences in Moans

Treataent Coixtral Water dep, Food dep. Shortest Signi~
Heans fcant Zange

(2.5) (4.9) (12.0) .01 +05

level level

Control
(2.5) 2.4 9.5 By = 2,56 1.86
Water dep,
(4.9) 7.1 Ry = 2,67 1,95

Control Water dep. Food dep,
(.o1)




OO Control group
0Hl Food deprivation group
&N Vater deprivation group

34
g
|

1 hour water intake - Milliliters

0 rrrrrreyrvrervrrrerrrrervrrrrrrrirrerrtrrvrrertiviretr
012 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 4O L2 4L L6 4B 50
Days

Fig. 6. Mean water intake during the 1 hour intake period as a function of days.
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Tablo 14

Analysis of Variance of
One Hour Water Intake

Source af 88 ms F P
Trazzt:aenta 2 1,1953;&2 599 021 83.11 < 0001
Blocks 8 69.29 8,66
Residual 15 115.39 7T.21

TO!'.&]. 26 1:3830 10
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Table 15

Comparison of Individual Group
Heans for One Hour Water Intake

B e e e e e et e e e

Difforences in Heansg

Treatment Control Food dep. Water dop. Shortest Signif-

Maons : Ra
(2.9) {10.6) (19.2) .01
level
éont.rol
(2.9) 7.7 16.3 B = 3,72
Food dep.
(10.6) 8.6 Ry = 3,88

Control Food dep. VWator dep.
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animals, The control intake shows a slight tendency to decrease
over the 50 day period,

One Hour Total Intake. Figure 7 presents the mean total intake
for the groups as a function of days. Analysis of variance for
this measure is shown in Table 16 and indicates an overall signif-
icant difference among groups. Table 17 shows that food and water
deprived animals did not differ significantly in the amount of
total intake. Each of thsse groups had a total intske signif-
icantly higher than that of the control group (.0l level). Food
deprived animals more slowly approach a stable level of total ine
take than water deprived animals, The water deprived animals in-
crease their total intake for four days, and then show a rather
gharp temporary drop in intake before returning to the level of
the fourth day.

As in the case of one~hour weight change (Figure 2), inspection
of Figure 7 reveals a large difference between the deprived groups'
curves for the first 10 days, and a subsequent convergence of the
curves to about the same level., An analysis of variance was dons
on total intake for Days 1-10, Differences among the three groups
during this period were significant (Fa 36,17, df= 2, 16, P <.001).
Duncan'®s test for individual group comparisons showed significant
differences between each deprived group and the control group
(P <.01). limmver, the difference between the two deprived groups
was not significant (P> ,05).



38

1 hour total intake - Gms., (food) plus Mls, (water)

26 - A g
o~ P AN A B -~ ; b A s n a
% 7 A = LA S A - ol a / R & ‘,."\"":"
B W [ n . agn 2 -
22 — - -1 n -
~ ~ g
m 1 2 ] . ™
18 ~ ,
- L
16
14~
- ©-O Control group ,
12 - 00 Food deprivation group
~ & Hster deprivation group

T T T T T T T T i T T T T T T T T T I T i v I T iy T T yTIrTrTTrT
8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 LO k2 L) Ab

' Days
Fig. 7. Mean total intake during the 1 hour intake period as a function of days.
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Table 16

Analysia of Variance of
One Hour Total Intake

Source af a8 ns F P
Treatments 2 1,940.04 973,72 55,29 <.001
Blocks a8 191,15 23.89
Residual 16 221,63 17.60

Total 26 2,418,862




Table 17

Compurison of Individual Growp
¥oans for One Hour Tobtal Intake

Differences in Heans

Treatment Control  Food dep. Water dep, Shorteat Signif-
Heans icant Range -
(5.3) (22,5) (24.1) 0L .05

level level

Control
(5.3) 17.2 18.8 Ry = 5.78 420
Faod dep,
(22'5) 106 RB = 6003 L0

Control Food dep. Water dep,
(.01)
(.05)




Diseussion

The resulis will be discussed first with respect to a com-
parison of the effect of deprivation on weight and intake and then
with respect to the information provided on the adjusiment process.

The effects of type of deprivation on body weight are quite
different, Although the groups were oguated in weight before the
axperimental period began, both the mean preintake and mean post-
iIntake body weights of the food deprived 3s were significantly lower
for the 50 day period than the same body weight measures of the water
deprived Ss. Moreover, the daily body weights of food deprived Ss
continued to dacrcase thronghou! the experimental period, vhile the
daily welpghts of water deprived animals quickly stabilized and sub-
sequently increased slightly. Thus, the two types of deprivation
produce strikingly different overall weight changes. To the extent
that body weight is an lindex of drive, the weight curves lead one to
suspect that a higher drive level is associnted with the lower weight
level approached by the food deprived animals, Other investigators
have rcached the same conclusion about the relative strengths of the
drives produced by food and water deprivation (Finger amd Reid, 1952;
Hall, 1955).

A final point concerning body weight is that, while the effect of

water deprivation on this measure was relatively mild compared to the
effect of food deprivation, both preintake and postintake weight of
‘water deprived animals were significantly below the corresponding
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control measure, Thus, although there is comparatively little drop
in weight for these Ss, their weight is significantly below the ad 1ib,
level.

Food deprived and water deprived animals showed similar welght
changes during both tha 23 hour deprivation periods and the one hour
intake periods. For the one hour intake period, there wers no signif-
ieant differences in the amount of weight gained when the entire 50
day period was considered, Howsver, when the analysis was confined to
the first 10 days water deprived Ss did galn significantly more weight
than food deprived Ss. The decreasing difference between the weight
gain of the two groups during Days 1-10 is consistent with other
studies which show extended weight changes for food deprived Ja, but
relatively 1ittle change for water deprived Ss (Blick, 1960; Reid and
Finger, 1955).

The smunt of weight lost during the 23 hour deprivation periods
was strikingly similar for the two groups; no statistically significant
difference was found between food deprived and water deprived Ss.

It has already been noted that the dally body weights of the two
deprivation groups showed opposing trends; water deprived Ss showed a
slight weight gain in the later stage of the ex;ieriment and food
deprived Ss consistently lost weight. Yet, considering the entire 50
day period, food deprived andi water deprived Ss do not differ signif-
icantly in either daily weight gain or loss., A tentative explanation
of this seemingly paradoxical result may be offered in terms of inter-
subject variability. On both of the weight change measures, there was
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considerable intersubject varisbility within treatment groups,
particularly for the food deprived group. However, net weight change
per day, which directly determines the body weight curves in Figure 1,
showed much less intersubject variability within treatment groups.
Typically, animals losing a large amount of weight during the depri-
vation period also gained back a large asmount during the intake period,
and the same was true for animals showing small gains and losses in
woight. Thus, the difference between gain ant loms, which is the net
welght change measure, does not directly reflect the variability found
for gain ard loss separately. Food deprived animals did show a daily
net weight loss, significantly different from the not gain of the
water deprived animals, Thus, the different body weipht curves in
Figure 1 would be expected,

Each deprived group showed greater intake of the substance of
which it had been deprived than the other two groups; thus, food de-
prived Ss ate significantly more food than water deprived Sa and eontrols,
ard water deprived Se drank significantly more water than food deprived
8s and controls, With regard to intoke of the non-deprived substance,
water deprived Ss ate more food during the intake hour than control 3s
amd food deprived Ss drank more water during the intake hour than the
controls. This latter finding suggests that, during the 23 hour depri-
vation period, the animels were voluntarily reducing their intake of the
asvailable substance anl compensating for this reduction during the intake
hour vhen the deprived substance was avallable. Such a voluntary
restriction of intake of availoble substance has been noted, when
either food or water are withheld, by Verplank and Hayes (1953).



Perhaps the most interesting finding from the intake measures is
that food deprivod and water deprived Ss did not differ significantly
in their totsl intake during the one-hour dally periods., Although
each deprived group was different from the other deprived group in
intake of each substance separately, total intake of the tuo groups was
comparable, This finding suggests that there is somo limiting factor
on intake, such as stomach capacity, the operation of which is more or
less independent of the kind of substance ingested,

Turning to the question of adjustment to the two deprivation
schedules differences are again noted. The important data here ars the
lengths of time required for weight aml intake to decrecase and increase
respectively before reaching values beyond which consistent changes no
longer occur; these data are the commonly acecepted eriteria of ndjuste
mont (Reid and Finger, 1955).

Preintake and postintake body weights of the water deprived group
showed ne further systematic decrease beyondi 8-9 days., Little further
decreagse was noted after the second day on the schedule. The pattern
of welght changes is vary similar in all respects to those noted by
Blick (1960). The weight gain during the intake period mensure in-
creased for [}, days for the waler deprived Ss, a finding also reported
by Young, Heyer, and Richey (1952). While 23-hour weight loss appears
to reach stable values in 56 days for both deprivation groups, net
welght change for water deprived Ss increases for three days, while
for food deprived Ss, it increases steadily for approximately 8 days,

Hater intake inerezses for only three days for the water deprived
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group. Food intake and total intake showed no consistent tendency to
~ increase after Day 4.

¥With regard to the adjustment of the food deprived group, prein-
t«‘a&ke, and postintake body weights declined as a negatively accelerated
:unetion of days for the entire 50 days. The biggest drop in weight
occurs during the first 20-25 days. Similar continuous weight losses,
for less extended durations, have been noted by Reild and Finger
(1955, 1957); Finger, Reid, and Weasner (1957); Kaplan gt al, (1959);
and Raymond, Carlton, and McAllister (1955). Weight gain during the in-
take period increased for gbout 15 days for the food deprived Ss,

Pood intake of the food deprived Ss increased for approximately
14 days. Similar changes in intake have been reported by others
(Reid and Pinger, 1955; Lawrence and Mason, 1955; Baker, 1955). Water
intake showed an irregular trend upward, reaching the average level for
the last half of the experiment on Day 1j. Total intake for this group
increased irregularly for 1) days.

The general adjustment picture emerging from this analysis is that
food deprived Ss require considerably longer than water deprived Ss to
complete thelr adjustment to the deprivation schedule, This is
particularly evident in the measures of body weight, weight gain, amd
intake of the deprived substance, the measures most frequently used in
other studies to trace the adjustment process, Blick (1960) has
suggested that methodological complications arising from prolonged
changes in weight and intake characteristic of a 23«hour food depriva-
tion schedule could be reduced in learning studies by the use of a
23-hour water deprivation schedule as the motivating condition., The



results of the present study, directly comparing the adjustment of
animals exposed to the two schedules, support this position.

The most impressive and, according to the authors, the first
experimental demonstration of the importance of allowing adjustment
to occur before urdertaking a learning experiment has recently been
reported by Capaldl and Robinson (1960). These investigators have
shown that learning varies with the duration of time the Ss have been
on & food deprivation schedule. In one experiment, rumway performance
was studied as a function of varying lengths of time on a 233-hour food
deprivation schedule. Ss which had been on the schedule for 10 days
ran faster in the runway situation than Ss exposed to the schedule for
only one day, In a second experiment, performance in a T maze as a
function of the number of days on a 23i-hour food deprivation schedule
was studied. A group which had been on the deprivation schedule for 10
days made significantly fewer errors than groups on the schedule for
only 3 or 5 days.

It 13 clear from the Capaldi and Robinson study that time on the
deprivation schedule is an important varisble in experiments using
deprivation of appstitive substances to control Ss motivation. Experi-
ments in which the independent variable is introduced at the time the
animals are started on the learning task run the risk of having the
effects of this variable contaminated by potential effects of the stage
of adjustment to the deprivation schedule, While the Capaldi and
Robinson results have not been demonstrated for water deprivation, there
is no reason to expect that degree of adjustment to this kind of depri-
vation would not produce similar effects. In experiments, then, where
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the choice of type of deprivation schedule is not dictated by the
stereotypy or variability of behavior associated with weight gain
from water deprivation or weight loss from food deprivation
(Petrinovich and Bolles, 195kL; Bolles and Petrinovich, 1956), it
would seen that water deprivation recommends itself by permitting
the investigator to bring the animals' motivational condition mors

rapidly, and possibly more completely, under control.



Summary

This experiment compared the weight and intake changes
occurring when albine rats are placed on a 23-hour food deprivation
schedule and on a 23~hour water deprivation schedula; ~ The length
of time required for the animals to adjust to the schedules and the
relative effects of the two schedules on several weight and Intake
measures were compared., The experiment employed three groups of
animals: a eontrol group, a 23-hour food deprivation group, and
a 23-hour water deprivation group, HMeasures were taken of body
welght, welght loss and gain, and food and water intake over a

period of 50 days.
The main findings were:

1. There was no signifieant difference beotwsen food
deprived and water deprived animals in elther the
amount of weight lost during the 23-hour depriva-
tion periods or the amount of weight gained during
the daily one hour intake periods when tho entire
50 day period was considered, Food deprived
animals showed a dally net weight loss signif-
icantly different from the net weight gain of the
water deprived animals. The prelntake anl postintake
body weights of tho deprived groups were below the
corresponding control measures, The body weights
of the food deprived group were lower than the
welghts of the water deprived group. The daily
weights of the food deprived group contimued to
decrease throughout the experimental peried, where-
as the dally weights of the water deprived group
aquickly stabilized and subsequently incrensed
slightly.
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3.

L,

Food deprived and water deprived animals did not
differ significantly in their total intake during
one-hour intake periocds. Each deprived group
showed greater intake of the substance of which
it had been deprived than the other two groups.
Also, food deprived Ss drank more water during the
intake hour than gontrol Ss and water deprived 5s
ate more food than control 8s, suggesting that a
voluntary reduction of intake of the available
substance occurred during the 23-hour deprivation
interval, '

Weight loss during the 23-hour deprivation pericds
remained at approxinstely the same level for both
deprivation groups., Weight gain per intake period

increased for four days for the water deprived group,

and continued to increase for about 15 days for tho
food deprived group.

Food intake, water intalke, and total intake reached
a stable level by the fourth day for the water de~
prived group. These measures continusd to incroase

for the first 1), days for the food deprived animals,

Considering the more rapid adjustment of the animals to

the water deprivation schedule, this method of controlling the

animals' motivatione) condition was seen as avoiding

methodologlical complications arising from prolonged changes in

L9

weight and Intske characteristic of the 23«hour fzod deprivation

aschedule,
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Table 18
Hean Habituation Body Weight

“

Treatments

Control Food dep. Water dep. Hean

6246 669.1 661.3 651.7

1
2 617.8 620.5 624.1 620,8
3 607.7 608.3 595.8 603.9
b 588.4 583.4 579.1 583.6
Blocks 5 575.8 552.6 5764 568.3
6 542.5 543.8 547.7 Skhe?
7 5326 527.7 529.6 530,0
8 527.1 517.3 518.6 521.0
9 509.9 507.1 507.0 508,0

Means 569.6 570.0 571.1



Table 19

Mean Preintake Bodyv Weight (50 dav period)

52

Troatments

Control Food dep. Water dep, Mean

1 668.8 579.7 6L6.1 631.5
2 67h.3 508.4 608.1 596.9
Blocks 3 669.L L69.L £92.6 577.1
L 6h2.0 161.1 556.3 559.8
g  611.3 L75.2 550.6 SiS.7
6  573.7 L58.1 53L.1 522.0
7 s85.h Ls7.0 50L.8 515.7
8 536.8 L0o.9 5m.8 L82.8
9 539.1 100.1 187.9 L75.7



Table 20

Mean Postintake Body Weight (50 day period)

53

Treatments

Control Food dep. Water dep. Mean
1 670.0 606.3 665.7 6L8.7
2 676.9 525,2 632.0 611.}
3. 672,2 183.7 614.0 590.0
Blocks L 6L2.1 500.0 576.8 573.0
5 A11.8 501.0 S71.1 561.3
6 S72.7 473.5 55h.1 535.1
7 590.7 1779 S21.5 £30.0
8 ¢53%.1 416.2 526,6 492,6
9 sho.3 410.1 £07.7 486.0

Means 612.4 L4,83.8 57h.8
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Table 21

Mean One Hour (Intake Period) “eight Chance (50 day period)

Triatments
Control Yood dep. Hater dep. tlean
1 -0.9 + 26,6 + 23.6 $ 16.4
2+ 2.6 $ 16.8 $ 2L.0 $ LS
3 $2.8 $ Uiy $ 21,5 s 12.9
b +o0a2 + 19.0 $ 20.5 s 13.2
Blocks 5 4 0.4 4 25.8 $ 20,5 } 15.6
6 1.1 $ 204 $+ 2.0 # 13.1
7 §5.3 $ 20.9 + 18.2 $ 14.8
8 -1.8 $ 15.3 + 15,3 + 9.8
9 1.4 $ 10.0 + 19.6 ¢ 10,2




Table 22
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Mean One Hour (Intake Period) Weight Change (First 10 days)

Treatments
Control Food dep. Water dep. Hean

1 + 0. + 26.8 + 23.0 + 16.7

2 + 3.3 + 10.5 + 23,9 + 12,6

3 o+ 2,3 + 12.7 + 2.1 + 12.0
Blocks

Ll. + 0.2 * llx.a + 19,2 + 11.2

5 + 0.1 + 18.6 + 18,5 + 12,4

6 +0.6 + 18,7 + 194 + 10.9

7 +* 6.6 + 15-? * 1500 + 120h

8 2.4 + 13.8 + 16,9 + 9.

9  + 2.3 + 9.4 + 17.4 + 9.7
Means + 1.5 + 15,3 + 194
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Table 23
Mean 23 Hour (Deprivation Period) Weight Change (50 day period)

Treatments

Control Food dep. Water dep. Hean

1 +25 - 28,5 - 23.1 - 16.l
2 -0.8 - 19.7 - 235 - 2.7
Blocks
3 -0.5 - 18.2 - 210 - 13.2
L+ 1.9 - 21,2 ~ 20.3 - 13.2
5 +0.8 - 27.1 ~ 20.4 - 15.6
6 + 2.1 - 21,5 - 20.0 - 13.1
7 = 3.6 - 22,3 ~ 17.9 - 1.6
8 4+ 2.7 - 18.5 - 15.4 - 10.4
9 =0.5 - 13.2 - 19.7 - 11.1

Means +* hog - 2101 v ~ 20.1



Table 2
Mean Net Weight Change During Each 2 Hour Period (50 day period)

n
ﬁ
|

Treatnents

Control Food dep. Water dep. Hean

1+ 1.6 - 2,0 + 0.5 + 0.0
2+ 1.7 - 2.9 + 0. - 0.3
3 o+ 2.2 - 3.8 + 0.8 - Ou

Blocks L + 2.0 - 2.2 + 0,2 0.0
§ 4+ 1.3 - 1.3 + 0,1 0.0
6 + 1.0 - 1.2 0.0 - 0.1
7 + 1.7 - 1.k + 0.3 + 0.2
8 + 0.9 - 3.2 + Ok - 0.6
9

+ 0.6 - 3n2 ~ 0ol - 0.9

Heans * 1oh - 201& : + 003
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Table 25
Mean One Hour Food Intake (50 day period)

Treatments

Control Food dep. Water dep. Mean

1 Lk 16.8 6.1 8.1
2 k.2 - 11.0 5.2 6.8
3 L0 10.1 5.0 6.4
etk 11.3 5.1 5.9
5 2.7 15.1 55 7.8
6 1.3 12.9 3.4 5.9
7 54 13.L b2 7.6
8 0.6 9.5 hes L.9
9 1.7 Ta7 5.1 1.8
Means 2.5 12,0 k.9



Table 26
Hean One Hour Water Intake (50 day period)

Treatnents

Control  Food dep. Water dep. Mean

1 1.3 1h.9 22,7 13.0
2 b3 S 23.8 12.8
3 5.2 7.7 21.h4 11.L
Plocks - 11.0 18,3 10.6
§ 2.0 1.9 18.7 11.9
6 1.5 11.9 19.0 10.8
7 L.b 11.7 17.5 11.3
8 1.2 9.2 13.7 8.0
9 3.2 hels 17.h4 8.3

Means 2.9 10.6 19.2




Table 27

Mean One Hour Total Intake (50 day period)

61

e e SO
Treatments

Control Food dep. Water dep, Mean
1 2.7 3.7 28.8 21.1
2 8.5 0.4 29.0 19.3
3 9.2 17.8 26.4 17.8
Blocks L 3.8 22,3 23.L 16.5
S L. 30.0 2h.2 19,6
6 2.8 2.8 22.h 16.7
7 9e7 25.1 21.7 18.8
8 1.8 18.7 18,2 12,9
9 L9 12.1 22.5 13,2

Means 5.3 2295 21‘01
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Table 28
Mean One Hour Total Intake (First 10 days)

I———— : .

Treatments

Control Food dep,. Water dep. Hean

1 5.3 32,6 30.2 22,7
2 9.5 1.5 28,6 17.5
3 9.2 17.8 21.4 18.1
L 5.7 18.5 22,7 15.6
Procks 5 5;1 23.5 22.9 17,2
6 5.2 20.3 22.3 15.9
7 13.2 20.3 18.7 17.h
8 2.1 18.5 19.5 13.k
9 8.0 12.7 21.2 14,0

. Means 7.0 19.9 23.7
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