GERBILS FOSTERED TO RAT MOTHERS:

EFFECTS ON ADULT BEHAVIOR
by

ROSZMERY JBEAN BOLS

B.A., Honours, University of British Columbia, 1971

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF
THZ REQUIREMENTS FOR THE DEGREZE OF
. MASTER OF ARTS

in the Department
of

Psychology

Wo accept this thesis as conforming $o the required standard

The University of British Columbia

April, 1973



" In presenting this thesis in partial fulfilment of the requirements for
an advanced degree at the University of British Columbia, I agree that
the Library shall make it freely available for reference and study.

I fﬁrther agree that permission for extensive copying of this thesis
for scholarly purposes may be granted by the Head of my Department or
by his representatives. It is understood that copying or publication
of this thesis for finaneial gain shall not be allowed without my

written permission.

Department of /61%4C4CVZ;444
— 77

The University of British Columbia
Vancouver 8, Canada

Date %M ,?/) /?75



ABSTRACT

At 72 hrs after birth gerbil litters were divided and half the
pups fostered to lactating mothexr rats whoss omm pups were removed.
Remaining pups were retwned to thelr nstural mothers. Rat-reared
gorbils hed & higher mertelity rate than control gerbils but weighed
more at weaning. At 60 days control gerbils weighed more and at 100
days there was no difference in weight. When tested in ths opsn~field
from Day 128 to Day 135, rat-reared gerbils were found to locomote and‘
" reer less than control subjects. ‘There was no difference in defecation
or in the tendency to enter the central squares as a result of foster-
ing. The paper Bhfedding apd territerisl marking activity of the
subjects were also measured but no clear cut effects of fostering emerged
on these tests- The results were discusssd in relation to those obtained
with rat-reared mice apd it was suggested that spscies differences in
m’gternal behavior, especially handling and retrieving of pups, may be

the crucial factor responsible for fostering effects.
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A number of treatmsnts, when imvosed on infant rolents during the
preweaning psriod of development have been found to modify certain be~
havioral and physiological éharacteristics of the adult organism. Such
treatments include bandling, shock, and hypothermia. Thesre is soms
controversy, howsver, as to the manner in which these variables exert
their effect. Recent evidence suggests that their effects are extremely
complex and my be msdiated by altering the mother's behavior towards
hor offspring as well as through direct action on the offspring themsslvas
(Hudgens, Chilgren, and Pelardy, 1972). Barly experiencs studies are
now beginning to eanssntrate on the mother and har ‘interactions with the
young as impoartant variables mediating the handling phencmenon and
similar effects.

Ona epproach to studying the maternal influsnece on later behavier
is the method of cross~fostering, i.e., fostering one spacies or strain
to another. By this procedure, onse can begin to separate the genetic-
prenatal contributions to bshavioral variance frcm the postnatal maternsl
factors. In the normal developmsnt of the young enimal thase factors
are usually confounded. If animels which are cross-fostered exhibit
behaviors which differ significantly from thoss of control animnls,
we can conclude that such Mehaviors are affected by thé nature of the
postparturisnt environmsnt (Denenberg, 1970). By directly manipulating
the mother~infent reletionship and analyzing the maternal behavior
patterns which affect the offspring's performence, we may soon be in a
position to isclate the critical aspects of motherhood.

The majarity of cross-fostering studies have involved the moﬁse,

Mas masculus, as the ‘fostered‘species and the rat , Rattus norvesicus

as the fcster mother species. For the purposes of the present paper,



the term "fostering treatment™ will refer exclusively to fostering to a
rat mother, and following Denenberg (1970), the term "fostering effect"
will refer to the rather coﬁs istent pattern of results obtained' from
CS7BL/10T nmice fostered to rat mothers.

Densnberg, Hudgené, and Zarrow (1964) first repartevd that mouse pups
which had been fostered to a lactating mother rat displayed bshavicral
characteristics in adulthood which differed markedly from ‘t'hose of mice
reered by their natural mothers. Rat-reared mice were found to b® less
active in an open-fisld, to prefer a rat to a mouse on a two choice scciel
test, and to show & lower incidence of fighting com.pai-ed to mouss-reared
coentrols.

In subsequent studies, Denenberg and his co-workers have attempted to
narrow down the range of possible variables that eould b responsible for
the fostering effect as well as extending the numbsr of dependent msasures
employed. Apparently fostering per se is not important since in studies
vhere this variable has besen controlled, i.e., where mouse pups are fostered
td a mouse mother, it was found to bs without effect (Hudgens, Denenberg,
epd Zarrow, 1967). |

In order to eliminate the possibility that observed differences
betwsen fat-rea.red and mouse-reared mice are dus to bicchemical Aifferences
bstween rat and mouse milk, Denenberg, éosenberg, Paschke, and Zarrow (1969)
developad a rat Yaunt™ preparation. This was & nonpregnant, nonlactating
female that had first b@en primd by exposure to a rat mother and her pups
for six dsys. It was theh placed in a cage with a mouse mother and her
pups. As expected such aunts behaved maternally towards the mouse offspring,
nestmbuilding,'.retrieving, and hovering above them. It was found that

mice tendsd by rat aunts had a significantly lomer corticosterome response



to novel stimulation, thereby confirming an earlier result but with the
milk factar controlled. Although these mice were also lese active in the
open~field than control mice, this difference was not significant. 1t
therefore appears that the rat eunt preparation bhas a similar, elthough
somewhat less potent effect to the true foster rat mother.

Since the milk faectar did not appear to be the 1rimery varisble
responsible for the fostering effect, Denenberg, Paschks, Zarrow, and
Rosenbsrg (1969) investigated the possibility that the effect was
medinted by noncontect stimlation including vision, olfaction, and
audition. The only dependent msasure talen in this‘ sﬁxdy was the plasma
corticosteronse responss tc a novel stimlus slnece previous studies had
shown this maasure to be most semsitive to the fostering treatment.
Expeorimantel mice were pleced with their owp mothers in a cage separated
from an adult female nonlactating reat by a doubls mesh partition, so
presumably they could see, hear, and smsll the rat, but no physical
centact was possible. Control mice were reared similarly in the presence
of an adult ncnlactating femals mouse. At the tims of weaning ths plasma
corticosteran® response was found to bte ;dentical, thus indirectly sup-
porting the hypothesis that actual physical contact between the rat mother
end the mouse pups iz necessary to mdig.te thé observeﬂ physiological
changes in the mouse. |

The rols of ph\vsicél contact was observed somswhat more directly by
Rosenbsrg, Densnbterg, and Zarrow (1970). They used two types of rat aunt
preparation that differed in the amount of maternel behavior they ex~
hibited. One was similar to the type described previously with thb
addition that .thsir xiipples wére thalectomized. ‘ Tha second type were

adult female thalectomized rats who had just given birth to their own



young- Thus psither type could give milk. The rat aunté wore placed with
mouse mothers and their litters and their maternal behavior was rated twice
daily on a seven-point scale fram Day 5 through Day 20. The post partum
rat eunt preparation was found to result in a greater degree of maternal
interaction with pups cdmpared to control emnts. In addition, the open-
field activity amd plasma corticosterons response of the pups reared by
these two types of aunts were compared with each other and with a group of
pups raised by mouse mothers. |

The open~field activity of the post partum aunt group was found to be
greatly reduced compared to ths two control groups. ".['he adrenal response
to novelty wes alsc found to differ emong the three groups. The control
| group gave the greatest responss, the control aunt group gave a lesser
response, and the post partum aunt group gave the lowest responss but the
only significent difference was between the two extrems groups. In ad-
:‘dition to the bestween-group comperisens, within-group correlaticns were
calculated. A significant nogative relationship was obtained betwsen
maternal ratings end corticosteroms level after exposure te & novel stim-
ulus although correlations bdtween maternel ratings and activity scores
were snall end nonsignificant.

In view of these findings, it is interesting to note that physicel
contaét bstween the mother and pups hes aiso been implicated asg an import-
ant mediator of the handling phesnomen. Bell, Nitschke, Gorry, and Zachman

(1971) found that whsn neonatal pups of the species, Peromyscus maniculatus

bairdi were bandled for 3 minutes, they differed from ncnhandlad pups in the
average number of ultrasonic vocalizations emitted. In another study using
rat pups, Bell, Nitschke, Bell, .anid Zachman (in ress) carrelated ultrasonic

vocalization produced by cold exposure with increased maternal retrieving



and grooming. These data strongly suggest that hendling pups results in
modified maternel behavior which may be responsible for later changes in
offspring behavior- An analysis of infant vocelization and maternal
bshaviar assocliated with cross-fostering has not been carried out but the
latter studies suggest the possibility of similar mechanisms opersting in
both cases.

41l studies of rat-reared mice cconducted in DemenYergt®s laboratory
used the CS7BL/10T strain with the exception of one by Pachbe; Depenberg,
and Zarrow (1971) which compered the effects of the fostering treatment on
Swiss albino a‘nd CS7BL/1OT mice. They found that the effsct of the ‘treat-
ment was similer on soms measures but differed on others as a function of
strain. The treatment by strain interaction was most pronounced on the
fighting measure. A reduced incidence of fighting in CS57BL/1(F mice reared
‘ by rats 1s one of the most consistent findings obtaimad in theée fostering
| studies yst fostering Swies albino mice.to rat motbhers as no deteetab19
effect on thair aggressive bohavior.

Southwick (1968) employed a reoi;xx:ocsl cross-fostering procedurs with
two intred strains of mice that diffored in their lsvel of aggression. He
found that fostering males of the psssive strain (4/7) to mothers of the
aggressive strain (CHW) significently inereased their aggression over that
of controls whereas fostering to A/T mothers dld mot reduce the aggression
of CFW males.

Soutﬁwick's study demonstrates maternal influence on the developmsnt
of aggression in 4/ mice but the kinds of conclusicns oms can drew from
his study (or eny study involving a reciprocal cross) are not the same s
one ean draw from situations where the strain of ths mother is constant

and the strain or species of fostersd offspring is varied, e.g., Pa'schks,



Denenberg, and Zearrow (1971). However, bseause pups of different strains
mey differ in certein stimulus characteristics, the foster mother might
respond differently to pups of cn2 strain than she would to pups of
anothor. Ressler (1962) has presented evidence that the strain of pups
does, in fact, influsnce maternal behavior. He found that BALB/C pups
received mare handling from both BALB/C mothers and C57BL/10 mothers than
did C57BL/10 pups. ‘

‘Hudgens, Densnberg, and Zarrow (1967) studied the open-field activity
of rat mothers as a function of speciss reared. Far mothers which had
roeared rat pui)s, activity decreased over the first four days following
woaning, while the ectivity of mothers rearing mouse pups increased over
the sams perioi. Thus, not only is the mother an important variabls in
determining the behaviar of the pups, but the pups influvance the behavior
of ths mother as well. When attempting to interpret the resilts of cross-
fostering, it therefore seems necessary to consider the dynamic nature of
the mother=infant relationship.

In the present stucbr gerbll pups were foste;'ed %o rat mothers and the
effects of the treatment on ﬁhe goerbils' adult behavior were measured.
?‘hera wore raasons for choosing the gerbil other than simply to extend the
gonerality of the fostering effect to a differsnt species.

Firstly, the mouse and the gerbil are known to differ physiologically
in a numbsr of ways, most notably in regard to adrénooorticel function. |
Ths Mongélian gerbil is a desert enimal and can memufacture all its water
requiremsnts from _its solid food dist and concentrate its wrine to a
marked degree (Cortez and Peron, 1963). Fcn‘thermore; biochemical analysis
of ths steroids fmmd in adrenal vsnous blodi of gerbils shows that 19-

hydroxydeaxyeorticosterone constitutes ons of the majcer adrenocortical



secretions whersas corticosterons is found in barely defectablaﬁmounts
(Oliver and Peron, 1964). In the mouse adrenocortical rsactivity to a
novel situation, as measured by plasma corticosteroms level, has been
found to bs sensitive to ths fostering treaiment, rat-resred mice ex-
hibiting a reduced response compared to controls (Denenberg, Rosenberg;
Paschke, and Zarrow, 1969). It is possible that this alteration in
adrenocortical reactivity may underlis certain behavioral alterations
produced by fostering. Thsrefore the effect of fostering gerbils to rats
would be of interest.

Secondly, gerdbils exhibit a variety of bshaviars vhich might prove
sensitive to the fostering treatmsnt but, Bcanse of their spescies~
specificity, have not bteen possible to investigate in mice. These include
shredding of paper and territorial marking.

The function of paper shredding is unkmown. It may have some function.
in nest-building but gerbils in the labaratory will shred paper in excess
of that required to construct a nest. They also angage in most vigorous
paper=shredding when seemingly excited or disturbed. In suppart of this
casual observation 1s the finding that gexbils paper-shred immdistely
after mild foot-shock (Dunham, 1971)s Although paper-shredding is a poorly
undsrstoed behaviar, it may bs related to other forma of activity such as
locomotion and may therefore bs sensitive to the fostering treatment.

Territorial marking, on the other hand, bas bwen thoroughly invest-
igated and its basis is fairly well understocd. Both males and famales rub
a ventral sebaceous gland over low lying objects, males marking approximately
twice as frequsntly §a females. This difference corresponds roughly to
the sex differencs in gland size (Thiessen, 1968). 4 variety of evidence

sugeests that marking is androgen dependent and that marking freQnency as



well as gland size reflscts the tltre of androgen. Castration in males
almost eliminates marking; the gland undergoss & parallsl reduction in
eize (Thiessen, Friend, and Lindzey, 1968). Howsver, the marking response
is restored by testosterone propicnate and the extant of response recovery
is directly proportional to the amount of hormone administered. In gona-
dally intact males marking frequency correlates positively with both gland
size, (r=-22), (Thiessen, 1968) and seminal vesicle weight, (r=.54), Blum
and Thiessen, 1971).

- Although marking appears to bs androgen dependent, it is eleaxr that
m.rking will not occur unless evoled by ths appropriate environmntal
stimli. Baran and Glickman (1970) showed that olfactory bulb removal
campletely eliminates marking and testing animals in the dark significantly
rednces it. Thus, olfactory, visual, and probadbly tactual cues play a role
in e;iciting end maintaining ventral marking.-

A variety of indirect evidence suggests that the function of ventral
mriking is, in fact, territoriel. Thiessen, Owen, and Lindzey (1971)
found that males with ths highest mrking frequencies txéually anarge as
dominant iﬁdividuals in paired fightinz encounters. However, mricr know-
ledge oi’_ma.rking scores is not a perfect predictor of success in compe~
tition, (r=.44, p>.01), since mrking froquency is medified by social
stimuli. When two mlés are introduced both initially mark at a high
frequency but cnce dominsnce of 'om male has baen established, ths defeated
mle will ceass to mark while the dominant male will continue to do so at a
high frequsncy, actually shoewing a prefarencs for his oppanent's territary.
4 defeated mule will even show an avoidamce of his opponent's odor in a
Y-tube preferénca test (Nyby, Thiessen, and Wallace, 1970). These authors

also found that repression of marking in subordinates was not recessarily



related to decreases in adrogen titre. Thisssen, Owen, and Lindzey (1971)
offer ths interpretation that given optimal surroundings and no

social competition hormonal influences predominate but that thsre is nesural
control over marking irrespective of hermone levels.

Because such mpasures as frequemcy of territorial marking, gland size,
and defecation have baen shown to differ for male and femele gerbils
(Thiessen, Blum, end Lindzey, 1969), it is impartant to study the effects
of the fostering treatmsnt on both'} sgxes. Early expsrience investigators
bhave typically ineluded only male subjects in their. expsrimsnts, thereby
ignor ing any possible interactions the treatmsnt may have with ths sex
variable.

_To sunmarize, the major purposeé of the pfesent study were to assess
the effects of the fostering treatmsnt on e veriety of adult bshaviors
of the Mongolian gerbil, to compare the obtaimsd results with the results
of previocus studies using mice, for those measures in common, and to study

any differential effects of the fostering treatmsnt on males and females.



METHXD

Subjects. The subjects weré Mongolim gerbils barn end raised in the
Department of Psychology®s animnl colony at thé University of Britisk
Columbia. The parents were obtained from Tumblelrcok Farm, Brant Lake, New
York and tred at approximately 100 days. The rat mothers were derived froem
the Long~Evans stré.in and had been barn end raised in the animal colony-

At weaning there were 30 rat-reared (RR) pups end 31 control (C) pups. ®hen
behavioral tosting commnced, the number of subjects in each condition was
as follows: RR male (n= 9), RR female (n = 11), C mmle (n= 16), © female
(n=11). Oné control famale died before testing had been completed, reduc-
irg the number of subjects in that group to 10 for all tests except the
open-field.

Apparatus. For open~field testing the apparatus. was a white board, .

- 1.22 mz, marked off by black lines into 16 eqal squares and having .3 m
bhigh white Masonite walls. A fins mash screen covered the field during
testing. 4 single lamp suspended above the field providsd the anly sourece
of illumination which was set at 1.0 £t-e.

Tha égpparatns used for territorial marking and fightinz tests was a
vwhite copen field, 60 cmz with walls 19 em high and covered by & heavy mesh
screen. The field was divided into 16 imaginary (ie. nnmarkad)_ squeres and
at the nilﬁ intersections removable plexiglass pegs were pleced, all ocrien~
ted in the same direction. The pegs were 2.6 cm in length, 1.2 cm in width,
and 0.7 cn in height. Tha surface of eaéh peg was roughensd on the top by
criss=-crossed gouges. Illumination on the floar of the apparatus with the
screen in place was 2.'0 ft-;o and was provided by a gipgzle lamp source.

Procedure. Preweaning tréatment: All gerbil litters wore left un-

touched with their natural mothers for 72 hrs. Each litter was then re-

moved and placed in a bax with paper shavings for 90 mins to alles any



- 11
odour to dissipate- | Moanwhilas, a female lactating rat which had given
birth 48 - 120 hrs previously was removed from hor omn littexr and placed 1n
a cage with olem wood shavings. Half ofv the gerdil litter was then intro-
duced to the rat and ths other half returnsd to the oariginel gerbil mother.
. Thirteen litters were treated in this menner. Table 1 shows the number of
subjects in each litter, their aséignmnt to cnditions, end the numbex of
subjects surviving in each cordition. OFf the rat-reared subjcts sane were
raised in plastic cages, 20.5 em x 33.0 em X 17-0 cm with wood sbavings and
som9 were reared in metal cages 24.0 em x 40.4 en x 17.0 em with plywood
floors and wood shavings and paper as pest material. A1l control animsls
wore raised in metal ceges under idemtical conditions to the latter rat-.
reared group. It was ariginally intended that all subjects, bcth experi-
mentel and cantrol, be reared in plastic cages. However, bacamse the gerbil
mothers failed to care for their young under these eoﬁditions they were
mmréd to the metal cages. Gerbils which were reared by a rat mother in
plestic cages were alloved to remain there until weaning. However, for
further litters barn, the c¢age condition was made constemt across groups.
Of the rat-reared subjects which earvived to be tested, 12 vere Teared in
plastic cages and 8 in metal cages. Cages wore cleesned four times between
fostering and weaning at 23 days. Purina Lab Chos and water were available
ad libitun to mother end pups. |

Postwesning maintenance: From weening to 40 days the subjects were

housed 1n matal cages similar to those used during the prewsening period in
groups of 2 - 3 littermates por cege without regard to sex. At 40 days the
subjects were regréuped according to sex, keeping littemates together where
possible. When there was a single subject left over from ans litter, it was

regrouped with animals from anotber litter close in age. This procedure



TABLE 1

The Number of Subjects Barn, Assignmnt to Conditions, and Survivel Rate within each Litter

Rat Mother Gerbil Mother
Litter Total no. No. of No. at No. at = Males Fkemmles No. of No. at No. &t lMales Females
no- of pups pups woaning testing pups weaning testing
at birth fostered fostered

l 9 5 | 0 0 0 0 4 4 1 l 0
2 ‘ S 3 (¢] o] 0 0 2 2 2 2 0
3 ? 3 1l 1l 0 1 3 3 3 2 1l
4 ) 4] 4 2 2 0 4 4 3 2 1
5 8 3 2 2 1l 1 5 3 3 1l 2
6 7 4 0 0 o] 0 3 3 3 1l 2
7 6 3 0 0 0 0 3 3 3 2 1
8 4] 3 2 1 1l o 2 o 0 0 0
9 8 4 4 3 1 2 4 3 3 3 0
10 9 6 5 S 0 S 3 2 2 0 2
11 6 * 8 6 2 1l 1l o 0 ) 0 0
iz ? * 4 3 3 1l 2 3 2 2 1l 1
13 | 6 | 4 3 o 3 2 1 2 2 2 1l 1
Totals 94 53 30 20 9 11 38 31 27 18 11
*“*Nsans 7.23 4.07 o 3.33 - - - - 3.17 2.82 - - -

*Reared in metal cages **Based only on litters with at least 1 éubject

et
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involved only S5 animals: a male and fanele from Group RR and one male and

two females from Group C. In no case were experimental and control litteia
mixed. The subjects were given gd lib access to food (Purina lab Chow and
mixed grain) and water. In addition, subjects which devaloped & cough were
administered lkisgaelllin in wet ground chow until tle irxfection appesred to
subside. Cages were cleened twice woekly at which time pgper was put into
the cages. One dgy befare behavicoral testiné was begun, the subjects were
sgparated and housed in individnal cages, where they remainsd throughout the
testing period. The subdbjects were weighed at 23 days, 60 days, and 100 days
of age. . |

Because the subjects varied in age by as much as 70 dsys, they wore
tested in fowr separate blocks, each block containing subjects which did not
@i ffer in age by more then 10 days. The schedule for behavicrel testing was
based on the average age of the subjects within each ége block- All ages
given in subsequent sections of this paper will therefare refer to the
average age of the subjects within a dlock.

Open-~field test: Open-field testing begen when the subjects were 128

days old. It consisted of 8 daily S min sessions conducted btstween 7:00 and
11:00 pm during the dark phase of the light cycle. Each subject was carried
individually in a transparting cage from the animal colony to the testing
room. It was tested then immediately returmed to its hom cage. Testing
consisted of placing the anisal in a designated sqiare of the sapparatus and
ob.serving' and recording certain aspects of its behaviar for a 5 min period-
After each trial the fleld was wached with a mild vinegar soluticn and dried.
The arder of test:l.ﬁg vas systematically veried among the four groups over
days, although the order within each group remained constent.

The following measares were obtained: (a) total number of squeres en~

tered, with entrance defired as placing at least both forepaws in a square ’
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(v) *thigmotactic ratio® - the number of central squares entered/total
ﬁuxhbe:r;- of squares entered, (¢) numter of seconds spent in the fowr central
squares, (4) number of rears, end (e) number of faecal pellsts deposited.

Paper-shreddirg test: From day 135 = 137, the paper—shredding activity

of the animals was assessed. The test was comducted from 1:30 « 4:30 pm
during the light phase of the cycle. Each subject was removed from its homs
cage and pleced in a temparary holding cege far 20 mins during which time
‘the home cage was cleened ard all tedding materisl and food removed. Four
folded shoets of paper, 28.8 emx 15.1 cm, which together weighed 33.0 g z
O.-2 g wore placed on the flocor of the cage. Each subjoct was then returned
to it s respective home cage and left undisturded for 2.5 hrs. To avoid the
- possibility of soiling the paper and thereby adding extraneous weight, food
end water were not available during this time. At the end of ths testing

. period, the gerbils were again removed from their homp ocages and placed in
the holding cages. The plywood floors were turned over and the paper dumped
into the m>sh bottom of the hom cage. Shredded paper was filtered through
the metal grids and remaining paper weighed. Subjscts were thsn returned to
their hame cages with the plywood floors repleced, and bsdding material, |
food, and water availabdle ad _J;_i_b_.- The 1dentical procedure was followed on
the two fcollowing days.

Territorial marking test: Xrom dey 138 - 145, subjocts were tested

nightly between 7:00 = 11:00 pm for territorial mexrkinz. BRBach subject was
treated in the sams manpar as for open-field testing. Dm;ing 2 5 min obser-
vation period the expsrimnter recuarded the frequency of ventral marking
responses with a hend tally. Noise from the instrument wes muffled by
wrapping a towel around the experimenter's hand. Only discreet responses
directed over the pegs were sccred. The number of fescal boli were also

counted at the end of each trial. The regs were then removed, soaked in
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a mild vinegar solution far 5 mins and dried. The apparatus was also
cleaned end dried between the testing of each subject. The order of test~-
ing was rotated between each of the four sex-treatment groups each day.
Fighting test: Fighting encounters between pairs of subjects were
conducted on day 146. Within each sex-treatment group within each age
block, subjects ware randomly &ssigned to pairs. Far groups with an odd
number of subjocts, one animal was rendomly chosen to serve twice. Two
subjecte in each of the control groups end one subject in each of the rat-
reared groups were used in two encounters. To identify each member of a
rair their tails were marked with a felt pon, cme at the dase, o at the tip.
Testing was canducted in the same apperatus as that used to as‘zseas ter~
ritorial marking. Illumination was 2.0 ft-¢c. The two memders of a pair
were carried to the testing room in separate czges and placed simmltanecusly
_in the apparatus. A stopwatoh was used to recad the latency to fight frem
| the time the pair was introdnced. The subjects were separated after 5 sscs
of fighting and ths trial termminated. If a ficght did not exceed 3 seecs fhe
subjects woere not interrupted and the trial was continued. 4 maximum
| latency of 300 secs was allowed. If a fight did not occur within this time
the trial was terminated amd scored as msgative. In such an instance a
latency of 300 secs was assignad. 4 tri;l was scored as positive if a
fignt ocowrred within 5 mins. Only one trial per pair was given-

Gland measurement: At approximately 155 days the gerbils were sacri-

ficéd and thair ventral sebaceous glands measured. This was dons by clip-
ping the bair surrounding the gland, measuring its length and width with a

ruler, and computing the area.
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An unweighted means analysis of variance rrocedure (Winer, 1962) was
used in all cases where cell freencies wore unaqual and there was more
than one tatween-subjects variable. Such cases included the main annljses
on all dspendent measures with the exception of weight at 23 days. Al-
though n's were unequal for this measure, only om variable (treatment)
was involved since the weights for mles and‘females had been combined
within each treatment grop. rhus, it was possibls to apply a standard
ons~way analysis of variance to this measure.

Bacause éroup HR included subjects which had teen reared in twb types
of mmternity céges, it was nacessary to rerfomm a subsidiary analysis
on Group RR scores for each messure in order to assess the effect of the
cago variable. The scores for males and females with;.n each cage con-
dltion were combined in these enalyses since further partitioning of
groups wonld have reduced the a's to bolox an acceptable level. Sex was
included as a veriable in the subsidiary analyses of cnly the 60-day and
100-day weight measures, for which. the n's were somswhat larger. Where
repeated measures wers obtained on subje;:ts, these scores wore added fo-
gether and the analyses based on the total scores. It was not necessery
to use an unweighted means solution for the subsidiary enalyses where caly
one variable was 'involved-

Offsprine Mortality. Of the pups fostered toc rat mothers, 58.8 per

cent survived to weaning at 23 days whereas the survival rate far pups
which were left with their mtural mothers was 81.6 pexr cent.

‘Ikae sarvival rate of rat-reared pups from the tﬁm of fostering to
testing at 128 days wés only 37.8 pexr cent. In contrast, 71.1 per cent of

" the pups raised by gerbil mothers survived to ba tested.
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With reference to Group RR only, the pre-weaning survival rate of '
pups reared in plastié cages was 46.2 per cent compared to 85.7 per cent
far pups reared in metal cages. Ths percentage of rate-rearsed animals
surviving to 128 days was 30.8 per cent far subjects with plastic cage
experience ani 57-1 per cent for those with mptal cagé experisnce -

The cause of prewsaning deaths was not determinsd, hawever killing
by the mother did not appear to be a major cause since pups found dead
- Were i'arely mtilated. ‘In only one case was a rat mother observéd to kill
a pup and in no case werse gerbil mothsrs observed to do so. _

The high martality rate of rat-reared pups between weaning and te_st-
ing was primarily due to an epidemic of a streptococcus lung infection.
The cause of death was determined in only.one animal but the symptoms were
similar in othsrs.

?’he fouwr deaths vhich occurred in the control group batween weaning
and testing all involved animals which developed a skin infection and
were eliminated by the experimenter. 4 fifth animl dled before testing
was completed, presumably from a respiratory ailmeant. Refer to Tadble 1
far & sumary of survivel rates of individual litters. |

Body Weight. The means for body weight at 23, 60, and 100 days of
ago are summarized in Tables 2 to 4. At 23 days, gerbils reared By rat
mothers weighed mare than gerbils reared by gerbil mothers (F=9.81;
4£=1/59; p<.01). Analysis of cage type within Group RR indicated that
gerbils reared in metal cages were heavier at weaning than gorbils reared
in plastic cages (F=62.46; df=1/28; p<.Ol)-

At 60 days, however, control gerbils weighed significantly mare than
their rat-reared counterparts (F=31.56; df=1/52; p<-01). A weight differ-

ence between mrles and females was also apparent at this age (F=15.01;



TABIE 2

Moane of 23 Day Weight (grams)

Control , Rat-reared
19.13 : 22-28
Plastie notal
19.31 26.73
TABLE 3

Means of 60 Day Weight (grams)

Contxol ’ Rat-reared
Male Female Male Female
66.62 £3.41 . 49 .87 47.3%7
Plastic aptal
Mele . Female Male Femgle
- 50.13 44.00 49.35 52.78
TABLE 4

Means of 100 Day Weight (grems)

Control Rat-reared _
Mala . Female | Male _ Female
79.96 62.86 72.41 64.55
Plastie - Matel
Male Female Male | Female

. 68.72 63.22 . 77.02 66.87

18
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8£=1/52; p<.01), and in addition, the interaction between treatment end
sex was significant (F=6.97; df-1/62; p<.05). The weight difference
betwaen control males and femalss was greater than that between rat-reared
males and females. The subsidiary analysis for this msasire d4id not reveal
any significant effects dus to cage type, sex ¢ cage x 86x.

For weight at 100 days, the fostering treatment failed to differentiate
betwsen the subjects. On the other hand, sex was a highly significent
source of variance at this age (F-26.87; d£=1/44; p<.01). The treatment
X sex interaction was no langer statistically rel iable, as it was at 60
days, but the ’mle ~ female weight difference was still less pronounced in
Group RR than in Group C (F=3.69; 4r-1/44; p <-10). Sex was the only sig-:
nificent source of variance in the subsidiary enalysis (F=5.09; df-1/16;
p_<-05)- The analyses for the three weight measures are summarized in
 Tables 5 to 10- |

Open~-field Test. Fig. 1 shows the mean number of squares entered on

each of ths successive test days far males and fanales of each treatment
group. Gerbil-reared gorbdils locomoted significently more tham rat-reared
gerbils (F=0.21; 4£-1/43; p <-01). There was no difference between the
activity level of males and females and the interaction was also nonsignif-
icent. There was a general decline in locomotion over tle eight tests for
all groups (_3_;-—'54:-‘97; 4£=7/301; p<-0l) and a significent treatment x sex

x days interaction (g=2.70; g_g_;v/aol; p <-05)¢ This interaction epparently
roflocts the different ardering of the four groups on different days. The
other interaction ferms failed to attain significance. A4As Fig. 2 shows and
analysis confirmed, there was no differencs in activify e twoen rat-reared
subjects with plastic and mtal cage experience. T data analysis is

sumparized in Tables 11 and 12.
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TABLE S

Summary of Analysis of Variance of 23 Day Weight: Treatment

- Sowrce at SS MS ) 4 P
Tot&l 60 1057016 —— Lol ad ] -anew
Treatmsnt 1l 150.75 150.75 2.81 <01

~ Error 59 906 .41 l5~36 ——— -——

TABLE 6

Summary of Analysis of Variance of 23 Dey Weight: Cage Type within Group RR

Source ars SS MS g P
Total 29 573.73 — —— ——
Cage 1 396.05 396.05 62.46 < .01

Error 28 177.68 6.34 —— -——



TABLE 7

Summary of Analysis of varience of 60 Day Weight:
Sourcse ar SS MS ¥
Treatment 1l 1794.38 1794.38 31 -56
Sex ' 1 852.69 852.69 - 15.01
T x Sex 1l 396.08 396-.08 : 6.97
Error 52 2953.26 56.79 ———

TABLE 8

‘ireatment

o
<01
<;01
<-05

2l

Summary of Apalysis of Variance of 60 Day Weight: Cage Type within Group HR

Source ar Ss MS ¥

Sex 1 10.39 10.39 <1l
Cage 1 91 .36 91.36 1.60
CxsS 1 130.41 130-41 2.29
Error 2l 1194.71 56.-89 —-—
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TAELE 9

Summary of Analysis of Variance of 100 Day Weight: Treatmsnt

Source daf Ss MS F P
Treatment 1l 98.67 98.67 ‘ 1.48 n.s.
Sex 1 1791.01 1791 .01 26 .87 <.0l
TxS 1 245.41 245.41 3-69 ~ nes. ( <.10)
Error 44 2032 .87 66.65 ——- ——
TABIE 10

Summary of Analysis of Varience of 100 Day Weight: Cage Type within Group HR

Source ar SS MS ¥ D

Cage 1 169.93  169.93 3.30 n.s-
Sex 1 261 .45 261 .45 5.0 <.05
CxS 1 25.85 25.65 <1 n.s.

Error 16 - 821.80 51 .36 —— ——
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Summary of Analysis of Variance of Total Squares: Treatment

Source
Treatmsnt

§ex
PTx S

Error Between
Days

TxD

SxzD
TxS8xD

Errar Within

Ss MS
60746.785 60746.785
30.578 S0.578
473.639 473 .838
283779.310 6599.519
231901.160 33129.737
8069 .086 1152.726
2885.996 412.285
17884.418 2554.917
2851290.520 947.274

TABLE 12

¥ P
9.21 <.01
<1 n.8e.
<1 Des.
54.97 <.0L
1.232 n.s.
<1 neg.
2.70 <.05

Summary of Analysis of Variance of Totsl Squares: Cage Type within Group BR

Source
Total
Cage
Error

art
19

) §
18

ss
1078653
65965

1012688

65965

56260

1.17 n.g.
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The mean rearing scores over days are presented in Fig- 3. 1t can
be seen that both male and female control gerbdils reared more tham their
rat-reared counterparts (¥=8.86; d£=1/43; p <.01). There was no differ-
ence in frequency of rearing between ths two sexes and the treatment x sex
interaction also failed to reach significance. A significant days effect
in rearing primarily reflects the increass from Day l_to Day 2, vhieh all
four groups exhibited (1.?_:3-13; 8£=7/301; p <-01). For the remainder of
tests rate of rearing showed no consistant trend. Nome of the interactions
with the days variable was significant. A4s Fig. 4 indicates, there was no
evidenco that cage typs experience inflwanced rearing freqaancy wvithin
Group BR. Analyses of rearing scores are summrized in Tables 13 apd 14.

Fig. 5 indicates that time spent in the center sgquares was unaffected
by either the sex of the subjects or the type of mcther they had. Analysis
of the results yielded a nonsignificant sex effect, & nonsignificant treat-
ment effect, and a nonsignificant interaction tetween the two variables.
A significant days effect reflects the taendency for cemter time to increass
over days, reaching an asymptote at about Day 3 (F-4.73; a£=1/301; p <.01)-
The only significent interaction was that of treatment with deys (F=2.14;
d£=7/301; p <-05). Both treatment groups show a parallsl increase in
center tims until Day 5 when Group RR exhibits a sharp decrease. On the
other hand, Group C does not shox a decline in center time until Day 8.
Analysis of the cage variable within Group RR revealed a mrginal but non-
significant effect (F-4.06; df=1/18; p<.10). 4s Fig. 6 mggests, gerdbils
roered in metal cages shomed a slight tendency to spend more time in the
canter than those reaxjed in plastic cages. ‘The analyses of center tims
data are smpma.rized in Tables 15 and 16. |

The thigmotactic ratio is a measure of the degree of wall-hugging
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Summary of Analysis of Variance of Rears:

Source
Treatment

Sex

Tx8

Errar Betwsen
Days

TxD

Sx D

.T xSxD

Erra Within

TABLE 13

ar SS MS
1 5880.012 5880.012
1 1.308 1.308
1 88.344 88.344
43 28553.570 664.036
7 1637.930 233.920
7 723.809 103.401
7 376.311 53.759
7 256.175 36.596
30 22534.600 74 .864

TABLE 14

Treatment

8.86
<1

<1l

3.13
1.38
<1

<1l

29

<.01
NeBe
ReBe

Sumnnary of Analysis of Variance of Rears: Cage Effect within Grdup HR

Source
Total
Cage
Errar

art - 88 uS
19 49664.0 -

1 3255.2 3256.2
18 48408.8 2578.3
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TABLE 15

Sumnary of Analysis of Variance of Center Time: Treatment

Source at Ss

Treatment 1l 70304.076
Sex 1 108.342
TxS : 1 1.699

Brra Botween 43 2871452.670

Days .7 443341.539
TxD 7 200451.521
szp 7 56963.516
Tx8xD 7 110975.806

Error Within 3@ 4027736 .700

xS
70304 .076
108.342
1.699

66777.969 .

63334.506
28635.932

8137.645
15855.687
13361.185

TAELE 16

1.05
<1
<1

4.73
2.14
<1

1-18

32

NeSe.

n.sv

< .05

ReSe

Summa:éy of Analysis of Variance of Conter Time: Cage Typs within Group HR

Source ar ss

Total : 19 89220.82
Cage b 16426-80

Error 18 72794.02

MS

16426 .80
4044 .11

F

4.06

o

| b
NeBe ‘QO)
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" exhibited by an animal. Since the open-field contains 16 sqeres, 4 central
and 12 peripkeral, cme would expect to obtain a thigmoteetic ratio of 25
if fhe animl was entering the squares randomly. Thus a ratio of less than
.25 indicates an avoidance of the center squeres (or an attraction to the
peripheral ones) while a ratio of greater then .25 indicates ths reverse-

| As Fig. 7 i;lustrates, there was little difference between the thigmo-
tactic ratios of males and females or batween those of rat-reared and con~-
trol gerbils. Analysis of these data (summsrized in Table 17) showed that
sex, treatment, and the interasction between them were all nonsignificant
sources of variance. Anslysis further revesled a significant dsys effect
(F=10.92; df=7,301; p <.01). and a barely significent interaction of treat-
ment with deys (F=2.20; 4£=7/301; p<.05). The remaining imteractions wore
not significent. It cen te seen from Fig. 7 that the thigmotactic ratio
first increases, then decreases over dsys. Initially the rat-reared gerbils
1 have a higher meemn ratio than the control gorbils but the ratios of the two
groups becore mare similar on later tests. The subsidiary analysis (sunmar-~
izod in Tabls 18) showed cage type to be a highly significent source of
variance (§=21-$6; af-1/18; 2<.d5. Subjects of Group RR that were reared
in metal cages tended to have higher thigmotactic ratios tﬁan those reared
in plastic cages. This relationship is shown in Fig. 8.

Fig. 9 presents the mean number of feecal boli dsposited in the c¢pen~

field by each of the four groups over the eight test days- As seen in
Fig. 9, males defecated more then females. Analysis of veriance gave a sig-
nificent effact due to sex (F=24.77; d£=1/43; p<.01), a nonsignificant
treatment effect, and a significant days effect (F=5.09; _@__f_:’?/SOl;.g <.0L).
The only interaction to attain significance was sex x days (F=8.25; 4£-3.25;

p<-.01). While the frequsncy of defecation increased over days for all
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Sumnary of Ana

TABELE 17

lysis of Variance of Thigmotactic Ratlo: Treatment

36

Source it SS MS r ol
Treatmnt 1l 121.05 121.05 1.32 | nes.
Sex 1 250.72 250.7é 2.73 n.s.
Tx8 1 25.64 25-64 <1 NeSe
Errar Between 43 5953.29 91.94 -—- -
Days 7 1849.04 264.15 10.92 <01
TxD 7 372.81 53.26 2.20 <-05
SxD 7 54.53 7.79 <1 n-s.
TxSxD 7 216-88 30.98 1.28 n.s.
Error Within 3@ 7277.49 24.18 — -
TABLE 18

Summery of Analysis of Varience of Thigmctactic Ratio: Cage Type

within Group RR

Source ar sS S 3 P
Totel | 19 5701 — —— -
Cage 1 3241 514 21.36 <.a

Error 18 . «2650 0147 — P
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groups, mles showed a much sharper initial increase then fanales digd.
Within Group RR, cage type experience also influsnced defecation in the
open~tield (F=7.52; d£-1/18; p <.-01). Those subjects wuich had the metal
cage prewsaning environment defecated more than those with plastic cage |
experience. Fig. 10 illustrates this effect. The analyses of variance
far open-field defecation are summarized in Tables 19 and 20.

Paper-shredding Test. Fig. 11 shows the amount of paper shredded on

three consacutive test days far the f&mr groups of subjects. No signifiecant
majin effects ar interactions were found whon analysis of varience was ap-
plied to the data. Although males tended to shred mare paper than femeales,
this difference did not reach the criterion for significance (F-3.89;

- d£=1/42; p<-10). The subsidiary snalysis, cn the other hand, produced a
highly significent difference betwean the matal cage and plastic cage
subjocts (F=25.80; df-1/18; p<-01). Those subjects with early experience

E in the metal cages shredded more paper on the three tests than those sub-

jocts with early plastic cege experience. This difference in paper-shredding

activity can be seen in Fig. 12. The analysis of variance summaries are

presented in Tables 21 and 22. ) V

Territoriel Marking Test. Fig. 13 indicates an effect on fregquency of

territarial marking due to sex as well as an interaction betwsen sex and
treatment. Analysis of variance gave a nonsignificant freatmsnf effeet and
a significant sex effect (F=12.08; af=1/42; p<.0l), but showed the inter=-
action between sex and treatment, which is indicated in Fig. 13, to be only
marginal (F=3.01; af=1/42; p <:10). In addition, enalysis revealed & sig-
nificant days effect (.1;'.-.11-76; 1{:7/294; )] <.01), a nonsignificant treatment
x days effect, é aignificant sex x days effect (2;2-06; 4£-7/294; p <<.05),

end a significant triple interaction (F=R.97; a£-7/294; p<.01).
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TABLE 19 '

Summary of Analysis of Variance of Open~-field Boll: Treatment

Source at SS MS F P

Treatment 1 '115.072 115.072 2.25 n.s.
Sex 1 1268.108 1268.108 24.77 <.0L
TxS 1 97.302 97.302 1.90 n.s.
Erra Botween 43 2201 .505 51.193 R ——
Days 9 311-196 44.457 - 5.00 <0
TxD 7 28.034 4.005 <1 n.s.
SxD 7 198.556 28.365 5.25 <.01
T x' SxD 4 41.201 5.886 <1l n.8.
Error Within 3 2628.834 8.734 —— ——

TABLE 20

Sumnary o¢f Analysis of Variance of (pen-f ield Boli: Cage Effsct

within Group BR

Sourcs ar 83 MS F P
Tdtal ‘ 19 8924 - 95 - ) -omen - oo
Cage ' 1l 2632.03 2632.03 7.52 <<.05
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TAELE 22

Sumnary of inalysis of Varisnce of Paper Shredded:

Source it ss uS

Treatment 1l 30.16 : 30.16
Sex 1 15652.64 15652 .64
Tx8 1 132.44 132.44
Errar Between 42 169100.00 4026419
Days 2 294 .16 147.08
TxD 2 1244.54 622.27
SxD 2 507.26 253.63
TxSxD 2 461.15 230.58
Brror Within 84 57676.96 686.63

TABLE 22

Summary of Anelysis of Variance of Paper Shredded: Cage

within Group RR

- . Source ar 88 1S
Total 19 2587 .43 ——
Cage ‘ 1l 1523.68 1523.68

Errar 18 1063.75 59”-‘05

b2

Treatment
4 p
<1l n.s.
3.89 n.s.(<10)
<} n.s.
<l N8,
<1 n.s.
<1 a.s
<1 n.s.
Type
r <]
25.80 <00
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It is epparsnt from Fig. 13 that frequency of territorial marking ex-~
hibité a steady incremsnt from Day 1 to Day 8 and this increment is steeper
for males than females. Of the four groups, RR males show the most rapid
increase in marking scares while RR females display virmal‘ly no increment
at all. Far C males and femseles marking frequency rises at about the same
rate. It is these differential rates of accelsration among the fouwr groups
that account for the significant triple interaction. Fig. 14 gives no
evidence that early cage type experience influenced frequency of territcrial
marking. Analysis confirmed this lack of relationship. Analysis of variance
sumnaries for territorial marking are presented in ‘I;ables 23 and 24

| The measure of defecation which was taken during territorial marking

tests, in general parallels the open-field dsfecation scares.- The relatiomship
between sex, treatment, and defecation in the merking apparatus is illustrated
in Fig. 15. Males defecated more then femsalas (F-17.09; d4f=1/42; p<.0l) and
| rat-reared subjects defecated less then controls but the latter difference
did not attain significance (F=3.90; d£=1/42; p<.10). All other main ef=-
chts and interactions were nonsignificant. For this measure, defec_ation
scores were at about the same level on Day 1 as they were on Day 8 of open~
fisld testing- That this level is asymptotic is indicated by the lack of a
significant days effect on the sacond bo;i measure « Anélysis is sumarized
in Table 25. | |

The effect of cage type experience on defecation which was obtaimsd for -
the open-field test i1s less apparent for the marking test, as Fig. 16 shows.
Analysis of variance (summarized in Tablé 26) failed to yield a significant
effect for cage type expsrience. |

Gland Size. Table 27 shows the mean ventrel gland size of each of the
groups. Analysis of gland size (presented in Table 28) revealed a nonsignif-

icant treatment effect, a significant sex effect (F=96.20; df-1/42; p<.01),
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TABLE 23

Sumery of Analysis of Variance of Territorial marking: Treatuent

Source
Treatoant

Sex

Tx8

Errar Batwsen
Days

TxD

" 8xD
TxSxD
Error Within

ag ss
1 907am
1 7691.239
1 1915.502
a2 26757750
7 1802 .732
v 118.245
7 316286
7 456.060
294 6441.028

TABLE 24

M

707177
7691 -239
1916.502

639.613

257.8533 .

16.892
45.184
- 65.151
21 .908

¥ »
l.11 n.s.
12.08 <0
3.00 n.s.(<,10)
11.76 <01
<1l n.s.
2.06 <05
2.97 <.01

Sumnary of Anslysis of Varience of Territorial Marking: Cage Type

within Group HR

Source
Total
Cage
Error

arc ss
19 124785

1 6923
8

117862

6923
6547

1.08 : n.s;

- =gy en e

L6
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TABLE 25

ko

Sumnary of Analysis of Variancs of Defecation in the Marking

Apparatus:

Source
Treatmant

Sex

TxS

Errar Between
Days

TxD

SxD

TxSx D

" Errar Within

Treatmnt
ar ss
1 221.238
1 9268.905
1 30.417
42 2381 .720
7 68.022
7 33.215
7 53.120
? 60.692
294 1992.581
TAELE 8

221 .238
968.905
30.417
$6.708
9.717
4.745
7.589
8.670
6.777

F P
3.90 n.g.(<.10)
17.09 <01
<1 n.s.
1.43 D
<1 n.s.
112 n.s.

1.28 n.s.

Summary of Anslysis of Variance of Defecation in the Larking =

Apparatus:

Sourea
Total
Cage

-~ Erpor

Cage Typs within Group RR

arc SS

19 ' 9286
1 701

18 8585

701

477

1.46 n.ge



50
and a nonsignificant interation. Early cage type experience also had no

effect on the gland size of rat-reared gerbdils. The subsid.:lary enalysis is
presented in Table 29.

Fighting Test. Table 30 shows the number of pairs of animals in each

of the four groups which fought. A chi-square analysis which was applied

to the male fighting frequencies failed to show a significant difference.
‘between Group ER amd Group C mmles (g:_2=1.98; df=1; p>.05). Beceuse fight-
ing frequencies for the two female groups were identicel, no statistical
snalysis was performed on these data.

The meen fighting latencies for each of the four groups &are presented
in Table 31. Raw sccres for each pair of subjects were transformed to log
(x+1) sse. 4Analysis of variance, summarized in Tabla 32, failed to reveal
any significent main effects or interactions. No subsidiary analysis was
carried out on Group RR data because the group n's were too smell (7 and 4
respectively for the plastic and metal cage conditions). |

Relationships Among Dependent Measures. To obtain a representative

score for each animnl on the open-field and territoriasl marking msasures,
the scores for the last four tests (test days 5 through 8 of each test) were
sumnsd. The reason for using only the last fonr test scores was that behav-v
ior was ﬁresumably more stable later in testing tlen on initiel tests.
Thiessen et al.(1969) also used anly data from the last four days in cor-
relating various open-field behaviors of gerbils. Representative sccres for
paper shredding were obtaired by summing each subject's scores over tests 1
through 3. Obviously only one measare of gland size for sach subject could
be used. On the basis of these scores all possible mroduct mament corrél-
ation coefficients eamong the nine measures were computed. A seperate coef-
ficlent was computed for each of the four sex-treatment groups. The intexr~ .

carrelation matrix appears in Table 33.
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1.48

TABLE 27

Means of Ventral Gland Size (sqare centimsters)

Control Rat-reared
Female Male Female
0.60 - 1.68 0.65
Plastic Metel

Male Ferale Male - Female
1.50 0.86 1.90 0.29
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TABLE 28

Sumpary of Amlysis of Variance of Ventral Gland Size: Treatment

Source at ss uS F P

Troatmnt 1 0-1711 0.1711 1.64 n.s.

Sex 1 10.0046 10.0046 96.20 <01

TxS 1 0.0825 - 0.0625 <1 n.s.

Error 42 4.3707 0+1040 -—- ---
TABIR 29

e

Sumary of Analysis of Varience of Ventral Gland Size: Cage Type

within Group RR

Soureo ar 8S MS F P
Cage o 0.0052 0.0052 <1 2.8

Errce 18 7.5151 0.4175 - -
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TABLE 30

Numbsr of Pairs Which Fought

Control Rat-reared
Male ’ ' 5/9 (56%) 5/5 (100%)
Fame le 1/6 (179) 1/6 (17%)
TARLE 31

Veans of Fighting Latencies (seconds)

Control s Rat-reared
Male Femele Male Female
177.3  286.5 . 115.2 203.7
TABLE 32

Summary of Analysis of Variance of Latency to Fight: Treatment

Source (it SS M F P

Treatment 1 0.0114 0.0114 <1 n-s.
Sex 1 0.5471 0.5471 1.40 n-s.
T x Sex 1 0.0167 0.0167 <1 n.s.

Error 22 8.5206 0.3905 — ——
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TABLE 33 -

Correlations tetween Bshaviors

Rears Thig-.
Ratio

O *2+ =.34
-68+* -.51
.30 -.02
-47 04
.10 -.02
-.34 «54
«Q0 «85
.38 47
-.22

-.29

21

-25

Center
Tine

.28
-.49
-59
43

-.08
42
«28
+38

14
-l
«34
57

‘68* *
88 * %
.28
-80**

‘tery.
Eark.

-.32
-.13
-.4%

19

-.07

-.04
«52

-.w * ¥k

- 016
-.47
-.18
-.47

-.02
28
05

-. 63"

-+16

-42
-.19
~.31

Mk.
Boli

41
-.12
-45
-09

-11
- 32
.21
37

+28

-.46
+11

Paper

=-.13
-48
10

-.12

.08
.94*
.62*

-.08
44
-.08
<50

-.04
=29
-56
-47

=39

=05
.26
+69*

21
-32
44
=37

-.42

=36

+35
17
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=-.22
~.27

+33
~-.22

~-.01
74
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-.30
~.83
=42

-.18
+46
- 26
-.77'*1

92
+13
-,84*:

.64‘*
-00
-30
-53

~.31
<04
42
«07

+29
72
_.81*‘
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DISCUSSION

Offsprinz Mortelity. During both the preweaning period and the

period bstween weaning and testing, the rat-reared group had & lower in-
cidence of survival than the control group. The cause of prewsaning deaths
was not determimed, howvever killing by the mother did not appear to ﬁe a
mmjor canse since pups found dead were rarely mutilated. In only ons case
was a rat mother observed to kill a pup and in no instance were gerbil
mothers observed to do so. Some rat mothsrs totally igno:;ad thair foster
young and in such cases the entire litter was lost. Other factors which
my have cantributed to offspring mortality in the rat-reared group include
the possibility that pups were inadvertently crushed by tbhe rat motherts
wolght or that they nd difficulty nursing becaise the nipples were laréer
and harder to reach. Hudgens, Denenterg and Zarrow (1968) and Paschie
et al. (1971) also repart higher mortality rates in rat-reared mice-
| The high mortelity rate in Group RR between weaning and testing was
rimrily dae to an epidemic of a streptococcus lung infection. Ths cause
of death was determinsd in only one aniral but the symptoms were similar in
others. Noms of ths cdntrol subje_gts’v_:as affl icted. ‘I‘his fact Suggests
that :at-reared subjects were lesa resistant to the 1n.f_ection- dowever, it
is also possible that the infection ariginated from a rat mother and follow-
ing weaning spread to animels housed in adjacent cageé- Since control sub~
Jocts woere housed in a separate cage rack from ra_t-rea.red éubjects, they
mey have esceped exposwre to the bacteria.

Ths four deaths which occurred in Group C wtween weaning and testing
all involved animal.s which developad a skin infection and were eliminated
by the experimsnter. ‘A fifth animal died bgfora testing was completed,

presumably from é respiratory ailmnt.

Within Group RR there was a lower percentage of prewsaning deaths for
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pups which wers reared in metal esges than far pups reared in plastice

cazes. in fact, the survival rate of Group RR pups in me tal cagses was
coaparabls to that of cantrol pups, all of which were reared in mstal
cages. This fact suggests that somd aspect of the plastic cage pre-
woaning environment was detrimntal to the survival of the pups. <The
plastic cages differed from the motal ¢cages in & number of respects, most
notably in volume and level of illumination.’ The plastic cages were some=-
vhat smller and hxd transparsnt walls. Whether cr not the pups were
directly affected by these variables is impossible to ascertain, dbut it is
quite probable that the mothers' behavior was influenced by cage type. al-
though no attempt was made to record maternal behavior, it was noted that
rat mothers in plastic cages often le £t their litters unattended while i-at
mothers in motal cages were observed to leave the mast only occasionally-
The fact that soms gerbil mothers failed to care for their young in the

plastic cages also indicates that plastic cages of the type used in the
present study do not rrovide an optimel maternal environment.

The differentiel rate of survivel etween Group RR and Group C intro-
duces the problem that the results my have been influenced by a subject
selection factor. In other words, Group KR my bave included only very
hardy .i.nd iviéduals whereas Group C mry have conbeined & mare random assort-
mnt of subjects. Thare is no way of determining whether or not mortelity
in ths rat-reared group was rmaom with respect to individnal. Farthermcre,
if a subject selection factor was operating, there is no way of knowing
whether ar not it inflwenced the results. Unfatumately differential mor-
tality rate kas teen a characteristic of cross-fostering studies and one
should bear this in mind when interpreting results.

Body Weight. Ger'bils which were reared by rat mothers weighed more at

weaning than centrol gertils. Increassed weaning weight has also been
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reported for rat-reared mice (Denenberg, Hudgens and Zarrow, 1966;

Hudgens et al., 1967; Hudgens ot al., 1968; Paschke et al., 1971). How-
ever, the weanirg weight was found not to differ from that of control

mice when mice were tended by a rat aunt rather than a lactating rat
(Denenterg, Rosemberg, Paschke, end Zarrow, 1969). This suggests that
where woeight differences at weaning are obtaired, they may be due to the
m::eased supply of milk provided by the rat mother. A second possibility
is that the pups received mare handling from the rat mother than they or-
dinerily would from their natural motber snd that this increased handling
stimilates growth. 4 study by ressler (1962) suggests that body weight of
pups is positively correlated with meternal lmndling. BHs found that pups
of both the BAlB/c strain and the CS7EL/10 strain weighed mare if they were
reared by BALB/c motbers than if they were reared by C57BEL/10 mothers. In
addition BALB/c mothers were shown to handle both strains of pups more than
the CS7BL/10 mothers did.

Although a significent effect of treatment on weaning wéight was ob-
tainsd in the present study, the increased weight for Group AR was limited
to subjects reared in mtal cages, as Table 2 shows. ‘lherefore, one ean
conclude that undexr similar cage cénﬁiﬁ ions rat-reared gerbils weigh more
at weanirg than control gerbils. The mean weaning weight of Gfoup BER sub-
jocts which were reared in plastie cages differed very little from that of
control subjects. Since pups in plastic ceges appeared to suffer greater
neglect from the rat than the pups in the mtalAcé..ges, a reduced body
woight along with higher mortelity rate in the former group is not surprising.

At 60 days the position of the two treatmsnt groups with respect to
body weight was reversed, rat-resred gerbils ﬁeighing less than the controls.
This remult was to be expected since many rat-reared subjects were suffering

from en infection at this time. Af 100 days of age there was no weight
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difference tetween rat-reared and control gerbils.

Open-field Behavicr- The assumptions which have core to underlie the

use of the open-fisld are based almost entirely on work with rats. 'The two
most commonly ecployed open-field measures are defecaticn and locamotory
activity. High defecation and low activity bave generelly been essumed to
i-eflect high emotionality; conversely low defecation and high activity have
been associated with low emoticnality (Broadhurst, 1958; Goldmen, 1969;
Hall, 1934; 1936). Such a conceptich of open~field vehavior is probadbly an
oversimplificetion end bas been criticized by Adexr (19695.

In arder to account for the open-field behavior of rats over repeated
testings, 1t is nécessary to introduice at laest ons additional canstruct.
Montgomery (1955) proposed that explcretion @ curiosity, as well as féar |
or emotionality, influenced open-field behaviar and Valle (1971) has expan~
ded this notion. In generel, explaration snd fear are conceived as oppos-
ing tendencies. While explaration presumably facilitates su_ch bebhaviors as
locomotion, rearing, and entering the central s(p.areé, foar inhibits these
behaviors because it induces incompatible behaviors sach as freezing and
withdraval. Defecation, however, is ’sﬁill considered a relatively pure
masure of fear, belns largely unaffected by explaratory tendencies.

‘i‘b;a msening of open-field behajricm in rats is st:lil a widely debated
issue, despite the fact that a vast amount of research has teen devoted to )
the subject. The meening of open~field bshavicr in other speecles is even |
less cleer- In mice, Rosenbterg, et al. (1970) suégest that high open-field
activity indicates increesed rether then decreased emotionality since
activity wes positively correlated with plasma corticosterone level. uore-

over, Cendlend and Negy (1969) repart that for mice defecation increases
over repeated te'stingt‘a while for rats defecétion decroases. These relation-

ships are independent of sex. Kruell (1969), however, found that for male .
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mice exploratory bohavior and defecation were pesitively correlated

(r=.124) while for female mice a negative correlation existed between
the two bsheviors, (r= =-.159). On the basis of these results he proposed
that for meles defecation serves a largely territorial function.

Very little work has bsen dors on open-field behavia of gerbils
(Neuran, 1963; Thisssen, Blum, and Lindzey, 1969). However these studies,
as well as the present ons, elearly imlicate that gerbil cpen-field be=
havicr is very different from that of rats and it would be premature, if
not erroneous, to mke similar assumptions regerding its meaning.

In the piesent study certeln aspects of open-field behavior were af-
foected by the nature of ths pre-weaning environment. In order to under-
stend hovw the fostering treatment (end cage type experisnce) exerted their
effeots, it is neacessary to know somethirg about the nature of open~field
behavier. Because such informetion is lergely u_navaiiabla, any statement
‘rega.rding the mechanisms involved in cross-fostering will, of necessity, bde
highly speculative. '

Fostering gerbils to rat mothers resulted in reduced adult open-field
activity as measired by the total. nuﬁber of squares entered. Tﬁerefore
the effect of the fostering treatment on the open~field activity of both
gorbils and mice is similar. ‘ |

Tha failure' to obtém a sex difference for activity in the present
study is consistent with the results of Thisssen, et al. (1969)- Rodent
gpecies .i.n which fenales engage in mare opsn-~field activity than do males
include rats (Masur, 1972; Valle; 1970; Velle and Bols, 1973), hamsters
(Swenson, 1969), and CS57BL/6T mice (Negy end Glaser, 1970). In mice & sex
difference scems to te strain dependent, as Nagy and Holm (1970) failed to
obtain one for 'am mice.

Rearing activity of gerbils 1in the open~field was depressed by the
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fostering treatment, and as was the case with totel squares, no sex dif-

ference was foundQ Boaring data is not »availabla for other rodent species
except the rat. Masur (1972), Valle (1970), and Valle and Bols (1973)
found that female rats reared more than mles.

The fact that in the present stuly both locomotion and rearing were
similerly affected by the fostering treatment and sex suggests that these
behaviars my be related. Furthermare, they were shomn to b® positively
correlated although these correlations were considersbly higher for the
control groups then the rat-reared groups (see Tabla 33). It should be
noted, however, that this relationship may hold only far the latter part of
testing since scores wore tased on the last four of the eight days. Indeed
locomotion and reering 4o not follow similar patterns over days (see Figs 1
and 3). Whereas locomotion exhioits an initial sharp declins, rearing
shows a sharp incline before stebllizing. It 15 possible that the meaning
of a beheavicorel measure can change over the course of testing. Denenberg
(1969) has postulated that high activity in rats on Day 1 of opan-field
testing -~ indicates high emotionality whereas high activity on subsequent
testing days is indicative of low emotiaonality. His hypothesis was based on
the results of a factor analysis. o.f rat opon-fisld behavior (Whimbey and
Denenberg, 1967). Day 1 activity was fourd to have a high positive loading
on the "emotional reactivity" factar whereas activity on subsequent deys had
a high mgativa cori*elation with emctiopnal reactivity.

Since center time and thiguotactic ratio both measure the tendency to
enter the caﬂ:ral squares, it is not swprising that these measires should
yield similar results. PFa both mmeasires ths tendency to explcre the cen~
tral squares appeafed to babituate more rapidly in the ret-reared subjects
than controls but thié effect was barely significant.

Whereas wall-hugging was little affected by the fostering treatment, it
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was sensitive to cege type experience witﬁin' the rat-reared group,
"plastic~-reared™” subjects tending to exhibit more well-hugging than
';mtal-rea.red“ éubjects- Visual and tactils facfccrs ey pley an 1nq>orf-
ant role in the develcpment of wal l~bugging behaviar and the two cage types
differed in a number of physical properties which have been discussed
previously (see page 56). Thase differenceé mey account for the observed
differences in thigmctactic behaviar of the "metal -preared” and "plastie-
reared” subjects.

Although "metel -reered"” subjects in Group RR were less thigmotactie
then "plastic-reared" subjects, they defecated mare. In fact, defecation
of rat-reared subjects raised in metal ceges was comparabla to that of the _
control subjects. The reduction in defecation far Group KR mles apparent
in Fig. 9 i1s therefare largely due to reduced defecetion for "plastic~
reared” subjects only. The fact that the sex x treatmént inxtéraction
- failed to reach significance also indicates that the _variability within the
rat-reared group was considerable. Thus the present study provides no
evidence that the fostering treatment reduces defecation in gerbils as it
does in mice- | , | | |

The large sex difference for defecation is in agreement with the re-
sults of Thiessen et al. (1969) and is also in the same direction as the sex
difference obteinmsd far rats (Masur, 1972) and mice (Brusll, 1969).

The obtainsd increase in defecation sccres over days.is not consistent
with an interpretation of defecation in terms of fear, since fear should de-
croese with repsated exposures to the situation. Mareover no significant
negative correlatioizs were obtained Etween open~field defecation and those
behaviars which fear has been asswmed to inhidit (totel squares, reé.rs,

thiemotactio'ratio, end center time). However, it may also be errchecus to

assums that the latter behevias are, in fact, inibited by fear.
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The assumption that low activity indicates " high emoticnality is

based on the observation that freezing (presumably an emctionzl response)
inhibits lcecomotion. Freezing, however, is a rarely observed response of
gerblls placed in an open-field and all gerbils exhibit hich lsvels of ac?
tivity (relative to rats). Therefore iniividual differences in open-field
activity of gerbils mobebly reflect variations in running speed rather than
differences in amount of freezing.

The fact that gerbils engage in far less wall-hugging than do rats may
moen that for gerbils this beheviar is not a sensitive inmdlex of +the level
of fear. It mmy also be a poor measure of exploratory tendencies in the
gerbﬂ since the enimmls enter the central squeres at near chance frequen-
ciles. Perhaps it is for this reason that the wall-hugging measures showed
no consistent relationship with totel squares a rears, as indicated in
Table 33.

Paper Shredding. Rearing gerbils with rat mothers appsared to have no

effect on the amount of paper they shredded as adults. Despite the fact
tlat rats do not engage in this behavior, rat-reared gerbils shredded paper
as vigoerously as aid the contrel gerbils. This result indicates that paper
shreddinz resquires no learning f£rom the mo: her. However, further conclu-
sicns regarding its devel opment cennot be drawn until more is kncmi about
this behavior.

The present study indicates that males tend to shred more paper than
fenales, although this difference wes not significant a.nﬁ. requires fwther
investigation. Glickmsn, Fried, and Merrison (1967) failed to obtaein a sex
difference for paper shredding bub Hheir smmple inecluied only six animals
of each sex. |

While amount of paper shredding was highly resistant to any influsnce

by the fostering treatment, it was clearly affected by early cage type
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within Group RR, "mstal rezred”" subjects engagirg in more paper-shredding

than "plestic-resred" subjects. No explanaticn cen be offered for this
result et the [resent tims. . Eqelly puzzlirg ere the significant positive
carrelations which vere obtained for Gmﬁp HR mles between paper shred-
ding and open-field defecation, and peper shredding amd glend size. For
Group RR femeles paper shredding correlated positively with open-field
defecation btut mogatively with gland size-. No compareble correlations were
obtained for comtrol enimals (see Table 33). #Hhether or not these cor-
reletions wers spwrious, perhaps a result of a subje ct-selection faetcr
witkhin Group RR, 1s not possible to ascertain end remeins to be determined
by future replication.

&lthough it i3 not clear what paper shredding represents or what fac-
tors influsnce its occurrencs, it does not appesr to bs related to loco-
motory activity or rearing since there were no significant positive cor-
relations between paper shredding and thess behaviors. |

Territorial Markinz and Gland Size. Ths effects of fostering on fre-

quency of territorial merking were semvhat inconclusive. Fkostering ap-
peared to elevate marking in mnles whils depressing it in females, yet tais
interaction of treatmsnt x sex dici’not quite reach the .05 level of signif-
icance.

Fostering did, however, have a differential effsct on the rate of aec-
caleration of the merking response over days for nrles and females (indie-
ated by a significant interaction of treatment x sex x days). &n increase
in merling frequency with repsated exposure to the test s:%tuation hes been
reparted fc@ both male and femele gerbils {Thiessan et al., 1969) and was
also found in the present study- Low marking scores on Day 1 of testing
my ba due 1o the predomimce of explaratary responsss

waich intarfare with territcrial responses- The habituation of expleratory
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responses with repected testirg may then permit the expression of territcr-

ial tendencies. lear mmy also inhibit merking on initiel tests.  Thus rat-
reared males my adapt to the test situation at & more rapid rate than con-
trol males bvut why the fostering treatusnt should not have the same effect
on famles 1is unclsar.

The measure of defeéation which wes recarded in the ErKirg apparatus
was primarily far ccuperison with the open-fislé defecation rsesuvre-. The
correlations etween f;hese two defecaticn mpesurss were swurprisingly small
(see ‘rable 33), indicating that either (a) defecation is ﬁot a very relieble
measure or (b) subjects respended differently to the two apparatuses. Al-
though both possiﬁilities mey be true, support for the. former cores from the
results of Thiessen et el. (1969). They reparted fairly low reliability cé—
efficients far defecation in a merking espparatus (.34 apd .24 for males and
ferales respectively).

Evidence that defecation in gerbils serves a territorial function was
| sccewhat conbradictory. Correlations between merking and both defecation
measwres were megative in seven out of eight cases although in only cne in-
stance was the ccefficient relieble. Marking end open-fisld defecaticn cor-
related =.83 in Group RR females: Despite the lack of positive association
betweén mrking snd defecetion, there was an increase in defecation fre-
quency with repeated exposure to the open~field. ‘he latter result is con-
sistent with a territorial intei-pretation of defecation. Clearly, further
investigation is mecessary to establish the ﬁmcfion of defecation in gerbils.

The lerge sex difference obtained for merkirg frequency as woll &8s gland
8ize confirms earlier findings. Furthemore marking and gland size cor-
related positively (.64) for cantrol males. ibs lack of relationship for
obber groups probebly reflects the fact that merking is influsnced by fac-

tors other than endrogen titre, especially in females (Thiessen, Owen, and
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The fect that the fostering treatment had no inflwnce on the sebac-
eous gland size of gerbils indicates that leveis of circulating androgens
wore similer in rat-reared and control subjects, (essuming that gland size
is a reliable index of androgen titre). ‘iberefore, any differences in
marking behavicé botween rat-reared and control subjects cannot be attrib-
uted to differences ir androgen lsvels.

Fichting. The results of the fighting test are inconclusive because
of the small number of pairs tested as well as the fact that a few subjects
wore tosted twice while the majarity were tested only once-

However, it is probtebly safe to conclude that fostering gerbils to rat
mothers does not reduce incidence of fighting as is the oase for fostered
C57BL/10 T mics. One hundred per cent of the rat-reared male pairs fought
catpared to fifty-six per cent of control male pairs. Whether or not rat-
reared males actually exhibit a significently greater incidence of fighting
than control males remains to ta determined. The observed incidence of
fighting for females was identicel (seventeen per cent) for both groups.

The latency to fight revealed mo additionsl information. Mean laten-~
cies were slightly sharter for rat-reered males but not significantly so.
The fallure of this measure to réveal ‘a sox difference undoubtedly reflects
the smell semple size. ‘Thiessen et al. (1971) repart that females fight
only occasionally, although no statistical dat. are given.

CORCLUSICNS

The only clear-cut effect of fostering gerdils to rat mothers was &
reduction in ectivity es measwed by both open-field locomotion and reering.
However the interpretation of this reduced activity must be largely spec-
ulative as very little additiomnl data to the présent results are available.

There are at least three possible explanations for reduced activity as
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a rosult of fostering. The firet is that fostering reduc‘es emot»ianality-
This interpretation is favoured by Dementerg (1970) to account for the
effects of fosterirg mice to rat mothers. That high activity is assoc-
iated with high emotior2lity in mice receives Sﬁppart from the finding
that activity and corticostarone response to & novel stimlus are posit-
ively related (Rosenberg et al. 1970). It Ims teen argued earlisr in
the present paper (p. 62) that for gerbdile activity is not related to
emoticnality. Follouwing this argiment, it is unlikely that the observed
}reduction in activity for rat-reared gerbils wes & result of either in-
creased or decreased emoticnality.

A second possible explenation is that fostering gerbils to rat
mothers reduces their curiosity a "explaratory drive." Thompson and
Lippmen (1972) recently rroposed that gerbils are moare explcarsatory enimals
than rats. Using a Greek cross maze with bl2ek, white, striped, and check~
ered compartmnts, these authars found that on early triels gerbils had a
" groater tendency to explare all compartments whereas rats showed a marked
preference for the black cme. Thus if rat mothers cause their gerbil fos-
ter pups to becoms mare rat—-like in some respects, a reduction in explor-
ation would be in the predicted dj.::éction- |

It is also possible, bowever, that locomotion end rearing measure
nothing more than a general activity factor. Activity level is to som
extent genetic, and within a range of variability, fixed for a given species.
For example, gerbils and rats differ with respect to activity level and this
difference my depend to & large extent on bdbiochemical anmd metebolic dif=-
ferences which have no realation to differences in emctiocmality or curiosity
betwoen the two species. Although the concept of a general activity fac_tor
may not be & particularly useful or meaningful one, it is introducsd into

the present context simply as & label for those veriables which influence
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activity but which are unrelated to the conceptual veriables, emotionality

and curiosity-.

Bocause it is not possible to separate =a éuriosity factor from a
generel activity factar in the present study, either could have been af-
fected by the fostering treatment. However it may be possible to separate
them by comparing activity in a novel environment such as an open-field,
with a famil\iar envirorment such &s & home cage. If the animals differed
in curiosity tut not genersal activity, thenm presunsbly their home cage ec-
tivity would be similar. Unfortumately such observations bave not been
made but they would aid interpretation of the present results considerebly.

Since early cage type experience appesred to have no effect on loco-
motion ar rearing frequency of rat-reered gerbils, it is very unlikely that
cege type could account for the treatment effect on these measures.

Early cage type experience did, however, have definite effects on
later beheavior although these effects were quite different from those of
cross-fostering. Rat-reared gerbils which were housed in plastic cages be-
fare weaning, as opposed to metal cages, had a greater tendency to well-hug,
defecated less, and shredded less paper-

Many types of stimilation when epplied during infemcy lave been shomn
to be effective in altering later tehaviar. The effects of these various
treatwents are often quite diverse and there 1s no reason to assume that
they are mediated by a similar mechanism. Glsarly the prewsaning pericd is
8 stege when young rodents are extremely vulnerebls to many verieties of en-
vironmental influence-

To what extent these early experience effects are direct results of the
treatment and to ﬁhat extent they are maternally modiated is difficult to
determins, especially where no observaticns of mAtemal behavia are mAde.

With cage type, as with most early treatments, it is impossible to estimate
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the reletive rocle of maternsl mediation- With fostering, however, the
mother is the veriable being menipulated; therefore any effects mst be
attributed solely to maternel influsnce. One can then attenpt to isolate
the critical aspects of the motber which are responsible for observed ef-
fects an the offspring-' This epproech has cha.racterizeé Denenbexrg's work
on rat-reered mice and differentlel handling by the two species of mother
bas teen implicated as a crucial factor mediating the fostering effect, al-
though no comparison of maternal hgndling of mouse pups by rates and mice
hes yot been made-

A similar comparison wes not made in the present study either but an
observation by Kaplan and Hylend (1972) indicates that differential matern-
al bandling could be a factor mediating fostering effects in gerbils. ‘ihey
fourd that gerbvil mothers rarely retrieved their pups, and pups which were
out of the nest usuélly had to mpke their own way dback. Far ret mothers,

; hovever, pup-retrieving is a fairly dominent response. Since strong evid-~

ence has been presented to implicate maternal memipulation as a mediator of
eerly hendling phenomena (Bell et al., 1971; Bell et al., in press), there

is good reason to suspect that it mey also be impertant in other early ex-

perience effects, including fostering-

- Now ‘that it is established that fostering mice or gerbils to rat
mothérs altere the ir respective behaviof, mare attention can be paid to exam-
ining hov these changes are mediated. In particular, detailed species con~
pariscns of maternal behaviar and its effects on tl® young would seeﬁ to be
the most fruitful approach to understending how fostaring effects are med-
iated as well as how the mothsr of a given species shapes the behavior of

her cun offspring;
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