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FLECT OF MILK ON THE MAINTENANCE OF SUCKING

BEHAVIOR IN KITTENS FROM BIRTH TO SIX MONTHS'
JEAN E. KOEPKE? axn KARL H. PRIBRAM

Stunford Untversity

From birth to ¢ mo. the milk received for sucking wis manipulated by per-
mitting five kittens, the milk-sucking group, to suck at o luetating cat, and
five. the dry-sucking grouy, to suck uu a nonlactating cat which wus unesthe-
tized. All kittens were fed by using a stomach-loading techmique. The dryv-
sucking group spent s much lime sueking as the milk-sucking group during
the first 3 wk. bul sucked nereasingly less thercafler, though they contimued
10 suck some throughout the & mo. At no time did the dry-sucking group
initiate sucking less often than the milk-sucking group, suggesting that the
cifect of milk was mainly in prolonging sucking episodes. These results sug-
gesl that nelther the aequired drive nor the unlearned oral drive hypothesis
13 adequate lo explain sucking, Observations regarding plaving, sleeping,
nuzzling, and nipple grasping are also reporled.

Sucking oceurs so {requently and persist-
ently outside of the feeding situation that it
has sceldom been considered mercly o feed-
ing hehavior, Broader conceptions attempt-
ing to explain both the nutritive and nonnu-
tritive aspeets of sucking have generally
been preferred (MceKee & Honzik, 1964;
Ross, Fisher, & King, 1957). Two of the
more influential of these agree in ¢onsider-
ing sucking the expression of a drive, but
differ as to whether the drive is unlearned
(Levy, 1934} or acquired (Davis, Sears,
Miller, & Brodbeck, 1948).

According Lo the acquired drive hypothe-
sis, sucking aequires its drive properties
through its clese aszociation with the pri-
mary drive reduction provided by the milk
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normally accompanying it. This suggests
that food reward 13 a necessary condition
for acquisition of the drive. Although some
sucking might oceur ab birth, it would not
be expected to continue unless aecompunied
hy food reward. Since to date this hypothe-
515 has not heen tested directly, the present
experiment is designed to investigate the
extent to which the development and main-
tenance of sucking depends on the milk, or
food reward, normally obtained by sucking.

The acquired drive hypothesis has re-
celved its strongest support from a study by
Dyavis et al. (1948) with human habies, and
from 2 replication and extension of this
study by Benjamin (19613 with infant
monkeys. The rescarch design of both stud-
ies, however, permitted only an indircet test
of the hypothesis in that food reward and
sucking experience were not treated as sep-
arate variables. In both studies, the oppor-
tunity to associate sueking with food ve-
ward was manipulated by varying the op-
portunity to suck, rather than by varving
the oceurrence of food reward. Starting at
birth, some infants were fed by drinking
from a cup and others by sucking. For the
cup-fed infants, this cflectively restricted
agsociation of sucking with food reward,
but it alzo restricted experience with suck-
iug itself. Thug, although the cup-fed in-
fants generally exhibited lower levels of
nonnutritive sucking, it is not clear whether
this was eaused by their lack of association
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of sncking with food reward, or their lack
of experience with sucking per se,

That other vanables besides milk may
determine  early  sucking  behavior s
strongly suggested by the common observa-
tion thut sucking levels are relatively high
in the first days of life, even before milk is
forthcoming. Given a situation in which
sucking initially oceurs at a high level, such
as the sucking situation normal for a given
species, repeated sucking experience may in
itself act as a determinant of sucking he-
havior, Thus, the present experiment was
designed io provide equal opportunity for
sucking experience in & normal situation
while varying the occurrence of food re-
ward.

Two groups of kittens were reared from
birth to 6 mo. with regular agcess to live
femule cats. For one group, the cat was lac-
tating so shat sueking produced milk in the
normal manner. For the other, she wus not
lactating so that sucking never produced
mitk. These cats were only available for a
certain time each day; therefore, in order to
provide nourishment at the same fime as
controtling sucking, all kittens were fed by
means of a stomach-loading technique. The
sucking behavior directed toward these cats
wag systematically observed throughout the
6 mo. as were other items of hehavior. 1f
milk, or food reward, iz necessary to the
maintenance of sucking, as implied by the
acguired drive hypothesis, then the group
with the nonlactating eat would be expected
to show lLittle or no sucking afler the firsy
few days of life.

MEeTHOD

Subjects

The subjects were 10 kitdens, 5 mules sk 5 fo-
males, selectod drom the liliers of 7 difterent fe-
males, Three diferent litters were ropresented m
the group of five kittens, ihiree males nnd two fo-
mtles, which received milk for sncking, und four
different liters it the groun of five kittons, two
miles and three femades, which dud not.

Procedure

Mointeranee. Tn overy pease the kittens wore
remaved from their mothers shorily ufter birth, be-
fore any of them had setualty starviod nursing. The
kittens were housed individually in bhaxes during
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the frst 6 wk, Cloth-voverad beating pads on the
Hootrs of the boxes provided the warmih necessary
for maintnining :hem. Between the ages of 6§ wk.
and 8§ mo. eaen of them wig housed noan indi-
vittual cage.

lu order Lo provide proper nourishment and
seill contrel sucking experience, ol kittens were fed
every 4 hr. by o stowueh-donding weclinigue, The
procedure followed bl saen feeding swared with
weighing the kitten, Then o tube wus inserted
through e mouth inte the stomach wnd the
requisite sinounl of Esbilue (stimuinted Diteids milk
produced by Borden Co. [or pupplies und kilicns)
wils stowly injocted, The kivten's moutin was held
tightly sbut around the tube in order 1o prevent
both its dislodguent and the possible oceurrence
of sucking movements, Afler thiz, the kilfen was
returned 1o it Lox and another fed, Tha
smound given vach kitten was an averge of the
amount ingesied ab that {ecding and e prior
feading by w botlle-fed Lltermute which wis fed
as el Ksbilae as desived from o osonisl nursing
bottle, Thesn bottle-fed Kittems were ool purt of
the study us such and were ouly used to providue
an estimate of the umount of Eshilue to be injecied
ub cuch feeding. When all the kittens had Leen
fed, il gentlal aren of cuel was stimulstol by
sthroking with u soft brushe in order 1o iotthte wri-
nation and defeeation,

In an attempt to keep the experineater-pro-
duced sthnulalion about the sume in the 1wo
growps, each kitten in one groun wis matehod wilh
a Kitten in e other group. For cach lecding, the
pairs were tresded stnilaly o with respect ko the
wiounl of thne the whe wus lole in the stomaeh
and the overall amount of time they were held py
the experimenter, Between feedings, the kittens
wore left aloue except for occasional health cheeks
and e adminisuation of the experimental condi-
Lions,

Wihon the kitens were § wh, old, all of these
specttt Feerthzng and mabnrenance procedures were
terminuled, snd the kibtens were moved from Lhenr
hoxes o capes where they were first inwroduced 1o
Palsluny and then o ordinary cat food, They were
given generous unounts of food, milk, wond water
wwice w duy in the morming snd cvening so ihat
tiey condd end nned drink wt will,

Sucking. Kaeh day bn the st 8wk, o] Kiltens
were given g oppertunty lo suek for approsi-
maiely 6 brow duy, During this period, one group,
wirich may be cabled the mitk-sueking group, wos
put in a hare, reclangulane sereon-eovered box close
w the mammary region ol a normal laetaling fe-
made cab und altowed o suck an witl, The box was
relutively sowll, 25 X 18 % 16 in. 30 thal §6 wus
ensy for the kitlens to loonle the ol and miiisic
sieking on their own, During the seon time, dhe
oiher group, witdch may he ealled the dry-sucking
Eroun, was pul in oo similae box cose 1o the mam-
mary region of an adult female ext which was not
laetating, This group was also altowed to suck ail
will, but of course no milk was fortheoming, To
prevent this end from interfering wilth the kitiens

wam




SUCKTNG BEHAVIOR OF KITTENS

abfempts to suck, she wius given an injection of
pentoharbital sodium (6 ex/kg) suthicient to render
lier jonnobile for most of the 6-he. period. Thus, for
both groups. the sucking stimnius situnlion was is
clos: to norinal as possible exeept that sucking
prodiuced mitk for ounly one group. Beeause of
scheduling dificulues. two Jottens in ench group
did not, bogin these daily sucking sessions unii
their sevond day of Jife, though they were removed
frong thedr mothers at birth, After the kitlens were
6 wk, old they weore given these opportunities Lo
suek for onlyv 2 hro per day, 3 davs a week, at which
tine Lhey were put in bare, reetangokar observailon
cages with the appropriate femde cat, These cages
wore sl enough, 36 X 18 X 2344 in., so that 1t
was diftiult for e Lwtating cat o avoud the
kittens. All of the sucking sessions were thus con-
ducicd in s relatively confined space o that both
thre milk-sucking and dry-sucking kitlens  could
initiite sucking on their own with the mmmum of
ald or inlerference from the cats. Only by weo stme-
turing the sitwation would the opportunities (o
ity sucking be sufficiently compatrable botween
the two pgroups Lo permit evaluation of the effec,
of milk on suckimg belavior.

Obzerpativa. During the first 6 wk., the duily
sucking experience was mitiated approxonately 2
hr, before the 2:00 231, Teedingg, wmd [0 wis Lermi-
nated slightly before the 6:00 ro feeding. Again
becanse of scheduling difficulties, this sucking ex-
pericnoe was inttiated for one drv-sucking aud two
milk=stteking kittens nhout 2 hro beflore the 6:00
ry. feeding, und it was termunnted  before the
10:00 vy fecding. Fyvery day dunng this period
the kittens were observed in the 2 hr, just preced-
ing ihr freding mwl o the first iour Just after the
frreding.

After 6 wk. the daily sucking opportunities,
then 2 hr, in duration, were vsunlly seheduled in
the morning. and (he klitens were observed diring
the entire pernod twice a week. onee at the begin-
ning and once at the end of the week, Thus, their
Lehuavior was recorded every 3 or 4 days until they
were 8 mo. old,

Zinee 1l was net possible 10 ohserve and main-
tain both wroups of five kittens during a single
f-1m0. peried. the klttens were roared and obaorvedd
in smaller groups during 3 period extending over
approximately 2 vr. The size of these groups was
deiermined by a nwnber of factors, including the
avuilabilily of newbom kitiens, phyvsied limititions
regarding the space and Ume necessary for muain-
iaining 1he kittens, and mortaliy, Rezaedinge the
Iatier, roughly one-third (6/17) of the Kittens
started on stomach loading and one-fourh {2/%)
of these started on bottle feeding died, all, save
pne hotile-fed kitten, within the first 2 wk, of life,
{One of the remaomng U stomach-doaded Littens
was dropped from the study due 1o limiations of
limn and spacee) That these deaths mey well have
rosulted from o lack of the novmal pretection
afforded newhorn kittens by antibodies containerd
in ihe mether’s milk 13 suggested by the facl that
five of the aix stomach-londed Kitlens which died
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were in the dre-sucking condition where  they
would have received no anubodies. An ulicmpt
ta offsat thiz by injecting each kitten with feline
serum {8 ce) ot birth and st 2-wk. intervals
thereafter until they were 6 whk. old thus appears
tw have been only partedly sueeessiul.

As w result of the aforementioned factors, the
kittens were reared essentially in four different
groups. Under the dev-sucking condition. four kit-
wens woere reared together an one titme and one
kitten at apother. Under the milk-sucking condi-
tion, three kiblens wore reared together ab one
time and two at avather, The same nouvlactating
citt was used for each of the dryv-sucking groups,
while n different lactaiing eal wias used for each
of the nulk-sucking groups. At no time were any
slgns of lactation noted 1w the nonlictating cat.

Since such diffevences o group size would have
resnlted in cousiderable dispaity in the social
situation charncierimpg the sucking scssions, an al-
templ wis made 1o counteract this by ineluding
hotilecled kittens in these sessions whenever pos-
gihle, It any case, during the first 6 wk., boitle-fed
littermpaes were normally included with the milk-
sucking kiltens sa as ta provide o betier estimate
af the amount of Eshilue to be stomach loaded at
the fecdings ocourring dunog and afier milk suck-
ing. Tn no case, however, was the behavior of any
bottle-fed kitten included in the results, Thus, (he
kittens were observed within groups varving in size
from oae to five. Far the milk-sucking group, 39%
of the wial pumber of hours aof obgervation oc-
curred In groups of four, 58% in groups of three.
and 3% in groups of lwo. For the dry-sucking
group, 4% ocourred in groups of five, 36% in
sroups of four, 17% in groups of three, 22% in
groups of two. and 20% 1o groups of one. most
of the latlor ocoureing when the kirten was hetween
6 wk. and 6 mao. of age.

Recording. For each kitlen, the iime during
which its mouth waz closad over a nipple wus re-
corded on a curmulative stapwateh for each hour
of ohservation, For purposes of discussion  this
may be called a measure of sucking time. although
i kitten may not have heen actively sucking during
the whole time that its mouth was oo a nipple.

In addition, various items of behaviar were
abserved and recorded as ocetorring within 30-sce.
miervals scored conseculively during ench hour of
ohservation. The kittens were observed throughout
the first 25 sec. of cach 30-sce. interval. and the
behaviors occurning in this Interval were recorderd
thon us well a5 in a 5-sec. break before onset of the
suceeading 30-see. nterval. A kitlen was recorded
4z exhibiting a given behavior if the belhavior ac-
curred at least once during the 25-sec. period. the
one exceion being that it wos only scored as
aslecp 10t appedred to be in that state throughout
the 25-gec. interval, The aetual number of (nes o
siven behavior was exhibited in the scoring interval
was not recorded, except with rezpect. (0 the num-
bor of times the kiltten grasped o nipple with its
motth.

A wide variety of hebuoviors wns obhserved in an
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attempt Lo deternune whether the experimental
procedures had any effect on the development of
other behaviors in addition 1o sucking. Since
nuzzling in the fur of the mother eat and grasping
a nipple with the mouth are both involved in the
witiation of sucking (Schneirla, Rosenblatl, &
Tobach, 1963), they were ol particular interest.
Although different bebaviors were promineni at
different, times during development, the kitlens
were observed throughoul the 6 wo. for the oc-
cwrrence of any of the following behaviers: suck-
ing, nuzzling, nipple grusping, playing. slecping, full
body twitcling, biting otlier kittens, biting en-
vironment, bcking sell, licking others, crying,
purring, kneading (rhythinic pushing of the fore-
paws against the mother while sucking), mouthing
self, mouthing others, and empty wmouthing. The
oceurrence of playving was recorded for o given
kitten if any plaviul behavior wis observed re-
gardloss of whether this play involved other kit-
tens, the eat, itself, or soe aspect of the environ-
ment.

Of iliese, however, only sucking, nuzzling, nipple
grasping, plaving, biting others, sleeping, and
wwirching proved to be important 1o differentinting
the groups. With the excoption of purring, knead-
ing. and licking others, which did net differ be-
twepn the groups. the remaining behaviors oc-
curred too infrequently, for the most part less
than 10% of the thme, 10 warraut further consid-
eration,

Relinbality. Eighty percent of the observations
were ade by the first, anther, while 16%, 3%, and
2% were made by threo different trmined as-
sistanis. Since the kittens were reared in four
different. groups over such long periods of time,
interobserver reliability was checked with each
group four times during the 6-mo. period with
about hadf of these checks ocowrring during the
mitial 6 wk. The {following mdexes of intevobserver
reliability were bazed on these 16 obsorvation sos-
sions, each of which wus approximaicly 3 hro
duration. The relinhilitics were ealeulated o terms
of the number of times that two independent ob-
servers agreed or disangreed with respect to whether
a given behevior was obsorved 1 o piven 30-sce.
interval, The percentage agreoment: relative to the
sum of the agreements plus disagreements, both
summed over all 16 sessions, was 989 for sucking,
2% for nuzzlime, 88% for nipple grasping, 92% for
playing. 91% for biting othors, 92% lor sleoping.
and 86% for twitching.

Data Analysis

Inasmuch as the feeding procedures. Hving on-
vironments, and observation sehedules differed be-
tween the age periords of barth to 6 wk. and 6 wk,
lo 6 mo, the wmetzures obtadped in these perods
were analysed scparately. All npalvses involving
the whole Arst 6 wh. were actuadly based on nicas-
ures obtuned from Doy 2 through Day 42 of life.
sinee sucking time :and other behavioral measures
were not available for all of the kittons unill Day
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2 of lile. Certain hehuaviors whish did not oeeur
throughaut this iime were analyzed only over that
peviod <during which they were observed in bbby
groups., Thus, measures of playving weee analyzed
only over the peried frony Duy 18 through Day 42
af Hfe, ind messures of twilching onbv over the
period from Day 2 through Ty 320 AL analyses
involving ihe whole 20-wk. period from 6 wk. to 6
ma. were based on measures obtained o the 40
dave of ohservition. 2 davs per week, ocourring
from Week 7 through Weoek 26 of life. All of the
anmalyses of varinee reported  inchude one wode-
pendenl factor, groups, and twe repewied factors,
davs (of life) and hours (of ohservation). Only
thosze & vibnes signilieant o4 the 05 level or less are
reportael, and o lew of these are omittd when
higher order interactions are reporied.

Graplue presentation of ilie resnlts bay hbeen
limited to those obiained i the ficst hour of ob-
aorvittion on the ground thut for both groups suck-
ing amd related belinvior eceuered most frequently
during this hour. For the most pact, the overall
rends and generul group relalionzhips showny for
ihe firsl hour are not substantially aliensd or re-
versedl 1o amy other hour of observiidon. Any
changes thal do ovenr over the obiervation hours
arer described o the dest, Thus, the results pres
sended in Figures 1-6 all refer to findings obtained
in the first haur of observation anly.

Resunts

Sucking

Furst 6 wk. During the first 3 whk. of life,
the dry-sucking group sueked as much as
the milk-sucking group, but in the second 3
wh., they sucked less. Measures of tean
sucking time per hour obtained by the Lwo
groups over blocks of 3 days during the first
42 days of life are presented in Figure 1.
Age s represented n Figure 1 as the me-
tian day of a given block of 3 days,

An avalysis of variance of the sucking-
time measures obtained over the whole 6
wk. indicated that the two groups showed a
significant decrease in sucking time over
davs (£ = 688 df = 40/320, p < 001).
That the decreasc was greater for the dry-
sucking group is indieated by a significant
Groups x Days interaction (F = 1.99, Jdf
= 40/320, p < .001). Separate analyses of
variance of the sucking-time scores ohb-
tamed during the first and second 3 wk. of
life indicated that the two groups differed
signitltcantly only during the second 3 wk.
Thug, the effect of groups wus significant
only in the latier period {(F = 8.60, df =
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Fre. 1. Mean sucking time for milk- and dry-sucking groups over first 6 wk.

1/8, p < .025). None of the interactions
involving groups were significant during ei-
ther period.

Kittens in both groups sucked progres-
sively less over the 3 hr. of observation (F
= 2080, df = 2/16, p < .001). That the
decrease in sucking in the third hour, after
stomach loading, was greater during the
early part of the 6-wk, period is indicated
by a significant Hours X Days interaction
(F = 1.54, df = 80/640, » < .005). This
trend did not differ significantly between
the two groups.

The weights recorded for the two groups
throughout this period of stomach loading
were very similar. An analysis of variance
of all the prefeeding weights recorded for
the kittens over the first 6 wk. failed to
reveal any significant differences hetween
the dry-sucking and milk-sucking groups,

Siz wk.~6 mo. During the first half of this
20-wk. pericd, the milk-sucking group
sucked more than the dry-sucking group,
but during the latter half, there was little
difference between the groups. Measures of
mean sucking time per hour per week are
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Frioo 2. Meno sucking time for milk- and dey-soeking groups over G mo.

plotted for the two groups over the whole 6
nio. in Figure 2, Mean values for each week,
as presented mothis and all subsequent fig-
ures, were computed for Wecks 7 26 from
the meazures obtamed on the 2 days of ob-
servation cach week and for Weeks 1-6
from the measures obtaimed on all 7 days of
ohservation each week, Although the latter
means were always analvzed separately,
they were wmehided In these figures in order
to provide a comprehiensive picture of he-
havior across the whole 6 mo.

An analysiz of variance of the sucking-
time mensurcs obtained belween 6 wk. and

6 mo, indieated that the difference in suck-
ing favoring the milk-sucking group de-
creased over days and that this difference
wus somoewhat greater and more persistent
in the first tharn in the second hour of obser-
vation. Thus, the Lriple Groups X Days X
Hours Interaction was significant (F =
1.55, df = 39/312, p < 023). In addition,
sueking time showed a significant decrease
for hoth groups over the 20 wk, (F = 7.84,
df = 38/312, p < 001}, but not over the 2
fir. of observation.

That the differcnee hetween the groups
was significant ouly during the first half of
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the 6-wk.—6-mo. period was incicated by
the results of separate analyses of variance
of the sucking-time scores obtained in the
first, and second 10 wk, of this peried. Anal-
ysis of the sucking-time measures obtained
during Wecks 7-16 showed that, although
the milk-sucking group sucked more than
the dry-sucking group, this differcnce de-
creased over days, the trend being most
striking in the [first hour of observation
when the milk-sucking group sucked the
most. Thus, the trple Groups X Days X
Hours interaction was signficant (F =
217, df = 197152, p < .01) as was the
overall effect of groups (F = 994, df =
1/8, p < .025). An analysis ef variance of
the sucking-time measures obtained during
Weeks 17-26, however, failed to reveal any
significant effects involving groups. Only an
overall decrease in sucking time was signifi-
ecant during the last 10 wk. of observation
(F = 4.84, df = 19/152, p < .001).

A less preeise measure of sucking belhav-
ior, the number of 30-sce. intervals in which
sucking was observed, provided results over
the 6 mo. that were very similar to those
reported for sucking time and thus will not
be diseussed in further detal). Tn order to
use the same seale, however, in comparing
changes in sucking with changes in nuz-
zling, playing, and sleeping over the 6 mo.,
this measure, rather than mean sucking
time, 18 nzed in Figures 3, 5, and 6.

Initiation of Sucking

The initiation of sucking involves a se-
quence of behaviors consisting mainly of
nuzzling in the fur of the mother cat, which
brings the mouth in contact with a nipple,
and grasping the nipple with the mouth,
Any tendency io initiate sucking is thus
first indicated by nuzzling.

Nuzzling. Measures of nuzzling indicated
that the dry-sucking group showed the
same tendency fo initiate sucking as the
milk-sucking group and showed the same
decrement in this tendency with age. In
order to compare changes in the tendency fo
inmtiate sucking with changes in sucking it-
self, the mean number of 30-scc. intervals in
which nuzzling was observed per hour per
week over the 6 mo. is plotted for the two
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groups in Figure 3 along with 2 similar
measure of sucking, In all figures, mean fre-
quency rtefers fo rnean number of 30-sec.
intervals.

During the first 6 wk., the two groups
showed little difference in their nuzzling be-
Liavior except that the dry-sacking group
nuzzled somewhat more than the milk-
sucking group in the first hour of observa-
tion, this difference disappearing by the
third hour. Thus, an analysis of varianee of
the number of 30-sec. ntervals in whieh
nuzzling occurred over all 6 wk. indicated
that the only significant effect involving
groups was the Groups X Hours interaction
(F == 608, df = 2/16, p < .025). Both
groups also showed a significant decrement
i nuzzling over the 6 wk, (F = 4.67, df =
40/320, p < .001). In addition, they nuzzled
progressively less often during the 3 hr, of
abservation, with the diflerence between the
hours decreasing as they grew older, as in-
dicated by a sigmficant ctfect of hours (F
= 12890, df = 2/16, p < .001) and a sig-
nificant. Hours X Days interaction (F =
1.31, df = 80/640, p < .05).

During the period between 6 wk, and 6
mo., the two groups did not differ in their
nuzzling behavior, although both exhibited
progressively less nuzzling, An analysis of
variance of the number of 30-sec. intervals
in which nuzzling oceurred over the 20-wk.
period indicated that the only significant
effect was a decrease in nuzzling over days
(F = 3.70, df = 39/312, p < .001}).

Nipple grasping. Measures of aipple
grasping indicated that the dry-sucking
group completed the sequence initiating
sucking at least as aften as the milk-suck-
ing group and showed the same changes
with age. Iduring the first 6 wk., like nuz-
sling, mipple grasping was observed some-
what more often in the dry- than in the
milk-sucking group. This difference was
most, pronounced in the first, hour of ebser-
vation and decreased over the 3 hr. as the
amount of nipple grasping deereased so that
there was very little difference between the
groups during the third hour. Thus, an
unalysis of variance of the total number of
times that nipple grasping was observed per
hour over the whole 6 wk. indicated that
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the Groups x Hours intersction was signif-
ieant (F = 26.13, df = 2/18, p < .001), as
was the overall effect of hours (F = 79.01,
df = 2/16, p < .001). As with nuzzling, no
other effects involving groups were signifi-
cant. In addition, hoth groups showed a
slight increase in nipple grasping over the 6
wk. (F = 143, df = 40/320, p < 05).
During the first hour of observation, the
mean number of times per hour, computied
over the whole 6 wk., that the kittens were
observed grasping a nipple was 23.2, with a
range of 14.3-45.0 for the dry-sucking
group, and for the milk-sucking group it
was 9.7, with a range of 6.8-12.1,

During the 6-wk-6-mo. period nipple
grasping, like nuzzling, did not differ be-
tween the two groups. An analysis of vari-
ance of the total number of times that nip-

ple grasping was observed over the whaole
20-wk. period indicated that there were no
significant cffects involving groups. Both
groups showed less nipple grasping as they
grew older (F == 2,60, df = 39/312, p <
001).

Playing

In the early weeks of life, the dry-suck-
ing group showed greater increments in
playing than did the milk-sucking group,
and their peak amount of playing was
reached at an earlier age. The mean number
of 30-sec. intervals in which playing was
observed per hour per week over the 6 mo.
is plotted for the two groups together in
Figure 4, and separately for the dry-suck-
ing group in Figure § and the milk-sucking
group in Figure 6.
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Over the first 6 wk., the dry-sucking
group played progressively more than the
milk-sucking group. In an analysis of vari-
ance of the number of 30-sec. intervals in
which playing was recorded, the Groups X
Days interaction was significant (F = 2.02,
df == 24/192, p < .005). This trend was
similar for each hour of observation. In ad-
dition, as the growing kittens inecreased
their play, they played most in the first
hour and least in the third hour of ohserva-
lion, and showed increasingly greater dif-
ferences in the amount exhibited each hour,
Thus, the Days X Hours interaction was
significant (F = 1.58, df = 48/384, p <
.025) as were the overall effects of hours (F

= 25.97, df = 2/16, p < .001) and days (F
= 15.62, df = 24/192, p < .001),

The two groups did not difier in the mean
day of onsct of playing or of any other
behavior observed. In playing, as in all
other eases, the means for the two groups
were 80 close with so much overlap in the
gcores that stafistical analyvsls was not war-
ranted.

(Over the 6-wk—8-mo. period, the dry-
sucking group initially played more, but
eventually played less than the milk-suck-
ing group, as indicated by the behavior re-
corded in the first hour of observation,
Though both groups played less during the
second hour of observation, the milk-suck-
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ing group played more than the dry-sucking
group throughout all but the first weeks of
the 20-wk. period. Both groups showed a
progressive decredse in playing during the
latter part of this period and 4 decrease in
the difference between the first and sccond
hour, Thus, an analysiz of variance of the
number of 30-sec. jntervals 1in which play-
ing oeeurred nudicated a signifleant Groups
¥ Days % Hours interaction (£ = 1.99, df
= 39/132, p < .001). In addition, the over-
all effeets of days (F = 899, df = 39/132,
p < 001, howrs (F = 1821, df = 1/8. p <
005}, and groups (F = 602, df = 1/8,p <
05) were significant.

The dry-sucking kittens reached their
peak amounts of playing at an earlicr age

QO*I- .
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than the milk-sucking kittens, as indicated
hy the behavior recorded in the first hour of
observation when the greatest amount of
playing oceurred. When the 2 wk, in wlich
the kittens were observed to play most fre-
quently were averaged to obtaln a mean
peak week of playing for each Kitten, the
kittens in the dry-sucking group were all
found to peak at an earlicr time than those
in the milk-sucking group. The median of
the mean peak weeks obtamed for the dry-

sucking kittens was 9.5 wk., with u range of

B.5-11.5. The median for the milk-sucking

kittens was 13, with a range of 12-17. This
difference is stgnificant at the 008 level by
a two-talled Mann-Whitney U7 test. Even
though the dry-sucking kittens showed pesk
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amounts of playing earlier than the milk-
sucking kitlens, the aciual amounts ob-
served al these peak periods did not differ
significantly between the groups as indi-
eated hy the same test.

The oceurrence of another behavior
which very often accompanied playing, bit-
ing others, was distributed over the 6-mo.
period for the two groups in very mueh the
sgane manner s playing.

Sleeping

Over the 6 mo., the two groups exhibited
first, & decremnent and then an increment in
Vo-min. sleeping episodes with the dry-
sucking group sleeping more than the
milk-sugking group in the 8-wk.—6-mo. pe-
rind. In order to compare changes in sleep-
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ing, suckimyg, and playing, the mean number
of 30-sec, intervals per hour per week in
which sleeping was recorded over the 6 mo.
is plotted separately for the dry-sucking
group in Figure 5 and for the milk-sucking
group 1n Figure 6.

During the first 6 wk., the two groups did
not differ significantly in the number of L4-
nun, sleeping  eplsodes  exhibited. Both
groups, however, showed a deerease in sleep
over the 42 days and both showed an in-
erease over the 3 hr. of observation, the in-
crease heing greater earlier in the 6-wk. pe-
riod. Thus, an analysis of varance of the
number of 30-sec. intervals in which sleep-
ing was recorded over the whole 8 wk. indi-
eated that the offeels of days (F = 5.82, df
40/320, p < .001) and hours (F
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214.83, df = 2/16, p < .001) were signifi-
cant as was the Days X Hours interaction
(F = 1.30, df = 80/640, ¢ < .05). There
were no significant effects involving groups,

During the 20-wk. period between 8 wk.
and 6 mo., the dry-sucking group slept more
often than did the milk-sucking group,
which slept very little during the observa-
tion sessions, This difference, based on sum-
ming over the whole 20 wk. to obtain the
mean number of 30-sec. intervals of sleep
per hour evidenced by each kitten, was sig-
nificant at the .008 level for each hour of
observation by two-tailed Mann-Whitney
U tests. In each hour, all kittens in the
dry-sucking group slept more than those in
the milk-sucking group. In addition, all of
the kittens in both groups slept more in the
second than in the first hour of observation.
Using the means just described, a two-
tailed sign test of the increase in sleep from
the first to the sceond hour was significant
at the .002 level for all of the subjects con-
sidered tfogelher. Both groups also evi-
denced an increase in sleeping over the 20-
wk. period. During the first hour, 8 of the
10 kittens showed an increase in the mean
number of intervals of sleep per hour from
the first to the second 10 wk. of this period.
A two-tailed sign test of this increment,
however, yielded a p value of only .110,
During the second hour, 7 of the 10 Lkittens
sliowed a similar increase.

Twitching. Since gross body twitching
usually occurs when a kitten is asleep, the
following results suggest that early in life
there may have been slight differences be-
tweernl the groups that were not observed
with the present measure of sleeping.
Whether these might have involved differ-
ences In the duration of sleeping cpisodes,
oceurrence of various sleep states (Valatx,
Jouvet, & Jouvet, 1964), or some other as-
pect of sleep cannot be resolved with the
present duata. In any case, the differences
were slight and limited to roughly the firat
4 wk,

During the period from approximately
the second through the fourth week, the
milk-sucking group evidenced gross body
twitching sliphtly more often than did the
dryv-sucking group, slthough the reverse
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was true during the first week. In an analy-
s1s of variance of the number of 30-sec. in-
tervals in which twitching was observed,
the Groups X Days interaction wag signifi-
cant (F = 185, df = 30/240, p < .005).
Very little Lwitehing occurred after the first
414 wk, but within that time the two
groups showed a significant decrease in
twitching (F = 23.76, df = 30/240, p <
001). As with slecping, both groups showed
progressively more twitching from the first
to the third hour of observalion, but the
dificrences in the frequency of twitching ex-
hihited eaeh hour decreased as the total
amount of twitching decreased over days.
Thus, the Hours X Days interaction was
significant (¥ = 3.55, df = 60/480, p <
001), as was the overall effect of hours (F
= 107.70, df = 2/16, p < .001).

Discrssion

Sucking

The fact that the dry-sucking group
sucked as much ag the milk-sucking group
during the first 3 wk. of life and continued
to suck to some extent throughout the 6 mo.
cannot he explained on the basis of the ac-
quired drive hypothesis. Since the dry-suek-
mg group never experienced milk in direct
conjunction with sucking, an oral drive
could not have been acquired on the hasis
of food reward.

On the other hand, since both groups
were given an equal opportunity to suck in
a relatively normal sucking situation, the
higher level of sucking by the milk-sucking
group during part of the 6-mo. period can-
not, eastly be explained on the basis of a
strictly formulated unlearned drive hypoth-
esis. If all sucking ie merely the expression
of a primary oral drive, then both groups
wonld be expected to exhibit the same
amount of sucking thronghout. the 6-mo. pe-
riod. Thus, these results suggest that neither
the zequired nor the unlearned drive hy-
nothesis provides an adequate explanation
of sucking.

When sucking behavior iz analyzed in
terms of its initiation and prelongation, it
appears that the effect of milk is mainly on
the prolongation rather than the initigtion
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of sucking in the normal situaticn. At no
time during the & mo. did the dry-sucking
group initiate sucking less frequently than
she milk-sucking group, as indicated by the
results obtained with nuzzling, shown in
Figure 3, and nipple grasping. Thus, the
greater decrease in sucking time by the
dry-sucking group must have been caused
largely by a decrease in the length of suck-
ing episodes, This strongly suggests that in
the normal situation, milk operates to pro-
long sucking when it occurs but has little
effect on the tendency to initiate sucking.
Early in life, however, milk does not even
appear to have this effect, since the dura.
tion of sucking did not differ between the
two groups during the first 3 wk., as illus-
trated in Figure 1, Although practice in ini-
tiating sucking may well be important in
maintaining initiation bevond the initial
week of life, as proposed by Kovach and
Kling (1967), these results suggest that re-
inforcement with liquid intake is not neces-
sary for the maintenance of initiation in the
normal situation, Thus, in the normal situa-
tion, the initiation, and to some extent the
prelongation, of sucking is determined by
variables other than those specifically asso-
ciated with milk or food reward.

The apparent decrement in the effect of
milk with age, suggested by the eventual
reduction in sucking shoewn by the milk-
sucking group in Figure 2, may have been
in large part due to a decrement in the
amount of milk preduced by the mother
cats. The two cats used in this study were
found to have stopped lactating completely
hy Weeks 20 and 21, although prior to this
time milk production had no doubt under-
gone a progressive change in quantity and
quality, Active avoidance of the kittens by
these cats wae not an important factor in
this sucking decrement as they were fairly
docile with the kittens, perhaps because
they were only confined with them 2 hr. a
day,

During the last weeks of the 8 mo. when
milk was no longer available for the milk-
sucking group, they showed a decrement, in
sucking to clese to the zero level. Since the
dry-sucking group showed a similar trend
at about the same age, these results supggest
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that the prior association of milk with
sucking had little effect on the timing of
this final decling in sucking,

The decrement with age in the tendency
to initiate sucking, as shown in Figure 3 for
nuzzling, does not appear to vary as a fune-
tion of changes in the mother cat. Both
groups showed a similar decrement in the
initiation of sucking over the 6 mo,, as indi-
cated by the results obtained with nuzeling
and nipple grasping. Although the physiol-
ogy and soclal responsiveness of the lactat-
ing cats may have changed in relation to
the age of the milk.sucking kittens, it is
highly unlikely that such systematic
changes with age would have occurred in
the cat which was not lactating and which,
for the most part, did not even experience
the dry-sucking kittens. Granting that ordi-
narily a mother cat may make herself first
highly, and later less, available for the ini-
tiation of sucking by kittens, as reported
by Rosenblatt, Turkewitz, and Schneirla
(1962), the results of the present research,
in which changes in availability were mini-
mized, suggest that nevertheless there are
age changes in the initiation of sucking
which are not necessarily due to changes in
the mother cat,

Playing

The results plotted in Figure 4 show that
the development of playing was accelerated
for the dry-sucking group such that they
reached a peak of playing earlier than the
milk-sucking group, Although they did not
exhibit their first playful behaviers any
earlier, the dry-sueking group showed an
increasingly greater frequency of playing
almost from the moment that playing was
available. That this represents an accelera-
tion in the development of playing rather
than simply a greater amount of playing is
suggested by the finding that the peak
amount of playing did not differ sipnifi-
cantly between the two groups and that
after reaching this amount both groups
showed a similar decrement in playing.
Furthermore, the finding that the two
groups showed a decline in playing after
reaching similar maximum frequencies
rather than similar ages supgests that the
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eventual decrement in playing may he re-
lated more to reaching a certain level of
occurrence than a certain age. The general
finding of first an increment and then a
decrement in playing with age has also been
reported by Mason (1967) for chimpanzees.

The fact that playing was accelerated for
the dry-sucking kitfens early in the 6 meo.
suggests that the development of playing
may be related to sucking, For hoth groups
the peak of playing occurred af a time when
sucking had reached a fairly low level of
occurrence, as indicated in Figures 5 and 6.
For the dry-sucking kittens this may have
oceurred earlier parfly becsuse their suck-
ing decreased to a low level earlier. For the
milk-sucking kittens the peak may have oc-
curred later partly because their sucking
decreased later due to the effect of milk in
prolonging sucking. If so, this suggests that
the rate of development of a later appearing
behavior, such as playing, may be related
to the frequency of occurrence of an earlier
hehavior, such as sucking. A motion some-
what similar to this has been advanced for
human infants in regard to reciproeal rela-
tions in the development of certain verbal
hehaviors (Wahler, 1969).

Sleeping. Over the 6 mo., both groups ex-
hibited a decremient and then an increment
n sleeping at about the same time that they
showed the opposite trend in playing, as il-
lustrated in Figures 5 and 6. With the ini-
tial decrement in sleeping, the kittens were
awake more and thus more available for

‘playing. As they grew older, however, they

played less and started to sleep more. Both
groups appear to have exhibited this incre-
ment in sleep at around the time Llhey
reached or passed the peak of playing, sug-
gesting a possible relation between the de-
cline of playing and the increase of sleep-
ing. Further evaluation of this relation
would depend, however, upon the extent to
which these later increments in sleeping
represent a developmental trend and would
require ohservations extending beyond the 6
mo, of the present study. That the milk-
sucking kiliens generally slept less than the
dry-sucking kittens over the 6-wk.—6-mo.
perioid suggests that, thongh they seldom
plaved with the mother eat, they may have
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been somewhat activated by her presence as
they grew older.,

Effects of Observation Time and Food
Intake

The changes in behavior reported over
the hours of observation suggest that put-
ting the kittens in the observation situation
had a general activating effect which de-
creased with the passage of time in the situ-
ation. In the first 6 wk. the frequency of
oceurrence of all the active behaviors re-
ported was highest in the first and lowest in
the last hour of observation, while for sleep-
ing the rcverse was true. Although in the
petiod between 6 wk, and 6 mo, this decre-
ment m activity over hours was found only
for the more frequent hehaviors, such as
playing, sleeping did increase over the 2 hr,
of ohservation, '

Such results might have been expected for
the milk-sueking group on the grounds that
mgestion of milk would make this gtoup
sleepy and therefore less active. On the
other hand, this same sort of reasoning
would have led to the expectation that the
dry-sucking group, which received no milk
for sucking, would hecome more active and
relatively less sleepy as the hours pro-
grassard. The results indicate, however, that
this did not happen as, in general, the two
groups showed similar changes in hehavior
aver the hours of observation and in no case
did the dry-sucking group show greater ae-
tivity i1 the scecond than in the first hour of
ohservation,

Food mtake did appear to have some ef-
fect on the kittens because, in the first few
weeks, both groups showed a marked de-
crease o sucking in the third hour of ohser-
vabtion after stomach loading, a finding in
line with that reported by Stanley and
Buacon (1963) for puppies. As the kittens
grow older and sucked less, the size of this
decrement. deereased so that by around 4
wk. it could not be separated from the gen-
eral decrement in aetivity over hours, Al-
though the effects of stomach loading and
time in the observation sttuation cannot be
wholly separated, these results suggest that
the coffeet of stomach loading on sucking
mav vary with age, '
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Mother-Infant Relations tn Sucking and
Socialization

The present results suggest that an active
mother cat is not necessary for the initia-
tien and maintenance of sucking as long as
kittens are put in close proximity to a
mother figure. They further suggest that an
active mother is not necessary for the de-
velopment of social relations as long as kit-
tens regularly have an opportunity for in-
teraction. Without the aid of an active
mother, the kittens in the dry-sucking
group sucked and developed apparently
normal social relations as evidenced bv
play and other behaviors, They were not
found to ¢ry any more or purr any less than
the milk-sucking kittens. In addition, they
apparently developed normal sexual behav-
tor, since one of the female kittens from the
dry-sucking group had kittens of her own
when she was caged with a male kitten
from the milk-sucking group at the end of
the study, Findings similar to these have
also been reported by Harlow and Harlow
{1969} for monkeys. Thus, it appears that
although the activities of the mother cat
may be important, they are not necessary
for sucking and socialization.

REFERENCES

Bexramis, L. 8. Tne efiect of bolude and cup feed-
ing on the nonnufritive sucking of the infant
riesus monkey. Jowrnel of Comparaiive ond
Physiological Psychology, 1961, 534, 230-237.

Davis, H. V., Sears, R. R., Mmuuer, . C, &
Broneeck, A. J. LEffects of cup, bottle, and
breast fecding on oral aclivities of newborn
infants. Pediatrics, 1848, 3, 548-558.

Harvow, H. F., & Harrow, M. K, Effecis of vari-

377

cus mother-infant relationships on rhesus
monkey benaviors, In B, M. TFoss (Ed.}, De-
terminants of infent behavior. IV. London:
Methuen, 1969,

Kovacn, J. K., & Kumng, A, Mechanisms of neonate
sutking behkuvior in the kitten. Animal Be-
haviour, 1967, 15, 81-101.

Levy, B, M. Kxperiments on the sucking reflex and
soclal behavior of dogs. American Journal of
Orthopsyeliatry, 1934, 4, 203-224,

Mason, W. A. Motivational aspects of sovial re-
sponsiveness in young chimpanzees. Im H. W.
Stevenson, E. H. Hess, & H. L. Rheingold
(Yds,), Early behguior: Comparative and de-
velopmental approaches. New York: Wiley,
1967.

McKee. J. P, & Howzix, M, P, The sucking be-
havigr of mammals: An illustration of the
nature-nuriure question. In L. Postman (Ed.)},
Psychology in the making. New York: Knopf,
1964.

Rosexsratr, J, 8, Turkewmrz, G, & SCHNEIRLA,
T. C. Development of suckling and related be-
Lavior in neonate kittens. In E. L. Bliss {Ed.),
Roots of behavior. New York: Hoeber, 1962.

Ross, 8., Fisuen, A, E., & Kivg, . Sucking be-
navior: A review of the literawure, Journal of
Genetic Psychology, 1957, 91, 63-81.

ScuxcaLs, 1. C, RosexprazT, . 3., & Tosacu, E.
Maternal behavior 1o the cat. In H. L. Rhein-
gold {Ed.}, Materne! Dehavior in mammals.
New York: Wiley, 1963,

Stavtey, W. €., & Bacox, W, E. Suppression of
sucking bebavior in nondeprived puppies.
Psychological Reports, 1863, 13, 175-178.

Varatx, J. L, Jouver, D, & Jouvver, M. Evolution
dlectroencéphatographique des différents états
de sommeil chez le chaton. Eleciroencephalog-
raphky and Clinical Neurophysiology, 1964, 17,
218-233.

Wanter, R. G. Infant social development: Some
experimental anglvses of an infant-mother
interaction during the first vear of life. Journal
of Erperimenial Child Prychology, 1969, 7,
101-113,

(Received June 12, 1870}



