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ABSTRACT

In general, research has shown that varied effegts of both
social and non-social stimuli within a mammél's rearing environment
are observable in that animal's behavioral development. The specific
influence of the inanimate setting upon developing social processes,

however, has never been emphasized. The present study, employing the

nocturnally active desert spiny mouse, Acomys cahirinus, provided for
the rearing of these precocial neonates by lactating females within
. one of four experimental environments. These varied in both the
shape of a sheltering structure (either box or T-tube) and the moveabi-
lity of the substrate (either sand or balsa wood) and consequently
all items upon it. Time spent by the pups in social interactions and
also in locomotion across 5 empirically established stages of develop-
ment provided input for amnalyses of variance. Results showed that
A. cahirinus reared from birth to day 21 with a box used this structure
more for interindividual actiyity than did tube-reared pups, the tube.
In addition, pups reared in moveable environments engaged in more
interindividual activity than did those in non-moveable ones. Each
of the four experimental environments stimulated a different level
of locomotory response throughout the litter period.

Each experimental pup was removed from the litter environment
on day 22 and placed into an observational situation which included
both sheltering structures and both substrates used during rearing.
Behavioral data obtained in this setting provided evidence that
differentially reared A. cahirinus, upon weaning, could distinguish
between familiar and unfamiliar inanimate environmental items.

Subsequent to weaning each subject was individually maintained

iii



in a smaller replica of its rearing environment. Eleven days after
their introduction to this "home cage," pre-selected individuals were
observed in a completely "novel" environment. In this setting subjects
were found attracted to stimulus characteristics which the items
presented had in common with objects and substrates of their rearing.

Placing A. cahirinus on day 44 into an observational environment
like that used at weéning, revealed their maintained ability to per-
ceive the differences between those items reared with and those not.
Based on these results it was concluded that the inanimate references
of rearing had persistent effects upon behavior.

On day 66 subjects were given their first exposure to conspecifics
since their weaﬁing. Although only nose-~to-nose contact was permitted
by the observational situation, both male and female experimental pop-
ulations showed differing.responses to like as opposed to unlike-
sexed conspecifics. Tube-reared animals used the availabie tubes
more than box-reared mice and in this way made more contact with same-
sexed conspecifics. Males reared in the non-moveable environments
demonstrated less dependence upon the tubes than those from moveable
ones in establishing contact with females. Females from non—moveable
environments made more social contact with non-experimental males than
females; moveable-reared females responded conversely.

For males, the moveable/non-moveable difference in responsiveness
to non-experimental females was similarly expressed when on day 73,
subjects were given the opportunity for unlimited heterosexual contact.
Here, males from the balsa-bottomed enviromments nosed the ano-genital
region of females more than‘did males reared upon sand, the former

doing so with a minimal likelihood of being aggressively chased.
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Among females those box-reared were more stimulatory to their non-
experimental mates than were those tube-reared as measured by the
freqﬁency with whiéh males rapidly followed ;hem.

The résults obtained are explained on the basis that the perception
of a non-moveable -environment is part of the species—~typical experi-

ence needed for adaptive social responses to develop in Acomys cahirinus;

box~rearing being similarly effective for females. This interpretation
is supported by descriptions of the natural habitat which is primarily

of rock and is devoid of tubular burrows.
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INTRODUCTION

Experiments with plants and animals have shown that the
developing organism reflects the genetic aspects of its structure
as they are expressed through diverse and complex interrelationships
between organism and developmental medium (Topoff, 1973; Tobach, 1972;
Lewontin, 1974). Such investigations have revealed that certain con-
ditions of stimulation during early experience are necessary to the
development of species-typical behavior patterns (Schneirla, 1956,
1962). The effects of experience, defined as all stimulus influences
upon the organism through its life history at all levels of its
'organization, even if generalized, diffuse, and variable may be found
at the time of stimulation as well as at later stages of development
(Schneirla, 1957; Lehrman, 1971). When early development is associat~
ed with parental care, as it is with birds and mammals, behavioral
development takes place within the physical surroundings of a "home

site" (Rosenblatt et al., 1969).



Here the neonatél mammal is nourished and cared for by its
mother, while growing and maturing via newly elaborated and function-
ing organ systems. Within this context the sensory and motor abilities
which had initially mediated mother-neonate contact become refined
and integrated with those emerging later. In the course of establish-
ing its first social bonds, the young animal becomes capable of
obtaining, retaining and reacting to information about its internal
and external enviromments. Since the social component of these pro-
cesses 1s essentially inextricable from the'pattern of species-
typical development in a species-typical environment, it follows that
normal social development is affected by the characteristics of the
environmental background in which it takes place. The availability
and characteristics (i.e., odor, texture, moveability) of objects or
materials in or in the proximity of the hursing site, burrow or den
influence Both qualitatively and quantitatively the attention and
subsequent activities which the developing animal directs toward its
mother, littermates (if any) and itself. The selective responses of
young rats (Moltz, 1973; Leon, 1974; Tobach, 1977) and the common

spiny mouse, Aconys cahirinus (Porter, 1975) to cage materials

changed by the chemical secretions of their mothers exemplifies
this.

The relationship between the characteristics of an animal's extern-
al environment and its behavioral development has been studied by pro-
viding different kinds and amounts of animate and inanimate stimuli to
a variety of laboratory reared mammals during various stages.of their

development. Typically the aim is to study the effects of such experience



on subsequent behavior. In terms of their underlying design, exﬁeri—
ments of this type commonly utilize one or both of two contrasting
approaches: "enrichment" and "deprivation." The former involves
providing animals with spacious quarters in which conspecifics also
live and with the opportunity for contacting novel stimuli. The latter
often refers to the rearing of solitary individuals in generally small,
visually limited, non-stimulating environments. The effects of these
differént environments are investigated by later observing the animals
in a variety of "learning" situations.

A second "deprivation" technique is described by Lorenz (1965).

In this case, to determine what behaviors in an animal's repertoire are
not learned (i.e., are innate), one demonstrates their existence in
developing young animals from which specific kinds of information and
experience have been withheld.

The differences between the two deprivation techniques described
above are major ones. The former often makes use of domesticated animals
bred for laboratory use, the latter usually does not. In addition these
laboratory animals are subjected to artificial, frequently severe
environmental conditions as young and are later tested in situations
which require responses ranging from species-typical behavior to the
limits of their behavioral capacities. In the Lorenzian approach,
subjects are reared and tested in nearly species-typical environments
where the effects of withholding information are subsequently observed
as deviations from normal species—typical behavior.

The results obtainable by either of the above techniques are
limited however since the enrichment/deprivation approach does not

provide direct information about behavior as it occurs in nature, while



the Lorenzian strategy fails to demonstrate the full range of behavioral
plasticity upon which natural selection operates. Of the two, enrich-
ment/deprivation experiments have produced a more varied literature.

This has largely been generated by the application of the following three
experimental methodé:

1) measuring "intelligence" by requiring subjects to perform
specialized, learned tasks (i.e., maze running) after spending
a period of development in a socially and/or physically
deprived or enriched enviromment. Since the goal is to
demonstrate ultimate changes in learning capacity as affected
by environment, final testing is emphasized. The actual pro-
cess of enrichment as manifested in the subject's dinteraction
with both physical and social environments is not observed;
however.

2) observing the responses to novel social and physical stimuli
of young having differential social experiences ranging from
isolation at birth to group-rearing. This technique provides
information regarding the early éocial stimuli required for
normal development as seen in adjustive responses to soéial
and physical novelty and mormal sexual behavior.

3) evaluating the responses to physical stimuli of animals
developing within a socially normal milieu, but deprived of
specific senses as young. Use of this technique has provided
evidence relating to the social consequences of sensory
deprivation.

Within the limits of each technique investigators have used differ-

ent levels of environmental stimuli to produce both "deprived" and



"enriched" animals for experimental comparison. The following review

categorizes these often disparate levels within a framework of specified

behavioral effects. Unless otherwise indicated the studies cited

involved comparisons of animals reared under socially and/or physically

deprived conditions vs. socially and/or physically enriched conditions.

A, Effect on Learning

1.

Total Social-Physical beprivation

Research conducted on rhesus monkeys demonstrated the
effects of solitary rearing in lighted, but visually
restricted cages with feeding, cage maintenance and self-—~
produéed activity as the only stimulation (Harlow et al.,
1969). The test situation involved learning to discrimi-~
nate objects ét nine months of age. The specific task,
which required the monkeys to reach through a set of bars
and displace the appropriate three-dimensional object
associated with a food reward, was performed equally well
by both the isolates and the group-reared controls. The
isolates, however, took nearly twice as long to adjust to
the complex testing procedures prerequisite to tlie actual
learning sessions. Those results parallel the deficient
responses reported of isolated rhesus monkeys confronted
with environmental novelty and complexity (Sackett, 1972).
Harlow's results, however, demonstrate that although the
most extreme forms of early isolation do not result in
"intellectual impairment" as measured by this task, they
do affect the animal's adjustment to new, somewhat taxing

situations.



Developmentally Delayed Social-Physical Deprivation

Hooded (McGill strain) and albine (Wistar) rats used in
studies empﬁasizing the effects of enrichment upon learning
have usually had extensive social experience before being
placed in the contrasting experimental environments. This
results from the practice of allowing weaning.(at 21 to 25
days) to take place before the young are differentially
exposed. In addition, the physical stimuli prior to weaning
are usually maintained at typical laboratory levels since

environmental enrichment during this period appears to have

no measurable effect on subsequent performance (Forgays et al.,

196é). In most cases (Forgays et al., 1962; Hebb, 1947;
Hymovitch, 1952; Schweikert et al., 1966; Ivinskis et al.,
1976) "performance" is measured by the animal's ability to
learn a maze. Typically, young rats having experienced the
complex (enriched) post-weaning environment require fewer
trials to achieve consistency of performance. According to
Barnett (1974) while such research indicates that early
(i.e., post-weaning) enrichment can improve a rat's learn-
ing of a specific task, it does not result in general
"intellectual improvement."

Partial Social-Physical Enrichment Compared to Total Social-
Physical Enrichment

Recently Gluck et al. (1973) extended the research on
rhesus monkeys to include subjects reared from birth in a
totally enriched environment. The latter gave each young

monkey unlimited access to 1l other adult and immature



monkeys of both sexes and to a play area containing
various typeé of objects related to exercise and activity.
The study compared these animals to others reared indivi-
dually from birth in bare, climable wire cages providing
only visual and auditory stimuli from other monkeys and
from laboratory personnel.

As measured by the complex oddity problem, results
demonstrated that increased levels of early social-physical
enrichment improves learning ability in rhesus monkeys.
Specifically, the task which revealed this required the
subjecf to select the one solid object in a group of three
not identical.to tﬁe remaining two. However, when tested on
the delay task (which requires the subject to wait a pre-
determined number of seconds before responding to the
appropriate reward stimulus) a different result was obtained.
In this case the aniﬁals from the totally enriched envirop~
ment were out-performed by individuals experiencing partial
enrichment. The authors base their explanation of this
outcome on the disturbance caused to totally enriched
animals by the delay which gave these animals more time to
perceive the large discrepancy between the stark testing

room and their home environment. - Also, daily separation

. from peers becomes stressful for group-reared monkeys

(Seay.et al., 1962) so that the poor response to testing
might have been influenced by removal from a familiar
social environment as well.

Early Auditory Deprivation Compared to Early Visual Deprivation



Wistar rats, reared in a specles-typical social enviromment,
were temporarily deprived of audition or vision from the
perlod before the functional onset of these modalities until
weaning. Each experimental population lost in a competition
for food when the stimulus indicating the trial's onset
corresponded to the modality originally impaired (Wolf, 1943).
Further tésting showed, however, that the social component
of competition was responsible for this outcome. When
tested alone the same animals responded properly to both
auditory and visual signals for food.
B. Effects 6n Responses to Novelty
1. Social Restriction Compared to Social Enrichment

In a study of squirrel monkeys (Kaplan, 1972), young were
either housed only with their mothers (having visual and
auditory access to other conspecifics) or with a group
composed of five adult females (including the mother) and
five additional young. After being separated from their
respective.mothers when approximately 22 weeks of age, each
of the yoﬁng was tested in an apparatus which permitted its
approach to any of four adjacent cages, one containing its

"~ mother, another an unfamiliar adult female, the third an
unfamiliar infant, while the fourth was empty. The results
showed that most of the young reared in the socially en-~
riched enviromment consistently preferred their mother to
all other options. Most of the socially restricted young;

however, did not show a consistent preference for any of



the stimulus choices.

Knowledge of the female-young relationship in each of
the enviromments above suggests an explanation for the
experimental results. Kaplan observed that while mothers
in the socially enriched environment were more protective
of their young, mothers in the socially restricted condition
were more punitive and apparently '"less concerned with their
infants.”" 1In addition, Wolfheim et al. (1970) have present-
ed data for the pigtailed macaque suggesting that group~-
housed mothers, being more protective of their young,
"develop a closer relationship with them" as compared with
socially restricted mothers. One can infer that the reci-
procal nature of this relationship resulted in the attract-
iveness of the mother to socially enriched young tested
in Kaplan's apparatus. The dévéloping relationship in
socially restricted enviromments is less reciprocal. Here
infants séqk out their mothers attempting to “play with"
(push, pull, slap) them more often and spend more time in
their proximity as they become older (Kaplan, 1972). This
is clearly an effect of social and not spacial restriction
since identical results are obtained when restricted sub-
jects are provided more room per animal- than those socially
reared (Hinde et al., 1967).

Total Social-Physical Deprivation Compared to Total Social
Deprivation with Physical Enrichment
The question of what roie is played by physical stimuli

during rearing in mediating normal social development brings



us back to an experimental extreme, the total social

isolate. Sackett et al. (1972) reared four rhesus monkeys

in total isolation, two of which received daily non-social
stimulation from projected pictures, taped sounds, a chain
hanging from the cage ceiling and a variety of novel objects,
none of which provided food, warmth, or an embraceable
tactile surface. When later observed in social pairings

it was found that non-social stimulation failed to offset
the typical isolation syndrome. This is characterized by

a lack of fositive social responses or explorationlof the
environment, and high levels of self-directed clutching,
rocking and other stereotyped motor activities. These
results indicate that physical stimuli cannot in themselves
substitute for certain social inputs. Mason (1968) has
shown, however, fhat when an inanimate surrogate which
supplied food, warmth and a surface tactually specialized
for clinging was provided to rhesus monkeys isolated from birth
and made to move on an irregular schedule throughout the
day, stereotyped rocking did not develop and approach to
novel stimuli occurred. Therefore, in the complete absence
of a conspecific, a substitute with.the added physical
dimension of movement results in some degree of behavioral
normalcy.

Unvarying Enviromment Compared to Varying or Partially
Varying Environments

Tobach and Schneirla (1962) reared some albino mice in

environments which were never experimentally altered and
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others in environments in which either the social, physical
or both of these aspects were changed daily. The social
aspecté changed included littermates and dam while the
physical ones involved cage dimensions, type of nesting
materials, light availability, olfactory and other chemical
cues and the material of the cage itself, When placed in
an unfamiliar (novel) open—field enclosure at weaning, those
groups reared in an unvarying physical environment had a
significantly lower defecatory response than the other
experimental groups. Reciprocally, when the physical aspects
of the rearing environment were varied, defecatory reactions
under disturbing test conditions were higher. Varying the
social aspects of the environment increased this effect, so
that the level of defecatory reactions in animals which had
experienced variations in both environmental aspects was
found to be highest. The investigators concluded from this
study that defecatory activity, as a response to a novel
environment, is affected by the nature of individual deve-
lopmental experilence which in this case was differentiated
by the stability or instability of the physical and/or
social aspects of the individual's pre-weaning environment.
C. Effects on Mother-Young Interactions

1. Social Restriction with Physical Enrichment Compared to
Social Restriction with Physical Deprivation
Jensen et al. (1968) working with pigtailed macaques
demonstrated a relationship between certain aspects of the

physical environment and the development of social relation-
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ships by providing socially restricted mother-young pairs
with a "rich (cage) condition" of changing toys for climb-
ing and manipulating. These physically "enriched" young
were found to develop specific and refined patterns of
social manipulation which affected the mother's intensity
of reciprocation. Based on the findings of Kaplan (1972),
cited previously, the resulting relationship would tend to
develop as 1f the mother-young pair were not socially
restricted.

Early Deprivation of Manipulable Objects

Two studies with albino rats investigated the role of post-
weaning experience with manipulable materials on the subse-
quent development of maternal behavior. Riess (1954) found
that when female rats were deprived of this experience fhey
proved maternally deficient. Eibl-Eibesfeldt (1955) also
reported some aberrant maternal activity with a correspond-
ing loss of young in rats deprived of "manipulation experi-
ences." He discounted the effects of such early deprivation,
however, emphasizing instead the role of appropriate sti-
muli within the maternity cage needed to release "the |

inborn orienting reactions of the rat."
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A critical evaluation of all of the investigations described in
A through C above, reveals that each is inadequate for one or more of
the following reasons:

1) The degree and type of "deprivation" was disproportionate and
often not comparable to "enrichment." Further, enrichment
often meant bombarding a developing mammal with many stimulus
objects. The specific effects of these were not experimentally
definable either individually or in any combination.

2) 1In the case of rodents, experimental treatment took place after
pre-weaning social bqnds had formed; in the case of monkeys,
bonds with humans may have been formed before or during the
experimental treatment,

3) Developmental data relating to young animals interacting with
the animate and inanimate stimuli in their environment were -
not recorded. o

These inadequacies are dealt with in the present study in order to

properly test the general hypothesis that characteristics of the environ-
ment into which an animal is born and is reared influence the development
of its social behavior. - The method chosen involved the ménipulation of
two major factors which, although often contributing to the discrepancy
between previously discussed "deprived" and "enriched" enviromments, had
been infrequently, if ever, emphasized. The first of these, environmental
moveability, was suggested by the studies of Mason (1969), Riess (1954)
and Eibl-Eibesfeldt (1955) which provided evidence for a relationship
between object moveability and the development of typical social behavior
for a species. The second factor, shape of sheltering structure, was

chosen to parallel the frequent use of both tubes and boxes as objects
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to "enrich" the experience of rodents (Rosenzwelg and Bennet, 1969;
Henderson, 1§76; Denenberg et al., 1969; Manosevitz and Joel, 1973).
Such objects, which are readily entered and moved through by subjects
in laboratory studies, are analogous to burrows, nesting sites, and
shelters in nature. The éxperimental desigﬁ, therefore, involved the
rearing of animals in environments which were non-deprivational with
respect to object availability but which differed in the moveability of
these objects and their underlying substrates. The animals were studied
during their earliest stages of post—nafal development in conditions
which were present from their birth on. Human interaction was kept at.
a minimum throughout. The data recorded related to all aspects of the
young animals' activities with both animate and inanimate objects.in the
environment.

The experimental animal chosen for this study was the common spiny

mouse, Acomys cahirinus, a nocturnally active, murid rodent from Israel.

The subjects were derived from a laboratory breeding colony of 85 females
and 86 males maintained in the American Museum's Department of Animal
Behavior. The original field-caught population, which was shipped from
Israel in 1969, included 7 females and 3 males. These were bred random-
ly to maximize initial colony growth. Subsequent generations were bred
systematically to prevent any genetic line from dominating the colony's
composition. In 1972, after growing in size to 24 females and 14 males,
the colony population was supplemented with 12 wild caught animals

(5 females and 7 males). All were crossbred with the original colony

by the start of this research in 1974.

As a species Acomys cahirinus lends itself to studies of behavioral

development. Characterized by an advanced sensory—ﬁotor state at birth,
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the young can soon eétablish and maintain contact with all elements
of their laboratory environment, animate and inanimate, as they would
within their natural habitat of stone outcroppings, rubble and desert
vegetation. Consistently measurable behavior items, some requiring
much éobrdination, can therefore be recorded from the onset of social
bond formation. In addition, since the number of A. cahirinus young
per litter averages only two; the species~typical social grouping need
not be reduced in size to facilitate the accurate recording of data
during periods of extremely complex social activity. The behavioral
development of individuals can thus be followed throughout the litter
period, as well as beyond.

Therefore, using differentially reared Acomys cahirinus, this

study was designed to supply ad@itional evidence that early experi-
ence affects later behavior in mammals and to uncover the role of the
inanimate environment in this developmenfal process. More specifi-
cally, the following 4-part inquiry was made, i.e., can systematic
relationships be found between:
1) developing patterns of social behavior and the moveability
of inanimate items in the rearing environment?
2) social interaction during the litter period and the shape
of the available sheltering structure?
3) the enviromment of rearing and an aﬁimal'é behavior upon
its first exposure to unfamiliar conspecifics after weaning?
4) the environment of rearing and the outcome of the sexually
mature animal's first unlimited encounter with a like-aged
unfamiliar conspecific of the opposite sex?

By answering these questions the contribution of the enviromment

15



to the social develoément of the animal was uncovered, enabling
speculation as to the importance of this relationship to the processes
of natural selection. Finally, in gathering information heretofore
neglected, specific hypotheses concerning the mechanism involved in

social development were generated.
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METHODS AND MATERIALS

Acomys cahirinus litters were born in each of four groups of

experimental environments which differed in their internal moveability
and "shélter" charactéristics. Each litter and its lactating female
were observed during the active phase of their activity cycle on a
predetermined schedule for 21 days post—partum. At and subsequent to
weaning the young were observed alone Iin new environments where any
effects of their differential rearing might be revealed in their
responses to inanimate objects and substrates. Observations of social
behavior were resumed when experimental animals reached sexual matu~
rity. Recordings of male/female interactions were particularly
stressed., All data recorded were prepared for computer analysis;

the null hypothesis was rejected at 'p" values less than .C3 except

as indicated. The primary statistical analysis used was the BMDP2V |
Biomedical Program for Analysis of Variance (ANOVA) of a two (box/tube)
by two (moveability/non-moveability) by two (female/male) factorial
design with Repeated Measures enabling the simulfaneous analysis of
the litter period's 5 developmental stages. Subsequent analyses of
group differences were carried out by use of Studentized "t" tests

for unequal variances, Newman-Keuls paired compariéons and non-
parametric treatments as required.

Table 1, by describing the possible sequence of conditions within
which any animal might be observed, outlines the overall =xperimental
design. As indicated, each pup was maintained with its littermate(s)
and the lactating female for 21 days post-partum within one of the
four experimental enviromments. At weaning, and before its transfer

to a smaller home cage, it was observed in a special non-social
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TAELE 1

DESCRIPTION OF THE SQCIAL AND PHYSICAL CHARACTERISTICS QF

THE EKNVIRONMENTS FOR OBSERVATIOIIAL SITUATIOLE

I~-VI

DAYS 1-21—> DAY 22— #-> DAY 33— > #—>44———>%— DAY 66 —> #—> DAY 73
IIT ~ with =
: : . . Novel - v Limited Social Contscf/', same seX U"“"\"e‘;eé‘ X
Litter Weaning A Observatcnyy Weaning — A Chservation +h \_, /59:13\ Con \{JL"
Observations ——— Observationy# },%-'9 Like Sy N c‘:p'osff-\> * 02";‘?&"‘ ‘(’:’::;3‘"’
. > Home Cage Observation ‘ ™ Home Cage %7 \, ,
(Possible Obsarvation) { No Observaticn) Ne “Pawing”
SOCIAL DESCRIPTION: ) .
With ‘ o “
Littermates With Adult With Mate
and Lactating 2 Non-Social Non-Social Non-Social :

PHYSICAL DESCRIFTION:
Fourpossible

A presentation: A presentat-

1

This was a-

Conspecifics

Animals were able to

This Unimpeded

rearing environ- of both famil-: ion of a com-| replication of | make limited contact Social Contct
ments differing iar and unfam~-| pletely un- | the weaning with conspecifics. The with a like-
in structure/sub- iliar objects familiar observation , observation environment aged,colony-
strate combinat- and surfaces {novel) en~ | carried out at | contained structures, reared Acomys
ions were used: vironment ° a juvenile substrates, and mater- of the opposite
1. Box-Moveable having stage of de- ials already familiar sex took place
(Box-Mov) analogs of velopment. Ad- | to all. either in the @
2 Box-Non-Move- both Mov and { ded to this Three conspecifics were home environ- -~
able N-Mov sub- environment used,all colony-reared ment (for
(Box-N-Mov) strates and | were two pori- adults and unrelated males)or a
3. Tube-Moveable of both box | able items to the experimental suitable
(Tube-Mov) and tube basic to col- animal. 311 3 were facsimile (for
4. Tube-Non-Move- structures ony maintenance | either the same or its females)
able (i.e.straw and | opposite in sex.

{Tube-N-Mov)
with Mov substrate
of sand;N-Mov sub-

strate of balsa

Mov environments
include loose food
and straw.

N-Mov environments
provide food at a
fixed location only
no straw is provided,

food pellets)
which were ex-
cluded from the
non-moveable

experience dwere

added to com-

! plete the com-

! parison with

moveable-reared

‘animals

¥Indicates an animal's first introduct

. ion to i ; : ;
‘ environment) on day 22 and indicates © its home cage (a small replica of its litter

return to this cage after any observation




environment to assess its responsiveness to familiar and unfamiliar
cage items. Additional observations of its responsiveness to inani-
mate environments were made before the animal reached sexual maturity,
a stage of development appropriate for a renewed emphasis on social
observations. Here an animal's responsiveness to conspecifics was
measured first under restricted conditions and sqbsequently by means
of actual heterosexual pairing. The procedures.and results for each
of the six experimental periods and obser&ations shown in Table 1 are
reported separately. |

Table 2 shows the number of animals in each of the experimental
populations.. Subjects were assigned to groups on a predetermined
plan. Unequal sample sizes resulted from various factors: differing
sex ratios at birth, subject loss due to escape, accidental stress or

death and record loss through equipment failure.
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TABLE 2
EXPERIMENTAL POPULATICN

(Numbers of Animals Observed in Each Observational Situaiion*)

1 II III IV v VI

N HC SS_0S _NONE P NP

BOX-Mov
(10 1litters)

@ Q 11 9 5 b 9 3 3 1 3 5
P ot 10 9 2 6 8 5 2 3 L

BEO»EHHEPSEPZQ »HkU

DIED
@ 2
e

ESCAPED ;
?¢ 1
oo .

ACCIDENTAL
STRESS

? ¢
A
EQUIPMENT
FAILURE

o
& &

- N

* Roman numerals refer to observational situations described in Table 1
N="Novelty" observation; HC="Home Cage" observation; SS=Limited Social Contact
With Same Sex; 0S5=With Opposite Sex; P=Paired; NP=Not Paired
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BOX-N-MoOV

(10 litters)

QQ
0707

TABLE 2 (CONT'D)
EXPERIMENTAL POPULATION
(Mumbers of Animals Cbserved in Each Observational Situation*)

I 1T IIT Iv v VI

N HC SS 0S NONB P NP

12 10 5 6 10

MWt HE<SEbZCO »rHEeUO

DIED
&6
ESCAPED
29
0"0™

ACCIDENTAL
STRESS

Fo

TESTING .
ACCIDENT

49
107

- LOST
RECORD

brbo

[Ny

D~

Ll =
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HEwrHHE<dEZd »>rHEk2g

TUBE-MOV
(9 1itters)

%

TABLE 2 (CONT'D)
EXPERIMENTAL PCPULATION
(Numbers of Animals Observed in Each Observational Situation*)

I IT IIT v v VI

N HC SS 0S NONE P NP

DIED

? 2
oo’
ESCAPE OF
LACTATING
Q ON DAY 20

%%
o? o?

ACCIDENTAL
STRESS
o

EQUIPMENT

N -
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HrHortHESE=REG A=t

(Numbers of Animals Observed in Each Observational Situation*)

IT

TABLE 2 (CONT'D)
EXPERIMENTAL POPULATION

P

TUBE=N=-MOV
(10 litters)

%5 a? 13

DIED
5%

ESCAPED
S

-+~

c* &7

ACCIDENTAL
STRESS

%%

EQUIPMENT
FATLURE

jop 2

LOST
RECORD

%
@ o

=N

g
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I.

The Litter Period

A..

General Procedures

1. Subjects

Female Acomys cahirinus approaching parturition were

separéted from the breeding male, removed from the colony
room and placed into one of the four experimental environments
at least one week before delivery. Their litters comstituted
the experimental population for this study.

2. Apparatus

In all cases parturition took place in 57-l1iter aquaria
(61.0 cm x 30.5 cm x 30.5 cm). The four experimental groups
were based on different preparations of these aquaria. For
two groups a fine moveable (Mov) sand was provided as a sub-
strate to a uniform thickness of 1.3 cm. One group of sand-
bottomed aquaria (Box-Mov) contained a transparent, 5-sided
plastic box (12.7 cm x 6.4 cm x 8.9 cm) placed at one end. The
other group (Tube-Mov) contained a transparent, plastic T-tube
instead (5.7 cm i.d., 20.3 cm across, 5.1 cm stem). Five
7.6 cm strands of straw were provided at aquarium center for
both sand-bottomed groups (see Fig. 1).

The remaining two groups of environments had a non-—
moveable (N-Mov) substrate of balsa wood .3 cm ih thickness
glued above the aquarium floor to produce a height equivalent
to the thickness of the sand. All borders were sealed with
silicone cement to prevent possible manipulation by subjects.
One group of balsa-bottomed aquaria (Box-N-Mov) contained a

plastic box (as previously described) which was screwed into
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. MOVABLE ENVIRONMENT WITH BOX

© OPAQUE WALLS
OPEN SIDE OF BOX
£ ~

3 oy T e

FEEDING CAN

STRAW OPEN MESH
OF FEEDING CAN :

‘Figure 1. The moveable environment with box as viewed from above
(top) and from the observer's angle (arrow, bottom),

OPAQUE WALLS

OPEN MESH
SAND SUBSTRATE OF FEEDING CAN
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the wooden substrate. The second group (Tube-N-Mov) con-
tained a plastic T-tube likewise fastened rigidly to the balsa
(see Fig. 2).

All four experimental aquaria contained a feeding can
(11.2 cm long, 7.4 cm in diameter) placed at the opposite eﬁd
of the aquarium from the plastic "shelter" (see Figs. 1 and
2). A dry food source (Purina Lab Chow) was made available
from one end of the can, while the other provided moisture
(lettuce). All feeding cans were weigﬁted internally to
prevent rolling. Those resting on sand could be slid across
this substrate by the persistent activity of an animal while
movement of those on balsa was not possible. In the former
casé the ends of each can were loosely capped by wire mesh
allowing removal of single lérge quantities of food; in the
latter the mesh pieces were tightly fixed in place making it
necessary for an animal to restrict its feeding activity to the
can site.

3. Maintenance

Experimental enviromments of each group were maintained
on shelves within a Scherer-Gillette (model #2-112) environ-
mental chamber set on a 12D/12L reversed light cycle correspond-
ing to temperatures of 24° C/30° C. Illumination for "night"
observations was pfovided by a 40W incandescent bulb shielded
to provide diffuse white light. Daylight was provided by two
40 watt Sylvania Powertubes each 1.2 m in length situated
along the chamber ceiling. Humidity was maintained steady at

50%. Two exhaust fans provided air circulation and “"white"
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NON-MOVABLE ENVIRONMENT WITH TUBE

OPAQUE WALLS

- o : FEEDING CAN
TURE CLOSED MESH :
N
BALSA SUBSTRATE OF FEEDING CA

Figure 2. The non-moveable environment with tube as viewed from
above (top) and from the cbserver's angle (arrow,
bottom) . e

OPAQUE WALLS

CLOSED MESH
OF FEEDING CAN

BALSA SUBSTRATE
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noise of 40 db.
4. Observational Procedures

Prior to the introduction of the females, the experi-~
mental environments were permanently distributed via stati-
fied randoﬁization among the 9 potential locations within the
environmental chamber. This was done to offset the possible
effects of position (i.e., height, closeness to chamber door,
etc.) within this otherwise controlled enviromment. After
introduction of pregnant females daily checks were made to
monitor the progress of each towards parturition. This in~
cluded recording the environmental modifications each made
before giving birth.

On the day of their birth, all members of the litter were
weighed and marked after at least one nursing bout had been
observed. To accomplish this the female was cup-captured,
taken out of the chamber, weighed and placed into a sound-
buffered isolation tank. Each pup was then removed indivi-~
dually by gloved hand and taken to a work area outside the
chamber. The pup was weighed, sexed and given a number. The
tail of each pup was then stained appropriately using a 1l:1
solution of a non-toxic blue ink and a 70% EtOH applied with
a cotton swab. Pup #1 was identified by a blue tail tip,

#2 by a blue tail base, and #3 by an entirely blue tail.
Weighing, sexing and staining took 5 minutes per pup and was
carried out under high ambient illumination enablingldetailed
inspection of each and reducing the possibility of injury or

escape. Each pup was returned to the litter environment at the
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approximate site of its capture before the next pup was

removed. After all pups were processed and returned, the

female was carried back to the litter and deposited within

the center of the enviromment. Due to the temporary nature

of the stain, remarking of each pup was required every 5 days

at which time the litter members and the femalé were reweighed.
Froﬁ the day of its birth and for a period of three weeks

posf—partum each litter was the subject of several in-chamber

obgervations. A randomized observation schedule was employed

which provided developmental data during those time periods.

typical for Acomys cahirinus activity. These included pre-dusk,

dusk, mid-night, pre-dawn and dawn. Five minutes of data
collection were allotted each animal during an observation
session; No litter was observed more than once in a day nor
'more than on. ;welve of the twenty-one days post-partum. The
order in which litter members were observed waé systematically
changed for each succeéding session to offset possibie sequence
effects. Thé data were collected via a 20 pen Esterline-Angus
(model A620 ﬁ) event recorder receiving impulses from a hand
operéted microswitch keyboard which made it possible to regis-
ter both the frequencies and durations of behavioral items.
5. Data Recorded

All 20 keys bothlsingly and in various combinations were
needed to record the animals' activities.- Thé site of each
activity was also recorded. Appendix A lists the behavioral

events -considered.
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6. Data Anaiysis

For this analysis time spent in locomotion was employed
as a general measure of activity. Duration of interindividual
activity including all behaviors in Appendix A (as well as
resting) taking pléce in contact with a sibling or lactating
female, provided a measure of social development. Sample
variability was decreésed by using data from 2-pup litters
only which included 3 litters reared in ;he box-moveable (Box-
Mov) condition, 5 in the box-non-moveable (Box-N-Mov) one,

5 from the tube-moveable (Tube-Mov) situation and 4 from the
tube-non-moveable (Tube-N-Mov) one.

Sinﬁe the method of data taking (see I, A, 4) produced
small sample sizes for any given litter over its development,
representative values derived frém the raw data were used for
analysis. These values were obtained by averaging, according
to behavioral measure, the litter's data within each of the
five age groupings corresponding to stages of behavioral
development which were empirically distinguishable (see Table
3). Tests of Skewness and Kurtosis (Snedecor and Cochran,
1967) supported the validity of this procedure in that for
both behavioral measures (i.e., locomotion and interindivi-
dual éctivity) the raw data from each age grouping were normally

distributed about a different mean;
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Developmental
Stage AGE
(days)
1 1-4
2 5-7
3 8-12

Weight '
(mean in grams)

6.9* e

10.6 .

4. ,

TABLE 3

STAGES OF DEVELOPMENT
FROM BIRTH TO WEANING

Behavioral Profile

«frequent suckling
.close huddling with littermates
.little locomotion beyond "nest" site

.sélf-directed mouthing

;e frequent suckling
.locomotion beyond "nest" site

sincreased investigation of
inanimate environment

.establishment of self- and other-
grooming patterns

.reduction in suckling
.mouthing fecal boluses
.beginning of solid food consumption

.climoing structure and feeding can

A




TABLE 3 (CONT'D)

STAGES OF DEVELOPMENT
FROM BIRTH TO WEANING

32

Developmental
Stage AGE WEIGHT BEHAVICRAL PROFILE
(Days) (mean in grams)
4 13-15 18,0 . « =« o odecline in suckling
+-activities associated with the getting and
retention of solid food increase
.eScuffling between littermates over food
- oceurs
.pups tend to avoid social contact
5 16-19 22,5 . 4 + o+ esuckling resumes at level of stage 3
pups become increasingly gregarious
6 20-22 26,5 + +. « o operiods of spasmodic locomotion preclude

accurate data taking

‘Note: Box-Mov animals had the lowest birth weights, By the second developmental stage, however,

they had attained weight levels typical of box-reared pups. No effects of this anomaly were
observable in their behavioral profile across development,




B. Results

Environmental moveability was a significant factor in the
total amount of interindividual acéivity taking place during the
litter period. As such, a difference was found between Mov-reared
(Mn=241.9 sec) and N-Mov-reared (Mn=22573 sec) pups (see Table 4-a;
Studentized "t", p (.01, d.£.=79). When analyzed for the qua-
drants of the structure side (i.e., quadrants 2 and 3) however,
the difference found was related to shape of rearing structure,
with tube reared pups spending more time (Mn=89.9 sec) making
contact in these quadrants than box-reared (Mn=42.6 sec) (see Table
5 A-1). Adding to this analysis the duration of interindividual
activity spent both within and upon the plastic stfuctures does
not change this relationship. This was true despite the observa-
tion that the box, as opposed to theﬂtube, was the more frequented
structure for social contact throughout the litter periocd. As an
environmental structure, the feeding can was the least important
site for interindividual activity.

All three analyses of interindividual activity, that is, as
it occurred throughout the entire environment and separately
within quadrants 1 and 4 when including the feeding can as well
as within quadrants 2 and 3 when including the structure, revealed
that a different pattern of response across development typified
each of the four experimental groups (see Tables 4-b; 5 B-2; 6-A).
The patterns observed within experimental groups were most con-
sistent between the total analysis and that for quadrants 1 and 4.
This outcome reflected the greater inaidence of social behavior

within these two quadrants which was exhibited by all groups
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a *
b **
Developmental
Stage
1
2
3
4
5

TABLE &4

TOTAL TIME (sec) ENGAGED IN INTERINDIVIDUAL ACTIVITY
DURING THE LITTER PERIOD (A1l Locations Combined)

NMov-Reared Pups

¥n SD
241,9 ob.1

286.5  29.4 269.5 60.8

283.0 45,2 283.0 33.8.

162.3 96.1 189.,7 38,6
254,7 47.8 163.2 120.5
277.3 25,4 179.5 43,6

Using Analysis of Variance (BMD P2V computer program):

* Main Effect of Environmental Moveability,' p=.062
** Interaction Effect of Developmental Stage x Structure x Moveability, p=.047

N-Mov~Reared Pups

¥n SD
225.3 78,8
TUBE
Mov N-MOV
Mn T 8D Ya T 5D
289,6 22,7 256,2 83,0
266,8 36,2 274 .8 32.6
235.,1 42,8 250,8 63.6
196,7 81.4 188.0 96,2
71.2

233.9 50.8 217.4



TABLE 5

TOTAL TIME (sec) ENGAGED IN INTERINDIVIDUAL ACTIVITY

DURING THE LITTER PERIOD (In Quadrants 2 + 3)

A, Excluding Time In/On Structure

i, ¥
2, **
Developmental
Stage
1
2
3
4
5

Box-Reared Pups

¥n

SD

42,6 75.6
BOX
Yov
Mn SD Mn
17.7 40,8 1.1
28,7 60,3 50.7
13.8 30.9 56.5
59.7 72.8 48,7
L"? L) 0 71 l? 8!";0 o

0.3
106,1
68,7
89.8
106,9

Using Analysis of Variance (BMD P2V computer program):

* Main Effect of Structure, p=,001
** Interaction Effect of Developmental Stage x Structure x Moveability, p=,001

Tube~Reared Pups

) 5
89.9 107.5
TUBE
Mov N-Mov
Fn SD Mn SD

178.8 136.3 75.8 137.8
€0.7 78.6 759 132.4
76.3 70,8 174.6 124,0
42,5  60.3 37.9 67.6
73.7 1014  106.8 77.4
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TABLE 5 (CONT'D)

TOTAL TIME (sec) ENGAGED IN INTERINDIVIDUAL ACTIVITY
DURING THE LITTER PERIOD (In Quadrants 2 + 3)

B. Including Time In/On Structure

i, * Box=-Reared Pups
¥ SD
79.1 91,6
2, BOX
MoV N-BOV ov
n s M sp n
Developmental '
Stage
1 51,8 83.3 54.0 110.5 180.0
2 46,3 64,8 51.8 106.3 84,2
3 53.7 58.4 87.8 66.5 79.8
L 155.5 9.1 70,6 104.6 59.1
5 147.3 121,7 95.7 88.2 78.7

Using Analysis of Variance (BMD P2V computer program)’

* Main Effect of Structure, p=,014
** Tnteraction Effect of Developmental Stage x Structure x Moveability, p=,001

Tube-~Reared Pups

¥n - SD
96,7  108,9
TUBE
N-MOV
SO © M»  SD

136.4 78,8 136.7
14,5 77.3 132,2
72.7 176.9 121.0
63.7 42,0 61.1
98.9 111.,3 77.0
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I

A, Including Time On Feeding Can

1*
Developmental
Stage
1
2
3
4L
5

TOTAL TIME (sec) ENGAGED IN INTERINDIVIDUAL ACTIVITY

TABLE 6

DURING THE LITTER PERIOD (In Quadrants 1 + 4) -

"~ Mn

2347
236,.7
108.7

69.2

129,0

MoV

BOX

76.1
€8.7
87.9
52.4
127,8

N-MOV

215.5
231.2
101.8
92,6
83.8

Using Analysis of Variance (BMD P2V computer program):

* Interaction Effect of Developmental Stage.x Structure x Moveability, p=.011

126,7

116,2

65.5
122,2

50.1

- 109.6

182.3
155.3
117,6
145,2

TUBE

141.6 |
118,7
82.6
114,2

95.4

177.5
185.0

61,4
146,0

105.1

136.9

121,7
65.7
123.3
€6.9



throughout development. In general, results obtained for the
litter period indicated that both structure shape and environ-
mental moveability influenced the amount and distribution of social
activity exhibited by A. cahirinus pups. That these factors have
a potent effect upon general activity is seen in the results which
follow.

Each of the four experimental rearing environments stimulated
a different duration of locomotory response in A. cahirinus pups
during the litter period (see Table 7-a). Analysis of time spent
locomoting within quadrants 2 and 3 (exclusive of the structure)
also provided four different outcomes (see Table 8 A-1). Includ-
ing the timé spent in locomotor activity both within and upon the
structure itself, did not change this result appreciably (see
Table 8 B~1). The analysis, as done by developmental stage,
however, was affected by the addition of these data which decreased
the Mov/N-Mov difference substantially. When these data are ex-—
cluded, the direction of the difference between Mov and N-Mov-
reared groups, for each developmental stage, forms a pattern which
predicts the outcome for total locomotion (see Tables 8 A-2; 7-c).
Therefore quadrants 2 and 3 have the quality of stimulating devel-
opmental differences in locomotor activity between Mov- and N-Mov-
reared animals which influence the course of all locomotor activity
combined. The influence of quadrants 1 and 4 upon the response
levels of Mov- and N-Mov-reared groups, although locally demonstrat-
ed in both a cumulative difference (see Table 9 A-1) and a develop-
mental difference (see Table 9 B-2), was not directly reflected

in the overall analysis of locomotory activity. These quadrants,
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TABLE 7
TOTAL TIME (sec) ENGAGED IN LOCOMOTOR ACTIVITY
DURING THE LITTER PERICD (All Locations Combined)

a* Box-Reared Pups Tube-Reared Pups
Mov N-HoV Mov N-MOV
Mn SD Mo~ SD ¥Mn 8D ¥n SD
89,0  48.0 116.2 7.5 110.2 66.4 93.3 62.6
b ** . BOX _ TUBE
| ¥in D ¥n 5D
Developmental
Stage 1 7308 3808 6901‘}’ 39.8
2 66.3 48.8 86,1 42,4
3 145,6 50.6 93.3 L9,7
4 118.8 65,2 140,6 84,3
5 125,6 67.2 123.9 74.6
c *Ex jrioi'd A N-MOV
' ¥n D Mn SD
Developmental ‘__
Stage 1 775 38.9 66.1 39.0
2 79-’4' 4705 7""-“’ u’5c8
3 109.4 51,6 125,6 €0.1
L 150.6 81.3 112,2 €7.3
5 ok,b 50.7 151.7 75.2

Using Analysis of Variance (BMD P2V computer program) :

* Interaction Effect of Structure x Moveability, p=.,011
**  Interaction Effect of Developmental Stage x Structure, p=.034
*** Tnteraction Effect of Developmental Stage x Moveability, p=.004
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TABLE 8

TOTAL TIME (sec) ENGAGED IN LOCOMOTOR ACTIVITY
DURING THE LITTER PERIOD (In Quadrants 2 + 3)

A, Excluding Time In/On Structure

1 BoX
Mov N-MOV
¥n T SD ¥ T 8D
21.3 19.3 30,8 26.1
2%x MoV
Mo sD
Developmental
Stage
1 29,4 35.7
2 21.9 19.4
3 27.5 18.8
L 47.5 34,2
5 27.5 21.1

Using Analysis of Variance (BMD P2V computer program):
* Interaction Effect of Structure x Moveability, p=.004

YoV
¥n ~ SD

35.6

** Interaction Effect of Developmental Stage x Moveability, p=,007

28.5

12,8
16.7
37.8
31.7
40.6

TUBE

N-MOV

¥n

23.5

N-MOV

8.3
16,1
27.6
31.9
25.1

SD
21.8

Lo



TABLE 8 (CONT'D)

TOTAL TIME (sec) ENGAGED IN LOCOMCTOR ACTIVITY
DURING THE LITTER PERIOD (In Quadrants 2 + 3)

B. Including Time In/On Structure

1* . BX TUBE
Mov N-MOV MOV N-MOV
Mn SD ¥n SD ¥n SD Mn
36.7 24.8 50.4 35,6 8.2 43,6 ‘T, ¢
2 *x M N-MOV
Mn SD ' Mn 5D
Developmental
Stage .
1 41,3 33.8 27.2 22,7
2 36.3 27,0 29,4 ' 18,6
3 50,6 32,8 60,0 35.5
4 53.8 33.2 R 42,5
5 48,1 31.0 €7.2 44,3

Using Analysis of Variance (BMD P2V computer program):

* Interaction Effect of Structure x Movesbility, p=.012
** TInteraction Effect of Developmental Stage x Moveability, p=.050

sD
39.5

L1



TABLE 9

TOTAL TIME (sec) ENGAGED IN LOCOMOTORY ACTIVITY
DURING THE LITTER PERIOD (In Quadrants 1 + 4)

A, Excluding Time On Feeding Can

1 =* N-Mov-Reared Pups
T SD
Lé,7 35.2
2 % Box
| o )
Developmental
Stage
1 35.0 31.4
2 25.0 28.3
3 65.6 25.3
4 48,1 33.3
5 51.3 33.6

Using Analysis of Variance (BMD P2V computer program):

*  Main Effect of Environmental Moveability, p=.03€
** Interaction Effect of Developmental Stage x Structure, p=.007

Mov~Reared Pups

in
36.1

Mn

25.6
40,0
31-?

533
42.8

TUBE

SD
28.3

L2




TABLE 9 (CONT'D)

TOTAL TIME (sec) ENGAGED IN LOCOMOTOR ACTIVITY
DURING THE LITTER PERIOD (In Quadrants 1 + 4)

B. Including Time On Feeding Can

1 *

Developmental
Stage

2 %k

Developmental

Stage

Using Analysis of Variance (BMD P2V computer program):

*  Interaction Effect of Developmental Stage x Structure, p=,008
** Interaction Effect of Developmental Stage x Moveability, p=.018

W W e

W EwWw e

BOX

31.6
31.8
27.8
37.0
45.5

Mov

=

30.6
50.6
42,8
68.3
61,7

TUBE

N-MOV

L3



however, did.stimulate a difference in responsiveness between
box-reared and tube-reared animals which was sufficiently perva-
sive to determine the outcome of the developmental analysis for
total locomotion (see Tables 9 A-2 and 7-b).
Locomotion, like interindividual activity (considered pre-
viously), occurred more in quadrants 1 and 4 than in quadrants 2
"and 3 for most experimental groups over their development.
In general, more locomotion occurred within and upon the
plastic structures than upon the feeding can, a result likewise

consistent with the use of these items during social interactions.
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II. Tﬁe Weaning Observation

In order to assess the influence of the environmental factors of
"sheltering" structure and moveability on the responsiveneés of pups
to newly encountered inanimate stimuli, each weanling was observed in
an environment in which both the structures and substrates representing
these two factors were simultaneously presented (see Figure 3). Data
were obtained to determine if pups responded to items as a function
of their experience with them. In addition, the results obtained could
also reveal if the stimulus properties of any item were approach-

eliciting to Acomys cahirinus as a species, regardless of experience.

A, Genera} Procedures

1. Subjects

All experimental young were weaned 22 days post—pa:tum
(see Methods) and were individually placed in the apparatus
(see below). -
2. Apparatus

The observation environment upon weaning gonsis?ed of an
aquarium (40.6 cm x 30.5 em x 30.5 cm) with unpainted walls.
The aquarium floor was covered with both sand and balsa arrang-
ed lengthwise as 2 equal strips. 1In additién, a plastic box
and plastic T~tube were placed at opposite ends of the aqua-
rium (see Fig. 3). Illumination was provided by a single
Lumiline 30 W incandescent tube suspended longitudinally
.78 m above the aquarium floor.

The maintenance or home cage for each weanling was a 19
liter aquarium (35.6 cm x 21.6 cm x 25.4 cm) prepared as a

scaled down replica of the litter aquarium in which it was
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WEANING ENVIRONMENT

BALSA SUBSTRATE

S~
BOX

SAND SUBSTRATE

Figure 3. The weaning environment as viewed from above (top)
and from the corner of Quadrant 4 (bottom), The
arrow indicates the orientation of the observer.

BALSA
SUBSTRATE

TUBE

SAND SUBSTRATE



reared (see Fig. 4). Straw was not added to sand-bottomed
maintenance aquaria.
3. Maintenance

All maintenance aquaria were kept side by side upon
shelving in a room centaining the environmental chamber.
Visual contact between adjacent environments was precluded by
the painted sides of each aquarium. The animals received a
reversed lighting cycle of 12D/12L and "white' mnoise of 35 db
from a ventilation fan. Temperatures ranged from 27° C to
33% C with an RH averaging 60%.
4, Procedures

On day 22 the female was removed from her litter and
returned to the colony. Each pup was then individually cup-
captured, weighed and placed into the center-of the observa-
tion environment, and its behavior was observed for fifteen
minutes. The pup was then removed to its appropriate mainte-
nance cage. The observation environment was disassembled and
cleaned before each individual observation.
5. Data Recorded

Appendix A gives a general list of behavior items record-
ed during the weaning observation. Three major categories of
data were taken: the first included all locomotor activity,
all activities involving both structures and self-grooming
of all body surfaces. In order to measure responses to spe-
cific characteristics of the environment, a second category
of data dealt with discrete behaviors directed at or upon the

box, tube, sand, and balsa of the observation enviromment.
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MAINTENANCE ENVIRONMENTS

OPAQUE WALLS

LRI

L

FEEDING CAN.

STANDARD BOX SAND OR BALSA SUBSTRATE

Figure 4. Maintenance environments viewed from above to
demonstrate proportion.

. _ _ OPAQUE WALLS

FEEDING CAN

ABBREVIATED TUBE
SAND OR BALSA SUBSTRATE
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The third category specified the time spent within or upon
the box or the tube.
6. Data Analysis

An anlysis or variance of three main factors in a é
(structure: Box;Tube) x 2 (moveability: Mov; N-Mov) x 2
(sex: male; female) design revealed the statistical signifi-
cance of differences in response durations, occurring between
and among sub-groups of the experimental population, for each
behavior recorded. Studentized "t" and Newman-Keuls tests
were then employed to establish the direction of the ANOVA
differences.
Results
1. Combined Activity Measures

The effects of being reared in an‘environment with non-
moveable objects and - substrates was clearly reflected iﬁ two
of the three measures of this category (see Table 10 A - 1, 2

and 3; Table 10 A - 4). Groups reared in a non-moveable

environment spent more time (Mn=230.8 sec) locomoting than those

reared in a moveable one (Mn=218.5 sec; Studentized "t"
p{.05, d.f. = 30). The source of this difference was pri-
marily related to tube-reared male activity: Tube-N-Mov
males locomoted more (Mn=249.6 sec) than Tube-Mov males (Mn=
180.5 sec) at p { .05 (Newman-Keuls paired comparisons).

The same difference between N-Mov and Mov groups was .
found for the measure Eombining all structure-involved acti-
vity (see Table 10 A - 4). WMice reared in N-Mov enviromments

were more active with structures (Mn=419.1 sec) than those
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.strucﬁxre:
Moveability:
Sex:

Mean

- S. D,

Mean

S. D,

N
Mean

S. D.

a, Analysis of Variance

TABLE 10 A

Observations of A, cahirinus at Wezning

Combined Activity Measures

BoX |
YES ) NO
o X2 S £

1, Total Duration of Locomotion (Sec)

Source of Main Effect: Environmental Moveability

9 9 10 10
210,1 211,97 218.,8  227,0
28,1 37.7 30.6 34.2

2, Duration of Locomotion in Quadrant 1 (Sec)
Source of Main Effect: Environmental Moveability

9 9 10 10
33.4 38.2 b1i.7 39.2
9.2 7.4 12.0 55

3. Duration of Locomotion in Quadrant 2 (Sec)
Source of Main Effect: Environmental Moveability

9 9 10 10
Lt 50.9 53.3 bé.7
9.1 11,7 14,2 7.2

(BMD P2V computer program) d, f. = 1,59

Fei gl - 2

% p=.057
6 7 11 5
180.5 46,7  249,6 2346
73.5 Ly,8 39.2 48,1
p=.001
é 7 11 5
27.5 41,0 49,9 41,1
7.8 8.4 9.4 11,9
p=.005
6 7 11 5
38.0 51,1 e4,9 51,6
12,2 8.3 10,0 13,6
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TABLE 10 A

Observations of A, cahirinus at Weaning
Combined Activity Measures (Cont'd)

Structure: BOX TUBE
Moveability: YES NO YES NO
Sex: ot & o L2 N 2 & ég-

4, Total Duration of Structure-Involved Activities (Sec)
Source of Main Effect: Environmental Movesbility =.015

N 9 9 - 10 10 ' ) 7 11 5

Mean ‘ 363.7 367.4 419,2 410,0 : #5.3 395.3 435.5 392.0
s. D. 61.8 41,0 74 747 149,4 56,6 €2.7 28.1
5. Duration of Self-Grooming in Quadrant 1 (Sec)
Source of Main Effect: Structure p=.027
N 9 9 10 10 6l 7 11 5
Mean’ 10,1 16.3 8.6 7.6 . 4,7 7.7 6.8 2.8

S. D. 7.8 13.9 9.9. 8,0 5,8 12,7 L,6 1.3
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reared in moveable ones (Mn=373.6 sec; Studentized "t",
p€.01, d.f. = 30).

Grooming differences reflected the type of structure
found in the rearing enviromment rather than moveability
(see Table 10 A - 5). 1In quadrant #1 which contained the box
on the balsa substrate, box-reared pups groomed more reliably
(Mn=10.5 sec) than tube-reared pups (Mn=5.9 sec; Studentized
"t", p{.025, d.£. = 28).
2. Specific Behavior Items with Substrates and Structures

Nosing and rising responses reflected differences in
rearing experiences. The possibility that the factors of
famili;rity and unfamiliarity were operating was seen in the
direction of these responses. For that reason the following
results will be considered in light of the findings of the
other non~social observations menfioned in the General Dis-
cussion section.

Time spent nosing sand in quadrants 3 and 4 combined
(see Table 10 B -~ 1) was greater for the N-Mov group (Mn=25.8
sec) than for the Mov group (Mn=20.3 sec; Studentized "t",
p{.05, d.f. = 30). This could have been related to the
novelty of sand for these balsa-reared animals. An active
response to the unfamiliar was revealed when the nosing of
structures was analyzed. For example, the ANOVA for total
nosing of box (a measure including nosing this structure
from within as well as from outside) indicated a difference
related to the structure reared with (see Table 10 B - 5).

It was found that tube-reared animals nosed the box more than
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Structure:
Moveability:
Sex:

Mean
S' D.

Mean
S' D.

Mean
S. D.

1,

2,

3.

TABLE 10 B

Cbservations of A, cahirinus at Weaning
Specific Behavior Items with Substrates and Structures

BoX TUBE
YES NO YES
f<d e =4 & e £
Total Duration Nosing Sand (Sec) e
Source of Main Effect: Environmental Moveability ~° p=.015 .
Source of Interactive Effect: Environmental Moveability X Sex p=,003
9 9 10 10 6 7
27,8 16,3 24,2 28,2 21,7 14,6
17.6 8.1 11,2 8.2 9.1 2.4

Duration Nosing Sand in Quadrant 3 (Sec)

Source of Main Effect: Environmental Moveability p=.062

Source of Interactive Effect: ILnvironmental Moveability X Sex p=.034
6

9 9 10 10 ?
16,0 2.1 15,0 14,2 : 10.3 8,0
12,7 6.1 9.0 4.5 2.6 3.1
Duration Rising Upon Balsa in Quadrant 1 (Sec)
Source of Main Effect: Sex p=.074
9 9 10 10 6 7
14,9 19,8 15,4 17.1 11,8 15.1
7.1 6.9 4,6 70 4.5 L4

a, Analysis of Variance (BMD P2V computer program) d, f, = 1,59

NO
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Structure:

Moveability:

Sex:

Mean

S. D,

Fean

S, D,

Se

TABLE 10 B

Observations of A, cahirinus at Weaning
Specific Behavioral ltems with Substrates and Structures

BOX
YES NO

fod 2 < 2

Duration Rising Upon Sand in Quadrant 3 (Sec)

Source of Main Effect: Structure

9 9 10 10
11.8 18.1 13.3 . 12,0
5.6 9.2 L. 5.7

Total Duration Nosing Box (Sec)
Source of Main Effect: Structure

9 9 10 10
29.1 3.6 3. 35.0
11.7 17.9 12,8 14,9 .

Total Duration Nosing Tube (Sec)
Source of Main Effect: Structure

9 . 9 10 10
51,6 49.6 62.9 58.5
20,9 18.0 25,9 22,4

1ES

sy

p=.056
6

9.3
5.8

p=.042
34.2
16.9

p=.001

38.6
13.2

2

7
11.4

6.6

37.3
10.5

3t.7
17.1

NO

feig

11
10,6
5.3

11

47.9
15,1

11
L2.1
11,6

2

11,6

: 6.3

41,8

22,2

31.0
9.6




box~reared animals (41.1 sec and 32.1 sec respectively;
Studentized "t", p {.025, d.f. = 28). 1In contrast, the total
nosing of tube was greater for box-reared pups (ANOVA "p" =
.001; see Table 10 B ~ 6).

The response to the unfamiliar was also seen in rising
against structures. Rising against the box ianuadrants 1 and
4 combined was greater inltube—reared pups than in box~reared
ones (see Table 10 B - 7) with means 21.3 sec and 13.2 sec
respectively (Studentized "t", p{ .01, d.f. = 28). Again, the
opposite was found in regards to the tube with box-reared pups
rising against the tube in quadrant 3 more than tube-reared
pups (sge Table 10 B - 8; means = 9.92 and 4.76 sec respective-
ly (d.f. = 28).

In one fespect, it would appear that previous experience
with the structures was more valent in the bahavior. Rising
upon the tube required that the animal balance upon the top
surface of a curved structure. The results obtained (see
Table 10 B - 9) indicated that familiarity with this activity
made it more 1ike1y to occur: tube-reared mean = 21.3 sec,

N _box-reared mean = 15,7 seé (Studentiged "t", p£.05, d.f. =
28).
3. Location Measures (In/On Structures)

For time spent in the box, a significant effect of the
unfamiliar was indicated again (see Table 10 C - 1) with a
tube-reared mean of 42.7 sec and a box-reared mean of 33.9

sec (Studentized "t", p (.05, d.f. = 28).
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Structure:

Foveability:

Sex:

Mean

S5, D,

Mean

S. D,

N
Mean

S. D,

TABLE 10 B

Cbservations of A, cahirinus at Weaning

Specific Behavior Items with Substrates and Structures (Cont'd)

BOX
YES NO YES

fad £ & k3 foud E3

7. Duration Rising Against Box from Quadrants 1 and 4 Combined (Sec)

Source of Main Effect: Structure * p=.016
9 9 10 10 ‘ 6 7
9.7 11.4 19.8 11,2 14,2 36.0
6.8 5.8 14,3 7.5 5.7 L6,8

8, Duration Rising Against Tube from Quadrant 3 (Sec)

Source of Main Effect: Structure p=.004

9 9 10 10 ' 6 7
105 8.3 12,4 8.4 | 4.5 3.6
12,6 5.8 7.2 5.9 » | 2.6 2,4

9. Duration Rising on Tube

Source of Main Effect: Structure p=.036

9 .9 10 10 6 | 7
23,7 12,9 0.4 16,8 15,0 28,3
13.9 7.4 5.7 6.5 10,2 14,3

a, Analysis of Variance (BMD P2V computer program) d, f., = 1,59

NO

&

11
26.6

16,1

11
5.0

g

11
18.5
13.7

£

20,4

8.2

6.2

5.8

26.4
18.0
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TABLE 10 C

Observations of A, cahirinus at Weaning
Location Measures - 1n/On Structures

Structure: BoX
Moveability: 1ES NO
Sex: foid i oL .3:

1. Duration Spent in Box (Sec) a
Source of Main Effect: Structure ©*

] 9 9 10 10
Mean 30.6 31,7 31,2 42,2
S, D, 15,2 '13.5 11,4 22.2

a. A4nalysis of Variance (BMD P2V computer program) d.

YES
o 3
p=.080
6 7
49.5 4.3
40.0 12,9

f. =1,59

TUBE

%

11
42,2
16.8

NO

37.6
19.4
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III. Observations With a Novel Environment
The results of the weaning observations warranted a further
investigation of the "familiarity" factor. Accordingly, approximately
one-third of the aﬁimals were observed in an environment where discrete
items, equally unfamiliar to all, weré presented (see Figure 5). If
these subjects'approached and contacted items 5ased solely on their un-
familiarity with them, no differences should be expected among experi-
mental groups.
A. General Procedures
1. Subjects
One-third of the total experimental population represent-
ing females and males of the four experimental groups were
observed 11 days post-weaning in the situation described
below. The remaining two-thirds of the animals were only
handled (see 4 below). Behaviorai data were recorded for a
sub-population of these (see III, A, 4, 5, and 6 below).
2. Apparatus
The novelty environment used the large aquarium described
for weaning (see II, A, 2 above) with a sheet of clear plastic
in place of balsa and miéa, sifted to uniformity, in place
of sand. A stainless steel "box" (15.9 cm x 8.40 cm x 8.9 cm)
was placed opposite the aquarium from a stainless steel axch
(16.0 cm x 12.7 em x 5.7 cm). In addition five 2.5 cm lengths
of thin, amber plastic rod and two 2 cm3 styrofoam blocks were
placed across both substrates at the enviromment's center
(see Figure 5). These materials were introduced as analogs

of straw and food respectively which characterize the weaning-
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NOVELTY ENVIRONMENT
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The novelty environment as viewed from above (top)
showing location of styrofoam blocks (S} and plastic
rods (R); also viewed from the corner of Quadrant 4
(bottom) with arrow indicating the orientation of

the observer.

Figure 5.

SHEET PLASTIC
SUBSTRATE

MICA SUBSTRATE
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like environment (see IV below). Illumination was as II.A.2
above.
3. .Maintenance
Sée IT.A.3 above.
4. Proceéures

After removal from its maintenance (home) aquarium, the
subject was examined for evidence of bodily maturation (i.e.,
pelage changes; enlargement of nipplés (femalés); enlargement
of genitalia). It was then'placed into the environment des-
cribed in III.A.2 above and observed. ‘After 15 minutes it
was removed to the maintenance environment which was returned
to its‘origihal shelf position. Before subsequent‘use the
observation environment was disassembled and cleaned.

The remaining members of the experimental population

were handled and inspected but ﬁ&t'placed into the observation
situation described above. Instead each was returned to its
maintenance aquarium which had been placed beneath the obser-
vation light used for the novel environment observation.
Data were collected on some subjects under these conditions
(seg Methods; 5 and 6 below). After 15 minutes the mainte-
nance aquarium was returned to its original shelf position.
5. Data Recorded

For subjects experilencing the novel enviromment data were
recorded as per Appendix A. For subjects observed within their
maintenance aquaria (see Figure 4) three measures, locomotion,
structure-involved activity and grooming were employed (see

Table 11).
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SD

SD

TABLE 11
RESPONSIVENESS TO NOVEL ENVIRONMENT AND

MATNTENANCE AQUARIUM COMPARED

TOTAL STRUCTURE-INVOLVED ACTIVITY (Mn sec)

B-MoV B-N-MOV - T-MOV T-N-MOV
NOVELTY HOME CAGE NOVELTY HOME CAGE NOVELTY HOME CAGE NOVELTY HOME CAGE
7 6 8 7 5 6 8 7
242,00 368.83 223.50 398,29 276,20 641.83 205.25 464,00
45,67 91,63 51,52 145,98 116,71 171,93 56,12 . 102,85

TOTAL SELF- GROOMING (Mn sec)
17,71 46,00 16,88 73,00 18,20 61.50 18.00 72,29
14,06 35.39 9.09 49.93 10.13 56,72 9.50 67 .46
' TOTAL LOCOMOTION (¥n sec) ‘
254,71 213,67 260,13 137.00 262,00 213,67 238,38 253,86
24,48 66,48 20,22 91,72 43,19 222,63 L4, 97 90,08

€1




6. Data Analysis

The data from subjects experiencing the novel environment
were analyzed in the manner used for the weaning observatibns
(see II.A.6) with the addition of one major category ofidata,
i.e., special measures of moveability. This category included
activities associated with the portable plastic rods and sty-
rofoam blocks of the novel apparatus (see ITIL.A.2 and Figure 5).

To obtain adeqﬁate sample sizes for each of the four
experimental groups, i.e., Box-Mov, Box-N-Mov, Tube-Mov,
Tube~-N-Mov, the data for males and females were combined.
Therefore, all ANOVA values reported for the novelty observa-
tion were based on 2 main factors in a 2 (structure: box;
tube) x 2 (moveability: ‘Mov; N-Mov) design.

A Mann-Whitney U test was employed to compare group
"novelty" and '"maintenance" means for each of the three
measures listed in III.A.5 above (see also Table 11). The
statistical results obtained were viewed against a one-tailed

level of significance of p = .10.

' Results

The effects of both rearing structure and moveability were

seen in the responses made by Acomys to the structures and sub-

strates of the novel environment. That this environmental con-

figuration was effectively unfamiliar to each of the experimental

groups was demonstrated by the differences found between the

responses recorded in the novel environment, and those observed

in the home environment (see Table 11).

1. Results Obtained in the Novel Environment
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a. Combined Activity Measures

No significant differences among the experimental
groups were found for any of the three genéral measures
of total locomotor, stfucture—involved,.and grooming
activity. |
b. Specific Behavior Items with Substrates and Structures

Differences in snout and forepaw responses to both
substrates were related to environmental moveability
during rearing. Mov-reared mice spent more time than N-
Mov-reared manipulating mica (ANOVA "p" = .014, d.f. =
1,24; see Table 12 A - 2). The source of this difference
wa; between Box-Mov animals (Mn=19.4 sec) and Box-N-Mov
animals (Mn=1.9 sec) (p {.025, d.f. = 24, Newman-Keuls
test). This result iﬁdicated tﬁat é moveable, novel sub-
strate is attractive to animals reared on sand. Their
consequent manipulatory response appears to be a function
of their previous experience with moveability.

A difference, also related to rearing moveability,
was found for nosing of the sheet plastic substrate, in
quadrant 2 of the novel environment (ANOVA p" = .003;
.éee Table 12 A - 1). Box-Mov animals spent more time
(Mn=16.7 sec) nosing this substrate than Box-N-Mov ones
(Mn=9.0 sec) (Newman—Keuls test, p{.025, d.f. = 24).

All measures of rising upon substrates without struc-
tural contact whidh distinguished the groups from each
other, did so primarily as a function of type of rearing

structure. Box-reared Acomys rose upon both plastic and
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TABLE 12 A

Cbservations of A, cahirinus in the Novel Environment
Specific Behavior Items with Substrates and Structures

Structure: BOX
Moveability: - YES NO

1. Duration Nosing Plastic Substrate in Quadrant 2 (Sec)
Source of Main Effect: Environmental Moveability “°

N 7 8
Mean 16.7 9.0
so Do 4.3 3-2

2, Total Duration Manipulating Mica (Sec)
Source of Main Effect: Environmental Moveability

N 7 8
Mean 19.4 1,8
S, D, 18.1 1,2

3. Duration Rising Upon Plastic in Quadrant 1 (Sec)
Source of Main Effect: Structure

N 9 8
Mean 24,3 17.5

S. D, 6.2 L6

a. Analysis of Variance (BMD P2V computer program) d, f. = 1,24

YES

12,8

2,2

8.4

10.1

12,6
5.0

TUBE
NO
p=.003
8
11.9
3.3
p=.014
8
L,5
€.3
p=.001
8
13.4
L.



mica substrates, treated separately or combinedvfor sta-
tistical analysis, more than tube-reared ones (ANOVA com-
bined "p" = .007, d.f. = 1,24; see Table 12 A - 3; see also
Table 12 A ~ 4, 5 and 6). In quadrant 1 the significant
paired comparisoﬁ for rising upon plastic was between
Box~Mov (Mn=24.3 sec) and Tube-Mov (Mn=12.6 sec). The
same relationship existed for quadrant 2 with the means
being 21.3 and 13.6 sec respectively (p { .05, d.f. = 24).
As wifh behaviors discussed aﬁove, those activities
directed upon environmental structures differed as a func-
tion of réaring moveability. ‘Mov4rearéd animals spent

more time than N-Mov nosing the '"tube,"

a measure including
nosing this analog structure from within as well as from
outside (ANOVA "é" = ,021, d.f. = 1,24; see Table 12 A - 7).
When acting upon the box, however, the direction of
the differences changed. N-Mov-reared animals rose against
the "box'" for greater amounts of time (Mn=20.9 sec) than
Mov-reared animals (Mn=14.3 sec) (Studentized "t" test,
p{.01, d.f. = 11) with Box-N-Mov animals (Mn=22.9 sec)
and Box-Mov animals (Mn=12.7 sec) (p<{.025, d.f. = 24;
see Table 12 A - 12).
c. Location Measures (In/On Structures)
The differences found for two location measures, i.e.,

' were related to cage

time spent on "box" and in "tube,'
structures during rearing. It was found that box-reared
Acomys spent more time on the "box" than did tube-reared

ones (ANOVA "p" = .018, d.f. = 1,24; see Table 12 B - 1),
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|

|

Structurs:
Moveability:

Mean

S, D,

Mean

S. D,

Mean

S, D,

TABLE 12 A

Observations of A, cahirinus in the Novel Environment
Specific Behavior Items with Substrates and Structures

BOX
1ES NO

L, Duration Rising Upon Plastic in Quadrant 2 (Sec)
Source of Main Effect: Structure

7 8
21,3 17.1
403 305

5. Duration Rising Upon Mica in Quadrant 3 (Sec)
Source of Main Effect: Structure

7 8
13,0 10.9
2,2 2,0

€., Total Duration Rising Upon Substrates (Sec)
Source of Main Effect: Structure

7 8
117.7 96,6
23,6 20,2

p=.003

13.6
L,7

p=.056

9.0
6.6

p=.007

82.8

7.7

(Cont'd)

TUBE

NO

15.0
3.4

9.5
3'0

71.3
15.0
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Structure:
Moveability:

fean

S, D.

Mean

S, D,

Mean

S, D,

7.

8.

9.

TABLE 12 A

Observations of A, cahirinus in the Novel Environment
Specific Behavior Items with Substrates and Structures (Cont'd)

BOX
YES - NO

Total Duration Nosing Tube (Sec)

Source of Main Effect: Environmental Moveability

7 8
26,0 1€.1
745 5.6

Duration Nosing Tube in Quadrant 2 (Sec)
Source of Main Effect: Structure

7 8
6.0 5.0
3.7 1.4

Duration Nosing Tube in Quadrant 3 (Sec)
. Source of Main Effect: Structure

7 8
5.6 4,1
1.6 2.3

- IUBE
YES NO
p=.021
5 8
23.4 19.0
9.1 ' 8.1
p=.064
5 8
10.6 7.4
6.7 5.9
p=,065
5 8
3k 3.0
2.1 2,6

€7




Structure:

Moveabilitys

Mean

S, D,

Mean

S, D,

Mean
S, D,

10,

11,

i2.

TABLE 12 A

Observations of A, cahirinus in the Novel Environment
Specific Behavior Items with Substrates and Structures (Cant'd)

BOX TUBE
YES : NO YES NO
Duration Rising Against Box in Quadrant 1 (Sec)
Source of Main Effect: Environmental Moveability P=.095
7 8 5 - ' 8
9.0 13.9 12,4 13.4
2.6 4,5 : 4,8 5.1
Duration Rising Against Box in Quadrant 4 {Sec)
Source of Main Effect: Environmental Moveability p=.043
7 8 , 5 8
3.7 9.0 L".2 5.6
2,2 6.6 ' 1.6 2,8
Total Duration Rising Against Box from Quadrants 1 and 4 Combined
Source of Main Effect: Environmental Moveability p=.03¢€
7 8 5 8
12,7 22,9 16,6 17.8

3.7 7.8 6.1 7.4

.68



Structure:
Maveability:

Mean

S, D,

Mean

S, D,

TABLE 12 B

Ooservations of A, cahirinus in the Novel Environment

Location Measures

Box -

YES NO YES
Duration Spent On Box (Sec) a '
Source of Main Effect: Structure ° p=.018

7 8 . 5

64,0 46,0 ' 29.2

25.4 30.3 . 23.7
Duration Spent in Tube (Sec) ,
Source of Main Effect: Structure - p=.048

7 8 -5

93.0 66.8 115.8

Ls5,2 26.5 43.4

a, Analysis of Variance (BMD P2V computer program) d, f. = 1,24

TUBE

NO

31.6
19,0

111.9
51.3
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while tﬁbe—reared Acomys spent more time within the novel

"tube" than did those box-reared (see Table 12 B - 2;

Studentized "t", .p { .05, tube-reared mean = 113.4 sec,

box-reared mean = 79.0 sec, d.ff = 12), Both of these

results implied a positive response to similarities between

these structural analogs and the rearing structures they

were supposed to represent.

d. Special Measures of Moveability

| Differences related to both rearing structure and

ﬁoveability were found for the mouthing and manipulating

of special portable items. N-Mov mice responded more

(Mn=51.1 sec) than Mov-reared ones (Mn=23.0) to styrofoam

blocks (see Table 12 C -1; Studentized "t", p .05, d.f. =

1,24; see Table 12 C - 2).
2., Comparison of Results Obtained with Novel and Maintenance

(Home) Situations

For two measures, i.e., structural contact and self-
grooming all experimental groups showed a significantly
greater duration of activity in the maintenance (home) situa-
tion than in the novel environment (see Table 11). The two
box-reared groups locomoted more in response to novelty (Box~
Mov mean = 254.7 sec, Box-N-Mov mean = 260.1) than at "home"
(213.7 sec and 137.0 sec respectively). For tube-reared pups,
however, there was no significant difference in locomotion
between the two situations.

Although experimental subjects had no experience with

the actual novel items prior to this observation, thelr
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Structure:
¥oveability:

Mean

S, D.

Mean

S. D,

TABLE 12 C

Observations of A, cahirinus in the Novel Environment

Specific Behaviors with Portable Items

BOX ,
YES - NO YES

1. Duration Mouthing and Manipulating Styrofoam Blocks (Sec)
Source of Main Effect: Environmental Moveability “*

7 8 ' 5
10,6 57.1 37.2
131 53.3 49.3
2. Duration Mouthing and Manipulating Plastic Rods (Sec)
7 8 5
17.0 3H.5 54.2
9.1 20.6 41,3

a, Analysis of Variance (BMD P2V computer program) d., f. = 1,24

TUBE

p=.106

p=.020

.NO

46,5
45,1

63.5
51.4
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experience with similar objects and substrates during rearing

1 L

did affect their responses to 'novelty." 1In some cases,

therefore, pups demonstrated dexterity with freshly encountered

' while in other cases

items due to their previous "training,'
a reduced responsiveness resulted, which reflected an inéde—
quate discrepancy between novel and previously experilenced
items. The significance of these findings to the total study
will be considered in the General Discussion (pp. 108—128);
IV. Weaning-Like Observation: Portable Objects Typically Provided‘
in Colony Maintenance CageskAdded to Situation Used in the Weaning
Observation |
This observation was essentiall& a replication of the weaning‘
exberimgﬁt to provide behavioral data at an intermediate (juveﬁile)
stagé of development. It differed, however, in its inclusion of two
portable items (i.e., straw and 1oose'food pellets) which were always
in the Mov litter cages of this study and were typically provided to
colony maintenance cages. Since pups reared in N-Mov environments
were not exposed to these items previously, information as to their
responses to the unfamiliar was obtainable. The weaning-like observa-
tion could also be used to determine whether experimental Acomys
cahirinus which expérienced the "Novel" environment developed differ-
entiy from those which did not.
A. General Procedures
1. Subjects
Each member of the experimental population was observed
in a special environment 22 days post-weaning (see Methods).

2. Apparatus
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The environment (including illumination) used was
identical to that described for the weaning observation
(I1.A.2) except for the addition of two 2 ew3 food pellets
and three 5 cm strands of straw placed across both sub-
strates at the environment's center.

3. Maintenance

See I1.B.3 above.
4. Procedures

Observational procedures used in IT.A.4 and III.A.4
were used with the,environment described above. All equipment
was cleaned between subjects.

5. Data Recorded

Appendix A lists the behavior items recorded.
6. Data Analysis |

As for both the observation at weaning and that within
the novel enviromnment, time spent in locomotion, with struc-
tures, and in self-grooming provided the data for comparing
general activity among the experimental groups. These same
measures were used to determine if animals previously eﬁéeri-
encing the "Novel" environment developed differently from those
which did not (see III.A.4 above). The Mann~Whitney U proce-
dure for small samples was employed for this comparison.

The other major categories of data including Specific
Activities with Substrates and Structures, Location Measures and
Special Measures of ﬁoveability were again employed as data
categories.

Results
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No statistical differences were found between animals having
the "Novel" experience and those not (see II.A.6 above). Although
the subjects were not sexually mature when observed in the "wean-
ing-like" enviromment, sex differences were observed for the first
time. This was true for a number of the responses, particularly
those combined measures of structure—inyolved activity and self-

~grooming. The effects of both rearing structure and moveability
were seen more specifically in the response of Acomys to the
structures, substrates and portable items provided in this envi-
ronment.
1. Combined Activity Measures
An ANOVA value of .002 confirmed the result that males
spent more time engaged in structure;involved activities than
females (d.f. = 1,62; see Table 13 A - 2). Howeﬁer, females
grdomed more than males regardless of specific location
(ANOVA "p" = .050, d.f: = 1,62; see Table 13 A -~ 3). As in
the observation at the time of weaning; box-reared animals
spent more time (Mn=8.6 sec) grooming in quadrant 1 (contain-
ing the box on balsa) than tube-reared omes (Mn=5.8 sec)

(Studentized "t", p (.01, d.f. = 32).

2. Specific Behavior Items with Substrates and Structures
Differences related to both reéring structure and’

moveability were found for nosing balsa (see Table 13 B - 1,

2 and 3). In quadrant 1 box-reared Acomys nosed the substrate

more than tube-reared ones (ANOVA '"p" = .008, d.f. =‘1,62;

see Table 13 B -~ 2). The source of this difference was

between Box-Mov males (Mn=20.5 sec) and Tube-Mov males
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Structure:

M-~-veability:

Sex:

Mean

S. D,

Mean

S. D,

N
Mean

S, D,

TABLE 13 A

%

Duration of Locomotion in Quadrant 3 (Sec)
Source of Main Effect: Environmental loveability “°
10

27.7

9.6

10
386.4
81.8

Total Duration of Self-Grooming (Sec)
Source of Main Effect: Sex

10
26,6
13.5

a. Analysis of Variance (BMD P2V computer program) d, f, ='1,62

=

a

Total Duration of Structure-Involved Activities (Sec)
Source of Main Effect:

ot

3€.2
19.1

h63.7
218,9

19.8
8.8

Observations of A, cshirinus in the Weaning-Like Environment
Combined Activity Measures

YES -
£
p=.046

10

3.8
1€.6

p=,002
10

353.9
49.0

P=.050
10

35.4

20.3

TUBE

12
26,5

10,0

12
LLt,9

62.1

12
22.9

13.1

NO

32,8
7.0

359-8 n\
[
21,2

26,4
39.6




Structure:
Moveability:
Sex:

Mean

S. D.

Mean

S. D,

N
Mean

S, D,

TABLE 13 B

Observations of A, cshirinus in the Weaning-Like

s Environment
Specific Behavior Items with Substrates and Structures

wx
YES NO
& £ s L

1., Total Duration Nosing Balsa (Sec)

Sources of Main Effects: Environmental Moveability and Structure

8 9 10 10
39.4 30.3 23.4 25.6
15.4 - 14,2 12,5 - 6.1

2. Duration Nosing Balsa in Quadrant 1 (Sec)
Source of Main Effect: Structure

8 9 10 10
20.5 14,3 11.5 15.4
11.4 7.2 Y 5.3

3. Duration Nosing Balsa in Quadrant 2 (Sec)
Source of Main Effect: Environmental lMoveability

8 9 10 10
16,6 15,5 - 11,4 9.9
6.6 2.6 6.9 4.9

a, Analysis of Variance (BMD P2V computer program) d, f. = 1,62

o2

6
24,2
12,9

9.0°

4.7

14,8

7.9

TUBE -

£

10
2.6

11.4

10
12.3
7.5

10
12,0
6.4

NO
& &
p=.041; ,037
12 5
21.6 2.4
12,3 13,2
p=.008
12 5
10.9 9.6 9
6.8 4,6
p=.025
12 5
10.7 11.8
6.4 7.9




(Mn=9.0 sec) (Newman -Keuls, p {.025, d.f. = 62). In qua-
drant 2 (see Table 13 B ~ 3) the difference found for nosing
balsa was related to rearing moveability with Mov-reared
animals nosing more (Mn=14.6 sec) than N-Mov-reared (¥Mn=10.7)
(Studentized "t", p { .025, d.f. = 32). Differences related
to both rearing structure and moveability were found for mani-
pulating sand (see Table 13 B -~ 4). Tube-reared animals
manipulated sand more (Mn=15.9 sec) than box-reared (Mn=5.2
sec) (Studentized "t", p {.05, d.f. = 32) while Mov-reared
mice did so more (Mn=16.5 sec) than N-Mov ones (Mn=5.4 sec)

» (p-{ .05, d.f. = 24). As with the manipulation of mica (see
ITII.B.1.b), this latter result demonstrated that an animal's
familiarity with sand since birth increased the likelihood of
-its manipulating a clean, moveable substrate when available.
This outcome will be considered again in the General Discus-
sion.

Box~reared animals nosed and rose against the tube more
than tube-reared animals as they had done during the weaniﬁg
observation. Box-reared mice nosed the tube (in total) more
than tube-reared ones (ANOVA "p" = .039, d.f. = 1,62; see
Table 13 B - 8). For rising against the tube (from quadrants
2 and 3 combined; see Table 13 B - 9) box-reared animals
were more active (Mn=15.6 sec) than tube-reared ones (Mn=
10.8 sec) (Studentized ft", p<€.025, d.f. = 32). Therefore,
despite a previous exposure to this structure, boi—reared
animals seemed attracted to fhe tube as if it were still un-

familiar to them. In contrast, tube-reared mice were not

77



Structure:

Maveability:

Sex:

Mean

S, D,

Maan
S, D,

Mean

S, D,

k.

S

6.

&

YES

2

TABLE 13 B

Observations of A, cahirinus in the Weaning-Like

BOX

<

Environment
Specific Behavior Items with Substrates and Structures

NO

=

Total Duration Manipulating Sand (Sec)
Sources of Main Effects:

8

'A 6:9

8.9

Duration Rising Upon Balsa in Quadrant 2 (Sec)
Source of Main Effect:

8 .
9k
4.3

9
9.

10.9

9

0

15.0

6.4

[ei

YES

Environmental Moveability and Structure

10 10
59 2,6
7.6 2,8.
Sex

10 10

11.7 14,7
4,3 15.3

Sources of Main Effects:

8
8.3
5.7

9
13.

~
&

0
8

Duration Rising Upon Sand in Quadrant 3 (Sec)

Structure and Sex

10 10
9.2 8.7
4.5 6.7

6

38.0
70.9

8.3
5.2

6.3
405

(Cont'd)
TUBE
2 s«
p=0056: .0@6
.10 12
18.1 4,2
27.6 8.3
P=.017
10 12
14,8 11.8
4.8 6.5
10 12
9.7 5.7

745 3.7

NO

2

15
12,8

16,3

15
©
15.8 &

7.2




Structure:

Moveability:

Sex:

Mean

S. D.

Mean

S. D,

Mean

S. D.

TABLE 13 B

Observations of A, cahirinus in the Weaning-Like
Environment

Specific Behavior Items with Substrates and Structures
BOX TUBE
YES NO YES
fsx £ oy % | o 2
7. Duration Nosing Box in Quadrant 4 (Sec) p=.031
Source of Main Effect: Sex
8 9 10 10 6 10
4.8 5.8 3.8 b, A L,2 7.5
3.7 2,2 1.8 2.5 3.2 L.6
8. Total Duration Nosing Tube (Sec)
Source of Main Effect: Structure p=.039
8 9 10 10 6 10
46,6 44,0 53.9  47.1 43,3 39.6
15,6 17.0 36,4 22,1 14,6 18,6
9., Duration Rising Against Tube in Quadrénts 2 and 3 Combined (Sec)
Source of Main Effect: Structure p=.036
8 9 10 10 6 10
11,9 17.0 14,8 18,0 8.3 10,6
53 7.2 8.7 16.1 6.7 7.2

(Cont'ad)

oy

12
4,3
2.7

12
43.1
14,1

12
12,9

10.4

2

15
6.6
4.8

21,8

8.5

8.8
9.0
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specially aftracted to the box.

A difference based on rearing structure was found for
rising upon the box (see Table 13 B - 10) with box-reared
Acomys more active (Mn=34.7 sec) than tube—reafed ones (Mn=
27.9 sec) (Studentized "t", p({ .05, d.f. = 32). Extensive
familiarity with the box as a platform for rising ébove the
epy?gonment's substrate may have accounted for this difference.
3. Location measures (In/On Structures)

When the total time spent on the box was analyzed a
difference based on rearing moveability was found (see Table
13 C - 2) with N-Mov-reared animals more active (Mn=105.8
sec) for this measure than Mov-reared (Mn=89.0) (Stﬁdentized
"t" p (.05, d.£. = 24).

4. Special Measures of Moveability

Both straw and pellet food were mouthed and manipulated |
more by N-Mov-reared animals than by Mov-reared. TFor straw
an ANOVA value of p = .001 assﬁred this difference (d.f. =
1,62; see Table 13 D - 1) while'for food a Studentized “t"

test confirmed this result (p {.025, N-Mov mean = 16.9 sec,
Mov mean = 5.8 sec; see Table 13 D - 2). These results are
examined further in the Gemeral Discussion sectiom (pp. 108-128).

Maturation and development bet&een the time of weaning |
and the weaning-like observation are indicated when the results
of these two situations are compared. An obvious outcome of
these ongoing processes is the emergence of response differ-
ences related to sex which reveal that non-social behavior

does distinguish the sexes prior to the development of adult
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TABLE 13 B

Cbservations of A. cahirinus in the Weaning-Like
- Environment

Structure: BOX TUBE
Moveability: YES NO YES NO
Sex: foud L fony .2 o £ o £

10, Duration Rising Upon Box (Sec)

Source of Main Effect: Structure p=.039

N 8 9 10 10 6 10 12 5
Mean 39,6 39.8 32.7 28,2 19.2 27.2 32,3 29,6
S, D, 15,5 20,2 14,2 18,0 14,3 8.8 15,5 10.9

Specific Behavior Items with Substrates and Structures (Cont'd)




TABLE 13 C

Observations of A, cahirinus in the Weaning-Like
Environment

Location Measures ~ In/On Structures

Structurs: . BOX ' TUBE

Moveability: YES NO ‘ YES NG
Sex: o 2 2 £ Ko £ g e
1. Duration Spent in Tube (Sec)a - .
Source of Main Effect:. Sex °* p=.049
N 8 9 10 10 6 10 12 5
Mean 92,6 86,8 150.4 122,9 225.7 101.0 128.5 69,6
5, D, 20,6 28.1 138.5 46,5 312.8 3.4 53.8 12,3
2, Duration Spent On Box (Sec)
Source of Main Effect: Environmental Moveability p=.045
N 8 9 10 10 6 10 12 5

S. D, | 25,3 38.7 3.4 18.2 39.2 21.7 41,2 19.2

a. Analysis of Variance (BMD P2V computer program) d. f, = 1,62
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Structure:
Moveability:
Sex:

Fean

S. D,

a, Analysis

TABLE 13 D

Observations of A, cahirinus in the Weaning-Like

Environment

Specific Behaviors with Portable Items

BOX
YES NO

£ 2 < 3+

1, Duration Mouthing and Manipulating Straw (Sec)
Source of Main Effect: Environmental Moveability

8 9 10 10
12.9 5-2 ’ 1400 3009
19.8 5.3 1€.0 36.3

of Variahce (BMD P2V computer program) d.f. = 1,62

7.3
7.0

3
e

YES
-y
p=.001
10
7.8
11,1

NO

12
30.0-

27.1

.0
35.1
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TABLE 13 D

Observations of A, cahirinus in the Weaning-Like
Environment
Specific Behaviors with Portable Items

Structure: BoX TUBE
Moveability: YES NO YES NO
Sex: s % o) 2 oy & Nea 2

2, Duration Mouthing and Manipulating Fond (Sec) a

Source of Main Effect: Environmental Moveability °° P=.053 "

N 8 9 10 10 6 10 12 5
Mean 7.4 1.3 16.8 36.0 10.2 7.5 506 9.2
S. D, 4.2 o5 22,0 39.0 22,0 16,8 14,4 4.3

a. Analysis of Variance (BMD P2V computer program) d, f. = 1,62




sexual actiQity.
V. Observations of Limited Social Contact at Early Sexual Maturity
This obsefvation was made to determine if differentially reared
A. cahirinus responded differently to conspecifics of elther sex
vhen encountered in an environment containing objects and substrates
of varying familiarity.
A. General Procedures
1. Subjects
Forty-four days post-weaning, sixty-three animals from
the previously tested population representing females and
males of the four experimental groups were permittéd limited
contacé with colony-reared adult coﬁspecifics; Complete
recoxrds were obtained for 14 females and 13 males observed
with their own sex as well as 14 females and 12 males observed
with the opposite sex.
2. Apparatus
The enviromment for the observation of social contact
employed a 2.3 m x .68 m table elevated .90 m abové,;he floor.
The table supported nine contiguous compartments each 37.8 cm
x 16.8 cm, which provided all experimental variaBles both in
contact with and at equal distances from three singly caged
resident adults (see Figure 6). This was designed to test
for the existence of a direct relationship between the degree
of familiarity with environmental items and the amount of social
interaction occurring in their proximity. In additiom it also
provided experimental subjects with many options for increas-—

ing or decreasing the space between themselves and the resident
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LIMITED SOCIAL CONTACT ENVIRONMENT

TUBE .

Box ~”|

3 4 5 6

1 2 7 8 9
T B s m———— T il he hdaninin
o i i —_— —_
-, 1, = 1, _1|F" =,
i | ] 1 1
Pls R B|S P Bl s R B | S R B | P
F i | FI g | L F
A AN | |
1 T 1 L—n_'l L'l__l
L o - L U S
Figure 6, The limited social contact environment as viewed from

above showing the position of boxes and tubes on

substrates of balsa (B), sand (S) and sheet plastic

(P) in relation to residents' cages (R). Food pellets
and straw were provided at three. locations (f). -The
experimental animal was introduced at location I.
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conspeci£1cé. The apparatus was illuminated by three 30 W
Lumiline tubes suspended end to end .78 m above the table.
.3. Maintenance
See II.B.3 above.
4. Procedure
A 30 minutg 6bservation was made after the subject was
placed within the compartment indicated in Figure 6. After
each use the apparatus was comﬁletely disassembled for clean-
ing.
5. Data Recorded
The subject's changes of location within the large
environment were recorded. Contact behavior with resident
conspecifics was of particular interest. Appendix A lists
the items considered.
6. Data Analysis
In this section of the study, an analysis of variance
for four main factors in a 2 (female; male) by 2 (box;tube)
by 2 (Mov; N-Mov) by 2 (female resident; male resident)
design was used to determine the statistical significance of
behavioral differences among experimental groups. The cage
mesh between experimental and resident animals permitted only
nosing contact and this was the measure of direct social
interaction used for analysis.
B. Results
In most cases, the presence of adult conspecifics affected
the behavior of young, sexually mature, animals. The sex of the

conspecific resident relative to the experimental animal often
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influenced the kind and intensity of the latter's behavior. For
example, among measures of general activity, total locomotion

and time spent "on box" were strongly affected by the residents’'
sex (see Tables 14 A - 1; 14 B - 1). Here most male experimental
animals were more likely to engage in these activities in the
presence of male residents than when exposed to female residents,
while female subjects responded more in the presence of conspecific
females thaﬁ conspecific males. The direction of this outcome
(i.e., same sex ) opposite sex) for both activity measures was
confirmed by Studentized "t" tests at p{ .05 (d.f. = 25).

Even_in cases where a different factor was primarily respon-~
sibly for the differences observed, the sex of the residents
influenced fhe more outstanding comparisons. For example, time
spent self—érooming was mainly related to structure of rearing
with tube-reared spiny mice responding more (Mn=23.0 sec) than
box-reared ones (Mn=15.9 sec) (see Table 14 A - 2; Studentized
"t", p{ .05, d.f. = 22). Awmong groups, Tube-N-Mov males showed a
distinguishably high self-grooming level (Mn=36.5 sec) when observed
with conspecific females. When observed with residént males the
response of these same animals was the lowest recorded (Mn=8.0
sec) among all sub-groups (male or female) having the "same sex"
experience. In notable contrast was the self-grooming response
of Box-N-Mov females; they collectively showed the highest level
(Mn=20.0 sec) among box sub-groups when observed with residents of
the same sex but the lowest (Mn=5.3 sec) of all experimental sub-
groups when with male conspecifics. Table 14 A - 2 provides all

sub-group means used in these comparisons.
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TABLE 14 A

Observations of A, czhirinus Under Condition of
Limited Social Contact

Combined Activity Measures

Structurs: BOX
Moveability: YES NO
Sex: o L ol

1, Total Duration of Locomotion (Sec)
Source of Main Effect:

N 5 3 3
sS Mean 285,2 260.3 229.6
S, D. 80.5 80,0 118.5
N 2 3 5
oS Mean 194,0 302.7 254.4
5. D. 45.3 169,.6 79.3

S8
0S

with residents of same sex
with residents of the opposite sex

£

Sex of Resident

2
255.0
84,9

152.0
32,2

a = Analysis of Variance (BMD P2V computer program) d, f. = 1,38

TUBE
2 o
p=.086
4 L
305.3 262.5
155.2 118,1
5 2
253,6 184,5
104.6 50.2

312.3
151.2
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: TABLE 14 A (cont'd)
Observations of A, cahirinus Under Conditions of Limited
Social Contact

Combined Activity Measures

Structure: BOX TUBE
Moveability: YES NO YES
Sex: : L 2 o7 2 = 2 a
2, Total Duration of Self-Grooming (Sgc)
Source of Main Effect: Structure p=.060
N 5 . 3 3 L 2 b4 L
S5 Mean 19.0 12,3 14.3 20,0 25,0 24,8 8.0
S. D, 7.3 14,0 L7 15,2 9.9 114 4.8
N 2 3 5 3 3 5 2
CS Mean 22,0 12,4 18.4 5.3 32,0 22,8 3€.5
SO D. 9.9 10 0 11‘5 7Q5 21.0 20.4 33.2
SS = with residents of sume sex

0S = with residents of the opposite sex

a = Analysis of Variance (BMD P2V computer program) d, f. = 1,38

NO

90



TABLE 14 B
Observations of A. cazhirinus Under Conditions of
Limited Social Contact

Location Measures (In/On Structures)

Structure: BOX TUBE
Moveability: YES NO YES NO ]
Sex: Q 2 o 2 o & & g
1. Duration Spent on Box (Sec) ‘ a
Sources of Main Effect: Structure and Sex of Resident p=.095; p=.081
N 5 3 3 4 2 4 3 2
SS Mean 17.2 19.0 15,7 20,8 12,0 3.0 20.3 18.5
S. D. 17.0 16,7 15.9 23.4 14,1 L,o 11.9 3.5
N 2 3 5 3 3 5 2 3
0S5 Mean 29,5 7.7 14,2 1,0 1.0 1.0 1,0 3.0
S'O D. 3705 1007 29!5 0.0 0.0 0.0 0.0 3.5
SS = with residents of the same sex

in

0S = with residents of the opposite sex

a = Analysis of Variance (BMD P2V computer program) d, f. = 1,38
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Although tﬁe difference in time spent within the tubes of the
limited social contact environment was primarily related to
structure of rearing, the influence of sex of resident w#s again
foﬁnd: The overall difference shows tube—%eared animals spending
more time "in tubes" (Mn=335.4 sec) than box-reared onmes (Mn=

144.4 sec) (see Table 14 B - 2; Studentized "t", p {.009, 4.f. =

23). One notable finding was the low response of Tube-N-Mov

males (Mn=106.5 sec) observed with females when contrasted to
their "in tube",mean (473.0 sec) with resident males which was the
highest recorded for this measure. On the other hand, Tube-Mov
males spent.ﬁore time within the tube; when observed with the
opposite sex, than any other sub-group; their same-sex mean was
not outstanding. Table 14 B - 2 ﬁrovides all sub-group means
referred to. |

Since paired comparisons using the Newman-Keuls method
(see Table 14 C - 13 p{ .025, d.f. = 38) indicated that Tube-N-
Mov males contacted females, by nosing, more.(Mn=145.0 sec) than
did Tube-Mov males (Mn=64.0 sec), a relationship between this mea-
sure and the time that these groups spent "in tubes" (see above)
presented itself. Indeed, Table 15.whi9h lists all sub-group

means for the measures "in box," "in tube" and "contact nosing"

taking place with same and opposite sexes, suggests that such a

relationship exists across sub-groups. This is described in the
General Discussion section (pp. 108-128).

As seen for plastic boxes, little evidence existé for the
influence of either the balsa or sand substrates upon the incidence

of social contact. Their impact upon Acomys cahirinus is probably
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TABLE 14 B (Cont'd)

Observations of A, cahirinus Under Conditions of

Limited

Social Contact

Location Measures (In/On Structures)

Structure: BOX
Moveability: YES NoO
Sex: =7 & Ik

3

2. Duration Spent in Tube (Sec) a
Source of Main Effect: Structure

N 5 3 3
SS  Hean 58.4 57.7  256,0
S, D, 38,5 15,0 365.5
N 2 3 5
0S  Yean 75.5 77.3  157.6
S, D, 78.5 18,7 151,7

SS
oS

with residents of the same sex
with residents of the opposite sex

4 , .
130.3
114,3

372.3
137.6

o

p=a016

a = Analysis of Variance (BMD P2V computer program) d. f. = 1,38

TUBE

L
467.8

437.0

300.,4
254,1

NO

2

13€.5
120.9

3
249.7
153.8
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TABLE 14 C

Cbservations of A, cahirinus Under Conditions of

Limited Social Contact

Behaviors Involving Actual Contact

Structures BOX ‘
Moveability: YES NO
Sex: o 2 <o 2 o
1. Duration of Nosing Contact (gec) ;
Source of Main Effect: Sex p=.031
N 5 3 3 4 2
SS Mean 27.8 3007 22.7 : 1705 55'5
S. D. 38.5 20.1 37.5 31.7 Lo.3
N 2 3 5 3 3
0S Mean 43.5 21.3 3408 4003 64.0
S. D, 60.1 14,8 37.3 5.9 27.9

SS = with residents of the same sex
05 = with residents of the opposite sex

a = Analysis of Variance (BMD P2V computer program) d. f, = 1, 38

loy

> .
145,0

103.2

NO

4o

o4



In Box

s o
Box-Mov Q L,7 5.3
Box-Mov &7 6.4 8.5
Box-N-Yov e 19,8 12,0
Box=N-Mov & 9.3 15.6
Tube-Mov @ 8.3 4,2
Tube-Mov & 6.0 8.3
Tube=N-Mov § 13,0 7.0
Tube-N-Mov & 7,3 4,5

SS = with residents of the same sex

TABLE 15

LISTING OF "IN STRUCTURE" AND *NOSING
CONTACT" SCORES (Mean sec) BY SUB-GROUP
AND SEX OF RESIDENT

In Tubs

SS
57.7
58.4

130.3
256.0
- Lé7.8
349.0
136.5
473.0

CS = with residents of the opposite sex

oS

77.3

75.5
372.3
157.6
300.4
bh1,7
249.7
106.5

Noéing

Contact
ss o8
30.7 21.3
27.8 43.5
17.5 40.3
22.7 34.8
48,8 23.0
55.5 64,0
13.3 28,7
54.8  145,0
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diminished by the complexity of the experimental situation (see

Figure 6) and its potential for social contact.

VI. Respenses to Unimpeded Contact with Conspecifics (Pairing)

This observation was designed to examine the effects of differen-

tial rearing on the initial responses of sexually mature, experimental

males and females to mature, opposite-sexed conspecifics, when encoun~

tered in a familiar environmert.

A.

General Procedures
1. Subjects

Fifty-one days post-weaning 37 animals (see Table 2)
from the ekperimental population representing females and males
of the four experimental groups were used. These were eaéh
paired with a colony-reared, like~aged, conspecific of the
opposite sex which demonstrated typical sexual behavior.
2. Apparatus

For experimental males the pairing took place in their
own maintenance environment. For each colony male scheduled
for pairing with an experimental female an enviromment like
heré was prepared.
3. Maintenance

See II.B.3 above.
4. Procedure

Each experimental male subject was weighed and examined
and was returned to its maintenance environment, now placed
beneath the observation light (see II.B.2 above). The colony
female, weighed, examined and in addition tail-stained for

identification was then placed into the center of the male's
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aquarium.

Each female subject, after being weighed and examined
was placed into the maintenance environment occupied by a
 tail-stained colony male. The procedure of introducing
females to males has been found to maximize the success of
paifings in daily colony routiﬁe. For that reason it was
employed here. In addition colony experience also shows
that Af cahirinus pairs demonstrate their sexual responsive-
ness within 30 minutes of introduction. Therefore each
observation was terminated after dne—half hour.

5. Data Recorded

Based on years of successful colony breedings, the
following patterns were observed to indicate that reproductive
success was predictable.

a. Males follow and nose females intermittently, espe-
cially around the ano-genital region. When females are
introduced into male home cages the male is not chased

by fhe introduced female.

b. Females do not follow but do nose the male ano-genital
region during periods of interaction. Female behavior
should result in following and ano-genital nosing by
males. Chasing by the male is typical.

The keyboard used for pairing, therefore, emphasized
these de;ails of social contact (see Appendix A). Among
contact behaviors recorded (i.e., simple body proximity,
undifferentiated body nosing and ano-genital nosing) the last

was the most direct measure of sexual response. The duration

97



of this intérmittently occurring behavior was used for subse~-

quent analysis since its frequency was found to be correlated.

6. Data Analysis |

Analysis of variance of three main factors in a 2

(structure: box; tube) x 2 (moveability: Mov; N-Mov) x

2 (sex of subject: female; male) design was used to determine

the statistical signifigance of behavioral differerces among

experimental groups. Where appropriate, further analyses

were performed using Studentized "t" aﬁd Newman-Keuls tests.
B. Results

The bgst indicator of typical sexual contact, ano-genital
ndsing, revealed a difference based on rearing moveability with
N-Mov-reared animals spending ﬁore time (Mn=15.6 sec) nosing the
ano-genital region of their "ma;es"-than'Mbv—reared (Mn=9.7 sec)
(see Table 16 b; Studentized "t", p .10, d.f. =31). This was
particularly seen in the box-reared animals wiéh N-Mov males and
females showing an-acfive»interest in the ano-genital region of
the opposite sex. In contrast only Tube~N-Mov males showed a high
response whereas Tube-N-Mov females demonstrated the lowest
activity among all sub~groups (i.e., Mov and N—Moy). Tables 17
and 18 provide the individual responses of experimental animals
by rearing group. These tables reveal that the Mov/N-Mov differ-
ence described aﬁove is particularly notable between the male
groups. Here, the highest duration of ano-genital nosing recorded
for Mov-reared males was 12 seconds and was achieved by only 1 of
the 7 animals in this group. In contrast 8 of the 14 N-Mov males

surpassed this level.
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TABLE 16
Observations of A, cahirinus Under Conditions of
Unimpeded Social Contact (Pairing)

Behaviors Involving Actual Contact

Structgr?= BoX TUBE
g::?abllé.ty: g YES % _cf NO _Ot 9_2 YES .%
| a. Duration Spent by Experiment%% Mice Body Nosing (Seq)
Source of Main Effect: Sex r=.001
N 3 3 5 L L 6
Mean 51.7 16.7 93.8 20,0 62,3 24,5

S, D, 15.5 14,6 26,6 10.9 58.9 12,7

b. Duration Spent by Experimental Mice Ano-Genital Nosing (Sec)
Source of Main Effect: Environmental Noveability p=.080

N 3 3 .5 b 4 6

Mean 7.7 8.7 20.8 11,0 3.8 5.8
S. D, 4,5 10,0 14,1 7.3 4,9 4,1

1, = Analysis of Variance (BMD P2V computer program) d. f. = 1,28

9
63,2
46,0

14,6
9.6

2
22,5

9.2

2,5
2,1
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Box~-Mov

=
3
12

Duration (sec) of Ano-Genital Nosing

TABLE 17

Experimental Males -—-——27 Colony-reared Females

During Unimpeded Social Contact Observation

Box-N-Mov

N=5
3
11

8
38
13

Tube~Mov

N=Ly
0
2
0

11

Tube-N-Hov

N=9
32
26

7
14
17
11

0

8
15
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Box-Mov

=3

20

TABLE 18
Duration (Sec) of Ano-Genital Nosing
Experimental Females —-—3) Colony-reared Males

During Unimpeded Social Contact Observatién

Box=N-Mov Tube-Mov Tube-N-Mov

V=l T N=6 N=2
11 0 4
21 0 1
8 | 9
b 9

0

\n
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The result of the analysis for body nosing indicates that this
activity was primarily a male response to females (see Table 16 a).
Althcugh the means presentéd for each male group accurately indi-
cated the duration of the nosing contact achieved by each, they
do not imply that a male~toﬁfema1é approach was prerequisite so
that the means, for example, of Tube-Mov and Tube-N-Mov males,
although equivalent, were the result of different behavioral patterns
(see General Discussion).

Time spent within the structure during “pairing" differed
primarily as a function of rearing structure, with tube-reared
animals (mglé and female) spending more time (Mn=438.0 sec) in
their structure (i.e., the tube) than box-reared (Mn=101.1 sec)
in theirs (i.e., the box) (see Table 19 a). Further analysis
showed that Tube-Mov males spent significantly more time than any
comparable sub-group in their structure (Newman-Keuls; ;)(.025,
d.f. = 28). A significant difference related to sex was also found
for this measure with males demonstrating a highér response (Mn=
384.5 sec) than females (Mn=176.0 sec) (Studentized "t", p {.025,
d.f. = 14). When time spent in actual body contact within the
structure was considered the effect of sex was not signifi.cant.
For males, therefore, the structure was not a site for contact.
Contrarily, the results suggest it provided them with a shelter
from social interaction. The difference found however was related
to structure again, with the resulting relationship (i.e., tube-
reared ) box-reared) coinciding with the "in structure" outcome
above (see Table 19 c). Further analysis indicated that Tube-Mov

males spent more time in the structure contacting the opposite
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Structure:
Moveability:
Sex:

Mean

S, D.

N.
Mean

s. D.

TABLE 19
Observations of A, cahirinus Under Conditions of
Unimpeded Social Contact (Pairing)

Location Measures (In/Cn Structures)

BOX - TUBE

YES X0 ‘ YES
fox 2 o 2 <% 2

a, Duration Spent Within Structure (Sec)

Sources of Main Effects: Structure and Sex 1. p=,001; p=.040

3 3 5 4 4 .6
159.7 62,3 132,2 46,8 897.8 275.8
150,7 31.9 194,0 . 18.3 €074 237.5

b, Duration Spent On Structures (Sec)
Sources of Main Effect: Environmental Moveability p=.155

3 3 5 [ L 6
134.3 210.0 247 ,6 228,3 122,5 111.7
154.0 30.8 114,7 167.5 91.7 59.5

1. = Analysis of Variance (BMD P2V computer program) d, f. = 1,28

9
371.2
238.7

9
272,2

198,3

305.5
294.,9

2
129.0
42,4
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Structure:
Moveability:
Sex:

Mean

S. D,

Observations of A, cahirinus Under Conditions of Unimpeded

o

a—

c. Duration Within Structure While In Contact (Sec)
Source of Main Effect:

3
1.3
1.0

YES

TABLE 19 (Cont'd)

Social Contact (Pairing)

Location Measures (In/On Structures)

BOX

2

3
3.0
3.5

NO
o

k3

Structure<

5
2.0

1,0

s

11.8
7.9

p=.002

g

96.0
88.1

YES

TUEE

=

24,0
19,2

3#.3
24,6

32.0
43.8
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sex than any other comparable sub-group (Newman-Keuls; p <.025,
d.f. = 28). The reason for this seemingly anomalous result is
dealt with in the General Discussion section. Although Box~N-
Mov females spent the smallest amount of time (Mn=46.8.sec)‘of
any sub-group within their structure, they spent the largest pro-
portion of that time (among sub-groups) in contact with their
"mate" (see Tables 19 a and 19 c).

By inspection of Table 20 one can see a clear difference
between BOXfMov males (N=3) which were always chased and Box-N-
Mov (N=5) and Tube-Mov males (N=4) which were never chased. The
reason for differences in each case, however, is not the same.
This is explained in the General Discussion section. Three (3)
Tube-N-Mov males were chased among the 9 "paired."

A tabulation of the chasing responses of colony reared males
to experimental females (see Table 21) shows that the highest
frequencies of chasing were stimuiated among the mates of Box-~N-
Mov females. 1In turn, Box-Mov females were somewhat more stimu-
latory than either Tube-reared groups. This outcome is examined

further inthe General Discussion section.
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Box~-Mov

N=3
St
28

TABLE 20

Frequency of Chasing

_ Colony-Reared Females ~————YExperimental Males

During Unimpeded Social Contact Observation

Box~N-Mov

N=5

o O o

Tube=Mov

Nl

o O . O O

Tube=N-Mov

N=9
0
15
0
0
27
41
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TABLE 21
Frequency ofAChasing
Colony-Reared Males ———-3 Experimental Females
During Unimpeded Social Contéct Observation

Box=Mov Box~-N-}Mov Tube-lov
w3 %z =
7 14 0
0 1 .0
0 31 0
0 0

9

Tube=N-Mov

N=2

0
0
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DISCUSSION

The Effects of Rearing Environments on Social Behavior

In the precocial species Acomys cahirinus;lthe'range of behavioral

responses to the environment is increased by the neonate's visual and
locomotor capabilities so as to experience objects and surfaces beyond
themselves, 1ittermafes, and the lactating female. Therefore A. cahi~
rinus pups can and do selectively approach and investigate with their
eyes, snouts, forepaws and mouths the substrates, walls and debris of
the rearing environment, beyond the immediate.vicinity of the "nest,"
obtaining feedback from those sources. In this way the integration of
input derived f;bm vafious inanimate elements can accompany processes
of early soclalization characteristic of the A. cahirinus litter period.
Whether or not the quantity or quality of such "inanimate" input affects
ongoing social development is an appropriate question, heretofore
neglected in behavioral research.

The present study, in dealing with this question, provided four
experimental environments which‘differed in two significant aspects:

. type of structure and moveability. The four experimental combinations
produced by the two variations of each of these factors, differed in
detail yet were comparable in their overall configuration. The struc-
tures used (i.e., box or tube) differed primarily in shape. Both
provided height for climbing, and exterior surfaces to locomote upon
and an inner space within which social contact'could be encountered or
avoided. ''Moveability" was obtained through varying the substrates
(i.e., balsa or sand) as well as immobilizing the structures upon them

in the non-moveable situation (N-Mov) or not immobilizing them in the
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moveable situation (Mov). Loose straw and food were available in the
sand-bottomed environment, whereas straw was lacking and food could
not be moved away from the feeding site in the non-moveable situation.

The non-moveable environment, therefore, lacked the potential for
as much environmental reorganization as was present in the moveable
one. Beyond the bodlly secretions and eliminatory products laid down
during their daily activitiles, pups within the non-moveable environment
could effect a limited number of perceptible changes upon the inanimate
surroundings. These may have been primarily chemical in nature. They,
however, like pups in the Mov situations could stimulate movement in
the animate environment through social interacfion and in this way
obtain the kinésthetic, chemical, visuai, tactile and auditory feedback
associated with effecting change. It might appear, then, that ;his |
experience, common to both Mov anq N—Mov—reared‘pups, céuld result in
an equivalence in their social developmeﬁf.' It is possible, however,
that the experience of moving conspecifics upon a relatively static
inanimate backdrop (i.e., the N-Mov environment) as opposed to one which
can also be moved (i.e., the Mov enviromnment) differentially affects
the pefceptual aspects of development in A. cahirinus in such a way as
to influence their responses to conspecifics during rearing and later
in 1ife.

Indeed, the results obtained during the litter period support this
possibility. It was found that the amountbof pup interaction with lit-
termates and the lactating female depended on énvironmental moyeabi~
lity. Specifically, the environment which permitted greater opportu-—
nity for change (i.e., the moveable one) stimulated more interindividual

activity during the litter period. This relationship became understand-
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able when considered in light of the effects of change upon an animal's
ability to organize its environmment. Since recognizable visual cues
(i.e., depressioné aﬁd mounds) and chemical deposits (i.e., excretory
and secretory) were often eradicated by both casual and purposivé
manipulations of the sand by cagemates, environmental input was vari-
able. Even the food container and plastic structure, which were stable

in configuration, differed daily as to their contents. As has been

‘shown by the work of Rosenzweig‘ggigl., Mason, etc., some of the effects

of a complex enviromment in contrast with a static or low-stimulus
level environment are definable. In such an environment therefore,
where inanimate'references were frequently changed, young A. cahirinus
may have depended on animate ones upon which to organize their life
space. Through interindividual activity, therefore, they could main-
tain in proximity the recognizable odors, sounds, warmth and visual
input from their littermates and dam.

In the N-Mov environment, pups could respond visually and olfac~-
torily to fecal deposits which were gradually accumulated and infre-~
quently disrupted. Urine discolorations and their associated odors
absorbed by the porous balsa floor were also more stable than in the
Mov environment. These chemical and visual landmarks provided the pups
with information about the environment's total organization and about
locations of particular attractiveness. Under.these circumstances the
pups received feedback from an inanimate environment which was relative-
ly constant and fixed. In comparison, feedback from animate sources
resulting from a pup's visual, tactile and olfactory investigations
of its cagemates would be relatively unpredictable. According to one

theory (Schneirla, 1959) this form of environmental unpredicability
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may present the pup with a sufficiently iﬁtense stimulus so that with-
drawal from conspecifics tends to occur. The observable outcome is
that the N-Mov-reared pups approached thg animate elements of their
environment less than Mov-reared pups.

A second poséible explanation for the greater time spent by Mov-
reared pups in interindividual activity during their early development
may be related to.the environment's moveability directly, instead of
its éhangeability as discussed above. Bofh animate and inanimate
elements of this environment provided the developing pup with feedback
from effecting movement in entities other than sélf: in animate objects
as a consequence of social interaction; in inanimate objects through
manipulatory experiences. Since it may be assumed that the process
of receiving and integrating such feedback sta;ts immediatély after
birth for this precocial species, the variablg experience of moving
inanimate items may have familiarized the pups with the unpredictébility
of movement, characteristic of thelr developing social interactions.
For N-Mov-reared pups, the relative stability of the inaimate environ-
ment may have pr&vided less facilitation so that social interactions,
.normally resulting in conspecific movements, were less likely to occur.
Besides the potent influence of environmental moveability upon the
occurrence of interindividual activity during the litter period, the
site of the behavior cbmposing this measure was influenced by the type
of structure in the rearing environment. It was found that the box
stimulated social interaction more than the tube, possibly because of
its suitability as a nursing site. Half of the time that box-reared
animals spent together on the structure side of their environment was

spent together in direct contact with the structure itself. The tube-
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reared pups, spent relatively less time interacting within or upon
their structure.. They did seem to be affected by its presence, however,
and they engaged in a significant amount of social contact in its
vicinity. The role served by the tube in producing this 6utéome is
probably related to its good characteristics as a shelter, since an
individual interacting nearby céuld easily discontinue social contact
by withdrawing to it.

A more direct relationship between the tube as a buffer and
social interaction was seen during the Limited Social Contact Obser-
vation 44 days post-weaning. It was generally found'that the longer
an animal sfayed within a tubé in the proximity of a resident con-
specific, the more time it spent in social (nosing) contact. Making
this relationship possible was the juxtaposition of tube openings and
the mesh of the resident cages which permitted both nosing contact as
well as instant and total withdrawal by the experimental animal at
any time. The use of the tubes in this way probably was affected by
familiarity with this structure. Tube-reared animals took greater
advantage of the tubes as sheltered locations for nosing contact than
did box-reared animals, especially under the coﬁdition of encountering
same~sexed conspécifics. Among box~reared animals those from the move-
able enviromment were found to spend, in comparison to all other
experimental groups, a greater prOportion.of tﬁeir brief "in tube"
time nosing same-sexed conspecifics. For these animals, therefore,
the tube served primarily as a site for social contact.

When A. cahirinus were observed with conspecifics of the opposite
sex, the relationship between time spent in tube and nosing contact

differed from that found during observations with same-sexed conspe-
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cifics. Box-~N-Mov and Tube-N-Mov males both spent less time in the
tube than they had done with same-sex residents. However, thesé two
groups mnosed the oppqsite sex more. For the Box-N-Mov males this
difference in pattern was relatively conservative with instances of
contact still related to the time they spent within the tube., Tube-
N-Mov males spent more time in nosing contact than within tﬁe tube
so that in this case the males were making additional social contact
at other locations as well. This significantly different pattern of
behavior, which included greater exposure to the surrounding environ-
ment and inqreased amounts of socigl contact reflected a heightened
Interest in femélgs by these two male groups. In contrast both Box-—
Mov and Tube-Mbv males mgintained and increased in duration the pattern
which they had employed'with same-sexed conspecifics, engaging in pro-
portionally more nosing contact whilé spending more time within the
tube. For Box-Mov males this was a demonstrétion of withdrawal since,
in this case, the tube became even more of a requirement for achieving
social contact than it was with same-sexed residents. The increased
"in tube" response by Tube-Mov males to females was greater than the
moderate increase in nosing contact recorded, so that withdrawal was
also indicated. Therefore, for both of these male groups the shelter
of the tube was more attractive during encounters with females than
with males. This finding suggests that a defiéit exists dn the
behavioral respoﬁses of Box-Mov- and Tube-Mov-reared males to female
conspecifics, a proposal which is further developed in a later section
of this discussion.

The relationship between time spent in tube(s) and in nosing

males was not consistent enough among female groups to be of infer-
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ential value. The time that females spent in nosing same- as compared
to opposite-sexed residents, however, did reveal lawful differences
in group responsiveness. Primarily, an important distinction based
on rearing moveability was found. N-Mov-reared females surpassed
their same-sex nosing response when experiencing resident males, and
Mov-reared females responded less when males were presented. Therefore
Mov-reared females, like the Mov-reared males discussed above, promoted
less social contact with opposite—sexed conspecifics than did their
N-Mov-reared counterparts as detectible under conditioﬁs of limited
social contact.

Following Eisenberg's criteria for characterizihg social systems

in rodents (1967) Acomys cahirinus is a "socially tolerant" species

in that its members "overcome (an intial) avoildance interaction by
means of special behavioral mechanisms to insure contact and famili-
arity withouﬁ (immediately) fighting." Included among these mechanisms
for maintaining and promoting contact are naso-nasal and naso-anal
investigation. Since these forms of contact are prergquisite to the
maintenance of pre-copulatory, sexual arousal, the more these are exhi-
bited the greater the likelihood for later stages of sexual behavior

to occur. Using this comparison it can be assumed that when depressed
levels of heterosexual social contact are observed a deficit in respon-
siveness is indicated. Such a deficit appears to occur in animals rear-
ed in the moveable enviromment and is probably related to aspects of
the socialization process occurring there. As we have seen socializa-
tion in Mov-reared animals was characterized by extensive interindivi-~
dual activity during the litter period, a condition which would seem

conducive to the development of functional social responses. Since the
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reverse occurred, one could speculate that this may result from factors
relative to the situation in which it was expressed or; it may be that
greater amounts of litter period interaction (when comfared with N-Mov~
reared mice) in some way interfered with future attachments with un-
familiar conspecifics. That heterosexqal relationships are particularly
affected is possibly due to the additional stress of experiencing newly
arising physiological feactions associated with their recently devéloped
sexual responsiveness.

The possible effects of these factors were more directly seen in
the Unimpeded Social Contact Observation, conducted 51 days post-
weaning, where animals reared in the ﬁoveable environment responded
less to available social stimuli than N-Mov-reared. This was parti-
cularly evident among experimental males where responses of approach
to newly encountered females often dgtermined the success or failure
of the pairing. Years of experience in breeding A. cahirinus support
the existence of a phenomenon by which often subtle, inappropriate
responses 5y the male result in aggressive rejection by the female
during which the male is chased and possibly bitten. In colony main-
tenance practice, if a male is actively rejected by the female, she is
remo&ed from his cage after, at most, 30 minutes of interaction. The
tenor of any pairing becomes obvious by this time. Sincé in A. cahiri-
nus copulation may not take place for hours after the initial iﬁtro—
duction, the sexuai responsiveness of males is evaluated by the amount
of time they spend nosing the ano-genital region of thelr females.

In general, successful males maintain intermittent contact with their
females through ano~genital nosing and are infrequently, if ever,

chased. Among experimental males observed under conditilons of unimpeded
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social contact, those reared in the Box-N-Mov environment best fulfilled
these two criteria for success. Thelr pattern was to follow the fémale
closely from behind over all surfaces of their home environment, paus-
ing at intervals upon the box before resuming this activity. These
pauses, in particular, may have provided breaks'in the social activity
at critical times when coﬁtinued pursuit would have precipitated
scuffling. Tube-N-Mov-reared males demonstrated a similar persistence
in their approach to females, employing a pattern which resulted in a
level of ano~-genital nosing nearing that of the previously mentioned
group but which added the risk of being chased. Their pattern was to
follow the female and nose her'ano-genital region whenever possible,
withdrawing temporarily to the inside of the fﬁbe when the ensuing
interaction became either less aftractive or directly repulsive (i.e.,
eliciting a neutral female response or éliciting chasing by the female).
When compared to males reared in the N-Mov environment, Mov~
reared males responded inappropriately to females. Box~Mov males,
although remaining conspicuous thf§ughout "pairing," failed to demon-
strate a consistent pattern of sexual approach via ano-genital nosing.
anseqpently their success at ‘this mode of contact was sporadic and
always resulted in chasing by the female. In contrast Tube-Mov-reared
males remained hidden for long périods within their tubes, never ini-
tiating social contact. The exploratory movements of the female,
howevér, provided the étationary male with the opportunity to nose her,
despite his inactivity. Since Tube-Mov males never actively approached
females they were never chased. For these males, therefore, this
outcome, which in most cases is a criterion for pailring success, was

the result of their inadequate heterosexual responsiveness.
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The effect of rearing in a non-moveable environment was observed
to increase the attractiveness of experimental females to colony-
reared males, only when the box was the structure of rearing. There-
fore, among females, the Box-N-Mov-reared group attracted the highest
levels of chasing in the males with which they were observed. In turn,
Box-Mov females attracted the next highest levels.

The success of box-reared females is piimarily associated with the
conspicuousness they had achieved by spending more time upon their
structure than within.it. In addition periodic nosing of the male
ano-geﬁitai reglon, particularly by Box-N-Mov females, stimulated the
male to resume his sexpal approaches soon after breaks in these activi-
ties had occurred. In contrast fube-reared females spent more time
within the tube than upon it. Although they engaged in some ano-
genital nosing of their males the bouts recorded lacked the durations
found for box-reared females. It appears, therefore, that tube-reared
females were less stimulatory to their "mates" and consequently were

chased less frequently by them.

Perceptual Characteristics of Rearing Enviromment

The body of evidence provided above indicates that the development
~of social behavior in A. cahirinus is influenced by the physical
environment during rearing. To understand this apparent relationship
it is necessary to examine the validity of the underlying assumption
that the animals were detecting and distinguishing the different
properties of the environmental items presented. Therefore, three
observations of their responses to these items were made to test this

basic assumption.

117



The weaning observation was the first employed. When Acomys
pups were removed from the litter sitﬁation and placed into an envi-
ronment'containing the two experimental substrates (i.e., sand and
balsa) and the two structures (i.e., box and tube), they distinguished
between thpse items with which they ﬁere reared and tﬁose with which
they were not. This was demonstrated in a number of behavior items
(see Appendix B). Generally, both structures and substrates unfamiliar
to a particular rearing group were found to attract the greater amount
of nosing behavior. The response to balsa by N-Mov~reared animals was
the only exception. -Responsiveness to the unfamiliar was also most -
prevalent with "rising against" the box and.tube, with pups of most
subgroups spending more time supporting fheméelves against the un-
familiar than the familiar structure,

The use of the structures by pups.as locations to be active
within and upon was in the same direction. More time was spent by
box-reared groups in the tube than in the box, while tube-reared
groups spént-more time upon the box than upon the tube. The tube was
a difficult object for box-reared Acomys to mount and rise upon.A This
was probably due fo the acute curvature of its upper surface. Their
insufficient e#perience with such a surface, therefore, may have
affected this response to the unfamiliar structure;

Differential rearing on the substrates also affected unsupported
rising behavior, with Mov-reared groups spending more time “rising
upon'" the substrate (i.e., balsa) unfamiliar fd them.

To investigate whether only the characteristic of unfamiliarity
operated to produce the above findings or whether other patterns of

responsiveness were affected by differential rearing, the pups were
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studied in the second observational enﬁironment; Here the young

A. cahirinus were presented with a situation that was completely
unfamiliar to all groups. If differential rearing affected ﬁheir
perception of environmental items only in terms of strangenesé (un-
familiarity) then their responSiveness to a totally unfamiliar envi-
ronment should not be related ﬁo their different rearing experiences.
This is not the case.

Thé results bb;ained revealed lawful relationships among the
experimental groups which indicated the potent effects of their rearing
experiences. Tﬁe one exception to this general finding was that mica,‘
as opposed to plastic sheeting, stimulated more investigatory nosing
in all expérimental sub-groups. Generally the groups approached and
acted upon the novel structures that were analogous to those in the
rearing enviromment. This responsiveness to sfructural similarities
was demonstrated by the tube-reared groups which spent more time "in
tube" than "in box" and by box-reared groups which spent more time
"on box" than "on tube." In addition box-reared pups rose more upon
the "box" than upon the "tube." Responses to the substrate in terms
of "analogous familiarity" was also seen in that N-Mov-reared groups
spent more time "riéing upon" plastic sheeting than on mica. This
may have been a function of its stimulus properties, which are similar
to the balsa of their rearing. -

These responses are in contrast to those found in the weaning
situation. In that observation, the enviromment contained familiar
as well as unfamiliar items, with the responses to the unfamiliar
being more dominant. Here the presence of familiar items may have

reduced the stressfulness of the situation, which may have made it
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possible for the mice to attend to unfamiliar objects by approaching
rather than withdrawing from them. For the 'Novel' environment it may
have been the stress of a totally new situation (Tobach and Schneirla,
1962) that brought about the approach to structures and subsﬁrates
that were somewhat familiar.

Other behavior patterns wére related to past experience as well
as to the familiarity aspects of the situation. Although the styrofoam
blocks and plastic rods should have been'equally unfamiliar to both Mov
and N-Mov groups,lthe latter spent more time mouthing and manipulating
each of them. Apparently the stimulus characteristics of styrofoanm
blocks and plastic rqu proﬁed similar to those of the food pellets and
'étrandsAof straw which Mov groups experienced.throughOut their rearing.
These similarities, therefore, reduced the attractiveness of these ana-
logs to the Mov-reared animals. This interpretafion is supported by
the results of the third (weaning-like) observatiom which took place in
an environment patterned on that of the "weaning" observation but which
included among the items presented 1opse food pellets and straw. Here
again, those animals (i.e., N-Mov-reared) which never'before experienced
these portable items were attracted to them more than those animals
(i1.e., Mov-reared) which had experienced them previously.

For the most part, differentially reared groups made the same
distinctions between envirommental items in the weaning-like environ—v
ment as they had previously made in the weaning environment, with
the exception of two cases. Tube-reared A. cahirinus nosgd the box
less than the tube while N-Mov animals nosed balsa more than sand.

In general, therefore, the envirommental experience during the

litter period and later had effects upon perception in experimental
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spiny mice. These effects were expressed in their responsiveness to
different environmental items.

The responsiveness of the N-Moy groups to the styrofoam blocks
and plastic rods might suggest thaf the 1ack of manipulable items in
their previous enviromment in some way increased the attractiveness
of the items (“deprivation effects" see Lorenz). However, in all
three observational situations the Mov groups manipulated sand, mica
and sand réspectively more than did the N-Mov groups. This suggests
that "deprivational effects" (Schneirla) may be too simplistic an
explanation. Rather, other aspects of stimulus characteristics and

experience may have been involved.

Theoretical Considerations

Essential to the significance of the findings discussed above is
an understanding of the interrelationships existing between developing
perceptual responsiveness in a mammal and &eveloping‘social behavior.
To T. C. Schmeirla (1957) perception requireé that an animal sense
not only the quantitative aspects of the environment but the_qualita—
tive differences as well; in other words, the significance or "meaning"
of the objects and situations. Therefore nothing is "perceived"
unless its significance has been éreviously integrated in the historf
of the individual. The range and nature of developmental advénces
through early experience depend upon a species' capacity for integra-
tion. In addition, the development of adaptive behavioral patterns
in an animal, through this process, requires the species—typical
developmental setting. This includes species—typical patterns of self~-

stimulation as well as feedback from other inevitable animate and
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inanimate sources. Fér altricial mammals, such as the domestic cat
and laboratory rat, this involves the regular presence of a complex
of chemical and tactual stimuli from the nest enviromment along with
maternal and litter éssociations (Tobach and Schneirla, 1962; Tobach,
1968; Rosenblatt et al., 1962). Deviations from this form of early
éxperience lead to abnormalities in perceptual development which may
later be refelcted in the way an animal responds to new situations,
environmental objects and conspecifics.

The structures éxperienced by A. cahirinus during rearing were
also perceived differently. Animals experiencing the box during the
litter period apparently perceived this structure as a site for social
contact while tube-reared A. cahirinus found their structure to be a
shelter for withdrawal from social activity. The effect of this
perceptual difference on social behavior was seen late; when experi-
mental females were provided an opportunity for unlimited social
contact with males. In this situation, box-reared females were more
responsive to males and in turn stimulated more contact promoting
behavior in their "mates" than did tube—reared‘femalés. Again, as
with moveability, the perceptual éystems of the animals were differ-
entially affected by én experimentally provided environmental factor.
The effect, in this case, selectively advanced fﬁe perceptual systems
of females to facilitate their species-typical responsiveness to members
of the opposite sex.

In this study, both environmental fixity (i.e., non-moveability)
and a rectangular shelter (i.e., the box) when experienced through
rearing, have emerged as factors which promote appropriate se#ual

responsiveness in A. cahirinus. These results suggest that in some
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way both non-moveability and "boxness" have fulfilled perceptual
requirements during deQelopment which lead ultimately to species
continuance. Knowledge of the natural enviromment where species
_survival actually takes place, provides the information needed to
understand the action of the experimental configuration upon Acomys
cahirinus. All information to date'(Missone, 1975; Happold, 1975;
Tobach, personal communication) places this nocturnalvrodent in a
rocky env;ronment where it finds daily shelter among crevices and
shallow limestone caves, the mouths of which are generally oblong in
shape. Some investigators have reported that individuéls of this
specles are never found in the sandy areas surrounding their typical
habitat (Happold, 1975; De Vos, 1975). 1In view of these descriptions
from nature it becomes evident that these animals are adapted to living
upon a fixed substrate of non-moveable, roéky debris and outcroppingé
and have access to shelters unlike the tubular burrows of sub-
terranean rodents. Therefore, accofding to Schneirla, the "expectancy"
of this adaption was fulfilled by the perceﬁtual experiences provided
in the experimental environments which were either non-moveable, had
a rectangular structure or, as with females, both of these factors.
In the case of animals so rearea, a greater competency for normal
sexual behavior and reproduction developed.

In addition to the explanatory hypothesis based on Schneirla's
.theory, two experimental and at least one other theoretical hypothsis
might account in part for the results obtained:

1) The observational situation used for "pairing" affected the

the species-typical pre-copulatory béhavior in experimental

animals. This statement which applies to the observations
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2)

of experimental males in moveable (Mov) situations and
experimen;al fepales in tube situations during unimpeded
contact infers that the physical environment was directly
responsible for the experimental outcome. This is unlikély,
however, since evidence obtained during the litter period

as well as from observations of iimited social contact shows
that social responsiveness was not affected within either a

moveable environment nor by the presence of a tube. The

‘outcome of each of the three social situations observed,

therefore, was influenced by the age of the responding animal
and the observational situation, all of which changed over
time. Analysis of the reactions of any animal to the physical
chéracteristics of the cage in which it was paired

cannot be carried out within the constraints of the present
research.

The environment failed to facilitate the developing motor )

patterns so that species-typical coordination could not

~develop (King, 1968). This hypothesis infers that the envi-

ronments within which groups demonstrating an atypical heter-

osexual responsiveness were reared, may have been depriva-
tional; If this were so, however, Mov-reared animals having
greater opportunity to develop coordination via locomotion
upon a shifting substrate as well as though digginé activities
should have showed some accelerated motor development or some
increased proficiency at later stages of development. Although
no obvious differences in motor development were evident in

this experiment, this hypothesis could be tested in further
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experiments.

3) Lorenz (1965) theorized that inborn patterns of behavior

_ underlie the adaptive responses of animals to their environ-

ments. Since variations in behavior within experimental
groups of A. cahirinus with éegard to their heterosexual
responsiveness did exist, it is possible that inborn
patterns were still emerging in some ihdividuals although
in a form modified by thg experiences of rearing.  The con—
sequences of this in ligﬁt of selection pressures within
the Lorenzian model, howéver, éould only be measured after
allowing all members of the experimental population to
copulate, reproduce and rear young. -Although this is a
testable hypothesis and the results would demonstrate some
effects of differential rearing on reproductive fitness, it
would not elucidate the "inborn" nature of the behavior.

The results of Riess' work (1951~1953) as interpreted by Schneirla
(1952) provide an example particularly apropos to understanding the
results of the present study. Riess had seen that female rats which
had passed their early post-weaning life in isolation without ever
having handled or carried objects of any kind were inferior to normal
females during partirition, losing all their young promptly. Schneirla
hypothesized that experimental females never having the opportunity
to "sense with meaning" items common in a young rat's normal experi-
ence, failed to develop a "maternal behavior pattern." When normally
reared with items to manipulate perception introduces an “expectancy"
which is selective in function and which influences situational adjust-

ments (i.e., promoting proper responses at parturition) and further
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learning (i.e., in response to the emerging social situation). There-
fore, when an animal's perceptual systeﬁs are not sufficiently advanced
to the stage demanded by a given situation, - the behavioral responses
will be inappropriate.

In the present study, striking differences in social behavior
were recorded in a comparison of experimeﬁtal groups of A. cahirinus
reared in moveable as opposed to non-moveable environments when observ-~
ed both pre—weaningkaﬁd after sexual maturity. Earlier in this‘General
Discussion (pp.109-112) mechanisms for these group differences in social
responsiveness'observed during the litter period were proposed, each
based upon the underlying premise that animate and inanimate environ-
mental items were perceptually compared by N—Mov—reared animals
differently than by Mov-reared ones. The finding that sexually mature
A. cahirinus reared in the N-Mov enviromment approached and contacted
conspecifics, particularly of the opposite sex, more than did those
Mov-reared can be considered in light of different perceptual organiza-
tions which developed earlier in these two groups. Assuming that less
heterosexual social contact xepresents a behavioral deficit, rearing
in a moveable environment has affected the species-typical behavior
patterns in this murid species. Two possible mechanisms are, it did
not provide the experimental information required to advance the per-
ceptual systems of Acomys young to the level necessary for appropriate
social responsiveness to unfamiliar conspecifics; it may have provided
experiences that modified the species-~typical conspecific response.
It would appear that either or both effects may have operated during
development. The disruption of social interaction during the litter

period could have affected the relevant groups to produce the results.
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For animals reared in the moveablé environment, normal pre-reproductive
behavior was clearly modified. Schneirla's statement (1957) that
"receptivity of the sexually mature mammal to a species mate may repre-
sent the rearousaL of a perceptual responsiveness established earlier

in life during the litter peridd" is central to these results.

Summary

A relationship between the development of social behavior.and the
physical énvironment during rearing has been demonstpated. By providing
variation in the rearing enviromnment through object and substrate
moveability, it was revealed that physical environments which permit

daily changes through moveability tend to be disruptive to the develop-

ment of normal social behavior in Acomys caﬁirinus. In addition, the
shape of the fearing shelter was also found to influence this develop-
ment. It was inferred that environmental stability and a particular
shape to the shelter in the enviromment during rearing is associlated
with the development, in these animals, of those specigs—typical
behaviors necessary to reproductive success in later life.

The effects of these elements in the physical environment of
rearing on the development of social behavior become understandable
when the natural environment of this species is considered. The
developmental patterns in this species have evolved apparently around
the availability of rocky habitats with their associated caves and
crevices (see Tchernov, 1975). Certain perceptual characteristics
of this enviromment undoubtedly were involvéd in‘the species-typical
development of the individual. The availability of these environmental

cues in the presence of a species-typical social setting during rearing
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apparently influence&, in turn, the ongoing development of social
behavior. The present study has succeeded in demonstrating this

relationship. It has provided evidence that the experienced per-
ception of certain types of cues within the inanimate environment

of Acomys cahirinus during rearing are related to the formation of

species~typical social patterns in this animal.
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APPENDIX A

A, Behavior Reesrded

1,

2,

3.

LOCOMOTING - coordinated movement of the entire body
involving the use of all four legs resulting in the linear
displacement of the animal

RISING ~ standing on hind legs only

INTERINDIVIDUAL ACTIVITY - the total of all those activities
directed upon or occuring in contact with another animal or
animals, including nursing and resting in proximity as well
as each of the specific items listed below

The Following 4 Items Were Recorded To Include Oneself, Another, An
Inanimate Cbject Or Substrate As The Object Of The Activity

4,

5

6.

7.

9.

NOSING - touching the tip of the snout to...
includes ano-genital nosing

MOUTHING -~ contacting opened mouth to...
includes biting

MANTPULATING - applying forepaws to...
includes digging

MOUTHING AND MANIPULATING - the coordinated use of both
mouth and forepaws on.,.
includes feeding and grooming

CHASING - locomoting rapidly in pursuit of andther

RISING AGAINST - while standing on hind legs placing

the forepaws against an object or another animal for additional

support

Data Taken For:

all observations

all observations

litter observations only

all observations
all observations
all observations
all observations
litter and "pairing”

observations

all -bservations
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APPENDIX A (CONT'D)

B, Objects (Animate and Inanimate) and Substrates Experienced

1.
2,

3.

9,
10.

11,

12,

13,

lactating female
siblings

unrelated conspecific(s)
feeding can with wire mesh
either plastic box or tube
either sand or balsa

both plastic box(es) and tube(s)
both sand and balsa
both steel "box" and steel "tube”

mica

sheet plastic

1oose food pellets

loose lettuce leaves

Data Taken For:

litter observations only
litter observations only

limited social contact
and "pairing" observations

litter and “pairing”
observations

litter and "pairing”
observations

litter and “pairing"
observations

weaning, weaning-like and
limited social contact
observations

weaning, weaning-like and
limited social contact
observations
"novelty"observation only

"novelty"” observation only

"novelty" and limited social
contact observations

litter*, weaning-like, 1iﬁited
social contact and "pairing"*
observations

litter*, and "pairing"*
observations
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14,

15.
16,

17,

* moveable environments

plastic rods
styrofoam blocks

wire mesh cages

plywood "runway"

APPENDIX A (CONT'D)

"novelty" observation only
"novelty"” observation only

limited social contact
observation only

limited social contact
observation only
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- APPENDIX A (CONT'D)

C. Locations Recorded (see figures 1, 2, 4, 5)

Data Taken For:

1, QUADRANT 1 All observations with
the exception of limited

2, QUADRANT 2 social contact A

3. QUADRANT 3

L, QUADRANT 4

5. 1in plastic structures all observations except
"novel ty"

6. on plastic structures all observations except
"novelty"

7. 1in and on steel structures "novelty" observation only

8. plywood runway, wooden framework limited social contact

and mesh walls and tops

A D See figure 15

observation only
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A, Evidence of Responsiveness to the Unfamiliar (Weaning Environment)

Box=-Mov
Box-lov
Tube-Mov
Tube~lov

Tube=lov
Tube-NMov
Tubs-N=-lov
Tube-N-Mov

Box=Mov
Box-Mov
Box=N-Mov
Box=N-Mov

Tube-Mov o7

o~
3

0’)

¢

o’
¢
oA
%
o7
%
o
%

Tube-Yov Q

Tute-N-Mov
Tube-N-Mov

Box-VMov
Box=Mov
Box=N-Mov
Box=-N-Mov

ot

+°<&40(& 4n

(¥=9)
(8=9)
(N=6)
(N=7)

(N=6)
(N=7)
(N=11)
(N=5)

(N=9)
(N=9)
(N=10)
(N=10)

(N=6)
(N=7)
(N=11)
(N=5)

(8=9)

(N=9)
(N=10)
(N=10)

APPENDIX B

Nosing Balsa (sec)

Mn SD
39.1 21,2
36.7 21 .4
27.5 8.3
23.6 10,1
Nosing Tube (sec)

Mn SD
38.6 13.2
31.7 17.1
42,1 11.6
31.0 9.6
51,6 20.9
L9.6 18.0
62.9 25,9
58.5 22,4
Rise Against Tube (sec)
Mn SD
17.5 6.2
12,9 2.5
17.7 6.1
20.6 8.0
20,7 12,6
30,1 16.5
36.0 8.7
22,5 7.7

Nosing Sand (sec)

¥n SD
27.8 17.6
16,3 8.1
21.7 ' : 9.1
14,6 24
Nosing Box (sec)
Mn SD
34,2 16.9
37.3 10.5
47.9 15.4
41.8 22,2
29,1 11.7
34,6 17.9
31.1 12,8
35.0 14,9
Rise Against Box (sec)
Mn SD
14,2 5.7
36.0 L¢,8
26,6 16,1
20.4 8,2
9.7 6.8
11.4 5.8
19.8 14,3
11,2 75
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A, Weaning Environment (cont'd)

Box=Mov
Box~Mov
Box=HN-Mov
Box=N-Mov

Tube-Mov
Tube-Mov
Tube~N-Mov
Tube=N-Mov

B, Evidence of Responsiveness to Similarities in

Tube-Mov
Tube-N-Mov

Box=-Mov

Box-N=lov
Tube-N~-Mov

(N=5)
(N=8)

(¥=7)

(n=8)
(n=8)

APPENDIX B

In Tube (sec)

Mn SD
105.8 25.3
105.9 20.0
135.4 Lo
102.3 20.1
On Tube (sec)

Mn SD
59,0 41,7
92,1 20.3
83.4 26,0
90,8 45,2

In "Tube" (sec)

¥n SD

115.,8 43,4
111.9 51.3

On "Tube" (sec)

41,0 20.3
‘Rise On Plastic (sec)
Mn SD

17.1 3¢5
15,0 3.4

In Box (sec)

Mn SD
30,6 15,2
31.7 13.5
31.2 11,4
42,2 22,2
On Box (sec)

Mn Sb
78.2 30,1
1044 47.3
101,0 - 50.1
i04.8 s, b

Stimulus Characteristics (Novel Environment)

In “Box" (sec)

¥n SD
53.5 10.6
50.3 18.1
On "Box" (sec)
6“’.0 2504
Rise On Hica (sec)
Mn SD
10.9 2,0

9'5 ) 3.0
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APPENDIX B

C. Evidence of Maintained Responsiveness to the Unfamiliar (Weaning-Like Environment)

Box~Mov

Box~Mov
Tube~Mov
Tube~lov

Box~Mov
Box-liov
Box-N-Mov
Box~N-Mov

Box-Mov
Box~Mov
Box=N-Mov
Box~-N-lov

Tube=Mov
Tube=-Mov

077

-0 Q42

2

o0 G
-+ 3—1-0 2

o
?

Tube=N-Mov &
Tube-N-lMov &

(N=8)
(8=9)
(N=6)
(N=10)

(11=8)
(N=9)
(N=10)
(N=10)

(n=8)
(N=9)
(N=10)
(N=10)

(X=€)
(N=10)
(N=12)
(N=5)

Nosing Balsa (sec)

Mn SD
39.4 15.4
30.3 14,2
4.2 12,9
24,6 11,4
Nosing Tube (sec)
Mn SD
u6,6 15.6
4,0 17,0
53.9 36.4
b7.1 22.1

Rise Against Tube (sec)
S

11,9 5.3
17,0 5.2
14,8 8.7
18,0 16,1
8.3 6.7
10.6 7.2
12,9 10.4
8.8 900

Nosing Sand (sec)

Mn SD
19,3 6.7
18,0 2.1
15.1 6.0
19,4 10.2
Nosing Box (sec)
¥n SD
15.2 L,0
22,6 6.1
19.5 6.9
18,2 9.7
Rise Against Box (sec)
Mn sD
8.6 9,1
13.9 13.6
9.4 4,2
8.0 6.8
8.5 5.9
11,6 10,3
13.5 5.2
9.8 7.3

135



C. Weaning-Like Environment (Cont'd)

Box-Mov o7
- Box=Mov 2
Box=NMov o™
Box<N-Hov ¢

Tube-Mov O

Tube-Mov 2

Tube~N-Mov &7
Tube~N-tov €

(N=8)
(N=9)
(N=10)
(N=10)

(N=6)
(N=10)
(N=12)
(¥=5)

APPENDIX B

In Tube (sec)

Mn SD
92,6 20,6
8€.8 28,1
1504 138.5
122.9 46,5
On Tube (sec)
Mn SD
80.3 47.9
79.7 23,2
107.8 24,9
96,8 3i.5

In Box (sec)
Mn

SD
37.2 20,1
2L,5 17.3
L2,9 18.9
by,1 24,2
On Box (sec)
Mn Sb
71.7 39.2
83.6 21,7
113.8 41,2
111.6 19.2
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