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Abstract .
A two phase exper iment eXam1ned the effects of food texture t'
on the generation of schedu]e 1nduced po]yd1ps1a In the
f1rst phase, the acqu1$1t1on and f1nal 1eve1s of dr1nk1ng
for two weeks of daily 50- m1nute séssions we;e observed in
groups of rats that d1ffered on]y in the granulat1on of the
food that they rece1ved on a f1xed t1me 6.0- second schedu]e
Vo]ume of water consumed by rats that rece1ved scheduled
delivery of granulated food of pgrt1c1e sizes 1arger than
0. 6mm was. not d1fferent than that of a contro; group that
received standard 45mg food pellets. As - the particle size
decreased below 0.6mm rats drank significantly less, and the d
degree of thls attenuat1on was.greater ‘the smaller the |
particle size. In Phase 2 additional dr1nK]ng measures were
obtained, and a var1ety of other behav1ours were observed
with.drink1ng at asymptote, for an1mals tra1ned w1th
different granulation sizes Attenuated po]yd1p51a in rats';
rece1v1ng f4ner granulated food was due ma1n1y to decreased '

b. durat1on of post food dr1nk1ng bouts Time spen drxnk1ng

dectlned DVeP the course of a 50- m1nute ession rtor rats
'kikrece1v1ng granulaﬁgd food sma]]er than’ d?Bmm while it did
not for those receiving coaser food or pellets. Decreases in‘
time spent drinking werevaCCOmpanied by‘increases in.the
facultative behavtOurs of rearing and‘grooming The results

are- 1nterpreted as support1ve of a sens1t1zat1on model of

schedu]e 1nduced po]yd1ps1a

Civ
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DU .. 1. Introduction } ﬁ
| Falk (1961a) was the first to report that hungry rats
consume prodlg1ous amounts of water wh1le bar press1ng for,
food on a, Var1ab1e interval schedu]e This’ phenomenon was
subsequent]y termed ! chedule induced po]yd1ps1a' (SIP) to
denote the exCess1veness of the behaviour as we]] as its
dependence on 1nterm1ttent de11very of a re1nforcer (see
Section V. for deta1ls concern1ng character1st1cs of. SIP)
Severa] researchers have since added to the 1ist of
factors that 1nfluence the amount of water that rats 1mb1be
in under cond1t1ons of 1nterm1ttent food - del1very It is B ‘
Known that a response cont1ngency is not’ necessary for the o
generat1on of the effect, that dr1nk1ng varies’ d1rec§]y w1th
food depr1vat1on level (Fa]K 1971) and - 1s a funct1on of
the amount of food .per de11very (M1l]enson 1975; Rewd;and_
Staddon 1987) Other factors, such as : the
1nterfood interval length (Falk, 1971), and - ‘the tembora]
ava1]ab1]1ty of water w1th1n the inter food 1nterva1 (FTory
and 0’ Boyle, 1972) have also been noted to effect SIP Afu
) number of pha cp]og1ca] agents have been tested for the1r_
“effects in the SIP parad1gm (Wa]]ace and ‘Singer, 1976 ‘
provide a‘review) But regard]ess of the accumulat1on of .
facts about SIP an. adequate exp]anat1on of the processeSﬁ‘ o
involved in the generat1on and ma1ntenanéi/of this pecu11ar ;
phenomenon remains elusive.. . Many attempts have been made ‘
1nvok1ng either phys1o]og1ca1 or behav1oura] eXplanatxons,

but none have been able . to account for al] of the data

~ BN . . X . . I
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(Staddon, 1977, and Wetherington, 1882, provide- good

rev1ews, see’ Section V for details on factors influencing
SIP and a review of theoretical‘ekplanations of SIP). -

The most common procedure for oroducing SIP is to.
deliver -on an intermittent schedule}single food pellets to
_hungry rats with free access to water. Recently, the
surpr;sing observation wes hade that the development of SIP )
‘js attenuated in rats who recefve 45mg of dry food powder
instead of the standard 45mg pelliet on an intermittent
schedule. (Beck, Huh, Mumby, and Fundytus, 1988).
Furthermore, rats already made polydipsic with the ~~heduled
‘deliVery‘of pellets quickly stop their excessive drinkdng .
when powder replaces pel]ets~ These researchers proceeded to .
’1nvest1gate some of the potent1a]]y relevant dlfferences
. between ‘the two forms of food for thei- role in determining

the effect on SIP. The topography of thelconsumatory
resonse (rats can pick up pellets to eat them while powder
mus t be ]1cked up)'was one facfor found to be Un1mportant.
‘_S1nce the food powder used ‘h these exper1ments was made
from ground pe]]ets the effect could not be attrlbuted to
's1mp]e food- const1tuent or f]avour d1fferences Although
there was found, to be a rec1proca1 relation between drinking
and the amount of food‘associated feeder behaViour,<a oausél
1ink between these two behaviours was not ascertained.
Fina]]y,'the mos4 infuitive]y obvious difference that

remained between pellets and powder was texture or

™ part1cle size of - ‘the food. The finding that coarse
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granulated food is just'as effective‘as pellets. 1n producing
3SIP, whiIe finely.powdered'food is not sUggested that
texture may be the critical factor in powder attenuated
polydipsia (Beck, et al. 1988) S

»

The purpose of the present study was .to. further__ .
“elucidate the ro]e of food texture in. the generation of S P

To this end a two- -phase exper1ment was conducted in wh1ch
d1fferent groups of rats rece1ved schedu]ed de11very of’
gr;hutated food d1ffer1ng in part1c1e‘s1ze The.coarse and ,
f]ne granular foods use& in the Beck et al 31988 study - vﬁ

were composed of a 1arge range of part1c]e sizes and, o
the:efore one of the objectives oﬁﬁthe current exper1ment

was to- del1neate more prec1se1y the particle- size: of tood

necessary to generate SIP, and a]so to prov1de enough levels

af th1s 1ndependant var1ab]e to a]low descr1pt1on of the :
relatﬂonsh1p between part1c1e s1ze,and SIp..t - N

| ) In the 11rst phase of the experiment the effects of

food granu]atlon size on the development of SIP over a

number of sess1ons was observed The hypotheses were that

rats tra1ned on, f1ner granulat1on food would achkgve lower
leve}s of po]yd1ps1a, as” measured by volume of water‘ ) _
consumed than wou]d those trawned on. CQarser food . and that o
-rats tra1ned w1th the f1nest of powdered food wou]d not . |
become pb]yd1ps1c at al] as was found 1n the Beck et al ﬂ‘ﬁ
(1988) study o ': ‘—“4.“ fj' ~ ;p R \

’ In the second phase- of the exper1m’ a number of

addltlona] behav1ours were -exam: ned w1th1n th%,same
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experimental conditions as“ir the f1rst phase and with rats

e

performing at asymptotlc Tevé]stf drinking. Since drinking
is not the on]y behav1our engaged in dur]ng the 1nterfood

'1nterva1 it is poss1b1e that some other behaviours may vary

H
in the1r preve’ ance as a fuﬁét1on of food granulat1on s1ze €

There may be a systemat1c increase in a particular behav1our
‘as dr1nK1ng decreases as a result of decreas1ng food
part1er s1ze Roper and Nieto (1979) 'for example found
‘ithat groom1ng in rats 1ncreases when levels of polyd1p§1a

are decreased by 1ncreas1ng body we1ght 'Reid and Staddorni-.

(1982) found 1ﬁcreased feeder act1v1ty to be associated w1th

- Y
decreased dr1nk1ng as a. result of 1ncreas1ng reward ‘ ~

oy

'jmagnttude L ’ , ~

v
—_t,

'It was felt that to follow ihe deve]opment of poss1b1e
group d1fferences in several behav1ors/over all sess1ons

would yeild relat1ve1y superf]uous 1nformaf1on as -this has

' already been done in this lab for a number of treatment
Agroups similar to those used 1n the present study, and those °
results are reported in Beck, et al. (1988). These :
'fresearchers found that,there were‘no significant differench
1n the preve]ance of any behaviodurs on\the f]Pst training
session between rats rece1v1ng pe]lets or powdered food; no
gl oup d1fferences on any behav1ours were obtalhed until |

after a number of sesstons

Also, in the present exper1ment the patterns of

:occurrence of behav1ours w1th1n the 1nterre1nforcement

ﬁnterval and over a session were descr1bed Such tempora]

© - L TR
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breakdown of totaJ session va]ues on a number cf behav1ours
m1ght yield data that better descr1bes the nature of
observed treaiment effects than would sdngle measures'summed
over an entire qeséfon (Staddon and Ayres, 1975; Roper‘and
Nieto, [979). Decrements in drinkﬁng measures prodgdedhby
.the t;eatments might'be accompanied by faiiure of drinking
to be entrained by food delivery (Reid and Staddcn, 1987).

- The single measures, of total water intake‘ or time
spentlengaged in a bartiCular behavibr would provide
11m1ted insight 1nto how a difference in granu]at1on size
effects these responses. D1fferences in volume intake. or
amount of tfmeuengaged in other behaviors, cob]d be caused’
by differences in the number of bouts of these behaviors, in
- the duration of these bouts, or both. For exampie Keehn and
Stoyanov (1986) found that the development of polyd1ps1a was
character1zed by an increase 1n the frequency of drinkir.

: bouts over se551ons, while the dura{AOn of drinking bouts
remained unchangec, Therefore, in the second phase of the
experiment multiple measures'cf drinking and other behavic.
were taken, including the percentage of time the rats spend
in éach behavior, the number of bouts of each behav1or and
the durat1on of these bouts. _ S

In sum, the hypotheses were £hat-decrea$ing the fccd'-
" granulation size would producezsimi]ar decrements in SIP ae'
measured by volume intahe. Selective inCreases: in a ) )
particular behaviour were not_exbected to result fnon this _
‘manipulation, as none . »r foun in the apolydibeic rais‘

«

7



that received powdered food ih the Beck et al. (1988) study.
Because it was expected that excess1ve vo lume 1ntake{would

., be exh1b1ted by those rats rece1v1ng the cearsest of
granular foods, it was also expected that drinking in these
rats would show other pharactert§ties common to pellet
ihduced polydipsia, namely entrainment by food delivery
(occuring. in temporal proximity to, and following food
de]ivery) If dr1nk1ng was found to be excessive and
schedu]e 1nduced in any group of rats,.it was expected that a
the temporal distribution of other behav1ours within the
interfood .interval for these animals would be similar to
that for stan?ard pellet polyd1ps1a controls.

To obtain the expected results wou ld seem to m1t1gate
aga1nst al] but one of the existing models of SIP: the
sens1t1zat1on model described by ‘Wetherington and Riley
(1986). The model holds that the excessive drinking of the
po]ydipstc rat is the result of repeated presentation of a
- stimuius (foog ) which initially isvonly a weak at1mu1us for\
the elicitation of an uncond1t1oned dr1nk1ng respunse The /
}food stimulus bécomes 1ncreas1ngly more potent as an
uncond1t1oned drink eliciting stimulus as its 1nterm1ttent
presentat1on continues. This is exactly analogous to
behavioral sensitization with‘repeated amphetamine doeing
'(P)uinson’and Becker, 1986). ‘

The erevious Findings of Beck et al. (1988) suggest

that if the sensitization- mode] approx1mates the true

_ mechan1sms 1nvo]ved in SIP, then some aspect of powdered
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[food scheabling E}events the process of sensitization of the

-

‘drinking response Sensitization theory predicts'that
behavior that 1s less sens1thed in one an1ma1 than in
ancther, whether due to d1fferences in frequency of stimulus
‘presentat1on or té stimulus 1ntens1ty d1fferences, will have 

a greater tendency to habituation w1th1n a ser1es of

repeated presentation of the e]1c1t1ng st1mu1us (details of

sensitization theory can be found in Sectjon VIi).~ Therefore,i__

5

one additional hypothesis in the present study, whicn.served
as a test of the sensitizationlmddel of SIP, was that rats
which drank less total volume during a scheduled delivery
session'would also tend to show-greater declines in drinkKing

. over .the course of that session. y

?



11. Methods

A An1ma1s N N
SubJects were 56 male Sprague Dawley rats (Uriversity
of A]berta E11ers11e) approx1mate1y 7 weeks vid, and
we1gh1ng 215-250g at the beg1nn1ng of the expeftment Thé
rats were housed 1nd1v1dua1]y in animal quarters mainta1ned
at 22 C, 51% hum1d1ty, and on a 12:12 light- dark cycle w1th
lights on at 0800 A1l subjects had ad lib access to water,

- but not foodl‘1n_the1r home'cages.

B. Apparatus:

/

<

Six identica] test chambers -measur1ng QOcn X 23cm X
23cm,vwith opaque walls and transparent ce1lrng were used.
The floo-s were covered with fresf wood ‘chip litter at the
- beginning of each session, and the walls and cei]ing were
wiped thoroughly after aach session A water dipper
_de11vered 45mg of granulated food from a troth or a 45mg
pe]let to a 0.8cm diameter~hole in the floor of a feeder
cup 3.4cm in diameter, located 7cm above the floor. Care was
taken to ensure that all treatment groups WOutd be receiving
the same amount of faod!regard]ess of the granulation size,
and that the amount dellvered would be consistent over a
session. D1pper cups for each food granulation size were -
individually machined and calibrated to deliver
approximately 45mg of food in a reliable fash}on,.Tests.for

this reliability were cdnducted by waighing.several sample

8 $



. dipper-fulls of the various food preparations and machinipg'
the Qups'to approximate the desired 45mg capacify.‘A water
spout protrur :d approxﬁmate]y fcm into each chaﬁpen‘thnough
a hole 7cm above the floor and 150m'to tHe left of tpe

’,*feeder cup. The spouts were éttatched te\the barrell of ai\

graduated burette allowing measurement of water intake to

the nearest 0.1ml. The testing room was dimly illuminated

with red amb1ent 11ght provided by overhead fluorescent

'lllights covered with red Jdylar <ilm. An e]ectr1c fan provided

air e1rcu1at1on and background noise (65db SPL) withiﬁ/}he
testing room. Observation of the animallﬁés permitted vié a
mirror mounted at a 45 degree angle abovq&éach chamber.

All six chambers were wifed through- an electronic relay
system attatched to a digital timer, thereby allowing for
their simultaneeus‘operation. Therefore, the vibratory'and
audifofy stimuli‘that‘éccompanied the firing of the delivery
mechanism was the same for all six chambers.

-

C. Procedures:

Phase 1. ‘ . _ A
Subjects were food-deprived to éO%'of~their | ‘. -

pre-experimental'free -feeding'body weights and maintained

“at this weigHtvthroughout the study witﬁ‘daily fationezof

Purina labofatory rat choW Four teen days of adaptation to

the restr1cted feed1ng reg1men were allowed for all subJects

=y

before training commenced. Experimental sessions and
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weighing took place between 120p-1600 hrs. A1} subjects»
received 14 daily_sessions, 50<iinutes in.duration. during
“which they received approxjmately 45mg of food on-a
‘vfixed-time 60 second (FT60) schedule of reinforcement.
Sessions were terminated and rats removed from ‘the
exper1menta1 chambers 1mmed1ate1y after the 51st food -
de11very ‘

Subjects were random]y ass1gned to seven treatment
groups of 8 rats each. The groups differed in regard to the
food granulat1on sizes they received dur1ng the tra1n1ng
sessions. One group (Group PEL) received 45mg Noyes pellets
and served as a polydipsic control group to which the other
"groups, and eXisttng literature-IWOuld be"c‘ompared0 The
other groups received granulated food of part1c]e s1zes of
e1ther 1.0 1.2, 0.8-1.0, 0.6-0. 8 0.4-0.6, 0.2-0.4, or
0:0-0%2mm . For s1mp11c1ty, these- groups are named accord1ng
to their maxfﬁum particle-size. For example, the group .
receiving fopd of particle sizes ranging.from 1.0 to 1.2\mm
is‘referred;to as Group 1.2, the group receiving food of
particle siaes between 0.8 and 1. Omm is referred to as Group
1.0, etc. The groups were run through the two phases of the
exper1ment as 8 overlapp1ng replications, with each group
be1ng represented within a replication.

The rat1ona1e for choosing this range of particle sizes
derives from the Beck, et al. (1988) study; they found that

rats rece1v1ng granulated food composed of a range of .

particle sizes from 0.4-1.2mm on an FT§0 schedule achieved
. v . ) ' ’
.
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\1evels of polydipsia comparab!e to that of rats receiving
pelliets. Conversely, those receiving powder of particle size
'0.0-O[Amm did not. The range of partiole sizes chosen For
the present exper1ment encompasses that within wh1ch Beck,

et al., obta1ned their results |

The granulated food forms were pheoareo by mixing equal.
parts of Noyes Formula A granu]ated food (the same formula("
from which the pellets were made) and water jinto a mash
‘allow1ng this mash to dry, gr1nd1ng the dried food in a
'~b1ender, and sifting the resu]trng granulated food through a
_sehie@ of seiVes?(W;S. Tyler of Canada, Ltd) in order to
seﬁ%rate‘the desired particle sizes. The preparation of the -
mash was necessary becausée the stock form of food did not
-contain the larger particle sizes in adequate abundance, and
also, it was felt that the homogeneity of the food QOUId be
enhanced by this pbocess Fresh food was made every 3-4
days, ‘and once made ‘was kept in airtight p]ast]c containers
to ensure that there were no differences in moisture content
between the d1fferent foods. =~ -~ -

The only behavioural measure collected in Phase 1 was
total session water intake for each rat on each session.
Repeated measures ANOVA were applied to the data with'groups
as the between and sessions as the withinv Heterogeneity of
{”\(\y}ahce was corrected for with the Geisser- Greenhouse
correction factor. Duncan’s Multiple Range (DMR) tests were
usedﬁfor comparison of groups within sessions and sessions

within groups.
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Phase 2. - | .

No changes to the ‘test apparatws were made for this
phase of the exper1ment Each 'sub ject rece1ved a single FfGO
session, 50 minutes long, during which they received
scheduled de]ivery of 45m§ of the foeod granulation size
appropr1ate to their group ass1gnment This'session‘took
place W1th1n 2 days of session 14 of Phase 1, and was
v1deotaped to allow subseqUent coding of behaViours: Sﬁnce.
only one animal could be videotaped at a time, subjects were
runr1n random order to control for time of testing effects
'all were run between 0900—1600hr

Seven behav1oura1 categorles were used drinking, the
1fck1ng of water from the water spout ; feederfpoke, nose in
the feeder hole; rear, raising the forepawsﬂabove a line 8cm
above the f]oor1 groom, licking, wash1ng or scratching
itself,; Iocomofe forequarters enteringinto any one of four
quadrants that tne chamber was divided into;,immobile,

E w

sitting or lying without bodily movements: fnvestfgate, any

, movements not 1nvolved in the other behaviours, inC]udlng

‘mostly sn1ff1ng of the walls and corners of the chamber

An observer coded for these behaviours from the.
v1deotapes using a m1croprocessor programmed to store the
code .0f each Keyboard entry The session was divided into
five 10- minute trials and the middle 6 mifn of each of these

tr1a]s were coded Therefore, there was a perlod of 4-min

" between each trial during wh#ch no observations were made.
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" Three measures were taken for each behaviour:‘bout
frequency (BF), the number of nonconsecut1ve occurences of a
behav1our per trial; percent-time (PT), the percentage of

»

total t1me engaged in the beha;iour within a trial; bout’

duration (BD), in which_the»score was a transformation of

the absolute duration of a bout of behaviour This |
Mtransformation wh1ch was used: to normalize the durat1on
‘ é; scores, was the square root of the absolute bout duration in
seconds plus 1. The transformatlon was aiso performed in
order to enable d1rect comparison of the bout durat1on
results of the present study with those of Beck et a].
(1988), as the same tranformation was used‘in fhaf study. In
addition, the mean time spent engaged in each behaviour in
each of-ten‘S-sec bins within each interfood-interval was
computed in order to examine the pattern_of behaviouriwithin'
the interval. ) | |

\Groups x trials x bins ANOVA were applied to the data

with groups as the between, and tria]s and ‘bins as the
within-subject factors. Duncan’s Mu]fip]e Range tests were
used to compare the groups within trials,s trials w1th1n
groups, and groups w1th1n bins. Heterogene1ty of covariance

_/rf«ms corrected for using the~Ge1sser Greenhouse correction

factor.



o III. Results
A. Phase 1. L

Figure‘1 shows the mead'volume consuhedlper session for
each group. By session 14 asymptotic drinKing eopears to
have been reached for most groups (Group PEL may St]]] be
increasing slightly). There were no significant d1fferences.a
in drinking within groups over the last five sessions. It "is
unlikely that any substahtia1 increases in drinking levels
wculd result from further training since the “iterature

consistently shows that with rats food deprived to 80% body

- weight, and with appropriate schedules of re1nforcement

polyd1ps1a develops within 5-15 days (Falk 187.1) . The 7
groups x 14 sessions ANOVA on vo]ume consumed per. sess1on
revea]ed a s1gn1f1cant session main effect :
F(3. 5 172.2)=115.88, MSe 916.94", p<. 001, group main effect,

F(6,49)=7.96, MSe=2.842 x 104, p<.001, and a group X session
intékaction F(21.1,172.2)=3.75, ‘MSe=916. 94 p< 001.
Nonsystematic 1nspect1on of the test chambers at the end of
sessions revea]ed that water sp4]]age was negl1g1b1e and
- would not have s1gn1f1cant effect on statistical tests.

On session 14, Wwhich is taKen as representat1ve of

asymptot1c performance, Groups PEL, 1.2, 1.0, and 0.8 did
- not differ from each other s1gn1f1cant]y in volume drunk,
Group 0.6 drank significantly fess than dtd Group 0.8, Group
0.4 significantly less than Group 0.6, and Group 0.2

significahtly less than Group 0.4, al] p<.05. Table 1 shows

-

14
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a P

p 15
tﬁe mean sess{on Q;lUmes for each grdup on session 14 4s
‘well as-the vériances and‘the ranges} the latter being ‘
particularly revealing of individual differences in ;espdhse‘
to éhe tﬁeatmentéz One of the rats in Group 0.8 dqgnk only
10m1 and one in GroupAO.G on]y‘TO.Sml, values that may be
considered-nonexcessive. In Group 0.4, five of tHe eight

“r

rats drank less than 10m} . o -

TABLE 1. o -

GROUP MEANS, VARIANCES, AND RANGES FOR SESSION 14 VOLUME .~
INTAKE . - o i

GROUP MEAN SESSION VAR TANCE . RANGE.- }
INTAKE . . , =
(mm) m1) ) {m1) (m1)
PEL. 23.6 © - 0.8 . 15.5-33. 1
= N
1.0 ‘ 21.2 1.8 " 14.1-30.3

1.0 1.7 - 13.1-31.5

0.8 0.9 | 10.0 28.5

0.6 0.5 10.6-28.7

0.4 0.8 .. " 4.4-20.0
{ | .

0.2

0.6 - 3.,4-8.6
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The paired comparisons showed that. all groups except -

Group 0.2 significant]y increased water consu ion over

sessions rall p<.ot. There were no 51gn1f1,gnt group. R

d1fferences between sess1on volume means jor the first two
sessions. o _ ' ' -
In summary, volume consumed ‘at aSymp ote was not
significantly different in rats rece1v1ng granulated food of
part1c]e size larger than 0.6mm, or pe]]e Fur ther
meduct1ons in part1c1e size Below 0. 6mm resulted” in less
water consumption u?t1l at part1c1e 51ze rang1ng 0 :0-0.2mm
there was np 1nd1cat1on of exeess1ve 1ntake Fur thermore,
rats receiving pqnt1c1e-s1zes of 0.0-O.2mm did not increase

water consumptibn from- Sess1on 1 va]ues over the:course of

training, while & other groups did show increments over

sessions: , ’
- N ‘ i
‘B. Phase 2. ‘

\
f

Immobilty occured with such little frequency (less than.

1% of total timg) that no data are reported for this

/
behaviour. o ‘

Drinking: _

A‘7 groups % 2 sessions ANOVA compar ing volune intakg
on sess1on 14 of Phase 1 w1th that of the s1ngle sess1on
(sess1on 15) of Phase 2 produced nonsignificant session and.

group x session effects (see Figure 1). Figure 2 shows the

total session PT results fer all behaviours, for each gnbup.
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Analyses were done with a groups x trials ANOVA .~

It can be seen that rats tra1ned on pel]ets and coarse
granular food spent more t1me drinking than d1d those
trained with flner powder for PT groups main effect,
F(6,49)=11.70, MSe=3.11 x 104, p<.001. Likewise, the BF and
BD of dr]hk1ng were lower in the smaller granulation groups;
groups main effects for BF dr1nk F(6,49)=8.64, MSe=19.1,
p<.001, and for BD drinking, F(6,49)=5.67, MSe=1.83 x 104,
p<.001, Tpese effecfs of granulation size on BF and BD drink‘
are shown in Figure 3. Pa1red compar1sons showed that Groups ’
'PEL through O 6 did not differ s1gn1f1cant]y on any of the
dr1nk14g measures, while Group 0.2 d1ffered from the above
groupsion PT drinking, p<.01, BF of dr1nk1ng, p<.0t, and BD
of drinking, p<.01l Group 0.4 differed sigpificantly from
'GroUps_EﬁL through 0.6 on PT drinking, p<.01, and BD n )
-drinking, p<.05, and Group‘0.4 also exhibited significantly
fewer“80uts of drinking than did GroupSFPEL, 1.2, and 1.0,
-p<.65. Group 0.6 approached significance on PT, BF' and BD
drinking as compared to the pe]let group on]y The comb1ned '
effect of fewer and shorter drinks by the animals in the
small part1c1e s1ze groups 11Ke1y resu]ted in the PT group
differences. . .
~The behaviours ‘hat'showed significant group x trial
.effects. are displayed in Figures't 5, and 6. A s1gn1f1cant
dec]1ne in PT dr1nK1ng ‘Over trails w1th1n the session, trial

“main effect F(3.2,155.1)=6,59, MSe=21§2, p<.001, is due to

rats in Groups 1.0, 0.8, 0.6, and 0.4 decreasing the amount

-
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of t1me spent dr1nK1ng as the sess1on wore orn, Whereas the «
rats 1n Groups PEL and 1 2 did not exh1b1t th1s decline, and
Group O 2 1ncreased in PT drink over the session; group X
trial F(19 155.1)=2.47, MSe= 2152 Jp( 001. This PT
interaction is large]y due to a group X trial effect in BD
F(18.8, 153.6)=3.68, MSe 3426, p<.001, and is pdssibly
contributed to by a éF group X tr1a] F(21 172 5) -1,59
MSe—1 . 82 p-= -0, 0564, Wh?Ch ‘approaches s1gn1f1cance F]gures
»4 8’ reveal the s1m/1ar1ty in pattern of the group X tr1a]
effects on the three dr1nkyﬁg measures
Pairwise compar1sons of tr1als w1th1n groups showed
that PT dr- nk1ng decreased s1gn1f1cant1y over the sess1on
from Trial 1 1eve1s in Groups J.Q, 0.8, 0. 6 and 0.4, and .

that it 1ncreased over tr1als for Group O 2 all p< 05,

while rema1n1ng stable over the course of the session in

- A

. Groups PEL and 1.2. Th's decline in_PT drinKinglrelative to" o

Trial f }eve]s"reached@significant proportions for Group 0.4 .

by the second tcial in the session, -for Groups 0.6 and 0.8

by the fourth_tr{hl and for Group 1 O, not unt1l the fifth

trial, (all p<.05). Over:ﬁhe sess1on relat1ve to Trial 1
1eve1s BF and BD dr1nk1ng decreased in Group 0.4, and BF
decreased in Group 1. O Groups PEL and 1.2 d1d not exh1b1t
decrements or 1ncrements on any drinKing measures ovsr the
sess1on 'ﬂroup O 2 showed s1gn1f1cant increases over the
session from Trlal 1 1evels on. BD and BF drihKing, all

p<0.05. Table 2 shows the individual rats’ changes in

pertent-time engaged'ih_drinking from the first trial of the

BN
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A

session to the last; the pattern is highly consisfent. (The
qata for Group O.2vrats are not shown aS'é]]‘rats in this
group increased drinkir -ates by over. 100% from Trial 1 to
Trial 5, ahd some of the eirats did not drink at é]] on
Trial 1). Most rats exhibited decreases in drinking rate
over the 50-minute session, and such decreases were less
prevela: ( - rats receiving pellets or granular food o
1.0-1.2mm. The averagefrelative decrement was 6uch gfééter
for rats in‘Group 0.4 than for otheﬁ groups (-48.4% for
Groub 0.4, and -4.1 to -20.8% for the othef“gréups).

TABLE 2.

PERCENT CHANGE IN TIME SPENT DRINKING ON FIFTH TRIAL OF
SEESIOS 35 RELATIVE TO FIRST TRIAL FOR EACH RAT IN GROUPS
EL - 0.4. * .

GROUP PEL 1.2 1.0 0.8 0.6 0.4
+21 +26 +26 +18 C o +23 -7
+12 +7 -9 +5 -7 -9
+1 +7 -17 -13 -16 -15
+1 +7 -20 - -29 -17 » =h9
-16 -9 -21 .. =30 -23 . -B5
-17 -10 -25 © =33 =30 -68
-22 \<%1 : -27 : -38 -32 -71
-25 -40 - =46 . -46 -43 -93

Mean -5.6 -4 .1 -17.4 -20.8  -18.1 -48.4

. * Data are excluded for Group 0.2 as all subjects increased
- drinKing by over 100%, and some.did not drink on Trial 1.

(o



20

In sum, rats rece1v1ng scheduled pe]]ets or granular
food of particle size larger than 0. Bmm spent the same
amount of time dr1nK1ng during the session, and this
exceeded the amount of dr1nK1ng,by the rats r;ceiving finer
food. Differences in this regard were likely due mainly to ‘
shorter drinhking bouts in the latter g;pups?‘as the groue X
trial effects on PT and ED drinking can be seeh to FeJtow |
simi]ar patterns'(see Figures 4 ahd 6) iend sténificent
group x tr1a1 effects were obt%1ned for both measures.
An1ma1s trained on pellets or on food of particle-size
~larger than 1. 0mm susta1hed their high rates of drfnking
throughout'the session uhi]e animals receiving smaller food
tended to decrease rate of dr1nk1ng as. the 50- m1n session
wore on, un]esg they were receiving the finest 0.0-0.2mm
powder, in which case they increased drinking rate over the
session. Amang those groups that showed decreased drinking
rate over trials, these decrements tended to reach |
signtficant proportiens relative to Trial 1 ieve]s-soonerf

the smaller the granulation size was.

' Other behaviours: - .
In Figure 2 it can be seen that drinkihg was not the-
only behaviour effected by the manipulation of food
granulation size. The groups x trials ANOVA produced PT ’
group main effects for'all behaviours, but oniy 1nvest1gate

and feeder ho]e act1v1ty appeared to vary as a function of

the decreased arinking exhibited by the small particle-size



animats for PT feeder poke the group main effect

F(6, 49)"18 51, MSe=5.52 x' 104, p<.OO1 for T 1nvest1gate

f (6, 49)-4 30, MSe 4.14 xv104, p<.001, for PT rear
F(6,49)=4.68, MSe=1.54 x 104, p<.001, for PT groom
F(6g49t:2.85. M5e=1.39 x'104, p=0.018, and'for»PT'locomote‘
F(6,49)=4.10, MSe=2280, p=0.002. As granu]at1on s1ze and
dr1nK1ng decreased, the amount of t1me spent engagedzyo
1nvest1gat1ve behav1ours did as wel] while the amount of
t1me spent,@1th the head in the feeder ho]e increased. Group
O,2 epent less time 1n.1nvest1gatjon than did any other
group,.p<.01, and Groups 0.4 and;0t6_spent less time in 9
investigation than the pellet rats'onty; p<.05. There were
no other differences in PT investigate between any other
groups |

Wh11e PT rear]ng and grooming also. tended to increase
with decreas1ng particle size, the re]ationships are not as
clear, as paired comparisons revea]ed that while Group 0
groomed'sjgnificant]y‘mohe than did any other group, alt
p<.01, there were no other s1gn1f1cant group d1fferences in
PT groom. Group 0. 2 also reared s1gn1f1cantly less than did
all other groups all p<.05.- ..ie few other s1gh1f1cant group )
differences revealed by the pa1rw1°e compar1sons formed no
discernible pattern. | .
The only behaviours that changed over the course of the:

session were drinking} rearing, feeder-poke, and. :
*invostigation Trial effec ts on PT rear, F(3.4, 166 9) 4.85,
MSe=2014, p< 001, on PT head in feeder hole F(3 3
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161.9)=4.09, MSe=4052, p=0.006" and on PT investigate F(3.4,
167)=4.32, MSe=3275, p=0.004. Of these behaviours that
produced significant trial effects, only for investigate was
there no significant group x trial interaction. Thus, the-
data for investigate accross trials within the session are
not shown..Ajl groups increased the amourit of time spent in
investigation monotonfcal]y from Trial 1 through Trﬁal 5.
The group x trial effect on PT feeder-poke contains no
discernable pattern, but the data for this effec{ are
{ncluded in. Figure 4. For feeder- -poke, group X trial

F(19. 8,161. 9)—1 68, MSe=4052, p=0.042.

A significant increase in PT .rearing over trials is
evident in Groups 0.4, 0.6, and 0.8 (p< 05). Groups 1.0,
1.2, and PEL did not change in time spent. rearing over the
session, nor did Group 0.2 (the 1atter an1ma1s spent less
than 2% of the total session time rearing); PT rear group x
trial F(20.4,166.9)=1.71, MSe=2014, p=0.034. Although the
group x trial effects for BF and BD rear were _
nonsignificant, visual inspection of the within group
changes in these measures across trials suggests that
changes in both the number and duration of bouts of rearing
produced the s1gn1f1cant PT group X trial effects since Yhe'
genera] pattern of these changes are very similar for al)
three measures of rear1ng (see Flgures 4-6). Cross reference
to the graph show1ng PT drinking over trials. allows one to
see that within a session, changes in drinking rate are

m1rrored by reciprocal changes in rearing.
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Nonsystematic observation suggested that as food
granulation size decreased, the time spent'with_head in the
feeder hole between a food delivery and the subsequent
drinking bout increased. These observations also suggested
that most of the differences in the total amount of %
feeder-poke between groups were accountab]e for by group
differences in this early-interval feeder—poke actiyity
(i.e., consumatory behaviour) rather than by termipal (i.e.,
food anticipatory) head in the feeder hole activity.

In order to address the_possibility that differences in
early-interval feeder—poke activity‘associated with
different food granulation sizes might account for the
drinking effects another measure was collected from the

videotapes: the amount’ of t1me with head in the feeder hole
between the moment of each food delivery and the onset of
the first subsequent bout of drinking, on interVa]s in which
drinking took place. (Drinking occurred in over 94% of the -
interreinforcement intervals for.rats regeiving food of “
particles larger than 0.2mm.). It would p@t be appropriate
to call this an exact measure of time required to eat a food
de11very, but it is likely re]ated to consumption t1me
- requirements of the d1fferent granulated foods, and it is
assumed to be a measure of ' the amount of oral ‘and/or

per1oral act1v1ty preceed1ng each drinKing bout (Beck, et

al., 1988) . Table 3 (p 25).shows the group means for the

'mﬂaVerage time with head in the feeder hole be tween food 3

delivery and first subsequent drinking bout, on each of<the

&~



24

five trials, for all gredpe, except Group 0.2. Because rats
in the Tatt . group failed to drink after most food
de]iveries, and were just as likely to be drinking late in
the interval as early in the interval, a reliable and
meaningful measure ‘of early-interval predrink feeder hole
act1v1ty could not be obtained for these rats. Nonsystematic
observations also indicated that animals 1n thxs group often
consumed a food delivery in more than one eating bout. But,
it must also be stressed that this problem was present only
for the animals receiving powder of partidle s1ze 0.0-0.2mm.
An1ma1s in the other groups seemed consist&nt in consuming a
food delivery in aas1ngle eating bout that commenced
immediately after Jts presentation. Ev1dence for th1s later
assertioh comes from faglure to fihd any food left in the
dipper cups at the end of a session with rats rece1v1ng
granu]ated féod of particle-size greater than 0.2mm:
sess1ons were terminated 1mmed1ate1y after the dellvery of
the 51st fo@y reward. ‘

Corre]at1ona1 analyses w1th1n trials produced only
nons1gn1f1cant correlations between the average time with
head in the feeder hole beﬁween food de]1very and first
subsequent dr1nk1ng bout, and the duration of that drinking
bout. For Trials 1-5 the Pearson product momen t corre1;t1on
coefficients, r =-,23, -, 20, :.19, -,22, and -.28,

b

_respectively.
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TABLE 3.

GROUP MEANS FOR AVERAGE AMOUNT OF TIME (seconds) WITH HEAD
IN FEEDER HOLE BETWEEN FOOD DELIVERY AND FIRST DRINKING BOUT
ON EACH TRIAL. = o .

TRIALS

1 2 3 4 5 Mean
Group -
PEL 1.5 1.5 1.9 1.9 1.7 1.7
1.2 - 4.7 4.4 5.8 5.0 4.4 4.9
1.0 4.1 , 4.0 3.8 4.0 4.6 4.1
0.8 4.9 4.9 5.4 . 6.4 6.5 5.6
0.6 7.0 6.5 6.4 6.1 6.8 6.6
0.4 3.8 7.9 9.5 8. 7.0 8.4

* Data for Group 0.2 is excluded because\these rats did- riot
consistently consume each food delivery in a single bout of
eating, nor did they reliably drink after each food
delivery. ' : ,

-

In summary, as grahufatiqp size decreased, time spent
engaged in.feeder-poKe tended to.increase. Thésg group
differenCes‘wére reflected in ear]y>interva] feeder-poke
differenceé; there weré only nonéignificant correlations
between the time spent with head in the feeder eariy in an
interval and tHe duration of the first subsequent drinking
ont for that interval. Decreaéing granulation size also
tended to be associated with increases in time spent rearing

and’ grooming, .and decreases in time. in investigation. Over
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trials within the session time spent rear1ng tended to
increase, and this effect was more pronounced for groups
receiving finer granulat1on size (except for Group 0.2,
which showed no changes in rearing over trials). Time spent

in investigation increased over trials for-all groups. .

Interfood interval data: | ' | BN

The distribution of behav1ours w1th1n the
1nterfood interval is shown for each group in Figure 5. The
data are presented as mean percent time in each of the ten
’,6~sec"bins that animals in'a'group spend enéaged in each
behaviour. Since group x trials x bins ANOVA revealed no
significantdtnree factor interaction effects for any
behaviour, the interfood—intefva] data for each subject were
co]]apsed oven all six t-min 1nterva]s w1th1n a trial, and
over the five trials w1th1n a session. This provides a mean
d1str1bution of each behaviour, within the
interfood-interva], for each subject that isrbased on tne 30
coded interfood-intervals.

Main effects of bins and group x bin interactions were
tested with a 7 gfoups x 10 bins ANOVA A1l sigriificant
resu]ts of pa1red compar1sons between groups for behav1ours
within bins were obta1ned at the alpha = .05 1evel

S1gn1f1cant bin and group x bin effects were obta1ned
on all behav1ours Bin main effects for drink
F(2.4,118.4)=178.32, MSe:6.63 x 105, p<.001, for head in the
feeder Hole F(1.4,70.1)=41.03, MSe=2.07 «x 107, p<)001, for
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rear +02.7,131.5)=55.18, MSe=1.22 x 106, p<.b01, for groom
F(3.9,189.7)227.65, MSe=9.80 x 105, p<.001, for investigate
F(3.1,152.2)=87.10, MSe=3.76 x 108, 'p<.001, and for
locomote, F(5.5,271. 8)-30 13, MSe=2.06 x 105, p<.00f. The
group x bin 1nteract1on effects were, for drink (
F(14.5,118.4)=9.52  NMSe=6.63 X108, p<.001, for head in the
feeder hole F(8.6,70.1)24.00, MSe=2.07 x 107, p<.001, fob
rear F(16.1,131.5)=3.4€i MSe=1.22 x 10§, ﬁ%5001,,for groomh-
F(23.2,189.7)=2.16, MSe=9.80 x 105, p<.003, for investigate
F(18.6,152.2)=3.,06, MSe¥3.76 x 106, p<.001, and for locomote
F(33.3,271.8)=6.10, MSe=2.06fx 105, p<.001.

’ The paired comparisons show the patterns.of dFinKing s
and of Feeder-poke within an intengT*{Q\be almast identical
for Groups PEL, 1.2, and 1.0, exCépt_for sighificant]y more
drinking and less feeder poke activity in the firg?Jbin by
'Groqp PEL animals. The. same relative Ppatterns of drinking.
are evident 'in Groups 0.8 and 0.6/%5 in Groups PEL, 1.2, and
1.0 in that drinking peaks in the second and third bins, but
the P ak level of drinking 1s lower in Group 0.8 (79%) than -
in Groups PEL 1.2, and 1.0 (89-95%) and it 1s lower yet for
Group 0.6 (68%). For Group 0.4 dr1nk1ng peaks 1n the third
bin as well but at a much lower tevel (44%). There were no
significant diffeféndes in time spent drinking between any
gréups in bins 6-10. For all groub;, little or no drinking
occurred in the last 24 seconds of the interval.

For each of Groups PEL through O 6 feeder-poke reached

similarly low levels (less than 5%) while drinking was
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peaking, but the lowest level of feeder—poke was reached
sooner for Group PEL than for the gthers..and sooner for
Groups 1.2 and 1.0 than for Groups'%%b and 0.6, suggesting
that as particle size decreases the amount of time requ1red
to eat a serv\Qg increases. For Group 0.4 feeder hole
activity does not reach its Towest po1ht {(15%) until the
fifth bin (i.e., almost halfway through the interval9.
pellet contro] group d1sp]ayed s1gn1f1cant1y less. feeder
hole activity in the f1rst b1n:than¢a11 -other groups. Groups
0.4 and 0.2 spent s1gn1f1cant]y'hore time in feeder “poke .in
the second and third b1ns than aﬁﬁ‘ﬂgher groups. Term1na]
feeder- poke activity (i.e. %ood ant1c1patory behav1our)
began toLinQpease for all but Group 0.2 in the fifth and
s1xth bins and reached similar peaks by the last bin of the -
Anterval, rang1ng from 52% (Group B O) to 69% (Group 0.8) in
the tenth bin. A]] groups except Group 0.2 exhibited the
same amount of feeder-poke behav1our between b1ns 4-10.¢
Severathrev1ous stud1es have suggested that eating and
drinking behaviors compete for occupancy of the early
portions of the interfood interval during SIP training
(e.g., Reid and Staddon, 1982"1987) In the present
exper1ment the withtn bin correlat1on coeff1c1enetween drink
and feeder -poke were significant for the first four 6 second
bins: for b1n 1 r=-.83, bin 2 r=-.90, bin 3 r= -.83, and for
bin 4 r=-.56, (all p<.001). This correlation proved to be

’ nonsignificant for the other bins.
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| Group‘0,2 differed dramatically fromféll other grcups
in regards to all of the afohementioned patterns of driq&ing
and feeder hole activity, Feeder hole §ctivity remained;ﬁjgh
throughout. the entire interval and\dhtnking.ohly slight Ly -
incre;;;a towards the end of the interval (not statistically
significant). B '

.The amount of time spent rearing did notvdiffer

signifiéantly between \any of the groups in bins_1-3, or in
bin 10. Between b1ns:5 9 Group O 4 spent s1gn1f1cant1y more
‘t1me in this behaviour than d1d any of the other groups,
except group 0.6 in bins 5 and 6. Rear1ng occupied the
middle port1ons 9f the interfood-interval in all an1mals
‘except for those in Group 0.2, who gradua]]y increased
rear1ng throughoutvthe 1hterval.

: o\
There were no significant differences in amount of

1

- grooming between Groups PEL through 0.4 in bins 1-3, or
7-10. The significant differences thét occured in bins 4, 5
and 6 formed no discernible pattern, as Groups 1.0 and 0.4
tended to groom more during this time than did other groups;
Group 0.2 grooming was significantly greater than that of
all other groups ih bins 1-3 and 8-10. Like Pear1ng,
grooming was most prevalent during the middle portions of
‘the ‘interval for all animals except those in Group 0.2.
There were no significant differences in ihvestigatioh
in bins 1-3 but, thereaF{;r, the pellet group spent
'signiftcahtly'more time in this behaviour thar ' d most

others, while Group 0.2 spent less time inyestigating than

—
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all others dur1ng bins 5-7. The few d1fferences between
other groups that were obtained formed no pattern.

. Group 0.2 spent the least time locomotigg’reTative to
all other groups in all but bins 1 and 10, and'during bins
5-7 the differences between this gnoup and all others were
significant. There were few significant d1fferences between

-
other groups in any other bins. Dur1ng the f1rst bin the

amount of 1ocomot1ng decreased as food granulation s1£e
decreased Group PEL spent s1gn1f1cant]y more time
1ocomot1ng dur}ng bin 1 than djd any other group

- In sum, dr1nk1ng behav1our was confined to early in the
interfood interval and c]oseiy fo]]owed consumption of the
food reward in all buthroup 0.2, there was very little
drinking in the last half of the 1nterval by any-an1mals-
There were group d1fferences in the amount of feeder - poKe at
the beg1nn1ng of an 1nterva1 but not in term1nal

- feeder - -poke. Rearing and groom1ng tended to odcupy the g

m1ddle portion of the 1nterva! for all but Group 0.2.



IV. Discussion

The present experiment provided an tndependent repiication
of earlier findings from this lab reported in Beck et al.
(1988) - the development of polyd1ps1a is retarded when rats
are g1ven finely powdered food on a schedu]e which read1]y
produces excessive drinking with coarser food or with _
pel]ets.'lt also expands on those ftndings by demonstbaijng
a graded particle size-response effect in which Qo]ume
intake at asymptote is an inverse function of granulation
size within a particular range (between particle sizes of
0.0 to 0.8mm). The lack of any s1gn1f1cant d1fferences
between{groups in volume drunk on the first two sessions
indicate that the granulation size effect is not manifested
until after the animals have ‘had some experience_with the
schedu]e of de11very, cons1stent with the f]nd1ng of Beck,*
et al“(1988) | |

W1th1n the parameters defined in thk- . experiment, the
po1nt at wh1ch decreasing particle size begins to
signifigantly attenuate the deve]opment of polydipsia as

measured by total volume drwnk is at the 0.6-0.8mm range.

.. Further decreases in granulation size result in even ]ess»

¥

dr1nk1ng until at the 0.0-0.2mm range the rats drink an
"average of 6-7ml of water over a- 50 m1nute session. This is
's1m11ar to total water 1ntake over the same time period when
dfood deprived rats are alIQwed ad l1b access to pe]lets.
Lotter, Woods, and Vasselli (1973) found that rats food

deprived and maintained at 80% of their pre-experimental

31 o o
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body we1ghts dr1nk an average of 7ml of waterxjn one hour- of

£

free access to 45mg pellets. The volume consumed by the rats

that rece1ved granular Food smaller than 0.2mm in the

e

present study was also similar to that of rats given the

uequ1va1ent of f1fty 45myg food portions in afmaésed food

tond1t1on of either pe]]ets or fine powder. BecK et al.

(1988) found means of approx1mately 5m1 consumed in .a f1fty

minute sess1on of either masiid pellet or massed powder'

4

delivery.

By convention, scheﬂfﬁe-induced drinking is cons}dered\
excessive, and thereforewpo]ydipstc W the volume consumed |
is stgn1f1cant1y greater than that consumed when the- same
amount of food 1s de11vered in -mass (Roper, 1981)

Therefore when powder rang1ng in particle size from

_O 0-0.2mm is delivered on an FT60 schedule the amount of

water consumed per session at asymptote does not d1ffer from

the amount consumed when food is unschedu]ed and. therefore,

' dr1nK1ng in these rats is not* schedu]e‘ﬁnduced by the

massed- food cr1ter1on suggested by Roper (1980; 1981) .

‘Appropr1ate massed-food ‘and no-food control conditions were .

not imp]emented in this experiment, so the abso1ute degree
of excess1veness of dr1nk1ng cannot be ascerta1ned St111

the observat1on that volume drunK by rats rece1v1ng

'0.2 0.4mm food was over tw1ce that consumed by rats

receiving similar food in massed food cond1t1ons Msing the
l k]

same appar|tus in the same lab (but in another experiment),

suggests -nat drinking in 0.2-0.4mm rats can be considered i

L
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- pclydipsic by the exCessiveheSsvcriterion.
-The demonstration of a particle sizeFrespcase effect as
‘seen in Figure 1 supports-the suggestion that the texture of
the -food was responsible for the original éowder versus
pel]et effect on polydipsia first reported by Beck et al.

. Thus, oral factors are strong]y 1mp11cated 1n the control of

SIP. |
| " The results of Phase 2 further substahtiate the food
 ,texture effect on‘SIP. For whatever reasons, finely”ground e
dry food appears to be less‘effective than coarser granular
~ food, ot‘peT]ete, in eliciting protracted drinking bouts
'When de]ivered'on'an fdentica] intermittent schedu]e
: Results show that d1fferences in overa]] vo]ume drunK can be
attr1buted to similar d1fferences in the durat1on of .
individual drinking bouts, and to a lesser eXLent, to
dr1nk1ng bout frequency d1fferences Rats receiving finer
z food drank less because a typical food delivery elicited a
drinktpg}bdut of shorter‘duratiOnsthan'did-delivery of a
pellet, or granular food of,particle_stée larger thah 0.4mm.
Rate that recei?ed granulatedyfdod of partic]e'sizes over
0.6mm were thdistinguishable from rats receivir~ the
standard 45mg  food pe]]ete in {he prevelance of most.
v behaviours, including the dninKing measures, and‘Hn the
distribution of these behaviours witﬁﬁn'the inter food
interval, so the granulated natUre,Qt.the food, per se, does

not cause the polydipsia attenuating effect.
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The consumatory response,has similar topography for atll
the granulated food forms, coarse or fine, in that the food
is licked up off the dipper cup in all cases. 0bV1OUS‘
differences then, in the topography of the how different
food forms were eaten cannot account for the effects. The
possibi]ity of differences in flavour‘or nutrient content of
the various foods can be ru]ed out as all granu]ated foods
were made from the same original food For all gromps, the
food was delivered by an identical mechanism, and with the
same associated auditory and vibratory_cues accompanying'its
periodic operation. The observatijons in these experim.nts of
increasing decremental effects on SIP as one descends
through particie sizes below 0.8mm strongly suggests that
this is the relevant dimenSion accounting for the original
apolydipsic effect of food powder reported by.BecK, et al.
(1988). |
| Nonsystematic observations ruL; out the possibility
that at least for animals in Groups PEL through 0.4 (those
receiVing particle sizes of greater than 0. 2mm), drinking ‘
may have been attenuated by failure to eat each reinforcer

~immediately after its presentation The nons1gn1ficant
corre]ations between time spent with’ head in the feeder hole
between a food deiivery and onset of the first subsequent
drinking bout (taken to_be an approximationiof time required;
to eat =2 féod delivery) and subsequent drinking bout
duration.suggests that the powdered food:effect cannot be

attributed to consumption time requifements imposed_by

o
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granulated foods or to the amount of oral and perioral
'act{vity assoc,dted with de1ivery‘of the different
granulated foods. Th%s adressed directly one of the _
hypotheses suggested by Beck, et al. (1988); they found that
there was a reciprocal helationship between the amount of
orel and periora] activity associated with a texturai form
of food and the amount of water drunk by animals recei;}ng
scheduled de]iver& of that food It was suggested that this
’*ctor may account for the apo]yd1ps1c effect of powdered
food. The present findings sugge.t that th1sv1s not a causal.
factor (but see Section VI, o.70, for an alternative
suggestion) as.the amount of early-interval feeder-poke
activity did not'ihcrease overAtrials fo} any group (see
Table 3), while drinking behaviours were declining for most
animals. ' : ® | o

A1l groups that received granular food of greater than
0.2mm particles exhibited oatterns of drinking that are
characteristic of‘SIP. That is, the levels of drinking~'
'.developed é%addal]y over sessions (Staddon, 1977), and there N
was usually a single bout of drinking fo]]oWing soen after
the delivery end ingestion Of‘a reinforcer (Steddon and
Ayres, 1975), and which occupied the: early part of the
inter food 1ntenval (Staddon, 1977). Also the vo]ume
consumed in a single session of scheduled delivery exceeded
that consumed in a massed food condition of svm'T?g duration
(Beck et al., 1988; see above). Volume intake in rats

receiving the 0.0-0.2mm food was similar to that of rats =



36

receiving massed food presentation or ad lib food, (cf.
Lotter et al, 1973! and Beck, et al., 3988), drinking was
not reliably elicited by each food presentation, and when
drinkfng did occur it was just as likely to occur late in
thé interfood-interva}vas éar]yA(see Figure 5). There was
oﬁly‘a nonsignificant increase ﬁﬂ:yolume intake over
sessions for these animals. Theseqlatter results indicate
that drinking was not schedule-induced in animals receiving
granulated f&oq smaller than O.gmm. Nor were any other
behaviours apparently controlled by tHe schedule, as the
flat lines that represeng temporal allocation of behaviours
withih'the interfood interVélbfob Group 0.2 in Figure 5
1ndicat¢. | |

At least one aspect of the drinking induced  {n rats by‘
granular food smaller than 1.0mm was slightly atypical of
rats trained to be po]ydipsicvpy the aelivery of pellets:
These animals tended to show some degree of satiat‘nn of
+drinking over the course of the sess” on, whi]e'drinking in
thosg.receiving food particles ¥arger than t.0mm, or ’
pellets, remained similarly exceégive throughout . The
‘sma]ler the ghanulation size of the food was, the sooner
Qithin the seésion significant declines in drinking tended
to occur. SIP in pellet trained rats has been noted for its
persistence over ‘sessions of relatively long duration (Fg]K{
1971). Keehn and Riusech (1979)'trainéd éats on FISOsec
pel]efs for sessions of 7 hours duration,wandvpbserved-no
 decrements in water spout licking until mofé than two hours

L



on the schedule had passed. Between the second and fifth
houbs there Qere declines in lick raﬁeanHowever, Freed and
Hymowitz (1972) observed steady deeliﬁee'in lick rates over
a one hour session of FI60sec for single food peliets. Reid
H‘and Staddon (1982) also found decrements'in time spent
. drinking on FT30sec and FT120sec schedules over tbe course
of 20 minute sessions. The rate of-decline {n driaking was
greater for rats heceiving 6 pellets than for rats that
received one pellet per delivery. The present study is, to
the best of the author’s knoW]edgef the- first demonstration
that the rate of decline in schedule-induced drinking can be
influenced by factors other than the schedule ehployed or
the magnitude of reward. - ' :
»RedUctions in drinking accompaﬁying reduced food.
granulation size appear to be accompanied by nonselective
increases in other behaviours. In the.present experiment,
group means éor percent of total session time engaged in
rearing. grooming, investigating, and feeder-poke all
increased as the measures Qf dripking decreased. The
increase in feeder-poke behaviour seemed to be.comprised of
increases in early-interval (assumedvto be largely
consumatory) feeder hole activity 4ather than in
1afe-interva1 ( food . anticipafory) 1ncreases in feeder
activity. Th1s is s1m1lar to observat1ons made by Reid and
‘Staddon (1987) who found increases in ear]y interval head in
feeder behaviour with increases 1H reward size, but no

differences in terminal head in feeder behaviour. Increasing

{
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meal size in their s}udy,a]so,led to decreases in time‘spent
drinking. Inspection\of Table 3 reveals that there were no
increases in early-interval ‘Bead in feeder activity over
trials within a session, for any group, nor were there
across trials increases in total feeder poKe activity
(Figure 4;T-even though most groups showed decrements in
drinking over trials. Therefore, reductions in dr1nk1ng
K measures that occured within a session cannot be attributed
to simple disp]acement by increasing feeder behavior. 0Only
when session totals for feeder related activity are compared
between groups does there seem to be a reciprocal
re]atioqship between this behaviour and drinking behaviours.
Inspection of the interfood-interval data shows that
‘rearingvand grooming increased” in prevelance during the
periodqof the interval vacated by the shorter drinking bouts
of the rats receiving finer food, that is, between 6 and 30
seconds after food delivery., Also, rear1nq increased across
trials within the session in those groups that showed across
trials decreases in dr1nk1ng In sum as dr1nk1ng decreased
due to decreasing food par£1c1e size, it was mainly those
behaviours that Staddon (1977) deScribed as ’facultative’
behaviours (those behaviours that are not induced hy the
schedule, and that tendvto occupy the middle ‘portion of the
interval) that increased in response. Both grooming and
rearing are facultative activities and bofh tended ‘to

increase with decreases in drinking, although this effect

was greater with rearing. This latter observation contrasts

1
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with those of Roper and ﬁieto'(1979) who found selective
increases in grooming as levels of polydipsia were |
attenuated by'increasihg body weight Presumably, as the
amount of time engaged in interim activity (early interval,
schedule-induced; Staddon, 1977) decreases, the resulting
increase‘in time available for other behaviours is filled
with facultative activities (Staddon and Ayres, 1975). Since
no particular behaviour replaced drinking as an interim
behaviour early in the interval, except orat?l and perioral
activity which was likely forced to by the consumpt1on
requ1remen{s of the granulated foods, then it might be
concluded that schedule-induced drinking was not replaéed by .
an exces%ive'échedule-induced other behaviour.. .

It seems that attenuated SIP is a direct result of

presenting granular food of particle size smaller than

0.8mm, and is not a secondary effect due to increases 1n

another behaviour produced . by food of th1s type.

'Unfortunate]y, in the present exper1ments there were no

massed-food or no-food control conditions conducted by which
the éxcessiveness of other behav1our§ could be assessed.
However, it is obvious from thé data that any incﬂgases in
behaviours other than feeder hole activity, that ‘accompany
decreases in drinking, abe too sma11 to be simply
substituting for excessive drinking. Appropriate ﬁaséed—food
and no-food control coﬁditions,would have had to be run in
order to ascertain whether feeder-poke activity was A \\

excessive by standard criteria (Roper, 1981).
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There ‘are a number of implications that the present

results hav for some theories of SIP that are, or have been,

in vogue. Ftrst the apo]yd1ps1c effect of-finely granulated -
powdered food 1s quite 1ncompatable with the once popular

"dry-mouth’ hypothes1s of SIP (Ste1n, 1964). This theory

. holds that SIP is a exaggeration of water 1ntaKe

necessitated by the drying of: the an1ma1 s mouth due to
intermittent delivery of small amounts of food. Presumably,
the animal must drink after every pellet delivery in order
to sufficiently lubricate its oropharyngeal passage. and
allow swallowing of the:reinforceh: There is no obvious
reason why dry powdered food would not also eticit drinking
if this were indeed a fuction of SIP. Tests for'moisture
content of the different granulated food forms were not
conducted, but any differences in this regard wou]d be
minimal since all food was separated from the same stock,
and was kept in airtight containers. Appropriate tests for
moisture and nutrient content of the different food
granu]at1on sizes would be requ1red to- exc]ude them as be1ng
at least partially involved in the granu]at1on effect on
dr1nK1ng

A study by Falk (1967) in which excessive drinking wgs
produced in rats by theAscheduled delivery of liquid monkey
chow wou]d.seem to argue against the idea that coarsely

textured foed is.necessafy for the generation of SIP.

fHowever, HawKins, Schnot,lGithens, and Everett (1972)

attempted to replicate Falk’s findings with liquid monkey

/

/
—



ha)

| ; - 4v
) 4
chow using larger .groups of rats (10 animals as opposed to
just the 2 used by Falk) and although some of their rats did
drink excessively, some also drank negligible amounts, and
the group mean for water intake was significant]y 1ower’than
that for a d1fferent group of rats delivered pellets on the
same intermittent schedule. Very similar results were found
in the present experiment when drinking with the more finely
ground food is compared with that with much ‘coarser food or
with pellets. Just as Hawkins, et al. found, data from R

individual rats reveal considetable range in the treatment

effects (see Tables 1 and 2). But Falk’s resu]ts are more

“likely attributab]e to the high:salt content’df the liquid

food he used ( 6.5% salt ). A number of liguid foods\%hat do
ngt normally produce SIP will do so.if adulterated with salt
in concentrations over 7% (Peling, Krafft, Chapman, and
Lyon, 1980). i |

I't would also be difficult to subsume the texture
effects on SIP unde o inmndel based on advent1t1ous
reinforcement (Clerk, 1962). The tempora]~proximitytof
reinforcer delivery to drinkinj was the same for animals
receiving either eoarse or fine food, that is, there was
equal-delay between cessation of dr1nk1ng and the del1very
of the next re1nforceme%t (see Figure 5), Also, regard]ess
of the form of food delivered, it rema1ns a primary ’

reinforcer for food‘deprived rats. There seems, therefore,

No reason why drinking would be re1nforced by coarse, but

-

not by fine’ food
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"Also, for simi]er resons, it is dif\ficult to explain
the texture effect by a model of SIP based on the idea of
drinking as a displacement activity (Fa]k, 1871). The latter
view has iﬁ\tbat scpedule-induced drinking results when a
'high1y motivated consummatory activity is "thwarted, and igs

expression ref]ects the competing responses$ of concurrent

N
hungry‘rats are frustrated when théy are torced to wa1t“long

approaphoand avo1dance of the situatitn. It is presumed that

per iqds between the presentat1ons of food prrtions that
7

require only seconds to consume. These animals,are;compelled
to escape from this aVersivé situation, but tney are hungry,
'so there are e]so reasons why they should stay and rece1ve

the next*food de11very In the present exper1ments
o

thwarting of eat1ng behav1our occured with the same

S

'frequency (i.e., once each minute) regardless of the

° !

granu]at1on size that was delivered Furthermore the
magnitude of ¢h1s thwart1ng effect would be expected to be
the same’ for all subjects because the amount of food
de]ivered'was the same (Wuttke and Innis, 1972). These)two
wconsiderations are problematic for an account of the food
granulation effect in terms of the displacement activity
mode 1. |
HoweVer, it could be that pellets and coarse food are'
preferred forms of food relative to a f1ne]y powdered form;‘
The implications that this possibility has for the |
d1sp1acement act1v1tyﬁhode1 of SIP is that thwartiné of tne

consummatory act would be of lesser psychological magnitude
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. with the&"tess rewarding“ finely granulated food, and the

result would be less frustration induced drinkjng Pelletted

foods. have been found to be preferred over powdered food by
rats as measured by amount consumed in a choice sijtuation

using foods of various f]avours (Nair:, 3rand, Christensen,

Kare, and Buren, 1986). Falk (1967) found SIP to be directly

relafed to the pa]atab1t1ty of the scheduled food. In order
to ascertain whether there was a relationship between
quality of reinforcer usedf?n the present experiment, and |
the amount of elicited drinking,:appropriate preference v
tests would need to be conducted. If such preference tests
were done,!and they revealed para]le]s between rewardlng

efficacy of granulated food forms and their ability to

e]icit.polydipsia, then the motivatton/displacement activity

1nterpretat1on of SIP: wou]d\be suppor ted.

- Another\Yactor that renders 1nterpretat1on of the
present results in terms of mot1vat1on unviable is that
there was‘ no difference between groups in the amount of
terminal feedef hole activity. If one form of food had

greater incentive value for the animals than another then

the resgM™ing increase in mot1v%t1on would be expected to

reveal itself in enhanced food anticipatoryvbehaviour (Nieto

and Posadas Andrews, 1984). Hence, it is difficult to-
account for the present results_wifh an unmodified Vereion
of the displacement activity model o; SIP.

9 However, the current f1nd1ngs regarding the effect of

food texture can be exp]a1ned in an 1ntu1t1vely appea11ng

«

-



. way if approached with the view that SIP is a form of.
sensitized benaviourﬁ According to current theory~of
response sensitization increments in an eliCited respdnse
occur with .repeated presentation of the eliciting stimulus.
SIP résembles’ ‘sensitized behav1our in this regard

AWetherington, 1982).

!

_JThe degree to which sen51tization occurs is primarily a
“function of the frequency and 1nte251ty of the repeated
stimulation (Groves and Thompson 1970; Petrinovich, 1984)
Genera]ly,‘greater levels of response sensitization will
follow repeated presentation of-a high intensity stimulus
than a Tow intensitycstimuius. Conversly, when a-iow
intensity stimu]us is used, the process of response
habituation will predom{nate and the net behav1oural output
wiltl decline a; a result. The two processes of sensitization
and habi}uation are presumed to occur independenfly but \
.inieract to produce the final level of behav1oural output.
Both the incremental and the decrementa] processes are a
direct function of stimulus frequency, but net sensitization
will prevail when the situation-is one of high intensity
stimuiation of moderate to Tow frequency (Groves and
Thompson, 1970) In this case, the occurence of conc''~rent
’ response habituation is minimiied and the sensitization
process is ailowed to be expressed more fully than if
frequency of stimulation is high. Section VI contains™ °
- description of current theories of;response habituation and

sensitization, as well as discussion of a sensitization
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; account of other SIP data. |
h In the proposed model of SIP as a sensitized behav}our,
the eliciting stimulus is the periodic food reinforcer, and
~the elicited behaviour is drinking. It may be that a
relevant d1mens1on eh\whjch the 1ntens1ty of a foc timulus
as a drink e]1c1t1ng stimulus to a rat can he rated is the
texture/gradient. Any oral or ingestive behaviour might
sﬁbstitute adequately for drinking, such as pica, or
airstream licking, but the availability of a water spout.
dictates that this will be the prepotenf iMgestive activity
(Staddon and Simmelhag, 1971). B -
The appea] of these assumptions is bolstered in Tight
of recent %emonstrat1ons of the necessity of oral
somatosensatlon for the 1n1t1at1on and control of 1ngest1ve
-behav1our (Miller, 1981; Ze1gler Semba Egger, and dacqu1n
1882). Miller deafferented rats to various degrees of oral
somatqsensory impairment and found that the greater this .
impairment,Athe Iess investigat{ve activity, eating bouts,
any water spout exploration a rat was 1jke]y to 5artake in.
The amount of ingestive behaviour; in short, was directly
related to the amount of orosomatic stimulation the animal-

S

was capable of rece1v1ng Zeigler, et al., showed that -
meehan1cal stimulation of oral and perioral areas ‘in the rat
e11c1ts sequences of oromotor responses normally involved in
ingestive behaviour. )

In the presenf,experiments, the frequency ef orosensory

stimulation in the form of a food reinforcer was constant



. ’\\

- . [ 46

J , L

+ for all subjects (once per minute) so frequency of

stimulation would not be expected to affect sensitization

But the\intensfty of the etimulation was varied by

man1pu1at1ng the texture of the food. Rats rece1v1ng the

less textured powder food would be expected to be getting

B

]esQ ntense orosensory stimulation, because the degree of
mechanical stimulation in the oral cavity would presumably
’ -

be less with smaller food particles. For this reason, they

may exhibit less responsiveness to features of the

_environment that evoke ingestive behaviours, such as the

water spout. Jacquin and Zeigler 1983) found decreased

R

respons1vegess to 1ngest1on associated environmental cues in

rats that were sub jected to trlgemlnal deafferentat1on and¢7//

whnch thereby, suffered orosensory 1mpa1rment Their,

,reﬁﬂlts indicate the critical role of orozenepry‘inpgﬁs in

ation and ma1ntenance of drinking. NN -
»xfThe current worKing hypothes1s is that periodic and
repeated. mechan1ca1 stimulation of the oral cavity in rats

sensitizes, and thereby enhances, the animal’ 'S propens1ty to

_éngage in ingestive activity, of which dr1nk1ng is a type.

Two predictions 2 by this model, with the assumption that

texture is a vali. meas_re of food stimulus‘iEtensity, were

borne out in the prescat results. First, the most obvious

prediction is that if schedule induced drinking is a
cens1t1zed behav1our then this sensitization should be
greater with a coarser granulated (i.e., higber intensity)

food stimulus. The primary effect of food granulation size

~

-~
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was that of more po§t~food drinKing in animals that received
coarser food or pellets, and this effect is taken to reflect
a greater degree of long-term sensitization of the food
e]ic$ted drgpking response (see Section VI, p. 65, for a
descriptionlof long-term and short-term forms of |
sensitization and habituation). Gradual incremental effects
caused by repetitiQe stimu]étion; and not obviously
acpompanied‘by copcurrent decremental propesses,‘have-been

- reported previously. For example, Franzisket (1963) obtained
prdlonged sensitfzation of the frog wiping reflex over .the
course of several daily sessions of repeated tactile
stimulation. Secondly, if the dua]-process model is adhered
~to then there should be at least some degreé of response
habituation that occhrs‘with the repeated stimulus»§
presentation. Whether or not this habifuation will be great
enoughvto’%oticably counter thevsimultaneously developing |
sensitization depends on, among ofher thingé, the intensity
‘~of the.eliciting stimulus. Habituation wi]l be greater, and
. sénSitizati;n will be &esser, when the stimulus 3§éd is of
lower inténsity (i.e., food of smaller granulation size).
Indeed, “the decrementslin'drinking rate err the éession in
réts receiving ?iner fdod resembled habituation of a
sensitized nesponée.w(Since thesetlétteﬁ aﬁima]s were still
po]ydipsic, but to a lessgh dégree,‘ﬁt.w0u1d'be proper to
consider their post-food drihking as Jess s%zsitized, rather-
than as unsensitizec, . Admittediy, these observations Wefe

'based on a Single ses” 1, but a sfrong cohsistency in the
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-patterns of relative changes in drinking rate over the
isess 'n for particular rats is seen in Table 2. |

The habituation of schedule-induced drinking would be
interesting because one of the primary charactreristics of
SIP is its persistence (Falk, 1971). The dual-process theory
states that the initial (short-term) sensitization process
~accompanying repeated st1mu1at1on shou]d begin to decay
(i.e., habituate) if the series of st1mulus presentations
continues leng enough. lLess sensitized behaviour will begin
to noticably decline sooner than will more sensitize
behaviour. It has been reported that drinking produced with
standard 45mg pellets does show decrements within the course
of a session if session duration is long enough (Keehn and
Riusech, 1979). In the present experiments a decl}ne in
dr1nk1ng was ev1dent within a 50 minute sess1on for rats
that are hypothesized to have been less sens1t1zed due to
the intermittent de11very of a Tower-. 1ntensity stimulus,
than the pelilet rece1vsng rat. Moreover, the onset of this
decline was ear11er for rats rece1v1ng food particles of
0.2-C.4mm than for . those rece1v1ng O 4-0.6mm, or 0.6-0.8mm
particles (see Figure 4), and which, in turn showed earlier
dec]1nes ‘han rats receiving 0.8-1. Omm food. Therefore, rate
of hab]tuat1on appears to be greater, the less intense the
eliciting stimulus, as the model predicts.: In light of.this
consideration, it may be that significant‘differences in
~drinking would be cbserved between_groups neceiviﬁ@fthe'

larger granular foods if session 1ength was increased,
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because the effects of differential rates of 'declines in
drinking would be allowed greater expression.
In summary, the present study examined the effects of

food granulation size (texture) on the deve lopment of
~+ schedule- induced drinKing The pr1mary findings were i)
Decreas1ng food granulation size results in attenuat1on of
SIP development. 2) Asymptotic effects of decreased
granulation size are decreases in volume consumed within a
session, time spent drinking'from the uater tuhe, duration,
- and to a lesser extent' requency, of post reinforcer

'drinking bouts. 3) Th¢ patterns of attenuated drinking in
rats that received fin granular food conformed to those
character15t1c of polyd1p51a 4) The finest granular form of
'food used (0.0- 0.2mm particles) _did not produce
scnedule-indUCed_drinking. 5) No other benaviour'became
excessive in place of excessive drinking in rats receiving
finely granulated food. 6) Rats receiving finely granulated
food decrease the time they spend dr1nk1ng over a sess1on
wh1le ?hose receiving coarser food do not. The results of

the present study have been interpreted as supportive of the

© view of SIP-as a sens1t1zed behaviour. If the assumption is

made that the texture of 1nterm1ttent]y delivered food
determ1nes its 1ntEns1ty as a dr1nk evok1ng s“inulus then
the/results of th1s man1pulat1on f1ts certain predictions
made by current theories on response sensitization and
'hab1tuat7onT %Q1dence from tr1gem1na1 deafferentation

studleshhave 1mp11cated the role of~oral somatosensat1on in
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-i
the contro] ‘and 1n1t1at10n of 1ngest1ve responses and in.
light of these demonstrat1ons the assumpt1on regarding the
1mportance of food texture in el1c1t1ng drxnkff; behaviour.-
is given some 1ndependant va11d1ty xThe view of SIP as a "
‘sens1t1ze@ behaviour provides a~WorK1ng hypothesis for

future research concerning the effects of food texture on-

SIP,



V. SIP LITERATURE REVIEW

This section contains an acceunt of most oflghe ma jor
ffndings of the past twenty-five years of Slp’research,,ée
wel] as a breif description of the theories that have been:
developed to explain these phenomena. As such this reviéw
does n@{ 1gclude d1scuss1on of the results” of the present
s tudy, and is intended to prov1de the background 1h£9nmat1on
necessary for somerf the arguments put forth in Sec%ion VI.

Falk (1961a) was the first to report that hungrQ\rats
consume large amounts of water while bar pressing for!Tood
on an'ihtermittenI sehedule of food delivery. In his
experiment rats responded on a variable-interval schedule in
which.a jever press produced a small food pe]]et‘on the
average. of ohce every 60 seconds (VIBO): Falk found that the
rats would begin drinking water immediately after Consuéfﬁg
“each pellet. The‘cumulative result after 3.17 hours on this
schedule wa: that the rats drank over 3. times their
'pre-expenimenta] daily water intake. This phenomenon was
subsequently termed "schedu1e~fnduced polydipsia" (SIP) to
denote the excessiveness of the behaviour as well as‘ite
dependence on intermittentvdelivery of a reinforcer.

SIP has been emonstrated with a number of species
including rhesus monKeys?(Schuster, 1966), pigeons (Shanab
and Peterson, 1869), and humans (Kachanoff, Leveille, 7
McClelland, and Wayner, 1973), and rats le.g., Beck, et al.,
1988; #alk, 1961a,1961b). Thus, there appears to be nothing

unique to demonstrdtion of polydipsia in the,laboratory rat.
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Since Falk's discovery of SIP, several researchers have
added to the list of factors that influence the amount of
water that rats imbibe in under conditions of intermittent
?oegyeel1very It is Knbwn for example, that a response
: ont1ngency is not necessary for the generation of the
ffect. Fa]ﬁﬁy (1961a) or1gina] account of SIP utilized a
variable-interval-60- second schedule. Since ‘it seemed
" possible that.SIP might be a displacement from an operant
‘system to another response, Falk examined the effect of a
‘noncontingent variable-intehval 60-sec (VtéO) schedule and
found that the acqu1s1t1on of SIP was unaffected (Falk,
1961b) SIP has a]so been obtained with fixed-ratio (FR)
. schedules (e.g., Falk 1961b), and by severa| researchers
.using fixed-time (FT) schedules of food delivery (e.g.,
Roper and Nieto, 1979; Wayner ahd Greenberg, 1973).. It
therefore appeared that SIP was the result of fntermjttency
of food delivery per se, and that it occurrtd whether or not
an operant response was required for re1nforcement
Seyﬁha] experimenters have examiney the effects of
reward size on SIP, but their studies have produced
conflicting results. F]ory‘(1971) and Falk (1969) both found
that the amount of drinking per re1nforcement de11very was
greater when two pellets were delivered than when only one
was. Rosenblith (1970) obtained a greater level of
polydipsia with 250mg pellets than with 45mg peliets.

However, despite the evidence for a positive relation

between reward size and drinking, Freed and Hymowitz (1972),

a“
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and Yoburn and Flory (1977) obtained decreased dr1nk1ng w1th
increases in reward size. Lotter Woods, amd Vasse111 (1973)
found that SIP was read1l¥ obtainable with reward sizes of 1

b
or 4 pellets, but not with 12 pellet rewards. In all of

these aforement1oned experiments the s1ze of the food reward
was var1ed between sessions. When the number of .45mg pellets
per delivery is’ var1ed betweeh T and 9 pellets, and thts
mahipu]ation,is made within a session by randomly assigning
different reward sizes to different intervals within the
session,'the amount of drinking after a food delivery is
anerse]y related to the size of the delivery (Reid and
,Sta&ﬁon 1987) . In an earlier experiment, Reid and Staddon.
(1982) presented extra food at the end 6f occasional fixed
intervals within a session of FT pellet delivery and -found
thatvthe e*tra food‘evoKed less dhinking. This attenuation
of drinking was limited to the interyﬁ]s‘eontaining the
extra food, and wae attributed to a concommitant indrease in
food related behaviors during these‘inteﬁvals.

Whatever the precise relation between-Food magni tude

and SIP happens to be, it is now clear that sess1on totals

‘sf water consumed are not a uset | measure of such effects f“;l
(Reid and Staddon, 1982). This is because the effects of’ N
food size onttQtal amoent of dninking presuhab]y depends on
both' the interval length chosen as well as the duration of
an experimenta] session, It has been shown that rats-.

. rece1v1ng 6 pel]ets péer del1very on a FJ30sec schedule w111

begin the sess1on dr1nk1ng at a greater rate than will rats

-
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on the same schedu]e that reé%%ve only single pe]]et ’
de11ver1es, but by the end c° a 20 minute session the rats
rece1v1ng six pellet de]1ver1es w111 have decreased their
dr1nk1ng rate to ]eve]s be]ow those of the single pellet
rats (Reid and Staddon 1982) The exact nattre of the
effects of food magni tude on°’ SIP remain unée n, although
%he bulk of the ev1dence suggests that, atll g%%e being \3;
equa], larger reward size produces 1§SS‘§chedule-induced
drinking. ‘

One feature of SIP that is considerably less
eontroversal is the observation that induced drinking

1 X

az_depr1vatlon level or

increases with increasing fa
decreas1ng body weight (Falk, 1969). Freed and Hymowitz
(1972) confirmed this effect of body we1ght deficit.

However, though reduced body weight may enhance the
robustness of polydipsic effects, it is not a necessary
eondition for obtaining excessive schedule-induced drinking.
Wayner and Rondeau (1976) found excessive drinking in rats
'that were trained on a F160s=c schedule.at 80% ad 1ib body
we1ght and later returned to 100% ad 1lib weight. A1l though
drinking irr reeovered rats was considerably less than when
these same rats-were food deprived, it was etill
significanf]y greater than in a group of rits trained.on a
schedule at ad 1ib body weight fhat were never food
deprived. In another study, it Was not even necessary to
initially train subjects ag reduced body weight in order to

generate polydipsia (Roper and Nieto, 1979). Although Roper
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and Nieto also ﬁound that SIP was an 1nC(eas1ng function of

decreas1ng bo _,wegght rats ﬁhat werf

| &
weight still drank” morepuridfilieh

;Kept at ad 1ib body

dftlons of\1nterm1ttﬁnt

4#&;

food delhwecy;than in a masseaszi :
indicating tHat aﬁ&i%termjfteh% schedﬁle:e 5Tpcoduce some
degree of polydipsia even in satiated rats. Food depr1vat1on
seems to reliably enhance. &he acquisition of SIP but it is
not a necessary condition for production of the effect

One of the most cr1t1ca1 factogs 1nf1uenc1ng the degree
of SIP acquired under conditions of intermittent food
delivery is the interfood. interval used. The fgnction
relating.SIP to interval length is éﬁbitonic one in which
increasing interval lengtH produces greater 1evels.of
pclydipsia uevto a poiht, after which further increages
proguceiﬁess drigking (Falk, 1966). Flory (1971) trained
rats to ber press for pellets on FI schedules ranging from
Fli1sec to Fi4803ec He obta1ned little water consumption on
schedules shorter than 5 seconds, and progressively more
intake ag”interval length was increased between 5-and 120
seconds Volume ccnsumed decre%sed monotcnica]]y with
yfurther increases in interval length. A s1m1]ar b1ton1c o
- function was obtained when two pellets were de11vered at the
end of each interval instead of only one ﬁellit. Wayner ahq{
Greenberg (1973) also reported an inverted-U shaped function
relating fixed-time interval ]ength to the number of licks\
at a water spout L1cK1ng 1ncreased as 1nterva1 1ength

1ncreased between 1 and 4 minutes, after _which it decreased

~
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as interval length increased to 5§ minutes. Experiments in
which the interval length is increased while the number of
re1nforcements obtained is held constant will necessarily
reqo1re 1ncreases in the duration of sessions. Conversely,
when session length is held constant there will be fewer
foog deliveries ‘with increases in interval length. However
when either session duration or number of reinforcements
within a session are maintained at constant values, the

bitonic function relating interfood interval and SIP °

measures maintains (Falk 1971) .

There are sevgral other factors which have been shown -

to have an effect on levels of schedule- induced drinking.
Freed (1971) found that the volume of water ingested
,'decreased with decreased nutr1t1ve content of food pellets.

Falk (1967) man1pu1ated the palatab111ty of scheduled food

and found that there was a positive relation between SIP and

L)
palatability of the re1nforcer Flory and 0’ Boyle (1972)

’demonstrated that if the availability of water to an anima
‘1s restricted to the later portions of the
interfood-interval SIP is attenuated slightly, thoygh not
“eJ1m1nated comp]etely A number of pharmaco]ogrcal agents
have also beens tested for the]V effects in the SIP parad1g
(Wallace and Singer, 19756, pro§1de a review) .
But, regardless of the ipéumulation of facts about SI
an adequate explanation of the processes 1nvolved in"the
generation and maintenance of th1s pecul1ar phenomenon

rema1ns elusive. Many attempts have been made 1nvoK1ng
¢ .

1

m
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either physiological cr behavioural explanations but none.
can account for all the data (Staddon, 1977; and
Wetherington, “1982,. provideabood revtews). _
Researchers initial]y attempted physiofogical P
.explainations of SIP, One factor that appeared cr1t1ca1 for
the production of SIP was that the peinforcer de11vered was
dry faod. Stein (1964) was a strong advocate of the "dry
mouth” hypothe. s of SIP which held that the excessive-
drinking engendered by the intermittent schedule is
necessary in order to a]]ow the ahimal to suff1c1ent]y
lubrlcate its oropharyngea] cavity and allow repeatedly
presented portions of dry food to be swallowed. Stein (1964)
demonstrated that subst1tut1ng sweetened condensed cow m11k
for dry pe]lets under conﬁ1t1ons of 1nterm1ktent de11very
did not produce polydipsia. -Similarly, Strjcker and Adair
(1966) failed to obtain SIP with vegatable o0il as the
reward. But, Falk (1967) did demonstrate polydipsia using
liguid monkey chow as the reinforcer This finding was taken
as conclusive eV1dence that SIP was not due to a dry mouth
Further evhdence aga1nst the dry-mouth hypothesis comes from
the observatton that wetting the rats mouth by means‘of an )
intreforal tube does not stop polydipsia (Falk, 1971).,\
unless the volume of water orally 1nfused is equivaient td\\
the amount that would norma]ly be consumed in an SIP session
(Kenny, Wr1ght and Reynholds, 1976). e o %
| One of the ftrst behavioral hypotheses that attempted
to explain SIP suggested that it may be an gdventitious]y ‘

2
S
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reinforced superstitious/behavior (Clark, 1962; Segal

1965) In a 1948 paper B.F. SKinner described an experiment
in which he showed that the mere presentation of food to- a
hungry pigeon was enough to produce operant behavior, even
though there was no response contingency 1nvolved in the
delivery of the reinforceg The pigeons in that experiment
came to emit 1diosycratic and stereotyped behav1ors that
werg temporally correlated with food delivery, and the
1nterpretation of the processes involved 1n generating this
superstitious behavior was made in terms of the'law of
Effect' Since there was certain to be behavior of some sort
occuring at the moment of food delivery, such behavior_was

adventitiously reinforced, and therefore, its reocsurrence

incredsed in probability, thereby increaSing the probability

. that it would appear in close temporal proximity.to the
, reward iny to be" further reinforced ‘Clark (1962) and
"~Segal (1965) thpught‘that;ﬁlp may be produced in this same

oytThere,arelséveral lines of evidence that ‘mitigate
against an,explanation of SIP in terms of adventitious
reinforcemeht.,First, superstitiously maintained behavior is
characterized by its idiosyncratic nature and by shifty in

the topography of the response, while SIP develops qu1te -

ﬂrapidly and is qu1te stable once it is established (Falk,

~

1969). Secondly, If SIP were'superstitiously maintained
behavior then it would be expected that drinking would occur

late in the 1nterval in temporal proximity to, and
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preceeding the dekivery\of the food reward. In fact, One of

- the characteristics of schedule-induced‘drinking is that it

follows rather than preceeds the delivery of the reinforcer
(Stein, 1964). Tnird, Falk (1964, cited in Metherington,
1982) has demonstrated that polydipsia can be)generated by a
schedule with a coﬁtingency that requires that drinking not
occur within 15 seconds before a bar press in order.fof the
bar press'to produce food. Fourth,bpolydipsia can be fg

produced with FR schedules, when the-pause in operant

,rrespondtng that is introduced by post- -pellet drinkKing

iactualqy 1ncreases the time to the next reinforcer de11very

(FaTk 1969) ~In sum, the advent1t1ous reinforcement
hypotbes1s has not fared w%l] as an explanation for SIP.
////In response to this fa1ture of the advent1t1ous

fe;nforcement hypothe is, Fa]K (1969) proposed a

t%e-more mot1vated the animal is by such factors as food
3

,uvdeprivation or- reduced body we1gnt, and the more mot1vatjng

the situation 1s\(incentjve,_frequency, magnitude.'qualjty

of food), the greater the tendency 'to drink (Staddon, 1977).
Central to Falk’s mot1vat1o1a1 account of SIP is. the

assumption that the 1nterm1ttent de11very of small amounts

of food to the food mot1vated rat constitutes a situation in

“which the an1mal has its consummatory dr1ve repeatedly

thwarted The result of this thwart1ng of the driveé is the
appearance of a d1splacement act1v1ty Falk (1971) describes

dtsplaced behavior as a response sequeﬁce wh1ch is’

!‘.
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ordinarily a_fu.ction7of variables7bther than those which
presumably domijate.the current situatjon." (p.585). THe
dominant variable in an fhtermittent schedule of food
delivery to a hungry animal is the food, to which the
.primary response is eating, not drinking. The drinking
response 'is assumed to arise as a resu]t of frustratlve
non-reward that is. inherent in the 1nterm1tteney of t e_food
delivery (Falk, 1971). /?

The evidence re]ating increases in SIP. to decreases in
body we1ght }s extensive, and it supports the motivational
hypothesis. As prev1ous]y mentioned, SIP appears to be a
d1rect function of reinforcer palatability (Failk, 1967) and
there is someﬂev1dence of increases in schedule 1nduced
dr1nk1ng with increases in food reward size (e.g.,
Rosenb11th 1870; Flory, 18971). Even the contrary evidence
that 1ncreas1ng reward magn1tude decreases drinking (e. g
Yoburn and F]ory, 1977) does not seriously damage the
mdtivation hypothesis. Although increasing the food
magni tude shou]d:result in greater motivation to eat, the
thwarting of which should then be greater, it may also be
the case that with larger reward sizes the consummatory )
response is a]lowed a greater degree of expréssion each t1me

‘a re1nforcer is dellvered before being thwar ted, thereby
attenuating the hypothesized frustrat1ng effect of the
1nterm1ttent schedule There is, in fact I1tt1e data that
makes a compelling arguement against the mot1vat1onal )

frustrative nonreward hypothes1s

-~
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Twenty-five years of research his shéwn that there are
several féctorg\which influence- the development SIP. Among
the most potent of these are degree of food deprivation,
scheduled interfood 1ntervaﬁ tength, and magnitude of the
food reward. Bre1f1y, levels of excess1ve schedule-induced
drinking appear to increase w1th 1ncreas1ng food
depr1vatloq, and to decreaée w1th increases in the food
reward size. The relat1onsh1p between SIP and interfood
interval is a bitonic one in which 1ncreas1ng the .dinterval
Iength results in enhanced dr1nk1ng up to a po1nt
whereafter further increases in 1nterval length - lead to less
drinkKing. Physio]ogical aécounts for.SIP, such as the
"dry-mouth’ hypothesis, have been, thusg far, unable to |
account for all of the data. Behavioral accounts based on;
adventitious reinforcement.of superstitious drinking
behaViqﬁr have also failed. Flowever, a theory bésed on tﬁé
idea that SIP is a displacemént activity,va;d thit 1évels of
induced dr]nk1ng are pos1t1ve]y related to the motivation to
eat, has fared s]1ght]y better. Recent]y, it has been
proposed that SIP might be a form of honassociative
learning, namely behavioural sensitizdtion. There is ample
evfaence to sUppért'this latter hypothesis (see.Section |

VI.).
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VI. SENSITIZATION T-EOKY AND THE FITTING OF SIP DATA ) fﬂ
Over the past two ard = half decades seveﬁ@l peoplé \

~have attempted to prov1de an explanat1on for the genes1s and

a1ntenance of SIP. For the most part theseﬁattempts have".
\-M)

been vested 1n either behav1oura1 or phys1ologtcal terms,

but seildom both In1t1aJ theorves 1nvoked phy51ofof_;,

. Lt
B & .

functions such as dry- mouth 1mpa1red renal funct1on ;a}v'f Jﬁh
homeostat1c mechanisms such as temperature regulat1on tFalK an
“1969). Such theories failed and ‘behavioural models Dased on
operant or classical conditioning were put forth, only to
s1miﬁarly fail to account for all of the data. Oniy qu1te
recently has 1t been suggested with- any clarity that SIP
m1ght be a form of nonassociative learning (Wetherington,
1982). The view is that SIP may be a manifesfation of
sensitized behaviour. Wetherihgton pointgféut that, like
more typical sensitization paradigms, SIP (raining involves
repeated presentation of a stimulus (food in this case). and
the behav1ora1 change is a progressive enhancement the
magnltude of a particular response (dr1nk1ng in this case;.
The idea that SIP is a form of nonassociative learning
requtrestsome justification»for believing that it is not an
“instance of assoc1at1ve learning. A powerful demonstrat1on
against the 1atter v1ew was made in the Beck, et al. (1988)
study They found that in a- ‘condition in which food del1very
was omitted on 307 of 1nterva1s on an FT60 schedule,
polyd)ps1c rats did not drinkvduring these,intervals. If SIP,

were either an‘operant behaviour reinforced by food

62
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de]ivery, or a simple unconditioned response to food
delivery, ;menable to tempdmai’conditioning, then graduai j
not immediate extinctioh of the response wou]d be expected
'1n the condition of randomly ommited food deiiveries

The results of the present experiment can be
! interpreted as supportive of the view of’SIP as a sensitized
}behaviour In addition much of the eXisting data on SIP can
be ea51ly fitted to the senSitization mode] Following a
breif overview of current sensitization and habituation

theory, the fit offexisting SIP data to ,this model will be

discussed.

Ai Dual-process theory:.

Groves and Thompson 1970) outlined a dual- process
theory based on their research with spinal cat. The mpde]
was further updated by Thompson, Groves, Teyler, and Roemer
(1973).*%he thedgy contains two inferred processes,
habituation and sensitization, that predict,and describe the
oourse of changes in magnitude of response to a repeatedly
presented stimulus. "Habituation is a decremental process
that is assumed to occur within the S-R pathway, while
sensitization is an incrementa]'process that effects~the_‘
organism’s state, increasing the tendency to‘respond The
two processes of habituation and sensitization are assumed
to occur concurrently in conditions of repetitive
presentation of an effective stimulus, and they interact to

produce the net behav1oura1 output.
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There are twelve assumpt1ons conta1ned in this’ theory

{

The development of hab1tuat1on ‘proceeds in an
exponential manner .and reaches an asymptotic level.

Habituation decaysgsqpntaneously when stihulation is

‘stopped. oy

The rate and degree of habituation is directly related

to the frequency of the repeated stimulation, ;nd is
inversely retated to the intensity of the eliciting
stimulus. ‘ : ) S

A repeated series of repetitive stimulation results,in
progressively more habituationf . ;

There is some degree of genera11zat1on of hab1tuat1on to,

a test stimulus.

Sens1t1zat1on occurs in state systems but not in S-R

N

pathways ' ;V'
During a series of repet1t1ve st1mulus presentat1on
sensitization first grows then deCays |
Amount and durat1on of sehs1t1zat1on are dtrect]y -

related to both frequency and 1ntens1ty of'the“elnciting

-
v

stimulus.
Sens1t12at1on decays spontaneous]y when st1mulatlon
stops |

Sens1t1zation exhibits“genera1ization.

. . N . A - o .
Dishabituation is an instance of sensitization.

Temporal conditioning of sensitizationgé;n\occur'under

_some conditions.
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B. Two-factor'dua1-process theory:
Petrinovich (1984) has proposed a more updated version

of the dual-process theory that includes two new factors:

* stimulus spec1ficity and relative permanence‘ Stimulus

spec1f1c1ty refers to the extent to which changes in ,
response are the product of the exp11c1t/e11c1t1ng stimulus
(stimulus spec1f1c), or are due to repeated exposure- to the

env1ronmen§§l gogtext in which this stimulation occurs

(st1mu]qg geneﬁad) Re]at1ve permanence was 1ncluded to-

account for’ changes in response magnitude’ that occur within
a series of repeated Stimu]atioﬁ/T:Fbrt-term) and those that
occur over several series of such etimulation (lﬁgg—term).
Relatiye permanence aud stimulus specificity vary along
continuous scales, as do the observed effects of response
habituation and sensitization, and where a]Qng these scales

o

they lie depends on exact nature ofthe response preparation.

L.

- C. Parametric{féaturee of a sensitization based model of

Slg:- Bf:

i There are a‘number of things that a model of SIP based
on current theories of reeponse’habituatiOn must achieve.
First, the response in question, . namely drinkidg, must
conform to the parametric features described in these
theor1es For examp]e dr1nk1ng should be a function mainty
of the frequency and 1ntens1ty of st1mu]us presentation
(Groves and Thompson,‘1970)a Second, if it is assumed t@at‘

excessive drinking is a manifestation of sensjtized

3
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i . : )
behaviour, then it shou]d be p0351ble to demonstrate
1nstances of habituation of th1s same behaviour, under
appropr1ate conditions. Th1rd, the immense body of data or
SIP must be consistent with any proposed descpiptive mode 1.

L4 , .
Progressive development of SIP.\ )
Wetherington (1982) has pointed out the most‘basic

similarity between SIP and other sensitized behaviour:,There
is a progress1ve increase in measures of response magni tude

over time with exposure to an intermittently and repeatedly

" presented st1mu1us.vIn the proposed model of SIP as a

sensitized behaviour, this progressive‘deve]opment over
sessions is taken to reflect long term sensitization as
descr1bed by Petrinovich (1984). The two-factor dua]-process
theory predicts that_sensitization will decay over time
after stimuiation is_stopped.-There is no specific deeay
time for sensitization as this depends on tne nature of the
preparatlon be1ng examined. Substantial decay may not be
»’ev1dent until several weeks later as in the case of
st1mu]ent induced behavioural sensitization (Rbbinson and
Becker( 1986), or it may occur w1th1n m1nutes SIP decay
time appears to be relatively long, w1th Substantial
decrements in volume drunk in a 1 hour FT60 schedule with
45mg pe]]ets occurring omewhere between 10 weeks and 6 -
months after initial training to asymptote (Wetherington and

Riley, 1986).
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1

Frequency and intensity of food’ reward.

Duaf-process theory states that in situations of high
st1mulus intensity response fac111tat1on w111 predom1nate,
and this will be the case even more SO wﬁen st1mu1us
frequency is moderate to low (Groves and Thompson 1970){~
Conversely, response decrements will preva11 when the (.?"‘

/

repeated stimulus is one of low intensity, and when‘ ‘ o
frequency of stimulus presentat1on 1s high. Dea]1ng W1fh -
stimulus frequency f1rst with intensity held consﬁant, tnéfﬁ}
bitonic function relating interfood-interval to SIP levels.
should be recalled. Increasing interval Teng\p %s'eduivalentfn'.
to dee‘easing stimulusy frequency (i.e., food del1very) |
Be twek, %wnterval lengths of 4- seconds to 120 seconds,. ine 
rate of water intake increases as 1nterva1 length 1ncreésés F
(Falk, 1966). This would be predicted by dua]—process theory
. ‘ T L
when stimulus intensity is constant, as it is in the common
SIP experiment with standard 45mg pellets. The decreasing
part of the bitonic. function rélating stimulus frequency to
drinking levels is‘also'bredicted by duél-prOcess theory.
When freguency.is too low thére'wiT] be little
sensitizafion, and therefore, oné would expect that .
decreasing stimulus frequency (i.e., increasing inter food
infénVal length) would cause response increments only up to
a point after wnich‘the incremental processes would decline
with further frequencyvréductions (Flory, 1971; Wayner and
Greenberg, 1973). Thus, . the bitonic function relating

inter food interva] length to volume consumed is predicted by
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"the sensitization model of SIP. . . | a

It is assumed that a relevant dimension along which
intensity of a food stimulus can be measured is the texture
~ gradient, but another djmension that‘wou]d likely be as
valid could be the amount of food delivered. The appeal of
these assumptions is bolstered in Tight of recent '
vdemonstrat1ons by Miller (1981) of the necessity of oral
somatosensatfoh?for the initiation and control of ingestiye
behaviour. Miller deafferented rats to produce various
degrees of oral somatosensory impairment and found that the
'greater this impairment, the less investigative activity, -
'eat1ng bouts, and water spout exploration a rat was likely
to partake in; the amount of ingestive behaviour was

/

d1rect1y related to the amount of orcsomatic. st1mu1at10n the
animal.was capab]e of receiving.

In ‘the present study st1mu1us frequency was held
constant at one presentat1on per minute, but the intensity
of the st1mu1us was varied by man1pulat1ng the texture of

.,the food. When the 1ntens1ty of the food stimulus was. h1gh
(i.e pe]]ets or coarse granular) the amount of drinking
was ]1Kew1se high. When the intensity of the food stimulus

- was’ lOW»(i} ., finer’ granu]ar), the drinking levels were
likewise Tow. Furthernore;nngtvonty was less sensitization .
of dr1nK1ng ev1dent[)n the anima]s that recieved

;’low.1ntens1ty food as revea]ed by their lower levels of

drinking relative to those rats rec1ev1ng h1gh 1ntens1ty

-food, but 1n the former an1mals there was also ev1dence of
A ‘ ‘ .
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Jhabituation of the drinking response within the seSSion and

the rate of habituation appeared- to 1ncrease with decreases
in s?imdlus intensity. A1l of the foregoing resuits wou]d be
predicted by dua] -process. theory, if food texture were a
relevant stimulus intensity dimension for drink elicited
behaviour. ' . i B \

A1though discrepancies exist within the 1iteratdre~ the
majority of the evidence suggests that the re]ationship
be tween 51ze of food reward and SIP 1s an inverse one (Reid
and Staddon 1982; 1987). At first g]ance this might appear
to mitigate against SIP as a senSitized behaViour because
intuitively, more food should be a/more intense stimulus.
Studies;showing an inverse re]ationshib between meal\size
and drinkihg on intermittent scheddles.have manipulated the
number of 45mg food pellets de]iveredmper interval. When a
rat is faced with the delivery . of several pellets rather
than dne, he consumes these, cne at a time, in rapid order.
Since the pellets are eaten one at a time, the intensity of
-the oral tactile stimulation shou]d not differ fromﬂthat
produced by a single pellet delivery; only the dUPatlon of
this stimu]ation should be greater. Increasing the duration
of a repeatedly preSented stimulus has the effect of
increasing the rate habituation to that stimulus
(Wickelgren, 1967). <.

if’tacti]e stimuiation of the oral\cavity is a factor
mediating the sensitization of food elicited drinking. then

increasing the duration of each stimulus presentation while

v

°
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Keeping in Fd(x\constant would be expected to attenuate

the amount & ens1t1zat1on and increase the rate of

1]

‘habituation." Re : and Staddon (1982), in addition to f1nd1ng
that less dr1nkﬂng occurred in sessions as reward.size
(number of pellets) increased, also found -that increasing
reward size increased the rate of decline <in lick rate
within a session, consistent with the prediction of
increased rate of habituation with increased stimulus~
duration. It should be recalled, also, that decreasing f Sa
granulation size in the present study led to less and 1e s
drinking, while time spent in oral and perioral contact with
food and/or the feeder‘mechanism increased, and that when
session totals are considered, this suggestslan inverse

\ nelationship between the duration of tactile stimu]qtjon,

| and subsequent drinking. This latter effect might be enough
to account for the observed deCrementsiin drinking over the
session, without assuming that the texture of the food

leg1t1matF1y determines_ its intensity as a drink e11c1t1ng

stimulus. \

.Body weight and food deprivation. j

The fact that SIP is greatly dependehtfon food
depr1vat1on level of the organism is qu1te congruent w1th
the proposed model. Recall that the dualfprocess theory
postulates that hebituation occurs within the S-R pathway
and that sensitizatibn occnrs through influences on the

"state" of the organism. By "state" is meant the activation,

N
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arousal, or tendency to respgndlaf the organ sm (Grovesr;Zd
Thompson, 1970). Furthermore ~any means by wk ch the "state"
systems of the organ1sm are/pos1t1ve1y activ 4 should have
the effect of 1nferfer1ng w1th response habituition. This
could be‘v1ewed as an enhanced propensity for sensitizetion.
Food deppived rats are known tb be hfghly aroused relative
to s@tiated rats (Brett and Levine, 1979, 1980; Tazi,
Danzer, Mormede, and Le Mgal 1988) and would therefore be
expected to have a high level of/state activation on which
the superimposition of sensitizing stimulus should have a
further response facilitating effect (Wetherington, 1982) .
- In satiated rats there 1$ little state dctivation prior to
the onset of an experimental session of‘iptermittept food
delivery,vand therefore, tpe habituation process is alloWed.
to reveal itself early, thus preveéting the amount of
drinking to become .excessive. In Groves and Thompson's
words, "the extent to wﬁich sensitization habituates below
contro] level may also depend in part on the 1n1t1a1
base-11ne state of the organism ...", (p..441). In the case -~
of food deprived rats recieving pel]ete intermittent]y,’the
hypothesized sensitiization does'no$ habituate noticeably
within the typical session, possibly because the initial

baseline level of .state activation of the .animal is very

high.
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Summary.

Evidence has been presented ‘that suggests that .the
results o?}}he present study can be 1nterpreted as ‘%,gs\
supporting the view of SIP as a sensitized behaviour, baséd |
on current theories of sensitization and hab1tuat1on In
addition to the basic similarities between SIP and
sensitized behaviour that are retlgpted in the.progressive
deﬁé]opment of both over time with repeéted preséntagion of
a stimh]us, and decay over time, dafa from other SIP studies
‘whiCh examined the effects of certain of the pabameters that
are most potent in influencing the development of SIP have
also been shown to be interpretab]é in terms of ’
sensitization theory Among the factors that have been found
to produce effects on SIP and that are conghuent‘with the

pnopbsed model are 1) ihterfoog"intervdﬁ length; 2) size of

[
food reward, 3) degree of food deprivation.
. -,



/  VII. FIGURES

“FIGURE CAPTIONS

Figure 1. Group means for volume drunk in ml on each
session. Vertical lines Join'nonsignificantly different
group means, Duncan Multiple Range, p<0.05. Standard errors
for Groups PEL to 0.2 were, respectively, 2.42, 1.35, 1.33,
1.62, 1.69, 1.06, 0.69. ’ B

Figure 2. Mean percent of total session time engaged in each
" behaviour for each group. Asterisks denote significant
differences from pellet control group (PEL). * = p<.05, *x =

p<.01.

Figure 3. Mean bout frequency per skession (top graph) and
mean transformed bout duration (bottom_ggaph) for drinking
for each group. Asterisks denote significant differences
from peliet control group (Group PEL). * /)= p<.05, ** =
p<.01, . The transformation performed Sn bout duration was
the square root of the absolute drinkKing bout duration in
seconds, plus 1. S

Figure 4. Percent-time for drinking, rearing, and
feeder-poke, across trials within Session 15. Vertical bars
connect nonsignificantly different group means (Duncan’s

» Multiple Range, p<0.05). Asterisks denote significant
differences from value on Trial 17 (Duncan’s Multiple Range
p<0.05). Standard errors for all groups ' on PT drink were
between 0.90°- 3.41, on PT rear 0.80 - 3.06, and on PT
feeder-poke 1.83 - 5.04. o

Figure 5. Mean bout frequency for drink and rear, ‘across
trials on Session 15. Vertical bars connect nonsignificantly
~ different group means (Duncan’s Multiple Range, p<0.0%5).
Asterisks denote .significant differences from value on Trial
1; Duncan’s Multiple Range, p<0.05. Standard errors for all
groups on BF drink were between 0.008 - 1.11, and on BF rear
between 1.05 - 3,19, '

Figure 6. Mean transformed bout duration for\a¥ink and rear,
.across trials on Session 15. Vertical lines connect .
nonsignificantly different group means (Duncan’s Multiple
Range, p<0.05). Asterisks denote significant differences
from value on Trial 1: Duncan’s Multiple Range, p<0.05.
Standard errors for all groups were between 0.15 - 0.27 for
BD drink, and between 0.06 - 0.10 for BD rear.

) e}
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Figure 7. Temporal distribution of the different behavfbuys
within the ihterfood-interval for each group, averaged ayer
all coded intervals within Session 15, for. drink,

feeder -poke, rear,investigate, groom, and locomote. The
ordinate scale is the mean percent time within a B-second
bin spent engaged in the behaviour. The abcsissa marks each «
of the ten 6-second bing within the FT60 second interval,
Group PEL=filled circles, Group 1.2=open triangies, Group
1.0=open squares Group 0.8=filled trianglesﬁ~Group 0.6=ORBD
circles, Group 0.4=inverted triangles, Group' 0.2=filled |
squares. Vertical lines completely transect lines
representing nonsfgnificant]y different group means in each
bin, Duncan’s Mu.tiafr&?unge, p<0.05. Standard errors for
all groups on dm etween, 0.92 - 3.471, on :
feeder-poke, 2.2 i pn rear 0.79 - 3.05, on groom 0.55

- 3.42, on investig - 3.99, and on locomote 0.323 -
0.64. . E o

t
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