
INFORMATION TO USERS

This reproduction was made from a copy of a manuscript sent to us for publication 
and microfilming. While the most advanced technology has been used to pho­
tograph and reproduce this manuscript, the quality of the reproduction is heavily 
dependent upon the quality of the material submitted. Pages In any manuscript 
may have indistinct print. In all cases the best available copy has been filmed.

The following explanation of techniques Is provided to help clarify notations which 
may appear on this reproduction.

1. Manuscripts may not always be complete. When it Is not possible to obtain 
missing pages, a note appears to Indicate this.

2. When copyrighted materials are removed from the manuscript, a note ap­
pears to Indicate this.

3. Oversize materials (maps, drawings, and charts) are photographed by sec­
tioning the original, beginning at the upper left hand comer and continu­
ing from left to right in equal sections with small overlaps. Each oversize 
page is also filmed as one exposure and Is available, for an additional 
charge, as a standard 35mm slide or in black and white paper format. *

4. Most photographs reproduce acceptably on positive microfilm or micro­
fiche but lack clarity on xerographic copies made from the microfilm. Fbr 
an additional charge, all photographs are available In black and white 
standard 35mm slide format.*

*For more information about black and white slides or enlarged paper reproductions, 
please contact the Dissertations Customer Services Department

TMwrsify
Mkanfihns

International



8614660

BrunelM, S u s a n  A nne

THE ONTOGENY OF MATERNAL BEHAVIOR IN RATS: MATURATIONAL, 
HORMONAL AND EXPERIENTIAL INFLUENCES

City University o f New York Ph.D. 1986

University
Microfilms

International 300 N. Zeeb Road, Ann Arbor, Ml 48106



PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this docum ent have been identified herewith a  check mark V .

1. Glossy photographs or p a g e s______

2. Colored illustrations, paper or print______

3. Photographs with dark background

4. Illustrations are poor copy______

5. Pages with black marks, not original copy______

6. Print shows through as there is text on both sides of p a g e _______

7. Indistinct, broken or small print on several pages /

8. Print exceeds margin requirem ents______

9. Tightly bound copy with print lost in sp ine_______

10. Computer printout pages with indistinct print______

11. Page(s)____________ lacking when material received, and not available from school or
author.

12. Page(s)____________ seem to be missing in numbering only as text follows.

13. Two pages num bered  . Text follows.

14. Curling and wrinkled p ag es______

15. Dissertation contains pages with print at a  slant, filmed a s  received__________

16. Other__________________________________________________________________________

University
Microfilms

International



THE ONTOGENY OF MATERNAL BEHAVIOR IN RATS: 

MATURATIONAL, HORMONAL AND EXPERIENTIAL INFLUENCES

By

Susan Anne Bruneil i

A d i s s e r t a t i o n  submitted to  the  Graduate Faculty  
in Psychology in p a r t i a l  f u l f i l lm e n t  of the  

requirements fo r  the  degree of  Doctor o f  Philosophy, 
The City U n ivers i ty  of New York.

1986



11

This manuscript has been read and accepted fo r  the  Graduate Faculty  in 
Psychology in s a t i s f a c t i o n  of the  d i s s e r t a t i o n  requirement f o r  the  

degree of Doctor of Philosophy.

da te  Cha'irman ' t rr  Examining Commvttee

c'̂ hjuJIa 9 '?$<> - <Qj2jCo'
da te  Executive O ff ice r  ^

Gerald Turkewitz,  Ph.D. 

Cheryl Harding, Ph.D. 

Michael M. Myers, Ph.D. 

Jay S. R o senb la t t ,  Ph.D.

Supervisory Committee

The City Univers ity  of New York



Abstract

THE ONTOGENY OF MATERNAL BEHAVIOR IN RATS:

MATURATIONAL, HORMONAL AND EXPERIENTIAL INFLUENCES

by

Susan A. Brunei 11

Advisor: Dr. Myron A. Hofer

The p resen t  in v e s t ig a t io n  u t i l i z e d  severa l  approaches to  

examine i s sues  a ssoc ia ted  with the  ontogeny of maternal behavior 1n 

prepuberta l  r a t s .  F i r s t ,  Indiv idual 18, 24 or 30 day-old male and 

female Wistar prepuberta l  r a t s  ( Juven i les )  were continuously  exposed 

to  3-8 day-old pups fo r  5 days ( s e n s i t i z a t i o n )  to  determine 

developmental d i f f e r en c es  in the  express ion of maternal and o the r  

behaviors .  Exposure to  pups f a c i l i t a t e d  the emergence of some 

maternal behaviors 1n Juven i les  but not o th e r s ,  e . g . ,  r e t r i e v i n g ,  

and 24 day-o lds  r e t r i e v e d  more than a t  o the r  ages .  Few gender 

d i f f e r e n c e s  were apparent.  Juveni le  play behaviors (charge,  pounce) 

were r e l a t e d  to  r e t r i e v i n g  behavior in the  context of exposure to 

pups. Second, Indiv idual 18 or  30 day-old male and female r a t s  were 

s e n s i t i z e d  a f t e r  infus ion  of maternal blood plasma, d e x t ro se ,  5% in 

water as a control  f o r  handling,  or  no handling.  Plasma from 

p a r t u r i e n t  females s e l e c t i v e l y  Increased r e t r i e v in g  behavior 1n 30



iv

day-oIds ,  and more powerfully In females than in males.  On the  

f i r s t  day both plasma and in fu s lo n -co n t ro l  30 day-olds  showed higher 

f requencies  of r e t r i e v i n g ,  crouching, anogenita l  l i c k in g  and contac t  

than nonhandled j u v e n i l e s .  Th i r ty  day-o lds  rece iv ing  maternal blood 

plasma continued to  r e t r i e v e  pups,  with a la tency  peak a t  72 h r . ,  

not seen 1n c o n t r o l s .  Eighteen day-olds  did  not genera l ly  show 

e f f e c t s .  I .V. Infusion procedures led to  a p e r s i s t e n t  d i s so c ia t io n  

of r e t r i e v in g  behavior from play 1n o lde r  plasma and 

in fu s lo n -co n t ro l  animals.  Ret r iev ing  behavior was assoc ia ted  with 

play behaviors 1n younger j u v e n i l e s  r eg a rd le s s  of t r e a tm e n t ,  and 1n 

o lde r  nonhandled handled an imals ,  with no In te g ra t io n  of r e t r i e v in g  

with o ther  maternal behavio rs .  F in a l ly ,  1n 24 day-old j u v e n i l e  r a t s  

ea r ly  maternal separa t ion  and socia l  I s o l a t i o n  depressed r e t r i e v in g  

behavior ,  but Increased pupcarrylng and p lay .  As a d u l t s ,  

early-weaned and i s o l a t e d  animals showed p e r s i s t e n t  a l t e r a t i o n s  in 

play behaviors ,  and previous ly  s e n s i t i z e d  males showed In te g ra t io n  

of  maternal behaviors .  All female groups showed equal f a c i l i t a t i o n  

and In te g ra t io n  of maternal behaviors .  O vera l l ,  the  r e s u l t s  suggest  

t h a t  e a r ly  maternal behaviors are  d i s t i n c t  developmental ly,  but come 

under control  of  hormonal mechanisms, which serve to  f a c i l i t a t e  

i n t e g r a t i o n .
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INTRODUCTION

Maternal Behavior as Maternal Behaviors

In the r a t ,  as 1n o ther  mammals, the  term “maternal behavior" 

subsumes a number of a c t i v i t i e s  d i r e c te d  toward newborn young by a 

p a r t u r i e n t ,  l a c t a t i n g  female.  Four index behaviors are  commonly 

recognized as "maternal" 1n the  r a t :  1) bu i ld ing  a "maternal" nes t

having d i s t i n c t i v e  parameters to  enclose and p ro te c t  young; 2) 

r e t r i e v in g  s t r a y  pups to  the  n e s t ;  3) assuming a nurs ing ("crouch") 

pos ture  fo r  feeding; and 4) l i ck ing  and cleaning of pups,  e sp e c ia l l y  

1n the  anogeni ta l  region (Rosenbla tt  and Lehrman, 1963;

Sturman-Hulbe and Stone,  1929; Wiesner and Sheard,  1933) 

Responsiveness to  in t r u d e r s  1s often  Included as a maternal 

behavior ,  s ince  i t  i s  d isp layed  in the  period from l a t e  pregnancy to 

severa l  weeks a f t e r  p a r t u r i t i o n  (Ersk lne,  B a r f i e ld ,  and Goldman, 

1978; 1980; Sturman-Hulbe and Stone,  1929; Wiesner and Sheard,

1933); and, 1n a d d i t i o n ,  p lacentophagla  ( I . e . ,  ea t ing  of the  

p l a c e n ta ) ,  which occurs during p a r t u r i t i o n  ( K r i s t a l ,  P e t e r s ,  Franz, 

Whitney, N lsh l ta  and S teuer ,  1981; Rosenbla tt  and Lehrman, 1963; 

Sturman-Hulbe and Stone,  1929; Wiesner and Sheard,  1933).  Other 

behaviors could a lso  conceivably be thought of as m ate rna l ,  f o r  

example, the  In h ib i t io n  of  pup-kl 111ng and cannibal ism a t



p a r t u r i t i o n  ( P e t e r s ,  1980). All of  these  behaviors appear a t ,  o r  a 

few days before p a r t u r i t i o n ,  as a w e l l - In te g ra te d  sequence e l i c i t e d  

immediately by In t e r a c t io n  with neonates (Rosenbla tt  and Lehrman, 

1963; Rosenblat t  and S ieg e l ,  1975; Sturman-Hulbe and Stone,  1929; 

Wiesner and Sheard,  1933) with the  t iming of t h e i r  onset  dependent 

upon hormone ac t ions  occurring a t  the  end of pregnancy (Moltz,

Lubin, Leon, and Human, 1971; Rosenbla tt  and S ieg e l ,  1975; see a l s o ,  

reviews by Moltz,  1971; R osenb la t t ,  S leg a l ,  and Mayer, 1979).

In add i t ion  to  d i r e c t  measures of maternal behavior ,  o th e r ,  

biobehavloral  a c t i v i t i e s  are  a l so  Involved 1n events occurring  

during the  p re -  and p o s tna ta l  pe r iod .  Among them a re :  a l t e r a t i o n s  

in th resho ld  fo r  thermoregula tory  behaviors and Increased core 

temperature  (Leon, Croskerry and Smith, 1978; Thoman, Wetzel and 

Levine, 1968; Woodside and Leon, 1980), a l t e r a t i o n  of 

p i tu i t a r y - a d r e n a l  response to  s t r e s s  (Thoman, Wetzel and Levine, 

1968; Zarrow, Sch le ln ,  Denenberg, and Cohen, 1972), increased 

caeco trop lc  a c t i v i t y  (Leon, 1974; Moltz and Lee, 1981), Increased 

food in take  (Fleming, 1976), and o th e r s .  These a c t i v i t i e s  occur in 

add i t ion  to  hormonal and physio logical  adjustments accompanying 

pregnancy, p a r t u r i t i o n  and l a c t a t i o n  (see  Rosenbla tt  and S iege l ,  

1981; T lnda l ,  1978 f o r  reviews) .

Nonpregnant, n o n p a r t u r l e n t / l a c t a t l n g  animals which have been 

" se n s i t i z ed "  (N oiro t ,  1972) t o  e x h ib i t  maternal behavior by 

continuous exposure to  In fan ts  have been observed to  engage In



maternal behaviors  (Fleming and R o sen b la t t ,  1974a; R o se n b la t t ,  1967, 

Wiesner and Sheard,  1933). The express ion  of maternal behaviors in 

s e n s i t i z e d  r a t s  has been shown t o  be nonhormonally based 

(R o sen b la t t ,  1967),  and seems to  r e s u l t  from the  a c t i v a t i o n  of 

under ly ing  processes  p re sen t  1n a l l  spec ies  members, I r r e s p e c t i v e  of 

p a r i t y  h i s t o r y .

Q u a l i t a t i v e  d i f f e r e n c e s  e x i s t  between l a c t a t l n g  and s e n s i t i z e d  

maternal r e t r i e v i n g  however, 1n f o r  example,  the  s e l e c t i v i t y  o f  

r e t r i e v i n g  (Beach and Jaynes ,  1956; R o se n b la t t ,  1975; Wiesner and 

Sheard ,  1933,) 1n the  Immediacy and constancy of  the  response when 

r e t r i e v e d  o b je c t s  are  pups (Wiesner and Sheard,  1933), as well as 

the  s e v e r i t y  of o b s t a c le s  which a mother w i l l  surmount In o rder  t o  

r e t r i e v e  pups (B r idges ,  Zarrow, Gandelman and Denenberg, 1972; 

Nlssen,  1930).  S e n s i t i z ed  animals a l s o  show d e f i c i t s  1n 

n e s tb u i ld in g  and a t t a c k in g  of In t r u d e r s  (Fleming and R osenb la t t ,  

1974a; LeRoy and K rehb le l ,  1978), and in measures of maternal 

mot iva t ion  (Br idges ,  Zarrow, Gandelman and Denenberg, 1972; Stern 

and MacKinnon, 1976).

However, as Rosenbla tt  e t .  a l . (1979) have poin ted o u t ,  many of 

the  a c t i v i t i e s  t h a t  a re  thought o f  as "maternal" can occur 

s e p a r a t e ly  and 1n o th e r  con tex ts  as w e l l .  They use the  example th a t  

r e t r i e v i n g  and n e s tb u l ld ln g  may be l e s s  s p e c i a l i z e d  than nurs ing  and 

pup l i c k i n g .  Thus,  r e t r i e v i n g  can be p ressed  In to  the  s e r v ice  of  

n e s tb u l ld ln g  o r  food ca r ry ing  by nonpregnan t /non lac ta t lng  an imals .



The execution  o f  n e s tb u l ld ln g  does not requ i re  the  presence  o f  pups,  

and i s  the  normal response of  a d u l t  and ju v e n i l e  r a t s  to  drops 1n 

ambient tempera ture  below thermoneutral  (Kinder,  1927).

Nestbulld lng  in nonpregnan t /non lac ta t lng  animals can a l so  be 

e l im ina ted  by r a i s i n g  ambient tem pera tu re ,  whereas t h i s  1s not t r u e  

o f  pregnant and l a c t a t l n g  females nurs ing pups (Kinder,  1927).

Also,  r a t s  groom each o th e r  In o th e r  c o n te x t s ,  and anogeni ta l  

l i c k in g  i s  common 1n r a t s  t h a t  are  s t ran g e  to  one another  (Grant and

McIntosh, 1963). On the  o th e r  hand, l i c k in g  pups may be a

s p e c i a l i z e d  maternal a c t i v i t y  and the  crouch pos tu re  seems to  be 

un iquely  adapted t o  nurs ing  pups,  and 1s not seen 1n any o th e r  

con tex t  (R o sen b la t t ,  e t .  a l . ,  1979).

Thus, with some ex cep t io n s ,  the  components of  maternal behavior

rep resen t  b iobehavlora l  p rocesses  which a re  uniquely a l t e r e d  1n 

pregnant or l a c t a t i n g  females ,  but which can be observed in 

s e n s i t i z e d  animals ,  and animals in o th e r  c o n te x t s .  Presumably, the  

p rocesses  under ly ing  them are  shared in common among spec ies  

members, and th e r e f o r e  a re  s u b je c t  to  th e  same general  reg u la to ry  

c o n s t r a i n t s .  The f a c t  t h a t  maternal behaviors can occur s e p a ra te ly  

as well as t o g e t h e r ,  and In nonmatemal as well as maternal an im als ,  

sugges ts  t h a t  each behavior  i s  capable  of  being s tud ied  

independent ly  of the  o t h e r s .



Studying the  Development of Maternal Behavior

I f  maternal behavior  r e p re se n t s  the  fu n c t iona l  o rgan iza t ion  of 

phys io -behavio ra l  systems around care  of young, how should th e  

developmental o r ig in s  of  maternal behavior be s tud ied?  One 

p o te n t i a l  problem with s tudy ing  development of maternal behavior 1s 

t h a t ,  as noted above, 1t  Is  a func t iona l  e n t i t y ,  probably comprised 

of many d i s c r e t e  systems.  The second i s  t h a t  maternal behaviors  a re  

not normally manifes ted as an organized p a t t e r n  u n t i l  adulthood,  and 

g e n e ra l ly  only 1n a d u l t  females .  Unlike feeding behav ior ,  f o r  

example, th e re  1s no “I n f a n t i l e  form“ of  maternal behavior shown 

normally 1n young an imals ,  which develops In to  an a d u l t  p a t t e r n  

(Hall & Will iams,  1983). Also,  f a c t o r s  In f luenc ing  maternal 

behaviors  during ontogeny may be d i f f i c u l t  to  d e t e c t  because they 

may involve developmental p rocesses  not recognizable  as maternal 

behavio rs  per s e . Ra ther ,  these  may c o n t r ib u te  in a general  way to 

p h y s io lo g ic a l ,  behavioral  and soc ia l  development, and thus  t o  the  

express ion  of maternal behaviors  1n adul thood, when optimal In t e rn a l  

and e x te rn a l  co n d i t io n s  a re  met.  S im i l a r ly ,  because maternal 

behavior  1s a c t u a l l y  a c o l l e c t i o n  of behav io rs ,  f a c t o r s  In f luenc ing  

the  express ion  of  one of th e  behaviors  could a f f e c t  o t h e r s ,  and 

would, t h e r e f o r e ,  be d i f f i c u l t  t o  s ep a ra te  c a u s a l ly .  This c a l l s  fo r  

the  i d e n t i f i c a t i o n  and I s o l a t i o n  of  components o f  maternal behavior 

dur ing development,  and perhaps ,  p o s s ib le  c lues  as t o  the  mechanisms
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by which they a re  u l t im a te ly  expressed 1n adul thood.  One of  the  

alms of  the  s e t  of s t u d ie s  1n t h i s  d i s s e r t a t i o n  1s to  examine the  

express ion  of d i s c r e t e  components of matern&l behavior ,  under a 

v a r i e t y  of  c o n d i t i o n s ,  before  puberty as well In adul thood, as a 

f i r s t  s t e p  toward t h a t  end.

Fac tors  In f luenc ing  the  Development of Maternal Behaviors 

Gregariousness

Recent ly ,  an approach based on th e  s t r a t e g y  of studying 

maternal behavior  dur ing  development, has been u t i l i z e d  by severa l  

I n v e s t i g a t o r s .  Br idges ,  Zarrow, Goldman and Denenberg (1974) showed 

t h a t  j u v e n i l e  r a t s  a t  24 days of age could be s e n s i t i z e d  to  show 

r e t r i e v i n g  behavior with very sho r t  l a t e n c i e s  (about two days) ,  

r e g a rd le s s  of  sex.  Mayer and Rosenb la t t  (1979b),  1n observa t ions  o f  

groups of r a t s  between 18 and 30 days o ld ,  found t h a t  up u n t i l  24 

days o f  age j u v e n i l e  r a t s  appeared to  pe rce ive  one-week old s t imulus  

pups as so c ia l  o b j e c t s .  Juven i l e s  s n i f f e d ,  l i c k e d ,  manipulated pups 

and spent s i g n i f i c a n t  amounts o f  t ime huddling 1n co n tac t  with them.

With extended exposure ,  components of maternal behavior ( r e t r i e v i n g  

and n e s tb u l ld ln g )  appeared.  A f te r  24 days t h e r e  was a marked 

decrease  1n con tac t  and a corresponding Inc rease  In l a t e n c i e s  fo r  

Induction of maternal behaviors ;  t h i s  change was a t t r i b u t e d  to  th e  

advent of a d u l t  neophobic responses to  novel o b j e c t s .  They a l so  

s tud ied  cue s t im u l i  such as warmth, and a g e - r e l a t e d  responses  t o  pup



s timulus  p r o p e r t i e s .  In p re fe rence  t e s t s  younger j u v e n i l e s  (20-21 

day-old)  p r e f e r r e d  I n f a n t s ,  whereas o lde r  ju v e n i l e s  (>24 day-old )  

spent a g r e a t e r  amount of t ime with age-mates.  Both groups 

p re fe r r e d  s t imulus  pups over warm. Inanimate o b je c t s  and o ld e r  (8 

day-old )  s t imulus  pups over younger (2 d ay -o ld ) .  Mayer, Freeman and 

Rosenbla tt  (1979) found t h a t  handling f a c i l i t a t e d  s e n s i t i z a t i o n  a t  

30 days f o r  both sexes ,  but by 45 days only males responded to  

handl ing ,  and gender d i f f e r e n c e s  1n l a t e n c i e s  were presen t  

t h e r e a f t e r .  A fte r  45 days anosmia Induced by z inc  su lpha te  

t rea tm en ts  were most e f f e c t i v e  in s e n s i t i z a t i o n ,  r a th e r  than 

handl ing .  The au thors  I n t e r p r e t e d  th e se  r e s u l t s  as I n d i c a t i v e  of  

s ep a ra te  processes  whereby a genera l ized  t i m i d i t y ,  on the  one hand, 

and o l fa c to ry -b a s e d  avoidance on the  o the r  hand, I n h i b i t  maternal 

behavio r ,  d i f f e r e n t i a l l y  1n the  sexes .

Mayer and Rosenbla t t  have suggested  t h a t  the  behavior o f  

j u v e n i l e s  exposed to  neonates 1s " . . . a  mixture of customary 

responses  t o  age-mates and responses  to  the  sp ec ia l  p r o p e r t i e s  of 

the  p u p s . . . "  ( p . 422) .  Their  conclusion regard ing the  a t t r a c t i o n  and 

repu ls ion  of j u v e n i l e s  f o r  pups addresses  mechanisms whereby r a t s  

come to  be maternal e i t h e r  in the  con tex t  of p a r t u r i t i o n  or 

s e n s i t i z a t i o n .  These same mechanisms have been explored 1n a d u l t s  

by a number o f  workers ,  e s p e c i a l l y  the  ro le s  of o l f a c t i o n ,  and 

t im id i ty  o r  f e a r  of  n ove l ty ,  in I n h i b i t i n g  maternal behavior  

(Bridges ,  Zarrow, Goldman, and Denenberg, 1972; Fleming and Luebke,



1981; Fleming and R o sen b la t t ,  1974b,c;  Fleming, Vaccarlno and 

Luebke, 1980; Mayer e t .  a l . ,  1979; Mayer and R osenb la t t ,  1975, 1977; 

Terkel and R o se n b la t t ,  1971).  Thus both e a r ly  and l a t e r  

de te rminants  of t h i s  aspect of  the  r e g u la t io n  of  maternal behavior 

have been exp lo red ,  and an on togene t ic  r e l a t i o n s h i p  between them has 

been e s t a b l i s h e d  to  some e x t e n t .  As Mayer and Rosenbla tt  (1979) 

have proposed with regard t o  the  development of th e se  responses ,  

they " . . . a r i s e  o n to g e n e t i c a l ly  from gregar ious  beh av io r . . .w h ich  

i t s e l f  undergoes developmental changes 1n r e l a t i o n  t o  the  s t im ul i  

Invo lved ."  ( p . 422.)

However, ano ther  area  of g regar ious  ju v e n i l e  behavior which has 

not been researched  In r e l a t i o n  t o  maternal behavior Is  p lay .  Since 

soc ia l  play 1s the  primary ju v e n i l e  behavior from approximately 

weaning to  sexual m a tu r i ty  (Thor and Holloway, 1984), t h i s  would 

appear to  be a f r u i t f u l  a rea  of inqu i ry  when in v e s t ig a t i n g  

ontogenet ic  an teceden ts  of  maternal behavior .  Play has no 

apparen t ly  e x p l i c i t  f u n c t io n ,  and d e f i n i t i o n s  of p lay gen e ra l ly  

c o n s i s t  o f  d e s c r i p t o r s ,  such as the  fo l lowing :  1) behavioral  a c t s  in 

p lay are  s i m i l a r ,  but not i d e n t i c a l  to  those  t h a t  occur in a d u l t  

func t iona l  c o n te x t s ;  2) A s in g l e  play sequence may Include a c t s  from 

severa l  fu n c t io n a l  co n tex t s ;  3) p lay sequences lack  consummatory 

a c t s  and b io lo g ic a l  consequences;  4) th e  form of  play sequences a re  

e x ag e r ra t e d ,  repeated f r e q u e n t ly ,  and v a r i a b le  (u n p red ic tab le )  

(Fagen, 1981). Various hypotheses have been advanced f o r  th e  r o l e



of  play in development, such t h a t  p lay fu n c t io n s  t o  provide  

p r a c t i s e ,  e x e r c i s e ,  f l e x i b i l i l i t y ,  s o c i a l i z a t i o n  and p leasu re  (see  

reviews by Fagen, 1981; Panksepp, S1v1y, and Normansell ,  1984;

Smith,  1982; Thor and Holloway, 1984). In a recent d i scuss ion  of  

p lay ,  Fagen (1981) has suggested t h a t  one of  I t s  hypothesized 

func t ions  i s  to  tr ansform  fragmented sequences of  behavior  in to  

complex, organized behavioral  p a t t e r n s .  In th e  same v e in ,  Hofer 

(1981) has l ikened  play t o  ind iv idua l  movements found in the  

p rena ta l  per iod  in  promoting neuroblo log lca l  development, 1n terms 

o f  neural  i n t e g r a t i o n  " . . o f  systems capable  o f  complex, 

g o a l - d i r e c t e d ,  sequences t h a t  al low a d ap ta t io n  t o  the  so c ia l  and 

inanimate environment ."  (p.  274) .  The p re sen t  work begins with the  

premise t h a t  p lay  i s  Involved 1n the  e a r ly  o rg an iza t io n  of maternal 

behavior .  I t  wil l  thus focus on the  i n v e s t i g a t i o n  of r e l a t i o n s h i p s  

between play and maternal behaviors  1n d i f f e r e n t  j u v e n i l e  age-groups 

and under d i f f e r e n t  c o n d i t io n s .

Responsiveness t o  Hormones

There have been severa l  In v e s t ig a t i o n s  of the  development of 

hormonal r e g u la t io n  of  maternal behavior as well (see  reviews by 

Mayer, 1983; and Rosenbla tt  e t .  a l . ,  1979).  While these  s tu d ie s  

have examined th e  r e l a t i o n s h i p s  of p e r i n a t a l  and puber ta l  hormonal 

In f luences  on a d u l t  maternal behav ior ,  r e l a t i v e l y  few have attempted 

to  observe th e  impact of  hormonal manipula t ions  on maternal



behaviors expressed p r i o r  t o  puber ty .  One of  t h e s e ,  by Koranyl, 

L lssak ,  Tamasy, and Kamaras (1976) ,  repor ted  b r i e f l y  as p a r t  of a 

review a r t i c l e  t h a t  they admin is te red  blood plasma from 

new ly -pa r tu r ien t  females via  t a l l  vein In je c t io n  to  18 to  24 day-old  

male and female r a t s .  In response ,  90-100 percent of  In je c ted  

animals were showing r e t r i e v i n g ,  nurs ing and crouching,  

n e s tb u l ld ln g ,  and s t a r t l e  and o r i e n t i n g  responses  t o  pups w i th in  12 

hours of I n i t i a l  exposure to  pups,  as opposed to  0-12 percen t  of 

s a l i n e - i n j e c t e d  animals .  Mayer and Rosenbla t t  (1979a) have found 

t h a t  p r i o r  a d m in i s t r a t io n  o f  pregnant mare 's  serum (PMS) t o  females 

a t  21 days to  Induce premature c y c l i n g ,  produced 30 day-old animals 

with l a t e n c i e s  to  become maternal midway between cyc l ing  a d u l t  

females (3-6 days) and 30 day-o lds  (>6 days) .  Handling a l so  had 

l e s s  of an e f f e c t  In reducing the  l a t e n c i e s  of these  animals than on 

30 day-old contro l  females i n j e c t e d  with s a l i n e .  Bridges e t .  a l .  

(1974) found t h a t  t e s t o s t e r o n e  admin is te red beginning a t  21 days 

produced no change in e i t h e r  the  l a tency  to  s e n s i t i z a t i o n  (0 .4  -  2 

days) o r  the  number of  males t h a t  were s e n s i t i z e d  a t  24 days o f  age 

(64 -  88%). This 1s 1n c o n t r a s t  t o  f ind ings  t h a t  the  presence of 

endogenous o r  exogenous t e s t o s t e r o n e  1n male r a t s  produces long 

l a t e n c i e s ,  as well as marked I n f e r i o r i t i e s  In maternal behaviors  

when t e s t e d  a f t e r  puber ty  (Bridges ,  Zarrow, and Denenberg, 1973; 

F l e i s c h e r ,  Kordower, Kaplan, Dicker ,  Smerllng and I l g n e r ,  1981;

LeRoy and Krehble l ,  1978; Lubln, Leon Moltz and Numan 1972;



McCullough, Quadagno, and Goldman, 1974).

Together,  these  r e s u l t s  produce a somewhat confusing  p i c t u r e  of 

the  ro le  of hormones 1n a f f e c t i n g  maternal behaviors  shown during 

the  p repuber ta l  pe r io d .  Koranyl e t .  a l . ' s  review sugges ts  t h a t  the  

a l l -o r - n o n e  maternal responsiveness  found 1n a d u l t  females Is  

p resen t  and capable o f  a c t i v a t i o n  before  puber ty .  This a c t i v a t i o n ,  

occurr ing  1n both males and females ,  appears to  e x i s t  p r i o r  to  the  

matura t ion  of  sex d i f f e r e n c e s  In these  same behav io rs .  Mayer and 

R o s e n b la t t ' s  and Bridges e t .  a l . ' s  r e s u l t s ,  on the  c o n t r a r y ,  

i n d i c a t e  t h a t  c e r t a i n  c h a r a c t e r i s t i c a l l y  j u v e n i l e  responses are  

expressed dur ing  s e n s i t i z a t i o n ,  d e sp i t e  manipula tion of  hormones 

which should r e s u l t  1n the  express ion  of  adu l t  responses .  This 

would Imply t h a t  neural  s u b s t r a t e s  a r e ,  ap p a ren t ly ,  not wholly 

responsive  to  hormone a c t io n  a t  t h i s  age.  However, a l l  o f  th e se  

s tu d ie s  do und e r l in e  the  f a c t  t h a t  developmental changes are  

occur r ing  in r e l a t i o n  to  hormone reg u la t io n  in j u v e n i l e s ,  and t h a t  

these  may r e p r e s e n t ,  I n t e r a c t  w i th ,  or  be t i e d  t o ,  the  development 

of  p a r a l l e l  systems.

The second of  the  p resen t  s e t  of s tu d ie s  wi l l  at tempt to  

re so lve  some of the  d i f f i c u l t i e s  t h a t  have a r i s e n  1n observing the  

e f f e c t s  of  hormone manipula tions  on ju v e n i l e  r a t s .  Although Koranyi 

e t .  a l . claim to  have p rsen ted  hormones 1n th e  same manner as Terkel 

and R o s e n b la t t ' s  (1968; 1972) o r ig i n a l  s tu d ie s  with a d u l t  females ,  

t h e i r  review paper p re sen t s  few d e t a i l s  of  methodology o r  r e s u l t s .



There fo re ,  t h i s  study wi l l  r e p l i c a t e  t h a t  method of p r e s e n t a t i o n ,  

I . e . ,  v ia  In fus ion  of maternal blood plasma, and In a s t r a i n  o f  r a t s  

t h a t  has never received  t h i s  type  of  man ipu la t ion .  '

Ear ly Experience and Maternal Behavior

One s t r a t e g y  fo r  s tudying th e  development o f  maternal behavior 

has Involved looking a t  the  e f f e c t s  of e a r ly  exper ience ,  

p a r t i c u l a r l y  maternal and so c ia l  d e p r i v a t i o n ,  on a d u l t  performance 

o f  maternal behaviors  a f t e r  p a r t u r i t i o n ,  and during l a c t a t i o n .  For 

example, Thoman and Arnold (1968) found t h a t  m a te rna l ly -dep r ived  

animals had s i g n i f i c a n t l y  h igher  pup m o r t a l i t y  than m othe r- rea red ,  

and weight and growth parameters  1n su rv iv ing  pups were adverse ly  

a f f e c t e d  as w e l l .  In two d i f f e r e n t  s t u d i e s ,  premature weaning a t  14 

or  15 days produced s e l e c t i v e  d e f i c i e n c i e s  1n n e s tb u l ld ln g  behavior 

(Novakova, 1976) or  r e s u l t e d  in l e s s  co n tac t  and nurs ing  behavior 

shown by prematurely-weaned mothers (Skoln lck ,  Ackerman, Hofer and 

Weiner, 1980).  Reiss (1954) rea red  female r a t s  1n so c ia l  I s o l a t i o n ,  

and 1n an environment without manlpul ab le  o b j e c t s :  a f t e r  p a r t u r i t i o n  

th e se  animals did  not bu i ld  n e s t s ,  and a l so  had high pup m o r t a l i t y  

r a t e s ,  l a r g e ly  the  r e s u l t  of leav ing  n e s tb u l ld ln g  m a te r i a l s  and pups 

s c a t t e r e d  throughout the  cage.  E i b l - E ib e s f e ld t  (1955) and Wehmer 

(1965) showed t h a t  o b je c t -d ep r iv ed  animals could b u i ld  n e s t s  and 

r e a r  pups adequate ly  1n a f a m i l i a r ,  as opposed to  a novel 

environment.  Object -depr ived  animals s t i l l  showed delays  1n



n e s tb u l ld ln g  before  p a r t u r i t i o n ,  but not a f te rw a rd .  Rearing 1n 

unisexual  U t t e r s  (Sharpe,  1975) a l s o  adverse ly  a f f e c t e d  the  amount 

and q u a l i t y  o f  n e s tb u l ld ln g ,  compared with r ea r in g  1n bisexual 

l i t t e r s .

F i n a l l y ,  Gray and Chesley (1984) found t h a t  22 day-old male and 

female r a t s  were ab le  to  d i f f e r e n t i a t e  between r a t  pups o r  pup-s1zed 

toys  1n the  same manner as a d u l t s  (R o sen b la t t ,  1975),  but d id  not 

show th e  f u l l  range of maternal behaviors  during s e n s i t i z a t i o n .  

Retes ted as a d u l t s  with pups,  females and males preexposed to  pups 

as ju v e n i l e s  showed more r e t r i e v a l  and l i c k i n g  of  pups than those  

exposed only to  to y s .  Thus, while j u v e n i l e s  a re  capable of 

responding to  pups 1n the  same "maternal"  manner as a d u l t s ,  they 

d i f f e r  from a d u l t s  1n the  range and cons is tency  of  maternal 

behaviors  shown. Moreover, exposure t o  pups during the  j u v e n i l e  

per iod  apparen t ly  inc reases  s u s c e p t i b i l i t y  to  s e n s i t i z a t i o n  In 

adulthood.

These s tu d ie s  demonstrate t h a t  some aspec t  of each o f  those  

e a r ly  exper iences  produced a l t e r a t i o n s  1n p a r t i c u l a r  behav io r s ,  

which, In t u r n ,  a f f e c t ed  the  general q u a l i t y  of maternal 

performance.  One could conclude from th e se  t h a t  t h e r e  a re  d i s c r e t e  

p rocesses  or mechanisms which are  I n t r i n s i c  t o  the  s ep a ra te  

development of  each maternal behav ior ,  and t h a t  th e se  p rocesses  a re  

probably d i f f e r e n t  fo r  d i f f e r e n t  maternal behav io rs .  However, what 

i s  missing from most s t u d ie s  which have looked a t  the  e f f e c t s  o f



e a r ly  so c ia l  exper ience  on maternal behav ior ,  1s an examination of 

the  Impact of t h e i r  manipula tions  a t  various  po in ts  1n development.  

As I l l u s t r a t e d  by th e  Gray and Chesley s tu d y ,  j u v e n i l e  exper iences  

with In fan ts  1n and of themselves can a f f e c t  maternal responsiveness  

to  pups l a t e r  1n l i f e .  Thus, I t  1s necessary  t o  observe ,  and to  

e s t a b l i s h  r e l a t i o n s h i p s  between forms of maternal behavior  p a t t e rn s  

as they a re  a f f e c t e d  by e a r l y  exper ience  a t  d i f f e r e n t  t imes In l i f e .

The t h i r d  s e t  of experiments  1n t h i s  d i s s e r t a t i o n  wi l l  at tempt  to  

do so ,  p lac ing  p a r t i c u l a r  emphasis on looking a t  the  e f f e c t s  o f  

premature weaning o r  soc ia l  I s o l a t i o n  on maternal behavior p a t t e r n s  

both during  th e  j u v e n i l e  period and In adulthood.

Aims of This D is s e r t a t i o n

The fo regoing  s tu d ie s  are impor tant because they provide the  

bas is  f o r  the  design of an on togene t ic  approach t o  the  study of 

maternal behavior In the  r a t .  The presen t  work wi l l  u t i l i z e  t h i s  

approach t o  I n v e s t i g a t e  Is sues  a s so c ia te d  with th e  ontogeny of  

maternal behavior .  S ince ,  as d iscussed  above, j u v e n i l e s  can be 

s e n s i t i z e d ,  behaviors  e l i c i t e d  w i l l  be analyzed t o :  1) observe the

sep a ra te  components of maternal behavior  1n t h e i r  e a r ly  express ion ;  

2) observe changes 1n the  express ion  of  maternal behaviors  by 

manipula tions  which a l t e r  both the  in t e r n a l  (hormonal) and ex te rna l  

environment;  3) make comparisons between ju v e n i l e  and a d u l t  

express ion  of maternal behav io r s ;  and 4) observe the  e f f e c t s  of



e a r ly  exper ience  both a c u t e l y ,  and l a t e r  1n l i f e .

Development of Maternal Behaviors 

in  Prepuber ta l  Rats a t  Three Ages: 

A g e -C h a ra c te r i s t i c  P a t te rn s  of  Responses

When a d u l t  female and male r a t s  a re  continuously  exposed t o  

i n f a n t  r a t s  they w i l l ,  1n t ime ,  e x h ib i t  components o f  maternal 

behavior ( r e t r i e v i n g  and g a ther ing  pups; l i c k i n g ;  n e s tb u l ld ln g ;  

crouching 1n nurs ing  p o s i t i o n ) ,  s im i l a r  to  t h a t  shown by p a r t u r i e n t ,  

l a c t a t l n g  females (R o sen b la t t ,  1967; Fleming and R o se n b la t t ,  1974a; 

Re1sb1ck, Rosenbla tt  and Mayer, 1975). This phenomenon, whereby 

maternal behavior i s  e l i c i t e d  in the  presence of pups, termed 

" s e n s i t i z a t i o n " ,  has been r e l i a b l y  reproduced in a v a r i e ty  of 

lab o ra to ry  s t r a i n s  by numerous i n v e s t i g a t o r s  (see  review by 

R o sen b la t t ,  S ie g e l ,  and Mayer, 1979).

Bridges ,  Zarrow, Goldman and Denenberg (1974) showed t h a t  

p repuber ta l  r a t s  could a l so  be s e n s i t i z e d ,  with 24 day-olds  showing 

an average la tency  to  s e n s i t i z a t i o n  of about two days.  J u v en i l e  

l a t e n c i e s  r i s e  t h e r e a f t e r  to  about 6 days in 30 day-o lds  (Mayer, 

Freeman and R o se n b la t t ,  1979),  approximating a d u l t  l a t e n c i e s .

Unlike a d u l t s ,  p r i o r  to  45 days of age,  prepuber ta l  j u v e n i l e s  show 

l i t t l e  evidence of gender d i f f e r e n c e s  during s e n s i t i z a t i o n  (Mayer



e t .  a l . ,  1979).  However, weanling males do show more r e t r i e v a l  

behavior than females (Gray and Chesley,  1984),  which I s  not t ru e  of 

a d u l t  males (R o sen b la t t ,  1967; Lubln,  Leon, Moltz and Numan, 1972).

Dif fe rences  have a l s o  been observed between p repuber ta l  animals 

and a d u l t  females 1n the  q u a l i t y  of maternal behavior shown during 

pup exposure (see  Mayer, 1983, f o r  rev iew).  F i r s t ,  j u v e n i l e  

r e t r i e v i n g  appears to  have a “piecemeal" q u a l i t y .  For example, 

j u v e n i l e s  do not c o n s i s t e n t l y  r e t r i e v e  pups from day to  day, or  even 

wi th in  a s in g l e  t e s t  pe r io d .  Second, while  a l l  components of 

maternal behavior  have been observed a t  t imes In j u v e n i l e  r a t s ,  

r e t r i e v i n g  and l i c k in g  tend  to  be th e  predominant maternal 

a c t i v i t i e s  shown dur ing  s e n s i t i z a t i o n  (Gray and Chesley,  1984).

Thus, 1n ju v e n i l e  r a t s  r e t r i e v i n g  may not be r e p r e s e n t a t i v e  o f  o th e r  

maternal behav io rs ,  because of i t s  apparen t lack of  a s s o c ia t i o n  with 

them.

The f i r s t  major aim of  the  p resen t  i n v e s t i g a t i o n  was t o  address  

some of the  q ues t ions  regard ing  the  "piecemeal" q u a l i t y  of maternal 

behaviors  shown by ju v e n i l e  r a t s .  Because a t  roughly 18, 24 and 30 

days of age j u v e n i l e s  respond 1n c h a r a c t e r i s t i c a l l y  d i f f e r e n t  ways 

to  i n i t i a l  exposure to  in f a n t s  (Mayer and R o sen b la t t ,  1979b), we 

chose th e se  ages to  observe behaviors  s y s te m a t i c a l l y  during 

continuous pup exposure in our s t r a i n .  We were i n t e r e s t e d  in 

t r a c in g  the  occurrence and frequency of  each o f  th e  maternal 

behaviors  ( r e t r i e v i n g ;  l i c k i n g ;  n e s tb u l ld ln g ;  crouching) to



determine: 1) whether t h i s  procedure would s e l e c t i v e l y  f a c i l i t a t e

some maternal behaviors  b e t t e r  than o t h e r s ;  and 2) whether these  

would vary with re spec t  t o  each agegroup. Since previous  work has 

in d ic a te d  t h a t  j u v e n i l e s  do not commence organized maternal behavior  

1n the  same a l l - o r - n o n e  fa sh ion  as a d u l t  fem ales ,  our hypothesis  was 

t h a t  before  puber ty ,  maternal behaviors  a re  not well c o r r e l a t e d .  We 

a l so  wished to  determine whether in c re a s in g  I n t e g r a t io n  of maternal 

behaviors  would emerge as a func t ion  of age.

A second major aim of t h i s  study was t o  f u r t h e r  c h a r a c t e r i z e  

g regar ious  behaviors  d i r e c t e d  a t  pups by j u v e n i l e s  a t  18, 24 and 30 

days of  age .  I t  has been suggested t h a t  f o r  j u v e n i l e s  maternal 

behavior may a r i s e  from a genera l ized  g regar iousness  which changes 

both o n to g e n e t l c a l ly  and with  r e l a t i o n  to  pup s t im u l i  (Bridges e t .  

a l . ,  1974; Mayer, 1983; Mayer and R o sen b la t t ,  1979b). In t h i s  

c o n tex t ,  the  term "gregar ious"  has been used to  d e sc r ib e  a general  

a f f i n i t y  fo r  body co n tac t  with pups on th e  p a r t  o f  j u v e n i l e s .  

However, in the  U t t e r  s i t u a t i o n  ju v e n i l e  g regar iousness  1s a l so  

expressed as h ighly  s p e c i f i c  s e t s  of  behaviors  ( “play behaviors" )  

performed with s i b l i n g s  and which vary in  occurrence  and frequency 

by age and sex (Meaney and S tew ar t ,  1981).  On the  b a s i s  of p i l o t  

obse rva t ions  of j u v e n i l e s  during both pup exposure and s i b l i n g  play 

bouts  we chose to  observe a few e a s l l y - r e c o g n iz a b l e  behaviors  as 

"play" markers (Poole and F ish ,  1975; Meaney and S tew ar t ,  1981;

Pel 11s and Pel 11s ,  1983).  Using t h e s e ,  we proposed to  t e s t  the



hypothesis  t h a t  play behaviors  form th e  " s u b s t r a t e - from which some 

maternal behaviors a r i s e  1n j u v e n i l e s .  By looking a t  the  occurrence
I

and frequency of a l l  behaviors  s e p a r a t e l y ,  we hoped t o  observe 

r e l a t i o n s h i p s  between s p e c i f i c  forms o f  g regar ious  b ehav io r s ,  such 

as p lay ,  and s p e c i f i c  maternal behaviors .  A su b s id ia ry  hypothes is  

was t h a t  1f such r e l a t i o n s h i p s  e x i s t e d  between ju v e n i l e  g regar ious  

behaviors  and maternal behav io r s ,  then they might change with age.

Methods

Subjec ts  and Housing

The s u b je c t s  were 18 (n=17: 14 females /3  m a les ) ,  24 (n=18: 10 

females /8  males) and 30 day-o ld  (n*17: 10 females/7  males) Wlstar 

s t r a i n  r a t s  (Rattus  norveglcus)  born in the  lab o ra to ry  to  dams 

received  a t  18-19 days of  pregnancy from Marland Farms (New J e r s e y ) .

Dams were housed in t e r r a r i a .  (40 x 20 x 24 cm) with wood shavings 

as bedding m a t e r i a l .  Food (Purina Rat Chow #5008) and water  were 

a v a i l a b l e  ad l ib i tu m .  Animals were maintained under cond i t ions  of 

r egu la ted  temperature  (23P + 2*) and a reversed  12 hr  dark /11ght 

cycle  with l i g h t s  o f f  a t  0700 and on a t  1900 h r s .  All l i t t e r s  were 

c u l le d  t o  9-10 pups w i th in  72 hr o f  b i r t h  and l e f t  und is tu rbed  u n t i l  

e i t h e r  the  day p r i o r  t o  t e s t i n g  or u n t i l  24 days o f  age (weaning),  

whichever came f i r s t .



Test ing  Conditions

Subjects  were a l l  t e s t e d  1n the  maternal room 1n which they 

were r a i s e d .  Throughout th e  s e n s i t i z a t i o n  per iod  animals were 

housed I n d iv i d u a l ly  1n t e r r a r i a  of  the  same dimensions as home cages 

but which were modif ied with f i n e ,  wire  mesh (guage * 0 .3  cm square) 

f a l s e  bottoms placed over shav ings .  The f a l s e  bottoms f a c i l i t a t e d  

see ing  nes t  c o n s t r u c t i o n  more e a s i l y ,  but al lowed u r in e  t o  pass 

through to  the  shavings  below. A handful o f  shav ings ,  two shredded 

paper tow e ls ,  r a t  chow and a small amount of U t t e r  from the  home 

cage were s c a t t e r e d  about t h e  f a l s e  bottom, and a water b o t t l e  was 

suspended from th e  cage to p .  During th e  dark cycle  the  room was 

i l lu m in a te d  by a 75W red bulb suspended from the  c e l l i n g  over the  

t e s t  a re a .  A lamp with a 25W red bulb placed in f r o n t  of cages 

(approximately 0 .5  meter away) provided a d d i t io n a l  i l l u m in a t io n  

during t e s t i n g .

Observation Procedures

On Day 0 of t e s t i n g ,  a f t e r  two hours of h a b i tu a t io n  to  th e  new 

cage,  p r e s e n ta t i o n  of  2 f r e s h ly - s u c k le d  pups ( t e s t  pups) provided by 

a donor female ,  began. Tes t ing  was done between 1300 and 1800 h r s .  

Test  pups ranged in  age from 3 t o  8 days o ld .  For the  f i r s t  t e s t  

(Day 0) t e s t  pups were placed 1n the  f r o n t  of the  cage; t h e r e a f t e r  

they were p laced In the  f r o n t  co rne r  o p p o s i te  the  s u b j e c t s '  s l eep in g



n e s t s .  At the  t ime of  p r e s e n t a t i o n ,  t ime-samples of behavior were 

recorded over a 15-mln p e r io d .  An observat ion  co n s i s ted  o f  noting 

1n a 5-sec  per iod  th e  occurrence of  the  behaviors  desc r ibed  below. 

Each animal was observed a t  l-m1n I n t e r v a l s  f o r  a t o t a l  of 16 times 

per 15-mln se s s io n  (Time 0 -  Time 15 * 16 samples).  I t  was from 

these  time samples t h a t  we derived our  frequency d a ta .  The t e s t  

pups remained with  each s u b jec t  f o r  24 h r ,  a t  which t ime they were 

replaced with a f r e sh  p a i r  of t e s t  pups,  and another  15-mln 

observa t ion  se s s io n  began. Me followed t h i s  procedure f o r  5 days 

(Days 0-4) o f  exposure to  pups.

In add i t ion  to  the  15 minute t e s t ,  beginning on Day 1, 15-30 

m1n p r i o r  t o  p r e s e n ta t i o n  o f  new t e s t  pups,  we noted th e  p o s i t i o n s  

o f  s u b jec t s  and t e s t  pups 1n the  cage,  as well as th e  occurrence of 

r e t r i e v i n g ,  c rouching ,  n e s tb u l ld ln g  or l i c k i n g .  We a l so  ra ted  the  

q u a l i t y  of  subjec ts*  n e s t s  using a r a t i n g  system developed a f t e r  

Mayer and Rosenb la t t  (1979a).

Variables  Recorded

There was a t o t a l  of  16 behaviors Included 1n our behavioral  

observa t ion  c h e c k l i s t .  They can roughly be d iv ided  In to  the  

fo llowing fou r  c a t e g o r i e s :  A) Maternal Behaviors;  B) Play &

Explora tory  Behaviors ;  C) Other (Noncontact) Behaviors;  D) Passive  

Contac t .  Maternal Behaviors (A) Included: 1) Re t r ieve  -  j u v e n i l e

picks  up pup and c a r r i e s  i n to  nes t  o r  s le e p in g  a r e a ;  2) Pupcarry -



j u v e n i l e  plckes  up or  moves ( p u s h e s /p u l l s )  pup, but not any 

app rec iab le  d i s tan ce  to  nes t  or s leep ing  a rea ;  3) Nestbulld  - 

j u v e n i l e  picks up ne s t ing  m ate r ia l  and places  I t  1n nes t  o r  a rranges  

placement of nes t ing  m ate r ia l  1n n e s t ;  4) Ventral  Crouch -  ju v e n i l e  

crouches over pup with back r a i s ed  In an arch and legs  sp layed ,  

exposing I t s  ven tra l  a rea  (n ipp le  l i n e )  t o  pup (s ) ;  5) Anogenital 

l i c k  - j u v e n i l e  engages 1n l i c k in g  pup 's  anogenita l  a rea  f o r  a 2-5 

sec pe r iod .  Play & Explora tory  Behaviors (B) which were d i r e c t e d  a t  

pups Included: 1) Charge -  j u v e n i l e  r a p id ly  approaches pup with

bounding, leap ing  or  hopping motions ,  behavior normally seen 1n 

con tex t  of  s i b l i n g  play bouts  ( a f t e r  Poole and F1sh, 1975); 2)

Pounce -  j u v e n i l e  hops 1n an a r c ,  landing with f r o n t  paws and muzzle 

on pup, motion usua l ly  d i r e c t e d  toward nape of  th e  neck 1n ju v e n i l e  

play bouts (Poole and F1sh, 1975; P e l H s  and Pel 11s ,  1983).  3)

S n i f f / l i c k /p a w  - s n i f f i n g ,  l i c k in g  and /or  pawing pup, exc lus ive  of  

anogeni ta l  a r e a ,  u sua l ly  seen in j u v e n i l e s  in f i r s t  5 min of  

exposure ( a f t e r  Mayer and R osenb la t t ,  1979b). Other Behaviors (C) 

included a l l  of the  following behaviors  performed while not in 

con tac t  with pups: 1) Self-groom - j u v e n i l e  grooms face  or  body;

2) Rest -  j u v e n i l e  s i t s ,  l i e s ,  r e c l i n e s ;  3) Ea t /Drink;  4) Locomote 

-  any locomotor a c t io n  invo lv ing  four l imbs,  inc lud ing  walking, 

running , hopping, d igg ing ,  not d i r e c t e d  a t  pup; 5) S n i f f in g  - 

s n i f f i n g  cage,  o b jec t s  1n cage,  a i r ;  6) Pica -  chewing on o b je c t s  

not food, e . g . ,  shavings;  7) Rear -  j u v e n i l e  r ea rs  on hind l e g s ,  or



cl 1mbs water b o t t l e .  Pass ive  Contact  (D) -  j u v e n i l e  engages 1n any 

v e g e ta t iv e  a c t i v i t y  1n body con tac t  with p u p (s ) ,  e . g . ,  

s e l f -g room ing ,  ly in g /h u d d l in g ,  e a t i n g ,  d r in k in g ,  p i c a ,  e t c .

Observer R e l i a b i l i t y

Three o b se rv e r s ,  1n add i t ion  to  the  f i r s t  au th o r ,  were Involved 

In da ta  c o l l e c t i o n .  Observer r e l i a b i l i t y  was evalua ted  by 

conducting Ind iv idual  record ing  sess ions  with each of  the  th re e  

observers  f o r  2-6 days of  t e s t i n g  (8 animals t e s t e d  per day) .  

Agreement of each of  the  observers  with the  f i r s t  au thor was found 

t o  average 82%.

Data Analysis

Observation da ta  were analyzed with th r e e  ques t ions  1n mind.

The f i r s t  ques t ion  addressed whether o r  not r e t r i e v a l  behavior could 

be c o r r e l a t e d  with o the r  maternal behaviors  fo r  ind iv idua l  j u v e n i l e s  

w i th in  each agegroup. C r i t e r i o n  f o r  Inc lus ion  In w1th1n-1nd1vidual 

a s s o c i a t i o n s  was the  f i r s t  occurrence of  two consecutive  days o f  one 

or  more of th e  four  maternal v a r i a b l e s .  We a l so  d id  

between-agegroup comparlsions of pe rcen ts  of animals mate rna l ;  

l a t e n c i e s  t o  become maternal were a l s o  compared between agegroups.  

For t h i s  measure, we def ined  as "maternal"  animals who r e t r i e v e d  a t  

l e a s t  one pup dur ing  a 15 mln t e s t  fo r  two consecu t ive  days ,  a 

c r i t e r i o n  t h a t  has been used in previous  s tu d ie s  with a d u l t  an imals .



Since t h e i r  d i s t r i b u t i o n s  were not n e c e s s a r i l y  normal,  l a tency  and 

percen t  da ta  were analyzed us ing nonparametr lc  t e s t s  (Kruskal-WalHs 

repeated  measures;  Mann-Wh1tney U; S i e g e l ,  1956). W1th1n-1nd1v1dual 

a s s o c i a t i o n s  were analyzed us ing po1n t -b1se r ia l  c o r r e l a t i o n s  

(Welkowltz, Ewen and Cohen, 1971).

For th e  second quest ion  frequency data  derived from 

time-samples  were used t o  determine d i f f e r e n c e s  among th e  th r e e  

agegroups in l e v e l s  of  performance of  each behavioral  v a r i a b l e .  For 

t h i s  measure,  no c r i t e r i o n  f o r  performance was u t i l i z e d .  Dally 

pe rcen t  occurrences  of each behavioral  v a r i a b le  were a l so  examined 

and were found t o  be congruent with frequency d a t a ;  th e r e f o r e  

frequency da ta  were used,  due t o  the  Increased  sample s i z e s  which 

they a f fo rd e d ,  and the  more powerful ana lyses  p o s s ib le  on normally 

d i s t r i b u t e d  data  (Winer, 1971).  A nes ted  design blocked on 

r e p l i c a t i o n s  with repea ted  measures was employed t o  e v a lu a te  main 

e f f e c t s  and i n t e r a c t i o n s  of agegroup, sex and days o f  t e s t i n g  f o r  

each behavior  (ANOVA: AGE x SEX x DAY). The Newman-Keuls t e s t  was

u t i l i z e d  to  make s p e c i f i c  comparisons between ind iv idua l  means. In 

a d d i t i o n ,  l i n e a r  r e g re s s io n  analyses  were performed (based on 3-way 

ANOVA main and I n t e r a c t i o n  e f f e c t s ,  above) to  determine whether or 

not behavioral  f requenc ies  changed 1n an o rd e r ly  fa sh ion  w i th in  each 

agegroup over the  f i v e  days of t e s t i n g .  Frequencies  on Day 0 were 

then s e p a ra te ly  analyzed t o  determine the  r e l a t i v e  c o n t r ib u t io n s  of  

m atura t lona l  and s e n s i t i z a t i o n  p ro cesses .  For s t a t i s t i c a l  t e s t s  of



frequency d a t a ,  l i t t e r  e f f e c t s  were t e s t e d  using Ind iv idua l  w i th in  

l i t t e r  as the  e r r o r  term. t

The t h i r d  quest ion  addressed  how ju v e n i l e  g regar ious  behaviors  

r e l a t e  to  maternal behav io rs .  For t h i s  measure p r in c ip a l  component 

analyses  (with r o t a t i o n s )  were u t i l i z e d  to  determine whether or not 

th e r e  were under ly ing  r e l a t i o n s h i p s  among these  behavioral  v a r i a b l e s  

w i th in  each of  the  agegroups.  These analyses  a l s o  provided another  

means to  assess  i n t e g r a t i o n  of  the  maternal behaviors  w i th in  

agegroups,  though not wi th in  I n d iv i d u a l s .

Questions two and t h r e e  were analyzed using SAS ( S t a t i s t i c a l  

Analysis  System, Cary,  N.C.) on Monteflore  Medical C e n t e r ' s  IBM 

370/30810 computer.

Results

S e n s i t i z a t i o n  in  J u v e n i l e s :  R e t r iev ing  and Other Maternal Behaviors

Eighteen , 24 and 30 day-o lds  which were s e n s i t i z e d  d id  not 

d i f f e r  with re spec t  to  l a t e n c i e s  to  r e t r i e v e :  median l a t e n c i e s  were 

2 ,  1 and 2 days ,  r e s p e c t i v e l y .  However, as shown 1n Table 1, the re  

were s i g n i f i c a n t  d i f f e r e n c e s  among agegroups 1n th e  percentage  o f  

animals t h a t  r e t r i e v e d  (H*8.26, df=2,  p»0.02; tw o - ta 1 le d ) .

Post  hoc t e s t s  showed t h a t  24 day-o lds  accounted f o r  t h e se  

d i f f e r e n c e s  with s i g n i f i c a n t l y  higher cumulative percentages



r e t r i e v i n g  than e i t h e r  18 o r  30 day -o ld s .  There were no sex 

d i f f e r e n c e s  wi th in  any of  the  agegroups fo r  t h i s  measure.

Table 2a shows t h a t  n ine  18 d ay -o ld s ,  seventeen 24 day-o lds  and 

eleven 30 day-o lds  met c r i t e r i o n  f o r  po1nt-b1ser1al a n a l y s i s ,  

showing a t  l e a s t  one maternal behavior fo r  two consecu t ive  days .  We 

found t h a t  s i g n i f i c a n t l y  more 24 day-o lds  met c r i t e r i o n  than e i t h e r  

18 or  30 d ay -o ld s ,  t h i s  measure p a r a l l e l i n g  r e s u l t s  fo r  r e t r i e v i n g .  

None of the  groups showed a s i g n i f i c a n t  c o r r e l a t i o n  between the  

occurrence  of  r e t r i e v i n g  and the  appearance o f  one or  more o f  th e  

o th e r  maternal behaviors  1n Indiv idual  an imals .  When we Included 

In d iv id u a ls  showing any maternal behavior without Imposing a 

c r i t e r i o n  fo r  cons is tency  (Table 2b) we found t h a t  In d iv id u a ls  a t  30 

days did  show a s i g n i f i c a n t  c o r r e l a t i o n .  These da ta  suggest  t h a t  

animals of t h i s  age can show a l l  of the  maternal behaviors  a t  l e a s t  

once during t e s t i n g ,  but t h e r e  1s l i t t l e  evidence of  I n t e g r a t io n  or 

cons is tency  in t h e i r  e x p re ss ion .  However, as Tables 2a and b show, 

the  d i r e c t i o n  and amount of change 1n c o e f f i c i e n t s  across  ages 

sugges t  the  p o s s i b i l i t y  of  development of an i n t e g r a t i v e  capac i ty  

with In c reas in g  age.

Maternal Behaviors :  Frequency Data -  Age-Related Differences

Given t h a t  l i t t l e  1f any, I n t e g r a t i o n  o f  maternal behaviors  

occurs in j u v e n i l e  r a t s ,  we next looked a t  the  frequency of  

occurrence of each behavior ,  t o  f u r t h e r  d i s t i n g u i s h  our agegroups.



I t  should be noted t h a t  f r equenc ies  shown a re  r e l a t i v e  to  t h e  t o t a l  

number of observa t ions  p o s s ib le  based on t1me-samples over the  

e n t i r e  f ive -day  per iod  of  t e s t i n g  (16 per day t imes 5) f o r  each 

behavioral  v a r i a b l e .  The mean f requencies  over f i v e  days f o r  

maternal behaviors and co n tac t  a re  shown f o r  each agegroup In Figure 

1.
The main e f f e c t s  of Age and Sex fo r  the  maternal behaviors  and 

fo r  con tac t  over the  f i v e  days of  t e s t i n g  a re  as fo l lows:  1) 24

day-o lds  showed h igher  f requencies  o f  r e t r i e v i n g  than e i t h e r  18 o r  

30 day-olds  {F=11.56, df*2,46» p=0.0001);  2) 18 day-o lds  engaged In

more co n tac t  than the  o ld e r  two groups (F=22.6,  d f=2,46 ,  p=0.0001);

3) 24 and 30 day-o lds  engaged 1n more anogeni ta l  l i c k in g  of  pups 

(F-4 .17 ,  d f=2 ,46 ,  p=0.02) than 18 day -o lds .  We found no d i f f e r e n c e s  

among the  agegroups f o r  v en t ra l  crouching , which occurred a t  very 

low f requencies  throughout t e s t i n g .  There was an Age x Sex 

In t e r a c t i o n  f o r  n e s tb u l ld ln g  (F=5.72, d f*2 ,46 ,  p=0.0061):  t h i s  was 

accounted fo r  by the  18 day-old males,  which showed higher 

f requenc ies  of  n e s tb u l ld ln g  than e i t h e r  24 o r  30 day-o ld  males ,  o r  

18 day-o ld  females .  These da ta  should be i n t e r p r e t e d  with c a u t io n ,  

however, due t o  the  few animals (n*3) which comprised t h i s  group. 

Otherwise,  frequency d i s t r i b u t i o n s  f o r  18 day-old males were 

congruent with t h a t  of  18 day-old females f o r  th e  o th e r  behavioral  

measures.  There was a l so  a tendency fo r  18 and 24 day-o ld  females ' 

to  engage in more pass ive  co n tac t  than males (F -3 .21 ,  d f - 1 ,4 6 ,



p=0.07);  t h i s  was not t r u e  of  30 day -o ld s ,  which showed no sex 

d i f f e r e n c e  fo r  t h i s  measure.

These data  In d ic a te  t h a t  th e re  1s s e l e c t i v e  f a c i l i t a t i o n  of 

some maternal behaviors  but not o t h e r s ,  depending upon the  age o f  

ju v e n i l e s  t e s t e d :  fo r  example,  r e t r i e v i n g  1n 24 day -o lds ,  l i c k in g  1n 

24 and 30 day-o lds .  We next a ttempted t o  determine whether o r  not 

p a t t e rn s  of maternal behaviors  expressed over 5 days of  exposure to  

pups a l so  v a r ied  with age.

Maternal Behaviors :  Linear Regression Analyses -  Age-Related

P a t te rn s  of Change

For those  v a r i a b le s  f o r  which we found main e f f e c t s  of age,  day 

or I n t e r a c t i o n s  of  the  two, we next looked f o r  o rd e r ly  changes 1n 

frequencies  of behaviors  over the  f i v e  days of t e s t i n g ,  using l i n e a r  

reg re ss ion  a n a ly se s .  The changes over time f o r  the  th re e  agegroups 

fo r  r e t r i e v i n g ,  n e s t b u i ld in g ,  v en t ra l  c rouching,  and anogenita l  

l i c k in g  are  shown in  Figure 2; co n tac t  1s shown 1n Figure 3. We 

a l so  d id  comparisons between agegroups (18 versus 24; 24 versus  30) 

on Day 0 t o  determine whether or not the  I n i t i a l  l e v e l s  of  th e se  

behaviors  could be a t t r i b u t e d  to  e i t h e r  matu ra tional ( I . e . ,  

a g e - r e l a t e d )  or s e n s i t i z a t i o n  ( i . e . ,  exposure t o  pups) p ro cesses .

For r e t r i e v i n g  (Figure 2 a ) ,  e s t im ates  f o r  changes in  s lope  over 

the  f i v e  days i n d ic a ted  an In c reas in g  func t ion  f o r  a l l  t h r e e  

agegroups (F=12.51, df=4, p=0.0001):  fo r  24 and 30 day-o lds  t h i s



represen ted  a s i g n i f i c a n t  Inc rease  ( t» 4 .7 8 ,  p*0.0001; t= 3 .4 3 ,  

p-0.0006) In r e t r i e v i n g ;  fo r  18 day-o lds  t h i s  represen ted  a tendency 

( t» 1 .7 1 ,  p -0 .0 8 ) .  Indiv idual comparisons showed no d i f f e r e n c e s  on 

Day 0 l e v e l s  of  r e t r i e v i n g ,  In d ic a t in g  no p a r t i c u l a r  I n i t i a l  

p re fe rences  to  r e t r i e v e  as a func t ion  o f  age.

Like r e t r i e v i n g ,  pupcarrylng Increased over t ime f o r  a l l  th r e e  

agegroups (F»7.55, df*4,  p=0.0001); t h i s  was s i g n i f i c a n t  f o r  18 and 

30 day-o lds  only ( t * 3 .5 0 ,  p=0.0005; t » 3 .1 4 ,  p*0.0017, r e s p e c t i v e l y ) .

Also l ik e  r e t r i e v i n g ,  we found no Day 0 d i f f e r e n c e s  r e l a t i n g  to  

I n i t i a l  p re fe rences  by age.

There were no changes 1n e i t h e r  n e s tb u l ld ln g  or  ven t ra l  

crouching over t ime f o r  any of  th e  t h r e e  agegroups.  For 

n e s tb u l ld ln g  t h i s  was probably the r e s u l t  o f  the  non l inea r  

appearance of  the  da ta  (F igure  2b).  For c rouching ,  l e v e l s  of 

f r equencies  were low f o r  a l l  o f  the  groups (Figure 2c ) .

Anogenital l i c k in g  showed the  same general  p a t t e r n  as 

r e t r i e v i n g  (F igure 2d) ,  with the  func t ion  in c reas in g  over t ime 

(F=7.88, df=4,  p=0.0001):  t h i s  was s i g n i f i c a n t  f o r  24 and 30 

day-o lds  ( t* 4 .0 8 ,  p*0.0001; t= 2 .0 6 ,  p=0.039),  but not f o r  18 

day-o lds .  Day 0 comparisons showed no a g e - r e l a t e d  b a se l in e  

d i f f e r e n c e s  in anogeni ta l  l i c k in g :  t h a t  1s ,  none of the  groups 

d i f f e r e d  1n the  i n i t i a l  amount of l i c k in g  shown on Day 0.

The a n a ly s i s  of  co n tac t  (F igure  3) showed some i n t e r e s t i n g  

m atura t lona l  d i f f e r e n c e s  among the  th r e e  agegroups (F -17 .60 ,  df*4 ,



p-0 .0001) .  For 18 day-o lds  con tac t  decreased s i g n i f i c a n t l y  over  the  

f i v e  days of  t e s t i n g  ( t= 2 .85 ,  p=0.0044),  whereas fo r  24 and 30 

day-o lds  I t  Increased  as a func t ion  of t e s t i n g  ( t* 3 .9 9 ,  p-0 .0001; 

t* 5 .3 6 ,  p=0.0001).  Day 0 between-group comparisons showed t h a t  18 

day-o lds  had s i g n i f i c a n t l y  h igher  b a se l in e  f requenc ies  of  con tac t  

than both 24 and 30 day-olds  (p*0.01; ps 0 .0 1 ) .  Twenty-four day-o lds  

a l so  had h igher  Day 0 f req u en c ies  than 30 day-o lds  (p»0 .01) ,  

I n d ic a t in g  t h a t  f o r  t h i s  measure spontaneous,  a g e - r e l a t e d  

d i f f e r e n c e s  were p re s en t :  I . e . ,  younger animals showed more of  an

I n i t i a l  p ropens i ty  to  engage In con tac t  than o ld e r  an imals ,  without 

previous  exposure t o  pups. These d a t a ,  l i k e  the  analyses  In th e  

previous  s e c t i o n ,  I n d ic a te  both d i f f e r e n c e s  and s i m i l a r i t i e s  1n the  

p a t t e r n s  o f  maternal behaviors  expressed 1n response to  pups over 

t ime .  R e t r iev ing  and l i c k in g  showed f a c i l i t a t i o n ,  but not crouching 

or n e s tb u l ld in g .  With th e  exception  of  c o n t a c t ,  we found no 

i n t r i n s i c  d i f f e r e n c e s  in p re fe rences  to  express these  behaviors  a t  

any age.

Other Behaviors:  Frequency Data and Linear Regression - D if fe rences

and P a t t e rn s

Having considered  maternal behaviors  1n some d e t a i l  we analyzed 

o the r  behavioral  v a r i a b l e s  to  determine whether or  not th e se  would 

y i e l d  a g e - r e l a t e d  d i f f e r e n c e s  among the  agegroups.  Summaries of 

mean f requenc ies  over f i v e  days f o r  nonmaternal v a r i a b l e s  a re  shown



fo r  each agegroup in  Figure  4.

The d i r e c t i o n  of  main e f f e c t s  f o r  each v a r i a b l e ,  b r i e f l y  

summarized, a re  as fo llows (Table 3):  1) 30 day-o lds  charged t e s t

pups more than e i t h e r  18 o r  24 d ay -o ld s ,  they a l so  reared  more than 

18 or  24 day -o lds ;  2) 24 and 30 day-o lds  self-groomed and s n i f f e d  

more than 18 d ay -o lds ;  24 day-olds  a l so  rea red  more than 18 

day-o lds ;  3) 18 day-o lds  did more sn1ff1ng/l1ck1ng/paw1ng of  pups,  

and a t e  more than 24 and 30 d ay -o lds .

Linear r eg re ss io n  analyses  on th e se  behaviors  In d ica ted  th e  

fo llowing changes 1n func t ions  over t ime (Table 3b) .  There was a 

s i g n i f i c a n t  Inc rease  1n pouncing behavior  (F igure  5a) on th e  p a r t  o f  

a l l  t h r e e  agegroups over the  f i v e  days o f  t e s t i n g ,  with 18 day-olds  

showing the  g r e a t e s t  change, 30 day-o lds  showing th e  l e a s t  and 24 

day-o lds  having a value midway between the  two. Day 0 comparisons 

fo r  t h i s  v a r i a b l e  i n d ic a ted  t h a t  t h e r e  were no d i f f e r e n c e s  1n 

b a se l in e  l e v e l s  among the  th re e  agegroups.

For s n i f f / l i c k / p a w  (F igure  5b) ,  a l l  groups showed s i g n i f i c a n t  

decreases  (Table 3b) with t ime .  A s im i l a r  p a t t e r n  was shown fo r  

locomotion (Table 3b) ;  however, only 24 day-o lds  showed a 

s i g n i f i c a n t  d e c l i n e .  Day 0 comparisons showed no spontaneous 

d i f f e r e n c e s  among th e  th r e e  agegroups upon I n i t i a l  exposure.

There were I n d ic a t io n s  of  developmental d i f f e r e n c e s  1n o the r  

behavioral  v a r i a b l e s  as well (Table 3b).  For se l f -g rooming 18 

day-o lds  showed a s i g n i f i c a n t  Inc rease  with t ime,  30 day-olds  a



decrease ,  with 24 day-o lds  showing no change. Rearing was s i m i l a r  

in form: 18 day-o lds  showed a s i g n i f i c a n t  I n c re a s e ,  30 day-o lds  a

s i g n i f i c a n t  dec rea se ,  24 day-o lds  no change. Rest ing showed a 

s i g n i f i c a n t  decrease  on the  p a r t  o f  18 day-o lds  and s i g n i f i c a n t  

in c rease s  by 24 and 30 day-o lds .  O v e ra l l ,  th e  da ta  suggest  a 

developmental break between o ld e r  and younger ju v e n i l e s  with re spec t  

t o  these  noncontact  behav io r s ,  with 18 and 30 day-olds  g e n e ra l ly  a t  

two extremes,  and with 24 day-olds  having values midway between.

Nest Ratings

We found no d i f f e r e n c e s  among any of  our agegroups,  nor between 

the  sexes f o r  nes t  r a t i n g s .  The average r a t i n g s  ranged from 1.8 -  

2.45.  We a l so  found no changes 1n nes t  r a t in g s  over t ime fo r  any of 

the  th r e e  groups.

P r inc ipa l  Component/Factor Analyses:  Re la t ionsh ips  Among Behavioral

Variables

Since we were i n t e r e s t e d  1n the  i n t e r r e l a t i o n s h i p s  among many 

behavioral  v a r i a b l e s  w i th in  and between c a te g o r ie s  of  behav io rs ,  we 

next sub jec ted  the  frequency da ta  to  p r in c ip a l  component a n a ly se s .  

This i s  a method o f  t ransforming a given s e t  o f  v a r i a b le s  i n to  a new 

s e t  of composite v a r i a b le s  (p r in c ip a l  components) t h a t  are  

orthogonal (u n co r re la ted )  with one ano ther .  The f i r s t  p r in c ip a l  

component 1s the  bes t  s in g le  d e s c r i p t o r  of the  l i n e a r  r e l a t i o n s h i p s



in the  d a ta .  Subsequent components b e s t  summarize remaining 

r e l a t i o n s h i p s  1n the  data  a f t e r  var iance  from each preceding 

component 1s removed, u n t i l  a l l  the  va r iance  1n th e  da ta  1s 

accounted f o r .  Each of  the  o r ig i n a l  v a r ia b le s  Is rep resen ted  on a 

component by a c o e f f i c i e n t ,  c a l l e d  a " load ing" ,  and th e  t o t a l  amount 

of  va riance  accounted f o r  by a given f a c t o r  Is  expressed as an 

"eigenvalue" {the summation of squares  of  the  loadings  on each 

f a c t o r )  (N1e, Hull ,  J e n k in s ,  S te lnbrenner  and Bent,  1975). With 

t h i s  technique we were a t tem pt ing  to  look f o r  underlying s e t s  of  

r e l a t i o n s h i p s  among a l l  of the  v a r i a b l e s ,  I . e . ,  to  see which 

behaviors  would c l u s t e r  to g e th e r  as f a c t o r s .  This was done f o r  each 

o f  the  th re e  agegroups t o  determine whether or not the  r e l a t i o n s h ip s  

would prove to  be th e  same, o r  would vary with  age.  We decided t o  

examine those f a c t o r s  which accounted fo r  maternal and play 

v a r i a b l e s ,  as well as p ass ive  co n tac t  and I t s  a s so c ia te d  behav iors .  

With one exception only the  f i r s t  two f a c t o r s  accounted fo r  

r e l a t i o n s h i p s  among only maternal and play v a r i a b l e s .  These 

accounted fo r  approximate ly  25% o f  the  t o t a l  variance  f o r  each 

agegroup. Other f a c t o r s  were excluded from I n t e r p r e t a t i o n  because 

they had e igenvalues  of l e s s  than 1.0 o r  were not r e levan t  to  our 

a n a l y s i s .  S t i l l  o th e r  f a c t o r s  r e f l e c t e d  the  unique c o n t r ib u t io n  of 

a p a r t i c u l a r  maternal v a r i a b l e  and hence did not exp la in  a p a t t e rn  

of r e l a t i o n s h ip s  among v a r i a b l e s ,  but r a t h e r ,  the  e x i s t en c e  o f  a 

s ep a ra te  e f f e c t .  The r e s u l t s  of th e  p r in c ip a l  component analyses  are



shown In Table 4.

We found t h a t  fou r  behav io rs ,  r e t r i e v e ,  pupcarry ,  charge and 

pounce loaded most heav i ly  onto Fac to r  1 f o r  a l l  t h r e e  o f  the  

agegroups,  I n d ic a t in g  t h a t  th e re  1s an underly ing r e l a t i o n s h i p  

between these  "maternal" and "play" v a r i a b l e s ,  r e g a rd le s s  o f  th e  age 

o f  ju v e n i l e s  t e s t e d .  Contact  and r e s t i n g  ( i . e . ,  r e s t i n g  1n c o n tac t )  

loaded onto Facto r  2 fo r  th e  th re e  agegroups,  In d ic a t in g  t h a t  t h i s  

s e t  of qu ie t  behaviors  Is  u n co r re la ted  with a c t i v e  maternal and play 

behav iors .  Factor 4 showed an i n t e r e s t i n g  developmental d i f f e r e n c e  

1n t h a t  only ven tra l  crouch loaded heav i ly  onto t h i s  f a c t o r  fo r  the  

18 day -o ld s ,  whereas both ven t ra l  crouch and anogeni ta l  l i c k  loaded 

fo r  the  o lde r  two groups ( f o r  18 day-o lds  anogeni ta l  l i c k  appeared 

a lone on Factor 9) .  Moreover, th e se  maternal behaviors  a re  

un re la ted  to  r e t r i e v i n g  behavior loading on Fac tor  1 because they 

appear on orthogonal f a c t o r s .  Nestbu i ld lng  appeared alone on Facto r  

8 fo r  18 day-o lds  with an extremely high load ing ;  the  same v a r i a b le  

loaded heav i ly  onto Fac tor  9 fo r  the  24 and 30 day -o ld s ,  I n d ic a t in g  

t h a t  t h i s  maternal behavior i s  u n c o r r e l a ted  with a l l  o th e r  maternal 

behaviors  loading onto o th e r  f a c t o r s .  For th e  24 day-o lds  

r e t r i e v i n g  loaded onto the  same f a c t o r  with n e s tb u l ld ln g ;  the  

s ig n i f i c a n c e  of t h i s  a s s o c i a t i o n  1s u n c le a r .

Taken t o g e t h e r ,  these  da ta  I n d ic a te  t h a t  an a s s o c i a t i o n  e x i s t s  

between r e t r i e v i n g  behaviors  and play behaviors  r e g a rd le s s  of  age,  

and show the  emergence of an a s s o c ia t i o n  between crouching and



and l i c k in g  1n the  o ld e r  j u v e n i l e s .  However, th e  da ta  p o i n t ,  

o v e r a l l ,  to  a fragmenta tion of maternal behaviors during  the  

j u v e n i l e  p e r io d .

Discussion

Maternal Behavior of J u v e n i l e s :  S e n s i t i z a t i o n  and I n te g ra t io n

While 1t i s  p o s s ib le  to  “s e n s i t i z e 11 j u v e n i l e s ,  t h a t  1s ,  to  

promote the  appearance of any o r  a l l  of  th e  maternal behaviors  by 

exposing them to  pups,  we found t h a t  mere exposure was I n s u f f i c i e n t  

to  ach ieve  f u l l  In t e g r a t i o n  o f  maternal behav io rs .  However, both 

our Ind iv idua l  analyses  and the  p r in c ip a l  component analyses  on 

group da ta  Ind ica ted  t h a t ,  as animals get  o ld e r  they show an 

in c re a s in g  c ap a c i ty  toward i n t e g r a t i o n ,  apparen t ly  i r r e s p e c t i v e  of 

gender.  We would p r e d i c t  t h i s  t r en d  to  continue  f o r  females as they 

approach puber ty ,  s ince  i t  I s  thought t h a t  one o f  the  necessary  

cond i t ions  fo r  optimal performance of maternal behavior 1n ad u l t  

females 1s the  presence of  c i r c u l a t i n g  ovarian hormones (Krehblel  

and LeRoy, 1979; Mayer and R o se n b la t t ,  1979a), e s t a b l i s h e d  a t  

puberty  (Mayer e t .  a l . ,  1979).  On th e  o th e r  hand, maternal 

responsiveness  tends  t o  be l e s s  well organized In a d u l t  males 

( F l e i s c h e r ,  Kordower, Kaplan,  Dicker ,  Smerllng and I l g n e r ,  1981; 

LeRoy and K rehble l ,  1978; Lubln e t .  a l . ,  1972; Quadagno and



Rockwell,  1972),  and th e r e  1s evidence t h a t  t h i s  d i f f e r e n c e  appears 

a t ,  or j u s t  a f t e r  puberty  (Mayer e t .  a l . ,  1979).

I t  would be I n t e r e s t i n g  to  compare behavioral  events  1n 

p repuber ta l  r a t s  to  t h a t  of adu l t  l a c t a t l n g  females r a i s i n g  l i t t e r s .  

The sudden appearance and o rg an iza t io n  of  maternal behavio rs  a t  

p a r t u r i t i o n  in the  r a t  has long been noted by i n v e s t i g a t o r s  and 

appears s e l f - e v i d e n t  to  the  o bserver .  However, 1n t h e i r  c l a s s i c  

monograph, Wiesner and Sheard (1933) commented upon the  Independence 

of maternal a c t i v i t i e s  both 1n terms of  t h e i r  c a u s l t l v e  f a c t o r s  and 

with re spec t  t o  the  order  of t h e i r  disappearance  as l a c t a t i o n  

p rogressed .  Rosenbla t t  and Lehrman (1963) found t h a t  r e t r i e v i n g ,  

nurs ing  and n e s tb u l ld ln g  were uniformly p resen t  In a high percentage  

of mothers 1n the  f i r s t  two weeks of l a c t a t i o n ,  but then decl ined  

with some v a r i a t i o n  of occurrence  1n th e  next two weeks. No attempt 

was made 1n t h i s  study to  determine th e  e x t e n t  of  c o r r e l a t i o n  among 

maternal behav io rs .  S lo tn lk  (1967a) found t h a t  in new ly -pa r tu r ien t  

mothers measures of pup-11ck1ng and nurs ing c o r r e l a t e d  with one 

another  and with t ime 1n n e s t ,  but showed no r e l a t i o n s h i p  to  

r e t r i e v i n g  o r  n e s tb u l ld ln g  measures.  Thus, th e r e  1s evidence to  

sugges t  the  independence of maternal behaviors  1n l a c t a t i n g  r a t s  as 

w e l l .

When r e t r i e v i n g  was used as the  only measure of maternal 

behavior ,  th e  24 day-o ld  group emerged as th e  most “m a te rn a l " ,  given 

t h a t  a l a rg e  percentage  o f  in d iv id u a l s  of both sexes r e t r i e v e d  pups



over the  5 days of t e s t i n g .  These r e s u l t s  a re  c o n s i s t e n t  with data  

from animals of o th e r  s t r a i n s  of the  same age or s l i g h t l y  younger 

(20 -  24 day-o lds)  (Bridges e t .  a l . ,  1974; Mayer and R o se n b la t t ,  

1979b; Gray and Chesley,  1984),  and th e r e f o r e  t h i s  p ropens i ty  to  

r e t r i e v e  seems to  be c h a r a c t e r i s t i c  o f  weanling animals 1n g e n e ra l .  

However, the  l a t e n c i e s  shown by our an imals ,  p a r t i c u l a r l y  the  18 and 

30 d a y -o ld s ,  cannot be viewed as r e p r e s e n t a t i v e  s ince  so few of  

th e se  met th e  two-day c r i t e r i o n  1n the  t ime period a l l o t e d .  Had we 

extended the  period of exposure ,  we might have observed more animals 

r e t r i e v i n g  but would have de fea ted  the  purpose o f  the  s tudy ,  which 

was to  t r a c k  developmental s k i l l s  o r  p r o p e n s i t i e s  a t  s p e c i f i c  p o in t s  

1n time dur ing  exposure to  pups.

There a l so  seems to  be no doubt t h a t  r e t r i e v i n g  and anogenita l  

l i c k in g  were e l i c i t e d  from a l l  t h r e e  groups as a r e s u l t  of t h e i r  

exposure to  pups,  as In d ic a ted  by s i g n i f i c a n t  Increases  1n these  

func t ions  over t ime.  Apparently  th e  p ropens i ty  t o  engage In th e se  

behaviors  as a response to  young pups e x i s t s  across  th e  t h r e e  ages .

While crouching 1n nurs ing  p os tu re  does appear 1n th e  

behavioral  r e p e r t o i r e  of j u v e n i l e  r a t s ,  1t  was r a r e ly  seen 1n any of 

our animals 1n t h i s  c o n te x t .  Nei ther  did Gray and Chesley (1984),  

observe any crouching 1n weanling an im als ,  us ing a 60 minute t e s t  

pe r iod .  Thus, f requenc ies  o f  crouching show no apparent Inc rease  

with exposure to  pups,  and show no c o r r e l a t i o n  t o  r e t r i e v i n g  1n 

p repuber ta l  animals ,  as shown by p r in c ip a l  component a n a ly se s .



N ever the le s s ,  crouching becomes l inked  with anogenita l  l i c k i n g  In 

o lde r  j u v e n i l e s ,  sugges t ing  t h a t ,  I r r e s p e c t i v e  o f  low frequencies  

shown, exposure t o  I n f a n t s  does f a c i l i t a t e  some func t iona l  

connection between th e se  two behav io r s .  Prolonged co n tac t  with pups 

a l so  exposes an apparent developmental d i f f e r e n c e  between o ld e r  

ju v e n i l e s  and younger an im a ls ,  fo r  whom t h i s  connection does not y e t  

e x i s t .

Nes tbu i ld lng  appears  to  be l e a s t  a f f e c t e d  by exposure to  pups 

as well as unconnected with o th e r  maternal b ehav io r s .  Like Gray and 

Chesley,  we observed t h a t  j u v e n i l e s '  nes t  q u a l i t i e s  were g e n e ra l ly  

q u i t e  good from Day 1 on and did  not change over t e s t i n g .  We a l so  

Informally  noted t h a t  younger j u v e n i l e s  sometimes b u i l t  new nes ts  In 

response to  pups'  lo c a t io n s  r a t h e r  than r e t r i e v i n g  pups t o  s leep ing  

n e s t s .  In a d d i t i o n ,  t r e n d s  fo r  n e s tb u i ld ln g  were non l inea r  over the  

f i v e  days of  t e s t i n g  and were apparen t ly  d i f f e r e n t l y  d i s t r i b u t e d  

among the  th r e e  groups.  This i s  not s u r p r i s i n g  s ince  a number of 

s tu d i e s  have shown the  Independence o f  t h i s  s e t  of behaviors  from 

o th e r  maternal behaviors  in s e n s i t i z e d  (Fleming and R o se n b la t t ,  

1974a; LeRoy and Krehb le l ,  1978),  hormonally-induced, s e n s i t i z e d  

(Terkel and R o sen b la t t ,  1972) and p a r t u r i e n t  a d u l t  females ( S lo tn lk ,  

1967a). In nonpregnant females and males n e s tb u i ld ln g  1s a func t ion  

of temperature  r e g u la t i o n :  1f  ambient tempera ture  1s lowered or 

r a i s e d ,  n e s tb u i ld ln g  In c re a se s  or  decreases  accord ing ly  (Denenberg,



Taylor and Zarrow, 1969; Kinder ,  1927). Thus,  one l i k e l y  p o s s i b i l i t y  

1s t h a t  n e s tb u i ld ln g  i s  subserv ing thermoregula tory  demands (see 

below) as opposed t o  being a "maternal** response to  pups.

Contact  and Other Behaviors:  Age-Related Pa t te rn s

Like Mayer and Rosenbla t t  (1979b), we found t h a t  the  o th e r  

behaviors  t h a t  we looked a t  f e l l  in to  a rough "behavioral  p r o f i l e "  

s ep a ra t in g  18 day-o lds  from th e  o ld e r  two groups.  Younger animals 

spent most of t h e i r  t ime 1n p ass ive  co n tac t  with pups; o ld e r  

j u v e n i l e s  engaged 1n o th e r  behaviors  away from pups. The f a c t  t h a t  

we a l so  found t h a t  pass ive  con tac t  a c t u a l l y  decreased over t ime 1n 

18 day-o lds  while Inc reas ing  1n the  o ld e r  two groups sugges ts  a few 

p o s s ib le  I n t e r p r e t a t i o n s ,  none e x c lu s iv e ,  Mayer and R o s e n b la t t ' s  

(1979b) work has shown t h a t  younger j u v e n i l e s  a re  a t t r a c t e d  to  pups 

on the  bas is  of a v a r i e ty  of  cues (movement, warmth, v o c a l i z a t i o n s ,  

sm e l l s ,  t a s t e ) ,  and sugges ts  t h a t  as ju v e n i l e s  grow o ld e r  such 

s t im u l i  become l e s s  e f f e c t i v e  in evoking approach re sponses ,  and, 1n 

f a c t ,  come to  e l i c i t  avoidance ,  beginning a t  about 24 days of age.

Another I n t e r p r e t a t i o n  t h a t  has occurred to  us r e l a t e s  to  the  

thermoregula to ry  c a p a c i t i e s  of younger j u v e n i l e s ,  and may apply to  

n e s tb u i ld ln g  as w e l l .  At 18 days o f  age huddling as a form of  

con tac t  has presumably made the  t r a n s i t i o n  from " p h y s io lo g ic a l " ,  

i . e . ,  thermal contro l  to  " f i l i a l " ,  or  soc ia l  control  fo r  which o th e r  

cues become more s a l i e n t  ( A lb e r t s ,  1978; A lber ts  and Brunjes ,  1978).



Ackerman (1981) has shown, however, t h a t  s ep a ra t io n  from the  mother 

and U t t e r  a t  about t h i s  age Impairs or r e t a r d s  the  development of 

homeosta tic  tempera ture  r e g u l a t i o n ,  occur r ing  as 1t  does a t  a time 

when thermoregula tory  p a t t e r n s  are  not y e t  autonomous and show 

I n s t a b i l i t y  (Conklin and Heggeness, 1971). In f a c t ,  A lber ts  (1978a) 

has shown t h a t  r a t s  up to  20 days of age u t i l i z e  huddling to  reduce 

heat l o s s .  There fo re ,  our  18 day-o lds  may have been responding to  

the  need f o r  thermal homeostasis by spending a g re a t  deal of t h e i r  

t ime huddling with pups, perhaps 1n combination with n e s tb u i ld ln g .  

This does not mean t h a t  o th e r  a t t r a c t i o n s ,  as 1n f i l i a l  huddling,  

were not p r e s e n t ,  but t h a t  they may not have been primary 1n 

e l i c i t i n g  c o n ta c t .

Explora tory  and Play Behaviors :  Re la t ionsh ips  Among Maternal and

Play Behaviors

With in c re a s in g  exposure to  pups the  behaviors sn1ff/11ck/paw 

decreased from r e l a t i v e l y  high l e v e l s  f o r  a l l  t h r e e  agegroups.  Thus 

th e se  b ehav io r s ,  used as a means of exp lor ing  pups as novel s t im ul i  

(Mayer and R o sen b la t t ,  1979b) seem to  d e c l in e  with the  same p a t t e r n  

dur ing  t h i s  period re g a rd le s s  of age.  The da ta  suggest  t h a t  

gen e ra l iz ed  s n i f f i n g ,  l i c k in g  and pawing o f  pups then gives  way to  

more d i r e c t e d  l i c k in g  of the  anogeni ta l  a r e a ,  s ince  t h i s  behavior 

Inc reases  with  exposure .  I f  t h i s  I s  t r u e ,  then we can I n f e r  t h a t



the  sequence: s n i f f / H c k / p a w  - anogeni ta l  l i c k  probably f a c i l i t a t e s

maternal responses 1n j u v e n i l e s .  We do know t h a t  anogeni ta l  l i c k in g  

1s an Important f a c i l i t a t o r  of maternal responsiveness  1n adu l t  

females (S te r n ,  1983).

The play behavior pounce,  on the  o th e r  hand, Increased  with 

exposure to  pups,  a l so  r e g a r d l e s s  o f  age.  Meaney and Stewart  (1981) 

found t h a t  pouncing In c rease s  from 21-30 days of age,  and t h e r e a f t e r  

remains r e l a t i v e l y  c o n s ta n t .  While th e re  a re  obvious d i f f e r e n c e s  

between the  two s t u d i e s ,  our da ta  showed a s im i l a r  p a t t e rn  to  

t h e i r s ,  1n t h a t  the  Inc rease  1n pouncing became l e s s  s teep  with age ,  

so t h a t  18 day-o lds  showed the  g r e a t e s t  change and th e  30 day-olds  

the  l e a s t .  We cannot say ,  t h e r e f o r e ,  whether th e  Inc reases  In 

pouncing behaviors  over t ime were the  r e s u l t  of changes 1n 

responsiveness  t o  pups,  o r  were due s o l e l y  t o  m atura t iona l  changes.  

However, the  s i m i l a r i t i e s  among p a t t e r n s  of  r e t r i e v i n g ,  pupcarry ing ,  

anogeni ta l  l i c k in g  as well as pouncing do sugges t  t h a t  th e  presence  

o f  pups may have some In f luence  on the  express ion  of t h i s  behav ior ,  

p a r t i c u l a r l y  1n o ld e r  an imals .

The s t r o n g e s t  evidence t h a t  th e re  1s a r e l a t i o n s h i p  among play 

and maternal v a r i a b l e s  comes from th e  p r in c ip a l  component a n a ly se s .  

Although r e t r i e v i n g  and perhaps pupcar ry ing a re  considered 

"maternal"  while charging and pouncing a re  considered  " p l a y f u l " ,  

th e se  four  behavioral  v a r i a b l e s  n e v e r th e le s s  shared an under ly ing  

s t a t i s t i c a l  commonality. This sugges ts  some s o r t  of  c o n t in u i ty



between th e se  s p e c i f i c  forms of j u v e n i l e  g regar iousness  and maternal 

b ehav io r s ,  and hypotheses as t o  the  na tu re  o f  the  r e l a t i o n s h i p s  

among them. Can play behaviors  be considered  g en era l ized  

o n togene t ic  p recurso r s  of maternal behaviors  s im i l a r  to  Mayer and 

R o se n b la t t ' s  (1979b) c h a r a c t e r i z a t i o n  of  c o n t a c t - a f f l H a t i v e  

b ehav io r s ,  or are  they more s p e c i f i c  to  t h i s  context?

Our I n t e r p r e t a t i o n  of t h i s  phenomenon takes  as I t s  model Poole 

and F i s h ' s  (1975) study of the  temporal r e l a t i o n s h i p s  among the  

elements of soc ia l  play 1n ju v e n i l e  r a t s .  The ir  study showed t h a t  

the  behav iors :  charge  -  pounce -  ag g ress ive  groom -  w re s t l e

followed one another with high p r o b a b i l i t i e s ,  with charge and pounce 

se rv ing  to  I n i t i a t e  play bou ts .  Since our da ta  a re  In the  form of  

t ime-samples they do not lend themselves r e a d i ly  to  such a n a ly se s ,  

being measures of " s t a t e "  r a th e r  than of sequences (Altmann, 1969).  

However, they a re  not I n c o n s i s t e n t  with th e  Idea t h a t  sequences may 

e x i s t  as e i t h e r  "microsequences" w i th in  each t ime sample of  

o b s e r v a t io n s ,  o r  as “macrosequences" occu r r ing  over th e  f i v e  days of  

t e s t i n g .  As an example of  the  former ,  one hypothesis  based on t h i s ,  

and our own, informal o b serva t ions  1s t h a t  charge and pounce serve  

as sequen t ia l  I n i t i a t o r s  to  r e t r i e v i n g  behavior In a behavior  c ha in .

Pupcarrying may well be a t r a n s i t i o n a l  behavior t o  r e t r i e v i n g  

e i t h e r  s e q u e n t i a l l y  as p a r t  of a microsequence,  o r  as an example of 

the  l a t t e r ,  a t r a n s i t i o n a l  element dur ing  th e  process  of  

s e n s i t i z a t i o n .  Such a model would p r e d i c t  t h a t  the  c r u c ia l  element



In the  t r a n s i t i o n  between play and maternal r e t r i e v i n g  would be the  

d i s p a r i t y  between cues provided by In fan ts  versus those  normally 

encountered In s i b l i n g  play bou ts .  Young r a t s  can apparen t ly  

d i s c r im in a te  between “responsive"  and "unresponsive" play p a r tn e r s  

and e s t a b l i s h  p a r tn e r  p re fe rences  based on a v a r i e t y  of cues 

(Humphreys and E1non, 1981). Moreover, d i f f e r e n c e s  In p a r tn e r  

responsiveness  can a f f e c t  th e  sequen t ia l  s t r u c t u r e  of  play i t s e l f  

(Poole and F1sh, 1976).  Thus, i t  i s  not u n l ik e ly  t h a t  st imulus 

p r o p e r t i e s  of pups could In f luence  or  modify t h i s  o therwise  h ighly  

s te r eo ty p ed  behavior sequence (F ass lno ,  unpublished d a t a ) .

One of  the  hypothesized func t ions  o f  play 1s t h a t  1 t  se rves  as 

a mechanism through which so c ia l  a t tachments  a re  formed and 

main ta ined ;  as p a r t  of  th e  s o c i a l i z a t i o n  process  1t may acquain t  

young animals with the  s t im ulus - re sponse  con t ingencies  involved in 

soc ia l  i n t e r a c t i o n s  (Bekoff and Byers,  1981).  As Pell i s  and Pel 11s 

(1983) have poin ted o u t ,  the  pounce serves  to  i n i t i a t e  p l a y - f ig h t in g  

1n a v a r i e t y  o f  rodent s p e c i e s ,  and thus serves  an Immediate, 

proxim ate ,  socia l  f u n c t io n .  In the  con tex t  of  s e n s i t i z a t i o n  t h i s  

i n i t i a t o r y  sequence,  once m odif ied ,  could be p ressed  In to  the  

s e r v i c e  of c a re tak ln g  behav io rs .

Although a t  t h i s  po in t  the  Idea 1s s p e c u l a t i v e ,  1t i s  p o s s ib le  

t h a t  Ind iv idua l  maternal behaviors  may be coupled with o th e r  

age-spec1f1c p a t t e r n s  of behav io r ,  such as the  r e l a t i o n s h i p  we found 

between r e t r i e v i n g  and p lay .  Whether or not t h e r e  1s any



r e l a t i o n s h i p  between th e se  p a t t e r n s  and the  development o f  maternal 

behaviors  has y e t  to  be e s t a b l i s h e d .  However, such r e l a t i o n s h ip s  

have been demonstrated between a v a r i e t y  of  e a r ly  so c ia l  behaviors  

and th e  development of var ious  aspec ts  of sexual behavior ,  1n a 

number of sp ec ie s  (Moore, 1984).

General Discussion

In summary, our r e s u l t s  have shown t h a t  1n p repuber ta l  r a t s  a 

complex I n t e r a c t i o n  e x i s t s  between s e n s i t i z a t i o n  manipula tions  and 

the  ages a t  which those  manipula t ions  were in t roduced ,  depending 

upon which behaviors  were examined. Our primary f ind ing  1s t h a t  th e  

components of maternal behavior are  apparen t ly  d i s t i n c t  1n 

p repuber ta l  animals ;  t h i s  may perhaps account f o r  the  f a c t  t h a t  

s e n s i t i z a t i o n  does not e l i c i t  an in t e g r a t e d  p a t t e rn  of mothering as 

i t  does in a d u l t  females .  The f a c t s  t h a t :  1) 24 day-o lds

s e l e c t i v e l y  r e t r i e v e  more than a t  o the r  ages ,  2) fo r  a l l  agegroups 

anogeni ta l  l i c k i n g  and r e t r i e v i n g  are  s e l e c t i v e l y  inc reased  in 

response  to  exposure to  pups,  and t h a t  3) a l l  t h r e e  groups show 

r e l a t i v e l y  l i t t l e  change in n e s tb u i ld in g  or  v en t ra l  c rouching ,  a l l  

u n de r l ine  Bridges e t .  a l . ' s  (1974) cau t ion  t h a t  r e t r i e v i n g  i s  not 

r e p r e s e n t a t i v e  of a l l  maternal behaviors  in animals of  t h i s  age.  

These d a t a ,  and our f in d in g  t h a t  r e t r i e v i n g  i s  coupled with play 

behav io rs ,  argue t h a t  maternal behavio rs  c o n s t i t u t e  Independent 

response systems in j u v e n i l e s .  Indeed, our da ta  suggest  t h a t  fo r



prepuber ta l  animals t h e r e  a re  probably  d i f f e r e n t  mechanisms 

c o n t r o l l i n g  d i f f e r e n t  maternal b e h av io r s ,  perhaps even a t  d i f f e r e n t  

p repuber ta l  ages .  We have mentioned a few p o s s ib le  mechanisms; in 

each case ,  they could be t i e d  to  o th e r  func t ions  s u i t e d  to  the  

p a r t i c u l a r  demands o f  each agegroup, or  of prepuber ta l  animals in 

g e n e ra l .  We a re  aware t h a t  t h e r e  may be any number of a l t e r n a t i v e  

exp lana t ions  f o r  our r e s u l t s ,  but t h i s  view of  maternal behaviors  1n 

ju v e n i l e s  i s  consonent with the  idea t h a t  on togene t ic  adap ta t ions  

can subserve the  immediate or  proximate func t ions  o f  any p a r t i c u l a r  

s tag e  of development (Oppenhelm, 1980). And, as Oppenhelm has 

poin ted  o u t ,  t h i s  can occur w i thout  n e c e s s a r i l y  obv ia t ing  

developmental t r a i t s  as an tecedents  o f  a d u l t  c h a r a c t e r s .  Such may 

be the  case with e a r l y  maternal behav io r s .

Taken t o g e t h e r ,  our r e s u l t s  sugges t  t h a t  “maternal behavior" 

does not develop in a u n i t a r y  fa sh io n ,  but t h a t  maternal behaviors  

may have s ep a ra te  and d i s t i n c t  on togen ies .



Behavioral Responses of Ju v en i l e  Rats to  Neonates 

A fte r  Infusion of Maternal Blood Plasma or Handling

The previous  study I n v e s t ig a t e d  the  express ion  of  maternal 

behaviors  in ju v e n i l e  r a t s  a t  t h r e e  ages (18,  24 and 30 days) during 

exposure to  pups. The r e s u l t s  showed t h a t  j u v e n i l e  maternal 

behaviors  appear to  be r e l a t i v e l y  Independent during development,  as 

well as fragmented and poorly In te g ra te d  1n t h e i r  exp ress ion .

Neither  were the re  any gender d i f f e r e n c e s  in our s t r a i n  fo r  any of 

the  behaviors  examined. Another In t r i g u in g  f ind ing  was t h a t  

j u v e n i l e  play behaviors  (charge ,  pounce) were r e l a t e d  to  r e t r i e v i n g  

but not o th e r  maternal behaviors  in  t h i s  co n tex t .

Given these  f ind ings  and those  of previous  s t u d i e s ,  i t  would 

seem t h a t  the  developmental s ig n i f i c a n c e  of  e a r l y  maternal behaviors  

i s  an open q u es t io n .  Are they an e a r ly  sign of the  a c t i v a t i o n  of 

neural  s u b s t r a t e  s p e c i f i c  t o  maternal behavior in both sexes? Or, 

r a t h e r ,  do they rep resen t  genera l ized  "precursor"  systems of soc ia l  

behavior t h a t  may be u t i l i z e d  f o r  va r ious  f u n c t io n s ,  depending upon 

the  context in which they a re  e l i c i t e d ?  And, 1f so,  a re  they t i e d  

t o  o the r  behav io ra l -neura l  systems s p e c i f i c  to  t h a t  on togene t ic  

p e r io d ,  such as play?



In a s e r i e s  of s tu d ie s  Terkel and Rosenbla t t  (1968; 1972) 

showed t h a t  blood plasma from n e w ly -p a r tu r le n t  mothers can 

f a c i l i t a t e  the  appearance of maternal behaviors  In a d u l t  v i r g i n  

female r a t s  with s i g n i f i c a n t l y  s h o r te r  l a t e n c i e s  than c o n t ro l s  

during s e n s i t i z a t i o n .  In the  f i r s t  experiments blood was In je c te d  

In to  the  femoral vein in the  upper t h i g h ,  r e s u l t i n g  in 48-hr 

l a t e n c i e s  (Terkel and R o se n b la t t ,  1968). In the  second experiment 

c r o s s - t r a n s f u s i o n  via ju g u la r  vein Implants jo in in g  mothers and 

v i r g i n s  r e s u l t e d  In l a t e n c i e s  o f  about 14 hours (Terkel and 

R o se n b la t t ,  1972).  In th e se  s t u d i e s ,  a l l  maternal behaviors  except 

n e s tb u i ld ln g  were f a c i l i t a t e d .  The Im p l ica t ion  of  t h e i r  f in d in g s  i s  

t h a t  hormones p resen t  in maternal blood plasma were a c t in g  t o  induce 

maternal behavior .

I n v e s t ig a t in g  the  same phenomenon in ju v e n i l e s  , Koranyi,  

U s s a k ,  Tamasy, and Kamaras (1976) found t h a t  w i th in  12 hr of 

i n j e c t i o n  of maternal blood serum, weanling r a t s  18-24 days of  age 

showed a l l  components of maternal behavior  except n e s tb u i ld ln g ,  

sugges t ing  neuro log ica l  responsiveness  a t  t h i s  age to  hormones in 

maternal blood. However, Koranyi e t .  a l .  r epo r ted  t h e i r  da ta  in a 

summary a r t i c l e ,  and consequent ly  t h e i r  repor tage  leaves  a number of 

unanswered ques t ions  p a r t i c u l a r l y  regard ing  procedures a t t e n d an t  to  

t a i l  vein I n j e c t i o n .

Aside from th e se  c o n s id e r a t i o n s ,  such an in v e s t i g a t i o n  has 

never been c a r r i e d  out in a Ml s t a r - d e r i v e d  s t r a i n .  The p re sen t



study was an a ttempt to  r e p l i c a t e  th e  e s s e n t i a l  elements o f  Terkel 

and R o s e n b l a t t ' s ,  as well as Koranyi e t .  a l . ' s  s t u d i e s ,  to  

determine how ju v e n i l e s  of  our s t r a i n  of r a t s  would respond to  

hormones p resen t  1n maternal blood plasma.

Using behavioral  c r i t e r i a  developed f o r  our previous  s tudy ,  we 

were I n t e r e s t e d  1n de termin ing whether ju v e n i l e s  would show 

I n t e g r a t i o n  o f  maternal behaviors  1n response to  maternal blood 

plasma, and I f  so ,  whether we could c h a r a c t e r i z e ,  a t  two d i f f e r e n t  

ages ,  th e  p rocesses  by which In t e g r a t io n  came about .  I f  a l l  

maternal behaviors  showed s im i l a r  f a c i l i t a t i o n  t h i s  would I n d i c a t e ,  

f i r s t ,  t h a t  the  e n t i r e  complex 1s capable  of  a c t i v a t i o n ;  secondly ,  

t h a t  o rg an iza t io n a l  e f f e c t s  begun p r e n a t a l l y  are  complete and mature 

before  puber ty .  A l t e r n a t iv e  a re  t h a t :  a) hormonal manipula tions  

would have no e f f e c t  on f a c i l i t a t i n g  or i n t e g r a t i n g  maternal 

behav io rs ,  a t  both ages In d ic a t in g  Immaturity of the  neuroendocrine 

complex during the  j u v e n i l e  p e r io d ,  and of  the  ove r r id in g  importance 

o f  hormonal changes a t  puberty  in a c t i v a t i n g  maternal b ehav io r s ,  . 

(Mayer e t .  a l . ,  1979a; 1979b); b) th e r e  could be s e l e c t i v e  

f a c i l i t a t i o n  of a l l  o r  some maternal behaviors  by age,  with o ld e r  

animals presumably showing more f a c i l i t a t i o n  and perhaps more 

I n t e g r a t i o n ;  c)  some behaviors  could be s e l e c t i v e l y  f a c i l i t a t e d  but 

not o t h e r s ,  I n d i c a t in g  p a r t i a l  matura t ion  as well as the  cont inu ing



Independence of  maternal behaviors  from one ano ther .

Me a l so  wished to  determine whether o r  not the  r e l a t i o n s h i p s  

observed 1n th e  previous  study between p lay and maternal behaviors  

would be main ta ined ,  d i s r u p t e d ,  o r  extended to  o th e r  maternal 

behav io rs ,  as the  r e s u l t  of hormonal m an ipu la t ions .  These r e s u l t s  

could e lu c i d a t e  the  na tu re  o f  r e l a t i o n s h i p s  among d i f f e r e n t  c l a s s e s  

of  behaviors  dur ing development.

Methods

Subjects  and Housing

The su b jec t s  were 18 and 30 day-o ld  Mlstar s t r a i n  r a t s  (Rattus  

norvegicus)  born in  the  lab o ra to ry  t o  dams received a t  18-19 days of 

pregnancy from Marl and Farms (New J e r s e y ) .  Housing and maintenance 

of l i t t e r s  were the  same as 1n Study 1. All U t t e r s  were c u l le d  to  

9-10 pups with in  72 hr of b i r t h  and l e f t  undis turbed  u n t i l  e i t h e r  

the  day p r i o r  t o  t e s t i n g  or u n t i l  24 days of age (weaning),  

whichever came f i r s t .  Eighteen day-o lds  were placed with t h e i r  own 

mothers to  nurse  f o r  two hours on the  f i r s t  day (Day 0) of  t e s t i n g )  

between 0900 and 1100 h r s .

On the  day before  i s o l a t i o n  and t e s t i n g ,  l i t t e r s  a t  17 and 29 

days of age were weighed and e a r  punched, with no more than two 

same-sex s i b l i n g s  were randomly ass igned to  exper imental  groups 1n 

order  to  contro l  f o r  l i t t e r  e f f e c t s .  Subjec ts  were d iv ided  In to



t h r e e  groups: PL animals received  plasma taken from maternal donors

(30 day-o lds :  n»17, 11 females /6  males;  18 day-o lds :  n=15, 8

fem a les /7 m ales ) ;  D5W animals received  5% dex trose  In water as a 

control  fo r  handling received  during surgery  and In fus ion  procedures 

(30 day -o lds :  n=13, 8 females /5  males;  18 day-o lds :  n*13, 6

females/7  m ales) ;  NHC (nonhandled c o n t r o l )  animals received no 

handl ing except fo r  I n i t i a l  weighing and h a b i tu a t io n  to  t e s t  cages 

(30 day-o lds :  n=18, 11 females /7  males;  18 day -o ld s ,  n=14, 11

females /4  males) .

Cannulatlon and In fus ion  Procedures

A f te r  weighing and assignment t o  groups,  a l l  s u b jec t s  to  be 

t e s t e d  were p laced in to  t e s t  cages with a s i b l i n g  p a r tn e r  to 

h a b i tu a te  f o r  2 h r s .  NHC group su b jec t s  and a l l  p a r tn e r s  were then 

re tu rned  to  the  home cage; PL and D5W s u b je c t s  were each implanted 

with  a chronic  j u g u l a r  cannula  under e t h e r  a n e s th e s i a .  In s e r t i o n  of 

the  c a t h e t e r  was performed in the  following way. A b lunt  d i s s e c t i o n  

was done with fo rceps  from the  f r o n t  of  the  mandible t o  t h e  back of 

the  neck where a small i n c i s io n  was made. A 5-6 cm c a t h e t e r  of 

s i l a s t i c  tubing  f i l l e d  with d i l u t e  (5%) hepar in  s o lu t io n  was then 

i n s e r t e d  in to  the  back of  the  neck and brought forward along the  

plane of  the  b lunt  d i s s e c t i o n  t o  t o  th e  region o f  the  j u g u l a r  v e in .  

This was s l ip p ed  In to  the  ju g u la r  v e in ,  pass ing  In to  the  v e n t r i c l e  

and secured with  a loop of  s i l k  around th e  v e in .  The remaining



length  of c a t h e t e r  ex tending from th e  vein was occluded a t  th e  

oppos i te  end with a loop of  s11k t h r e a d ,  and c o l l e d  under the  skin 

a t  the  back of the  neck. The wound was c losed  with a s in g l e  s u tu re  

which allowed the  end of the  s i l k  secur ing  th e  c a t h e t e r  to  p ro t ru d e .

A f te r  recovery from a n es th e s ia  s u b je c t s  were re tu rned  to  the  home 

cage.

The next day {Day 0 o f  t e s t i n g  a t  18 or 30 days of  ag e ) ,  blood 

was withdrawn from donor dams w i th in  an average o f  10 hours a f t e r  

p a r t u r i t i o n  (+ 4 .8  h r ) .  Only those  dams judged to  be maternal (with 

pups having milk bands and/or  ga thered  t o g e th e r  and c lean )  were used 

as donors .  Withdrawal of  blood was accomplished via  hea r t  puncture  

under e th e r  a n e s th e s i a ,  using a 16-guage needle  and 10 cc syr inge  

c o n ta in ing  15-20 u n i t s  f u l l - s t r e n g t h  hepar in  to  prevent blood 

c l o t t i n g .  8-10 cc of  blood was withdrawn via  t h i s  method. Blood 

was then t r a n s f e r r e d  in to  hepar in lzed  t e s t - t u b e s  ("Vacuta iner" )  and 

cen t r i fuged  f o r  3-5 m1n. The plasma c o l l e c t e d  from t h i s  was 

t r a n s f e r r e d  to  a 10-cc sy r inge  and placed 1n an 1nfus1on-w1thdrawal 

pump (Harvard Apparatus) .

PL and D5W su b jec t s  were placed i n to  a p l a s t i c  r e s t r a i n i n g  

dev ice ,  the  cannula was withdrawn from beneath the  sk in  via  the  s i l k  

s u tu re  and a t tached  to  the  In fus ion  sy r in g e .  PL animals received  

. l c c / 1 0  gram body weight of maternal blood plasma a t  a r a t e  of  .051 

cc per minute .  Each U t t e r  of exper imental  s u b jec t s  received  plasma 

from a s in g le  donor female.  D5W animals received the  same amount of



5% dex t rose  In w a te r ,  s imul taneously  with the  PL group. Af te r  

in fus ion  each s u b j e c t ' s  cannula was rep laced  back under the  neck 

sk in  and the  wound su tu re d .  Subjec ts  in  a l l  c ond i t ions  were then 

placed alone in to  the  same t e s t  cages occupied on the  day before  to  

h a b i tu a te  f o r  n ine ty  minutes before  being t e s t e d  with pups.

Subjects  remained in t e s t  cages fo r  the  remainder of the  experiment.

Autopsy a t  the  end of th e  experiment Ind ica ted  t h a t  fo r  a l l  

s u b j e c t s ,  t i p s  of cannull  were w i th in  th e  lumen of the  j u g u la r  vein 

f o r  th e  e n t i r e  exper iment .

Tes t ing  Conditions and Behavioral  Tes ting

The t e s t i n g  cond i t ions  and o bse rva t iona l  procedures  were 

i d e n t i c a l  to  those  descr ibed  1n the  previous  s tudy .  The 11st of 

behavioral  v a r i a b l e s  recorded were those  recorded in the  previous  

s tudy.

Data Analysis

Observation da ta  were f i r s t  analyzed to  determine the  percents  

o f  animals t h a t  became maternal dur ing  th e  f i v e  days o f  exposure to  

pups.  Between-age-group as well as between-t rea tment comparisons 

were made o f  p e rcen ts  of  animals m a te rna l ;  l a t e n c i e s  to  become 

maternal were a l so  compared. We employed severa l  measures of  

"m aterna l“ in o rder  to  determine whether o r  not our manipula t ions  

a l t e r e d  e i t h e r  the  number of  maternal a c t i v i t i e s  c a r r i e d  out o the r



than r e t r i e v i n g ,  as well as to  t e s t  f o r  cons is tency  In ca r ry in g  out 

maternal a c t i v i t i e s .  For one measure, we defined as "maternal11 

animals t h a t  r e t r i e v e d  a t  l e a s t  one pup during a 15 m1n t e s t  f o r  two 

consecu t ive  days.  We a l so  used a m odif ica t ion  of more r igorous

c r i t e r i a  used f o r  ad u l t  animals ( e . g . ,  Bridges,  Feder and

R o sen b la t t ,  1977; S te rn ,  1983). Those animals which: 1) r e t r i e v e d ;

2) crouched over;  and 3) l icked  the  anogeni ta l  region  of pups f o r

two consecu t ive  days were considered m a te rna l ,  though these  

behaviors  d id  not n e c e s s a r i l y  have to  occur concu r ren t ly  with one 

ano ther .  Since p re l im ina ry  data  a n a ly s i s  had Ind ica ted  t h a t  few 

j u v e n i l e s  of e i t h e r  age-group c o n s i s t e n t l y  met f u l l  a d u l t  c r i t e r i a ,  

or  c o n s i s t e n t l y  r e t r i e v e d ,  we a l so  analyzed the  number o f  animals 

t h a t  d isp layed  a given behavior  a t  l e a s t  once 1n f i v e  days.  Since 

t h e i r  d i s t r i b u t i o n s  were not n e c e s s a r i l y  normal,  la ten cy  and percent 

da ta  were analyzed using nonparametrlc  t e s t s  (Chi-Square o r  F ishe r  

Exact fo r  t rea tm en t  of percent da ta  dichotomized in to  yes/no  

c a t e g o r i e s ;  f o r  la tency  d a t a ,  Kruskal-Wal11s one-way ANOVA by ranks ;  

Mann-Wh1tney U; S ieg e l ,  1956).

As in Study 1, frequency data  derived from time-samples were 

used to  determine d i f f e r e n c e s  among age and t rea tm en t  groups 1n 

l e v e l s  of performance of each behavioral  v a r i a b l e .  For t h i s  

measure,  no c r i t e r i o n  f o r  performance was u t i l i z e d .  Analyses of 

these  da ta  were the  same as fo r  Study 1.

A p r in c ip a l  component f a c t o r  a n a ly s i s  was u t i l i z e d  to



determine: 1) whether maternal behaviors  would become more

In te g ra te d  ( i . e . ,  c o r r e l a t e d  with one another) as a r e s u l t  of our 

t r e a tm e n t s ;  and 2) whether the  p a t t e rn  of r e l a t i o n s h i p s  between 

ju v e n i l e  play behaviors  and maternal behaviors  would be changed by 

our t r e a tm e n t s .

Results

R e t r iev ing  and Other Maternal Behaviors -  D i f f e r e n c es ,  Consis tency ,  

and In te g ra t io n

As Figure 6 shows, hormones in maternal blood plasma 

s e l e c t i v e l y  inc reased  r e t r i e v i n g  in 30 day-o lds .  This was t r u e  when 

th e  data  were analyzed to  compare the  number o f  animals th a t

r e t r i e v e d  a t  l e a s t  once in  f iv e  days of t e s t i n g  (Table 5a ) .  By t h i s

c r i t e r i o n ,  a higher percentage of  30 day-old PL animals r e t r i e v e d

than did the  combined D5W and NHC groups.  This was not t r u e  when PL

and D5W groups were combined and compared with NHC an im als ,  nor when 

PL and NHC groups were combined and compared with D5W animals .  

Indiv idual comparisons showed a t rend  toward more PL animals 

r e t r i e v i n g  than e i t h e r  D5W or NHC groups (Table 6 ) ;  t h i s  was not 

t r u e  of comparisons between D5W and NHC groups.  There was a l so  a 

t r en d  among female groups toward more PL r e t r i e v a l  than combined D5W



and NHC females (Table 6 ) .  There were no d i f f e r e n c e s  among male 

groups.  There were a l so  no sex d i f f e r e n c e s  in r e t r i e v i n g  fo r  t h i s  

measure,  e i t h e r  when males and females were compared w i th in  

trea tm ent  groups,  or when males from a l l  t r ea tm en t  groups were 

compared with females from a l l  t rea tm en t  groups.

By Imposing a c r i t e r i o n  fo r  cons is tency  of a t  l e a s t  two 

consecutive  days of r e t r i e v i n g  (Table 5b) ,  d i f f e r e n c e s  among groups 

were obscured.  These data  show t h a t  few animals of e i t h e r  age-group 

r e t r i e v e  c o n s i s t e n t l y ,  but t h a t  hormones 1n blood plasma Inc reases  

the  number of 30 day-o lds  t h a t  r e t r i e v e  a t  l e a s t  once during 

exposure to  pups. This was not t r u e  of  18 d a y -o ld s ,  1n e i t h e r  case .

When o th e r  maternal behaviors were analyzed s e p a r a t e l y ,  t h e re  

were no d i f f e r e n c e s  among t rea tm en t  groups w i th in  each age group, 

nor were the re  d i f f e r e n c e s  between sexes (Table 6 ) .

In a comparison between combined groups of  18 and 30 day -o ld s ,  

a h igher  percentage  of  30 day-o lds  than 18 day-o lds  r e t r i e v e d  f o r  

two consecu t ive  days (Table 5b) ,  but not f o r  r e t r i e v a l s  on a t  l e a s t  

one of f i v e  days.  T h i r ty  day-o lds  a l so  had s i g n i f i c a n t l y  lower 

l a t e n c i e s  to  r e t r i e v e  than d id  18 day-o lds  1n e i t h e r  case .

Table 6 shows t h a t  more 30 day-o lds  crouched than did 18 

day -o ld s ,  whereas more 18 day-o lds  e x h ib i t e d  n e s tb u l ld in g  in th e  

presence of pups.

Table 7a shows t h a t  few of the  animals of e i t h e r  age met a d u l t  

c r i t e r i a  (engaging 1n r e t r i e v i n g ,  c rouching , and anogeni ta l  l i c k in g )



f o r  two consecu t ive  days.  The same was t r u e  when the  two-day 

c r i t e r i o n  f o r  behavior was re laxed so t h a t  any one Ins tance  of each 

maternal behavior e x h ib i te d  w i th in  f i v e  days was counted.

Chi-square  t e s t s  showed t h a t  th e re  were no d i f f e r e n c e s  wi th in  each 

age-group f o r  t h i s  measure. Nor were th e r e  d i f f e r e n c e s  1n l a t e n c i e s  

to  onset  of these  th ree  behav io rs .  However, more 30 day-o lds  engaged 

in r e t r i e v i n g ,  crouching and l i c k in g  a t  l e a s t  once dur ing the  f i v e  

days of t e s t i n g  than did 18 day-olds  (only one 18 day-old was seen 

t o  engage 1n the  th r e e  maternal b e h av io r s ) .  The re fo re ,  d e s p i t e  age 

o r  t r e a tm e n t ,  few, i f  any animals perform th r e e  or  more maternal 

behaviors  c o n s i s t e n t l y ,  but t h a t  as animals ge t  o ld e r  they do 

perform them s p o r a d ic a l ly  in the  presence of pups.

Thus, In 30 day-old  In d iv idua ls  the  In fus ion  of maternal blood 

plasma s e l e c t i v e l y  e l i c i t e d  r e t r i e v i n g  behavior such as i s  seen in 

a d u l t s .  However, whi le  r e t r i e v i n g  was performed by ind iv idua l  

animals sometime dur ing the  f i v e  days of  t e s t i n g ,  i t  d id  not 

n e c e s s a r i l y  occur co n cu r ren t ly  with o th e r  maternal  beh av io r s ,  or 

c o n s i s t e n t l y  over t ime. There were no sex d i f f e r e n c e s  fo r  any 

behavioral  measures.

Maternal and Other Behaviors :  Frequency Data - Immediate and Later

E f fec t s  of  Treatments

In t h i s  a n a l y s i s ,  the  frequency of  occurrence of each behavioral  

v a r i a b l e  was examined to  f u r t h e r  de termine the  e f f e c t s  of  our



m anipu la t ions .  Summaries of main and I n t e r a c t i o n  e f f e c t s  a re  shown 

1n Table 8.

Age D ifferences

O v e ra l l .  30 day-o lds  showed higher  f requencies  of most of the  

maternal and o th e r  c a te g o r i e s  of behaviors  than 18 day-o lds  (Table 

8 ) .  Of the  maternal behaviors  30 day-o lds  showed more r e t r i e v i n g ,  

crouching and anogenita l  l i c k i n g .  Th i r ty  day-o lds  a l so  charged more 

than 18 day-o lds .  Eighteen d ay -o lds ,  on the  o th e r  hand, engaged In 

more pass ive  c o n t a c t ,  as well as n e s tb u i ld ln g  and ex p lo ra to ry  

s n i f f i n g ,  l i c k in g  and pawing of pups.

Within Age-Groups: Treatment E f fec t s

Within age-groups the  m a jo r i ty  of e f f e c t s  of a d m in is t r a t io n  of 

plasma or  handling were shown in  GROUP x DAY I n t e r a c t i o n s .  In order  

t o  determine s p e c i f i c a l l y  what those  i n t e r a c t i o n s  s i g n i f i e d ,  o rde r ly  

changes in f requenc ies  of behaviors  over the  f i v e  days of t e s t i n g  

were de termined, using l i n e a r  reg ress ion  analyses  on i n t e r a c t i o n  

te rms. The r e s u l t s  of  r eg re ss ion  analyses  a re  shown 1n Table 9 ,  fo r  

30 day-olds  ( 9 a ) ,  and fo r  18 day-o lds  (9b) .  F-values  in d i c a t e  

whether th e  I n t e r a c t i o n  term: DAY (AGEGR x GR) was s i g n i f i c a n t  or 

n o t .  For each group the  r e s u l t s  of t - t e s t s  fo r  s i g n i f i c a n t  changes 

in s lope  over t im e, and t h e i r  d i r e c t i o n  a re  a l so  shown. Spec i f ic  

comparisons ( t - t e s t s  based on l e a s t - s q u a r e  means) then determined 

d a l l y  d i f f e r e n c e s  between t rea tm en t  groups,  and complete the  t a b l e .

There were immediate (Day 0) e f f e c t s ,  and e f f e c t s  t h a t  occurred



slowly over th e  next 4 days of t e s t i n g .  These va r ied  according to  

age,  t rea tm en t  and th e .b eh a v io r  examined. Since l e v e l s  of some 

behaviors  were very high on Day 0 compared with o th e r  days ,  l i n e a r  

reg re ss ion  analyses  were done beginning on Day 1 f o r  those  behaviors  

fo r  which Day 0 was s i g n i f i c a n t l y  h igher than Day 1. This allowed 

f o r  the  d i s p a r i t y  between Day 0 and Day 1, which would otherwise  

have co n t r ib u te d  to  n o n l in e a r i t y  in  the  da ta  between Days 0 and 5. 

These a re  shown f o r  o v e ra l l  F -va lues ,  as well as t - t e s t s .

T h i r ty  Day-Olds

The changes in behavior  over t ime f o r  the  th re e  30 day-old 

t rea tm en t  groups a re  shown 1n Table 8a and Figure 7 ( a - d ) .

I n i t i a l  E f fec t s

As shown in Figure  7, both 30 day-old PL and D5W animals showed 

s i g n i f i c a n t l y  higher  l e v e l s  of r e t r i e v i n g  (7 a ) ,  crouching (7b) ,  

anogeni ta l  l i c k in g  (7c) and con tac t  (7d) on Day 0 than NHC animals ;  

t h i s  was a l so  t r u e  f o r  Day 1 l e v e l s  of r e t r i e v i n g ,  crouching (PL 

o n ly ) ,  l i c k i n g  and c o n ta c t .  Since PL and D5W groups could not be 

d i f f e r e n t i a t e d  on these  days ,  the  t r a n s i e n t ,  high l e v e l s  shown fo r  

th e se  maternal behaviors  in both must be a t t r i b u t e d  to  the  handling 

th a t  th e se  groups received during the  c an n u la t lo n - in fu s io n  

p ro c e sse s .  On Day 0,  l e v e l s  of s n i f f in g - l i c k in g -p a w in g  were 

depressed  in  PL and D5W animals below t h a t  of the  NHC an imals ,  again



sugges t ing  a t r a n s i e n t  handling e f f e c t  In these  two groups.

Continuing Changes with Exposure

Table 9a and Figure  7a show t h a t  PL animals showed a 

s i g n i f i c a n t  inc rease  in r e t r i e v i n g  from Day 1 on; t h i s  was r e f l e c t e d  

in s i g n i f i c a n t l y  h igher  l e v e l s  r e t r i e v i n g  on Day 3,  compared with 

both D5W and NHC groups .  The o th e r  two groups a l so  showed some 

Inc rease  over t ime: f o r  th e  NHC group, t h i s  r e f l e c t e d  a tendency.

Thus in 30 day-o lds  the  in fus ion  of maternal blood plasma seems to  

have a c c e le r a t e d  f r equenc ies  of r e t r i e v i n g  over t h e  t e s t  p e r io d ,  

compared with more modest changes in r e t r i e v i n g  shown by the  two 

con t ro l  groups,  and sugges t ing  a h o rm o n e - f a c i l i t a t e d  response f o r  

t h i s  behavior .

Crouching (7 b ) ,  inc reased  from Day 1 on fo r  a l l  th re e  groups.  

This was s i g n i f i c a n t  f o r  the  D5W group and was a t rend  f o r  th e  PL 

an imals .  The D5W animals as a group crouched more than PL and NHC 

animals on Days 2 and 3, but by Day 4 both D5W and P1ASMA groups 

were showing h igher  l e v e l s  o f  crouching than NHC anim als .  Both 

handling and maternal blood plasma, t h e r e f o r e ,  f a c i l i t a t e d  

s low -ac t ing  changes,  leading  to  an in c rease  in crouching ,  as 

r epresen ted  by th e  D5W group, and t o  a l e s s e r  e x t e n t ,  by the  PL 

group. Whether these  rep re sen t  the  same or  d i f f e r e n t  underlying 

processes  i s  u n c le a r .

All th re e  groups increased  anogeni ta l  l i c k in g  over t ime from



Day 0 l e v e l s :  these  were s i g n i f i c a n t  f o r  the  D5W and NHC groups.

D5W animals showed higher  l e v e l s  of anogenita l  l i c k in g  than PL and 

NHC groups on Day 2 and Day 3, r e s p e c t i v e l y .  Levels o f  l i c k in g  1n 

PL animals were only as high as t h a t  of control  animals on these  

days .  Apparently th e  e l ev a t io n s  1n l i c k in g  produced on Days 0 and 1 

by handling were l o s t  1n PL animals on subsequent days ,  sugges ting 

some s e l e c t i v e  e f f e c t  c oun te rac t ing  the  e f f e c t s  of handling.

Analyses of d a l l y  changes fo r  the  th r e e  groups showed t h a t  

t h e r e  were p o s i t i v e  changes 1n con tac t  over the  f i v e  days of  

t e s t i n g .  NHC animals showed a s i g n i f i c a n t  Increase  from Day 1 

l e v e l s ,  while  PL and D5W animals showed no change. The NHC group 

had h igher l e v e l s  of con tac t  than PL animals on Day 3. As with the 

maternal behaviors  observed, handling i n t i i a l l y  f a c i l i t a t e d  c o n ta c t ,  

but t h e r e a f t e r  nonhandled c o n t ro l s  a t t a in e d  s im i l a r  l e v e l s  with 

i n c re a s in g  exposure to  pups.

None of our manipula tions  a f f e c t e d  n e s tb u i ld ln g  in 30 day-o lds ,  

nor did they a f f e c t  pupcarrying f o r  e i t h e r  age-group.

S n i f f in g - l i ck in g -p aw in g  decreased s i g n i f i c a n t l y  fo r  NHC's, due 

mainly to  the  very high l e v e l s  shown on Day 0 f o r  t h i s  group. 

Moreover, NHC animals showed h igher  l e v e l s  of t h i s  behavior than 

D5W's on Days 2 and 3 , but not PL an imals .  Thus the  acute  e f f e c t s  

of handl ing ( in  t h i s  case ,  suppress ion of  the  behavior) seen in both 

PL and D5W animals was counterac ted  somehow 1n th e  PL group, 

p r e c i p i t a t i n g  f requencies  to  con tro l  l e v e l s .  Charging and pouncing



showed no changes e i t h e r  In the  s h o r t -  or long- term ,  In d ic a t i n g  t h a t  

th e se  behaviors  are  not a f f e c t e d  by e i t h e r  hormones or handling 1n 

30 d ay -o lds .

Eighteen Day-Olds

Table 9b i s  a summary of immediate and slower changes in 18 

day-old  b ehav io r s ,  as analyzed by l i n e a r  r e g r e s s io n .  Figure  3 shows 

n e s tb u i ld in g  and c o n ta c t ,  the  only maternal  behavio rs  f o r  which 18 

day-o lds  showed group d i f f e r e n c e s .  For 18 d a y -o ld s ,  handling 

produced h igher  l e v e l s  o f  n e s tb u i ld ln g  in  the  D5W group than both PL 

and NHC animals on Days 0 and 1 (F igure  8 a ) .  The reg re ss ion  

a n a ly s i s  showed t h a t  a l l  th re e  groups a l so  s i g n i f i c a n t l y  decreased 

t h e i r  l e v e l s  of n e s tb u i ld in g  from Days 0 through 4. Thus, in 18 

d a y -o ld s ,  handl ing produced acu te  e l e v a t io n s  in n e s t b u i ld in g ,  but 

t h i s  was apparen t ly  negated by the  e f f e c t s  of in fu s io n  of maternal 

blood plasma. T h e re a f t e r ,  n e s tb u i ld in g  dec l ined  in a l l  th re e  

groups,  i r r e s p e c t i v e  of  t r e a tm e n t .

The a n a ly s i s  of co n tac t  (F igure  8b) showed an i n t e r e s t i n g  

matu ra t iona l  d i f f e r e n c e  between the  younger and o ld e r  animals .  

Whereas f o r  30 day-o lds  (see  Figure  7d) l e v e l s  of con tac t  e i t h e r  

inc reased  o r  remained th e  same during exposure t o  pups,  f o r  18 

day-o lds  con tac t  decreased s i g n i f i c a n t l y  over the  f i v e  days of 

t e s t i n g .  Another d i f f e r e n c e  between 18 and 30 day-o lds  1s t h a t  

handling of PL and D5W animals had no e f f e c t  on i n i t i a l  (Day 0)



l e v e l s  of con tac t  in  the  younger animals ,  whereas i t  d id  f o r  the  

o ld e r  group {Figure 6d) .  Daily between-group comparisons fo r  18 

day-o lds  showed no d i f f e r e n c e s  u n t i l  Days 2 and 3, when PL and D5U 

animals had s i g n i f i c a n t l y  higher  f r equencies  of  con tac t  than NHC 

animals .  On Day 4 th e  s i t u a t i o n  was rev e rsed ,  with th e  NHC group 

showing the  higher  f r equenc ies  of co n tac t  than e i t h e r  PL or D5W 

anim als .  Apparently handling prevented th e  depress ion  co n tac t  shown 

in control  animals on Days 2 and 3.

While pupcar ry ing inc reased  f o r  a l l  t h r e e  groups over the  f iv e  

days of  t e s t i n g ,  t h i s  was only s i g n i f i c a n t  f o r  th e  NHC group. The 

play v a r i a b le s  charge and pounce a lso  inc reased  in a l l  th re e  18 

day-o ld  groups,  u n l ik e  the  30 day -o ld s .  This Inc rease  in  charging 

was represen ted  as a t rend  f o r  the  D5W and NHC groups .  Pouncing 

inc reased  s i g n i f i c a n t l y  in a l l  th re e  18 day-old groups.  Like the  30 

day-old  c o n t r o l s ,  s n i f f in g - l i c k in g -p a w in g  a l so  decreased 

s i g n i f i c a n t l y  in th e  18 day-old NHC group; t h i s  was not t r u e  f o r  

e i t h e r  the  PL or D5W groups.  Thus, the  decrease  in t h i s  ex p lo ra to ry  

behavior  shown by c o n t r o l s  of  both ages was prevented  by handl ing .

Gender Differences  -  Maternal Behaviors

One of the  hypotheses t e s t e d  by t h i s  experiment was t h a t  1f 

hormones p resen t  in maternal  blood plasma were a c t in g  on neural  

s u b s t r a t e ,  then th e r e  would be some s e l e c t i v i t y  1n behavioral  

response by gender.  However, s e l e c t i v e  gender responsiveness  to



handling has a l ready  been shown (Mayer e t .  a l . ,  1979; Mayer and 

R osen b la t t ,  1979a),  and so could conceivably  account f o r  d i f f e r e n c e s  

between the  sexes .  Our r e s u l t s  show t h a t ,  in f a c t ,  fo r  most 

maternal behav io rs ,  the  two manipula tions  produced e f f e c t s  which can 

be d i f f e r e n t i a t e d ,  and which appear to  i n t e r a c t .  These a re  l i s t e d  

in  Table 10, and a re  shown f o r  30 day-o lds  In Figure  9 ( a - d ) .

T h i r ty  Day-01ds

As shown in Figure 9a, PL females r e t r i e v e d  more than D5W and 

NHC females .  PL females a lso  r e t r i e v e d  more than NHC males ,  but not 

more than PL or  D5W males.  These two groups of males did 

s i g n i f i c a n t l y  more r e t r i e v i n g  than NHC males,  as well as D5W and NHC 

females .  This l a t t e r  r e s u l t  accounted fo r  the  sex d i f f e r e n c e  which 

showed males r e t r i e v i n g  more than females .  Moreover, these  r e s u l t s  

are  most i n t e r e s t i n g  because they d i f f e r e n t i a t e  by sex the  group 

e f f e c t s  noted above. The fa c t  t h a t  PL females r e t r i e v e d  more than 

D5W females s t rong ly  suggests  t h a t  the  mechanism f a c i l i t a t i n g  

r e t r i e v i n g  in females i s  via  hormonal a c t i v a t i o n  of neural  

s u b s t r a t e .  On the  o ther  hand, s ince  PL and D5W males cannot be 

d i f f e r e n t i a t e d ,  the  mechanism which seems to  have a c t i v a t e d  

r e t r i e v i n g  in males i s  handling.  This presumably involves  some 

o the r  mechanism not a c c e s s ib l e  t o  females ,  as shown by the  lack of  

any e f f e c t  on D5W females '  l e v e l s  of r e t r i e v i n g .

Figure 9b shows t h a t  PL and D5W females crouched more than a l l



male groups.  There were no d i f f e r e n c e s  between PL and D5W females ,  

both of which groups a l so  e x h ib i t e d  higher l e v e l s  of crouching than 

NHC females .  Thus, 1n females ,  hormonal e f f e c t s  cannot be 

d i f f e r e n t i a t e d  from the  e f f e c t s  of handling a lone ,  which a l so  

f a c i l i t a t e d  crouching . Males, on the  o the r  hand, were unresponsive  

to  e i t h e r  m anipu la t ion ,  with both PL and D5W groups showing 

comparably low le v e l s  o f  crouching as c o n t r o l s .  Again,  f o r  t h i s  

behav io r ,  the  sexes were d i f f e r e n t i a t e d ,  but only in response to  

handl ing ,  not plasma.

There was a d i f f e r e n c e  in anogenita l  l i c k in g  (F igure  9c) 

between PL females and males which r e f l e c t e d  th e  depress ion  o f  PL 

males '  performance of anogeni ta l  l i c k in g  o v e r a l l ,  r e l a t i v e  t o  the  

o the r  t rea tm en t  groups.  PL and D5W females engaged in  more 

anogeni ta l  l i c k in g  than NHC females .  There were no d i f f e r e n c e s  

between D5W and PL females ,  sugges ting  t h a t  hand l ing ,  and not 

hormone a c t i v a t i o n ,  was the  f a c t o r  in promoting t h i s  behavior  in 

females .  For the  male groups,  D5W and NHC males Hcked pups more 

th a t  PL males.  Apparently hormones p resen t  in plasma s e l e c t i v e l y  

decreases  l i c k in g  in  males ,  whereas handling has no e f f e c t .

Figure  9d shows the  depress ion  of s n i f f in g - l i c k in g -p a w in g  in 

both PL and D5W males r e l a t i v e  to  t h e i r  female c o u n te r p a r t s ,  as well 

as to  NHC females and males.  There were no d i f f e r e n c e s  between 

th e se  two male groups,  sugges t ing  t h a t  handl ing was re spons ib le  f o r  

the  change. For females th e re  were no d i f f e r e n c e s  among groups,



which a l l  showed high l e v e l s  of  t h i s  behav ior .  These da ta  I n d ic a te  

t h a t  f requencies  of sn1ff1ng- l ick lng-pawing are  unaffec ted  by e i t h e r  

hormone or handling manipula tions  1n females ,  but t h a t  handl ing 

alone can depress t h i s  exp lo ra to ry  behavior 1n 30 day-old males,  and 

sugges ting  the  b a s i s  of  another  gender d i f f e r e n c e .

Figure 10 shows d i f f e r e n c e s  in con tac t  among 30 day -o ld s ,  which 

in d ica ted  t h a t ,  while th e re  were no d i f f e r e n c e s  among females ,  

handled males (D5W) were in con tac t  more than a l l  female groups.

This was not t ru e  o f  males t h a t  received  plasma 1n add i t ion  to  

handl ing (PL group) .  Levels of  con tac t  in PL males were the  same as 

fo r  th e  NHC males,  sugges ting  t h a t  plasma may suppress con tac t  1n 

these  males.

We found no gender d i f f e r e n c e s  among any of  our 30 day-old 

groups with regard to  pupcarry ing , n e s tb u i ld ln g ,  charge and pounce.

Eighteen Day-01ds

As p re d ic ted  by a hypothesis  p o s tu l a t i n g  matura t iona l  processes  

as a mechanism f o r  hormonal e f f e c t s ,  18 day-o lds  showed few gender 

d i f f e r e n c e s  in maternal or 1n any o th e r  behav io rs .  However, 18 

day-old  males showed more n e s tb u l ld in g  than 18 day-old females .

There were a l so  some i n t r i g u i n g  d i f f e r e n c e s  fo r  l e v e l s  of 

n e s tb u i ld in g  by group (F igure  11).  As Group x Sex I n t e r a c t i o n s  

(Table 8) i n d i c a t e d ,  n e s tb u l ld in g  behavior (11a) 1n females was 

apparen t ly  una f fec ted  by e i t h e r  hand l ing ,  or  hormones in  maternal



blood plasma. However, fo r  males plasma hormones appeared to  have 

suppressed n e s tb u l ld in g  in th e  PL group, r e l a t i v e  to  D5W males,  

which, in c o n t r a s t  to  female d a t a ,  sugges ts  a d i f f e r e n c e  in the  

e f f e c t s  of  plasma according to  sex a t  t h i s  age.  For co n tac t  ( l i b ) ,  

the re  was a s i g n i f i c a n t  sex d i f f e r e n c e ;  otherwise  no d i f f e r e n c e s  

were observed. This In d ic a te s  t h a t  in males l e v e l s  o f  co n tac t  are  

lower than t h a t  of females ,  and confirms a t r en d  f o r  18 day-o lds  

observed in Study 1.

Nest Ratings

Although we found no e f f e c t  of age or t rea tm en t  per se on nes t  

r a t i n g s ,  we did f in d  AGE6R x GR i n t e r a c t i o n s  (Table 11: F=24.14, 

df=2, p=0.0001) which in d ic a ted  t h a t  handled 30 day-olds  (PL, D5W) 

had higher  average nest  r a t i n g s  than a l l  18 day -o ld s ,  as well as 30 

day-old c o n t r o l s .  All 18 day-o lds  had higher nes t  r a t i n g s  than the  

30 day-old NHC group. Handling had no e f f e c t  on 18 day-old  nes t  

r a t i n g s .  Thus, handling improves the  q u a l i t y  o f  nes ts  in 30 

day-o lds  but not those  of  younger an imals .



P r in c ip a l  Component Analyses:  R e la t ionsh ips  Among Maternal and Play

Variables

One of the  purposes of t h i s  study was to  examine the  

r e l a t i o n s h i p s  among maternal behaviors  f o r  changes 1n response t o  

hormone or handling m an ipu la t ions .  Presumably, i f  neural  s u b s t r a t e  

were capable  of  response t o  hormones p re sen t  in  plasma, p r in c ip a l  

component analyses  would show more i n t e g r a t i o n  in PL animals 

r e l a t i v e  t o  c o n t r o l s .  That 1s ,  maternal behav iors :  r e t r i e v i n g ,

c rouching and l i c k i n g  would show a higher degree of  r e la t e d n e s s  to  

one ano ther  by v i r t u e  of  appearing on the  same f a c t o r ,  f o r  PL 

animals but not fo r  c o n t r o l s .  In a d d i t i o n ,  because a r e l a t i o n s h i p  

had been e s t a b l i s h e d  in  Study 1 between play and r e t r i e v i n g  

behaviors  a t  a l l  ages ,  another  ques t ion  t h a t  a r i s e s  i s :  how would

th e se  r e l a t i o n s h i p s  be a f f e c t e d  by hormonal manipula tion?  And, 

would th e se  r e l a t i o n s h i p s  be a f f e c t e d  by age?

The r e s u l t s  of  the  p r in c ip a l  component a n a ly s i s  f o r  th e  30 

day-o lds  a re  shown in Table 12a. These i n d i c a t e  t h a t  our f i r s t  

hypothes is  was d lsconf lrmed: t o  our s u r p r i s e ,  handling produced as

much i n t e g r a t i o n  as when plasma and handl ing were combined. This i s  

shown by the  f a c t  t h a t  primary loadings  f o r  r e t r i e v i n g ,  crouching 

and anogeni ta l  l i c k i n g  appeared to g e th e r  on Fac to r  2 fo r  both th e  PL 

and D5W groups,  and 1s in c o n t r a s t  t o  th e  NHC group, fo r  which only



crouching and anogenita l  l i c k i n g  appeared to g e th e r  on a f a c t o r  ( 3 ) ,  

but not in  a s so c ia t i o n  with r e t r i e v i n g .

An i n t e r e s t i n g  c l u s t e r  of behaviors occurred  fo r  D5W animals on

Factor 3: c rouching ,  anogeni ta l  l i c k in g  and c o n ta c t ,  t h i s  awas

s im i l a r  t o  the  s t r u c t u r e  o f  Fac tor  3 f o r  th e  NHC group, which 

cons i s ted  of crouching , anogenita l  l i c k i n g ,  and con tac t  with a 

negat ive  load ing .  The s i g n i f i c a n c e  of t h i s  s i m i l a r i t y  in s t r u c t u r e  

i s  u n c le a r ,  e s p e c i a l l y  given t h a t  the  primary loadings  fo r  the  D5W 

group f o r  crouching and anogeni ta l  l i c k in g  l i e  on Fac tor  2 with 

r e t r i e v i n g ,  in a v i r t u a l  i d e n t i c a l  con f ig u ra t io n  to  the  PL group. 

However, one i n t e r p r e t a t i o n  o f  the  f a c t ,  t h a t  f o r  th e  D5H group,

th e se  same behaviors appear on s ep a ra te  f a c t o r s  corresponding to

t h a t  of both PL and NHC groups,  sugges ts  t h a t  t h i s  group may share 

p a t t e r n s  common to  both .

For the  PL and D5M groups the  a s so c ia t i o n  between r e t r i e v i n g  

and pupcarry ing ,  charging and pouncing was cons iderab ly  weaker than 

fo r  the  NHC group, in t h a t  the  primary loading fo r  r e t r i e v i n g  did 

not occur on t h i s  f a c t o r  fo r  the  two handled groups.  As in  the  

NHC's, the  l a t t e r  th re e  behaviors  appeared s t rong ly  on Fac to r  1 f o r  

th e  PL and D5W animals ,  but with th e  a d d i t io n  o f  s n i f f - U c k - p a w in g .  

This produced a p la y -e x p lo ra to ry  v a r i a b l e ,  leav ing  the  s t a t u s  of 

pupcar ry ing as a maternal behavior in some doubt,  but cementing i t s  

a s s o c i a t i o n  with the  play b ehav io r s .  As the magnitude of loadings 

on Facto r  1 show, t h i s  v a r i a b l e  has more in  common with



p ia y -e x p lo ra to ry  behaviors  than i t  does with maternal behaviors .

As can be seen in  Table 12b, f o r  18 day-o lds  t h e r e  was l i t t l e  

d i f f e r e n t i a t i o n  among the  th r e e  groups with re spec t  to  r e l a t i o n s h ip s  

among behavioral  v a r i a b l e s .  For a l l  t h r e e  18 day-old groups,  as 

with the  30 day-old  NHC's, Facto r  1 c o n s i s t e d  of r e t r i e v e ,  pupcar ry ,  

charge and pounce,  a l l  with high p o s i t i v e  load ings ,  and in d i c a t i n g  a 

high degree of a s s o c ia t i o n  among th e se  maternal and play v a r i a b l e s .  

This suggests  t h a t  t h i s  may be an Immature, " ju v e n i l e "  p a t t e r n  which 

i s  r e l a t i v l y  i n s e n s i t i v e  to  man ipu la t ion ,  as compared with 30 

day -o lds .  Passive con tac t  a l so  appeared on Fac tor  1 with a nega t ive  

load ing ,  i n d i c a t i n g  t h a t  t h i s  behavior i s  absent in th e  presence of 

the  a c t i v e  m a te rna l -p lay  complex. However, f o r  18 day-old  D5W and 

PL groups s n 1 f f / l i c k /p a w  a l so  loaded p o s i t i v e l y  onto Fac tor  1, 

producing a new a s s o c ia t i o n  of t h i s  exp lo ra to ry  behavior  with th e  

m a te rna l -p lay  v a r i a b l e s .  For these  behav io r s ,  18 day-o lds  could be 

manipulated 1n the  same way as 30 d ay -o lds ,  fo r  whom handling (as 

rep resen ted  by the  u n d i f f e r e n t i a t e d  D5W and PL groups) produced the  

same p a t t e r n .  And, as in  th e  30 day-old  NHC group, n e s tb u l ld in g  

and pass ive  con tac t  loaded p o s i t i v e l y  to g e th e r  on Fac to r  2 fo r  the  

18 day-old  NHC group, in d i c a t in g  t h a t  t h i s  may a l so  be a " ju v en i le "  

p a t t e rn  of behav ior ,  in unmanipulated an imals .

As Table 12b shows, f o r  the  18 day-old D5W group, crouching and 

anogeni ta l  l i c k in g  appeared to g e th e r  on Fac tor  4,  i n d i c a t in g  t h a t  

handling f a c i l i t a t e d  the  a s s o c i a t i o n  between these  two maternal



v a r i a b l e s .  Otherwise,  f o r  18 day-old PL and NHC an imals ,  crouching,  

l i c k i n g ,  n e s tb u l ld in g  and co n tac t  appeared s i n g l y ,  and apparen t ly  a t  

random on var ious  f a c t o r s .  This 1s i n t e r e s t i n g  s ince  the  PL group 

showed no such a s s o c i a t i o n ,  and 1n l i g h t  of the  f a c t  t h a t  30 

day-o lds  show t h i s  p a t t e r n ,  r e in fo r c e s  the  notion t h a t  handling and 

hormones may be a c t in g  t o  t r i g g e r  s ep a ra te  p rocesses  promoting 

I n t e g r a t i o n .  I f  t h a t  were the  case ,  then i t  would mean t h a t  18 

day-o lds  a re  s u s c e p t ib l e  to  th e  e f f e c t s  of  handl ing ,  a t  l e a s t  f o r  

c e r t a i n  b ehav io r s ,  but showed no e f f e c t s  of  plasma, in a d d i t i o n .

Discussion

Our r e s u l t s  show complex i n t e r a c t i o n s  between hormone and 

handling manipula t ions  which depend upon the  sex and age a t  which 

those  manipu la t ions  were in t roduced ,  as well as th e  behaviors  which 

a re  examined. F i r s t ,  ind iv idua l  j u v e n i l e s  did  not r e l i a b l y  or 

c o n s i s t e n t l y  perform maternal a c t i v i t i e s .  However, 30 day-old PL 

animals showed an inc reased  tendency to  perform th r e e  c h a r a c t e r i s t i c  

maternal b ehav io r s ,  r e t r i e v i n g ,  crouching and anogeni ta l  l i c k i n g .

Secondly,  the  ad m in i s t r a t io n  of  hormones p resen t  In maternal 

blood plasma, or manipula tion  by hand l ing ,  s e l e c t i v e l y  inc reased



maternal behaviors  1n j u v e n i l e s ,  depending upon the  age or sex of  

the  an imals .  D i f f e r e n t i a l  e f f e c t s  on maternal behaviors  via plasma 

or handling were as fo llows: a) maternal blood plasma s e l e c t i v e l y

Increased r e t r i e v i n g  In PL 30 d ay -o lds ;  b) th e re  were Immediate (Day 

0) e f f e c t s  of hand l ing ,  as shown 1n Increased  r e t r i e v i n g ,  crouching ,  

anogenita l  l i c k i n g ,  c o n ta c t ,  and sni ff1ng- lick1ng-paw1ng by PL and 

D5W over NHC 30 day-o lds ,  and n e s tb u l ld in g  1n PL and D5W 18 

d ay -o lds ;  c) th e r e  were a l so  l o n g e r - l a s t i n g  e f f e c t s  of hand l ing ,  as 

shown 1n the  f a c i l i t a t i o n  of c rouching , anogeni ta l  l i c k in g  and 

pupcarry ing in 30 day -o ld s ,  in n e s tb u l ld in g ,  s n i f f 1 n g - l i c k i n g  and 

pawing, and a depress ion  of  pupcar ry ing 1n 18 day -o lds .

A number of i n t e r a c t i o n s  of gender d i f f e r e n c e s  with d i f f e r e n t  

t rea tm en ts  became e v id en t .  In 30 day-o lds :  a) maternal blood

plasma, but not handling,  s e l e c t i v e l y  f a c i l i t a t e d  r e t r i e v i n g  in 

females ,  but not males,  accounting fo r  the  e f f e c t  on 30 day-o lds  

noted above; b) fo r  males,  hand l ing ,  but not plasma, f a c i l i t a t e d  

r e t r i e v i n g ;  c)  handling alone f a c i l i t a t e d  crouching 1n females ,  and 

n e i th e r  plasma nor handl ing a f f e c t e d  crouching in males; d) handling 

inc reased  anogenita l  l i c k in g  1n females but not males;  e) plasma 

depressed anogenital  l i c k in g  in males but not females;  f )  handl ing 

depressed sn i f f ln g - l l c k ln g -p a w in g  in males ,  but had no a f f e c t  on 

females;  g) handling inc reased  c o n tac t  in males,  but not females ,  

and plasma lowered con tac t  to  con t ro l  l e v e l s  In males but not 

females .  In 18 day-o lds :  a) plasma hormones appear t o  have



suppressed n e s tb u l ld in g  behavior  In males;  b) while d i f f e r e n c e s  were 

not c l e a r c u t ,  D5W and NHC males did  more n e s tb u l ld in g  than did D5W 

and NHC females ,  sugges t ing  a p o s s ib le  sex d i f f e r e n c e ;  c) females 

showed more pass ive  co n tac t  than males,  I r r e s p e c t i v e  of group 

a f f i l i a t i o n .

Thi rd ,  we found t h a t  r e t r i e v i n g  behavior 1s a s so c ia te d  with 

play behaviors 1n younger j u v e n i l e s  I r r e s p e c t i v e  o f  t r e a tm e n t ,  and 

in o ld e r  contro l  an imals .  Handling younger j u v e n i l e s  (PL or D5W) 

produces a coupling of crouching with anogenita l  l i c k in g  

c h a r a c t e r i s t i c  of o lde r  j u v e n i l e s ,  whereas handling o ld e r  ju v e n i l e s  

(PL or D5W) produces the  d i s s o c i a t i o n  of  r e t r i e v i n g  behavior from 

p lay ,  and an in t e g r a t io n  of  the  same behavior  with crouching and 

l i c k i n g .  These occur whether or not hormones a re  admin is tered  

during handl ing .  However, th e re  was some sugges tion from th e se  data  

t h a t  the  i n t e g r a t i o n  processes  evoked by hormone in fu s io n  were 

d i f f e r e n t  from those  e l i c i t e d  by handling.

In c o n t r a s t  t o  our f i n d i n g s ,  the  da ta  repor ted  by Koranyi e t .  

a l .  (1976) in d ic a te d  a more general  behavioral  responsiveness  to  

hormones by j u v e n i l e s ,  which c l e a r l y  d i f f e r e n t i a t e d  animals given 

plasma from those  given s a l i n e .  In a d d i t i o n ,  the  la tency  f o r  the  

performance of  a l l  behaviors by p la sm a- in jec ted  animals was 

extremely sudden (an average of 12 h o u rs ) .  There a re  a number of



p o s s ib le  reasons why our r e s u l t s  could have d i f f e r e d  from t h e i r s ,  

ranging from d e t a i l s  o f  methodology to  the  na tu re  of  j u v e n i l e  

maternal behavior .

F i r s t ,  as In d ica ted  1n the  I n t r o d u c t i o n ,  because Koranyl e t .  

a l . ' s  paper was 1n the  n a tu re  of  a review,  both t h e i r  methodology 

and t h e i r  r e s u l t s  were s k e t c h i ly  p re s en te d ,  making i t  d i f f i c u l t  to  

i n t e r p r e t  the  d i f f e r e n c e s  between t h e i r  r e s u l t s  and ou rs .  For 

example, the  d e s c r ip t i o n  of t h e i r  method of i n j e c t i o n  does not 

Include  such d e t a i l s ,  but th e  d i f f i c u l t i e s  Involved In I n j e c t i n g  

serum versus s a l i n e  could have played a ro le  in dete rmin ing  the  

performance of  maternal behavior  in  plasma- versus  s a l i n e - i n j e c t e d  

an im als .  Unless the  t a i l  i s  d i s s e c te d  (under m a g n i f ic a t io n ,  e th e r  

a n es th e s ia  and /or  r e s t r a i n t )  i t  i s  d i f f i c u l t  to  t e l l  whether or not 

a bolus of  plasma has been a c t u a l l y  i n j e c t e d  in to  the  ve in .*  I f  

the  t a i l  vein were not a cc u ra te ly  i n j e c t e d ,  s a l i n e  would be absorbed 

quickly  in to  c a p i l l a r i e s  of the  t a i l .  Plasma, on th e  o the r  hand, 

could remain in i n t e r s t i t i a l  t i s s u e s  f o r  hours t o  days due to  i t s  

high m o la r i t y ,  and a c t  as an i r r i t a n t  to  t i s s u e s ,  much th e  same as a 

t a i l - p i n c h .  Work with a d u l t  females has shown t h a t  t a i l - p i n c h  can 

f a c i l i t a t e  the  onset  of maternal behavior  dur ing  s e n s i t i z a t i o n  

(Szechtman, S i e g e l ,  R o se n b la t t ,  and Komisaruk, 1977),  as well as 

o th e r  st imulus-bound behavio rs  in a d u l t  and in fa n t  r a t s  (Sahaklan 

and Robbins,  1977; Szechtman and H a l l ,  1980). Thus,  the  amount of  

t a i l  i r r i t a t i o n  exper ienced by p la sm a- in jec ted  animals in the



Koranyl e t .  a l .  s tudy could by I t s e l f  have accounted fo r  th e  

d i f f e r e n c e s  between t h e i r  plasma- and s a l i n e - i n j e c t e d  an imals .  I t

i s  reasonably c e r t a i n  t h a t  the  method of  in fu s io n  used 1n the  

p resen t  study guaranteed systemic c i r c u l a t i o n  of maternal blood 

plasma 1n our s u b j e c t s .

Equally s t r i k i n g  was the  extremely shor t  la tency  (12 hours) 

with which Koranyl e t .  a l . ' s  p la sm a- in jec ted  animals performed 

maternal b ehav io r s ,  s h o r t e r  than Terkel and R o s e n b la t t ' s  (1968) 

average o f  2.25 days f o r  a s im i l a r  method o f  I n j e c t io n  In to  the  

femoral ve in ,  and comparable to  the  14 .5-hour la tency  obta ined by 

Terkel and R o s e n b la t t ' s  (1972) more e f f e c t i v e  c r o s s - t r a n s f u s io n  

method. However, our da ta  in d i c a t e  t h a t  t h i s  s t r i k i n g  I n i t i a l  

e f f e c t  may have been an a r t i f a c t  of  hand l ing ,  or  perhaps o f  a 

t a i l - p i n c h  in the  case of  Koranyi e t .  a l . ' s  s tudy ,  and t h a t  actual  

plasma e f f e c t s  may be s lo w er -ac t in g .  Several i n v e s t i g a t o r s  have 

shown t h a t  j u v e n i l e  r a t s  can be induced to be maternal with 

extremely sho r t  l a t e n c i e s  (Bridges e t .  a l ,  1972; Gray and Chesley,  

1984; Mayer and R o sen b la t t ,  1979), and p a r t i c u l a r l y  handled 

j u v e n i l e s  (Mayer, e t .  a l . ,  1979). Indeed, as th e  r e s u l t s  o f  t h i s  

study have shown, handled animals show high f requencies  of maternal 

behaviors  as soon as 90 minutes a f t e r  i n f u s io n .  I t  has been 

suggested t h a t  t a i l  pinch may a c c e l e r a t e  the  onset  of maternal 

behavior  by Inducing behavior p a t t e r n s  t h a t  f a c i l i t a t e  1 t ,  such as 

l i c k in g  and inc reased  con tac t  with pups (Szechtman e t .  a l . ,  1977);



handl ing a lso  promotes Increased  co n tac t  1n j u v e n i l e s  (Mayer e t .  

a l . ,  1979). Thus the  two procedures  may have the  same func t iona l  

outcome, t h a t  1s the  f a c i l i t a t i o n  o f  maternal behaviors  with very 

sh o r t  l a t e n c i e s  in j u v e n i l e s .

I n t e r a c t io n s  o f  Hormones, Handling and Sex - Evidence fo r  

Neuroendocrine Responsiveness

The f a c t  t h a t  30 day-old PL females showed more r e t r i e v i n g  by 

the  t h i r d  day (72nd hour) of t e s t i n g  than e i t h e r  05W or  NHC females 

shows t h a t  these  animals were responding to  the  hormones p resen t  1n 

maternal blood plasma, and not merely t o  nonspec i f ic  e f f e c t s  of  

plasma. The la tency  with which females in t h i s  study reached t h e i r  

peak of r e t r i e v i n g  1s comparable to  l a t e n c i e s  of  a d u l t  females 

i n j e c t e d  with blood plasma (Terkel and R o sen b la t t ,  1968), which 

supports  t h i s  conc lus ion .  However, o th e r  behaviors  such as 

c rouching , were not s im i l a r ly  f a c i l i t a t e d  with such s p e c i f i c i t y .

This d i f f e r e n t i a l  responsiveness  to  hormones by 30 day-old females 

may have i t s  bas is  in the  imminent onset  of puber ty .  The f i r s t  

e s t r u s  in female r a t s  g e n e ra l ly  takes  p lace  around p o s tn a ta l  day 

34-40, whereas fo r  males onset  of puberty does not occur u n t i l  about 

10 days l a t e r  (Ojeda,  Andrews, Advls and Smith White, 1980).  

Moreover, matu ra tion  of  the  neuroendocrine rep roduc t ive  ax is  i s



near ly  complete 1n female r a t s  by about 30 days of age,  as evidenced 

by a number of  I n d i c a t o r s :  Increased  u t e r i n e  weight,  Inc reas ing  

serum e s t r a d i o l  l e v e l s ,  In c reas in g  s e n s i t i v i t y  of c en t r a l  components 

t o  s t e r o i d  p o s i t i v e  feedback, e t c .  (Ojeda,  e t .  a l . ,  1980; Parker and 

Mahesh, 1976).  Thus, enhanced r e t r i e v i n g  by 30 day-old  PL females 

1s probably a sign of  a growing responsiveness  t o  hormones, not 

p re sen t  1n males o r  younger females .  This evidence agrees  well with 

r e p o r t s  t h a t  f o r  females a d u l t l i k e  responses  a re  e s t a b l i s h e d  

sometime around puberty  (Nayer, e t .  a l . ,  1979). However, th e  lack of  

In t e g r a t i o n  of maternal behaviors  observed In Indiv idual  females ,  

e s p e c i a l l y  1n c o n t r a s t  t o  a d u l t  female responses  to  plasma hormones 

(Terkel and R o se n b la t t ,  1968;1971),  suggests  Incomplete matu ra tion  

o f  mechanisms under ly ing  th e se  responses .  The d i f f e r e n t i a l  

f a c i l i t a t i o n  of maternal behaviors  e i t h e r  by plasma or  by handling 

i s  probably a lso  r e f l e c t i v e  of the  same lack of  hormonal m a tu r i ty .

In a d d i t i o n ,  th e se  data  a re  In agreement with Gray and 

C hes ley 's  (1984) f ind ing  t h a t  j u v e n i l e  males r e t r i e v e  more than 

fem ales ,  a l though 1n our s t r a i n  1t requ i red  handl ing to  achieve t h i s  

e f f e c t .  While the  two s tu d ie s  a re  not p r e c i s e l y  comparable with 

r e sp ec t  to  ages of animals  or experimental  m an ipu la t ions ,  we th in k  

t h a t  th e  s i m i l a r i t y  may H e  1n the  f a c t  t h a t  t h e i r  animals were,  in 

e f f e c t ,  handled when they were removed and re tu rned  t o  cages each 

day of  exposure to  pups.  Mayer and Rosenb la t t  (1979b) have repor ted  

t h a t  b r i e f  per iods  of handl ing from Oays 21-24 inc reased  24 day-old



con tac t  with pupst sugges t ing  t h a t  weanlings a t  t h a t  age do re a c t  t o  

handling.

Mayer, Freeman and Rosenbla tt  (1979) found t h a t  handling (from 

Day 21 through 30) d i f f e r e n t i a t e d  30 day-old  males and females ,  In 

t h a t  males requ ired  more handl ing to  maximize maternal behavior ,  as 

defined by pup r e t r i e v a l s .  Our r e s u l t s  extend t h e i r  f ind ings  fo r  

o th e r  maternal behav iors :  fo r  example,  30 day-old  handled males

r e t r i e v e  more than females ,  females crouch more than males and 

handled males explore  pups l e s s .  S im i l a r ly ,  30 day-o ld  PL males 

11ck pups l e s s ,  and 18 day-o ld  PL males engage In l e s s  n e s tb u l ld in g ,  

sugges t ing  a hormonal e f f e c t  on males.  These kinds o f  I n t e r a c t io n s  

accounted fo r  v a r i a t i o n s  seen 1n the  major e f f e c t s  o f  our 

t r e a tm e n t s .  Given t h e i r  complexity and behavioral  s p e c i f i c i t y ,  they 

suggest  t h a t  d i f f e r e n c e s  e l i c i t e d  by a d m in i s t r a t io n  of  plasma
<

hormones and by handling are  i n d i c a t i v e  of  gender dimorphisms which 

a re  very l i k e l y  to  be emerging along more than one behavioral  

dimension. Again,  t h i s  could, r e f l e c t  p a r t i a l  matu ra tion  of  the  

neuroendocrine a x i s ,  which 1n tu rn  could mean the  a c t i v a t i o n  of  

o rg a n iz a t io n a l  In f luences  l a i d  down during th e  p e r in a t a l  pe r iod .

There 1s general  agreement t h a t  o rg a n iz a t io n a l  e f f e c t s  of  

p e r in a t a l  androgens In f luence  the  express ion  of d i f f e r e n c e s  between 

male and female r a t s  1n maternal behavio rs  expressed dur ing 

s e n s i t i z a t i o n  (Br idges ,  Zarrow, and Denenberg, 1972; Lubln, Leon, 

Moltz, and Numan, 1972; McCullough, Quadagno, and Goldman, 1974;



Quadagno, MCullough, Ho, and Spevak, 1973; Quadagno and Rockwell, 

1972), However, gender d i f f e r e n c e s  noted fo r  a wide range of 

behaviors  a l so  have t h e i r  roo ts  1n the  p e r in a t a l  pe r io d ,  Inc lud ing  

em o t io n a l i ty  and e x p lo ra to ry  behavior (as measured by open f i e l d  

a c t i v i t y ) ,  and l e a rn in g  behavio r  ( e . g . ,  pass ive  avoidance) (see  

Archer ,  1973, 1975; B ea t ty ,  1979; Goy and McEwen, 1980; Gray, 1971; 

Quadagno, B r iscoe ,  and Quadagno, 1977 f o r  rev iews) .  As Mayer e t .  

a l .  (1979) have poin ted o u t ,  d i f f e r e n c e s  1n responsiveness  to  

handling have been demonstrated f o r  th e se  c l a s s e s  of behavior as 

w e l l ,  sugges t ing  a ro l e  f o r  them in  the  express ion  of  maternal 

b ehav io r s .  This sugges ts  the  concommltant development of o the r  

neural  and behavio ra l  systems t h a t  might e f f e c t  responsiveness  to  

pups, Inc luding  those  r e l a t e d  t o  a r o u s a l ,  l e a rn ing  and t i m i d i t y  (see 

Bronste in  and Hirsch ,  1976; Campbell and Raskin,  1978; Spear and 

Brake,  1983; Stehouwer and Campbell,  1980).

F a c i l i t a t i o n  by Age

Older j u v e n i l e s  were d i f f e r e n t i a t e d  from younger ju v e n i l e s  

p r im ar i ly  by the  behaviors  with which they responded to  c o h ab i t a t io n  

with pups: 30 day-olds  showed more r e t r i e v i n g ,  c rouching ,  and

anogeni ta l  l i c k i n g ;  18 day-o lds  showed more n e s tb u l ld in g  and pass ive  

c o n ta c t .  As 1n th e  l a s t  s tudy ,  n e s tb u l ld in g  a c t i v i t y  dec l ined  1n 

a l l  18 d ay -o ld s ,  I r r e s p e c t i v e  o f  group a f f i l i a t i o n ,  I n d ic a t in g  t h a t  

t h i s  behavior undergoes a m atura t lona l  change over t ime t h a t  does



not take  place  1n o ld e r  j u v e n i l e s .  Moreover, 18 day-old  males 

appeared to  show a suppress ion  of  n e s tb u l ld in g  a c t i v i t y  In response 

to  plasma hormones. What t h i s  suggests  Is  t h a t  the  neuroendocrine 

complex a s so c ia te d  with th e  performance o f  maternal behaviors  1s,  

perhaps,  only begln lng to  mature 1n 18 day-old j u v e n i l e s ,  r e l a t i v e  

to  t h a t  of 30 day -o ld s .  I t  a l so  appears t h a t ,  a t  l e a s t  fo r  some 

behav io r s ,  the  processes  whereby maternal behaviors  are  f a c i l t l a t e d  

1n o ld e r  animals a re  very l i k e l y  not p re sen t  1n ju v e n i l e s  o f  18 days 

of age,  or re p re se n t  d i f f e r e n t  func t ions  a l t o g e t h e r .

The f a c t  t h a t  30 day-o lds  responded to  handling by Inc reas ing  

l e v e l s  of  con tac t  on the  f i r s t  day of  t e s t i n g ,  whereas the  18 

day-o lds  did n o t ,  suppor ts  Mayer and R o s e n b la t t ' s  (1979b) work 

I n d ic a t in g  t h a t  the  growth o f  a genera l ized  t i m i d i t y  a f t e r  24 days 

plays a g r e a t e r  p a r t  1n s e n s i t i z a t i o n  of o ld e r  j u v e n i l e s .  On the  

o th e r  hand, the  high l e v e l s  of  con tac t  shown by 18 day-o lds  were not 

a l so  accompanied by high l e v e l s  of  maternal a c t i v i t i e s .  This 

sugges ts  t h a t  pass ive  co n tac t  may play a d i f f e r e n t  ro l e  1n the  

s e n s i t i z a t i o n  of younger j u v e n i l e s  from t h a t  of o ld e r  j u v e n i l e s  and 

a d u l t s ,  al though 1t does not preclude co n tac t  as a p recond i t ion  fo r  

the  express ion  of maternal behavio r  (Fleming and R osenb la t t ,

1974a,b;  Fleming and Luebke, 1981; Mayer and R o se n b la t t ,  1979a; 

Terkel and R o sen b la t t ,  1971).



I n t e r r e l a t i o n s h i p s  Among Maternal and Play Behaviors

In the  p resen t  study the  ad m in i s t r a t io n  of  plasma hormones or 

handling a l t e r e d  the  r e l a t i o n s h i p s  between play and maternal 

behav io r s ,  and amongst maternal behaviors  themselves .  One of the  

more i n t r i g u in g  a spec ts  o f  t h i s  s tudy i s  the  f a c t  t h a t  f o r  30 

day-o lds  r e t r i e v i n g  could be coupled with o r  uncoupled from maternal 

or play behav io r s ,  depending upon which manipula tion  was used. For 

both PL and D5W groups r e t r i e v i n g  became a s s o c ia t e d  with crouching 

and anogenita l  l i c k i n g ,  sugges ting  t h a t  handling may have achieved 

the  i n t e g r a t i o n  of th e se  b ehav io r s ,  a t  the  expense of  an a s s o c i a t i o n  

of  r e t r i e v i n g  with p lay .  On another  f a c t o r ,  th e  D5W group a l so  

showed an a s s o c ia t i o n  between crouching and anogeni ta l  l i c k in g  - but 

without r e t r i e v i n g ,  and in s te ad  with c o n t a c t ,  c h a r a c t e r i s t i c  of the  

NHC group. Thus, while the  D5W and PL groups showed s i m i l a r  

p a t t e r n s  o f  i n t e g r a t i o n  among maternal b ehav io r s ,  th e  n a tu re  of 

th e se  a s s o c ia t i o n s  may be based on d i f f e r e n t  p ro cesses .  I t  a lso  

sugges ts  t h a t  the  behaviors  themselves can r e f l e c t  d i f f e r e n t  

under ly ing  p ro cesses .

While t h i s  i s  only one way of i n t e r p r e t i n g  the  f a c t o r  

s t r u c t u r e ,  1t  does agree with our ana lyses  of  groupings of the  th r e e  

maternal behaviors  p resen ted  I n i t i a l l y  In the  r e s u l t s .  In t h e s e ,  

more PL animals were shown to  engage in r e t r i e v i n g ,  crouching  and



anogeni ta l  l i c k in g  than e i t h e r  o f  th e  con t ro l  groups.  Thus, in 

th e se  a n a ly s e s ,  th e  prehoc grouping of behaviors  was a more powerful 

tool f o r  de te rmin ing d i f f e r e n c e s  than were th e  f a c t o r  a n a ly se s ,  

which were posthoc 1n n a tu re .  On the  o th e r  hand, the  f a c to r  

analyses  may have d i s c lo se d  two d i s t i n c t  popu la t ions  amongst th e  D5W 

animals :  those  t h a t  r e t r i e v e d  1n combination with crouching and

anogenita l  l i c k i n g ,  and those  t h a t  only crouched and H cked .

The previous  study found t h a t  c rouching and anogenita l  l i c k in g  

were a s s o c ia t e d  1n o ld e r  (24,  30 day-old )  j u v e n i l e s ,  but not 18 

d ay -o ld s .  In t h i s  study the  same a s s o c i a t i o n  was produced 1n the  18 

day-o ld  D5W group, but not 1n th e  PL group. There 1s no ready 

exp lana t ion  fo r  t h i s ,  e s p e c i a l l y  s ince  the re  were no corresponding 

group d i f f e r e n c e s  f o r  th e se  behaviors  among the  18 d ay -o lds .

However, t h i s  f ind ing  would a t  l e a s t  t e n t a t i v e l y  i n d i c a t e  t h a t  

handling promotes a p a t t e r n  of  behavior  c h a r a c t e r i s t i c  of  o ld e r  

j u v e n i l e s , . p e r h a p s  by a c c e l e r a t i n g  under ly ing  processes  re spons ib le  

f o r  I n t e g r a t i o n .  Since 30 day-o ld  c o n t r o l s  (NHC) showed the  same 

c o r r e l a t i o n  between r e t r i e v i n g  and the  play v a r i a b le s  as the  younger 

an imals ,  the  same exp lana t ion  may hold: i . e . ,  t h a t  handling

promotes a more a d u l t l i k e  p a t t e r n  of behavior .  I t  would be 

i n t e r e s t i n g  to  know I f  handled 30 day-o lds  were more competent a t  

r e t r i e v i n g ,  perhaps f a c i l i t a t i n g  the  t r a n s i t i o n  t o  crouching and 

anogeni ta l  l i c k i n g  once 1n the  n e s t .  Our impression  was t h a t  as 

animals became s e n s i t i z e d ,  they did 1n f a c t ,  become more competent



a t  r e t r i e v i n g  pups to  the  n e s t .

In the  l a s t  s tudy ,  the  main f in d in g  of  p r in c ip a l  component 

ana lyses  was the  d iscovery  of  a r e l a t i o n s h i p  between r e t r i e v i n g  and 

pupcarry ing and the  play behaviors  charge and pounce, in j u v e n i l e s  

exposed to  In f a n t s  a t  18, 24,  or  30 days of  age.  In t h i s  s tudy ,  f o r  

a l l  18 day-old groups and fo r  the  30 day-old c o n t r o l s ,  t h i s  

r e l a t i o n s h i p  remained s t ro n g ,  whereas f o r  30 day-old  PL and D5W 

animals 1t was weakened. Thus, the  r e l a t i o n s h ip  between r e t r i e v i n g  

and the  play behaviors  may comprise a p a t t e r n  which 1s 

c h a r a c t e r i s t i c  of  j u v e n i l e  r a t s ,  and i s  r e t a in ed  in  younger animals ,  

I r r e s p e c t i v e  of  o the r  changes brought about by our m anipu la t ions .

In o ld e r  ju v e n i l e s  the  bas ic  p a t t e r n  appears to  be more m a l leab le ,  

perhaps due to  under ly ing  matura t lona l  changes.

I t  was hypothesized in the  l a s t  s tudy,  t h a t  pupcarry ing , or 

incomplete r e t r i e v i n g ,  serves  as a t r a n s i t i o n a l  e lement,  perhaps 

s e q u e n t i a l l y  as p a r t  of  a behavior  cha in ,  during s e n s i t i z a t i o n .  

Although not d i r e c t l y  t e s t e d ,  th e  p re sen t  da ta  support  t h a t  

h y p o th es i s ,  in t h a t ,  in a l l  of our groups,  pupcar ry ing was s t i l l  

a s so c ia t e d  with the  play behav io r s ,  r e g a rd le s s  of age.  In a d d i t i o n ,  

in the  p la sm a- in jec ted  and handled groups (PL, D5W) a t  both ages ,  

sniff1ng-11ck1ng-paw1ng, used as a means of  exp lor ing  pups as  novel 

s t im ul i  (Mayer and R o sen b la t t ,  1979) became l inked  with the  maternal 

-  play v a r i a b l e  c rea ted  as f a c t o r  1,  perhaps becoming incorpora ted  

i n t o  the  hypo the t ica l  behavior cha in .  Our own informal observa t ions



I n d ic a te  t h a t  sn if f1ng- l1ck1ng-pawing, pupcar ry ing o r  r e t r i e v i n g  may 

a l l  serve  as a l t e r n a t i v e  endpoints  to  the  sequence: charge -  pounce

- (?) behavior .  Which behavior occurs as the  endpoint  might 

depend, perhaps,  on pup s t imulus  cues ,  whether or not ju v e n i l e s  were 

in the  e a r ly  or  l a t e r  s tag e s  of  s e n s i t i z a t i o n ,  o r ,  f o r  example,  on 

whether or not 1t was the  f i r s t  f i v e  minutes of  exposure ,  as Mayer 

and Rosenbla t t  (1979) found f o r  the  occurrence  of  s n i f f -1 Ick -p aw .

Together,  these  data  In d i c a t e  t h a t  the  p rocesses  of 

neuroendocrine  matu ra t ion  1n j u v e n i l e  r a t s  occur s lowly ,  and 1n a 

piecemeal fashion f o r  d i f f e r e n t  maternal b ehav io r s .  The 

d i f f e r e n t i a l  f a c i l i t a t i o n  of  maternal behaviors  by sex r e in f o r c e s  

t h i s  notion as w e l l .  However, they a l so  i n d i c a t e  the  development of  

p rocesses  whereby, as j u v e n i l e s  ge t  o l d e r ,  they demonst rate an 

in c re a s in g  capac i ty  toward i n t e g r a t i o n  of maternal behav io r s .

(1) C. Sawyer, personal communication.



Acute and Long-term E f fec t s  o f  Premature Weaning o r  Early Social  

I s o l a t i o n  on the  Expression of Maternal Behaviors in S e n s i t i z ed  Rats

In t roduc t ion

Although the  soc ia l  environment i s  an a l l - p e r v a s i v e  in f luence  

from the  moment of b i r t h  (and e a r l i e r ) ,  l i t t l e  work has been done to  

d e l i n e a t e  the  ways 1n which th e  e a r ly  environment i n t e r a c t s  with 

matu ra t lona l  p rocesses  during  development to  produce normal p a t t e r n s  

o f  maternal behavior In a d u l t  r a t s .  Most In v e s t ig a t io n s  of  the  

ontogeny of  maternal behavior have emphasized the  examination of  th e  

e f f e c t s  of e a r ly  m an ipu la t ions ,  p a r t i c u l a r l y  maternal and soc ia l  

d e p r i v a t i o n ,  on ad u l t  performance of  maternal behav io r s .  For 

example, Thoman and Arnold (1968) sub jec ted  r a t s  to  maternal 

d e p r iv a t io n  and/or  so c ia l  I s o l a t i o n  from b i r t h  by a r t i f i c i a l l y  

r e a r in g  them: the  m ate rna l ly -dep r ived  animals were reared e i t h e r  in

groups o r  s i n g l y ,  In In c u b a to r s .  Two con tro l  groups were reared  by 

mothers e i t h e r  with s i b l i n g s  o r  as s i n g l e t o n s .  At m a tu r i ty ,  

fo l lowing  mating and p a r t u r i t i o n ,  the  I n v e s t i g a t o r s  found t h a t  

d e p r iv a t io n  had not d i s ru p te d  performance of maternal beh av io r s ,  and 

concluded t h a t  by most of  t h e i r  d i r e c t  measures,  mother-deprived 

animals made adequate mothers .  In c o n t r a s t  t o  t h e i r  d i r e c t  

measures ,  in c u b a to r - r e a re d  mothers had a s i g n i f i c a n t l y  h igher  

Incidence  of pup m o r t a l i t y  than mother-reared  groups,  due p r im ar i ly



t o  I s o l a t e - r e a r e d  o f f s p r i n g  d e a th s .  I s o l a t e - r e a r e d  o f f s p r i n g  a l so  

showed r e t a r d a t i o n  In weight gain and eye-open1ng, I n d i c a t iv e  of 

d e f i c i e n t  mothering .

Studies  examining the  long-term e f f e c t s  o f  premature weaning on 

maternal behavior have a l so  found t h a t  prematurely-weaned females 

can provide adequate maternal c a r e ,  but with some Important 

d i f f e r e n c e s .  Novakova (1977) found t h a t  early-weaned (15 days) 

mothers b u i l t  rudimentary ne s t s  compared with those  b u i l t  by 

normally-weaned (30 days) mothers ,  a l though on o th e r  measures o f  

maternal behav ior ,  ear ly-weaned mothers were comparable to  

normally-weaned. Skoln lck ,  Ackerman, Hofer and Weiner (1980),  

working with our own s t r a i n  of Wistar r a t s ,  a l so  found no d e f i c i t s  

in r e t r i e v i n g  in t h e i r  mothers weaned a t  15 days,  and did not 

observe n e s tb u i ld in g  a c t i v i t i e s ,  but in d a i ly  obse rva t ions  found 

t h a t  th e se  females ,  whether r e a r in g  own or c r o s s - f o s t e r e d  l i t t e r s ,  

spent l e s s  t ime nurs ing  and In con tac t  with t h e i r  pups,  and engaged 

1n more a c t i v i t i e s  o u t s id e  the  nes t  than normally-weaned (21 days) 

mothers .

F i n a l l y ,  Sharpe (1975) examined the  maternal behavior  of r a t s  

reared In unisexual or  bisexual l i t t e r s ,  and found t h a t  u n lsexua l ly  

reared  mothers engaged in l e s s  n e s tb u i ld in g  a c t i v i t y  and b u i l t  le s s  

e l a b o r a te  nes ts  than r a t s  reared  1n bisexual l i t t e r s ,  I n d ic a t in g  

ano ther  e x p e r i e n t i a l  in f luence  on maternal behav ior .

While th e se  s tu d i e s  demonstrate  t h a t  the  e a r l y  environment can



impact upon the  performance o f  maternal behavior a t  a l a t e r  p e r io d ,  

they  provide l i t t l e  Information about how th e se  exper iences  exer ted  

t h e i r  e f f e c t s  on th e  development of the  b ehav io r s .  Their  r e s p l t s  

a re  d i f f i c u l t  t o  i n t e r p r e t  because no knowledge of  the  processes  

involved has been ga ined .  This d i f f i c u l t y  In I n t e r p r e t a t i o n  1s 

l a r g e ly  the  r e s u l t  of the  gap 1n t ime between the  e a r ly  event and 

i t s  l a t e r  consequences.

The p resen t  s e t  o f  experiments has a ttempted to  f i l l  in t h a t  

gap by u t i l i z i n g  a lo n g i tu d in a l  approach.  In t h i s  s tudy we looked 

a t  the  e f f e c t s  of  a b r i e f  e a r ly  exper ience :  e a r l y  weaning or soc ia l  

i s o l a t i o n  from 14 t o  24 days o f  age on maternal behavior expressed 

a t  24 days,  and then l a t e r  a t  100 days,  dur ing  s e n s i t i z a t i o n .  In 

t h i s  way we thought t o  e s t a b l i s h  a r e l a t i o n s h i p  between the  acu te  

and long- term e f f e c t s  of e a r l y  exper ience ,  as a f i r s t  s tep  toward 

d e l i n e a t i n g  the  p rocesses  by which those  exper iences  a re  t ransduced .

In a d d i t i o n ,  t h i s  study may answer some ques t ions  regard ing  the  

c o n t in u i ty  o f  maternal behaviors  expressed by j u v e n i l e s  with those  

expressed in adulthood.  Because of  the  fragmented and in c o n s i s t e n t  

n a tu re  o f  the  maternal behaviors  observed 1n ju v e n i l e s  dur ing 

s e n s i t i z a t i o n  and t h e i r  r e l a t i o n s h i p  to  play b ehav io r s ,  demonstrated 

in the  previous  two s t u d i e s ,  th e  ques t ion  a r i s e s  as t o  whether these  

bear  any d i r e c t  r e l a t i o n s h i p  to  the  a d u l t  form. Two recen t  s tu d ie s  

sugges t  t h a t  e a r ly  behaviors  may be continuous  with a d u l t  behav ior .  

Taylor (1980) has found t h a t  j u v e n i l e s  tend  to  mainta in  the  same



p o s i t i o n  1n a h ie ra rchy  of aggress iveness  from 20-30 days o f  age to  

adulthood a t  100 days ,  showing high p o s i t i v e  c o r r e l a t i o n s  between 

j u v e n i l e  and adu l t  behavior .  More p e r t i n e n t  to  t h i s  s tudy ,  Gray and 

Chesley (1984) found t h a t  females and males exposed to  pups as 

j u v e n i l e s  showed more r e t r i e v i n g  and l i c k in g  o f  pups 1n adulthood 

than those  which had not been preexposed. S ig n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n s  showed th a t  those  females t h a t  r e t r i e v e d  most as 

j u v e n i l e s  a l so  r e t r i e v e d  most as a d u l t s ;  t h i s  was not t r u e  o f  males.

Their  study demonstrates t h a t ,  a t  l e a s t  f o r  r e t r i e v i n g  behavior 

( they d id  not compare o ther  maternal b e h av io r s ) ,  r a t s  do show 

c o n t in u i ty  between the  j u v e n i l e  and a d u l t  form; moreover, the  

exper ience  o f  e a r ly  exposure to  pups had long term e f f e c t s ,  in the  

form of group d i f f e r e n c e s .

Experiment 1

The previous  two s tu d ie s  addressed  i s su e s  of the  r e la t e d n e s s  of  

various  components of  ju v e n i l e  maternal behav io rs ,  t h e i r  

r e l a t i o n s h i p s  with o th e r  c l a s s e s  of behavior dur ing development and 

to  the  matu ra tion  o f  the  neural  s u b s t r a t e  underlying them. The 

p resen t  experiment was d i r e c t e d  a t  examining the  ro le  of  e a r ly  

exper ience  on development of maternal b ehav io r s ,  In the  maturing 

r a t .

The alms of t h i s  experiment were: 1) t o  determine whether



ear ly-weaning or e a r ly  soc ia l  I s o l a t i o n  would s e l e c t i v e l y  a f f e c t  

maternal behaviors  expressed by 24 day-old  ju v e n i l e  r a t s  during 

s e n s i t i z a t i o n ;  2) t o  determine whether ear ly -weaning or e a r ly  soc ia l  

I s o l a t i o n  would s e l e c t i v e l y  a f f e c t  g regar ious  behav io r s ,  e . g . ,  

c on tac t  and play behaviors  (charge ,  pounce) expressed during 

s e n s i t i z a t i o n ;  and 3) t o  determine whether the  r e l a t i o n s h i p  between 

j u v e n i l e  maternal behaviors  and play behaviors  would change as a 

r e s u l t  o f  e a r ly  exper ience  manipu la t ions .

Methods

Subjec ts  and Housing

Subjects  were 33 female and 30 male 24 day-old j u v e n i l e  r a t s  

born and ra i s ed  as desc r ibed  In Experiments 1 and 2,  u n t i l  th e  age 

o f  14 days .

Procedures

Eleven l i t t e r s  of  r a t s  were u t i l i z e d  in a s p l i t  U t t e r  des ign .  

At 14 days of  age a l l  pups 1n each U t t e r  were weighed, earpunched 

and matched by sex and weight to  one of  th re e  weaning c o n d i t io n s .  

Animals 1n the  early-weaned group (EWG) were separa ted  from mothers 

and housed in mlxed-sex groups o f  3-4 from each l i t t e r ;  One male and 

one female s i b l i n g  from each l i t t e r  were a l so  ear ly -weaned,  but were



placed In to  so c ia l  i s o l a t i o n  (early-weaned i s o l a t e  group: EWI).

The r e s t  of the  l i t t e r ,  c o n s i s t i n g  o f  4-6 male and female s i b l i n g s ,  

were re tu rned  t o  mothers where they remained undis tu rbed  u n t i l  

weaning and t e s t i n g  a t  24 days of age.  All ear ly-weaned s u b je c t s  

were placed in t e r r a r i a  i d e n t i c a l  1n s i z e  and shape to  home cages 

with a l a y e r  of  home cage shav ings ;  f o r  EWI s u b je c t s  t e r r a r i a  were 

d iv ided  in h a l f  by a shee t  of  p l e x i g l a s s ,  so t h a t  each su b jec t  in 

th e  EWI group occupied approximate ly  h a l f  the  area  o f  t h a t  of  the  

EWG group. Thermoregulated heat was suppl ied  through the  t e r r a r iu m  

f l o o r  t o  main ta in  body temperature  o f  th e  sepa ra ted  animals .  

Separa ted animals were fed ad l ib i tu m  with a mash c o n s i s t i n g  of  

powdered r a t  chow and warm w a te r ,  which was changed d a l l y .  Water 

was a l so  a v a i l a b l e  ad l ib i tu m ,  from b o t t l e s  suspended in to  cages 

over mash. Care was taken not to  handle or o therwise  d i s t u r b  

sep a ra ted  animals a t  the  t ime of  feed ing ;  th e se  feedings  were 

matched by f requen t  feeding  of  mothers and U t t e r s .

One su b jec t  o f  each sex from each weaning group per l i t t e r  was 

u t i l i z e d  fo r  t e s t i n g  a t  24 days of age:  EWG: n=21 (11 females/10 

m ales) ;  EWI: n=21 (11 females /10 m ales ) ;  NW: n=21 (11 females/10 

m a les ) .  Due to  procedural  e r r o r ,  one male had t o  be dropped from 

each t rea tm en t  c o n d i t io n ,  accounting f o r  the  unequal n ' s  between 

males and females .



The t e s t i n g  co n d i t io n s  and observa t iona l  procedures were 

i d e n t i c a l  to  those  desc r ibed  in Stud ies  1 and 2.  All observers  were 

b l ind  to  animals '  t r e a tm en t  s t a t u s  a t  a l l  t im es .

Data Analysis

In the  previous  two experiments frequency data  derived from 

tlme-samples  provided a means f o r  f1ne-gra1ned analyses  o f  changes 

1n behaviors  and i n t e r r e l a t i o n s h i p s  among behav io rs .  In t h i s  study 

we were p r im ar i ly  I n t e r e s t e d  1n d i s t i n g u i s h in g  among our groups: we

th e r e f o r e  analyzed d a i l y  percent occurrence of each behavioral  

v a r i a b l e  f o r  each animal (dlchotomous d a t a ) ,  r a th e r  than the  t o t a l  

frequency of behaviors  fo r  each animal .  The F - s t a t 1 s t 1 c  i s  robust  

with re spec t  to  v io l a t i o n  of  assumptions of normali ty  and 

homogeneity (K1rk, 1968; Winer, 1971), t h e r e f o r e ,  parametr ic  

s t a t i s t i c s  were used to  accomodate the  f a c t o r i a l  design of the  

experiment (3-way ANOVA: Treatment Group x Sex x Days with repeated  

measures on C; where 3-way ANOVA In d ica ted  tendenc ies  toward Group 

e f f e c t s  but no Group x Day I n t e r a c t i o n s ,  da ta  were co l lapsed  to  

perform 2-way ANOVA: Treatment Group x Sex; posthocs were done with 

Newman-Keuls). Where d i s t r i b u t i o n s  depar ted s u f f i c i e n t l y  from 

normali ty  to  a f f e c t  the  F - s t a t i s t i c  ap p ro p r ia t e  t rans fo rm a t ions  were 

u t i l i z e d  (K1rk, 1968; Quenoul l le ,  1950; Winer, 1971). Each 

behavioral  v a r i a b l e  was analyzed s e p a r a t e ly .



Frequency da ta  were u t i l i z e d ,  however, f o r  p r in c ip a l  component 

( f a c t o r )  ana lyses  f o r  EWG, EWI and NW groups ,  to  determine 

underlying r e l a t i o n s h i p s  among behavioral  v a r i a b l e s ,  as 1n the  

previous  two exper im ents .

Resu l ts  and Discussion 

Table 13 shows mean weights o f  the  th r e e  groups a t  24 days of 

age,  j u s t  p r i o r  to  t e s t i n g .  A two-way ANOVA revealed  a s i g n i f i c a n t  

group, but no sex d i f f e r e n c e  1n weights (F(2,76)*16.7254, p<0.01).  

Posthoc t e s t s  showed t h a t  NW animals weighed more than both EWG and 

EWI groups.  There were no weight d i f f e r e n c e s  between th e  l a t t e r  two 

groups,  nor were t h e r e  d i f f e r e n c e s  between sexes .

Behavioral D if fe rences  -  Maternal Behaviors

A pre l im inary  a n a ly s i s  showed t h a t  few ( t o t a l =6) 24 day-olds  

met a d u l t  2-day c r i t e r i a  f o r  maternal behavior (see  Study 1: 

Methods). F isher -Exac t  t e s t s  between ind iv idua l  groups f a i l e d  to  

f in d  d i f f e r e n c e s ,  e i t h e r  with or  without a 2-day c r i t e r i o n  f o r  

c o n s i s te n cy .  S im i l a r ly ,  comparisons of group l a t e n c i e s  t o  show 

re t r1ev1ng/crouch1ng/anogeni ta l  l i c k i n g  with e i t h e r  a c r i t e r i o n  or  

no c r i t e r i o n  fo r  c o n s i s t e n c i e s  revealed  no d i f f e r e n c e s  among groups 

or sexes .  T here fo re ,  as an approximation to  t h i s  c r i t e r i o n ,  the  

groups were compared with r e sp ec t  to  th e  combined f requencies  of



r e t r i e v i n g ,  crouching and anogeni ta l  l i c k in g  shown by in d iv id u a l s  

throughout the  f i v e  days of t e s t i n g .  There were s i g n i f i c a n t  

d i f f e r e n c e s  among groups {F(2 ,57)*3 .92 ,  p<0.05) but not between 

sexes .  Post  hoes Ind ica ted  t h a t  NW animals showed more o f  these  

t h r e e  behaviors  than EWI animals (p<0.05) ,  but not EWG anim als .

There were no d i f f e r e n c e s  between EWI and EWG groups on t h i s  

measure.  These d a ta  I n d ic a te  t h a t ,  while  24 day-o lds  do not show 

maternal behaviors  with the  degree of cons i s tency  or I n t e g r a t io n  of 

a d u l t s ,  e a r l y  i s o l a t i o n  can reduce th e  the  frequency with which 

th e se  beh av io r s ,  taken as a group, are  e l i c i t e d  by pups during 

exposure .

Table 14 shows each behavioral  v a r i a b l e  analyzed and r e s u l t s  o f  

ANOVA t e s t s  of s i g n i f i c a n c e  f o r  Ind iv idua l  f r equenc ies  of behav io rs .

As i l l u s t r a t e d  in Figure  12, fewer animals in the  EWI group 

r e t r i e v e d  than th e  NW or  EWG groups; in a d d i t i o n ,  NW animals 

r e t r i e v e d  more than animals in the  EWG groups.  These data  in d ic a te  

t h a t  r e t r i e v i n g  behavior i s  most powerfully  a f f e c t e d  by the  

combination of ear ly-weaning  and so c ia l  i s o l a t i o n ,  but a l so  by e a r ly  

weaning per  s e .  As the  da ta  w i l l  show, th e se  two cond i t ions  may be 

s epa rab le  by the  mechanisms whereby they a f f e c t  r e t r i e v i n g .

Figure  13 shows crouching behavior amongst the  groups.

Crouching u s u a l ly  occurs a t  low l e v e l s  in 24 d ay -o ld s ,  th e r e f o r e  i t  

not s u r p r i s i n g  t h a t  t h e r e  were n e i t h e r  group nor sex d i f f e r e n c e s  fo r  

t h i s  behav ior .  There was a tendency fo r  EWG females t o  crouch more



than o ther  females ,  and males as w e l l ,  but F isher-Exac t  t e s t s  

comparing the  number of EWG females crouching to  o th e r  groups did 

not confirm t h i s  tendency.

There were no s i g n i f i c a n t  group d i f f e r e n c e s  in ano -gen i ta l  

l i c k i n g ,  nor were th e re  group d i f f e r e n c e s  fo r  n e s tb u l ld ln g .  There 

were a lso  no d i f f e r e n c e s  in o v e ra l l  nes t  r a t i n g s .  S im i l a r ly ,  a l l  

groups showed equ iv a len t  pe rcen ts  of pass ive  c o n ta c t ,  which were 

q u i t e  high fo r  a l l .

Induction E f fe c t s

There were a l so  Days e f f e c t s  t h a t  cut across  groups {Table 14),  

i n d i c a t in g  t h a t  a l l  t h r e e  groups were i n c re a s in g  maternal behaviors  

in response to  pup exposure ,  d e sp i t e  overa l l  d i f f e r e n c e s  in mean 

performances.  These inc luded r e t r i e v i n g ,  c rouching ,  and 

n e s tb u i ld in g ,  and anogenita l  l i c k i n g .  There were a l s o  a s i g n i f i c a n t  

and Group x Day e f f e c t s  fo r  t h i s  maternal measure.  Posthoc t e s t s  

showed t h a t  the  NW and EWG animals s i g n i f i c a n t l y  increased  l i c k in g  

over th e  f i v e  days of t e s t i n g ,  whereas t h e  EWI group did  no t .

Contact  a l so  inc reased  over t e s t i n g ,  but a Sex x Day e f f e c t  {F(2,  

228)= 2 .45; p<0.05) Ind ica ted  t h a t  males Increased  more than 

females ,  having s t a r t e d  with lower b a s e l in e s .

Other Behaviors

We next looked a t  o th e r  soc ia l  behaviors  d i r e c t e d  a t  i n f a n t s  by



24 d ay -o lds .  Our manipula t ions  a f f e c t e d  th r e e  of  th e se  behav io rs ;  

pupcarry ing , charging  and pouncing. As shown in Figure  14, more of 

both EWI females and males showed th e se  behaviors  than t h e i r  NW or  

EWG s i b l i n g s .  Males had a s l i g h t  tendency t o  pupcarry more than 

females ,  but t h i s  only c o n s t i t u t e d  a t r e n d .  There was no Day e f f e c t  

f o r  any of  th e se  t h r e e  behav io r s ,  I n d ic a t in g  t h a t  they did  not 

inc rease  in any of the  t h r e e  groups with exposure t o  pups,  u n l ike  

r e t r i e v i n g ,  crouching or l i c k i n g .  The f a c t  t h a t  changes In 

d i s t r i b u t i o n s  f o r  these  th r e e  behaviors  were a l l  1n th e  same 

d i r e c t i o n  suggest  some func t iona l  connection among them.

We a l so  found d i f f e r e n c e s  among groups 1n l e v e l s  o f  a c t i v i t y  

(F igure  15): a s i g n i f i c a n t l y  higher percen tage  o f  both EWI and EWG 

animals engaged 1n a c t i v i t i e s  while not 1n con tac t  with pups, 

compared with NW's. Other behav io rs ,  inc lud ing  the  ex p lo ra to ry  

sn i f f -1 ick -p aw  showed no d i f f e r e n c e s ,  e i t h e r  by group, sex or days.  

S ig n i f i c a n t  Days e f f e c t s  showed t h a t  a c t i v i t y  and r ea r in g  decreased 

with t e s t i n g  f o r  a l l  groups,  sugges t ing  t h a t  prolonged con tac t  with 

pups le ssened these  avoidance a c t i v i t i e s .

Weight and R e t r iev ing  Performance

A quest ion  t h a t  can be ra i s ed  with re spec t  to  r e t r i e v i n g  and 

pupcarrying 1n t h i s  study i s  whether o r  not th e  performance of  th e se  

behaviors  were r e l a t e d  t o  the  weight of  j u v e n i l e s .  Since th e re  was 

a weight d i f f e r e n c e  between normally-weaned and early-weaned groups,



1t i s  p o s s ib le  t h a t  the  l i g h t e r  EWG and EWI animals r e t r i e v e d  le ss  

than NW animals and attempted more p upca r r ie s  because they were 

p h y s ic a l ly  unable to r e t r i e v e  pups. There fore ,  ind iv idua l  weight 

was c o r r e l a t e d  with each I n d i v i d u a l ' s  r e t r i e v i n g  and pupcarrying 

mean over f i v e  days of t e s t i n g .  Table 15 shows the  r e s u l t s  of  these  

c o r r e l a t i o n s .  There was no r e l a t i o n s h i p  between weight and 

r e t r i e v i n g  f o r  NW animals combined, or males and females s e p a r a t e l y ,  

nor was t h e r e  any r e l a t i o n s h i p  found f o r  EWI animals ,  t o g e th e r  or 

s e p a r a t e l y .  However EWG animals did show a p o s i t i v e  c o r r e l a t i o n :  

when t h i s  was broken down f u r t h e r  by sex ,  EWG females showed a 

s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  between weight and r e t r i e v i n g ,  but 

not males.  The re fo re ,  f o r  the  combined group o f  EWG animals ,  

ap p aren t ly  weight c o n t r ib u t e s  to  r e t r i e v i n g ,  and t h i s  i s  

s p e c i f i c a l l y  t r u e  f o r  females .  This 1s i n t e r e s t i n g  in l i g h t  o f  the  

f a c t  t h a t  the re  were no weight d i f f e r e n c e s  between EWG and EWI 

anim als .  Is i t  p o s s ib le  t h a t  d i f f e r e n t  mechanisms c o n t r ib u t e  to  

r e t r i e v i n g  d e f i c i e n c i e s  in these  two groups? The sugges tion  i s  t h a t  

fo r  early-weaned i s o l a t e s  o th e r  f a c t o r s  (d iscussed  below) were 

probably  re sp o n s ib le  fo r  depress ing  r e t r i e v i n g  below t h a t  of  both 

normally-weaned and early-weaned group l e v e l s .  Moreover, e lev a te d  

l e v e l s  o f  pupcarry ing in EWI animals  appear to  be u n re la ted  to  

weight d i f f e r e n c e s .  When female and male groups were combined, 

t h e re  was no r e l a t i o n s h i p  between weight and r e t r i e v i n g  fo r  females ,  

but a s i g n i f i c a n t  correspondance between th e se  f o r  males.  Thus f o r



males,  w i th in  each t rea tm en t  group, t h e r e  was no r e l a t i o n  between 

weight and the  a b i l i t y  to  r e t r i e v e ,  but taken f o r  a range of 

w e igh ts ,  weight becomes an Important f a c t o r .  For females ,  weight 

apparen t ly  does not c o n t r ib u t e  toward r e t r i e v i n g  performance,  except 

in the  case  of EWG females .  There were no s im i l a r  c o r r e l a t i o n s  

shown fo r  pupcarry ing ,  fo r  e i t h e r  combined or  s ep a ra te  groups.

The weight and r e t r i e v i n g  r e s u l t s  of t h i s  study a re  In p a r t i a l  

disagreement with t h a t  of  Gray and Chesley (1984) ,  who found t h a t  

f o r  weanling females weight and r e t r i e v i n g  performance were 

u n c o r r e l a t e d ,  whereas f o r  males t h e r e  was a nega t ive  c o r r e l a t i o n  

between the  two measures,  I n d ic a t in g  t h a t  h eav ie r  animals r e t r i e v e  

l e s s .  Our data  show th e  oppos i te  e f f e c t  f o r  the  males.  The 

d iscrepancy  between the  two s tu d i e s  may be due to  severa l  f a c t o r s .  

One i s  t h a t  th e re  was probably more v a r i a b i l i t y  in weight in t h i s  

study than in t h e i r s ,  s ince  weight was a f f e c t e d  by e a r ly  weaning in 

t h i s  s tudy .  Thus a g r e a t e r  range 1n weight from h ighes t  to  lowest 

could have ac ted  t o  a l t e r  the  d i r e c t i o n  of th e  r e l a t i o n s h i p  between 

r e t r i e v i n g  and weight t h a t  seems to  be p re sen t  males.  A second 

f a c t o r  may H e  In d i f f e r e n c e s  1n measures of r e t r i e v i n g :  the  two 

s tu d i e s  had d i f f e r e n t  s ca le s  of  measurement f o r  r e t r i e v i n g ,  as well 

as d i f f e r e n t  leng th  t e s t  pe r iods  (10 days versus  5 days) w i th in  

which to  measure r e t r i e v i n g ,  and these  could have accounted f o r  

d i f f e r e n c e s .  N ever the le s s ,  I r r e s p e c t i v e  of  the  d i r e c t i o n  of  

d i f f e r e n c e s  between the  two s t u d i e s ,  they both agree t h a t ,  as a
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general  r u l e ,  weight appears to  be a p r e d i c t o r  of r e t r i e v i n g  

e f f i c i e n c y  in weanling male r a t s ,  but not 1n females’. The f a c t  t h a t  

EWG females {and poss ib ly  males) a re  a f f e c t e d  in t h e i r  performance 

thus  appears  t o  be s p e c i f i c a l l y  r e l a t e d  to  t h e i r  c o n d i t io n .

Facto r  Analyses -  R e la t ionsh ips  Among Behavioral  Var iab les

Table 4 shows the  r e s u l t s  of  th r e e  s e p a ra te  p r in c ip a l  component 

( f a c t o r )  analyses  fo r  EWG, EWI and NW groups.  Only the  f i r s t  two 

p r in c ip a l  f a c t o r s  a re  shown, s ince  they had e igenvalues  g r e a t e r  than 

two, a more c o n se rv a t iv e  c r i t e r i o n  fo r  in c lu s io n  of  f a c t o r s  than in 

previous  an a ly se s .  Using only the  f i r s t  two f a c t o r s  provides  the  

s im ples t  way to  cons ide r  the  f a c t o r  a n a ly s i s  da ta  f o r  th e se  groups.

The f a c t o r  analyses  supported d a ta  from our comparisons between

groups.  That i s ,  compared with the  NW and EWG groups,  which showed 

R e t r i e v in g ,  Pupcarrying Charging and Pouncing to g e th e r  on Fac tor  1, 

fo r  the  EWI group Ret r iev ing  was no longer c o r r e l a t i o n  with 

Pupcarrying-Charging-Pouncing group of b ehav io r s .  Thus, soc ia l  

i s o l a t i o n  e f f e c t i v e l y  reduced the  frequency of r e t r i e v i n g  to  the  

ex ten t  t h a t  i t  was no longer a s s o c i a t e d  with  t h e  play b ehav io r s .  In 

a d d i t i o n ,  these  data  r e p l i c a t e  the  f in d in g s  of  the  previous  two 

experiments of a R e t r iev ing  -  Play connection in  con t ro l  an im als ,  

and animals which,  though e a r ly  weaned, were ab le  to  play 1n a group 

s i t u a t i o n .

Fac tor  2 was i d e n t i c a l  f o r  the  th re e  groups: c o n s i s t i n g  of



Snlf f-Lick-Paw, A c t i v i t y ,  and Rear, and sugges ting t h a t  pup 

ex p lo ra t io n  and a c t i v i t y ,  as rep resen ted  by th e se  th re e  behaviors 

share  some common r e l a t i o n s h i p .

Taken t o g e t h e r ,  the  data  suggest  a number of p a t t e r n s  and 

p o s s ib le  I n t e r a c t i o n s  among e a r ly  exper iences  and d i f f e r e n t  c l a s s e s  

o f  behav io r s .  The f i r s t  p a t t e r n  t h a t  emerges i s  t h a t  r e t r i e v in g  

behavior appears t o  be fu n c t io n a l ly  r e l a t e d  1n a r e c ip ro ca l  fash ion  

to  t h r e e  o the r  soc ia l  behav io rs ,  pupcarry ,  charge and pounce, shown 

a t  t h i s  age 1n the  presence  of  neonates .  The changes e f f e c t e d  by 

so c ia l  I s o l a t i o n  a re  c o n s i s t e n t  with our previous  re p o r t s  t h a t  these  

four  soc ia l  behaviors  share  a s t a t i s t i c a l  commonality.  As 1n the  

previous  exper iment ,  r e t r i e v i n g  could be disengaged from the  o the r  

behav io rs ,  1n t h i s  case  by changing the  s o c i a l ,  as opposed to  the  

hormonal m i l i e u .  Social  i s o l a t i o n  produced a decrease  in the  number 

of animals r e t r i e v i n g .  Pupcarry,  by d e f i n i t i o n  an incomplete 

r e t r i e v a l ,  provided us with a measure of " d i so rg an iza t io n "  of 

r e t r i e v i n g ,  and in c reased  with I s o l a t i o n ,  provid ing th e  connection 

between th e  two.

The f a c t  t h a t  the  soc ia l  i s o l a t e s  charged and pounced more i s  

c o n s i s t e n t  with s tu d i e s  which i n d i c a t e  t h a t  j u v e n i l e s  wi l l  d i sp lay  

inc reased  play behaviors  fo llowing a per iod  o f  soc ia l  i s o l a t i o n  

(Panksepp, 1981; Panksepp and B ea t ty ,  1980; Stevens and A lb e r t s ,  

1981).  The i s o l a t e s '  behavior  cannot simply be a t t r i b u t e d  to  

h y p e r a c t i v i t y ,  a phenomenon known to  occur in  so c ia l  i s o l a t e s



(Baumal, DeFeo and Lai ,  1969; E1non and Morgan, 1977b), as well as 

in early-weaned animals (Hofer,  1975).  More EWG animals were a c t i v e  

as w e l l ,  but did not engage in pupcar ry ing ,  charging or  pouncing, 

and t h e i r  l e v e l s  of  r e t r i e v i n g  were midway between c o n t ro l s  and 

i s o l a t e s .  Moreover, a t  l e a s t  in the  case  o f  females ,  t h e i r  

r e t r i e v i n g  behavior may have been more t i e d  to  the  a b i l i t y  to  

p h y s ica l ly  ca r ry  pups,  a s s o c ia t e d  with t h e i r  weight.  I t  1s l i k e l y ,  

t h e r e f o r e  t h a t  i s o l a t i o n  in 24 day-o lds  d i so rg a n ize s  r e t r i e v i n g  

behavior  as the  r e s u l t  of a d ep r iv a t io n  o f  so c ia l  I n t e r a c t i o n s ,  and 

perhaps s p e c i f i c a l l y  of  play i n t e r a c t i o n s .

While the  mechanism whereby the  d e p r iv a t io n  of so c ia l  

i n t e r a c t i o n  could d i s r u p t  r e t r i e v i n g  behavior was not addressed in 

these  exper im ents ,  Einon and Morgan (1976) have observed t h a t  

s o c i a l l y  i s o l a t e d  r a t s  tend to  have d i f f i c u l t y  in i n h i b i t i n g  

responding, or in swi tch ing  between d i f f e r e n t  p a t t e r n s  of behavior .  

As r e s u l t  of the  f a c t  t h a t  one hour of soc ia l  co n tac t  a day 

a l l e v i a t e s  such d e f i c i t s  in  I s o l a t e s  (Einon and Morgan, 1978),  they 

have suggested t h a t  c h a r a c t e r i s t i c s  of soc ia l  exposure f a c i l i t a t i n g  

the  a b i l i t y  t o  switch between p a t t e r n s  of behavior  may a r i s e  from 

the  rap id  a l t e r n a t i o n  of  ro le s  and behavior p a t t e r n s  encountered in 

p lay .  S im i la r ly  in domestic c a t s ,  j u v e n i l e  soc ia l  I s o l a t e s  show an 

i n a b i l i t y  to  modify behavior  in response to  soc ia l  cues dur ing  play 

(Guyott ,  Bennett ,  and Cross,  1980). Thus, i t  I s  p o s s ib le  t h a t  

s o c i a l l y  i s o l a t e d  r a t s  may be unable to  change from a “p lay fu l"



p a t t e r n  of  behavior t o  an a p p ro p r ia t e  c a re ta k ln g  behavior such as 

r e t r i e v i n g  on the  b a s i s  of cues encountered 1n a s s o c i a t i o n  with 

week-old pups.

While the  data  do not support  f irm co n c lu s io n s ,  they suggest  an 

I n t r i g u i n g  p o s s i b i l i t y  t h a t  crouching behavior may be under the  

contro l  of  d i f f e r e n t  mechanisms from r e t r i e v i n g ,  as evidenced by the  

tendency f o r  more EWG females to  engage in t h i s  behavior .  I t  Is  

reasonable  to  suppose t h a t  the  mechanisms under ly ing  crouching 1n 

ju v e n i l e s  may involve  thermal f a c t o r s  as I t  does 1n l a c t a t i n g  a d u l t  

females (Woodslde and Leon, 1980).  Prematurely  weaned animals a re  

known t o  have thermoregula to ry  d e f i c i t s  (Ackerman, 1981; Greenberg,  

1983) and fo r  t h i s  reason may show s e l e c t i v e  e f f e c t s  on crouching 

behavior .  On the  o th e r  hand, 1t  i s  by no means c e r t a i n  t h a t  

therm oregu la to ry -endocr ine  r e l a t i o n s h i p s  under ly ing  crouching  

behavior  1n s e n s i t i z e d  animals a re  isomorphic with crouching 

a s s o c ia t e d  with l a c t a t a t l o n  and nu rs in g .  Nor i s  i t  c l e a r  why only 

EWG females should be s e l e c t i v e l y  a f f e c t e d ,  as opposed to  o th e r  

prematurely-weaned groups,  f o r  example EWI fem ales ,  o r  EWG males.  

Thus, while  any conclus ions  regard ing  t h i s  e f f e c t  must be only 

t e n t a t i v e ,  e s p e c i a l l y  given the  numbers of animals crouching 

o v e r a l l ,  n e v e r th e l e s s ,  the  phenomenon bears f u tu r e  experimental  

a t t e n t i o n .

As 1n th e  previous  experiment n e i t h e r  n e s tb u l ld ln g  nor 

anogeni ta l  l i c k i n g  were a f f e c t e d  by any of our t r e a tm e n t s ,



sugges t ing  t h a t  these  behaviors  a re  a l so  under sep a ra te  contro l  from 

both r e t r i e v i n g  and crouching.  Their  Inc reases  over f i v e  days does 

su g g es t ,  however, t h a t  they a re  s u s c e p t ib le  to  In f luence  by pup 

exposure,  and th e r e f o r e  show p o t e n t i a l  f o r  I n t e g r a t io n  with o th e r  

maternal behaviors .

In summary, these  r e s u l t s  support  da ta  from our previous  

experiments  which have suggested t h a t  e a r l y  maternal behaviors  a re  

d i s t i n c t  dur ing development. They have a l so  shown 

environmenta lly-1nduced l a b i l i t y  among maternal behaviors  e a r l y  1n 

l i f e ,  with re spec t  to  the  degree t h a t  d i f f e r e n t  maternal behaviors  

can be f a c i l i t a t e d  or  i n h ib i t e d  by d i f f e r e n t i a l  e a r ly  exper ience .  

Thus,  these  experiments can be considered  a model fo r  

n a t u r a l l y - o c c u r r in g  environmental  f a c to r s  which could In f luence  

t h e i r  development.
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Experiment 2

This experiment had two major alms: 1) t o  t e s t  f o r  the

p e r s i s t e n c e  In to  adulthood of d i f f e r e n c e s  engendered by e a r ly  

maternal s ep a ra t io n  o r  e a r ly  soc ia l  i s o l a t i o n  on maternal behaviors  

shown a t  24 days o f  age;  and 2) t o  t e s t  the  hypothes is  t h a t  

ind iv idua l  d i f f e r e n c e s  in maternal and o th e r  behaviors  ex h ib i te d  

e a r ly  in l i f e  w i l l  be p r e d i c t i v e  of Ind iv idua l  d i f f e r e n c e s  in  a d u l t s  

on those  same behav io r s .  In o rde r  t o  contro l  f o r  th e  e f f e c t s  of  

previous  exposure t o  pups a t  24 days,  an a d d i t io n a l  group was added, 

t h e  NT, or  Normally Weaned Not Tested group.

Methods

Subjec ts

Subjects  were 33 females and 30 males from the  previous 

experiment which c o n s t i t u t e d  th e  EWG, El and NW groups,  with the  

a dd i t ion  of the  Normally-Weaned Not Tested (NT) group (n*22,)  which 

Included 11 females and 10 males.  For th e  most p a r t ,  t h e se  were 

H t t e r m a t e s  (one of each sex per U t t e r )  of  animals 1n the  former 

th r e e  groups. These were reared  by t h e i r  mothers u n t i l  24 days of 

age ,  a t  which t ime they were placed 1n mixed-sex groups In to  

aquarium cages I d e n t i c a l  to  the  cages o f  s i b l i n g s  being t e s t e d ,  In 

the  same t e s t  room. Because some NT animals from the  o r i g i n a l  11



U t t e r s  became u n a v a i l ab le  f o r  t e s t i n g  a t  100 days,  animals from an
t

a d d i t io n a l  th r e e  to  fou r  l i t t e r s  were Included 1n the  NT male/female 

groups: no more than one Ind iv idua l  o f  each sex per l i t t e r  was used 

fo r  each group. These were s i b l i n g s  of j u v e n i l e s  a l so  t e s t e d  with 

pups a t  24 days o f  age In another  exper iment:  weaning and housing 

cond i t ions  f o r  th e se  NT group animals were I d e n t i c a l  to  NT animals 

de r ived  from l i t t e r s  used In Experiment 1.

Procedures

A fte r  5 days of exposure to  I n f a n t s  from 24 t o  28 days of age 

f o r  the  EWG, EWI and NW groups ,  o r  group l i v i n g  1n t e s t  cages f o r  

the  NT group, a l l  s u b je c t s  were placed In to  same-sex groups In 

s tandard  wire-mesh hanging cages 1n th e  colony room. When s u b jec t s  

were an average of 13 weeks they were reweighed and placed i n to  t e s t  

cages i d e n t i c a l  to  those  used a t  24 days in t h e  same room in which 

they were o r i g i n a l l y  t e s t e d .  Subjec ts  were then h a b i tu a ted  fo r  7-10 

days ,  s ince  they went from a 12-hr s tanda rd  l i g h t  cyc le  in  the  

colony room to  a 12-hr reversed  l i g h t  cycle  1n the  t e s t  room. I t  

had been p rev io u s ly  noted t h a t  1 t  requ i red  approximately t h i s  amount 

of t ime f o r  a c t i v i t y  to  be r e a d ju s te d  to  reversed  c o n d i t i o n s .

At 14 weeks of  age (96 to  100 d a y s ) ,  a l l  s u b j e c t s  were exposed 

to  pups fo r  e ig h t  days .  Tes t ing  cond i t ions  and observa t iona l  

procedures  were as desc r ibed  1n Experiment 1. Unlike a t  24 days of  

age ,  some canniba l ism was e x h ib i t e d  a t  100 days o f  age.  We



t h e r e f o r e  e s t a b l i s h e d  a c r i t e r i o n ,  wherein an animal was removed 

from the  study a f t e r  showing two consecu t ive  days of  canniba l ism.

By t h i s  c r i t e r i o n ,  al though a t o t a l  of th re e  animals cann iba l ized  

once,  only one, an EWI male, was excluded from an a ly se s .  The o th e r

two animals were a NW female and NT female.

Data Analysis

Data analyses  of s ep a ra te  behavioral  v a r i a b le s  were the  same as 

f o r  Exper len t 1. For comparisons of a d u l t s  meeting maternal 

behavior c r i t e r i a  (see  Study 1: Methods) nonparametrlc s t a t i s t i c s  

were used f o r  a n a ly se s ,  Inc lud ing  Ch1-Square o r  F ishe r  Exact Tests  

when s u b jec t s  were dichotomized In to  those  t h a t  showed the  r e q u i s i t e  

behaviors  and those  t h a t  did  n o t .  C o r re la t io n s  between behavioral  

measures a t  24 and 100 days were c a l c u l a t e d  by the  method of

Spearman, with the  use of t - t e s t s  to  determine s ig n i f i c a n c e  f o r  n ' s

of  over 30 ( S l e g a l ,  1956, p. 202) .  For weight d a t a ,  the  Pearson " r H 

c o r r e l a t i o n  was c a l c u l a t e d  with one-ta11ed p r o b a b i l i t i e s ,  as th e se  

e f f e c t s  were 1n the  expected d i r e c t i o n .

As 1n th e  previous  exper iment,  frequency da ta  were u t i l i z e d ,  

f o r  p r in c ip a l  component ( f a c t o r )  analyses  on EWG, EWI, NW and NWNT 

groups,  t o  determine under ly ing  r e l a t i o n s h i p s  among behavioral  

v a r i a b l e s .



Result s

Weight Data

A 2-way ANOVA comparing weight 1n 100 day-old NW, NT, EWG and 

EWI males and females showed no d i f f e r e n c e s  among groups,  nor was 

t h e r e  .any I n t e r a c t i o n  o f  group and sex.  As expected ,  however, th e re  

was a marked sex d i f f e r e n c e :  I . e . ,  males weighed more than females 

( F ( l ,6 9 )= 2 7 9 .7 ,  p<0.01).  C o r re la t io n s  of  weight a t  24 and 100 days 

o f  age showed a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  f o r  NW females 

{ r= .61,  p<0.025, df=9) and f o r  NW males as well ( r * .8 4 ,  p<0.005, 

d f=8) .  Of th e  early-weaned groups,  EWI animals showed s i g n i f i c a n t  

p o s i t i v e  c o r r e l a t i o n s :  for  EWI females ( r= .6 5 ,  df=9, p<0.025) and 

EWI males ( r= .8 4 ,  df=8, p<0.0005);  n e i t h e r  EWG females nor EWG males 

showed s i g n i f i c a n t  c o r r e l a t i o n s  between 24 day-o ld  and 100 day-old 

weights .  These da ta  In d i c a t e  t h a t  the  e f f e c t s  of ear ly-weaning on 

weight p re sen t  a t  24 days had d isappeared by 100 days ,  In d ic a t in g  

the  recovery of  func t ion  f o r  t h i s  parameter of  e a r l y  exper ience .  In 

the  NW and EWI groups Ind iv idua l  animals mainta ined  t h e i r  r e l a t i v e  

weights with re spec t  to  o th e r  I n d i v i d u a l s ,  but t h i s  was not t r u e  f o r  

the  EWG group.



Maternal Behaviors

Few a d u l t  females and no a d u l t  males met c r i t e r i a  fo r  maternal 

behavior ,  showing r e t r i e v i n g ,  crouching , and anogeni ta l  l i c k in g  

to g e th e r  f o r  two consecu t ive  days wi th in  th e  e1ght-day per iod  of 

t h i s  t e s t i n g .  There were no d i f f e r e n c e s  between female groups,  as 

shown by s ep a ra te  F i sh e r  Exact T e s t s ,  f o r  e i t h e r  th e  number of 

females meeting c r i t e r i a ,  o r  1n t h e i r  l a t e n c i e s .  A g r e a t e r  number 

o f  animals showed a l l  o f  these  behaviors  a t  l e a s t  once dur ing 

t e s t i n g ,  and t h e r e f o r e  as an approximation to  c r i t e r i a ,  t h e  groups 

were compared with r e sp ec t  to  the  combined f requencies  of 

r e t r i e v i n g ,  crouching and anogeni ta l  l i c k i n g  shown by an Ind iv idua l  

a t  any t ime dur ing  th e  f i v e  days of  t e s t i n g ,  as had been done with 

j u v e n i l e s .  The r e s u l t s  of  t h i s  a n a ly s i s  revealed  no d i f f e r e n c e s  

among t rea tm en t  groups fo r  e i t h e r  sex ,  but did show a s t rong  sex 

d i f f e r e n c e  (2-way ANOVA: F(1,75)=5.7Q, p<0.05) as expec ted ,  with 

females showing h igher  f r equencies  of these  behaviors  than males.

Table 17 shows th e  r e s u l t s  of 2-way ANOVA's of Ind iv idua l  

maternal behav io r s .  The 3-way analyses  showed Days e f f e c t s  fo r  

r e t r i e v i n g  (F(7 ,525)=11.06 ,  p<0.01) ,  crouching (F (7 ,5 2 5 ) -4 .3 2 ,  

p<0.01),  anogeni ta l  l i c k in g  (F{7,525)=4.98, p<0.01) ,  and con tac t  

( F(7»525)—7.78 ,  p<0.01) over t h e  e ig h t  days of t e s t i n g ,  In d ic a t in g  

t h a t ,  fo r  th e se  beh av io r s ,  exposure to  pups was Inducing 

s e n s i t i z a t i o n  eq u a l ly  1n a l l  groups .  This was not t r u e  f o r  

n e s tb u i ld in g  behavio r :  t h e r e  was no Inc rease  over t ime fo r  any
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groups o f  e i t h e r  sex over days.  There was a Sex x Day I n t e r a c t i o n  

fo r  r e t r i e v i n g  (F(7 ,525)»3 .16 ,  p<0.01):  posthoc analyses  showed t h a t  

t h e r e  was an Inc rease  In r e t r i e v i n g  behaviors  f o r  both males and 

females .  A 2-way ANOVA of  co l lapsed  data  (Group x Sex) Ind ica ted  

t h a t  females r e t r i e v e d  more, ove ra l l  than males (see  below),  

accounting fo r  the  i n t e r a c t i o n .

Two-way analyses  of  co l lapsed  da ta  (Group x Sex) revealed  t h a t  

n e i t h e r  e a r ly  weaning nor e a r ly  I s o l a t i o n  a f f e c t e d  the  express ion  of 

r e t r i e v i n g ,  c rouching ,  l i c k i n g ,  n e s tb u l ld ln g  or  amount o f  con tac t  

shown by 100 day -o ld s ,  1n comparisons among th e  fou r  t rea tm ent  

groups.  Nor was th e re  any e f f e c t  of p r i o r  co n tac t  with pups a t  24 

days old when compared with animals rece iv in g  f i r s t  con tac t  with 

pups a t  100 days old (NW versus  NWNT). This was t r u e  of both males 

and females .

As expected ,  th e re  were s t rong  sex d i f f e r e n c e s  f o r  a l l  maternal 

behaviors  (Figures  16 -  19): t h a t  1 s ,  100 day-old  females r e t r i e v e d  

(F igure  16) ,  crouched (F igure  17),  l i ck ed  pups'  anogeni ta l  a reas  

(F igure  18),  and did  more n e s tb u l ld ln g  (F igure  19) than 100 day-old  

males.  Females a l so  showed a tendency to  remain 1n co n tac t  with 

pups more than did males,  though t h i s  e f f e c t  did not a t t a i n  

s i g n i f i c a n c e .

In c o n t r a s t  to  f in d in g s  f o r  maternal beh av io r s ,  the  e f f e c t s  of 

e a r ly  exper ience  were expressed 1n pouncing, a c t i v i t y ,  and re a r in g  

b ehav io r s .  The EWG and EWI groups pounced more than both NW and NT



groups (F igure  20) ;  males a l so  pounced more than females .  Though no 

Group x Sex I n t e r a c t i o n  was found d i f f e r e n t i a t i n g  the  groups,  the  

EWG and EWI males appeared to  account f o r  the  g r e a t e r  amount of 

pouncing. Figures 21 and 22 show t h a t  EWI animals a l so  were more 

a c t i v e  and rea red  more than NW, NT and EWG anim als ,  I n d ic a t in g  a 

s p e c i f i c  e f f e c t  of  I s o l a t i o n  on these  behav io r s .  Males and females 

were eq u a l ly  a c t i v e  and reared eq u a l ly  across  groups,  al though th e r e  

was a tendency f o r  females to  r e a r  more. These data  In d ic a te  t h a t  

longterm behavioral  changes can be produced by e a r l y  weaning and 

e a r l y  I s o l a t i o n  which are  expressed In the  con tex t  of exposure to  

pups.

Nest Ratings

A 2-way ANOVA (Group x Sex) showed t h a t  the re  was no main 

e f f e c t  f o r  nes t  r a t i n g s ,  or I n t e r a c t i o n s  between t rea tm en t  groups or 

sex .  However, female mean nes t  r a t i n g s  were s i g n i f i c a n t l y  h igher  

than males (F ( l ,75 )=26 .1833 ,  p<0.01)l

C o r r e l a t i o n s :  J u v en i l e  and Adult Behaviors

To t e s t  the  hypothes is  t h a t  Ind iv idua l  d i f f e r e n c e s  1n maternal 

and o th e r  behaviors  e x h ib i t e d  e a r ly  In l i f e  wil l  be p r e d i c t i v e  of 

Ind iv idua l  d i f f e r e n c e s  in a d u l t s ,  c o r r e l a t i o n s  were done t o  

determine the  ex ten t  to  which Ind iv idual  animals occupied the  same 

r e l a t i v e  ranks f o r  Indiv idual f r equencies  of t h e  same behavioral



v a r i a b l e s .  Table 18 shows the  r e s u l t s  of  these  c o r r e l a t i o n a l  

analyses  a t  24 and 100 days of  age.  As expec ted ,  t h e r e  were few 

c o r r e l a t i o n s  between composite measures of maternal behav io rs ,  s ince  

so few animals a t  e i t h e r  age s imul taneous ly  showed r e t r i e v i n g ,  

crouching ,  l i c k i n g  or  n e s t b u l ld ln g .  The exception to  t h i s  was the  

EWG male group, which showed a s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  fo r  

Ind iv idual  f r eq u en c ie s  of combined r e t r i e v i n g ,  crouching and 

anogen i ta l  l i c k i n g  {rs » .63 ,  p<0.05).  When these  were broken down 

In to  component behav io rs ,  the  analyses  showed t h a t  the  r e l a t i o n s h i p  

was the  r e s u l t  o f  high c o r r e l a t i o n s  f o r  r e t r i e v i n g  and anogenita l  

l i c k i n g ,  In d ic a t in g  t h a t  Ind iv idua l  EWG males were c o n s i s t e n t  1n 

rankings  across  t ime f o r  these  behav io r s .  S im i la r  c ons is tency  1n 

ranking fo r  crouching was shown by EWI females .  N e i ther  NW nor EWG 

females showed any r e l a t i o n s h i p  between l e v e l s  o f  crouching a t  24 

and 100 days.  There were no o th e r  s i g n i f i c a n t  r e l a t i o n s h i p s  shown 

between maternal behaviors  performed a t  24 and 100 days.

Other behaviors  of I n t e r e s t  which showed s i g n i f i c a n t  

c o r r e l a t i o n s  across  t ime were pouncing, a c t i v i t y ,  and r e a r in g .

Since th e  ear ly-weaned groups had shown h igher  l e v e l s  of these  th r e e  

v a r i a b le s  1n var ious  combinations a t  both ages ,  they were combined 

to g e th e r  f o r  c o r r e l a t i o n a l  a n a ly s i s  a t  24 and 100 days f o r  each 

group. The r e s u l t s  were somewhat s t a r t l i n g  and c o u n t e r i n t u i t i v e :  a l l  

groups showed negat ive  c o r r e l a t i o n s ,  and th e se  were s i g n i f i c a n t  f o r  

both EWI females and males.  Trends f o r  these  were shown by NW



males,  and EWG females .  These behaviors  were then broken down In to  

the  combination of a c t i v i t y  and r e a r in g  to  p a r a l l e l  a d u l t  group 

d i f f e r e n c e s  (EWI groups showing h igher  l e v e l s  o f  th e se  than o th e r  

groups: see  above) with pouncing t r e a t e d  s e p a r a t e l y .  The r e s u l t s  

showed t h a t  only the  EWI males r e t a in e d  a s i g n i f i c a n t  negat ive  

c o r r e l a t i o n  f o r  pouncing and f o r  the  combination of a c t i v i t y  and 

r e a r in g .  These negat ive  c o r r e l a t i o n s  a re  somewhat d i f f i c u l t  t o  

i n t e r p r e t .  However, they do demonstrate t h a t  animals which showed 

t h i s  behavior  most a t  24 days of age performed 1t l e a s t  a t  100 days 

of  age,  and v ic e - v e r s a .  This may show a sys tem at ic  developmental 

t rans fo rm a t ion  wherein an acu te  change in pouncing, f o r  example, 1n 

one d i r e c t i o n  or another  Induced by e a r ly  I s o l a t i o n  1s p r e d i c t i v e  of 

long term changes 1n the  oppos i te  d i r e c t i o n .

Fac tor  Analyses -  R e la t ionsh ips  Among Behavioral Variables

In t h i s  a n a l y s i s ,  only th e  f i r s t  two f a c t o r s ,  or f a c to r s  with 

e igenvalues  of 2.00 or g r e a t e r  were Inc luded f o r  i n t e r p r e t a t i o n .  

These c r i t e r i a  conformed to  th e  " sc ree  t e s t "  advocated by C a t t e l l  

(see  Kim and Muel ler ,  1978 fo r  reviews of  f a c t o r  a n a l y s i s ) .

In c o n t r a s t  t o  f a c t o r  analyses  a t  24 days o f  age,  f a c t o r  

analyses  a t  100 days showed t h a t  females from a l l  groups were 

capable  of I n t e g r a t in g  maternal behaviors  1n response  to  exposure 

to  pups.  As shown 1n Table 19, Fac tor  1 c o n s i s t e d  of R e t r ie v in g ,  

Crouching, and Anogenital  Lick ing ,  and a l so  Contact  f o r  a l l  fou r



groups,  with the  ad d i t io n  o f  Nestbul ld lng  f o r  th e  EWG females .  This 

occurred  I r r e s p e c t i v e  of weaning h i s t o r y  or  exposure to  pups. 

However, whereas females were not d i f f e r e n t i a t e d  1n maternal 

behav io r s ,  Fac tor  2 Ind ica ted  t h a t  p l a y -e x p lo ra to ry  behaviors  were 

r e ta in ed  1n females p rev ious ly  exposed to  pups.  Combinations of  

Charging, Pouncing, Pupcarrying and Sniff-L1ck-Paw loaded onto t h i s  

f a c t o r  f o r  NW, EWG and EWI females ,  whereas f o r  NWNT females Other 

and Contact  dominated Fac to r  2.

To our s u r p r i s e ,  a s i m i l a r  p r o f i l e  was shown by a l l  male groups 

p rev ious ly  t e s t e d  with pups a t  24 days:  t h a t  1s ,  a l l  showed f u l l  

I n t e g r a t i o n  of maternal behav io r s ,  with loadings  f o r  R e t r i e v in g ,  

Crouching, Anogenital  Licking and Contact  on Fac tor  1. EWG males,  

l i k e  t h e i r  female s i b l i n g s ,  a l so  showed Nestbulld lng  on Fac to r  1. 

This suggests  t h a t  some I n t e r a c t i v e  aspec t  of e a r l y  weaning in  a 

group and previous  exper ience  with In fan t s  produces an In te g r a t io n  

of  n e s tb u l ld ln g  behavior i n to  the  p a t t e r n  of maternal behavior in 

ear ly-weaned group an imals .  However, un l ike  female groups with 

previous  exper ience  with pups a t  24 days,  only t h e  EWI males 

r e ta in ed  the  play b ehav io r s ,  Charge and Pounce, along with 

Sniff-Lick-Paw on Fac to r  2. In c o n t r a s t  t o  males t h a t  had previous  

exper ience with pups,  NWNT males showed R et r iev ing  on Fac to r  1, and 

Crouching, Licking and Pouncing on Fac tor  2,  sugges t ing  t h a t  males 

with no exper ience  do not i n t e g r a t e  maternal behav io rs .



I l l

Discussion

Upon f i r s t  g lance ,  comparisons between group da ta  would seem to  

i n d i c a t e  t h a t  the  exper ience  of  premature weaning a t  15 days,  or a 

period of I s o l a t i o n  a t  the  same age e x e r t s  no e f f e c t  on the  

express ion  o f  maternal behaviors  a t  a l a t e r  t ime .  Neither  does th e  

exper ience  o f  being exposed to  pups a t  24 days of age have any 

In f luence  on maternal behaviors  upon reexposure a t  100 days ,  1n 

group comparisons to  exper im en ta l ly  naive animals .

However, c o r r e l a t i o n s  and f a c t o r  ana lyses  add a s i g n i f i c a n t  

dimension to  t h i s  s t o r y .  Thus, t h e r e  were s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n s  among early-weaned animals f o r  some maternal behav iors :  

f o r  EWG males ,  in ind iv idua l  l e v e l s  of  r e t r i e v i n g  and anogenita l  

l i c k in g  between 24 and 100 days;  and f o r  EWI females 1n ind iv idua l  

l e v e l s  of crouching .  That no o th e r  groups of e i t h e r  sex showed 

these  c o r r e l a t i o n s  may be an I n d ic a t io n  t h a t  longterm p e r tu r b a t io n s  

in these  behaviors  r e s u l t  from e a r ly  weaning and I s o l a t i o n .  While 

these  did not show up as group d i f f e r e n c e s ,  th e  c o r r e l a t i o n a l  data  

suggest  t h a t  ind iv idua l  d i f f e r e n c e s  in p a t t e rn s  o f  maternal 

behaviors e a r ly  in  l i f e  may be p r e d i c t i v e  of Indiv idual  d i f f e r e n c e s  

in a d u l t s  f o r  the  same behav io rs .  Perhaps the  exper ience  of e a r ly  

weaning and soc ia l  I s o l a t i o n  serve  t o  p rese rve  th e  " ju v en i le "  

q u a l i t y  o f  maternal b ehav io r s ,  thus p rese rv ing  Indiv idual



d i f f e r e n c e s .

The f a c t o r  analyses  Ind ica ted  t h a t  a l l  a d u l t  females a re  able  

t o  I n t e g r a t e  maternal behaviors  In the  con tex t  o f  s e n s i t i z a t i o n ,  

reg a rd le ss  of weaning or  exper ience  with pups.  This 1s evidenced by 

the  fa c t  t h a t  Fac tor  1 cons i s ted  e n t i r e l y  of maternal behaviors  f o r  

a l l  groups.  However, the  presence of  j u v e n i l e  play behaviors  on 

Fac tor  2 f o r  a l l  females p rev ious ly  exposed to  pups demonstrated 

t h a t  1n f a c t  some aspec t  of the  exper ience  of exposure to  pups a t  24 

days promotes the  r e t e n t io n  of th e se  c h a r a c t e r i s t i c s  in  th e  same 

s i t u a t i o n ,  l a t e r  1n l i f e .  Moreover, the  presence o f  n e s tb u l ld ln g  on 

Factor 1 f o r  both female and male EWG groups sugges ts  t h a t  some 

a sp e c t ,  probably the rm oregu la to ry ,  promotes the  I n t e g r a t i o n  of  t h i s  

behavior  with o the r  maternal behav io rs .  Indeed, the  f a c t  t h a t  t h i s  

behavior  has been shown to  be u n co r re la ted  1n previous s tu d ie s  with 

l a c t a t i n g  and s e n s i t i z e d  animals (Fleming and R o sen b la t t ,  1974; 

S lo tn lc k ,  1967) r e in fo r ce s  t h i s  sugges t ion .

Most s t r i k i n g  was the  r e t e n t io n  and In t e g r a t io n  o f  maternal 

behaviors  1n males p rev ious ly  exposed to  pups a t  24 days of age.

This I s  1n c o n t r a s t  t o  males with no previous  exposure ,  which showed 

l i c k in g  and crouching as s ep a ra te  from r e t r i e v i n g  behavior .  These 

males resembled those  from previous  s tu d i e s  which have shown t h a t  

i n t a c t  a d u l t  males show g re a t  v a r i a b i l i t y  and l i t t l e  I n te g ra t io n  of  

maternal behaviors  ( e . g . ,  Lubln e t  a l ,  1972).  Moreover, t h e se  da ta  

a re  1n p a r t i a l  agreement with Gray and Chesley (1984),  who found



t h a t  e a r ly  exposed animals a re  more respons ive  t o  pups In adul thood 

than those  not p rev ious ly  exposed to  pups.

On the  o the r  hand, the  lack of d i f f e r e n t i a t i o n  among groups may 

be due to  severa l  f a c t o r s .  For example, in the  p resen t  study only 

30 to  40 percen t  of  fem ales ,  and fewer males ,  were r e t r i e v i n g  wi th in  

e ig h t  days,  i r r e s p e c t i v e  o f  t r e a tm e n t ,  I n d i c a t in g  t h a t  a lo nger  t ime 

per iod  was necessary  f o r  s e n s i t i z a t i o n  of  th e  remaining an im als .  In 

comparable s e n s i t i z a t i o n  s t u d i e s ,  the  period of  exposure to  pups 

g e n e r a l ly  v a r i e s  from 8 o r  9 days t o  over  two weeks, with 10 days 

being th e  approximate average ,  and with 60 to  80 percen t  of  females 

showing r e t r i e v i n g  by e ig h t  days ( e . g . ,  Br idges ,  Zarrow, Gandelman, 

and Denenberg, 1972; Fleming and R o se n b la t t ,  1974; Gray and Chesley,  

1984; S te r n ,  1983; Stern  and MacKinnon, 1978).  This d iscrepancy  1s 

d i f f i c u l t  to  exp la in  in terms of  procedures  used: in the  p re sen t

study t e s t  c o n d i t i o n s ,  h a b i tu a t io n  t im e ,  age and number of  s t imulus  

pups,  and age of a d u l t  s u b je c t s  were a l l  well  w i th in  s tandard  

parameters  of s e n s i t i z a t i o n .  However, some s t r a i n s  o f  r a t s  a re  

noted t o  be more " su s c e p t i b l e "  t o  s e n s i t i z a t i o n ;  t h e r e  1s evidence 

to  i n d i c a t e  t h a t  the  Wls tar  s t r a i n  1s more " r e s i s t a n t "  (Jacobowskl 

and T e rk e l , 1985). Perhaps in our s t r a i n  o f  Wlstar r a t s  a longer 

s e n s i t i z a t i o n  per iod  could have exposed d i f f e r e n c e s  Inhe ren t  1n 

groups ,  once a l a r g e r  b a se l in e  of s e n s i t i z e d  animals  had been 

e s t a b l I s h e d .

A second design  f e a t u r e  which c o n t r ib u t e s  t o  d i f f i c u l t y  1n



i n t e r p r e t i n g  comparisons between groups I s  t h a t ,  while th e re  was the  

NT group to  a c t  as a con tro l  fo r  the  e f f e c t s  of e a r ly  exposure to  

pups In normally-weaned anim als ,  f o r  l o g i s t i c a l  reasons th e r e  were 

no comparable c o n t ro l s  fo r  EWG and EWI groups.  Presumably,  1f the  

e f f e c t s  of exposure t o  In f a n t s  and s e n s i t i z a t i o n  a t  24 days of  age 

were t o  ac t  to  reduce d i f f e r e n c e s  due to  e a r ly  weaning or e a r ly  

i s o l a t i o n ,  u n te s ted  c o n t ro l s  would be a s e n s i t i v e  I n d i c a t o r  o f  t h i s .

Without such c o n t ro l s  1t i s  d i f f i c u l t  to  de termine whether or  not 

the  absence of  d i f f e r e n c e s  shown between weaning groups a t  100 days 

1s due to  the  mere f a c t  of exposure and s e n s i t i z a t i o n  a t  24 days ,  or 

t o  some v a r i a b l e  occurr ing  dur ing  the  In te rven ing  pe r iod .

Some In te rv en in g  v a r i a b le s  which could account fo r  performances 

a t  100 days liranedlately come to  mind. F i r s t ,  while  a number of 

s tu d ie s  have found t h a t  v i rg in  female r a t s  s e n s i t i z e d  to  show 

maternal behavior a re  more e a s i l y  s e n s i t i z e d  l a t e r  (Fleming and 

R o se n b la t t ,  1974a; B r idges ,  1975, 1977; Cohen and Bridges ,  1981),  

o the rs  have shown t h a t  a f a c t o r  governing th e  express ion  o f  maternal 

behaviors  during s e n s i t i z a t i o n  in female r a t s  1s the  presence of 

c i r c u l a t i n g  hormones, e i t h e r  ovarian  or  t e s t i c u l a r  (Bridges ,  Zarrow 

and Denenberg, 1973; LeRoy and K rehble l ,  1978; Mayer, Freeman and 

R o se n b la t t ,  1979; Mayer and R o se n b la t t ,  1979a; McCullough, Quadagno, 

and Goldman, 1973; Quadagno, McCullough, Ho and Spevak, 1973). Since 

animals were l e f t  gonadally I n t a c t  throughout t h i s  exper iment,  1t  1s 

not inconce ivab le  t h a t  fo r  females hormonal f a c t o r s  could have



overr idden th e  e f f e c t s  of e a r ly  exper ience  1n th e  ten  In te rven ing  

weeks between the  f i r s t  and second exposures to  pups.

Second, the  d e l e t e r i o u s  e f f e c t s  o f  e a r l y  weaning o r  I s o l a t i o n  

have been shown t o  become a t t e n u a te d  1n the  In te rv a l  between an 

e a r ly  and l a t e r  p e r io d ,  without th e r a p e u t i c  I n te rv e n t io n  of  any kind 

(Ackerman, Hofer and Weiner,  1975; Hofer,  1975b),  presumably through 

m atura t lona l  p rocesses  or the  environmental  m i l i e u .  In t h i s  s tudy ,  

an important aspec t  of  th e  m i l i e u ,  p a r t i c u l a r l y  f o r  so c ia l  i s o l a t e s ,  

was group housing a f t e r  28 days ,  a f fo rd in g  th e  oppo r tu n i ty  f o r  

soc ia l  i n t e r a c t i o n s  with p e e r s ,  1n a d d i t io n  to  exper ienc ing  the  

s i g h t s ,  sounds,  and smel ls  o f  the  colony.  While s o c i a l i z a t i o n  

subsequent t o  so c ia l  I s o l a t i o n  does not a f f e c t  some c l a s s e s  of 

behavior in r a t s  (see  below) i t  can a l l e v i a t e  d e l e t e r i o u s  e f f e c t s  of 

soc ia l  i s o l a t i o n  in o t h e r s ,  such as some l ea rn in g  t a sk s  (E1non, 

Morgan and K ibb le r ,  1978) and sexual behaviors  ( G e r a l l ,  Ward and 

G e r a l l ,  1967; Hard and Larsson , 1968).

Long-Term E f fe c t s

Some behavio rs  which showed c o n t in u i ty  between t h e i r  j u v e n i l e  

and a d u l t  ex p re s s io n ,  p e r s i s t i n g  as group d i f f e r e n c e s ,  were h igher  

l e v e l s  of  a c t i v i t y ,  r e a r in g  and pouncing behav io r s .  This f in d in g  i s  

c o n s i s t e n t  with  s tu d i e s  showing t h a t  so c ia l  I s o l a t i o n  p r i o r  t o  50 

days produces p e r s i s t e n t  h y p e r a c t i v i t y  1n r a t s  even i f  animals a re  

subsequently  rehoused 1n so c ia l  groups (E1non and Morgan, 1978).



Early so c ia l  I s o l a t e s  a l so  show more rea r ing  and o b je c t  co n tac t  and 

a re  slower to  emerge In to  a novel environment as a d u l t s  (E1non and 

Morgan, 1976; 1977).  With r e sp ec t  .to th e  p re sen t  exper iment,  these  

s tu d ie s  sugges t  t h a t  such c h a r a c t e r i s t i c s  g e n e r a l i z e  to  novel 

s i t u a t i o n s ,  which the  d a l l y  In t ro d u c t io n  of  pups could be considered 

to  be. Our da ta  provide no evidence t h a t  the  h igher  l e v e l s  of 

a c t i v i t y  or  r ea r ing  observed a t  100 days were p a r t i c u l a r l y  r e l a t e d  

to  the  process of s e n s i t i z a t i o n .  However, th e se  behaviors  could 

I n t e r f e r e  with th e  express ion  of  maternal behaviors  1n o the r  

c o n t e x t s ,  f o r  example,  under d i f f e r e n t  t e s t  cond i t ions  {see below).  

This 1s not u n l i k e l y ,  s ince  h y p e r a c t i v i t y  has been shown to  

i n t e r f e r e  with performance of  sexual behavior  1n i s o l a t e d  male r a t s  

( G e ra l l ,  Ward, and G e r a l l ,  1967) as well as 1n o th e r  spec ies  

(G e ra l l ,  1963; Mason, 1960).

Unlike r e a r in g  and a c t i v i t y ,  pouncing behavior was d i r e c t e d  at  

pups,  al though the  s p e c i f i c i t y  of pups as o b je c t s  of  t h i s  behavior  

was not t e s t e d  by p lac ing  ano ther  o b j e c t ,  fo r  example a mouse, or 

another  a d u l t ,  In to  the  cage.  Pouncing behavior ex h ib i te d  by a d u l t s  

could be an express ion  of  prey-k11l1ng behavior ( K a r l l ,  1956; Paul 

and Kupferschmldt,  1975),  e s p e c i a l l y  s ince  th e  EWI male which 

cann ib a l iz ed  d id  pounce before  k i l l i n g  pups. However, t h i s  was not 

t r u e  f o r  th e  o th e r  two animals t h a t  c a n n ib a l i z e d ,  nor d id  any of  the  

o th e r  animals which pounced k i l l  pups during the  t e s t  p e r io d .  An 

a l t e r n a t i v e  p o s s i b i l i t y  i s  t h a t  t h i s  r e p re se n ts  t h e  I n t r u s io n  of



j u v e n i l e  pouncing behavior In to  th e  a d u l t  behavioral  r e p e r t o i r e .  

Juven i le  pouncing may have been e l i c i t e d  by s t imulus  p r o p e r t i e s  of 

pups, p rev ious ly  encountered a t  24 days of age,  and r e f l e c t  some 

a l t e r e d  th re sho ld  of responsiveness  to  pup cues .  A ca re fu l  

comparison of the  morphology or  motor p a t t e r n  of  th e  a d u l t  pounce 

could determine whether or  not I t s  func t ion  was j u v e n i l e ,  I . e . ,  

p l a y f u l ,  or  a d u l t ,  I . e . ,  p re d a to ry ,  s ince  t h e i r  motor p a t t e r n s  a re  

d i s s i m i l a r  1n form (Paul and Kupferschmldt,  1975; Pell  i s  and Pel 11s,  

1983; P o tega l ,  personal  communication. ) .

The hypothesis  t h a t  pouncing Is  the  j u v e n i l e  form 1s derived 

from s tu d ie s  I n v e s t i g a t i n g  the  development of  sexual behavior .  

Several I n v e s t i g a t o r s  (Folman and D ro r l ,  1965; G e ra l l ,  Ward and 

G e r a l l ,  1967; Hard and Larsson, 1968; Kagan and Beach, 1953) have 

noted t h a t  male r a t s  reared in  soc ia l  I s o l a t i o n  d isp lay  behavior 

p a t t e r n s  such as headshaklng,  t u n n e l l i n g ,  leap ing  and climbing 

responses in the  presence of  r e c e p t iv e  females .  Hard and Larsson 

(1971) have shown t h a t  Increased  frequency of climbing responses 1s 

th e  r e s u l t  of so c ia l  I s o l a t i o n  between 17 and 66 days of age,  and 

not a v a r i e t y  of  o th e r  f a c t o r s .  Gerall  e t .  a l . ,  and Hard and 

Larsson (1971) have hypothesized t h a t  these  behavior p a t t e r n s ,  

observed 1n the  p repuber ta l  play of r a t s  but d isappea r ing  normally 

by puber ty ,  compete 1n soc ia l  i s o l a t e s  with responses involved in 

normal sexual behavior .

In the  p re sen t  study a number of In d i c a to r s  showed t h a t



pouncing behavior  was an Important component In the  r e t e s t i n g  of 

animals p rev ious ly  exposed to  pups, inc lud ing  I t s  appearance 1n the  

f a c to r  a n a ly s i s  fo r  female groups,  and 1n the  high l e v e l s  shown by 

EWG and EW1 animals .  Thus 1t  1s p o s s ib le  t h a t  some aspec t  of 

previous  exposure a t  24 days 1n combination with e a r ly  weaning 

promoted the  reemergence of t h i s  behavior 1n a d u l t s  dur ing 

s e n s i t i z a t i o n .  In t h i s  r e s p e c t ,  the  soc ia l  i s o l a t i o n  model may 

apply t o  resens1 t1za t1on .  I t  should be r e c a l l e d  t h a t  a l l  animals 

were,  1n e f f e c t ,  in  soc ia l  I s o l a t i o n  f o r  a period of 5 days a t  t h e i r  

I n i t i a l  t e s t i n g  a t  24 days .  While they had pups as companions 

provid ing  the rm a l ,  t a c t i l e  and o th e r  cues ,  th e se  probably d i f f e r e d  

from those  normally encountered In the  U t t e r  s i t u a t i o n .  In 

a d d i t i o n ,  cues encountered during soc ia l  p lay ,  which i s  a t  i t s  peak 

a t  t h i s  age (Meaney and S tewar t ,  1981) were q u i t e  s p e c i f i c a l l y  

miss ing .  Thus the  exper ience  of I s o l a t i o n  from play i n t e r a c t i o n s ,  

and 1n a d d i t i o n ,  e a r ly  weaning, may be a f a c t o r  In p red isposing  

pouncing in a d u l t s  during s e n s i t i z a t i o n .  Whether pouncing 1n ad u l t s  

bears any r e l a t i o n  to  th e  express ion  of  maternal behaviors  during 

s e n s i t i z a t i o n  o th e r  than c o n te x t u a l ,  remains to  be determined.

The negat ive  c o r r e l a t i o n s  shown f o r  pouncing, a c t i v i t y  and 

r ea r in g  sugges t  t h a t  the  mechanisms mediating t h e i r  development 1n 

early-weaned and I s o l a t e d  animals a re  q u i t e  s e p a ra te  from those  

mediating development of maternal behav io r s .  Moreover, 1f these  

c o r r e l a t i o n s  a re  a t r u e  r e f l e c t i o n  o f  developmental changes



occurr ing  1n Ind iv idua l  animals ,  they In d ic a t e  t h a t  those  animals 

which were most a c t i v e ,  pounced and reared  most a t  24 days of age 

were those  t h a t  d id  so l e a s t  a t  100 days ,  and v ic e - v e r s a .  These 

r e s u l t s  are  d i f f i c u l t  to  I n t e r p r e t  with re spec t  to  mechanisms 

Involved.  However, one could sp ec u la te  t h a t  th e  express ion  of  th e se  

behaviors  a t  24 days could have f o r e s t a l l e d  the  appearance of  th e se  

behaviors  a t  100 days.  Or, those  animals which showed th e se  

behaviors  a t  100 days are  those  f o r  whom the  matura t ion  o f  these  

systems did  not occur u n t i l  sometime between 24 and 100 days.  In 

any case ,  1 t  would be I n t e r e s t i n g  to  know I f  th e  emergence or 

d isappearance  of these  behaviors  a t  100 days were 1n any way th e  

consequence o f  the  exper ience  of exposure a t  24 days .

P o te n t i a l  D if fe rences  Between Groups -  R e la t io n sh ip  t o  Test ing 

Conditions

I f ,  in  f a c t ,  th e re  were d i f f e r e n c e s  among a d u l t  tr ea tm ent  

groups in maternal  behaviors  which were unexpressed a t  100 days o f  

age,  what cond i t ions  could have f a c i l i t a t e d  t h e i r  emergence? Le Roy 

and Krehblel (1978) have poin ted  out t h a t  s tandard  homecage t e s t s  

( f a m i l i a r  environments ,  absence of i n t r u d e r s ,  e t c . ) ,  and s tandard  

measures o f  maternal behaviors  ( e . g . ,  l a t e n c i e s  to  r e t r i e v e ,  

presence o r  absence o f  maternal behavio rs)  provide  very favorab le  

c ond i t ions  f o r  ob ta in in g  homogeneity o f  r e s u l t s  1n s tudying maternal 

behav ior .  They thus tend t o  emphasize s i m i l a r i t i e s  r a t h e r  than



d i f f e r e n c e s  among va r ious  c l a s s e s  of s u b j e c t s .  However, when t e s t  

parameters  and response measures have been var ied  ex p e r im en ta l ly , 

q u a l i t a t i v e  d i f f e r e n c e s  In maternal behavior have been d e t e c t e d .

For example, whereas a l a c t a t l n g  female w i l l  a t t a c k ,  and engage 1n 

pupcarrying and/or  n e s tb u l ld ln g  1n response t o  an a d u l t  I n t r u d e r ,  

p rev ious ly  s e n s i t i z e d  I n t a c t  and ovarlectomized v i rg in s  and 

c a s t r a t e d  males wi l l  not (LeRoy and K rehb le l ,  1978).  Bridges ,  

Zarrow, Gandelman and Denenberg (1972) and Stern  and MacKinnon 

(1976) have shown t h a t  l a c t a t l n g  mothers can be d i s t i n g u i s h e d  from 

s e n s i t i z e d  I n t a c t  v i rg in s  or  males by t h e i r  su p e r io r  pup-re t r1eva l  

performance from a T-maze. Mayer and Rosenb la t t  (1979a) ,  us ing th e  

same t e s t ,  found d i f f e r e n c e s  between I n t a c t  and ovarlectomized 

s e n s i t i z e d  females ,  and even between females ovarlectomized e a r ly  

versus  l a t e r  1n l i f e .

As has been noted ,  our groups d id  vary on a number of 

nonmaternal behaviors  which could have In f luenced  th e  express ion  of  

maternal behaviors  under cond i t ions  o th e r  than the  s tandard  paradigm 

which was u t i l i z e d  1n t h i s  s tudy .  Equal ly s i g n i f i c a n t  were 

in d i c a t io n s  t h a t  c e r t a i n  e x p e r i e n t i a l  e f f e c t s  were p e r s i s t e n t .  By 

u t i l i z i n g  measures o th e r  than the  s tandard  s e n s i t i z a t i o n  t e s t ,  1t  

might be p o s s ib le  to  show t h a t  such behavio rs  as r e a r i n g ,  a c t i v i t y  

and pouncing compete with maternal behavio rs  1n the  con tex t  o f  

s e n s i t i z a t i o n ,  1n animals having the  exper ience  of ear ly -weaning and 

I s o l a t i o n .  In t h i s  way, perhaps the  r e l a t i o n s h i p s  and I n t e r a c t i o n s
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among e a r ly  e xper iences ,  e a r ly  maternal behaviors  and th e  express ion  

of maternal behaviors l a t e r  1n l i f e  could be b e t t e r  d e l i n e a t e d .

General Discussion

The in t r o d u c t io n  to  t h i s  paper began with the  premise t h a t  

maternal behavior in the  r a t  1s not a u n i t a r y  phenomenon. Rather ,  

behaviors considered "maternal"  In t h i s  spec ie s  occur s e p a ra te ly  

under o th e r  c i rcum stances ,  and t h a t  under p a r t i c u l a r  s e t s  o f  

cond i t ions  th e se  behaviors become organized f u n c t io n a l ly  around the  

care  of young. I f  maternal behaviors  c o n s i s t  of s e p a r a t e ,  

independent response systems, then i t  should be p o s s ib le  to  study 

t h e i r  s ep a ra te  development,  using var ious  re sea rch  s t r a t e g i e s .  In 

the  p resen t  study severa l  l i n e s  of  evidence emerged sugges ting  t h a t  

maternal behaviors  do undergo s ep a ra te  developmental cou rses .

F i r s t ,  maternal behaviors  can be s e l e c t i v e l y  f a c i l i t a t e d  by 

s e n s i t i z a t i o n  during th e  p repuber ta l  p e r io d ,  such t h a t  some maternal 

behaviors  a re  expressed more f r eq u en t ly  than o t h e r s .  In the  f i r s t  

study maternal behaviors  were expressed more o r  l e s s  f r eq u e n t ly  as a 

func t ion  of age,  e . g ,  j u v e n i l e s  r e t r i e v e d  more a t  24 days than a t  

e i t h e r  18 or  30 days,  whereas 18 day-o lds  engaged 1n more 

n e s tb u i Id ln g .  Admin is tra tion  of maternal blood plasma or  handling 

a lso  had s e l e c t i v e  e f f e c t s  on the  frequency of behaviors  shown:



t h e se  In t e r a c t e d  with both the  age a t  which they were adm in is te red ,  

and with sex .  Early-weaning or I s o l a t i o n  manipula tions  a l t e r e d  the  

express ion  of r e t r i e v i n g  and crouching but not o th e r  maternal 

behaviors  a t  24 days of age.

The coupling of  maternal and play behaviors 1n j u v e n i l e s ,  and 

t h e i r  uncoupling by va r ious  m an ip u la t io n s ,  a l s o  argues f o r  th e  

sep a ra te  development o f  maternal behav io rs .  Horeover,  they po in t  to  

the  p o s s i b i l i t y  t h a t  during ontogeny, th e se  behaviors  a re  l inked 

with systems not usua l ly  thought of as "m aterna lM. S im i l a r ly ,  th e r e  

were t e n t a t i v e  I n d ic a t io n s  t h a t  a connection may e x i s t  between 

the rm oregula to ry  competence and crouching and n e s tb u l ld ln g  behaviors  

In j u v e n i l e s ,  sugges t ing  the  l inkage  of  th e se  e a r ly  systems during 

development.

These f in d in g s  r a i s e  fundamental ques t ions  about the  na tu re  of 

the  development o f  maternal behav io r s .  The bas ic  s i m i l a r i t y  o f  cues 

needed t o  e l i c i t  responsiveness  between a d u l t s  and j u v e n i l e s  (Mayer, 

1983; Mayer and R o sen b la t t ,  1979b) as well as the  responses  

themselves  sugges t  a degree of c o n t in u i ty  between e a r ly  and l a t e r  

maternal behav io r s .  However, ano ther  c o n c e p tu a l i s a t i o n ,  suggested 

by Williams (Note 1 ) ,  fo r  the  development of  a spec ts  of sexual 

behav io r ,  may b e t t e r  re p re se n t  th e  complexity of  r e l a t i o n s h i p s  

in d ic a te d  by the  p resen t  work. For example, precocious  

l o rd o s 1 s -U k e  responses  can be e l i c i t e d  1n neonatal  and weanling 

r a t s  (S oders ten ,  1975; 1978; Soders ten ,  Damassa and Smith,  1977;



Will iams,  1982; Williams and Baron, 1983, Wil l iams, Walther and Yoo, 

1983). This behavior i s  capable  of hormone f a c i l i t a t i o n  1n very 

young animals ,  al though sp ec ia l  cond i t ions  a re  necessary  t o  e l i c i t  

1t (Will iams, 1982; Williams and Baron, 1983; Wil l iams,  e t .  a l . ,  

1983).  As c i t e d  by Williams ( 1 ) ,  Beach (1966) has suggested t h a t  

th e  motor p a t t e rn s  Involved a re  m a n i fe s t a t io n s  of i n f a n t i l e  

a c t i v i t i e s ,  l i k e  e l im in a t io n  or  s t r e t c h i n g ,  u n re la t ed  to  a d u l t  

behav io r s .  Komlsaruk (1978) c i t e s  evidence fo r  the  Inco rpo ra t ion  of 

the  lo rd o s i s  response In to  a range of  a d u l t  and I n f a n t i l e  r e f l e x  

behav io r s ,  sugges ting  t h a t  lo rd o s i s  1s a component of a general  

neural  system which 1n the  a d u l t  1s hormone s e n s i t i v e  ( 1 ) .  These 

two views could e a s i l y  be app l ied  t o  the  m a n i fe s t a t io n  o f  e a r ly  

maternal behav iors ,  1n t h a t  components may be u t i l i z e d  f o r  o th e r  

func t ions  in ea r ly  l i f e ,  which would not preclude the  i n t e g r a t i o n  of  

the  same components i n to  a complex a d u l t  p a t t e r n  cabable  o f  hormonal 

a c t i v a t i o n .  As such, they could rep re sen t  "on togene t ic  adap ta t ions"  

(Oppenhelm, 1981) e a r ly  1n l i f e ,  as d iscussed  In Study 1.

Although Inc reas ing  m a tu r i ty ,  as well as a d m in is t r a t io n  of 

plasma and handl ing a t  30 days of  age ,  promoted th e  I n t e g r a t io n  of 

maternal behav io r s ,  th e re  was l i t t l e  in d ic a t io n  of  o rgan iza t ion  1n 

Ind iv idual  animals ,  as i n d ic a ted  by t h e i r  Incons is tency  and 

u n r e l i a b i l i t y  1n performing th r e e  maternal behav io r s .  An In ference  

to  be made from th e se  f ind ings  1s t h a t  maternal behaviors  a re  not 

f u l l y  capable  of  I n t e g r a t io n  In j u v e n i l e s .  In a d d i t i o n ,  the



q u a l i t a t i v e  d i f f e r e n c e s  between j u v e n i l e s  and a d u l t s  shown by the  

p resen t  as well as previous  s tu d ie s  argue s t r o n g ly  fo r  t h i s  

conc lus ion .  In p a r t i c u l a r ,  th e  e f f e c t s  of  th e  ad m in i s t r a t io n  

blood-bourne hormones In plasma on j u v e n i l e s  sugges t  t h a t  complete 

o rg an iza t io n  of  maternal behaviors  must occur a g a in s t  a background 

of  neuroendocrine and o th e r  phys io log ica l  changes t h a t  take  place  

dur ing puber ty ,  as d iscussed  1n Study 2. Thus, th e  m a jo r i ty  o f  

evidence in d i c a t e s  t h a t  maternal behavior ,  l i k e  o th e r  

hormone-mediated behavio rs  (Goy and McEwen, 1980; NcEwen, 1981),  

undergoes an “a c t i v a t l o n a l " per iod  dur ing  p ube r ty ,  whose c h ie f  

In f luence  appears to  be t o  promote an Inc reased  leve l  of  

responsiveness  to pups In females ,  as shown by a v a r i e t y  of 

measures.  This fo llows a p e r in a t a l  o rg a n iz a t io n a l  p e r io d ,  dur ing 

which d i f f e r e n t i a t i o n  of maternal responsiveness  i s  be l ieved  to  

occur (Bridges ,  Zarrow, and Denenberg,  1973; Ichikawa and F u j i i ,  

1982; Quadagno, McCullough, Ho, and Spevak, 1973).

However, n e i t h e r  t h i s  s tudy ,  nor any o th e r s  t o  d a t e ,  have 

determined th e  ex ten t  to  which maternal behaviors  are  dependent upon 

hormones p r i o r  t o  puber ty :  t h a t  1 s ,  j u s t  how responsive  to  hormones 

the  j u v e n i l e  neural  system mediating maternal behaviors  1s .  While 

both Koranyl e t .  a l . ' s  study and Study 2 of th e  p re sen t  s e r i e s  both 

suggest  t h a t  th e re  1s some responsiveness  p r e s e n t ,  the  two s tu d ie s  

a re  1n disagreement with r e sp ec t  to  the  e x te n t  t o  which th e r e  1s 

neuroendocrine  fu n c t io n in g .  Indeed, Study 2 I n d ic a te s  behavioral



h e te ro g en e i ty  1n response to  plasma, sugges t ing  the  r e l a t i v e  

I n s e n s i t i v i t y ,  and thus Immatur ity ,  of some neuroendocrine 

components 1n th e  system, whereas Koranyl e t .  a l . ' s  study sugges ts  

r a t h e r  more complete development.

I t  1s th e r e f o r e  d e s i r a b l e  to  approach the  problem 1n such a way

as to  avoid f u tu r e  ambigu i t ie s  In I n t e r p r e t i n g  r e s u l t s .

S p e c i f i c a l l y ,  more r igorous  con tro l  of hormone a c t i o n s ,  such as are  

used In a d u l t  s t u d i e s  ( e . g . ,  Siegel and R o se n b la t t ,  1975), should be 

inco rp o ra ted  In to  the  design of  exper iments t e s t i n g  the  hormone 

s p e c i f i c i t y  of  maternal behaviors  p r e p u b e r t a l l y .  This Includes  

gonadectomy or exogenous hormone t r ea tm en t  during the  p e r in a ta l  

per iod  or  l a t e r  t o  de termine th e  e f f e c t s  of p e r i n a t a l  hormones on 

ju v e n i l e  maternal behav io r s ,  as well as c o n t ro l l e d  dosages of 

ovarian s t e r o i d s ,  to  determine dose - re sponses .  With these  t o o l s  i t  

would be p o s s ib le  to  address a number of ques t ions  regarding the

mechanism.of hormone a c t io n  1n j u v e n i l e s ,  among them: 1)

determin ing the  hormonal and behavio ra l  s p e c i f i c i t y  in ju v e n i l e  

r a t s ,  f o r  maternal  behaviors  both I n d iv i d u a l ly  and c o l l e c t i v e l y ;  and 

2) c h a r t i n g  the  developmental t im e-course  of s tero ld -dependency a t  

d i f f e r e n t  ages 1n j u v e n i l e s ,  1f such e x i s t s . (2)

On the  o the r  hand, while in fu s io n  of  plasma hormones may be 

l e s s  r igorous  and c o n t r o l l e d  than a d m in i s t r a t io n  of  exogenous 

hormones, 1t does have the  advantage of being more “n a t u r a l i s t i c “ . 

Presumably, blood plasma of  p a r t u r i e n t  females r e p re se n t s



"p h y s io lo g ica l"  le v e l s  o f  hormones, and t h i s  may account f o r  th e  

complexity of e f f e c t s  seen 1n th e  p re sen t  s e t  of s tu d i e s .  Exogenous 

hormones, u n le ss  c a r e f u l ly  t i t r a t e d ,  may only have "pharm acological" 

r e s u l t s ,  which may mask s u b t le  e f f e c t s ,  not o therw ise  seen .

I f  maternal behaviors undergo r e l a t i v e l y  se p a ra te  o n to g en ie s ,  

e i t h e r  as g en e ra l iz ed  p re c u rso rs  o f  a d u l t  forms o r as mechanisms 

t i e d  to  o th e r  behav ioral system s, then an a n a ly t ic a l  approach could 

be taken to  s tudy ing  th e  e a r ly  development o f  Ind iv idua l maternal 

beh av io rs .  This Inc ludes  In v e s t ig a t in g  th e  Impact o f  s p e c i f i c  

d e f i c i t s  brought about by e a r ly  d e p r iv a tio n  s tu d i e s ,  1n o rder to  

I s o l a t e  mechanisms Involved . Experiment 1 o f  Study 3 o f  the  p re sen t  

in v e s t ig a t io n  examined th e  r e la t io n s h ip  o f  two modes o f  e a r ly  

d ep r iv a t io n  to  the  emergence o f  both maternal and nonmaternal 

behaviors  during s e n s i t i z a t i o n .  The f a c t  th a t  e a r ly  maternal 

s ep a ra t io n  and so c ia l  I s o l a t i o n  produced a l t e r a t i o n s  1n d i f f e r e n t  

behaviors  sugges ts  th a t  some asp ec t  o f  each experience  corresponded 

to  p rocesses  underly ing  the  p a r t i c u l a r  behavior a f f e c t e d .  Therefore  

a next s tep  would be to  id e n t i f y  the  mechanisms whereby e a r ly  

m aternal sep a ra t io n  and I s o la t io n  ex er ted  t h e i r  e f f e c t s  on behaviors  

shown by s e n s i t i z e d  ju v e n i l e s .  A re sea rch  s t r a t e g y  th a t  has been 

p a r t i c u l a r l y  usefu l 1n t h i s  regard  has been to  s e l e c t iv e ly  provide 

m issing  elem ents of the  m o th e r- in fan t  or s ib l in g  r e la t io n s h ip  1n th e  

absence o f  o th e rs  and observe the  Impact on th e  behaviors  changed by 

sep a ra t io n  (H ofer, 1978; 1981; 1983). Thus p ro v is io n  o f elements



known to  a f f e c t  weight lo s s  and the rm oregu la to ry  a b i l i t i e s  In 

early-weaned animals (Ackerman. 1981; Ackerman and SM ndledecker, 

1978; Greenberg, 1983) could perm it th e  In v e s t ig a t io n  of n u t r i t i o n a l  

and therm oregu la to ry  c o n t r ib u t io n s  t o  behav io ra l changes shown by 

early-weaned animals during  s e n s i t i z a t i o n .  S im i la r ly ,  prov id ing  

e i t h e r  handling o r p la y -p a r tn e r s  to  I s o l a t e s  (E1non and Morgan,

1978; Stevens and A lb e r ts ,  1981) could rev e rse  s e le c t iv e  a l t e r a t i o n s  

1n r e t r i e v a l  and play behaviors  shown by th ese  animals during 

s e n s i t i z a t i o n .  I f  th e se  m an ipu la tions  s u c c e s s fu l ly  reversed  changes 

brought about by e a r ly  sep a ra t io n  or I s o la t io n  they  would provide 

c lues  to  mechanisms Involved 1n the  development of Ind iv idual 

maternal beh av io rs ,  a t  l e a s t  those  shown e a r ly  In l i f e . (3) The next 

question  which would have to  be answered 1s; Are th e se  e a r ly  

behaviors and t h e i r  underly ing  p rocesses  r e p re s e n ta t iv e  o f th e  same 

processes  and behaviors  l a t e r  in l i f e ?

The p e r s i s te n c e  o f  behaviors  shown by early-weaned and I s o la te d  

animals suggests  th a t  th e se  experiences  c o n s t i tu te d  s ig n i f i c a n t  

11f e - h l s to r y  events  which Imposed an o rg an iza tio n  to  maternal and 

o th e r  b e h av io rs ,  co n tinu ing  in to  adulthood. The s tudy by Gray and 

Chesley I l l u s t r a t e s  an example o f  t h i s  1n n o rm ally -rea red  an im als ,

1n t h a t ,  e a r ly  exposure to  In fa n ts  was 1n and o f I t s e l f  a 

s i g n i f i c a n t  even t capable  of a l t e r i n g  a maternal response 

( r e t r i e v in g )  which p e r s i s te d  in to  adu lthood . The f a c to r  analyses  In 

th e  Experiment 2 o f  Study 3 In d ic a ted  th a t  t h i s  was t r u e  o f  m aternal



behaviors  shown by males p rev io u s ly  exposed to  I n f a n t s ,  and of play 

behav iors  shown by females a lso  p rev io u s ly  exposed to  I n f a n t s .

While group d i f f e r e n c e s  shown by ju v e n i le s  su b jec ted  t o  e a r ly  

weaning co n d it io n s  had v i r t u a l l y  d isap p ea red , on the  o th e r  hand 

small but p e r s i s t e n t  e f f e c t s  o f  e a r ly  weaning and so c ia l  I s o la t io n  

did  show up 1n In d iv id u a ls  l a t e r  1n l i f e .  Thus, e a r ly  l i f e  h is to ry  

I n t e r a c t s  w ith  l a t e r  even ts  to  produce an organism, which on th e  

whole, resumes a normal course  of development, but given the  r ig h t  

c ircum stances  shows the  e f f e c t s  of e a r ly  in te rv e n t io n s  1n p a r t i c u l a r  

s e t s  o f  b e h av io rs .  Evidence from o th e r  a reas  of developmental 

Inqu iry  show s im i la r  phenomena 1n animals which have had some 

sp ec ia l  type  of trea tm en t e a r ly  in  development, e . g . ,  e a r ly  

s t im u la t io n  and b ra in  development (Rosenzwelg and B enne tt ,  1978; 

Walsh and Greenough, 1976). Thus, an event such as ear ly -w ean ing , 

occu rr in g  a g a in s t  a r e l a t i v e l y  random background of a c t io n s  of 

ty p ic a l  developmental e x p e r ien c e s ,  may provide c o n t in u i ty  between 

the  e a r ly  and l a t e r  exp ress ion  o f behav iors  where none would 

o therw ise  e x i s t .

In a d u l t  females some f a c to r  or f a c to r s  appeared to  promote the  

In te g ra t io n  of maternal behaviors  which to  a g re a t  ex ten t  

overwhelmed th e  e f f e c t s  o f  e a r ly  ex p e r ien ce ,  a t  l e a s t  1n group 

comparisons and 1n f a c to r  ana lyses  based on group d a ta .  In a l l  

p r o b a b i l i t y ,  the  most c ru c ia l  event i s  th e  onset of p u b e r ty ,  and 

w ith 1 t normal fu n c t io n in g  of hormones 1n a c y c l ic a l  fa sh io n .



However, Ind iv idual d i f f e r e n c e s  In maternal behaviors  expressed 

e i t h e r  during  s e n s i t i z a t io n  or In the  behavior o f  l a c t a t l n g  females 

could reveal modulations In troduced by the  Impact of e a r ly  

ex p er ien ce .  This 1s an a rea  of Inqu iry  which deserves  f u r th e r  

experim ental in v e s t ig a t i o n .

I f  th e re  are  d i f f e r e n t  le v e l s  a t  which e a r ly  p rocesses  a re  

continuous with those  l a t e r  in  l i f e ,  then 1t i s  Im portant t h a t  th e  

le v e l s  a t  which th ese  e a r ly  processes  o p e ra te  be I d e n t i f i e d .  

A na ly tica l  in v e s t ig a t io n  can serve  to  Id e n t i fy  correspondences 

between e a r ly  and l a t e r  events  which might not be Immediately 

obvious. Moreover, th e re  1s some in d ic a t io n  t h a t  an e a r ly  I n s u l t ,  

such as e a r ly  weaning in r a t s ,  may not show I t s  e f f e c t s  under 

"normal" la b o ra to ry  c o n d i t io n s ,  but r a t h e r ,  needs a " s t r e s s o r "  

a p p ro p r ia te  to  th e  na tu re  of th e  I n s u l t  to  show up l a t e r  on l i f e  

(Ackerman, 1981). In the  e a r ly  d ep r iv a t io n  s tu d ie s  c i t e d  in  th e  

I n t r o d u c t io n ,  d i s c r e t e  behaviors seemed to  be a f f e c t e d ,  suggesting  

t h a t  something about th e  p rocesses  o f  pregnancy, p a r t u r i t i o n ,  o r  

r e a r in g  In fa n ts  was " s t r e s s f u l "  enough to  show up d e f i c i t s  brought 

about by e a r ly  d e p r iv a t io n s .  The next s tep  1s to  p inpo in t 

i r r e g u l a r i t i e s  1n d i s c r e t e  behaviors  and I n v e s t ig a te  hypotheses as 

to  the  mechanisms underly ing  them, 1n o rder  to  r e l a t e  th e  n a tu re  of 

d e f i c i t s  to  the  na tu re  of e a r ly  I n s u l t s .
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* *

* * *

1

Table 1

Cumulative Percen ts  o f  Each Agegroup R e tr iev in g  
(Two Consecutive Days) Over 5 Days o f  T es ting

Agegroup % ( # /n ) 1

18 6 (1/17)

24 77 (14/18)

30 24 (4/17)

S ig n i f ic a n t ly  g r e a te r  than 30 d ay -o ld s :  p*0.028 
S ig n i f i c a n t ly  g r e a te r  than 18 day -o ld s :  p=0.004

18 day-o lds  (n=14 fem ales/3  m ales);
24 day-o lds  (n*10 fem ales /8  m ales);
30 day-o lds  (n=10 fem ales/7  m a les) .
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Table 2

a .  P o in t - b l s e r i a l  C o r re la t io n  of Any Maternal Behaviors 
(Cr1ter1on*Two Consecutive Days) w ith  R e tr iev in g

Agegroup (» /n) Showing Any Behavior rho«

18 (9/17) -0.3162

24 (17/18)+ 0.1157

30 (11/17) 0.4183

b. P o in t - b i s e r i a l  C o rre la t io n  of Any Maternal Behaviors
Shown with R e tr iev in g  (No C r i te r io n )

18 (15/17) -0.3796

24 (18/18) 0.2091

30 (16/17) 0.4247*

* p=0.05 (o n e - ta 1 le d )
+ p=0.Q5 S ig n i f i c a n t ly  g r e a te r  than 18/30 day-o lds  (Chi Square)
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Table 3 
a .  Analysis of Behaviors

Source of Variance

Behaviors Age Sex Day

F-(df»2 ,46) F (d f* l ,4 6 ) F(df*4,46)

Charge 5.17** 0.58 0.76
Pounce 0.10 1.61 8.19****
S niff/L ick /P aw 4.08* 3.04 6.75***
Self-groom 23.42**** 0.01 1.46
Rest 0.98 3.22 0.77
Eat/Dr1nk 10.52*** 0.06 4.06**
Locomote 1.84 0.05 1.51
S n if f 4.78* 0.03 2.23
Pica 9.80*** 1.26 2.66*
Rear 9.91*** 2.02 0.17

b. L inear Regression Analyses: Changes 1n Nonmaternal Behaviors
Over 5 Days o f  T esting

Behaviors 18

Agegroup

24 30

Charge
Pounce

F(df*4,46)

1.34
9.15****

1.33
3.46***

1.29
3.28***

3****

0.76
2.17*
4.09****



Table 4
P r in c ip a l  Component A na lys is ,  o f  Behaviors: 

18, 24 and 30 Day-6 ld $2

18 24 30

P r in c ip a l  Component Percent o f  Variance

F ac to r 1 14.2% 13.5% 13.2%

R etr iev e 0 .38# 0.35 0.56
Pupcarry 0.80 0.74 0.59
Charge 0.73 0.66 0.74
Pounce 0.84 0.85 0.85

F ac to r  2 10. 8% 9.9% 9.9%

Contact 0.82 0.77 0.74
Resting 0.69 0.89 0.84

F ac to r  4 7.4% 7.3% 7.4%

Crouch 0.42 0.58 0.65
Anogenital Lick - - - - 0.81 0.81

F ac to r 8 6.4% 6.5% 6.4%

N estbu ild ing 0.92 ---------- ----------

F ac to r  9 6.4% 6.4% 6.4%

N estbu ild ing 0.89 0.99
R e tr iev in g ---------- 0.41 ----------

Anogenital L1ck 0.98 — —

jTable  re p re se n ts  ro ta te d  s o lu t io n  (N1e, e t .  a l . ,  1975).

pBased on a t o t a l  of 4160 o b serv a tio n s  derived  from d a l ly  
time-samples over 5 days.

♦Numbers a re  c o e f f i c i e n t s :  Express r e l a t io n s h ip  o f  each
behavioral v a r ia b le  to  th e  f a c t o r .

—  In d ic a te s  th a t  v a r ia b le  had loading  of <0.30 onto f a c to r  fo r  
d es igna ted  age-group.
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Table 5
Percent o f  Animals in Each Group R e tr iev in g

On a t  Least 1 o f  5 Days For 2 Successive Days
# (%) Latencyj # (%) Latency

ju  uay-u ias  
"" PL(n=l7) 14 (82>a b c 1 8 (47) 1

F (n = ll) 8
( loo?

0.5 4 (36) 0
M(n=6) 6 2 4 (66) 2

D5W(n=13) 6 (46) 0 4 (31) 0
F(n»8) 3 (38) 4 1 (13) 4
M(n=5) 3 (50) 0 3 (50) 0

NHC(n=*18) 9 (50) 2 6 (30) 2
F (n * l l ) 4 (36) 2 3 (27) 2
M(n=7) 5 (71) 2 3 (43) 2

Combined(n-48) 29 (60) l e 18 (38)f l a
Comb. F(n=30) 15 (50) 2 8 (27) 29
Comb. M(n=18) 14 (48) 2 10 (56) 2

18 Day-01ds
PL(n=15) 6 (40) 3 3 (20) 3

F(n-8) 5 (63) 3 2 (25) 3.5
M(n=7) 1 (14) 3 1 (14) 3

D5W(n=13) 6 (46) 3 1 (8) 2
F(n®6) 1 (50) 2 1 (17) 2
M(n=7) 3 (43) 3 0 (0) >4

NHC(n=14) 6 (43) 2.5 0 (0) 0
F (n = ll) 4 (36) 2 .5 0 (0) 0
M(n=3) 2 (66) 2.5 0 (0) 0

Combined(n-42) 18 (43) 3 4 (9 .5 ) 3
Comb. F(n=25) 12 (48) 3 3 (12) 2
Comb. M(n»17) 6 (33) 3 1 (6) 2

1 In days.

a S ig n i f i c a n t ly  g re a te r  than D5W/NHC combined (X„=3.97, d f= l ,  
p< 0 .05 ) . L

b G rea te r  than D5W (X?*2 .87 , d f= l ,  p<0.10). 
c G rea te r  than NHC (X7* 2 t 7 5 ,  d f « l ,  p<0.10). 
d PLF > D5WF + NHCF (Combined): X?» 2 .2 9 f d f - 1 ,  p<0.10. 
e S ig n i f i c a n t ly  le s s  than  18 day-o lds  (Z*3.18, p<0.001). 
f  S ig n i f i c a n t ly  le s s  than 18 day-o lds  (Z*2.37, p<0 .01). 
g S ig n i f i c a n t ly  g re a te r  than 18 day-o lds  (X2s 8 .0 4 ( d f - 1 ,  p<0.01).



Table 6
Percent o f  30 Day-Olds Engaging in  Ind iv idua l Maternal Behaviors

a .  Within Age Comparisons

PL D5W NHC

Behavior %(a) %(b) X(a) *(b) *(•> %(b)

R etr ieve 82. 2 47 46 31 50 33
Females 73* 36 38 13 36 27
Males 1004 67 60 60 71 43

Crouch 59 6 69 38,- 39 6
Females 64 9 88 38 36 9
Males 50 0 40 40 43 0

A-g L1ck 82 53 92 46 94 72
Females 91 55 100 38 100 73
Males 67 50 80 60 86 71

N estbulld 53 24 62 15 44 11
Females 64 27 75 0 55 18
Males 33 17 40 20 29 0

b. Comparisons Between Age Groups

R etr ieve  (b ) : 30 Day-01ds (38%) > 18 Day-01ds (10*)
(x2,=8.04, d f - 1 ,  p<0.01)

Crouch ( a ) : 30 Day-01ds (54*) > 18 Day-Olds (5*)
(x2,=23.26 , d f - 1 ,  p<0.001).

Anogenital L1ck (b ) : 30 Day-01ds (58%) > 18 Day-01ds (26*)
(x2,=8.16, d f - 1 ,  P<0.01).

N estbulld  ( a ) : 18 Day-01ds (76*) > 30 Day-Olds (52*)
(x2,=4.62, d f - 1 ,  p<0.05).

(a) At Least Once In Five Days (b) For 2 Consecutive Days In Five

1 S ig n i f ic a n t ly  g re a te r  than D5W/NHC combined (X?=3.97, d f - 1 ,  
p<0.05)

2 G reater than D5W (X9*2 .87 , d f - 1 ,  p ,0 .1 0 )
3 G reater than NHC (X9=2.75 , d f - 1 ,  p<0.10)
4 PL Females g re a te r  than D5W/NHC Females Combined (X9-2 .2 9 ,  d f - 1 ,

p< 0 .10) c
5 D5W s i g n i f i c a n t l y  g re a te r  than PL/NHC Combined (X9*5 .74 , d f - 1 ,

p<0.02) c



Table 7

Percen t of Animals Engaged 1n Three Maternal B ehaviors1

On a t  Least 1 o f  5 Days On Two Successive  Days

§ / n (St) Latency2 #/n (%) Latency

30 Day-Olds
PL= 6/17 (35St) 0 .5 1/17 (6%) 0
D5W® 3/13 (23%) 0 1/13 (8%) 0
NHC® 5/18 (28%) 2 1/18 (5%) 2
Combined® 14/48 (29%) 1.5 2/48 (4%) 0

18 Day-Olds
PL® 0/15 (0%) 4 0/15 (0%) 4
D5W® 1/13 (8%) 0 0/13 (0%) 4
NHC® 0/14 (0%) 4 0/14 (0%) 4
Combined® 1/42 (2%) 4 0/42 (0%) 4

i  R etrieve/C rouch/A nogenita l Lick 
Median Latency, in days.

a S ig n i f i c a n t ly  g re a te r  than 18 Day-Olds: X2=9.72 , d f = l ,  p<0.01.
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Table 8 
Analyses o f  Behaviors

Source o f  Variance

Behaviors Age Group Day Age x Day Group x Di

F (1 ,4 6 )a F(2»46)= F(4 ,46)« F(4,46)= F(8 ,46)»

R etr ieve 19.41** 3.28+ 12.33**** 10.49** 3.59**-

Pupcarry 0.07 2.05 8.92* 3.27** 2.78**

Crouch 7.04* 1.48 2.38* 3.02* 4.29****

Anogenital L1ck 9.07* 0.35 8.60**** 1.72 2.32*

N estbuild 17.60** 1.84 4.68*** 8.52**** 2.09*

Contact 141.33**** 4.03+ 21.68**** 28.52**** 5.93****

Sniff-L1ck -Paw 37.36*** 0.77 3.98** 3.18** 2.78*

Charge 28.81** 0.87 1.57 5.40** 1.40

Pounce 2.45 0.55 6.73**** 12.97**** 3.68**

+p<0.10
*p<0.05

**p<0.01
***p<0.001

****p<0.0001



Table 9
Linear Regression A nalysis  on Behaviors

a .  30 Day-01ds

Group Behavior (F (6 ,48)«) S p e c if ic  Comparison

PL
NHC
D5W

R etr iev e  (4 .0 )  „
p < 0 .0 0 l r

( t - 1 .7 8 ,  p<0.10) 
( t^O .84 , p».40)

Day 0: PL/D5W>NHC (0 .001/0 .001) 
Day 1: PL/D5W>NHC (0 .0 1 /0 .0 5  

Day 3: PL>D5W/NHC (0 .0 1 /0 .0 1 )

D5W
PL
NHC

Crouch (4 .28) 
( t» 3 .3 3 ,  p<0.001) 
( t - 1 .6 6 ,  p<0.10) 
( t= 0 .4 6 , p«0.64)

Day 0: PL/D5W>NHC (0 .001/0 .001) 
Day 1: PL>NHC (0 .01)

D5W
NHC
PL

Anogenital L1ck (3.30) 
T t -3 .1 7 ,  p<0.01) 
( t» 2 .1 2 ,  p<0.05) 
( t - 0 .9 4 ,  p -0 .35)

Day 0: PL/D5W>NHC (0 .8 0 /0 .0 1 )  
Day 1: PL/D5W>NHC (0 .0 1 /0 .0 1 )

NHC
PL
D5W

N estbu lld  (5 .49) 
( t - 1 .5 9 ,  p -0 .11) 
( t* 0 .6 6 ,  p=0.51) 
( t= 0 .0 1 ,  p«0.99)

None

NHC
D5W
PL

Contact (17.35) 
f t - 6 .3 6 ,  p<0.001) 
( t= 1 .3 9 ,  p-0 .16) 
( t= 1 .0 7 ,  p=0.28)

Day 0: PL/D5W>NHC (0 .001/0 .001) 
Day 1: PL/D5W>NHC (0 .0 5 /0 .0 1 )

NHC
PL
D5U

Sn1ff-L1ck-Paw (3 .98) 
( t* 4 .1 1 ,  p»0.001) 
( t - 0 .6 9 ,  p»0.49) 
(t=*0.31, p-0 .75)

Day 0: NHOPL/D5W (0 .001 /0 .01 )  
Day 2: NHOD5W (0 .10)
Day 3: NHOD5W (0 .10)

NHC
PL
D5W

Pupcarry (0 .95) 
(t* iV 48, p -8 .14) 
( t* 1 .0 2 ,  p-0 .31) 
( t* 0 .6 9 ,  p -0 .49)

None

Charge (2 .64) None

PL
NHC
D5W

Pounce (2 .64) 
( t» 1 .5 6 ,  p -0 .2 )  
( t - 1 .1 6 ,  p-0 .24) 
( t - 0 .0 8 ,  p»0.93)

None

1 Dai ly  between-group comparisons based on o v e ra l l  F -value .

2 T - t e s t  fo r  zero  change in s lope  over 5 days.



Table 9
Linear Regression A nalysis  on Behaviors 

b . 18 Day-Olds

S p e c if ic  Comparison1Group Behavior (F (6 ,48)» )

R e tr iev e  (10 .22)„
NHC
PL
D5U

( t - 4 .3 0 ,  p<0.001)“ 
( t - 0 .8 4 ,  p»0.40) 
( t - 0 .7 0 ,  p«.48)

Crouch (5 .35)
NHC
PL
D5W

(t= 2 .8 7 ,  p<0.001) 
( t= 2 .3 3 ,  p»0.19) 
( t - 0 .1 0 ,  p=0.92)

Anogenital Lick (3 .30)
NHC
D5W
PL

( t - 2 .3 6 ,  p<0.05) 
( t - 1 .4 0 .  p -0 .16) 
( t* 0 .8 9 ,  p -0 .37 )

N estbu lld  (5 .49)
D5W
PL
NHC

( t - 4 .4 7 ,  p<0.001) 
( t* 3 .6 8 ,  p<0.001) 
( t - 2 .8 3 ,  p<0.01)

Contact (18.80)
NHC
PL
D5W

( t - 8 .7 6 ,  p<0.001) 
( t= 5 .5 0 ,  p<0.001) 
( t - 2 .1 3 ,  p<0.05)

Sniff-L ick-Paw  (2.77)
NHC
PL
D5W

( t - 3 .0 0 ,  p<0.05) 
( t= 2 .8 1 ,  p<0.01) 
( t= 1 .3 9 ,  p-0 .54)

Pupcarry (4 .62)
NHC
D5W
PL

( t - 3 .8 6 ,  p<0.001 
( t= 1 .3 9 ,  p-0 .16) 
( t - 0 .9 5 ,  p -0 .34)

Charge (0.70)

PL
NHC
D5W

Pounce (2 .64) 
( t - 3 .5 2 ,  p<0.001) 
( t= 1 .4 5 ,  p-0 .15) 
( t - 1 .3 4 ,  p -0 .18)

None

None

None

Day 0: D5W>PL/NHC (0 .05 /0 .001 )
Day 1: D5W>PL/NHC (0 .0 5 /0 .0 5 )

None

None

None

None

Day 1: NHOPL/D5W (0 .0 3 /0 .0 5 )
Day 4: PL>D5W (0 .10)

1 Daily between-group comparisons based on o v e ra l l  F -va lue .

2 T - te s t  f o r  zero  change in s lope  over 5 days.
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Table 10 
Gender D ifferences

Source o f  Variance

Behavior Sex Age x Sex Group x Sex Age x Group ;
F ( l ,4 6 )= r ( l , 4 6 ) » F(2 ,46)» F(2,46)»

R etr ieve 2.88+ 4.23* 3.67* 3.74*

Pupcarry 0.63 0.05 0.65 0.58

Crouch 25.40**** 13.14** 7.95** 4.04*

A-g L ick1 1.03 1.85 4.65*** 5.20**

N estbu lld 0.35 12.12*** 8.08** 2.80+

Contact 10.60** 5.08* 1.79 4.38*

S-L-P2 4.38* 7.05** 8.24*** 0.96

Charge 4.40* 2.25 0.67 3.21*

Pounce 0.64 0.50 2.17 3.72*

1 Anogenital L1ck; 2 Sniff-L1ck-Paw

+p<0.10
*p<0.05

**p<0.01 
***p<0.001 

****p<0.0001
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Table 11 
Nest Ratings

Age Group Mean

18 PL 1.96

18 05W 1.94

18 NHC 1.97

30 PL 2.09

30 D5W 2.06

30 NHC 1.83

S p e c if ic  Comparisons

Within 30 Day-01ds

30 PL> 30 NHC**
30 D5W> 30 NHC**

* p<0.05
** p<0.01

Within 18 Day-Olds Between Age-Groups

None 30 PL> 18 PL**
30 D5W>18 D5W**

18NHC> 30 NHC**
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Table 12
P r in c ip a l  Component (F ac to r)  A na lysis :  

R e la t io n sh ip s  Among Behavioral V ariab les

a .  30 Day-01ds

Groups F ac to rs (P ercen t o f  Variance)
PL 1(18.1) " " 2 ( 1 1 . 4 ) 3(11 .0) 4 (9 .8 )

Pupcarry R etr ieve Contact Crouch
(0 .57)* (0.54) ( -0 .8 4 ) (0 .34)

Charge Crouch Other Contact
(0 .86) (0 .45) (0 .74) (0.31)

Pounce A-g Lick1 Rear
(0 .90) (0 .74) (-0 .8 1 )

D5W 1(17.2) 2(11 .6) 3(10 .8) 4 (9 .8 )
Pupcarry R etr iev e Crouch Self-groom
(0 .48)* (0 .39) (0 .30) ( -0 .3 5 )

Charge Crouch Contact Other
(0 .87) (0 .48) (0 .58) (0 .53)

Pounce A-g L1ck A-g Lick Rear
(0 .90) (0 .69) (0.40) (-0 .5 7 )

Contact — « — Other S-L-P2
( -0 .3 1 ) ( -0 .7 8 ) ( -0 .4 3 )

NHC 1(16.4) 2(10 .9) 3(10 .4) 4(10 .0)
R etr ieve Contact Crouch Crouch
(0 .44) (0.70) (0 .54) (0.43)

Pupcarry N estbu lld Contact Contact
(0 .61) (0 .28) ( -0 .4 7 ) (0 .33)

Charge Other A-g Lick A-g Lick
(0 .74) ( -0 .8 4 ) (0 .66) (0.48)

Pounce Other Self-Groom
(0 .85) - - - - (-0 .3 5 ) (-0 .5 3 )

™ ™ ™ ™ S-L-P
(-0 .4 3 )

^Numbers In pa ren theses  a re  c o e f f i c i e n t s :  Express r e l a t io n s h ip  o f e a c h
v a r ia b le  to  the  f a c t o r .  Anogenital L ick . Sniff-L ick-Paw
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Table 12
P r in c ip a l  Component (F ac to r)  A nalysis : 

R e la t io n sh ip s  Among Behavioral V ariab les

b . 18 Day-01ds

Groups F ac to rs  (P ercen t o f  Variance)
PL 1(16.4) 2(13 .4) 3(10 .1) 4 (9 .4 )

R etrieve Pupcarry Other Nestbull*
(0 .37)* (0 .39) (-0 .6 3 ) (-0 .3 7 )

Pupcarry Contact S-L-P Rear
(0 .58) (0.65) (-0 .8 1 ) (0 .89)

Charge Pounce - - - -

(0 .73) ( -0 .7 2 )

S-L-P
(0 .41) ----------- ----------- •»— -

D5W l(l'S.7) '"'"2ri2.5) 3(10 .1) 4 (9 .1 )
R etr ieve Pupcarry Other Crouch
(0 .34)* (0 .36) (0.75) (0 .61)

Pupcarry Contact S-L-P A-g Lick
(0 .69) (0 .76) (-0 .7 3 ) (0 .80)

Charge Pounce
(0.44) (0.33) - - - - ------

Pounce Other
(0 .80) (-0 .5 6 ) ------

S-L-P S-L-P
(0 .32) ( -0 .4 9 )

NHC 1(18.2) 2(12 .7) 3(10 .4) 4 (8 .9 )
R e tr ieve N estbu lld Other N estbu lld
(0.47) (0 .29) (0 .75) (-0 .31 )

Pupcarry Contact S-L-P Rear
(0 .77) (0.88) (-0 .8 0 ) (0.94)

Charge Other --------

(0 .74) (-0 .6 0 ) ------
Pounce S-L-P . . . . - - - -

(0.813) (0 .49) — —— — — ———

S-L-P
(-0 .4 3 )



Table 13
NW, EWG, EWI Weights a t  24 Days of Age*

Females Males

Weaning Group X X
(SD) (SD)

NW 69.6 74.9
(7 .6 ) (9 .9 )

EWG 59.1** 57.5**
(7 .8 ) (11 .2)

EWI 61.4* 63.7*
(7 .9 ) (8 .8 )

*N.B. Although weights a re  shown s e p a r a te ly ,  th e re  were
d i f f e r e n c e s  between males and females in  any o f the  th re e  groups, 
and group d i f f e r e n c e s  a re  fo r  combined sex es .

*EWI s i g n i f i c a n t l y  le s s  than NW (p<0.05)
**EWG s i g n i f i c a n t l y  le s s  than NW (p<0.01)



Table 14 
Analyses of Ind iv idual Behaviors

Source o f  Variance

Behaviors Day Group Sex Group x Se;

F-(4 ,228) F*{2,57) F - ( l ,5 7 ) F=(2,57)

R etr ieve 16.9** 4.04* 1.64 0.76

Pupcarry 0.84 11.47** 2.27 0.64

Crouch 3.08* 0.66 0.11 2.45+

A-g L1ck 3.57* 2.07 0.24 0.54

N estbuiId 3.05* 0.57 1.56 0.24

Contact 6.32** 0.49 2.48+ 0.55

S-L-P 1.75 1.19 1.19 0.94

Charge 1.58 4.26* 0.83 0.26

Pounce 1.02 5.46** 0.09 0.01

A c t iv i ty 4.78** 3.41* 0.23 1.28

Rear 2.71* 1.3 0.49 0.39

+ p<0.10 * p<0.05 ** p<0.01
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Table 15
C o rre la t io n s  Between Weight and R e tr iev in g  

or Pupcarrylng a t  24 Days

Group Weight - R e tr iev in g  Weight - Pupcarrylng

NW
Combined 0.21 0.02

Females 0 .25 -0 .2 0

Males -0 .21  0.42

EWG
Combined 0.42* -0 .14

Females 0.54* 0 .38

Males 0 .08 -0 .50

EWI
Combined 0.16 -0 .14

Females 0 .06 0.07

Males 0.35 -0 .21

Combined Females 0 .19 -0 .13

Combined Males 0.36* -0 .04

* p<0.05



Treatment

Table 16 
P r in c ip a l  Component Analysis

Twenty-four Day

Groups F ac to rs  (P ercen t

1 o f  Behaviors 

-Olds

o f  Variance)
e r a " 1(18.6) 2(16 .4)

R etr ieve S-L-P1
(0 .47 )* (0 .63)

Pupcarry Rear
(0 .74) (0 .62)

Charge A c t iv i ty
(0 .53)

Pounce
(0 .86)

(0 .62)

EWI 1(23.8) 2(14 .3)
Pupcarry S -L - P
(0 .80) (0 .71)

Charge A c t iv i ty
(0 .77) (0.70)

Pounce Rear
(0 .88) (0.50)

Nw"
_ _  1 (1 9 .D 2(15.4)

R e tr ieve A c t iv i ty
(0 .29)* (0.70)

Pupcarry S-L-P1
(0 .72) (0 .61)

Charge Rear
(0.72)

Pounce
(0 .82)

(0 .58)

♦Numbers in pa ren theses  a re  c o e f f i c i e n t s :  Express r e l a t io n s h ip  of
each v a r ia b le  to  the  f a c t o r .  Sn1ff-L1ck-Paw
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Table 17 
Analyses of Behaviors

Source o f  Variance

Behaviors Group Sex Group x Sex

F»(3,76) F“ (1»76) F»(3.76)

R etr ieve 0.23 6.37* 0.24

Pupcarry 1.68 0.05 0.21

Crouch 0.47 14.54** 0.48

A-g L1ck 1.63 5.13* 0.20

N estbuiId 0.61 8.67* 0.21

Contact 0.67 3.22+ 0.28

S-L-P 0.22 1.40 0.37

Charge 1.25 0.69 0.07

Pounce 3.04* 3.98* 0.82

A c t iv i ty 2.83* 0.16 0.13

Rear 2.30+ 2.31+ 0.91

+ p<0.10
* p<0.05 

** P<0.01
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Table 18
C o rre la t io n s  Between Ind iv idual Components 

o f  Behavior*
24 Days - 100 Days

Females Males

Weaning Group

Behavior NW EG El NW EG El
Ret/Crouch/AgLIck .30 .26 .15 .21 .63* .08

R etr iev e .39 .16 - .2 1 .07 .60+ .08

Pupcarry - .1 5 .34 - .2 7 .37 .21 0

Crouch .10 .45 .71* .25 .19 - .1 6

Anogenital Lick .06 .21 -.005 .07 .82* - .0 5

N estbulld .38 .09 .21 .07 .45 .11

Contact .06 - .1 9 - .0 2 .07 .35 - .3 3

Sn1ff-L ick  Paw - .1 8 .17 .20 .17 .08 .30

Charge .08 .14 .14 0 .006 .43

Pounce 0 .11 .002 .42 .25 -.65*

A c t iv i ty .49 .21 - .5 1 - .0 5 - .0 9 - .4 3

Rear - .5 5 .09 - .4 8 - .1 5 - .0 6 -.37

A ct. + Rear -.005 - .3 2 -.60+ .02 .05 -.64*

Pounce/Act/Rear - .0 1 -.60+ -.70* +rHto
91 - .3 7 -.67*

* Spearman rho ( tw o - ta i l e d ) .
* p<0.05 
+ p<.10
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Table 19

P r in c ip a l  Component A n a ly s is1 of Behaviors:

a .  One-Hundred Day-Old Females 

EWG EWI_ NW NWNT

F acto rs  Percent o f  Variance

23.8% 22.1% 22.1% 22.4

R etr iev e
(0 .76)*

R etr ieve
(0.72)

R etr ieve
(0 .77)

R etr ieve
(0 .71)

A-G Lick 
(0 .83)

A-g Lick 
(0 .76)

A-g Lick 
(0 .75)

A-g Lick 
(0 .68)

Crouch
(0.68)

Crouch
(0 .67)

Crouch
(0 .67)

Crouch
(0 .59)

Contact
(0 .68)

Contact
(0 .75)

Contact
(0 .59)

Contact
(0 .58)

N estbuild
(0 .33)

16.4% 14.7% 17.4% 14.52

Pupcarry
(0 .84)

Charge
(0 .94)

Pupcarry
(0.54)

Pounce
(0.83)

Pounce
(0 .94)

Charge
(0 .86)

S-L-P
(0 .36)

Pounce
(0.87)

^ a b l e  re p re se n ts  ro ta te d  s o lu t io n  (N ie , e t .  a l . ,  1975).

♦Numbers a re  c o e f f i c i e n t s :  Express r e l a t io n s h ip  of each
behavioral v a r ia b le  to  th e  f a c to r .

2
Indicates Factor had eigenvalue o f less than 2.
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Table 19
1

P r in c ip a l  Component A nalysis  o f  Behaviors:

b. One-Hundred Day-Old Males

EWG EMI NW NWNT

Percent of Var1 ance

20.2% 2 1 . .0 18.3% 20.3

R etr ieve R etr ieve R etrieve R etrieve
(0 .73)* (0 .60) (0.32) (0.47)

A-G Lick Pupcarry A-g Lick Contact
(0 .72) (0 .55) (0.74) (0 .48)

Crouch Crouch Crouch Other
(0 .51) (0 .72) (0 .49) (0 .89)

Contact Contact Contact
(0.73) (0 .72) (0 .69)

NestbuiId
(0 .52)

16.5% 17.4% 13.9%2 15.7

Other Charge Pounce
(0 .92) (0.89) (0.86)

Pounce A-g Lick
(0 .92) (0 .48)

S-L-P Crouch
(0 .71) (0.90)

^Table re p re se n ts  ro ta te d  so lu t io n  (N ie, e t .  a l . ,  1975).

♦Numbers a re  c o e f f i c i e n t s :  Express r e l a t io n s h ip  o f  each
behavioral v a r ia b le  to  th e  f a c to r .

2
Indicates Factor had eigenvalue of less than 2.



APPENDIX I I :  FIGURES
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Figure 1

Mean f req u en c ie s  of maternal behaviors  and p a ss iv e  co n tac t  

observed f o r  each age-group over 5 days of t e s t i n g .  a) 18 day-o lds

(n=17: 14 females /3  males) denoted by open b a r s ;  b) 24 day-o lds

(n=18: 10 females /8  males) denoted by s t i p p l e d  b a r s ;  c) 30 day-o lds

{n*17: 10 f e m a le s /7 males) denoted by hatched b a r s .  Note t h a t

f requenc ies  are  r e l a t i v e  to  the  t o t a l  p o s s ib le  observed (N=16 per 

day x 5 days) f o r  each behav io r .  Based on a t o t a l  of  4160 

observa t ions  derived from t ime-samples .



MEA
N 

FRE
QU

EN
CY

 O
F 

BEH
AV

IOR
S 

OVE
R 

S D
AY

S

RETRIEVE PUPCARRY NESTBUIlO CROUCH A-G LICK CONTACT

eno>



157

Figure 2

Daily changes in group means over 5 days of  t e s t i n g  f o r :  a)

r e t r i e v i n g ;  b) n e s tb u i ld in g ;  c) c rouching; d) anogen i ta l  l i c k i n g .  

Day 0- 4 of  t e s t i n g  f o r  18 day-o lds  {n«17: 14 females /3  males) 

denoted by t r i a n g l e ;  f o r  24 day-o lds  (n=18: 10 females /8  males) by 

c i r c l e ;  30 day-o lds  (n=17: 10 females /7  males) by box. Frequencies  

as in Figure  1.
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Figure  3

Daily changes in group means over 5 days of t e s t i n g  f o r  con tac t  

behav io rs .  Days 0 -  4 of  t e s t i n g  as in  Figure  2.
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Figure  4

Mean f requenc ies  of nonmaternal behaviors  observed fo r  each age 

group over 5 days of  t e s t i n g .  Frequencies  as in Figure  1.
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Figure 5

Daily changes in  group means over 5 days o f  t e s t i n g  f o r :  a)

pouncing; b) s n i f f - l i c k - p a w .  Day 0 - 4 of  t e s t i n g  as in  Figure  2.
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Figure  6

Th i r ty  Day-01ds. Cumulative pe rcen ts  r e t r i e v i n g  a t  l e a s t  once in 

f i v e  days of t e s t i n g .  PL (n=17: 11 females /6  males) denoted by 

f i l l e d  c i r c l e ;  IC (D5W) (n=13: 8 females /5  males) denoted by open 

c i r c l e ;  NHC (n=18: 11 females /7  males) by t r i a n g l e .
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Figure  7

Th i r ty  Day-01ds. Daily changes 1n group means over 5 days of 

t e s t i n g  f o r :  a) r e t r i e v i n g ;  b) c rouching; c)  anogeni ta l  l i c k i n g ;

d) c o n t a c t .  Day 0 -  4 o f  t e s t i n g  f o r  PL denoted by f i l l e d  c i r c l e ;  

f o r  D5W by open c i r c l e ;  f o r  NHC by t r i a n g l e .  Note t h a t  f requenc ies  

a re  r e l a t i v e  t o  the  t o t a l  p o s s ib le  observed (N=16 per day x 5 days) 

f o r  each behavior .



infusion 
DAYS 

OF 
TESTING 

a) 
infusion 

DAYS 
OF 

TESTING

T  FREO. OF A-G LICKING
*ft 91 (A

I—O 
»

•o

Itf

X FREO. OF CONTACT

mean frequency of r etr ieva ls

in

w

X FREO. OF VENTRAL CROUCHES 

# -  is “

LO

Cl

w > o m

891



169

I

Figure  8

Eighteen Day-01ds. Dally changes in group means over 5 days of 

t e s t i n g  f o r :  a) n e s tb u i ld in g ;  and b) con tac t  behav io rs .  Day 0 - 4

of  t e s t i n g  as in Figure  7.
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Figure  9

Th i r ty  Day-Olds. Mean frequencies  of each maternal  behavior 

observed over 5 days f o r  males and females in each t rea tm en t  group. 

A) R e t r iev in g :  PL females > D5W, NHC females ,  NHC males;  D5W, PL

males > D5W, NHC females ,  NHC males.  B) Crouching: PL, D5W females

NHC females ,  PL, D5W, NHC males.  C) Anogenital  Licking: PL, D5W

females > NHC females;  D5W, NHC males > PL males.  D) S n i f f  Lick 

Paw: PL, D5W, NHC females > PL, D5W, males;  NHC males > PL males.

Based on Neuman-Keuls pos t-hoc  comparisons,  p<0.05.
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Figure 10

T h i r ty  Day-01ds. Mean f requencies  of co n tac t  behavio r  observed over 

5 days f o r  males and females in each t r ea tm en t  group. D5W males > 

PL, D5W, NHC females .  Based on Neuman-Keuls pos t-hoc  comparisons,
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Figure  11

Eighteen Day-Olds. Mean f requencies  of  maternal behaviors  observed 

over 5 days of  t e s t i n g  by t rea tm en t  group and sex .  A)

N es tbu i ld ing :  D5W males > D5W, NHC females ,  PL males;  B) Combined

females > males.  Based on Neuman-Keuls pos t -hoc  comparisons:  

p<0.05.
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Figure  12

Mean percent of  each group r e t r i e v i n g  over 5 days of t e s t i n g .  

Females and males have been combined due t o  lack of  d i f f e r e n c e s .  

Newman-Keuls pos thocs :  NW g r e a t e r  than EWI (p<0.01);  NW g r e a t e r

than EWG (p<0.05) ;  EG g r e a t e r  than EWI (p<0.01) .

Figure  13

Mean percen t  of each group crouching over 5 days of  t e s t i n g .  

Females and males have been combined.
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Figure 14

Mean percen t  of each group a) pupcar ry lng ;  b) charg ing ;  c) 

pouncing over 5 days of  t e s t i n g .  Females and males have been 

combined due to  lack o f  d i f f e r e n c e s ,  a)  Pupcarrylng: EWI g r e a t e r

than NW (p<0.01) ;  EWI g r e a t e r  than EWG (p<0.01) .  b) Charging: El

g r e a t e r  than NW (p<0.01) ;  EWI g r e a t e r  than EWG (p<0.05) .  c) 

Pouncing: EWI g r e a t e r  than NW (p<0.01) ;  EWI g r e a t e r  than EWG 

(p<0.01) .  Based on Newman-Keuls posthoc comparisons.
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Figure 15

Mean percen t  of each group a c t i v e  over 5 days of  t e s t i n g .  

Females and males have been combined.



183

24  Day-Olds: 5-Day Means

NW-Normally Weaned 
EG-Early Weaned: Group 
El -Early Weaned: Isolate

100 -
80-

Q) 60-
o<5 40-
5? 20*

0

f

NW EG
n= 21 21

El
21



184

Figures 16 -  19

Figure 16. Mean percen t  of each group r e t r i e v i n g  over 5 days of 

t e s t i n g .  D ifferences  between combined female versus  combined male 

groups only .

Figure  17. Mean percent of each group crouching over 5 days of  

t e s t i n g .  D ifferences  between combined female versus  combined male 

groups only .

Figure 18. Mean percen t  of each group anogeni ta l  l i c k in g  over 5 

days of  t e s t i n g .  D ifferences  between combined female versus  

combined male groups only.

Figure  19. Mean percent  of each group n e s tb u i ld in g  over  5 days of 

t e s t i n g .  D if fe rences  between combined female versus combined male 

groups only .
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Figures 20 - 22

Figure  20. Mean percent of each group pouncing over  5 days of 

t e s t i n g .  Newman-Keuls posthoc comparisons:  EG,El g r e a t e r  than NW, 

NT groups (males and females combined).  Also,  combined male groups 

g r e a t e r  than combined female groups.

Figure 21. Mean percen t  of each group a c t i v e  over 5 days of  

t e s t i n g .  Newman-Keuls posthoc comparisons: El g r e a t e r  than NW, NT, 

EG groups (males and females combined).

Figure  22. Mean percent of each group re a r in g  over 5 days of 

t e s t i n g .  Newman-Keuls posthoc comparison: El g r e a t e r  than NW, NT,

EG groups (males and females combined).
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