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Abstract

During the first two to tgree weeks of their life,
the altricial young of .the Norway rat remain in d nest con-
structed by the motber."If this nest is disturbed, the
mother will abandon it and transport her young individually
to a new location.

When the nests of lactating rats were destroyed

daily from the day of birth (day 0) through day 30 of

Al

-

lactation, it was found that the probability of transpor
of young was high until the Eeginning of’the third week

postpartum. 'After daykﬁu, the probability of transport

began to decrease, and 90% of mothers had ceased‘trans-

portipg entirely by day 20.

When the nest béx of a hay 4 or day 12 ﬁofher was
not disturbed, or when a concealing paper nest re-gined
after the cover of the box was removed, the probability of’
transport was very low. However, exposure of the mother and
young, destruction of the nest, and flooding of the nest
were found to be sufficient to‘elioit transport.

The elimination of pup‘distress sigpals by anesthe-
tization of the litter did not decrease the probability, nor

increase the latency of transport. Therefore, mothers

appear to be responding directly to the characteristics of »

iii
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the disturbance itself, rather than to the distress of the
b

pups. -

Although distress signals from the young are not
necessary for the elicitation &f transport behayior, they
are sufficient to increase’the probability of transport when
tiérpother and young remain concealed by a paper nest after
the nest box covqr.is removed. Distress cries emitted by a
single'pup induced the mother to tfansport the entire-lit-

ter. No preference was shown for the pup emitting the

cries. ,

The young also facilitate their transport to a safe

nesé by exhibiting a characteristic transport }esponse in
which all of their extremities are tucked in close to the
body . This pup transport response is normally elicited by
the tactile stimulagtion of the skin received from the
mother's teeth. Grasping the skin of alﬁ&st any area on the
dorsal and lab;ral surfaces of the body was sufficient to
elicit the transport response, and mothers were observed to
carry pups by grasping the skin anywhere in these areas.

The pup transport response develops gradually ovoer
the first 10 days of life, and then can be reliably elicited

.

until the end of the third week postpartum. After this

time, the response becomes more difficult to elicit. «

The ontogeny of the pup transport response suggests

«

its function; that is, the response is seen during the time

-4
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that mothers will still carry larger pups which may be un-

I

ywieldy. The elimination of the pup transport resp&nse‘by

light anestheshé does not impede the transport behavior of

o

the mother on day 5, when pups are relatively small. On day

12, however, when pups have become relatively large, elimi-

~
7

natioa’of the transport response causes the pups®™ limbs to

o

draé along the ground, interfering with the mother's locomo-
tion and increasing the time necessary to‘transpoét young,
either through a tunnel or in an open runway.

* The Eat mother and young thus interact on several

levels to ensure the safety of the litter after nest site

disturbance,

3
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AINTRODUCTIOQN

When living in the wild; rats perform a wide range
of activities in conmnection with the care of their altricial
young. One component of maternal care in the rat is Fhe
construction and maintenance of a nest (Denenberg, Taylor &
Zarrow, 1969; Lee & Williams, 1974; Sturman-Hulbe ané Stone,
1929) in ;hich the young reméin continuously for two to
three weeks following parturition. During this period the
nest is the site of all mother-litter interactions, and
functions to insulate the pups during the absence of the
mother (King, 1963; King & Connon, 1955).

If the nest is disturbed in any of a variety of

‘
s

ways, the mother finds another location, and moves her
litter to the new site (Calhoun, 1962a). It has been
suggested that in the wild mammals change their nest sites

due to the need for sanitary quarters (Scjiurus carolinensis,

Fitzwater & Frank, 1944), following destruction of the nest

(W. Smith, 1939), or after
invasion of the nest by adult condpecifics (Rattus porvegi-

cus, Calhoun, 1962b). Movement of the nest site following
disturbance of the nest by a human observer has been ob-
served in mice (Peromyscus maniculatus, Hansen, 1957), voles
(Microtus agrestis, Godfrey, 1953), raccoons (Procyon lotor,
George & Stitt, 1951), pine squirrqis (Tamiasciurus fremonpti
fremonti, Hatt, 1943), re@:{‘}ﬁ (Sedurus hudsonicus

-



loguax, Klugh, 1927), black bears (Ursus americanus,
Erickson & Martin, 19@@), red fox k!g;ngg vulpes, Sheldoﬁ,
1949), flying squirrels (Glaucomys sabrinus, Kittredge,
1928), and muskrats (Qndatra zjibethica zibethica, Errington,
1939) .

In some rat species the young cling tightly to the
nipples of the mother when she flees from a disturbed nest,
and the litter is transported as a group. In fact, the in-
cisor teeth of some young are specialized‘to provide a firm
grip on the teat (e.g., Neotoma f, floridana, Hamilton,
1953; Mﬁm&_ﬂgmﬁwm_a, Svihla & Svihla, 1933). 1In
Rattus porvegicus, however, the gother transports her young
by grasping them with her teeth ané carrying each pup indi-
vidually to the new site (Ewer, 1968).

Transport behavior by the mother presunabl& in-
creases the probability that the young will survive after
n€st site disturbance. However, very little is known about
the responses of mother rats to‘nest site disturbance, nor
about the responses of the young to being transported. In
the first experiment, I determined the period during lactla-
tion when mothers will reestablish their nest in a new loca-
tion after thair original nest has been disturbed. Subse-
quently, I discuss the stimuli which provoke maternal trans-
port of younk, as well as the role of t&e pup in both the
elicitafion and facilitation of transport behavior in mother

rats.



CHAPTER I
Experiment 1
Calhoun (1962a) found that when the nest of a lac-

tating rat living in semi-natural conditions waé disturbed

by lifting the cover of her nest box, the mother would fre-

quently build a nest at some other location and transport
N each litter member to it. He also reported an instance of-
transport behavior occurring after a burrow had been inun-
dated during a rainstorm. In fhis case, the mother trans-
ported her young to a drié;\locac;on in which there already

was a nest present, and then transported them back to the

-

home burrow after it had dried. Transport may also occur
when the nest is invaded by a strange rat (Calhoun, 1962b).
Since I wanted to study transport behavior \system-

. atically under controlled conditions, I first hadﬂ*o deter-
mine whether lactating rats would qxhib§t the behavior that
had been describegd in the field in ihe laboratory. I was
also interested in determining whether the same paﬂtern of
transport behavior would be exhiblted at different slages of
lactation. I, therefore, disturbed the -nest sites of lac-
tating rats on each.day of lagtation, and ;eoorded both the

1aten%y to begin transport 6§:the litter to a new nest site,

and the proportion of mothers which transgported their entire

R A I T W T T e T8 ST AN .

farridd

litter during the test session.
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Method :
Subjects
The subjects were 10 Wistar albino female‘rats, pur-

J
chased as virgins‘Y£253250 g3 from Canadian Breeding Farms,

St. Constant, Quebec.

Y

+

Procedure

TJ: femalqa were mated, and approximately 3 déys
before parturition ;ere placed individually in large wire
mesh floor cages (91 x 91 x 30 ¢m) which contained two
wooden nest boxes (29 x 29 x 55 cm) with detachable covers,
eéch having two entrances (8 x 8 cm) locate& 8 em above the
floor of the box. The lights came on at 0900 hr and went
off at 1900 hr. The females had ad lib access to food
(Purina Laboratory Chow) and water.‘ Paper strips were pro-
vided for nesting material. 1In all cases, theﬂfemgle chose
one of the wooden boxes as her nest site, and used th; paper
strips to construct a nest, On the day of parturition, lit-
ter size was standardized at six pups. This procedure was
aqcomélished as urfobtrusively as possible,vand the-cover ol
the nest box was quickly replaced.

Each femé&e was tested daily for transport behavior
at approximatelyﬁ1200 hr on days 0 (the day of parturition)
through 30 postpartQm. At the start of testing, the cover

of the nest box, and all of the nest material in the box

were removed. - A timer was started when the cover was
N o
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lifted. The observer remained qu{etly seated ig'the room:,
approximately 1 m from the cage, and the behavior of the
mother was observed until trgnsport of fhe pups occurred.

If transport had nof taken place within 30 min, ‘the tes£ was

stopped, the cover of the nest box was replaced, and a

tran%port latency of 30 min was assigned for that day. -

Results and Discussion
As can be seen in Figure 1, transport was somewhat
unreliable on days 0-2 of testing, with only 50-70% of
méthers transporting ali six of their pups during the .test
sgssion. However, beginning on day 3, and céqtinuing to day’
i4, at leasﬁ\Boilof mothers transported- all of their pups,
and all mothers transﬁorted_at least once during the test-
ing. The median lategcy to transport the first pup (Figure
2) was also low on days 3-14. After da; 14, mothers were
less 1likely to transport following nest site disturbance.
Only one mother was observed to tranpport any young after
day 20.
After the destruction of tho nest, tho mother Lypi-
cally spent several minutes in. the n;st box, rearing and
/sniffing, and then left the disturbed nest and returned
several times. In no instance did a mother take a pup with
--her the first time she left the disturbed nest. 1In all
cases the mother also entered the undisturbed box one or

. o
more times before transport began.

S ———
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Figure 1

Percentage of mothers (N = 10) transporting
“their entire litter of six pups during the 30
min testing session when nest site was dis-
rfuhbed daily, from the day of birth (day 0)
~g3thr??gh day 30 of lactation.

e
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Figure 2

Median latency of mothers (N = 10) to begin
transport after nest site disturbance, when
nests were disturbed daily, from the day of
birth (day 0) through day 30 of lactation.
Mothers not transporting during the testing
session were assigned a latency of 30 min.
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Between days 0-14, the prqpability is .97 that, once
the first pup has been bransportdé, the rest of the litter
will be immediately transportegitith no additional explora-
tory behaviors on the par£ of the mother, Between days
15-20, this conditional probability dropped slightl{lto .87.
After day 20, the observed conditional probability was zero;
that is, other Sehaviors always occurred between the initia-
tion and the conclusion of transport.

These observations indicate that lactating rats will
transport their young from a disturbed nest site in the lab-
oratory, and the broximate ogusation of this behavior is
thus amenable to study under controlled conditions. More-
over, transport behavior occurs during the time that the
young are relatively helpless and immobile. The behavior
begins to decline at approximately the beginning of the
third week of lactation, as the pups are becoming capable of
coordinated locomotion. This pattern of maternal respon-
siveness is similar to that observed for retrieval of dis-
placed pups back .to the nest (Ros?nblatn, 1965, 1969;

Rooonblatt & Lohrman, 1963).



11

Experiment 2

The results of Experiment 1 demonstrated that a dis-
turbance of the nest site elicited transport behavior in
most mothers until day 18 postpartum. The type of disturb-
ance used consisted of the‘removal of the nest box cover and
the actual destruc;ion of the paper nest, resulting in the
complete exposure of the young.

Mother rats have also been induced to transport
their young when their nest box, locabded in a darkened area
of the cage, was moved into an aréa of high illumination
(Sturman-Hulbe & Stone, 1929). Sixty-six percgnt of the
mothers moved their young back to another nest box which
remained in the darkened area, while none of the control
females moved their young after their nest boxes were moved
from one area of high illumination to another. The behavior
of these control subjects prompted Sturman-Hulbe and Stone
to suggeat that when no advantage is to be gained by ﬁoving
the nest, as was the case when there was no darkened nest
site avallable, the mother will remain in the original nest
3ilty, However, when a fan wuas placod adJacenlt Lo Lhu noul
to disturd the nest materials, or when electric heaters
'‘produced excessive heat in the vi&inity of the nest, every

female moved her nest at least once during the testing.

These data suggest that mothers are not responding inflexi-

o [

bly to any nest site diaturbance by transporting their

young, but perhaps are in some way gauging the urgency of



12

'
the situation, or the superiority of alterdative nest sites
before relocating their nest.

In the following experiment, nests were disturbed in
several ways to determine the so¥ts of stimuli to which the
lactating rat will respond by transporting her young, and to
determine whether mothers will respond differentially to
different types of disﬂurbanoes. The disturbances chosen
were similar to those reported by Calhoun (1962a) as elicit-

ing transport in rats living in semi-natural conditions.

o

Subiecgts
The subjects were 60 Wistar albino female rats, ob-

tained as virgins from Canadian Breeding Farms.

Procedure \

The remklas were mated, and, within 3 days of partu-
rition, were placed individually in the floor ocages under
the same coAditions as descoribed in Experiment 1. The
ooourronco of parturition was dotorminod by tho appouranco
of a nest in one of the nest boxes, and by the squeals of
the young, which could be heard when the cover of the box
was slightly raised at ong edge. The cover was pot actually
removed, to avoid disturbing the nest before the actual

test, and litters were, therefore, ndt reduced in size.

Transport tests took place on either day 4 or day 12
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postpartum, with six females being randomly assigned to each
of three disturbance groups on each 8ay, and 12 females
assigned to each of two undisturbed control groups. The
tests were started between 1200 and 1600 hr, at a time when
the mother was in the Aest box with her yo;ng.

In one disturbance group, the cover of Fhe nest box
was carefully removed, but the paper nest inside the box was
left intact. The quality ofxthe nest was noted according to
“the following scale:

3 Nest box full of paper, pups completely covered.

2 Walls of paper nest high, pups in small clearing

in paper, partially covered with paper.

1 Walls of paper nest high, lafge clearing for

, pups, no paper covering pups.

0 Walls of paper nest low, only a padded mat.

A second disturbance corresponded to the procedure used in
Experiment I. The nest box cover and all of the nest
material in the box were removed, but the mother and pups
were not actually touched. In a third group the nest box
was .slowly flooded (3.5 ml of wator/soo) by insorting a
Tygon tube, which was connected to an elevated reservoir of
water at room temﬁerature, into the nest box.

In the undisturbed group, the behavior of the mother
was simply obgenved on the afternoon of the test day, com-

mencing at a time when the mother was in the nest. In both

groups in which the cover of the box was removed, a timer

"

AY
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was started when the cover of the box was lifted. 1In the
flooded group, the timer was started when the flow of water
was started. The behavior of the moOther in all groups was
observed until transport had occurred, or for a maximum of 3
hr. A transport latency of 180 min was assigned if no

transport occurred during the test session.

Results

Table 1 shows the observed -frequencies of transport

behavior on days 4 and 12 when the neat is undisturbed, or

mdisturbed as described above. When the‘nest was not dis-
turbed, not a single mother transported her young, but any
disturbance of the nest site, however, increased the
probability of tramnsport.

In order to determine whether the mothers responded
differentially to tge different %{pes of disturbance used,
an analysis of variance was perfo;med on the latencies to
ﬁransport the first pup for all of the disturbance groups.
The undigk rbed group was not included in this analysis.
Flguro 3lshoun Ltho modian latonocy to transport the first pup
after each type of disturbance.

Because the variances of the disturbance groups were
not ho-ogeneous,‘the raw scores were subjected to a loga-
rithmic transformation, and the analysis was performed using

these transformed scores. The analysis of variance indi-

cated that there was a significant‘main effect due to type
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Table 1
Observed frequency of transport on day 4 and

day 12 after various types of nest site dis-
turbance.



Transport

No Transport

Transport

NO Transport
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_Table 1
Day §
Nest Site Disturbancge
No Remove Remove Cover
Disturbance Cover and Paper Flood
0 5 6 6
12 1 0 0
Day 12
Nest Sjite Disturbance
No Remove Remove Cover
Disturbance Cover and Paper Flood
0 6 6 6
12 0 0 0

. u S el 3ma e
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Figure 3
Median latency of mothers to begin transport
after various types of nest disturbance. Each
mother was tested only once. Mothers not

transporting during the testimg session were
assigned a latency of 180 min. N = 6 in each
group. :
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of disturbance (E(2,30) = 12.68, p<.001) and a significant
interaction(iftueen days postpartum and type of distu;bance
(E(2,30) = 5.16, p<.05), but no overall effect of days post-
partum (E(1,30) ﬁ/: 4, p>.05). Multiple comparisons of the
transformed group means usihg th; Scheffé& method (Siegel,
1956) indicated only one significant comparison: day 4
mothers in the group inNwhich ;nly'the nest box cover was
removed had a significantly longer latency to transport than
day 4 mothers in the group whose nesf was flooded (n(.OS)“
Latency to transport in the group whose nest was destroyed
was intermediate, and was not different from the other two
groups. The latencies to E}ansport after thg different
types of disturbance were not significantly different on day
12.

As in the previéué experiment, no mot?er took a pup
with her the first time she left the disturbed nest. Typi-
cally, the mother investigated the dis;prbed nest box for a
period of time, then léft the nest and/investigated the
entire cage, including the undisturbed box, before trans-
porting the first pup. Again, once the first pup had boon
transported, the rest of the litter was quickly transported.

The nests of the day 4 females (X rating = 2.2)

were of significantly higher quality than the nests of day

12 females (X = 1.3)(4 = 3.1, Dp<.02).
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Discussion

Sturman-Hulbe and Stone (1929) have suggested that
wlien no advangage is to be gained by changing nest sites,

he female will remain in the original nest.- The results of

this experiment support that suggestion, When th;\nest waas
not disturbed, not a sinéle mother transported hei.young,
but each type of disturbance of the nest site, howgver, in-
creased the probability that the female would reestablish
her nest in a new location. Furthermore, it was also shown
that day 4 mothers do respond dif%@rentially to different
types of nest disturbance which could ‘be inte:preted as
being of different levels of severity. The day 4 mothers

>

took significantly longer to transport when only the nest
box cover was removed tﬁén when the nest was ffooded:

Day 12 females, however, did not respopd differently
to the three tybes of disturbance. This lack of a differen-
tial response ﬁa& have occurred because, althougg the re-
moval of the cover of the nest box exposed the paper,nest on
both day y and day 12, the effect of this treatment may have
been more severe on day 12, since.the nests of day 12 dams
;ere not as well maintaine& as those of day 4 mothers. On
day 4, nestaﬁgenerally contained a large quantity of péper,
woven into ggfairly tight mass, with high walls built around
the mother and pups, often completely concealing them. 'By

day 12, however, the quality of the paper nest had declined,

and the mother and litter typically were not covered by nest
%)



material. Thus, removing the cover of the nest box was more
likely to expose thé/day 12 mother and litter than the day U
mother "and litter. This factor may have accounted both for
the tendency of day 12 mothers to initiate transport more
quickly than day 4 mothers aftervremoval of just the nest
box cover, and for the fact that day 12 mothers transported
as quickly after tpis type of disturbance as they did when
their nests were';looded. The effects of flooding or
complete removal of the paper nest did not depend on nest
qpality, and both day 4§ and day 12 mothers transported
relatively quickly after these disturbances. These data
suggest that exposure of the mother%and/or pups may be one

-of the factors which will induce the mother to transport her

young to a more sheltered location.

*
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‘Experiment 3 " N

In the previous ex;;riment, it was shown that
lactating rats respond to several types of‘disturbance of
their nest site by transporting their young. It is possible
that the female is reacting directly to the disturbance of the
neét, and is simply removing her young from a place which has
become unsuitable eitper for the pups or.for herself (Ewer,
1973) . On the other hand, the disturbances chosen may have
caused th pups to experience distress, and the mother may be
responding to distress signals f;Bm the pups by transporting
them to a new nest site.
{ In fact, the young of a number of rodent species,
”1ncluding rats, emit ultrasonic calls when they are in dis-
tress (Allin & Banks, 1971; Bell, 1974; Hart &‘King, 1966 ;
Nitschke, Bell, Bell, & Zackman/ 1976; Noirot, 1966; 1968;
Noirot & Pye, 1§69; Okon, 1970; 1971; 1972; Oswalt & Meier,
1975; Sales & Pye, 1274; Sewell, 1968), and that adult.rodents
can perceive these sounds (Dice & Barto, 1952; Gould & Morgan),
1941; Gourevitch & Hack, 1966; Sales & Pye, 1974) and will
oriont Lo Lhom (Rallas, 1967; Sowoll, 1970). Sovornllnutho5n
’have)suggested that 'ultrasounds might induce the mother to :

search for a displaced pup and retrieve, it back t

the nest,
(Allin & Banks, 1971; Sewell, 1968;'1 0). Indeed, Alllin and
Banks (1972) have presented evidence{ that recorded pup uibra-
sounds induce some mothers to leave the nest and investigate

the source of the sounds. However, there hal not actually
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been a demonstration that pups emitting ultrasounds are
retrieved with a higher probability or a shorter latency than
pups not emitting ulﬁrasounds.. Moreover, since high frequen-
cies are attenuated very rapidly and are only audible very
close to their source (Sales & Pye, 1974), ultrasounds would
seem to be an unreliable mode of communication unless the
mother and pup wWere already in cleose proximity.

If the nest disturbances used in the previous experi-
ment actually did induce ultrasonic distress calls from the
pups, such calls may have increased the probability that the
mother would transport the pups to a new nest. Indeed, the
pups might even emit ultrasounds differentially after the
different types of disturbance, which might account for the
differential maternal response observed. If this were the
case, then when pups are prevented from emitting ultrasounds,
one would expect to find a decreased probability of transport,
or perhaps'an increased latency to begin transport. In the
following experiment, all of the pups in each litter were
anesthetized to prevent any response by them to the nest site
disturbanco, and Lhe latonocy of Lho mothor Lo boglan Lrunsportl

was recorded.

3 Method,
Sublecgts
The subjects were 72 Wistar albino female rats pur-

chased as virgins from Canadian Breeding Farms.

H

<«
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Procedure

To allow the removal of pups from the nest box without
handling or disturbing the mother, each female was trained to
associate an auditory cue with the availability of water. The
mothers would then leave their nest box and enter a small box
within their cage where water was available when the auditory
cue was presented. The manipulations of kbe pups were per-
formed while the mother was drinking. |

The virgin females were first placed with males in
breeding cages, where water was available for approximately 8
hr/day. Each evening at 2300 hr the water bottles were re-
moved, and approximately 16 hr later, the bottles were re-
placed while an auditory cue (keys jangling) was presented.
This procedure was repeated daily during gestation, and all of
the subjects learned to associate the auditory cue with the
availability of water. Approximately 3 days Pbefore parturi-
tion, each female was placed in one of the large floor cages
describe& in BExperiment 1. In addition to the two nest boxes
already described, there was also a small wire mesh and metal
box (19 x 18 x 18 vm), baving an ontrance (7 x I om) whilch
could be closed by a sliding panel. The females had to enter

e
this .box to obtain water. Two days of acclimatization to the
new enviyon-ent were allowed before the water deprivation
schedule was resumed.

Bach‘day, upon presentation of the auditory cue, the

female would leave her nest box and enter the watering box.

" -
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e
The sliding door of the box was then closed for 10 min, to

accustom the Afemale to con{ﬁnement in the box. For the
remainder of the 8 hr watering period, the female was allowed
to enter and leave the water box at will. Bach subject was
confined in the watering box a wminimum of fiveftimes before
the d;& of testing, although two to three repetitions of this
procedure were sufficient to eliminate escape attempts.

On the test day, while the female was confined in the
watering box, the pups were removed from the nest box. In the
experimental groups, six pups received the anesthetic (Tri-
bromoethanol in a polyethylene glycol solution, .02 mg/gr body

weight, injected intraperitoneally). In the control groups six

pups received an equivalent volume of the vehicle solution.
L

et

The six pups were then replaced in the nest, any paper which
had been covering the pupqpand the cover of the box were re-
placed, and the mother was allowed to leave the watering box.
This entire procedure took less than 10 min.

Transport tests toof place approximately one hr later,
after the mother had rejoined her pups. Again, sublects were
tostod on oithor Any 4 or day 12, using tho throo dislurbunce
procedures described in Experiment 2. The flow of water in
the flooded condition was 6.5 ml/sec.

In all groups in which pups were anesthetized, the
absence of ultrasonic cories was confirmed with the use of a

Holgate ultrasonic receiver (Model MKV) tuned to transform

ultrasounds at a frequency of #Q¢+ 10 kHz into audible sounds.

N
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\\\ This is the range of ultrasounds which I found to be em{tted

rﬁost frequently by distressed infant rats (see also Allin &
Banks, 1971). These transformed ultrasounds were monitored
with earphones, to prevent the mothers from being disturbed by
the noise, lPresence or absence of ultrasonic calling was also“
monitored in the control groups. In addition, every 10 min
during the testing, a wide range of frequencies was briefly
‘monitored, in order to detect any ultrasonic cri;s that were

not within the 30-50 kHz range.

Results

‘Table 3 shows the observed frequency of transport
afte; each type of nest disturbance. Anesthetizing the pupa\
did not decrease the probability of transport after ;ny éf the
nest disturbances (R's>.05, Fisher Exaot Probability Test,
Siegel,1956).

Figure 4 shows the median latency to begin transport.
As in the previous experiment, the variances of the latency
data were not homogéneous, so the raw socores were transformed
into logarithms, and an analysls of varianco was porformod
using these log scores. There was a significant main effect
on latency to transport due to type of disturbance (F(2,60) =
42.5, p<.001) and day of testing (F(1,60 = 17.96, p<.001), but
there was no effect due to the anesthetization of the pups

(F(1,60) = 0, p>.05). Anesthetized pups were transported as
N {

N

TN
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Jable 2

Observed frequency of transport on day 4 and
day 12 after various types of nest site
disturbance, when pups are anesthetized
(Asleep) or injected with the vehicle for the
anesthetic (Awake).

[
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Figure Y

Median latency of mothers to begin transport
after various types of nest disturbance when
pups are anesthetized or awake (Control pups).
Each mother was tested only once. Mothers not
transporting during the testing session were

assigned a latency of 180 min. N = 6 in each
group.
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quickly as normal pups after each type of nest site disturb-
arice on both day 4 an& day 1%. None of the interactions were
significant. |

Post hoc tests using the Scheff& method indicated, that

7
on both day 4 and day 12,. the franaport latencies of the

groups in which ;nly the nest box cover was removed were
significantly longer than when the paper nest was destroyed, ~
or when the nest was flooded, but the latter two groups were
not different froi each other. Although there was an overall
effect due to day of testing, with day 12 mothers transporting
more quickly than day 4§ mothers, the lgtencies of day 4 and

S

day 12 mothers in the same disturban&e groups were not signi}—
icantly different. \

Although the results of these analyses suggest that
pup distress signals piay no role in the elicitation of trans-
‘port, a consideration of the relgtionship Setween the proba-
bility of pup\ultrasound emission and the probability of
transport does suggest that ultrasonic cories play a role in
the eligitation of transport behavior in the mother. Specifi-
oally, it was observed that when the nest box was flooded, all
of the unanesthetized litters on both day 4 and day 12 emitted.
rrequent ultrasonic calls. Removing'thé ultrasounds as a cue
did not deo;;;;;‘EEENBFBEIbtii%y-qiﬂggggggprt, nor increase
Lhé mothers' latency to transport;. Therefore, one can con~

clude that distress ories from the pups were not necessary to

elicit transport behavior by the mother in this situation.

A
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Moreover, distress signals from the young cannot account for
the rapid response of the mother go the flooded negt. In thg
other disturbance situations, however, not all of the unanes-
thetized litters responded to the nest site distuf%anoe by
emitting distress cries. \

When bofh the cover and paper were removed .some ultra-
sonic cries were emitted by the unanesthetized pups‘of 67% of‘
day 12 litters, and 33% of day 4 litters. However, those pups
that did emit ultrasounds were not transported more quickly
than those that dia not, and every.mo;her tested in this situ-
ation moved her pups during the test session. Therefore,
after complete destruction of the nest as well pup ultrasounds
seem to play no role in the elicitation of transport.

w?en only the cover of the nest box was removed, and
the paper nest was left intact, 33% of the day X4 unanesthg-
tized litters emitted ultrasounds (see Table 3); nowever,'in
this situation these were the gply control litters to be
transported. Ninety percent of ail litters which did not emit
ulﬁrasounds were left in ﬁge disturbed nest for the entire 3

hr observation perioq. In each of these cases, the littors

were completely concealed by a large paper negt. In other

-
? .

words, when the cover of the box is removed, and a large paper
nest remains to conceal the pups, the probability of transport
is significantly increased if the pups emit ultrasonic cries

(p<.05, 1-tailed, Fisher Exact Probability Test). Only one

P
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Iable 3

Observed frequency of transport on day 4 after
removal of the nest box cover, when pup
ultrasounds are present or absent.
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Iable 3
Day 4%
Ultrasounds Present No Ultrasounﬁs
\ ‘
Transport 2 1 -
No Transport 0 o 9 -

-
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day 4 mother transported young that did an emit any ulpra-
sounds, and these pups were in a nest which did not conceal
them.

On day 12, 67% of unanesthetized litters emitted
ultrasdunds when the cover of the nest box was removed, but
this did not significantly increase the probability that they
would be transported (p>.05, Fisher Exact Probability Test).
Although all mothers whose litters emitted ultrasounds
transported, a number of mothers whose pups did not emit
ultrasounds also transported (she Table U4A). - Therefore, soﬁe
factor other than distress cries must be resbonsible for the
elic%tation of transport in those cases. As with the day |
groﬁps, those litters which did not emit ultrasounds but were
transported were contained in nests which did not c?mpletely
conceal them. Also, some mothers in both the experimental and
control groups failed to transport, and it was noticed that
all of these mothﬁps had built very large nests that complete-
ly concealed their litters and that none of these litters had
emitted ultrasounds., When only tboée mbthers wbése litters
did nol emit ultrasounds are_considerod (see Table 4B), tho
presence of a nest which completely conceads the litter
decreases the ﬁrobability of transport (p<.05, Fisher Exact

»
Praobability Test).

Discussion

The results of Experiment 3 demonstrate that in those
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Jable 4

Observed frequency of transport on day 12
after removal of the nest box cover, when:

A. pup ultrasounds are present or absent;
B. there are no ultrasounds emitted by the

litter, and the paper nest conceals or does
not conceal the mother and her young.

N
3
t

[N .
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situations where the paper nest was destroyed, or the nest was
flooded, distress signals from the pups were oclearly n?t nec-
essary for the elicitation of transport. The implication of
these data is that the mother rat appears to respond directly
té the nest disturbance itself, rather than relying on pup
distress cries to stimulate transport behavior. However, when
only the cove; of the nest box was removed, while the paper
nest was left intact, two factors increase the probability
that the young will be transported. First, when the paper
nest conoea;s‘the litter, mothers whose pups emit ultrasounds
are more likely to transport than mothers whose pups do not
emit ultrasounds. In fact, in no case did a mother fail to
transport pups which emitted ultrasounds. Second, when thelr
pups did not emit ultrasounds, those mothers whose nests did

not completely conceal their litters were more likely to
. N hid

-

transport than mothers whose nests did conceal their litters’
In other words, either the presence of pup distress cries, or
the absence of a nest which conceals the young may be suffi-
cient to increase the probability of transport of the young.
‘Tnose two poaaibilltiéa will be specifically tested in Lheo

following two experiments.



Experiment 4

- The resuats of Experiment 3 suggested that mother
rats were more likely to trad?%%?f after removal of their
nest box cover when the remaining paper nest did not conceal
their pups, than when the pups were completely concealed by
nest material. If this is the case, then mothers that are
not able to builé a large concealing nesat should have a
higher probability of transporting their pups than mothers
w%@ are able to build such nests,

In this experiment, a grouap of mothers was provided
with wood shavings 'ather than paper for nest material. Al-
though the wood shavings could be piled around the pups, it
was not possible to comnstruct a nest which would completely
conceal the young. In addition, in order to eliminate the
effect of distress signals from the pups on the probabiligy

of transport, litters were anesthetized before the nest dis-

turbance.

Method
Sublooto

*
The subjects were 12 Wistar albino female rats ob-

tained as virgins from Canadian Breeding Farams.

Procedure

\ .
Subjects were bred, and trained to associate an

auditory cue with the presence of water, as deaoribedlin
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Experiment 3. Approximately 3 days before parturition, the
females were placed individually in the large floor cages,.
Conditions were identical to those descrised in Experiment
3, except that the only nest material available was small
pieces of wood shavings, approximately 1-2 cm square
(Sanilit, Ltd.), rather than strips of paper. ’
As in Experiment 3, the mothers were trained to
enter the wateriné box to drink. On the test day all of the
pups were removed from the nest, and six were anesthetized
or injected with the vehicle solution, while the mother was
confined in the box. Approximatély 1 hr after the replace-

R

the cover of the nest box was removed, completely poaing
(:i

,@ent of the six treated pups and the release of tha/mPt
the mother and pups. The absence of\ultrasonic d ress
cries from the anesthetized pups was confirmed with the use
of the ultrasonic receiver. The unaneéthetized control 1lit-
ters were also monitored to determine whether they responded
to the disturbance by emitting ultrasounds.

Only day E mothers were tested, since they normally
built nests which concealed their pups when provided with -
paper strips. The behavior of the mother was observed until

transport had gpccurred, or for a maximum of 3 hr.

Results
As can be seen in Table 5, which shows the observed

frequency of transport in each group, the mothers having
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Iable 5

Observed frequency of transport on day 4 after
removal of the nest box cover, when the nest
is constructed of paper strips or wood
shavings, and when pups are anesthetized
(Asleep) or injected with the vehicle for the
anesthetic (Awake).

S
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Iable 5
Day 4
Paper Nest Wood Shaving Nest
Pups Pups
awake asleep awake asleep
Transport 2 . 1 6 6
No Transport y 5 ‘ 0 0
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nests of wood shavings were more likely to transport than
mothers having paper nests (p<.05, Fisher Exact Probab;lity
Test). The groups of mothers having paper nests were sub-
Jjects, of Experiment 3 who had undergone the same training
procedure as the mothers in this experiment. B

Figure 5 compares the medign latency to begin trans-
port after nest box cover removal when mothers had access to
wood chips or paper strips for nest material. An analysis
of variance performed on the latency data indicated that
there was no main effect due to the treatment group of the
pups (F(1,20) = 2.67, p>.05), nor was there an interaction
between pup treqtlent and the type of nest material avail-
able to the mothers (F(1,20) = 1.99, 2>.05)ﬁ however, there
was a significant main effect due to the ﬁ&pe of nest mate-
rial available (F(1,20) = 38.1, p<.001). The mothers that
had wood shavings for their nest material transported sig-
nifjicantly faster than those mothers who had access to paper
strips, regardless of whether their pups wefe able to re-
spond to the nest disturbance. In fact, ala~or the unanes-
thotizod pups in tho wood shaving nesats didgsiit ultrasoundy

when the cover of the nest box was removed.

Riscussion
A8 predicted from the results of Experiment 3, when
pups are exposed by the néat disturbance, mothers are ‘more

likely to transport than’uhen the same disturbance. leaves



B i :ngff“{“'i:‘v?‘,??‘g’?“

s

P

e

M R

. N 4

" Y 9

N

~ .

[

4

S Figure 5§

Median latency of mothers to Begih transport
after nest box cover had been removed when
nest was built of either paper strips or wood
shavings, and when pups were anesthetized or
awake (Control pups). Each mother was tested
only once. Mothers not transporting during
the testing session were assigned a latency of
180 min. N = 6 in each group.
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them concealed by a large paper nest. One can also conclude
that'distres; signals from the pups are not necessary for
fﬂe elicitation of transport when pups have been completely
exposed by the nest disturbance., Although all of the unan-
esthetized litters in wood sﬁaving nests emitted ‘ultra-
sounds, eliminating those signals did not decrease the
probability of transport, nor did it increase the latency to.
begin transport. These data suggest that. one of the func-

tions of the nest is to conceal the pups and/or the mother,

©Q



Experiment 5

In Experiments 3 and 4 it was found that distress
cries‘from the pups were nog necessary for the elicitation
of transport by the mother, but the data suggested that
ultrasonic distress cries from pups are sufficient to in-
crease the probability of transport when the mother and
litter are still concealed. If pup ultrasounds are suffi-
cient to elicit transport, then adding ultrasounds in a
situation where transport does not usually take place,-or
takes place after a long latency, should increase thé proba-
bility of transport or decreﬁge the latency to 'begin trans-
port. In this experimept ultra$onio distress ories were
experimentally introd&ced to the nest area after nest
disturbance. Testing was dohe,on day 4, when motﬁers build
large, concealing nests, and pups in these neséﬁ do not

typically emit distress cries when only the nest box cover

is removed. ' '

sublieets
The subjects w@re 20 virgin Wistar albino rats

\

obtained from Canadian Breeding Farms. k

BIQQQQELQ’

As in Experiment 3, the females were mated, and then

/K. trained to ‘associate an auditory oue u{;h the availability
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of water, and to enter the‘watering box in the floor cage
upon presentation of the auditory ocue. On day 4 postpartum,
while the mother 15% he watering box, her pups were re-
moved, six were anesthetiZzed and replaced ;n the nest, and
the mopher was released. Transport tests were started
approximately 1 hr later, after the mother had rejoined her
pups. Only mothers with nests which completély concealed
thei; young were tested.

After removal of the nest Sox cover, in the experi-
mental group (N = 10) a day 4 pup culled from the female's .
own litter was handled for 3 min, directly behind ‘the open
nest box. ﬁandling consisted of gently rolling:the pup be-
\tweqn the'ringers, wpioh caused the pup to emit frequent
ultrasonic cries as detected with.tbe_ultrasoﬁnd receive?
tuned to 40 ¢ 10 kHz., Few, if any, addible'oq}ea were emit-
ted by the handled pup. An anesthetized day U4 pup was pre-
sented in the same manner éo the 10 mothers in the control
group to equate olfactory and v;sual cues emitted by the
stimulus pup. The qothers' own anesthetized litters Jere
monitored with the ultrasound receiver to ensure that thoy
did not emit ultrasounds. Only mothers with nests which
completely concealed their young were tested.

The behavior of phe mother was observe& until all of
the pups were transported, or for a laxiuug of 3 hr. Moth-
ers not beginning transport within 3 h; were assigned a

latency of 180 min.
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Results ‘

All of the mothers that had ultrasounds added at
their nesting site after nest disturbance oriented toward
the pup emitting the ultrasounds for the entire time it was
presented. . The oonﬁrol mothers did not orient toward the
anesthetized stimulus pup;

Table 6 shows the observed frequency of transport in
both groups. Ninety percent of nothgrs exposed to pup ul-
trasounds transported their young, while only 20% of mothers

not exposed to ultrasounds moved their young kg(.oos, Fisher

Exact Probability Test),

. Discussion

Experiments 3 and 4 have shown that pup distress
si&nalg are not necessary for the elicitation of transport
behaviér when the pups are exposed by the nest disturbance,
or when the nest is flooded, but the results of the present
experiment indicate that they are sufficient to inorease the
grobability of transport when the mother and young romalin
cpncealed after nest site disturbance. The pups can thus
play an active role in inducing their mother to traﬁsport

them from a disturbed ‘nest. These data establish for the

.-first time a function of ultrasonioc distreass  calls in infant

rats.
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Iable 6

Observed frequency of transport on day U4 after
removal of the nest box cover, when pup
ultrasounds are added or when there are no
ultrasound® emitted by the litter.



51
}
Jable 6
Day 4§
Ultrasounds Added No Ultrasounds

Transport 9 2
No Transport 1 8
2
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Experiment ©

In the previous experiment, a single pup emitting
ultrasounds induced the mother to transport the entire
litter. These distress calls may serve as a general alarm
which stimulates the mother to transport without preference,
or they may aid the mother in locating the individual pup
emitting the call. If the latter were the case, those pups
that emit ultrasonic cries in response to the nest disturbd-
ance might be the first_to be removed from the disturbed
nest to a place of safety. It was not possible to ascertain
from the‘previous experiment whether mothers prefer to
transport vocalizing pups first, since the pup emitting the
ultrasonic cries was not actually present in the nest, and
could not be chosen first for transport.

Although we know from Experiments 3 and 4 that
silent pups will be transported, in this experimeAt I in-
vestigated the possibility that, when given a choice, the
mother may “transport pups that are emitting ultrasounds in
preferenog to those that are not.’,I alioued only one pup in
each litter to emit ultrasonic calls after 'a nest disgurb-
ance, and observed whether this pup was transported prefer-
entially by the mother. .If m;thers do transport the vgcal~
izing pup first, then those pups whioh emitted diatr@bs

cries with the shortesat latency, or oried loudest, might

have a higher probability of surviving than their slower or

quietér littermates.

% e e wo ae m ot ot
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Subjects
The subjects were 12 Wistar albino female rats ob-

L3
tained as virgins from Canadian Breeding Faras,

s

Erogedure

- 8ix females were assigned to each of two groups, one
group tested on day ¥ postpartum and one group on day 12.
The females were bred and sﬁbjeoted to the water-deprivation
schedule that was described in Experiment 3. Approximately
3 days before parturition the females were placed in the
floor cages under the same conditions as in Experiment 3.
'On the test day, the litter was reduced in number to six
pups while the mother was drinking. Five of the pups were
anesthetized, and the sixth pdp was left untreated.

To facilitate identification of the normal pup, its
tail was colored red with an indelible felt-tipped marker,
The tails of the anesthetizéd pups were colored black with a
sim%lar pen, These 8ix pups‘we}e replaced in a group in the
nest box, and the mother was.roleased. Approximately 1 hr
later the nest was disturbed by flooding (3.5 ml/sec). The
behavior of the mother was opserVed until transport of the
young had.oocurred. Pa;ticular attention was paid to the
order in which the young were removed from -the rlopded n?st
box. It was expected that, if pup ultrasounds do facilitate

the location of distressed pups, then the awake, vocalizing.
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pup would be transported before the aneathetized pups. I -
realized, however, that the awake pup might emit cues other
than ultrasonic orieé which could contribute to any observed’
maternal preference for transporting it. If the awake pup
~were transported preferentially,’Iﬁrould not be able to
conclude that ultrasonic criés were speoifioall& responsible
for this maternal preference., However, if no p;eference was
obse;ved, then it would indicate that distress cries from
the pups are a stimylus for littef trﬁpsport, and are not
used to locate the pup emitting the 6ries.

The emission of ultrasonic calls by the awake pup
was confirmed by monitoring the litter with the ultrasound
reyeiver. Lack of ultrasonic calling was individually con-

v

//?1rned in the anesthetized pups immediately before replacing.
{ .

~

them in the nest, and imm ately afljter the transport test

had ended, while the pup

-

. were still wet.

, Besults

‘ The observed order in which the vocalizing pup was
Lransported from the disgurbod nest was ocompanod with Lho
theoretical order if pPups were selected for transport at
random, by use of th?‘xolpogorov-Sn;rnov One-Sample Test
(Siegel, 1956). This test 1ndioated\€Bat on Poth day i ana
day 12 the mother transported pups }n random order. Rg?

awake, vooalizing pup was not transported in preference to

the anesthetized pupé (R = .17 and .33, on days 4 and 12,

-~
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respectively, p's>.05). '

Riscussion .

Althougg the.motégr“responds to pup distress signals
after nest site disturb#noe with an increased probability of
transpgrt, she responds to the entire litggp, rather than to
the individual distressed .pup. While\it is undoubtedly to
the mother's advantage to transport.all off] her young to a
new nest site after nest disturbpance, 4/13 perhaps sur-
prising that she does not prefer to transport first those
young that indicate that they are in distress. However, the
motler's failure to have a differe;tial response to indi-
vidual pups emitting ultrasounds has the effect of pre-
cluding the possibildty that littermates can compete with
ed%h other for the mother's attention in this situation.

For example, after some types of nest disturbance,
such as flooding, the mother may not be able to remove all
of the gpps from the nest safely, and a pup might be able to
ensure, by qrying first or loudest, that it was the first to
beyrepoved from the nest. This sttuation wouldaenoourage
pups to emit distress calls at phe slightest disturbance, er
ory more loudly than their distress warrants, in order to
ensure that they were among the first tranapo;ted to gafoty
in the event that the disturbance proved serious. As long

as the adther preferred to transport pups that made distress

signals, any pﬁp Jh;oh did not join in the competition would
. N .
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be left until last and would probably fare worse than its
noisier sibfings. However, if this pup strategy caused
instances of unneccessary transport, or attracted the atten-
tion of predators, it would be maladaptive for both the
mother and the pups.

The mother could avoid being deceived by her pups by
totally disregarding their distress cries, and transporting
only when she determined that the situation warranted it,
but by using this stritegy she may fail to respond appropri-
ately to their distress cries when they are truly in dis-
tress. However, if the mother responds to pup distress
signals by transporting all of the litter in apparantly
random order, a pup would have little to gain by unneces-
sarily beihg the first to emit distress cries after a nest
disturbance, or crying louder than his siblings: Pups
shohld cry only if truly distressed. Moreo;er, any benefits

gained by emitting distress cries after nest site disturbd-

ance arqlgained for the entire litter.

~
\



SUMMARY

In the preceding series of experinen;s, lactating
rats were observed to respond to Qest site disturbance by
transporting their young to a new nest site, until about the
middle of the third week postpartum. The data suggest that
the mother may be employing two strategies to ensure that
her young continue to be nurtured in a safe place. First,
mothers transport when they are disturbed at their nest
site, regardless of whether the pups appear to be in dis-
tress. Exposure of the concealed pups; destrgption of the
nest, and flooding of the nest were sufficient to elicit
transporf of the young, even in the absence of distress sig-
nals from the young. While the mothers' behavior may not be
in direct response~to‘stimuli emitted by the pups, it may
increase the probability that both mother and young will
survive the diatu;bance.

; Second, mothers respond to distress signals from the
pups by moving‘then to a new nest site after nest disturb-
ance, even under circumstances which did not ordinarily
eliocit transport of young in thg absence of distress sig-
nals. The pups can thus play an active role in promoting

their own well-being by emitting distress signals.

The present work has also shown that distress ories

37
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from a single pup are sufficient to elicit transport of the
entire litter, The mother also does not discriminate among
the pups, thereby minimizing competition between s;blings to

be transported first from the disturbed nest.



CHAPTER 11

In Chapter 1, I presented data indicating that the
infant rat could play a part in inducing the mother to re-
establish her nest site after nest disturbance. It seems
possible that the young might also behave in such a way as
to facilita@e their transport to a new nest site while they
are being\caréied. Indeed, the offspring of some mammals
assume a limp posture and do not struggle while being
carried by their parent. Typically, the fore and hind feet
simply hang limply, with the digi;é widely‘splayed, and the
young rﬁmain relative motionless. The young of ring-tailed
cats (Bassariscys astutus, Richardson, 1942), domestic cats
(Felix cattus) and dogs (Qﬂnii_Iﬂliliﬁniﬂ)(SéYder, 1923;
Kleiman, 1974), and acouchi (ﬁxgnggg&g_ngg&gﬁyggggg&, ‘
Kleiman, 1972) have been reported to exhibit %his response.

In many species of mic§ the young arq\pictured or
described as curling their bodies in a aemioir#le, or

A

curling around the neck of the mother when the infant is

- carried by the belly (Peromyscus leucopus noveboracensis,

Hall, 1928; Svihla, 1932; Peromvscus mapnjculatus, Huestis,

1933). Similar curled postures are also desoribed in infant

squirrels (Sciurus careolipensis, Hatt, 1927; Nichols, 1958;:

59
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1923); Glaucomvs volang gaturatus, Svihl§3 1930), as well as
chipmunks (Eutamias dorsalis dorsaljs, Svihla & Svibhla,
1930), woodchucks (Marmota monax, Burt?, yaiobana, & !
Hailman, 1975), bushbabies (Galago senegalensis moholi,
Doyle, Anderéon, & Bearder, 1969), woodrats (Neotoma
albigula, Richardson, 1943), and the red mongoose (Herpestes
sSanguineus, Ewer, 1973).

Observations of the rat pups being transported in
the preceding set of experiments revealed that even the
mobile bups of day 12 or older did not normally struggle or
resist the attempts of the nother.bg pick them :;. Nor did
they hang passively limp, but instead adopted a character-
istic posture in which all of the extremities were tucked in
close to{the body. Figure 6 shows a pup of 15 days'of\age
exhibiting what will be referred to as the transport re-
sponse. Both ﬁhe forelegs are adducted against the body,
both hind legq are flexed and held close to the body{ and
the tail is curled toward the belly.

In the following experin;;ts, I invesﬁigated‘the

proximate causation, the development, and the functional

significance of this transport response of the infant rat,

?
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aged 15 days exhibiting the transport res-
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Experiment 7

I first determined the sort of stimulation that is
required to elicit the transport response. Observations of
mother rats trapsporting their young suggested several types
of stimuli which might be involved in the elicitation of the
transport response. For example, activation of stretch re-
cepeors in the limbs or mechanoreceptors in the foot pads
may indicate to the bup that it has been lifted off the
ground. Similarly, the activation of the veatibular appara-
tus by the slight shaking to which the pup i% subjected as
th; mother carries it may elicit the transport response. It
is alsoc possible that the oclfactory, auditory, or visual
stimuli associated with the mother eligit the transport
response in the pups. The most obwious possibility, how-
ever, i1s that stimulatioﬁ of the nechénoieceptors of the
pup's skin by the mother's teeth elicits the traasport res-
ponse. The f&llouing experiment was an attempt to discover
whethqn the‘tactile stimulatioﬁ of the skin normally re-
ogived from phe mother's-teeth‘is necessary to release the
transﬁort response in infant rats.
S

Metheod

Subieots

The subjects were 36 albino Wistar rat pups, 16 to
20 days of hge, born in the laboratory colony to multiparous

females.
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Procedure

Six pups were randomly assigned to each of the
experimental and oonfrol groups. .In order to investigate
the respohse systematioally, but without the neoessity.of
inducing mothers to transport young, the. transport response
was elicited by the experimenter by grasping the skin of tbé’
pup with the forefinger and thumb. The dorsal surface and
flanks of each pup were shaved, and test areas were tﬁen
outlined on the pups' backs with a relt-fipped marker. I
elicited the transport response from three areas on the
pups' bodies: the nape of the neck, the mid dorsal region,
gnd the flank (corresponding to areas 1, 2, and 4, respec~
tively, in Figure 7). )

The characteristics of the poaturai response were
coded by allowing 5 poésible points for the response: 1
pqint for edcﬁ forearm adducted against the body, 1 for each
hind limb flexed against the body, and 1 for the tail being
curled between the legs and toward the belly.

The soore for the transport response elicited by
grasping each or'the three te?t areas was then recorded for
each pup before any experimental manipulation took place
(Pre Test). The order in which the dirfferent areas Qere
tested was randomly varied for each pup. 'Care was takeﬁ

that only the skin outlined for each area waa‘siimulated.'

After the Pre Test reasponses had been recorded, either 1 mg



65

B e U

Eigure 7

. Skin areas of infant rats which were grasped
! to elicit the transport response.
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of 2% Xylocaine (Lidocaine hydroochloride, a local anes-
thetic) or the same volume of isotonic saline was injected
subcutaneously into one of the outlined areas of the body.
The extent of the anesthetized skin was mapped on the pup's
back in a contrahting ;olor of marker, by priocking the skin
with a needle and recording whether the pﬁﬁbresponded by
squealing 6r by reflexive contraction of the area. This
ensured that anesthetized skin was not grasped unintention-
ally when testing unanesthetized areas, as the aréa qf
anesthesia sometimes entered the boundaries of an unintended
area.

If the pup exhibited no response to the noxious
stimulation, it was assumed that sensory information from
that area of skin was eliminated. Then the pup was piocked
up again by each of the marked areas, including the injected
area, in order to elicit the transport response, and the
sgore for the response was recorded. In addition, all the

pups were retested 24 hr later,

Results

Figure 8 shows the score for the posture elicited by
stimulation of each area during each phase of the testing.
The area which received the injection is oircled. ‘As can be
seen in the figure, during the pre—rnjection!teat (Pre Test)
the elicitation of the transport response was readily accom-

plished by stimulation of apy of the areas tested. After
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the Xylocaine injection (Test) stimulation of all areas
except the anesthetized area still elicits the normal re-
'sponse. Each pup thus serves as its own control against
some general central effect of the drug. When the anes-
thetized area was grasped, no components of the transport
resbonse were seen in any of the pups, Typigglly, all of
the limbs were extended, and often the pups struggled while
being held.

Pups which had received saline ihjections showed the
normal transport response when g:asped by the injected area.
The simple injection of fluid had no effect on the elicita-
tion of the transport response. When the local anesthetic
had worn off after 24 hr, the test was repeated (Post Test),
and the transport response was again easily elicited from

all areas.

Diacussion

These data indicate that cutaneous stimulation is
gufficient to elicit the transport response, although they

. » .
do not rule out the possibility ‘that other stimuli aroc* also

~

invblved.

4
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Ezng:jmggs § 4 - '
Having established that the sensory stimulatibn of

the skin (normally provided by the mother's teg;h) is suffi-

"cient for the elicitation of the transport rgpbonse, I then

wanted to determine at what age the infant rat exhibits the

transport response, whether the mother picks the pup up by a

specific area of the body in order to elicit the response,

and if stimulation of all body areas 1s equally effective in

eliciting the response.

Metheod

Subjects
The subjects were 930 Wistar albino rat pups, born
to primiparous and multiparous females living in the

laboratory colony.

Procedure

Each female gave birth and raiped‘her litter, culled
to six pups on the day of birth, in a clear plexiglass cage
(28 x 30 x 16 om). Purina rat pellets and water were avail-

able ad 1lib, and paper strips were provided for nest materi-

al.

¢

Pups were tested for the presence of the transport
pesponsé on the dPy of birth (day 0) through day 30 post-
" .
partum. - Each pup was tested on only one day, and 30 pups (5

litters of 6 pups) were tested at each age.
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On the test day, the pups were removed from the nest
and placed together in avgmall bowl. Each pup was tested
for its response when grasped in various areas of the body.
The scoring method described in Experiment 7,was used to
quantify the response.

The body of the infant was divided into the four
general areas shown }n Figure 7, cho;en because it has been

reported: that the mother usually grasps the pup on the

~dorsal surface of the body (Ewer, 1968; Causey & Waters,

1936). Areas 1, 2, and 4 correspond to those tested in
Ex}eriment T. )

The transpért response eliéited when the pup was
grasped by each of these areas was recorded. The order in
which each area was.grasped was-random for each pup, and at
least a minute paasedvbetween the testing of each area in a
single pup, in order to prevent adaptation of the response.
After all the pups had been'tested in this way by the
experimenter, they were placed outside the nest area in the
home cage. When the mother retrieved each one back to the
noslL uaroa, poth bho\tranaport'roaponao of tho pup and Lho

area of the pup's body which the mother grasped in her teeth

was recorded.

Results

In order %o calculate the proportion of pups which’

exhibited the behavior at each age, a transport response was
. ¢

”
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defined as at least three extremities held against the body.
Figure 9 shows the proportion of pub% {N-= 30 observations
for each poin}) exhibiting %he'tranayért response when
picked up by the experinepter and when carried by the moth-
er. The response of pups which are carried by the mother is
virtually identical to that elicited by the stimulation
applied by the‘experimenter.é"

The figure also shows that there is a gradual devel-
opment of the transport response. During the rinst'S days
after birth, less than 50% of the infants exhibited the
tr;naport response. When the very wouﬂg pup was carried, it
typically squealed and struggled. éy day 10, the response
was present in approximately 80% of pups. \

’ Although virtually all mothers stop transporting by
day 20, the pup transport re;ponse could still be easily
elioit;d by the eiperimenter in a large proportion of pups
until the'end of the fourth week poétpartum, after which
time pups did not exhibit the response as readily, and would
try to escape when grasped. (However, see . Appendix.)

Figure 10 shows tho probability of ocach pup bod%
area being grasped by the mother, on days 0 through 20
poastpartum, based on 30 observations of mothers carrying
pups on each day. The mother rat grasps the pup anywhere on
the dorsal or lateral surface of the quy; Other areas

(ventrum, head, 1%33) are rarely grasped,

The data on the effectiveness of grasping the
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Figure 9

1

Percentage of pups (N = 30 on each day)

. exhibiting a transport response (three or more

limbs held against the body), when carried by
the mother, and when grasped by the
experimenter.
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Figure 10

Probability of mother grasping each of the
specified pup body areas during transport,
based on 30 observations vn each day.
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various areas oft the bodyhare contained in Figure 11, which
shows the mean transport responsé}el}&i@ed by the experi-
menter from each 6f the four are;; tested. This fi;ure also
shows the gradual development of the transport response.
 The first components of the response to appear are the hind
leg and tail flexion, occurring in a small percentage of
pups as early as the day after birth, but usually latér in
the first week. The mean response does not approach the
maximum score of 5 unti% approximately day 10.

The Qost complete response was elicited from .-the

/ _ N

nape of the neck (area 1) and the middle of the back (area
2), with the flanks (area i) being’only slightly less
effective. The score for this area was lower;d because when
the area of-skin grasped is not at the midline of the body,
the contralateral forelimb is flexed and held against the
body, rather than being held straight, and no point was
scored for that limb. This distinotion may be fun;tionally
irrelevant.

Grasping the skin 43 the base of the tail (area 3)
rarely produced more than flexion of the hindlimbs, and
sometimes @urling of the tail. The forelimbs were typically
extended straight out from the body. ’

. Figure 11 also shows tpe gradual deocline in the
transport response during the fourth week postpartum. Typ-

ically, the 28-ddy-old rat shows defensive behavior (i.e.,

struggling, biting, squéaling) when it is graape@. The
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Mean transport response (maximum = 5) elicited
from each specified pup body area. N = 30

observations for each body area on each test
day.
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stimulation that normally elicits the transpoﬁt response is

ineffective at this point,

Discussion
The transport response is easily elicited by
grasping the skin of virtually any' area on the dorsal sur-
fac? of the pup. Indeed, the mother was observed to pick up
the pup by ény part of the dorsal suﬁfacb, but rarely by any
other body area. This transport response has all of the
characteristics of a ﬁfflexive response~-~it is a stereotyped
movement or postural adjustment, and ocours in all members
of the species of the proper age wﬂen the eppropriate
stimuli are ap;lied (Marcus, 1972). The response develops
gradually over the first 10 days of 1life, is reliably pre-
sent throughout the third week, and begins to decline during
the fourth week.
~ The tranﬁﬁort behavior of the méther, on the other
hand, is-present from the dhy of parturition, and begins to
decline by about;day 14, ceasing entirely at approximately:
the ond of the third weok. So tho transport rosponso of Lho
pup can be bea@ilyjélioited during the time that mothers
will still transport young whioch may have grown to be rela-
tively unwieldy. The response becomes much more difficult
to elicit only a few days after the mother willlno longer
[

carry her young. )

A gradual 1hcreaae in difficulty in eliciting a

-

——

—
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transport response has been described in several other

species, ;noludingcggshbabies (Galago gsenegalensis brad-
fieldi, Sauer, 1967; Sauer & Sauer, 1963; Galago senegaleun-
8is moholi, Doyle, Anderson, & Bearder, 1969), acouchi
imwwm. Kleiman, 1974), and mice (Pero-
myscus maniculatus, King, 1958; Redthrodontomys megalotls
longicauydus, Smith, 1936), although none of thease authors
mention the o&rcunstanoes under whioch a mother would attempt
to carry infants whioh we?3 old enough to suoccessfully re-
sist transport. In the daily transport tests éonducted'in
Experiment 1 of this thesis, only one mother was observed to
attempt to transport pups after day 20, and her pups were

occasionally observed to vigorously resist while being

carried.
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Experiment 9

In some species that carry their young by grasping a
fold‘of skin dn their teeth, the young hang limply in a
auegeﬁdéd position (Kleiman, 1972; Sauer, 1967; Sayder,
’1923). The value of this slack carrying pqsturb would appear
to lie.in the elimination of any struggling on the part of
tﬁg infant which would interfere Hith the mother's attempts
to carry it. Boueve£v the transport response of the infant

v

rat is somewhat nmore oqmpllcaﬁed. Not only does the infant
not struggle, but the Eimbs and tail are tucked close to the
body, thus making a more compact bundle.

This type of tyansport response may exist because it
increases the probability that ﬁhe infant will be successful-
ly carried to the nest site. It may help tq prevent injury
to the pup, which might otherwise strike its limbs against
the walls of a burrow or other objects in the environament ]
(Sauer, 1967). On the other hand, the value of the response
may lie in simply making 1t physically easier for the mother
to carry the pup, particularly if she has to pass through
thiek brush, a narrow tunnel, or along tree branches (Doyle
et al., 1969). For example, Snyder (1923) has observed that
it would be very difficult for a mother squirrel to carry its
young if the infant hung limply suspended from her teeth, be-
cause she has comparatively short legs: He suggests that if

the 1imbs of the infant were not tucked out of the way, they

would drag along the ground, or sorape against the tree
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trunks, and greatly interfere with the mother's locomotion.
This adaptation may ﬁe'very important in arboreal species,
where the accidental dropping of the infant might prove fatal
to it. The ventral grasp typical of squirrel mothers also
assures that the limbs of the infant will not drag, because
the pup's limbs curl around the mother's neck.

The mother rat, too, has relatively short legs, and a
limply hanging infant might be expected to interfere with her
locoJotion as well, particularly during the second and third
week postpartum, when the pups have become relatively large

-

compared with the size of the mother. In fact, the percentr
age of pups exhibiting the transport response is not high
until the middle of the second week postpartum. This sugsx
gesté.that the ontogeny of the transport response is such
that the response appears reliably at a time when the expres-
sion of such behavior will ficilitate the transport of the
young; that is, when the pups have become relatively large.
Accordingly, if the pup transport response were

prevented, one would expect mothers to have difficulty when
carrying large pups, while amaflppﬁpa 556h1d be transported

7/

easily whether or not they e;hibit the transport response.
Therefore, 19 the following lkxperiment mothers were ;llowed
to'carry both pups that exhibited the normal transport re-
sponse, and pups that hung limply due to light central anes-

thesia, either on day 5 postpartum, when their pups were .

small, or on day 12, when pups had become relatively large.
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Mothers were induced to carry pups by presenting them with a
standard retrieval situation in which the pups are placed

P

outside of the nest box. ~

Method

Subjects
“ The subjects were 10 Wistar albino‘virgin females

obtained from Canadian Breeding Farms, the members of theilr

first litter, and foster infants taken as needed from the

laboratory golony of multiparous females and their litters.

Procedure

The, females were bred, and approximately 3 days
before partb;;tion, were placed individually in large metal
floor cages similar to those deacriﬁ%d in Experiment 1, but
twice a8 long (82 x 91 x 30 cm). The\cage was divided into
two sections by a hardware cloth partition. A tunnel (9 cm
in diameter) c¢onstructed of.chicken wire passed through a
hole_gtz cm in diameter) at floor level in the center of the
partition, allowing the rat access to both sides of tho cugo
(see Figure 12). This tunnel is comparable to or slightl;
larger than the dimensions of tunnels dug by domesticated
rats in a semi-natural environment (Boice, 1977; Flannelly &
Lore, 1977; Pisano & Storer, 1948). There was one right

angle bend in the tunnel 61 ocm from its entrance, and then a

straight segment of 122 cm which terminated on the side of
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Eigure 12

Top view of cage set-up used in Experiment 9.
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the cage containing the two nest boxes.

The wooden nest boxes and a large quantity 6f baper
nesting material were placed o& one side of the divider, and
food and water ‘were placed on the opposite_?ide. The }emale
was initially placed in th cage on the side .which contained
the nest boxes. Within 12 hr, all of the }emayga had used
the tunnel to enter the other side of the cage, as indicated“
by food and water consumption and the presence of fecal /
material. .

The nesat boxes were checked daily for tbé birth of
litters, and the day of parturition was recorded, but litters
were not reduced if size. The testing was conducted either 5
or 12 days after part;riti;n, with separate groups of 5
females being tested on each day. ‘

On the day of testing, during the Light portion of
the day-night cycle, the litter was removed fron the nmest
box. EBach pup was weighed and marked with a felt-tipped
marker for identiffcation. Only pups with no obvious signs
of injury (no cuts or bruisea) were used.

To equate the weight of the pups 1in each group, each
pup was matoched with a pup in gggh of the ofher groups which
differed in weight from it by no more thanm 1 g. It was,
tﬂerbrgre, usually necessary to fill the groups with foster
pups of the same age if the mother's own litter did not con-

\

tain enough pups of similar weight. As far as possible, the
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foster pupsd were distributed equally between the three treat-
ment groups. Bach mother carried a total of 18 pups--six

pups in each of three conditions.

BEach pup was assigned to one of three groups: normal’

(no treatment), lightly anestggtized (injected suboutaéeously
\with lidocaine hydrochloride, 20 mg/cec, .05 occ on day 5, .1
ce on day 12), or salik@-injected (injected subcutaneously.
with the appropriate’volume of isotonic saline). The normal
and saline~injected groups continued to exhibit the tramnsport
response when grasped by the experimenter or by the mother.

The lightly anesthetized pups hung limply rather than ex-
4

hibiting the normal transport response.

[y

o After- the pups were %1ven the appropria%e injections
they were then placed in a holding cage while the mother was
gifen three preliminary retrieving trials in order to, habitu-
ate her to the test situation. Three untreated pups.of the
appropriate age were placed on the side of the cage opposite
to the nest boxes, énsuring that the mother could only reach
them by way of the tunnel an? could only returnxﬁhem to the
nost by carrying thom baock through tho tunnel. In thio, way,
the tunnel both simulated the! burrow system inhabited by the
rat in its natural environment, and also stapda?ﬁized the '
‘batb taken Ey the female when carrying young 80 that the time
taken to carry a pup a designated dirstance could be accurate-

ly recorded.

After the mother had located and retrieved the three

e
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practice pups, the experimental and ocontrol pups were placed

individually in randbom order in the cage. As measures of the

efficiency of pup tramsport, both the time necessary to

transport each pup through the tunnel, and the number‘of

times the mpther dropped each pup were recorded. In addi-

tion, at thefignolusion of the testing, all of the pups were

examined for any obvious signs of injury resulting from the
v

mother's teeth, or from their limbs being scraped against the

floor or walls of the tunnel.

”

Results

Figure 13 shows the mean time required to carry the
pups(QkJeach group througﬁ the tunnel on day 5 and day 12.
Mean times to carry the pups in each group were computed for
eacﬁ mother using 6 scores for each group of pups on day 12,

-

but only 3 scores in each éroup on day 5. Fewer scores were
available on day 5 beo;uae it was necessary to use only those
matched sets of times in which both the normal and saline-
injected pups had exhibited the transport response. Thus,
the number of observations. on day 5 was reduced because only
50% of the control pups exhibited the transpofl regponse.

A two-way analysis of variance, with one éepeated

.

measure, was performed using the mean pup transpérc times for
each group for each of the five mothers on day 5 and day 12.

There was no main effect due to the day of testing, or the

treatment group of the pup, on the timg it took the mothers
' )
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to carry the pups through the tunnel (F(1,8) = 5.21 and
F(2,16) = 3.21, respectively, p's>.05), but the interaction
of the two factors was significant (F(2,16) = 10.79, Rp<.01).
Post-~hoc comparisons using the Soherré mothod indicated that
on day 5 there were no differences between any of the groups
in the time taken to carry pupslthrough the tupnel. On day
12, however, it'took motherQ significantly longer to carry
the anesthetized pups which did not exhibit the transport
response, than normal or saline-injected pups. The time
taken to transport the latter two groups did not differ. The
lack ot effect on day 5 suggests that the observed differ-
ences on day 12 were not due to no;-speoiric effects of
anesthetization of pups on maternal responses.

In addition, there were no differences in any of the

groups in the number of times a pup was dropped (F(2,16) =

.004, p>.05), nor were any pups injured during the testing.

Riscussion

The transport response of the infant rat 1is seen
during the time that the pupg are large and may be difficult
to ocarry, but are still being tr;nsported by the mother. On
day 5 postpartum, only 508 of pups exhibit the transport
response, but these pups are stifl relatively small, and Lhe
day 5 mother was not hampered when carrying a limply hanging

pup when compared with the time it took her to carry a normal

or saline-injected pup that did exhibit the transport
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response. However, on day 12, when pups are much larger,
eliminating that response significantly increased the time it
took the mother to carry those pups.

Observation of the mothers' progress through the
tunnel r;vealed that the limbs of the limp day 12 pups
dragged along the ground while they were being carried, often
causing the mother to stumble over them. When the mothers
were carrying these same pups outside of the tunnel, they
awkwardly elevated their heads, which had the effect of
preventing the pup from dragging on the ground. When thé
mother entered the tunnel, however, she had to lower her head
to its usual level. The limbs of control pups did not drag,
but were held close to their bodies, and mothers did not .
elevate their heads when carrying these pups. The transport

response of infant rats thus facilitates the transport of

young when they are large enough to be relatively unwieldy.
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Experiment 1Q

The results of the previous experiment suggested that
the transport response of the infant rat can facilitate 1its
transport by the mother when it is large enough to impede her
locomotion. The pup response may be important because the
rat normally lives in a burrow system, which prevents the
mother from 1lifting her head high enough to keep the pup rrom'
dragging on the ground. However, rats living in a semi-
natural environment have been observed to tranaport above
gréund as well as through burrows (Calhoun, 1962a). It,
therefore, is possible that the Qup transport response facil-
itates the performance of this maternal behavior both above
ground and within a tunnel.

In the following experiment I determined whether the
tranapor€7reapoqae of the infant r;t i3 funoctionally signifi-
cant both ocoutside of and within the confines of a tunnel. If

30, the elimination of the transport response should decrease

the mother's efficiency in an unenclosed runway as it did in

the tunnel,

/

Method
Sublects

The subjeocts were five Wistar albino female rats

obtained from Canadian Breeding Farms.
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Procedure

The virgin females were bred on arrival, an; placed
in floor cages exactly as described in the preceding experi-
ment. There was gnly one differegc§ in their living condi-
tions-~the tunnel which ran from one side of the cage to the
other had been cut open, and was\now simply a runway 10 cm
wide, with walls 16 cm high. This runway still Q?ased
through’ h;‘openiqg in the center divider, and at this point
the runway was coyered (9 em high) for 3 cm.

All procedh}es were exactly as described in the
previous experiment, with two expections. Only day }? )
mothers and pups were tested, since the elimination of the
pup t;anqport response on day 5 did not affect mgternal,
transport behavior. In addition, the saline-injected control
group of Experiment 9 was not included, since the time taken

to carry those pups did net differ from the time. taken to

carry untreated pups.

Results
Figure 14 shows the mean time taken by the mothers to

carry untreated pups that exhibited the tranapor{}gg;;onse,
he

and anesthetized pups which hung limply. Again, t ean

times for each mother to carry the pups in each group, based
»

on three obsprvationa in each pup group, were calculated.

A treatments~-by-subjects analysis of variance
indicated a significant effect due to pup treatment group

«,

n
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Figure 14
Mean time taken to transport anesthetized or
control pups through open runway. N = 15 pups

in each group. Vertical bars indicate 1 1
S.E.M.



DAY 12

LIGHTLY
ANESTHETIZED
PUPS

v AR

2 I
s&
G
/ 2
7
~ _ | N
S ) | . )
o] < ) 4]

(98s) AVMNNY NIdO HONOYHL LHOdSNVHL O1 JNIL NV3IW

pa
et (7



99

(F(1,4) = 72, p<.005). Again, it took the mothers longer to
carry pups which did not exhibit the transport response than

those which did exhibit the normal response.

Riscussion
Even when the motheé transports young outside of a

tunnel, elimination of the transport response of the infant
signifiéantly increases the amount of time taken to carry the
pup a standard distance. These data indicate that the trans-
port response of the infant rat is an adaptation which facil-
itates transport both outsiQp and within an enclosed tunnel.
The pup transport response, thererd}e, appears to be a spe-~

cific adaptation to deal with the anatomical characteristics

of the mother ratﬁ



GENERAL SUMMARX

The data that I have presented suggest that the
mother and young interact on several levelsgs to deal effec-
tively with emergency conditions in the nest. The mother
responds to nest site disturbance by reestablishing her nest
in a new location and transporting each pup to the new fiest.

In most cases, thé¢ mother rat appears to initiate
ytransport in response to<znvironmental stimull which are
disturbing to her. Moreover, it may be the general cas® that
mother rats do not only provide maé@knal care in direat re-
\sponse to stimull emitted by their pups, but, rather, respond
%o foute changes in their own maternal state. For example,
Leon, Croskerry, and Smith (in presg) have suggested that
mothers respond to changes in their own temperature, as /f\)
opposed to monitoring pup temperature, to regulate the duﬁ%-
tion of mother-young contact. However, as a reaylt of the
mother's concern with her own thermal homeostasis, the tem-
perature of the litter is maintained within an optimal range
for growth. Similarly, the mother may not be responding

directly to distress signals from her young when she trans-

ports them from a disturbed nesat, but as a oonsequehce of her

o

L

behavior, theiyoung are kept in a safe nest site.
The mother is also capable of responding to distress
signals from the young with an increased probability of

100
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transport in the absence of other cues indicating a severe
nest digturbance. . Typically, however, a diatuybanoe which
induced distress calls in the young was]also sufficient to
elicit transport in the absence of the aiatreas signals. The
redundancy which seems to\be built into this system increases
the probability that th; pups will be transported from a dis-
turbed nest to a safe - place. ’ T,

Pups contribut; to their own well-being indirectly by
emitting distress signals after nest site aisturbance which,
although possibly redundant in many situations, do elicit
maternal response to their distress. The young also affect
§heir own survival directly, by enéaging in reflexive behav-
iors such as the postural transport response, which facili-
tates their removal to a safe nest site. This response
appears gradually over the firét week of life. When the pups
.are small, the elimination of the pup transpori response has
no apparent effeot on the mother's behavior. By day t2, how-
ever, when pups are larger, the elimination of the transport’
response impedes the transport behavior of the mother. It
seems, therefore, that the pup transport response appears
shortly before it faoili?ates the transport of t?ﬁgyoung.

The decline of the transport response lags slightly behind
the time thét mothers cease transporting their young. In
this way, the pup response is present during the entire time

that mothers will transport pups which are large enough to be

unwieldy.
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These adaptations by both the motheﬁ and young
contribute to the immediate 3urviz§l of the young after dis-
turbance of the nest, and thus to the success of the

reproductive attenmpt.

&

v



Appendix

At approximately the end of the fourth week postpar-
tum, the t}ansport response of the infant rat became more
difficult to elicit when the experimenter grasped-the fakin of
the pup. Instead, the pup would try to avoid being picked
up, or would squeal struggle violently, or try to bite while
being held by tpe Axperimenter However, it is a common
laboratory observation that adult rats will respond to being
pigked up by their dorsal skin with a behavior analagous to
the transport response of the infant. One possible explana-
tion is that the handling that laboratory rats normally re- J
ceive eliminaaes the defensive behaviors described above,
thereby allowing the elicitation of the transport response
even in adulthood. The pups used in Experiment 8 were tested
only once, *and were unhandled up to the point of testing.

If the development of competing defensive behaviorg
does interfere with the elicitation of the transport responso
in weanling rats, then extensive handling should eLiminatq
the defensive reaction and should also reinstate the easy
elicitation of the transport response. In the following ex-
périment weaned rats were handled for seQeral days before

testing. The transport response elicited from them was

compared with the response of unhandled rats of the same age.
é‘\l
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Subliects

The subjects were 36 40-day-old rat pups which had .
been born in our laboratory colony to multiparous Wistar

albino females.

Rrocedure
Six litters were culled to six pups on the day of
birth, and were housed with their mothers in a clear -~

Plexiglass cage (28 x 30 x 15 cm). At 21 days of age the ‘

~ v

pups were weaned, and each litter was divided- into two groups
of three pup§. '
One group of pups fron eac? litter was handled daily
from days 20 to 40. Handling consisted of removing the pup
from the cage, stroking itrfon\20 seconds, and returning it
to the home cage. The otheffgaﬁg\of the pups were not
handled at any time after weanihé, other than being trans-

\

ferred by the tail to a clean cage once a week.

On day 40, eaoch pup was tested for the transport
response bylérasping the skin of the mid dorsal region (area
2). The response of the p:p was scored as desoribed in
Experiment 7. If the pup did not exhibit any’oomponent of
the transport response after 5 sec, a zero was scored for the

immediate response, and stimulation was continued for a

/

q
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maximum of an additional 15 sec. Any component of the
transport response which could be elicited during that time
"was recorded as a response to pe;sistent stimulation. In
adfition, any defensive behaviors emitted by the pup were
scored as follows: one point was scored if the pup squealed,
struggled, or tried to bite the experinentef after a grasp -
had been achieved, or if the pup exhibited a startle response
(jumping éf turning quiokl}) when first grasped, with the
effect that the first attempt to grasp the pyp was unsuc-
cessful. )

’ > . . v
‘Results .

Figure 15A shows the mean score for defensive be-
haviors in the handled and unhandled groups (N = 18 in each
group). The unhandled rats exhibited significantly more
defensive behavior than the handled rats (t = 4.99, p<.001).
They typically struggled and tried to bite, whereas the only
defensive behavior exhibited by the handled rats was infre-
quent squealing while being held.

Figure 15B shows the mean transport response exhib-
ited by the handled and unhandled rats, andnby the unhandled
rats after persistent stimulation. All of the handled rats

;

exhiptted the transport response immediately, and persistent

stimulation was not necessary. )

During the first S sec of stimulation, the mean
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. Eigure 15

Effect of daily handling of pup on transport
response in 4Q0-day-old rats.

A. Mean score for defensive behavior
(maximum = ) when transport response is
elicited from handlied and unhandled pups.

N = 18 in each group. Vertical bars indicate
+ 1 S.E.M.

B. Mean transport response (maximum = 5)
elicited from handled and unhandled pups, and
after persistent stimulation in those
unhandled pups which did not exhibit an
immediate transport response. N = 18 in each
group. Vertical bars indicate + 1 S.E.M.

-

< I
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transport response of the handled rats was significantly
higher than that of the unhandled rats (% = 6.1, p<.001),
which typically struggled during the first few seconds of
testing. After persistent stimulation most of the unhandled
rats were induced to exhibit the transport response. Thelir
mean score for the reasponse was then no different from the

immediate response of the handled rats (L = 1.78, p>.05).

Riacusalon

When weaned'unhandled rats are grasped in an attempt
to elicit the transport response, their first response is
typically a defensive reaction, such as struggling or biting.
However, if stimulated persistently, the transport rg}pﬁnse
can usually bg elicited. Well-handled rats of the same age
do not typically exhibit defensive behaviors when picked up
by the skin of the back, and the transport response can be
readily elicited from them. Doyle, Anderson, and Bearder
(1969) have similarly observed ngt as the infant bushbaby
(Galago senegalensis moholl) grew older,‘it would try to
prevent the mother from achieving a grip on it. However,
once the grip had been achieved, it would immediately exhibit
the transport response. Adult animals were also obseaerved to
exhibit the response if a proper grip could be effected.

Thus, the apparent disappearance of the transport

response in the maturing rat pup can be reinterpreted as
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“
being the result of the development of competing responses to
the same stimulation that are higher on a response hierarchy.

The development of these competing responses can be blocked

by handling of the pups.
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