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ABSTRACT

SOCIALINI‘ERACTIOI‘BBEIWEENWINEDJUVENIIE

AWADULTPERQ’IYSCUSMANICUIA’IUSBAIRDI:

mmom

SEITLWI'ANDWH-I

By

John E. Ehders

The objective of the present study was to investigate the social

factors that may influence the outccmes of juvenile-adult interactions

in Perouyscus nanimilatus bairdi using field (3.8 m2) or laboratory

(1.2 m2) enclosures. It was hypothesized that‘the sex of juveniles and

the sex of adults and/or the reproductive stage of adult fanales would

affect the settlenent and growth rates of juveniles mder two conditions

of space quality.

A juvenile Hale or fanale was placed in an enclosure containing:

 

(1) an adult male, (2) a mnlactating adult female, (3) a lactating

female, or (4) no adult as a control. Five replications of each of the

eight social treatment carbinations were used in the field and labora-

tory experiments . The juveniles were free to interact with the adults

over. a four-day period. Juveniles could move through a two-way tunnel

to an adjacent unoccupied enclosure, but adults could not, and all

animls had access to nest boxes.

Juvenile settlanent was evaluated experimentally by determining

the proPensity of juveniles: (l) to nest in enclosures occupied by

adults, (2) to occupy the same nest with adults, and (3) to retrain,

during the nighttime active period, in enclosures occupied by adults.

Significant differences annng the social cmbinations were judged to
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indicate relative effects of adults in limiting juvenile settlement.

The differemes between the initial and final juvenile weights were

examirwd to determine the effects of the experimtal treatments on

juvenile growth.

The settlenent of juvenile fanales , carpared with juvenile males ,

was limited by nonlactating fermles . Settlement differences between

the juvenile sexes were not significant when juveniles interacted with

adult unles or lactating females or encountered the control condition.

Lactating farales, coupared with adult males, nonlactating females, and

the control condition, limited the settlenait of juvenile males. The

settlement of juvenile famles was not significantly different annng

the adult classes and the contzo1. Similar outcanes of social inter-

actions in free-ranging populations would result in nonlactating and

lactating females , but not adult males , limiting the settlanent of dis-

persing juveniles depending upon their sex.

The contradictions in the results of previous studies on Percuyscus

(3g. , Keeley, 1967) and the present research may be due to differaices

in the social behavior of different taxa and/or to differences in exper-

inental designs since several biological determirmts of social rela-

tionships were examined in the present investigation. lactating _I_’_. m.

_b__a__ir_<_1_i_ exhibited maternal aggression, but adult males and nonlactating

females were not aggressive. It is proposed that the settlenent of

juvenile male _13. g. Mwithin populations is inversely related to

the proportion of adult famles that are lactating. 0n the other hand,

juvenile fanale settlement my be inversely related to the population

density of adult females irrespective of their reproductive condition.
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Juvenile females, carpared with juvenile males, had significantly

lower growth rates when adult males were encountered . Differences in

growth rates between male and fennle juveniles that interacted with

nonLactating fanales or lactating fenales , or amountered the control

condition, were mnsignificant. There were no significant differences

in juvenile growth rates when the juvenile sexes were coupared sepa-

rately for the adult social factors , but control juvenile Hales gained

significantly less weight than those sales that interacted with adult

neles. These results my also reflect differences in the social

behavior of different Peronyscus taxa. lbwever, social interactions

involving behaviors other than aggression, such as sexual behavior, may

affect juvenile growth by altering juvenile activity and/or food intake,

 

at least on a short-term basis.

The effects of the social factors on juvenile settlement were not

similar mder field and laboratory conditions possibly due to differ-

ences in the frequencies of behavioral interaction and/or avoidance.

The effects of the social factors on growth rates were similar under

the two conditions of space quality. But juveniles in the field expel:-

inmt gained significantly more weight than the juveniles in the labor—

atory experimt.
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IN'I'ROIIJCI'ION

Dispasal, the mvenent of an organism fran its natal site to

another locality where breeding nay occur (I-bward, 1960), is being

given increasing attention by ecologists studying small rodent popula-

tions . Sadleir (1965) ad l-Iealey (1967) indicated that Pagnyscus

naniculatus austaus inmigrants were prevented fran settling by aggres-

sive adult males. Honeva, in tlnese stndies, adult fenales were

largelyignored, adtleiwortanceoftlesecoftlejuvedlesin

detamining the antenna of social intaactions was not evaluated.

Metzgar (1971) reported that the populatien density of adult fenale

P.mwas invasely related to the nunba of juvenile fenales

that settled within a local population, but males did not exhibit this

relationship . The importance of different reproductive stages of the

adult fenales was not evaluated by Metzgar, but diffaences in behavior

towards strange juveniles nay be expected because lactating Pacuygcus

camonly exhibit aggression or nest defense whereas nonlactating

females typically do not (Eisenberg, 1963) .

Dispasal innorthernPeranyscus populations occurs during tie

breeding season (see Stickel, 1968) . Dispasing juveniles my

encounter ad intaact with any of three adult ser/reproductive-stage

classes: tales, nonlactating fenales, ad lactating fenales. This

investigation was designed to obtain quantitative measnmes of the out-

cane of these juvenile-achilt intaactions in 1:. n_n_. M, the prairie

l



dea miss. The objectives of this study were to determnine if: (1) the

sex of juveniles affects the outcane of social intaactions, (2) the sex

of adults ad/or reproductive stage of adult fenales affects the outcane

of social interactions, ad (3) tlne outcane of social intaactions are

similar unda field enclosure conditions ad controlled laboratory

conditions.

The impetnis for this research steamed from the fact that intra-

specific social intaaction has been hypothesized to lead to the regu-

lation of small mamml populations (_e_.g. , Chitty, 1967; Healey, 1967;

ad mtzgar, 1971) . The basic argunent in the proposed population

regulation models is as follows. When an individual dispases, the

localpopulationdensityisdeaeasedadthedensityoftrepopulation

intowhichtheirdividual iumigrates is increased. Sothen, population

densities can be dependent won the behavioral intaactions influencing

the rates of departure fran the natal site ad settlenent in a new site.

Systematic study of the social behavior of anall mnamnals is required in

ordatoudastadtheroleofbehavioralmechanians indispasalad

consequent population regnlaticn.

Savidge (1970) operationally partitianed dispersal into three pro-

cesses: (l) departure from the natal site, (2) crossing a barrier,

usually unfaniliar space, ad (3) settling in a new area. Each process

can be investigated separately by controlling irdepedent variables

thatmnaybeinportantindetaminingtleoutcareof socialbehavior.

Savidge (1974) reported that juvenile P. g. ba__i_.n_:_c_l_i_ crossed a bar-

ria (an electrified grid connecting a natal cage with another cage)

whenthe fatha crossedor ifthenotherwas aggressivewonthebirth

of a subsequent litta. Nicholsm (1941) suggested that _P.M
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neles also attracted littas, and juveniles of other rodent species

havebeenreportedtodepartfrcmthe-natal areainresponsetoaggres-

sive mthas (Bradt, 1938, for Castor canadensis ad Errington, 1939,

for gnd_at_r_a_ zibethica).

Dispasing juvenile rodents, that have departed the natal site ad

 

are crossing unfamiliar space, encounta strange resident (Lg. , located

inaharerange) achnlts, interact, adnnayremainnear theadultorcon—

tinue to dispase. Social intaaction between resident adults and dis-

persing juveniles has been reported to affect the settlenent process in

sciurids (9g. , Drabek, 1973, for Spannphilus richardsonii ad Carl

1971, for S. undulatus), P. g. anstaus (Sadleir, 1965, ad Healey,

1967) , ad _P_. 13m (lbtzgar, 1971) . Detailed accounts of the social

variables that may affect the antennas of intaactions in ground

sciurids are available because this group is diurnal ad easily obsaved

in the field (3.5., am, 1964, ad Betta, 1976). m, studies

on the effects of encomtas between strange adult and dispasirng juve-

nile Paomyscus are rare. Such studies cannot be based on direct

obsavation due to the difficulty in obsavirg dea mice in the field.

Rather, they should focus on the evaluation of the social factors that

may influence spatial relationships while the mice are confined. When

social conditions are controlled, the resultant spatial relationships

can be inferred to be detamnined by social factors.

Social conditions were controlled in the present study by 1min-

taining prairie dea mnice in enclosures (l) unda field conditions ad

(2) under controlled laboratory conditions where space quantity ad

canplexity were decreased relative to the field conditions. The

 

effects of social intaaction won juvenile settlement were evaluated
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emerinentally by neasuring the spatial relationships of juveniles and

adults. Healey (1967) reported that aggressive nele g. g. austerus

retarded the growth rate of juveniles in field ad laboratory experi-

ments. The growth rates of all juveniles in the present investigation

weremeasured inanattenpt to reecanineandexpanduponthese find-

ings. Also, several other measures (_e_.g. , activity ad wounding) were

taken.

literature Review

Dispersal is a poorly understood denographic factor in suall

rodent populations. Pinch of the lack of understanding can be attri-

buted to the difficulty in studying dispersal in free-ranging pepula-

tions (Myers ad Krebs, 1971). Also, dispersal is a dynamic process; a

variety of biotic ad abiotic factors may act alone or in caninination

to determine an observed dispersal rate or pattern (Lidicker, 1975) .

'l'nis literature review is restricted, for the most part , to pertinent

informtion of the intraspecific social factors governing the dispersal

process of settlenent. The reviev is organized in tlne following fash-

ion. Firstly, a general definition of social relationships ad deter-

minants of social relationships will be given, and secondly, the social

relationnships that may affect the settlement of juvenile rodents will

be presented. Ihirdly, hypotheses conncernixg dispersal in suall nam-

nals will be discussed, but only those dealing with the settlerent ad

growth rates of dispersing juveniles will be analyzed in detail.

Fourthly, a general presentation of evolutionary considerations will be

given followed by, five, a general summary of the predictions of the

onztconnes of social interactions between strange juveniles ad adults.

 





Social Relationships

Wnentwoindivimnalscmnetogetheradreacttooneanother, their

behavior is no longer indepedent, ad a social relationship may be

£013an (Scott, 1973) . Scott developed the concept of social relation-

ship to pramte the investigation of social organization in group-living

species suchasprimtes. The saneconceptual franeaorknaybeusedto

stuiy social encounters between strange juvenile ad adult Pmscm

eventtnnghthisgennsusuallydoesnctoccm‘ingmmsotherthana

mncganouspairadtheiroffspring, at leastmringthebreedingsea-

son (Tennan, 1968). The outccne of a social encounter, in terms of

settlenentandsubsequentuseof spacebythejuvenile, mybedeter-

mined by the factors that deternnine the formation of a social relation-

ship.

 

Deternflnants of Social Relationships

According to Scott (1973), two cmpenents are necessary for the

differentiation of behavior. into a social relationship. Firstly, ani-

mls nust have ability to discriminate between individuals, ad

secondly, behavioral patterns nustbepresent that canbeuodifiedby

experiential ad biological factors .

Individual recognitian in Peromyscus is probably acccuplished by

usingavarietyofcues, adthisgenushaswelldevelopedreceptor

organs for auditory, tactile, visual, ad olfactory stiuuli (King,

1968a). Pair bonding (Howard, 1949) ad stable daninance hierarchies

over time (Sadleir, 1970) provide evidence for the existence of indiv-

idual recognition in Peranyscus.



thneriential factors my be subdivided into two categories:

(1) early experience and (2) experience with an area of faniliarity with

another animl. The mount ad quality of infantile stimflation lnas

been sham to affect behavior at a later developmental stage in rodents

amine gt _a_l_., 1967), but the processes and mechanisms associated with

the effects of early experience are not known (Russell, 1971) . Terman

(1963) reported that 1:. m. M, raised in isolation, were less

inclined tobe social thanweremice raised insocial groups. Anunnder-

stading of the preoeanling biotic ad abiotic environments is required

prior to evaluating tlne significance of early experience in the subse-

quent social behavior of Peranyscus. However, the available evidence

indicates that early experience nust be controlled in experimental stud-

ies of social behavior.

 

'nne outcone of social encounters in Peromyscus, ad other rodents,

candepednpanthelocationoftheenconmterandthedegreeof fad-

liarity between animls. An animal in familiar surroundings usually

becams dadnant over an intruder, if a dcminance-subordinant relation-

ship ensues (Eisenberg, 1962, ad Grant, 1972), admice ted to

ednibit less aggressien towards familiar connspecifics than towm'ds

strange conspecifics (Poole and l‘brgan, 1975). These conncepts are

integral to the settlemnt process of juveniles for several reasons.

The activity of adult Peggyscus is usually restricted to a localized

areaorhmnerange; ithssbeenclaiuedthatacmltsarefaniliarwith

the area encanpassing tlneir home range (Furrer, 1973). Secondly, the

encounter between a dispersing juvenile ad strange resident adult

typically takes place in the adult's hane range. Finally, agonistic

behavior or overt aggression (fighting) involved in the establisl'nent

 

 



of the dmdnance-subordinant relationship may force the juvenile to

leave the presence of the adult and continue to disperse. No points

trust be considered prior to accepting the apparent role of daninance-

subordinant relationships, as determined by agonnistic behavior, in

influencing juvenile settlenent (Healey, 1967): (1) there is no evi-

dence of territoriality or defense of mitually exclusive areas in

Perayscus (Hill, 1970) ad (2) behaviors other than those that are

agonistic my be involved in the establishment of a social relationship.

Thelatterpointwillbediscussedindetail inthesectionnonthetypes

of social relationships that may influence juvenile settlenent. Agonis-

ticbehavior, asusedinthispaper, refers toanybelnaviorwhichis

 

cennnected with a centest or conflict between two ccnspecifics whether

fighting, escaping, or "freeing" (Scott, 1972).

Biological factors my be subdivided into four categories:

(1) genetic constitution, (2) age, (3) sex, and (4) ranoductive condi-

tion/physiological state. A genetic basis for behavioral differences

in Permyscus, beyond species and subspecies couparisons of habitat

selectionn ad social behavior (Harris, 1952, ad see Eisenberg, 1968),

has not been reported. Male (Healey, 1967) ad lactating fenale

(Savidge, 1974) _11. nenicnflatus have been fonrd to vary mrkedly in
 

aggressive tedencies. These reported differences may have a genetic

basis, but selection eqneriments are required in order to determine

heritability. Radanization of experimental animls can be used to

avoid biasing results in studies on social behavior in which possible

genetic differences are of no interest.

Agecanbeaninportantfactor influencing socialbehavior. In

general, adult animals are usually daninant over inmatures. Grant



(1970) stated that body size, which is directly related to age in most

rodents including 2. mniculatus (Dice, 1932 ad 1936) , is a reliable

correlate of dandnance in agonnistic encounters. Field studies have

indicated that maturing rodents undergo gradual changes in responsive-

nesstoconspecificsadviceversa, whichinturn, cansechanges in

social relationships (_e.g. , Barash, 1973, for Marmta olyugus and Betts,

1976, for §_. colunbianus) . These changes, while certainly correlated

with growtln and increased body size, are also correlated with physio-

logical changes associated with tlne onset of sexual natunrity (Poole ad

Pbrgan, 1975). There is a nneed for detailed study of the developnent

ofsocialbelnaviorinPermysensasmsdeneforbflcrofinngestis

(Wilson, 1973). Until this information is available, age classes

slnculd be stadardized in studies examining other determinants of social

behavior. This procedure would result in a reduction of confounding

variation due to changes in age-specific respansiveness of the experi-

mental animls.

The senofnemnals isofparamunt inportance inthedetermination

of their social behavior ad social relationnships . Adult uale

Perenyscushavebeenclainedtobemreagonnisticthanadnlt fenales,

especially toward other mles, although both sexes are capable of the

sauna aggressive behavioral patterns (Eisenberg, 1968) . Ibwever, only a

few species have been critically examined. It is interesting to note

that bothmale and fenale P. polionnctus, _P_. 1%, ad _P_. n_n_. ba_i£__di

28-day olds were similarly agonistic towards Microtus weanlings

(Baennninger, 1973) . Therefore, differences in levels of agonistic

behaviormyappearas dee'ndcemun'e toadults.

 

 

 



'nne social relationships of resident adult and dispersing juvenile

Peromyscus fenales have been critically examined in only onne study

(lbtzgar, 1971, for 1:. 1m), ad repulsion of juvenile fenales was

reported. Fenales have been largely ignored in other investigations of

mallumnnl dispersal inwhichbehavioralmechanismswere examined

(Krebs, 1970, and Myers and Krebs, 1971) . A systenatic study of the

effects of social factors on the settlement patterns of dispersing juve—

niles should evaluate differences due to the sexes of the interacting

juvenile-adult canbinations .

Changes in reproductive condition ad conncomitant physiological

state of manuals give rise to changes in social relationships. Male

Peranyscus renain in breeding condition throughout the breeding season

adhavebeenreportedtobeaggressivechring this tine (Sadleir,

1965, ad Healey, 1967, for P. g. austerus), probably due to high tes-

tosterone levels (Bronson ad Desjardins, 1971). (h the other had,

femle Perenyscus exhibit behavioral chages within a single breeding

season. Prairiedeermicecaneintoestrusabouteverythreedaysupon

emsure tonnales (Bronson andMarsden, 1964), and the behavior of

fenales may shift in response to chages of the estrus cycle. For

enanple, Payne ad Swanson (1970) fonrd that feels Mesocricetus aruatus

were less agonistic towards male conspecifics during peak estrus com-

pared to other stages in the cycle. Maternal aggression can be elicited

bythepreseneoftheoffspringadsouethreateningagent (Mayer,

1971). King (1958) ad Scudder _e_§ 51. (1967) reported that lactating

P. g. m exhibit nest defense, and fenale Mericnes unguienlatus were

found to greatly increase aggressiveness following parturition

CDniessen, 1973). Other rodent fenales, in the lactation stage, have
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been inferred to be agressive towards conspecifics (Blair, 1942, for

mstriams and Broadbooks, 1970, for Eutamias amenus). The

effects of mnlactaticn ad lactation stages on juvenile-achlt social

relatimships between strage aninnls have not been critically mined

in Permyscus , but differences in juvenile settlenent may be related to

these different adult reproductive stages .

 

 

Social Relationships Affecting the

Settlemnt of Jivenile Rodents

The spatial organization of individuals in Peronnyscus populations

has been described in capture-recapture ad nest box studies. In

general, the novenent of resident and probably breeding adults is local-

izedwithinalrrnerangewhere theanimlnorually travels inpursuit of

its routine activities . Hana ranges are usually maintained for the life

of the individnal, but sane adults leave established here rages. The

neasnn'edspatialarragenentofhmnerangesisvariableandseensto

dependuponthetanonmlcgroupsbeing studied, geographical locationn,

ad possibly the methods used in the measurenent. During the nonbreed-

ing season, the exclusiveness of bane ranges decreases (see Stickel,

1968, ad Ternnan, 1968). The mechanisms leading to the emchnsiveness

of lune ranges, the formtion of social relationships, and the incor-

poratian or settlenent of juveniles into the mtrix of here rages is

unclear. I-bwever, Hill (1970) fonrd that neither mle nor fennle 1:. 3.

Mad; Le_nc_opu_s_defededafamiliar areafransanneoropposite-

 

 

sen connspecifics.

There are nanny types of social relationships that can be famed

depeding uponn the experiential ad biological characteristics of the

animls involved in interactions (Scott , 1973) . No relationnships
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between strange resident adults and dispersing juveniles are central to

the settlenent process . Firstly, daninannce-subordinate relationships

my be established. I-bwever, there are serious methodological diffi-

culties with the cbminnance concept (see Richards, 1974, for review).

Several definnitions of dominance have been proposed, but direct obser-

vatian of interacting animls in order to obtain the required measure-

ments is iupossible for Peranyscus in the field.

That daninnance in uurid rodents is established by agonnistic beha-

vior is well Imam (g.g., Poole ad Fbrgan, 1973, and Bovet, 1972), ad

dominance hierarchies resulting from agonnistic encounters have been

reported for Perennyscus (Sadleir, 1970) . The works of Sadleir (1965)

and Healey (1967) are often cited to indicate that aggressive inter-

action is virtually universal in altering the settlenent pattern of

juveniles (3.3. , Barash, 1977). It my be sutmitted that agonnistic

innteracticn and subsequent escane of the juvenile my be sufficient for

influencing the settlenent of juveniles, but it is not necessary. Orr

 

(1959) and Termn (1962) reported that Percgyscus simly avoid conspeci-

fics upon encounters, though it was nnot known if elements of agonnistic

behavior were involved in the avoidance. Also, it has been fonrd that

subordinate Permscus frequently nest with daninants (Hill, 1970) .

IBnce, subordirnate individuals in free-raging pOpuLations my not

necessarily leave the presence of daninnannt individuals.

Sexual relationships are the second type of relationship that my

be involved in the settlenent process. In the absence of agonnistic

interaction ad/or avoidance, opposite sex individuals my be attracted .

Tl'et juvenile Per'anyscus usually disperse at about tlne time they attain

semal mturity aboard, 1949, for P. g. ba__irdi__, ad see Blair, 1953,
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and Stickel, 1968, for other species) suggests that sexual behavior my

beinportantindeterminingtheoutcaneofsocialenconmtersasthey

relate to settlenent.

The social connditions influencing social relatienships ad cense-

quent settlenent patterns in dispersing deer mice are poorly understood.

The lack of ederstardinng can be attributed to the failnnte of past

workers to censider the factors that determine the formtien of social

relatienships . Sex and reproductive condition are important factors in

determining social relatienships ad can be manipulated in a systematic

study on the social factors innfluencing settlenent in juvenile deer

mice. Other factors can be stadardized or randanized.

Itpotheses Cencerning Dispersal in Smll Rodents

An array of proposals cencerning the causes ad effects of social

behaviorinthedispersalphencuenonadsubsequentpopnflationad

individual consequences have been published. Howard (1949) proposed

that dispersal ability enables a species to reinnvade depopulated areas

or newly created favorable habitats . Further , a genetically determined

tedency to disperse was suggested by Howard (1960) . That is, sane

vertebrates are claimd to have an innherited propensity to disperse ad

avoid readily available and suitable habitat to enter novel, ad prob-

ably unfavorable, areas where their chances of survival are potentially

low. Presmably, these individuals disperse irrespective of the social

ceditions in the natal and settlenent sites . Conversely, other indiv-

iduals are claimed to disperse due to social ad physical parameters

such as mate selection, territoriality, parental ejection, or lack of

suitable hannesites . According to I~Ioward, the innate dispensers are
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often sacrificed for the "good" of the species because they facilitate

geneflow, enlargednerangeofthespecies, adpermitthespeciesto

mintain a discentinnuous distribution and reinvade depopulated areas.

This proposal necessitates the acceptance of group selection. I-bwever,

tlne role of group selectien cannnot be supported by current evolutienany

theory (William, 1966) .

C'hitty (1967) hypothesized that selection for aggressive dominant

individuals increases as population density becomes higher, and that

dispersal of genetically subordinnant individuals is greatest at high

population densities. Myers ad Krebs (1971) found genetic differences

between dispersed ad resident Microtus, but these authors could not

determine whether the different genes caused different levels of

aggressien. Further, no mrked differences in aggressive behavior

between dispersing and resident 'mle Microtus were found, though it was

suggested that dispersing g. pennsylvaticus mles were none aggressive

than resident mles (Myers and Krebs, 1971). Other linnes of centra-

 

dictory evidence my be used to argue against acceptance of Chitty's

idea concerning the papulation density-dispersal ad population density-

aggression relatienships. Myers ad Krebs (1971) ad Rose ad Gaines

(1976) found that dispersal in Microtus papulations was not greatest

during periods of highest populatien densities. However, Joule ad

Caneron (1975) reported that Sim ad Reithrodontenys dispersal was

positively correlated with populatien densities , though the causative

nechanism were nnot evaluated inn tlneir study. Lidicker (1973, for n.

californicus) ad Rose ad Gaines (1976, for lg. ochrogaster) reported

that wmnnding, ad therefore aggressien, was not greatest during peak

population densities, but seemed to vary with seasenal changes. In
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cenflict with these reports, Krebs (1970) observed high levels of

agressien in laboratory encounnters between wild-caught male 111,

ochrogaster andlfi. pennsylvanicus captured during theperiodof peak

population density, and Conley (1976) described similar findings for

mle ad femle 1‘_i_. legicandus. Also, Christian (1971) nnoted that

warding in mle n__n_. pennsylvanicus was positively correlated to popu-

lationn density. Clearly, the relatienship between agressien and popu-

lation density has not been firmly established ad requires fuunre

surly.

Theaboveinvestigatiensweredesignedtoenaminethecanseand

effect of dispersal at the population level. The primary purpose of

these studies ms to describe attributes of dispersing individuals,

establish the relatienships between populatien density-dispersal-aggres-

sionn correlates, or to explore alternative relationships between dis-

persal ad enviremntal canpenents. Anotter line of research has been

directed towards specific questiens cencerning the social relatienships

between resident adults and dispersing juveniles in reference to the

process of juvenile settlenent within local populations. These investi-

gatienshaveadirectbearingenthepresent studyandwillbeanalyzed

in detail.

Sadleir (1965) proposed that resident adult 2. m. ansterus mles

were aggressive during the breeding season ad innhibited the survival

of juvenile conspecifics. Healey (1967) cenfirned the claim that mle

1:. m. austerus in breeding cediticn were aggressive. This antler also

reportedtinat thegrowthrates ofjuveniles wereretardeddue to social

interaction with resident adult mles in confined laboratory enclosures .

In addition, the growth rates ad survival (i._e_., retaining within an
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area) of released juveniles were lower in field plots containing aggres-

sive adult mles cenpared to those juveniles released onto plots con-

taining docile mles. Healey proposed that local Perenyscus papulations

were regulated by aggressive adult mles forcing surplus juveniles to

settle elsewhere.

Flowerdea (1974) renoved adult mle Apodems ylvaticus from a

sandy plot ad found that the survival of subadults and juveniles was

significantly better cenpared to a centrol plot on which achnlts were

allowed to rennin. Further, laboratory ennperinents indicated that sene

aggressive adult mles decreased juvenile growth rates ad killed juve-

nniles, thoughthesupportive evidencewasweak. Thisauthor concluded

that papulation control wwwas sinnilar to that claimd for

 

Wby-Healey (1967).

Metzgar (1971) hypothesized that _P.wpopulations are regu-

lated by intraspecific behavioral interactions . Juveniles mere released

onto a study plot centainning resident adults ad settled in areas

unoccupied by adults of the sane sex. When resident adult fenale den-

sity increasa, fenale inmigrants were less likely to settle, but mles

did not exhibit this pattern. Metzgar (1971) sugested that social

interaction between fenales results in nore repulsien of juveniles cen-

pared to interaction between mles. That is, resident fenales limit the

settlenent of transient fenales , but resident mles do not limit the

settlenent of transient mles .

The cenflicting cenclusiens in de above sudies can be attributed

to two factors. First, the social organizatiens of the different taxa

my be different, althougln there is no experimental verification.

May (1967) suggested that 1:. I_n_. austerus are organized into units of
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familiar animals which repulse the settlement of strange deer mice.

Brown (1969) suggested that A. sylvaticus occur in groups in which a

single dominant mle is surmuded by a few females and several

immatures. Dendnant mles have been found to control the activity of

group members inAm (Bovet, 1972) ad other mnrids (Crowcroft and

Rowe, 1962, for Q and Calhoun, 1963, for Ra_t_tn_i_s), but aggression

 

within groups is low. Strange conSpecifics are repulsed fren organized

colenies of 39% (Calhoun, 1963) . Myten (1974) recently reported

that _P_.mare arranged innto "family groups" containing a single

adult fenale, several mles, ad a number of juveniles. However, the

relatedness of these wood mnice was not kmwn.

Secedly, theconclusiensmyhavebeeninfluencedbytheenperi-

mental designs. The field experiments suffered frcm a lack of control

of test animls. Adults and juveniles disappeared for unknown reasons,

effects of social interaction between ad among resident adults ad

immigrating juveniles could nnot be eliminnated, ad Healey (1967) meas-

uredgrowthrates enlyenthosejuveniles thatremainedonthestudy

site ad were recaptured. Also, some docile mles becane aggressive

and same aggressive mles became docile during Healey's (1967) study,

but sinnce results from these animals were nnot inncluded in his analysis,

the cenclusiens were not influenced.

The functimal significance of the effects of adult mle P. n_m_.

austerus en juvenile growth is not clear primrily because the cause-

effect relationship between aggressien ad delayed mturatien in rodents

is not understood. The physiological mechanism respensible for the

inhibition of juvenile yowth ad possible retardation of semal manna-

tien is often postulated to be the pitnnitany-adrenocortical-gonadal triad
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which responds to stress stemming fren social conditiens (King, 1973).

However, the supportive evidence for the role of this physiological

mechanism has been obtained primrily frcm laboratory experiments where

animls were exposed to supemormal social stresses such as extremely

high cage population densities, long periods of exposure to social

treatments, ad high levels of aggressien canpounded by severe confine-

nent (see Christian 93 31., 1965) . A seced ad more general enqnlana-

tion my be that short-term adult-juvenile interactions affect juvenile

growth by altering the activity, energy expenditure ad/or food intake

of juveniles . These alterations could be mediated directly by social

interactions, involving aggression or sane other behavior, if adults

restrict juvenile movenent ad the amount of food juveniles contact ad

eat ad/or somehow cause differences in activity ad therefore energy

expedimre of tie juveniles.

Data frem laboratory studies do nnot provide conclusive support of

either the existence of inhibition or the ’specific social correlates of

inhibition that can be extrapolated to free-raging populations .

Termn and Gardner (1970) investigated the effect of cage population

density on the growth of _P. n_m_. ba__i_r___di. Only a few significant body

weight differences were noted in prairie deer mice that were 40, 60,

80, or 100 days of age. These differences along mles or fenales were

either due to age differences or could nnct be explained in relatien to

any independent variable in the experimental design. In a recent

study, Tomas ad Terman (1975) reported that mle, but nnot fenale, 1:.

g. hai__rd_i_had significantly higher body weights at 100 to 140 days of

888 whim reared with bisexual pairs than mles reared in populationns of

four bisexual pairs ad offspring. Whether cemunnal nursing, social
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interaction, or some other population experience cansed the difference

in growth was not known.

The laboratory portions of the studies by Ihaley (1967) and

Flowerdew (1974) can be severely criticized because the juveniles could

not escape the presence of aggressive adults, as is the case for free-

rangingpopilationsifopenspaceisavailable. 'Ihereisaneedto

investigate the effects of adult-juvenile behavioral interaction on

juvenile growth rates in conditions where the juvenile can escape the

presence of the adult.

Adult fenales were largely ignored in the studies of Sadleir

(1965) , Healey (1967) , and Flowerdew (1974) . lbwever, pilot studies

conducted by Healey (cited in Metzgar, 1971, and Fordham, 1974) indi—

cated that aggressive female _l_’_. g. austerus determined the umber of

immigrating fenales that settled in an area. Metzgar's (1971) work on

g.M supports this tentative finding for fenales, but general

conclusions concerning fenales must be tenpered until an evaluation of

the role of reproductive stage (Lg. , nonlactation vi. lactation stages)

in determining the outcane of social encounters is conducted.

Finally, the sexes of juveniles in the research conducted by

Sadleir (1965) , Healey (1967) , ad Flowerdew (1974) were not reported,

but mtzgar (1974) found differences in the settlenent patterns of juve-

nile mles ad fenales. The juveniles used by Healey were sexually

inmate, but Phtzgar uSed 40 to 60 day-old young. Clark (1938)

reported that g.Mgo into their first estrus at about 46 days of

age. Therefore, it is possible that Metzgar's deer mice were sexually

nature. In light of tlne role of set in determining social relation-

Ships, ready acceptance of generalizations onthe importance of resident
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adults in affecting dispersing juveniles is prenature until a quanti-

tative evaluation of the effects of the sex of juveniles has been made.

Evolution

Dispersal, at tines, results in animals leaving an optinun area

andentering a different area in time ad space inwhich the probability

of mrtality is high (9g. , Carl, 1971). Sane autl'nrs have indicated

that dispersing individuals are sacrificed for tlne "good" of the species

sinnce ranges my be expanded ad/or population regulation my be

effected (Howad, 1960, and Christian, 1970) . Van Valen (1971) veri-

fied thatgroup selectioncould leadtodispersalbyusingacanputer

sinulation with the assnnptions of haploid organism ad asexual repro-

duction. I-bwever, there is no aspect of malian dispersal that cannot

be explained on tlne basis of individual selection.

Natural selection is the nonrandom differential perpetuation of

varying gene frequencies (Mettler ad Gregg, 1969) . That is, genes

that enhance adaptiveness by increasinng the probability of reproductive

success of the individual are selected for over time so that their fre-

quencies inncrease. Lidicker (1962 ad 1975) proposed that the prob-

ability of reproductive success of individuals that disperse frun a

population before the habitat becanes saturated with conspecifics could

beincreasedduetofonn'advantages: (l) dispersershaveaninereased

opportmity for mating because they contact are potential mtes , (2)

with outbreeding there is an increased chance for prodncmg favorable

genetic recanbinants, (3) disperses my avoid population crashes ad

Predator baildups, ad (4) during periods of high population density

renaming resources becane scattered ad resource utilization becomes
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inefficient; dispersers avoid this inefficiency. These proposed advan-

tages are logical ad deserve experimental evaluation. Ibwever, the

topic of the present research is the social factors affecting dispersal

withinapopulation. 'Ihebasicpreniselhavetakenis that thepro—

cesses of dispersal (departure fren the natal site, crossinng unfamiliar

space, ad settlenent) occur when individuals are likely to increase

their innclusive fitness. This increase can be achieved by increasing

the probability of (l) a disperser's reproductive success ad/or (2)

the reproductive success of animls related to a dispersing individual

(Hamilton, 1964, and Mnrray, 1967) . The following presentation of

evolutionary considerations will be divided into two sections: (1)

departure fran the natal site and (2) crossing unfamiliar space and

settlenent .

Departure From the Natal Site

that 1:. E!- M (Howard, 1949, ad Dice and Howard, 1951) and

other rodents (_e_.g. , Drabek, 1970, for §_. tereticaudus, Rengstad, 1965,

for _S_. tridecenlinneatus, and Layne, 1954, for Tannias striatus) disperse

 

 

  

as juveniles. However, fall-born 3. g. _b_a_i_rg._i_ litters rennin with

their parents until the following spring (Howard, 1949). Sane sciurids

do not disperse until they are two or three years old (Barash, 1974).

On the other hand, King (1955) reported that Cyrmgs ludovicianus juve-

nilesdonotdisperse, butrathertheparentsdo. Further, 38percent

of the juvenile fenales and 28 per cent of the juvenile male 1:. g.

M stLdied by Howard (1949) did not disperse (Dice and Ibward,

1951). Similar contradictory reports can be foud for other mammlian

Orders (_e_.g., Ever, 1973, for carnivores).
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Differences between taxa can be partially attributed to different

evolutionary histories. Barash (1974) used the couparative approach to

ascertain behavioral-environmental correlates of dispersal in three

species of Marmta. Marmta unnax live at low elevations ad disperse

during their first year; 11. flaviventris occur at median elevations and

disperse as one-year olds; 11. 1123115 are found at high elevations and

disperse as two-year olds} The food supplies of the local environment

vary inversely with elevation, but the age to sexual maturity vary dir-

ectly with elevation. Barash suggested that dispersal was delayed at

higherelevations inorder toallowtheyoungtoattainadultbody size

prior to dispersing. The social determinant of dispersal seened to be

aggressive anthers, but fenales exhibited little aggression towards

their unturing young until tlney attained adult body size. According to

Barash, these anther-offspring relationships would increase the prob-

ability of the reprodnctive success of dispersing juveniles, which in

turn, would inncrease the inclusive fitness of the parental adults.

mile the angestions above are speculative ad require Innch mre sup-

portive data before they can be accepted, the systenatic coupaative

approach has great potential in identifying salient features of the

 

env'irement that my exert selective pressures on the dispersal pro-

cesses. It is apparent that the evolutionary histories of taxa mist be

censidered prior to maldng generalizations across groups.

Agonistic interaction between the fennle parent and weaned off-

springuponthebirthofasubsequent litterhasbeenreportedor sug-

gestedtocauseimnaturestodepartthenatal siteing. g. M

(Savidge, 1974), g. canadensis (Bradt, 1938), Q. zibethica (Erringten,

1939), and sciurids (e.g., Michener ad Michener, 1973, ad Snith,
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1968) . The situation where a fenale actively expels his offspring

frcm a suitable living space seens paradoxical.

According to Trivers (1974) , parental-offspring conflict is to be

eqnected in sexually reproducing species. Parents are assured to

etpedenergyadincu'physicalrisksoastomaxindzethemnberof

offspring that survive ad reproduce. However, individual offspring

can be thaught of as trying to maximize their reproductive success by

attempting to secure more investment than the parent is selected to

give. It mist be uderstood that the parent ad offspring are related

by one-half, as are siblings. Any increase in the parental investment

for one genetically (Lg. , a genetically determined behavior that eli-

cits mre mternal care than is necessary) favored offspring will ted

to decrease the nmber of siblings that survive, ad consequently reduce

the number of like genes (in reference to the favored offspring) located

in the siblings. Then, the gene in the favored offspring will be

selected against, if it extracts too great a cost fran the parent, even

if it confers sane benefit on tlne favored offspring.

Benefit and cost are definned by potential reproductive success or

fitness (Hamilton, 1964). In order for an act (behavior governed by a

gene) to be selected for, the benefit/cost ratio times the probability

that the recipient of a favorable act has the gene mist be greater than

one. Specifically, for an act to have survival value, its benefit/cost

ratio mist be larger than the inverse of the actors degree of related-

ness to the recipient.

Asyoungnmmlsgrowtheybeccuemreecpensiveforthemtherin

terms oftheenergetic cost ofmilkproductionad intermofthe

delay in producing another litter of offspring. Trivers argued that as
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offspring age they benefit less fran nursing and becane increasingly

capableof indepedency, hitthecosttothenntherincreasesastime

goeson. Ifcostadbenefit are ennpressedinthesamemits, thecost

totheuntherwillexceedthebenefittoheryougatsouepoint. Then

the inclusive fitness of the nnther will be reduced. Ibwever, the off-

spring sl'nuld attenpt to rnurse until tlne cost to the anther is more

thantwicethebenefittohimelfbecanseheisrelatedtofutnme sibs

byone-half. Sothen, atsomeperiodthereisaconflictbetween

individual mximization of the mother's ad offspring's innclusive fit-

rnesses. '

'llnennthercaildbeecpectedtoexpelheroffspringvtnenthebene-

fit/cost ratio of the act to the anther exceeds the inverse of her

relatedness to her offspring, if production of anther litter is pos-

sible . It follows that the aggressive interaction observed between

fenales ad their offspring which results in the departure of offspring

fran the natal site can be emlained on the basis of the inclusive fit-

nesses of the anther ad the future litters of offspring.

'nneabovediscussionwasnntmeant tapertainto all rodent

species. King (1955) reported that Q. 1Ldovicianus parents were rnt

aggressive towards their offspring, ad usually deserted weaned litters.

Adults established new burrows in available open areas, ad the young

usually retained in central areas of the colony where predation was

lower canpared to peripheral areas. Iayne (1954) nggested that T.

striatms litters gradually wander away frcm the natal area. The unchan-

isms associated with this "passive" deparmre were Int stated, but the

possibility exists that exploratory behavior, uder selective control,

 

can lead to departure fran the natal area. This tentative suggestion
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hasbeeninvestigated. Saneg. 1.9.- Mjuvenilesdonnt leavethe

natal area (Dice and Hward, 1951). Failure of these juveniles to

departthenatal areamnayhavebeenduetodisappearanceofttemnthers

of variation in the propensity of fenales to be aggressive towards

their offspring as was reported by Savidge (1974) .

Afinalpointtoconsider fordeparturefrantlenatal siteis

that inntensive inbreeding could lead to a decrease in reproductive per-

fonnance due to decreased heterozygosity (Crow ad Kimura, 1970) . A

precise neasure of innbreeding has nnt been published for free-raging

anall rodent populations, tintgh Howard (1949) estimated that 4 to 10

per cent of the litters produced during his study were from parent-off-

spring or sib matings. This antlnr pointed out that juvenile dispersal

fran the netal site would reduce the probability of parent-offspring

matings. The trend for fenale deer mice to nature earlier than sales

may serve toreducebreedingamnng litternntes (see Layne, 1968), if

litters in free-raging populations disperse together as was found by

Savidge (1974) in a laboratory study. Given the proposed selective

advantages of juveniles that leave the natal site, other factors must

be Operating to limit tre dispersal of juveniles because Rasuussen

(1964), using I-bmrd's data for 2. En. M, estimated the size of

interbreeding units within continuous habitat to be 12 to 99 individ-

uals.

Crossing Unfamiliar Space and Settlenent

It is often stated that dispersing or wadering rodents have a

high probability of death (5.3. , Lidicker, 1975), but the documentation

forthis claimcanes frenfield stndiesvdnereendgrationfromthestndy



25

plot ad realized mnrtality cannot be distinguished (3.5., Watts, 1969,

and Myten, 1974). Phtzgar (1967) ad Ambrose (1972) reported that

experience within an area was a significant factor in avoiding preda-

tion uder controlled laboratory conditionns for g.Mand M.

gemsylvanicus , respectively. Therefore , predation is probably rela-

tively high for juveniles wadering through unfamiliar terrain.

Presunably, the chance of reproductive success is inversely

related to the time during which the individual continues to wader in

unfamiliar terrain. Unfortunately, this time dependent measure cannnt

be obtained for small mammals in free-raging populations, and various

indices of dispersal distance have been used instead. Reports rage

frun anecdotal accounts to detailed analyses . For example, layne

(1954) simply snggested that youg T. striatus left their natal woodlot ;

whereas Godfrey (1953) reported that only one of 21 g. pennsylvanicus,

first capturedas immatures, was takenmnrethanabout27mfromthe

innitial capture point when mature. Inward (1949) was able to determine

the breeding site of 155 g. _m_n. ba__i._r__diout of 675 individuals for whom

the birthplace was also know. One limited and nineteen individuals

bred within about 152 m of their natal site. The renaining mnice nnved

uptoabouthOOmfrantl'eirbirthplace. Males tendedtomnvefurther

than fenales (Dice and Phaard, 1951).

Murray (1967) proposed that the relative daninance of individuals

in procm'ing a breeding site determine dispersal distances in verte-

brates. A breeding site can be considered to be an area conntainning the

 

necessary habitat features such as suitable space, food, nesting sites,

predator escape routes, etc. According to Mirray, selection will favor

individuals that aggressively procure breeding sites, but move any
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frendeminant animals, evenifcontinueddispesal entailsariskto

the individual. The probability of reproductive success of the sub-

ordinnantanimalisnandmizedbyleavingtlepresenceoftledominnant;

to stay and "fight to tie death" muld reduce its chances of repro-

ductive success to zero.

There are two stnrtcenings in this proposal pertaining to dis-

pesal in g. g. ba_ir_d_i_. Firstly, the assunption that aggressive inte-

action is the only behavior innvolved in the establisl'ment of social

relationships may nnt be valid. Secondly, as was the case in past

studies of the settlenent process in juvenile Peanyscus , failure to

consider the role of the biological detenninnants of social behavior and

consequent social relationships may result in inaccurate caise ad

 

effect explanations of the settlenent process in juveniles. I-bweve,

the conceptual framework of Mnrray' s proposal can be used to formulate

snmnary predictions concerning the potential outcomes of social inte-

action between a resident adult ad a dispesing juvenile. The follow-

ing sumnsry predictions are jointly based on previous studies ad con-

siderations of evolutionary arguments. In each case tl'e resident adult

is nnt the parent of the strange, dispesing juvenile and is in breeding

condition.

' S‘flfl

Adult bale-Juvenile

The works of Sadleir (1965) ad Healey (1967) lead to the predic-

tion that an adult male should aggressively repulse all juveniles. The

ultimate reasons for this prediction follow tlne argunent of Murray

(1967). 01 the otlner had, Metzgar's (1971) findings sugest that
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juvenile fenales ahead settle near adult males, but juvenile males

sl'nuld nnt. The ultimate reasons for this prediction may be that a

sensual relationship is formed between adult males ad juvenile fenales

ad juvenile males are repulsed. Annther possibility is that juvenile

males stnuld avoid adult males ad continue to dispese until tley

encounter mates .

Adult Nonlactating Fenale-Juvenile

l-lealey (1967) largely igrnred adult fenales because preliminary

laboratory expeinents indicated that they were rnt aggressive and did

Int affect juvenile survival or growth rates. The work of Metzgar

(1971) leads to tie prediction that juvenile males settle rear nonlac-

tatirg fenales, but juvenile fenales do nnt . The ultimate reasonn for

this prediction could be that a sexual relationship is formed between

nonlactating fenales ad juvenile males , and juvenile fenales are

repulsed. I-bweve, there is little evidence to indicate that nnnlac-

tating fenales are aggressive. Annther possibility is that juvenile

females should avoid nnnlactating fenales ad continue to dispese until

they encomter a mate.

lactatingFemale-Juvenile

Social innteactions between tlnese social combinations have Int

been previously examined. A tentative prediction, based on the occur-

rence of rest defense ad matenal aggressien in Percmyscus, is that

both male ad fenale juveniles should be repulsed (King, 1958, ad

Scudder 31; gl_. , 1967). The ultimate reasen for this prediction may be

that lactating fenales maintain a resource supply for milk production

and/or for the offspring as they becane indepedent. Howeve, tie area
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ovewhichtherest defense is exteded isrnt knom. Also, theaggres-

siveness of female Peenyscus with littes appears to diffe among

tamnmic groups (Eisenbeg, 1968).

 

The Purpose of This Study

The purpose of tie present study was to obtain quantitative uneas-

ures of the outcome of social interactions between an adult 2. g.

M ad a strage juvenile conspecific. This investigation was

designed to control or randomize the confounding variables of expe-

ience, genetic constitution, age, ad population density. The sex of

juveniles ad the sex and/or reproductive stage of adults were used as

the indepedent variables. Ebcperimnents were repeated under two environ-

mental conditions -- field-enclosure and laboratory -- in order to

detemineiftlesocialvariableshadtlesamerelative influencein

two conditions of space quality.

A dispersing juvenile in a free-raging population may encounter a

strange adult ad remain with that adult or continue dispesing. Tie

adult presumably remains in its home range. This condition was simu-

lated by placing a juvenile male or fenale in an enclosure containing

an adult male, a nmlactating ad nonpregnant adult fenale, a lactating

fenale witin he litte, or nn adult as a control. Juveniles could move

through a two-way tunnel to an adjacent uncoupled enclosure, but the

tunnels wee designed to prevent the passage of adults. All dee mice

had access to nest boxes.

The effects of social inteaction upon juvenile settlenent wee

evaluated ecperimentally by measuring the spatial relationships of juve-

niles ad adults within the enclosures. Sinnce it has been claimed that
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the growth rates of juvenile Peomyscus are retarded by sane adults,
 

the weight changes of juveniles wee measured. Also, several othe

measures wee taken (3.3., activity and wounding) during this study.

The social conditions were alteed independently. Theefore , the rela-

tive diffeennces in the dependent variables in respect to the juvenile

senes ad in respect to the adult classes could be determined. It was

expected that the outcome of juvenile-adult social inteactions would

be affected by the biological classes of inteacting animals.

The present investigation evaluated the following working hypo-

theses concening the outcanes of juvenile-adult social inteactions in

E. g. bairdi:

(l) The sen of juveniles ad the sen of adults and/or the repro-

ductive stage of adult females affects juvenile settlement.

(2) The sec of juveniles and the sen of adults and/or the repro-

ductive stage of adult fenales affects juvenile growth.

(3) The relative effects of the biological classes will be simi—

lar under field-enclosure conditions and oonntrolled laboratory condi-

 

tionns .
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gee:

Theeqnsrinentrequiredamaleor feels juvenileto encounter:

(1) an adult mle, (2) an adult feels that was neither lactating nor

pregnant, hereafte refered to as a nonlactating feels, (3) a lac-

tating feels ad her litter, or (4) nno adult as a control. Experi-

ments were repeated using field and laboratory enclosures with five

replications for each treatment cebinatian (3.3. , location 1: juve-

nile 1: adult, Table 1). Overall, a total of 80 juveniles and 60

adults wee used. Juveniles wee allowed to inteact with adults over

four consecutive nignts. therefore, the total nunbe of test nights

was 320.

Tablel. Theenpsrimental designusedinthisstudy.

1.—

 

 

Location: Field Enclosure laboratory Ehclosurs

Adult Juvenile

Male Feels mle Feels

Male 5 5 5 5

Nonnlaotating Feels 5 5 5 5

lactating Feels 5 S 5 5

Control (No Adult) 5 5 5 5
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Ehnpeimnental Animals

The prairie dee mouse, Peogyscus maniculatus bairdi, was chosen

as the experimental animal for the following reasons:

(1) A vast amount of background information is available for this

genus and especially this species (King, 1968b) .

(2) Previous workers have described dispesal in free-raging

populations and have evaluated the innfluence of social interaction on

thedispersalpheuneminthisgenus (lined, 1949; DieeadHonerd,

1951; Healey, 1967; Metzgar, 1971; and Savidge, 1974) .

(3) This species is easily maintained in captivity.

Allmnlceused inthis stndywes theFl, F2, or‘n“3 generations of

wild caught parental stock collected in the vicinnity of East Lansing

adAnnArbor, Michigan. While in the colony, mdcsreceived food (Wayne

Lab-Bloun) ad wate _a_d_ Libigg; wood shavings served as bedding. Mics

usedinths field testsweremaintainedinthecolonyundeanatural

photopsriod, admicsusedinthe laboratory tsstswersmaintainnedand

tested unnde a 14-hour light; lO-hour dark cycle. Mice were drawn at

tandem for testing ad wee used only once. Food (Wayne lab-Blox) was

scattered gg 1.413.132. in the enclosures during tests. The wate source

for mine in the field enclosure was dew ad rain, but wate bottles

with sipperuubesweeprovidedduringthelaboratony ecperiment.

All juveniles wee maintained unde similar conditions inn the col—

onyuntil testinginordetoreducevariationinthedepedentvari-

ables due to diffeences in early enpeience (see Russell, 1971). The

brood cage population densitywas the same for all juveniles: the par-

ent pair and four litte mates, usually two males and two fenales.

Culling was donne by the timne littes were five days old. The bedding
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of brood cages ms nnot chaged unless absolutely necessary in orde to

keepthehadlingofjuveniles to aminiunnn. littesweeweanedat

21 to 24 days.

Subsequent to weaning, juveniles fren a single litte were housed

in side—by-side, 130 x 150 x 280 cm cages; males were placed in one side

and the fenales in the other. A section of 6.7-mm—mesh hardware cloth

wasplacedoveatmnelconnectingthetwosidss. Therefore, visual,

olfactory, and auditory contacts between the male ad feale sibs wee

possible, but copulation ms prevented. A section of 1.3-cm-mesh hard-

ware clothwas placedbetwesn thewatsr andfood sources to insure that

alljuvenilesladenpeiencesqueezingtm‘onghthissizeopeningsince

theywes required to do so during the enpeiments. Juveniles were 30

to 36 days old at the start of testing.

Breeding pairs provided a constant snupply of littes ad served as

enperimentaladults. ThepairsweenaintainedinliiOunlSOxZBOen

orlSOleSxZBOencagssadweenot ssparateduponthebirthofa

litte. Adult nales wee drawnn for the enpsriments irrespective of the

breeding condition of their paired fenales. Adult feales that wee to

be used in the enperimnents as nonnlactating feales were separated from

theirpairedmales topreventpregnancybyusingthe same typeof cage

used to separate opposite sen sibs. These fenales wee judged nnot to

bspregnant iftheyfailedtogainweightdnringalO-dayperiod immed-

iately prior to being used in the enpeiments. lactating fenales had a

onstoeightdayoldlitteatthestartofanenpeimentalrm. All

adults wee tested with strage juveniles, wee in breeding condition

at the time of the enperiments, ad were successful breedes.
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The field ad laboratory enclosnres diffeed in respect to size,

space ceplenity, ad environmental vicissitudes. The field enclo-

snnreswereabonmninetines large inareathantl'e laboratory enclo-

sures in grassland habitat, ad were enposed to the weather. Sixteen

3.8 x 3.8 m enclosnres located in grassland habitat wee used for the

field enpsriment (Fignrs 1). Figure 2 gives the spatial arrangenent of

the field enclosnres ad describes the surrounding habitat. The walls

of the field eelosnres wee abonut 66 cmhigh; the bottonnhalf was 6.7-

mm-neshha'dm'eclothadtletopvasalnminmflashing. Inorderto

innhibit burrowing, the hardware cloth was buried ad limestone chips

weeplacedbytheharduare clothatthegroundsnrface. Tarpapewas

placedovethehardwareclothtopreventmicsfransesingothemce

in adjacent enclosnres ad fran viewing tie snrmding grand-level

landscape, but the treeline of a nearby woodlot was possibly within

view of the mice. The grass. in the enclosures was periodically clipped

sothat simdlarhabitatmsnaintaineddringtleconrseoftlesmdy.

Anslectric livestockfencswasplacedaroundttepsriphery ofthe

enclosnres to discourage terrestrial predators. Sane juveniles dis-

appearedfromtlefieldequerimntsduetomknmreasons. Anenamnl-

nation of differences in the tedencies of male ad fenals juveniles to

disappear is given in Appedix A.

Twelve 1.2 x 1.2 m nasonite enclosures with 0.66 m high walls wee

used for the laboratory enpeiment (Figee 1). These enclosnres were

placedonatile-coveedconcrstefloor. FignreBgivesthespatial

arrangement of tie laboratory enclosnres. Tire "day" period light



Fignre 1. The field enclosnres (A) ad laboratory enclosnres (B) used

in this study.
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Figure l.
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2

Figure 2. Arragenent of the field enclosures anddescription of sur-

rounding habitats. The locations of the resident ad dis-

pesal areas (i.s. , north-south enclosure pairs) were

systeatically aIteed drinng the enperiment to reove

habitat selection as a factor in detemining tle movement

of juveniles.

gras
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Figure 3. Arrageent of tie laboratory enclosures. The locations

oftheresident (R) addispsrsal (D) areaswerstlesee

for all tests.



 

 

    

Figure3.

39

 

 

   

 

 

    

 



40

intensity was abouut 3 cadlspowe white light (a loo-watt bulb ave each

group of four enclosures) and about 0.25 cadlepowe red light (a 7.5-

vatt buulb over each of the enclosures). 'nne "night" period lighting con-

sisted of tle red lights alone.

We

Tun-nay tunnels (4.3 x4.8 x 17.5 cm), constructed from 7.8-nmn-

thick, unpainted Pledglas, wee nused to measure the location and acti-

vity of juveniles. An opeating arm activated a micromitch when a

juvenile passedtl'rougnatumsl (Figurelu, sesAadB, respectively).

A sectim of 6.7-mm-nnesh harders cloth covered with clear plastic

steetirgmsplacedovetletunrneltoprotecttteMswitchfrantne

veatlerintlefieldadtodiscourageudcefrunactivatiugtteopsr-

atingarmfranoutsidetleumnel (Figurelu, sesC). The tunnnnelswere

set to be opeated by a weight of 7.0 gun; juveniles resly weighed less

than9.0 gm.

Inordetorestricttleuoveentoftleadultsdnilsallmingthe

juuveniles tonnove freelythroughthe tunnels, 1.3-en-meshharduarecloth

rectagular struuctures hereafte terued restraining grids were placed

ovetl'eedsofttetuunnels (Figure4, seeD). Juvenilescouldsquueezs

tlrouughtle 1.3-cm-squarsopening inttehardwars cloth, bunt tl'eadults

couuld not (Savidge, 1974). A tunnel, termed the passage tunnel, allowed

juvenilestouovebackadforthbetween: (l)anenclosnrecontaininng

anadultorneadultasacontrol,hsrsaftetemedt1eresidentarea

and(2)anadjacentenclosuretodnichtheadultdidnothaveaccess,

heeaftetemedthedispersalareawignrsS). Thepassagstumels

hadrestraininggridsonbotheds (Figurslu, sesDadD').
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Figurelu. 'netunnnslapparatususedinthisstudym-opeatingarm,

B-microswitch,C-tums1cove,DadD'-restrainning

grids, ad E - feeding statian).
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FigureS. mepleoftwoequeimeralenclosurspairsshowingtle

anrangenentof passage tunnels (X), feeding stations (F),

adnestbounes (0).
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Other tunnels were used to measure the activity of juveniles within

both the resident ad dispesal areas. These tunnels, temed feede

tunnels, hadarestrainninggridononsedandafeeding stationontle

other end (Figure 4, see D ad B, respectively). T‘l'e feeding stations

were connstruucted from 6.7-nmn-mesh hardware cloth ad had a 7.5 dram

plasticvialattachedtoonneside. Unnhnnskedsunflowe seedswersplaced

inthevialadcouldbereovedbytlejuvenilesviaanopeningcut in

thebottenof thevial. Feeding stationns were placed at radomintwo

of the three available comes of tie dispesal ad resident areas,

respectively. The arragenent of tie passage tunnels ad feeding sta-

tions was tle sane for the field ad laboratory enpsrinents (Figure 5).

Recordinquuipmmt

The meoevitctes were corrected to a 20-channel Estelinne—Angus

event recorde powered by a 12-volt battery in tle field ad a lZ-volt

ponersnpplyinthelaboratory. ThepaperspeedvaslS.24emperhmr,

adtheresoluutionnwasaboutlSsecminnimmtinebetweensignals.

The activity of juveniles was deteumined by examining the chart

paper. Thenunineoftripsmadetlroughapassagsorfeedertumel

cmnldbecounteddirectlyfromttepape. Thetinejuvenilesspenton

sittersideoftlepassageounnsl,thatis,withintterssidentareaor

dispesalareas,couuldbsascetainedbysumningtlretinepeiodsdring

whichtletrsadlswaspoinntedtowardsagiven area. For earple, the

unlcrowitchmnlghtbeoffdnenajuvenilevasintheresident area.

llnentlejuvenilspassedttroughtletunneltothedispesalarea,t1e

positionofthstreadlsclnangedadcausedtleopsratinganmtoturn

thsmnlcroswitchon. Then,themieoswitchmuldbeturnedoffwhenthe
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juvenilepassedbackinntotheresidentareaagain. lnthisenanple,

ttetotaltimethejuvenilespentintheresidentareacoufldbecalcu-

latedbysunmingtletwopeiodsdringwhichtlemicroswitchwasoff.

NestBoxes

Allnnlcehadaccesstonsstbonnesdringtl'eenpeinents. Two

nestboxeswesavailableineachresidentarea;onewasplacedineach

dispesalarea. T‘nearrageentofdnsnestboueswasthesameforthe

fisldadlaboratory enperimnts (FigureS). Claydrainnags tiles were

used fornestboxesduringtlnefield eupsriment. Tlesstiles: (l) were

ofacylindrical shape, (2) wereopenat both eds,ad(3) wee placed

veticallyinthsgrourdabout three-quarters of thsirlegth. Circu-

lardisksof sheet metal, placedonplastic Petri dishes, wsrepuut

insidetl'etilestoserveastl'ebottomaofthenestboues. One-half-

gallon plastic containers were slipped ave tte tops of the tiles to

preventemlightfranenteringtlenestbounes,ad22.6em2plymod

sectionns wee attached to the plastic containers to protect tie nest

beneafrantheweathe. A2.6enentrylolewasdrilledintlesideof

thetiles. Asectionn of 6.7—mm-neshhardure cloth, placedonnthe

insideoftletileandentedirgfruntleentryholetotlebottanof

tlenestboan,allowedmicstoclimbinadout. Plasticfreezeboxes

(l.5pinnt)sevedasnestbouuesdringthelaboratoryenperiment. Tl'ese

nestboxeswrsplacedonntleirsidesadwsretapedtot‘nefloor. A

l.9x2.6enaccsssholevascutintl'ecoves. Allnestboxeswee

supplied with cotton Nestlets (Ancars Corporation) and seveal lab chow

pellets.
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Eugerimental Procedre

An experimental enclosure pair consisted of a resident area and an

adjacent dispesal area . Adults wee always restricted to resident

areas, ad juveniles always had access to both resident ad dispersal

areas. The juveniles ad adults were maintained in separate enpsri-

 

nental enclosure pairs for a three-night pretest peiod. For enamle,

ajuvenilemayhavsbeennaintainedinenclosurepaierfFigureS

adan adultuayhavebeenmaintained in tl'e resident area of enclosure

pair B of Figure 5. Bring the pretest peiod juveniles couuld nove

tlronughpassagsturnnelstoadispesalareaadhadaccesstofeeding

stationns. The restraining grids wee placed on the tunnels for the

last night of the pretest period. Adults were restricted to a resident

areaadhadaccess tonestboxes. 'Iteprssentperiodwas intededto

allow adults to establish residency inn a resident area. Healsy (1967)

indicated that a two-day peiod was suufficient for residency establish-

ment. Also, allmicecouldbecaneaccusteedtotleeupeimental

environments and the test apparatus (tunnels ad/or nest boxes) during

pretesting.

The euperimnts wee conducted ave four-night periods inmediately

following tie pretesting, ad wee initiated by placing tle juveniles

intleresidentarsasoccupiedbytheadultsorcontainingnoadultsas

controls (9g, a juvenile might have been renoved fram enclosure pair

Aadplacedintl'eresident eeaof enclosurspairB, Figure 5). Tie

four-day peiod of time for the enpeiments was chosen for the follow—

ingreasons: (l) alonngepeiodintheconfinedareasmaylnaveledto

social habituation between the adults ad juveniles (Hill, 1970) , (2)

Henley (1967) noted a dramatic weight change in juveniles afte four
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days exposure to aggressive adults, (3) _li. u_n_. gird; feales cone into

estrus inat leastthresdaysuponenposureuonales (Bronsonand

Mesden, 1964) , ad it was of interest in the present study to determine

if juveniles were rsproductively competent , ad (4) the four-night

period allowed a robust measure of consistent diffeences between the

juvenile-adult social couiuinations.

Procedre Used in the Field ngeiment

The sequence of testing tre juvenile-adult cebinnations was ran-

domly chosen to insure that weathe conditiens in the field did not

bias the experiment in a systeatic fashionn. Juveniles wee weighed to

theneeest 0.1 gunonatriplebeenbalance, enamined forwounds, ad

fur-clipped for identification. Adults couuld be identified by toe-

clips made when they were paired for breeding. All unnice were placed in

plastic cages, driven to the field, {and restricted to nest boxes in

 

separate randanly chosen resident areas . These opeations wee cen-

p1etedbleOOBT.NestboxesweeOpeedinthseveningpriortothe

first pretest night by 1900 ET, ad all mice could nove about in tl’eir

respective enperiunental areas during the tlres-day pretest peiod.

After tie three-day pretest period was cepleted (one juvenile tested

in tle field enperiment as a conntrol was in the pretest condition for

four days), juveniles were had-carried to a resident area containing

anadult ornno adult as a control andweerestricted to aneptynest

box by 1000 PST. All tuunnnnels, restraining grids, and feeding stations

weereovedframthepretest equeinnentalareas, cleaedofurinead

feces, and placed in tle enperimental areas occuupied by resident adults
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or containing nno adults. T‘l'e deer nnice were free to interact usually

by19OOEI‘whentl'ejuvenilsswerersleasedfrunttensstboxes.

The sleeping sites of tine mnice were determined each day by quuistly

looking into nest boxes or searching for surface nests usuually before

0900 EST. I-bweve, nno recordings of activity in tle passage ad feede

tunnelsweeenannlnedindetailumtiltleenpeimentshadbeencam—

pleted to avoid introspectionn of tie data. Tunnels wee checked for

properfunnctioningevenyeveningbyl900ESl‘, buutsouedatawee lost

due to equipuent malfunctions.

At theedofthefour-night testpsriodallmdcsweeplacedin

plastic cages ad driven to tie laboratory usually by 0930 ESL Juve-

niles wereweighedto ttenearest 0.1 gmonna triplsbeenbalancsad

eeminnedforwounds. lnordetoassurs that juvenileswers capablsof

going tlrouughtherestraining yids, theywesusuallynaintainedalone

incagss inwhichtl'ewateandfoodsourceswee separatedby 1.3-en—

mesh hardware cloth for at least one week subsequuent to testing. Juve-

nile females tested with adult uales ad nonlactating fenales tested

with juvenile unales were maintained in individual cages for at least

thresweeks subsequent totle enperiments. T‘lessdeeudcewesclecked

peiodically for the birth of littes to determnine if tl'ey had been

inpregnated during the enpsriments . All othe adults wee returned to

tleir respective natss. Tunnels, tunnel covers, feeders, restraining

yids, adnestboxesweecleanedorreplacedattteedofeachtsst.

At leastonedaywas skippedbetweenequsrimentalruns toallowdeyada-

tionn of scents deposited by mice in tlne previouus run.

Wecker (1963) shoned that _13. g. baggy}; selects yasslad ave

woodlad habitats. Therefore, since tie mice conuld possibly see the
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treeline in the woodlot located to the south of the enclosures (Figure

5) , the positions of the resident and dispesal areas were reversed for

every replication of juvenile-adult coubinations . For ample, one

eqaeinentalrumusingajuvenilemaleandanadultmalemighthavehad

the resident area to the south, and the next replicate of the juvenile

male-adult male social canbinationwould have had the resident area to

the north. This remved habitat selection (_i_._e_., mving away from the

woodlot) as a possible consistent influence on the mvement of juveniles

between the resident and dispesal areas . Field testing was conducted

drinng June to October, 1975.

Procedure Used in the Laboratory Emerinent

Treatment of mice used in the laboratory and field tests was the

sane, except that the animals were hand carried in plastic cages to the

laboratory. Also, since behavioral observations were nude in the

laboratory, juveniles were randomly chosen by another individual to

insure that the sex of juveniles was unknown to the obseve. Mice

were placed inn separate resident areas and restricted to nest boxes by

1315 EST. All mice were released from the nest boxes between 1850 and

1900 EST inmediately prior to the lO—hour “night" peiod (1900 to 0500

F31“) .

The sleepinug sites of the mice were obseved by 1200 EST, and the

correct opeation of equipreunt was usually veified between 1700 and

1830 EST. laboratory pretest and test procedres were the sane as in

the field ecperiunent, except that juveniles in one replication within

each of three treatment coubinations had mo days experience with the

restraining yids instead of only one day. Mice were returned to the
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colonyby0930ESTfollowingthelast test night. All equinnent,

includingtlepens,vasthoruughlycleenedaudenotterecpeimntal

rummsstartedthesauedayblelSEST.

Miceweeobsewedfranaplatformorstepladderovelookingthe

residentareaonthefirstsudlast night ofthetest peiods. The

observations usually startedabout 10to lSminutes into the'night"

period. Eachresident areawas obseved for a lS-seoond inteval evey

minute for 60 consecutive minutes. Observations were continuous in nnst

casesbecauseoodedbehaviorsweemtedbyspeakingsoftlyintoatape

recordevdniletheattentionoftheobservereuainedonthemce. The

tapesweretranscribedatalatetime. Duringonenighttheoodes

were sinplywritteuonpape, andtheobservehadtobriefly look away

franthemice. 'nnefollowingdefinitionsofbehaviorsreporteduponin

thispapeweeused:

(l) Muenemusemshingatamtheedthelattenming

may

(2) EQL-"lockedfiglnt

(3) Avoidenenaunusemvingawayasanotheapproachedwithout

while

(4) Mrualavoidancenbothminemvingawayafteoneapproached
 

'nneavoidancebehaviorwasmtedonlymenmcemremmrethmnBOto

45cmapartatthetineoneorbothmved. Abehaviorwasscoredmre

thanonceinasingle 15-secord inteval ifamuse stoppedthebehavior,

engagedinadiffeentbehavior,edtheninitiatedthefornerbehavior.

'Ihe lab testingwas corducteddringJamuau-y toApril, 1976.
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Dependent Variables

The basic objective of this research was to obtain quuantitative

neasures of the outcone of social inteactions between juvenile and

adult prairie dee mice. In order to achieve this objective, seveal

dependent variables wee measured. The variables represented three dif-

feent categories: (1) juvenile settlement, (2) juvenile weight change,

and (3) descriptive variables .

Juvenile Settlenent

The effects of social factors on the settlenent of juveniles wee

evaluated enqneimentally by nueasuring three aspects of the spatial

relationships of juveniles and adults within the enclosures. If the

social factors examined in this study affect the settlenent of juve-

niles, then there should be diffeences in the propensity of juveniles

to (l) nest, dring the daytime innactive period, in enclosures

occupied by adults, (2) share a nnest with adults if juveniles nnest in

enclosures occupied by adults, and/or (3) rennin in enclosures occupied

by adults during the night-time active peiod.

Nesting Area. The area in which juveniles nested dring daytime

was obseved on 315 aunt of the 320 days of the enpeinents. (in five

days juveniles oouuld nnot be fouund drirng the field enpeinent, annd tlne

position of the passage tunnel treadle was used to indicate their loca-

tion. Inafevcasesdringboththefieldandlaboratoryecpeiments,

juvenilesweelocatedinthepassagemnnnelandweescoredasbeing

inthedispersal area sincetheyhadnnvedfrantheresidentarea.

NesdnnLMrggeent. The nesting arranngeuent of adults and those

juveniles that renainned in the resident area was deteuuinned. 'nne
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arrangeuentmsscoredasuumualnestingornesting separately. Inall

cases, enceptonnevinenthemcesharedasurfacenest, juvenilesand

adultsthatnestedtogetherdidsoinnestboxes.

Mount ofTimeintheResident Area. Anestinate of time that

juvenilesspentintheresidentarea,enpressedasthepecentofthe

totalactiveperiod,msmadefrantherecordingsofactivityinthe

passage tunnel. 'Ihismeasurennustbeconsideredanestimate because

juveniles couldgothroughthepassage tunnel,buutstill couldrenain

intherestrainingyidratherthantrulyentetheresidentarea.

Theefore, activity in the passage tunnel did not nnecessarily measure

thetinejuvenilesweefreelymvingintheresidentarea.

'nneactivepeioddringfieldtestswastakenasthepeiodfran

surnsettoseriseasreportedbytheU.S.NationalWeatherSevicefor

FastLansing, Michigan. 'fineactiveperioddringlaboratorytesting

msconsideredtobethelO-lnr'night"peicd. Theemssauejuve—

nileactivitydringthedaypeiods,hutthismsignoredinthe

analysis. Sauedataweelostduetoequipnentnalfunctionnvtnenelec-

tricalconnectionsbecanelooseortunnelsweetrippedinthewrcng

directionn. Inthesecases,theactivepeiodwastakeninthetotal

tiuedrinngthenigntpeicdwtmtheumlwasopeatingcorrectly.

Ichosetotaketheseueasuresbecauseeachprovidedanestiuate

ofthemuualuseoftheresidentareabyjuvenilesadadnlts,“

the incorporation of tlnree measures allowed yeate precision in estab-

lishing the juvenile-adult spatial relationships coupared to the ham

range ovelapmeasures ccnnnnlytakeuinfield studies (5.3., Metzgar,

1971) . A significant diffeence in one or more of the settlenent

measures annng social carbinations chosen for the present study was
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intepreted as indicatinng a relative linnitation of juvenile settle-

rent.

'nne neasures of juvenile settlenent couuld be expressed either as

daily and nightly values or total and nean scores. Table 2 gives a

sumary of the outcomes possible for all three variables.

Table 2. The outccnes possible for the three treasures of settlenent

used in this study.

 

Nestinng Arrangenent for Per Cent Time

Nesting Area Juveniles that Nested Juveniles Spent in

of Juveniles in the Resident Area the Resident Area

 

Resident area With Adult 100%

or toOutcans or

Dispersal area Alone 07.

 

Juvenile Weight Change

’I'ne weight change of juveniles was measured by determining the dif-

feence between their initial and final weights. This depedent vari-

able was clnsen because the effects of social factors on the saturation

of juvenile small rodents has nnct been critically examined uunnder experi-

mental conditions, such as those of the present study, that allowed juve-

niles to avoid inteactions with adults ad that maintained all juve-

niles for measurement .

Descriptive Variables

In order to further quuantify the effects of the social factors and

to gain insight into tlne behaviors and social relationships innvolved in

inteactions between juveniles and adults , seveal descriptive measures

were taken. These ueasures wee related to juvenile activity, wading of
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juveniles, direct observationn of social interactionns during the labor-

atory enperiuuennt, and reproductionn.

Juvenile Activity. No aspects of juvenile activity were measured:

(1) activity between the resident and dispesal areas ad (2) activity

within tl'e resident and dispesal areas. The activity in the passage

tunnel provided a measure of the frequency of juvenile mnveuents between

 

the resident and dispesal areas. These data wee expressed as tie nun-

beoftunneltripsperhouroftleactivepeiod. Annalysis ofthe

passage tuurmnel activity indicated wl'ether the rate of movenent between

areas was influenced by social factors .

Tl'e activity in the feeder uunnnels provided an estimate of the

frequency of juvenile mnvenents within the resident ad dispersal areas.

Tnesedatawee expressedas thenuuberof tunnel tripsperhourdring

which feedes were available to the juuveniles. For exauple, if a juve-

nilewas intleresident areaforthreelnours dringtheactivepeiod,

totalmnberof feederl'nurswas six since therewere two feedes avail-

able in the area. This measure must be ccnnsideed a yoss estimte of

activity because of inteferinng variables . Diffeences in movement could

havebeenduetodiffeencesinindividualpreferences forsunnflowe

seeds or in propensities of juveniles to escape adults by seeking refuge

in the feeding stationns. These data will be presented in Appendix B.

m. 'Il‘e wounding of juveniles by adults was determined by

making a direct couunt. Care was taken to avoid douuble counts (33.,

wouunnds inflicted by upper andlowerincisors). Theefore, a wound was

considered to be the result of one bite.

Direct Obsevations . Behavioral interactions between juvenile-
 

adult social combinations were observed.
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Reproduction. Tl'e mnber of adult and juvenile fenales that became

pregnant during the aqneriments was determined.

Statistical Procedres

The dependent variables chosen for evaluation provided data that

were discrete and analyzed with chi square tests or continuous and

analyzed with nonparametric or parametric procedres . The four-day

total and daily nesting area frequencies were analyzed with multi-way

chi square tests (Gill, 1976) , but only t1"e four-day total analyses are

presented in the results section. Tle results of tests on the daily

values are given in Appendix C. The data wee treated in this manner

because for all conparisons accept one, the total and daily analyses

had the same outcomes for at least three of the four days. Also, the

chi squuare approximation may be poor for the daily tests because of tie

snall acpected frequuencies in some cells.

The four—day total frequuencies represent an artificial four-fold

increase in sample size since tte sane juveniles were scored over the

four-night periods. Ferguson (1966) pointed out that as sample size and

differences between sanples increases by a constant multiplicative fac-

tor, tl'e xz-valune will also increase by tie sane constant factor. There-

fore, since many juveniles renained in the sane area on all four days

(64 of 80 tested), the calculated xz—values for tie four-night total fre-

quencies were divided by four to arrive at a very conservative adjusted

critical value taking the lack of statistical independence into accouunt.

The four-day total nesting arrangenent frequencies wee analyzed

with multi-way chi square tests , buut the daily values were nnot analyzed

due to tire antrerely low expected frequencies in nnnany cells. The
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calculated xz-values were divided by four to adjust for the lack of

statistical independence across days because 27 out of tie 37 juveniles

that retained in tie resident area on all four days did not change

nesting arrangenents.

It should be pointed out that the degrees of freedom for the multi-

way chi square tests are based on tie number of criteria of classifi-

cation rather than the number of rows and columns (Gill, 1976). For

anample, prior to testing for differences in the individual main effects

of location, juvenile sac, and adult class (Lg. , pooling data for other

main effects), it was necessary to determnine if differences in the

proportionns of juveniles that nested in the resident area and/or nested

with adults anisted among the 16 treatment groups (1.3., 2 locations x

2 juvenile classes x 4 adult classes) by using a 16 x 2 contingency

table. In these tests, df = (2-1) (2-1) (4-1) (2-1) = 3 since there were

2 locationns, 2 juvenile classes, 4 adult classes, and 2 areas or 2 pos-

sible nestinng arrangements.

Two-way contingency tables were used for some counparisons of nest-

ing area, nesting arrangement, and tunnel utilization data. Yates'

correction for continuuity was not used as suggested by Connover (1974) .

'Ihe four-night means of the pe cent time measure and both tte

passage and the feeder tuunnnel activity rate measures in tie field

anpeiment wee ananined by nonparametric Kruskal-Wallis and Wilcoxin's

rank-sum tests. Parametric procedres couuld not be used because the

raw data could not be transformed to meet the required assumptions.

I-bweve , tte nonparametric procedres used in this study allowed the

same conn'parisons as those possible in a 2 x 4 factorial analysis of

variance. The field experiment had one missing replication due to
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equipment malfunction. The missing datum was replaced with the grounp

mean rather than replacing all replication scores with the group mean

as suggested by Bradley (1968) . This procedure was followed becauuse

the large number of ties would have magnified tl'e anisting differences.

Four—night means and nightly scores were used for comparisons of

the per cent time and passage tunnel activity rate measures in tte

laboratory auperiment. The raw data for each replication were trans-

formed to tie arcsin andWscales , respectively. However, only

the four-night mean scores were used for canparisons of tie feede tun-

nel activity rates . 'Il'e raw data for each of these replication means

were transformed to tieWscale. Each depedent variable above

was analyzedbyalenfactorial analysis ofvariance.

Camparisons of tie changes in juvenile weights in the field ad

laboratory aqneiments wee analyzedby a 2 x2 x4 (3.3., locationx

juuvenile san x adult class) factorial analysis of variance. Trans-

formation was not required for the weight change data.

chmgeneity of variances was confirmed using tie F-max test. Dif-

feences along sane simple main effect means were anamined by _a_

posteiori Stundent-Nemen—Keuls tests . ‘Ihe parametric methods wee

described by Sokal and Rohlf (1968) and Wine (1971). Tl'e nonnparauetric

procedures followed Bradley (1968) ad Sokal ad Rohlf (1968) . A pr__ior_i_

significance levels wee set at alpha - .05 for all statistical tests.

'Ibotailedtestsweeusedtlrougl'out. Theanalyses ofvarianceand

dnisquaretestsveedonemtteWag600-14caleulatorintlemchigan

State University Museum.



RESULTS

Theresults oftheanpeimuentshavebeenorganizedinto three sub-

sections under tl'e headings of juvenile settlenent, juvenile weight

change, and descriptive measures. The first suubsectionn contains the

analyses of tie settlenent measures and juvenile activity in tie passage

tunnel . Tie effects of the experimental treatments on the weight

chages of juveniles are evaluated in tire second subsection. Tie wound-

ing, behavioral obsevation, and reproductionn data are presented in tlne

final subsection.

Juvenile Settlement

Nesting Area. Tte propensity of juveniles to nest within field or

laboratoryenclosures occupiedbyanadultwas ananinedtodetermine

the effects of the social factors on juvenile settlenent. Prior to

testing for diffeences in individual muain effects by pooling data for

tie remaining main effects, it was necessary to determnine if diffe-

encesadstedeuongtlel6treafinentgroupsbyusinga16x2contin-

geey table. 'Jle percentages for this comparison are given in Table 3.

The four-day total proportim of juveniles that nested within the resi-

dent area was not jointly indepedent of location of tie aqueriment,

juvenile sac, and adult class (XZadj - 28.3820, df .. 3, .005 > P).

Therefore, the data couuld not be pooled to test for any single main

effect. The four-day total nesting area frequencies obtained in tie
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field and laboratory experiuuents were analyzed separately to determine

the effects of the social factors on Juvenile settleent.

In the field experiment, the proportion of juveniles that nested

within the resident area was jointly independent of juvenile and adult

social conditions (8 x 2 contingency table, Table 4) . These data could

be pooled to test for differences between male and fenale juveniles and

annng adult classes. A 2-way contingency analysis showed that there was

no significant difference in the proportions of juvenile males and juve-

nile fenales that nested within the resident area (Table 5) . Differ-

ences annng adult classes for data pooled frann the juvenile sexes were

also nonsignificant (Table 6). In conclusion, under field enclosure

conditions, the use of nesting areas by juveniles was not dependent

upon the sec of juveniles or the sex of adults/reproductive stage of

adult feeles.

In the laboratory ecperiment, the proportion of juveniles that

nested within the resident area was not jointly iundependent of juvenile

and adult social factors (8 x 2 contingency table, .005 > P, Table 7).

It was necessary to test for differences between juvenile sales and

fenales separately for each adult class (Z-way contingency tables) and

to test for differences annng adult classes separately for juvenile

mles and fenales (4 x 2 contingency tables). v

Iherewereno significant differences intheproportions ofjuve-

nile sales and juvenile fenales that nested within the resident area

for adult males (Table 8); for nonlactating fenles (P 2 . 065 , Table

9); for lactating feales (Table 10); and for controls with no adults

(Table 11). I-bwever, there was a signnificant difference annng adults

for juvenile males (.01 > P > .005, Table 12). Inspection of Table 12
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Table 4. Chi square analysis of the four-day total nesting area

frequencies of juveniles for the eight treatment

canbirnations used in the field enqnerinent.

 

 

 

 

 

Juvenile mle Juvenile Feels

Area: Resident Dispersal Resident Dispersal

Adult

Male 20 0 18 2

Nonlactating Feels 18 2 13 7

lactating Feels 16 4 13* 6*

Control (No Adult) 16 4 20 0

xzadj - 4.5542, df - 3, .5 > P > .1; N - 19*

Table 5. Chi square analysis of the fouroday total nesting

area frequencies of male and feels juveniles

during the field experinent. The data were pooled

for the adult classes.

 

 

Resident Area Dispersal Area

Juvenile Male 70 10

Juvenile Feels 64* 15*

 

Xzadj - 0.3156, df= 1, .9 > P > .5; Na 79*
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Table 6. Chi square analysis of the four—day total

nestiung area frequencies of juveniles during

the field experiment. The data were pooled

for the juvenile sexes to examine differences

sung the adult classes.

'—

 

 

 

Arsa: Resident Dispersal

Adult

Male 38 2

Nonlactating Feels 31 9

Lactating Feels 29* 10*

Control (No Adult) 36 4

 

Xzadj - 2.1853, df - 3, .9 > P > .5; N = 39*

Table 7. Chi square analysis of the four-day total nesting area

frequencies of juveniles for the sight treatment

ouniuinations used in the laboratory eqnerinuent.

1 1: l 1.— 

 

 

 

Juvenils Male Juvenile Feels

Area: Resident Dispersal Resident Dispersal

Adult

Male 20 0 l4 6

Nonlactating Feels 19 1 8 12

lactating Fenale 2 18 5 15

Control (No Adult) 15 5 8 12

 

Xzadj - 15.4865, df - 3, .005 > p



Table 8 . Chi square analysis of tlne four-day total

nesting area frequencies of juvenile ueles

and feneles for adult nelss during the

laboratory experiment.

   

 

Area: Resident Dispersal

Juvenile Male 20 0

Juvenile Feels 14 6

 

xzadj =- 1.7645, df = 1, .5 > P > .1

Table 9 . Chi square analysis of tlne four-day total

nesting area frequencies of juvenile nelss

and feeles for nonlactating feeles during

the laboratory eqneriment.

 

 

Area: Resident Dispersal

Juvenile Nels 19 1

Jnuvenils Feels 8 12

 

Xzadj =- 3.4473, df =- 1, p 2 .065
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Table 10. Chi square analysis of the four-day total

nesting area frequencies of juvenilsnmales

and females for lactating females during

the laboratory experiment.

 

 

Area: Resident Dispersal

JUVenile Male 2 18

JUvenile Female 5 15

 

X2683 - 0.3896, df - 1, .9 > p > ,5

Table 11. Chi square analysis of the four-day total

nesting;area frequencies of juvenilewmales

and.f8males for the control*with no adult

during,the laboratory'experinenm;

 

 

Area: Resident Dispersal

Juvenile Male 15 S

JUvenile'FEmale 8 12

 

X2683 - 1.2532, df - 1, .5 > P > .1



Table 12. Chi square analysis of the four-day total

nesting area frequencies of juvenile sales

during the laboratory experiment.

 

 

 

Area: Resident Dispersal

Adult

Male 20 0

Nonlactating Feels 19 l

Lactating Feels 2 18

Control (No Adult) 15 5

 

)(Zadj - 12.2619, df = 3, .01 > P > .005

Table 13. Chi square analysis of the four-day total

nesting area frequencies of juvenile feeles

during the laboratory experimnt.

l _  

 

 

Area: Resident Dispersal

Adult

Male 14 6

Nonlactatinng Feels 8 12

lactating Feels 5 15

Control (No Adult) 8 12

 

xzadj - 2.1714, df - 3, .9 > P > .5
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reveals that juvenile neles nested in the resident area less frequently

when lactating feeles, cauparsd to adult ueles, nonlactatirg fenelss,

and the cancel conditian with no adult, were encountered. 'llns propor-

tion of juvenile feeles that nested withiun the resident area was

similar for all adult classes (Table 13) .

These results show that uunder laboratory conditions, the use of

nestingareasbyjuvenileswasnotdspendentupontheirseu. I-bwsver,

juvenile uelss tended to nest in resident areas occupied by nonlactating

feeles unrs frequuently than did juvenile feeles at a borderline signi-

ficance level of alpha 2 .065. The use of nesting areas by juveniles

was s tly dependent upon the sex of adults/reproductive stage

of adult feeles for juvenile neles, bunt not juvenile feeles. Lactat—

ing feeles, canpared to the other adult classes, repulsed juvenile

ueles. Figuurs 6 gives a summary of the four-day total frequencies of

juvenile nesting areas.

Nesting Arrangenent. The propensity of juveniles to nest with

adults was examined to determine the effects of the social treatments

on a second aspect of juvenile settlenent under two enviremental condi-

tions. Daysonwhichjuvenilesnestedinthedispsrsalareaswersnot

inncluded in this analysis since it was of interest to examine whether

differences in nesting arragenent due to social factors existed when

juveniles nested in areas occupied by adults. Inclusion of juveniles

irrespective of their nesting area would have distorted the findings.

Also, the control juveniles were ounitted fren this analysis.

Aswas thecaseforthenestingareameasure, thefour-day total

proportion of juveniles that nested with adults was not jointly inde-

pendent of location of the experiment, juvenile set, and adult class



Figure 6. Four-day total nesting area frequencies of juveniles (N =

20 juvenile days). The designations for adults (0" = nele,

3 - nonlactating feels, IAC 3 - lactating feels, and

GN-ceneolwithnoadult) willbewedforother figures

in this paper.
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(X25163 - 19.0299, df - 2, .005 > P). The percentages for this compari-

son are given in Table 14. The effects of the social factors on nesting

arrangement were enaminsd by conducting separate analyses of the four-

day total frequencies obtainnsd in the field ad laboratory experiments.

In the field experiment, the proportion of juveniles that nested

with adults was not jointly indepedent of juvenile ad adult social

conditions (6 x 2 contingency table, .01 > P > .005, see Table 14 for the

raw data). It was necessary to test for differences between juvenile

nelss and juvenile feeles separately for each adult class (2-way con-

tingency tables) and to test for differences annnng adult classes sepa-

rately for juvenile ueles and juvenile feeles (3 x 2 contingency

tables).

There were no significant differences in the prOportions of juve-

nile males ad juvenile feeles that nested with adult males (Table 15) ,

but juvenile ueles nested with nnonlactating fenales are frequently

than did juvenile feeles (.025 > P > .01, Table 16). The proportions

of the juvenile sees that nested with lactating feeles were similar

(Table 17); one juvenile uels nested for three days with a lactating

feels that had abadonsd her litter. Differences annng adult classes

were nonsignificant for juvenile males (Table 18) and juvenile feeles

(Table 19) . But juvenile feeles tended to nest are frequently with

adult ueles than with either nonnlactating feeles or lactating feeles

at a borderline significance of alpha 2 .07 (Table 19) .

These results show that, under field enclosure conditions, the

nesting arrageent of juveniles was significantly depedent upon the

sex of the juveniles, bunt only when nonlactating feueles are encoun-

tered. Juvenile ueles nested with rnonnlactating fenales unre frequently
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Table 15. Chi squnare analysis of the four-day total nesting

arrangeent frequencies of nele ad fenale juveniles

for adult ueles during the field epsriment.

 

 

Nested With Did Not Nest

Adult With Adult

Juvenile Male 13 7

Juvenile Fenale ll 7

 

fiwj=0ma,a=1,a>p>,5

Note: Only days on which juveniles nested iun the resident

area are included.

Table 16. Chi square analysis of the four-day total nesting

arrangeent frequencies of nele ad fenale juveniles

for nonnlactating fenales during tlne field

 

 

 

eunperiunent

Nested With Did Not Nest

Adult With Adult

Juvenile Male 15 3

Juvenile Feels 0 13

 

xzadj - 5.2474, df - 1, .025 > P > .01

Note: Only days on which juveniles nested in the resident

area are included.
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Table 17. Chi square analysis of the four-day total nesting

arrangenent frequencies of sale ad fenale juuveniles

for lactating feeles during the field experiment.

 

 

Nested With Did Not Nest

Adult With Adult

Juvenile Male 3 13

Juvenile Fenele 0 13

 

Xzadj - 0.6796, an 1, .5 > P > .1

Note: Only days on which juveniles nested in the resident

area are included.

Table 18. Chi squuare analysis of the four-day total nesting

arrangement frequencies of juvenile unales for adults

during the field expsrinent .

 

 

Nested With * Did Not Nest

Adult With Adult

Adult Male 13 7

Nonlactating Feels 15 3

lactating Female 3 l3

 

xzadj - 3.7996, df :- 2, .5 > P > ,1

Note: Ounly days on which juveniles nnested in the resident

area are inncluded.
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Table 19. Chi square analysis of the four-day total nesting

arrangeent frequencies of juvenile feeles for

adults dring the field experiment.

 

 

Adult With Adult

Adult Male 11 7

Nonlactating Feels 0 l3

lactating Panels 0 13

 

xzadj =- 5.2963, df - 2, P = .07

Note: Only days on which juveniles nested in the resident

area are included.

Table 20. Chi squuare analysis of the four-day total nesting

arrageent frequencies of nels ad fenels juveniles

for adult uelss during the laboratory euperiment.

‘77—:— I: I  

 

Nested With Did Not Nest

Adult With Adult

Juvenile Male 14 6

Juvenile Panels 12 2

 

X2383. =- 0.2826, df - 1, .9 > P > ,5

Note: Only days on which juveniles nested in the resident

area are included.
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than did juvenile fenales. The four-day total proportions of juvenile

males and feeles that nested with adult males or lactating fenales

were similar; juveniles tended to nnest with adult nelss, buut tended nnot

to nest with lactating feeles. There was some evidence to indicate

thatthenestinngarrageentis dependentuupontheadult class. The

four-day total proportionns of juvenile males that nested with adult

males or nonlactating feneles were much higher, though nnot significant,

than the four-day total proportian of juvenile nelss that nnestsd with

lactating feeles . Juvenile fenales never nnested with nonnlactating

feeles or lactating fenales, buut frequently nested with adult males.

This difference in four-day total proportions closely approacled signi-

ficance (P = .07) .

In the laboratory eperinnent, the proportion of juveniles that

nested with adults was again not jointly independent of juvenile ad

adult social auditions (6 x 2 contingency table, .05 > P > .025, see

Table 14 for the raw data). No significant differences were found

between the proportions of juvenile neles ad juvenile feeles that

nested with the adults when ceparsd separately for adult males (Table

20) ad nonlactating feeles (Table 21) . A chi square test for lactat-

ingfeelsswasjudgednot tobeneaningful; theenpsctsd frequencies

were extrenely small sinnce juveniles selden nested in areas occupied by

adults. On neither of the two days that juvenile ueles nested within

enclosures containing lactating feeles nor on nnonns of the five days

that juvenile fenales nnestsd within enclosures containing lactating

feeles did the juveniles nnest with the adults. Differences amng adult

males , nonlactating fenales , ad lactating females when canparsd
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Table 21. Cni square analysis of the four-day total nesting

arrangement frequencies of male and fenale juveniles

for nonlactatirg fenales during the laboratory

 

 

experiment

Nested With Did Not Nest

Adult With Adult

Juvenile Male 16 3

Juvenile Female 8 0

 

xgfi-OafildfaL.9>P>5

Note: Only days on which juveniles nested in the resident

area are included.

Table 22. Chi square analysis of the four-day total nesting

arrageuent of juvenile mles for adults during

the laboratory equeriment.

 

 

Nested With Did Not Nest

Adult With Adult

Adult Male 14 6

Nonlactating Fenale 16 3

lactating Fanale 0 2

 

xz-Lan,&=2,5>9>.1

Note: Only days on which juveniles nested in the resident

area are included.
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separame for juvenile mles (Table 22) and juvenile fenales (Table

23) were ncnsignificant.

These findings are in conflict with the results of the chi square

test for overall 3-way indepedence. Inspection of Table 14 indicates

that juveniles nested with adult mles ad nonlactating fenales more

frequently than with lactating fenales. waever, a 3 x 2 contingency

table using pooled data showed that significance was only borderline at

alpha 2 .06 (Table 24) . This probability statennnt must be viewed with

cautionbecausethetestms suggesteduquaninspectionofthedata. The

failure to detect significant differences in the pooled data my be due

tothesnnllmnberofjuveniles thatreminedintheresidentareafor

acne treatment groups, whichmayhavebeencanpourdedby tlneoverly con-

servative adjusted total chi square value. The four-day total nesting

a-ragenent frequencies are given in Figure 7.

These results show that, in the laboratory euperinent, the nestiug

arrageuent of juveniles ad adults was not depedent upm the sex of

juveniles. Both juvenile males and fenales teded to nest with adult

males or nonlactatiug fenales, but juveniles never nested with lactating

females. This difference in the adult classes was very close to being

significant.

TimeintheResidentArea. 'I'neemuntoftine, expressedasthe

percentoftheactiveperiod, juveniles spentintlneresidentareasof

the field ad laboratory enclosnres was examined to determine the

effects of the social factors on a third aspect of juvenile settlenent.

Significantly unre juveniles renained in the resident areas during the

activepeiodinthefieldeuquerimentcauparedtothelaboratory
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Table 23. Chi squuare analysis of the four-day total nesting

arragennent frequuencies of juvenile fenales for

adults during the laboratory equeriunent.

  

 

Nested With Did Not Nest

Adult With Adult

Adult Male 12 2

Nonlactating Fenale 8 0

lactating Femle O 5

 

xzadj - 4.5184, df =- 2, .5 > P > .1

Note: My days on which juveniles nested in the resident

area are uuded.

Table 24. Chi square analysis of the four-day total nesting

arrangenent frequencies of pooled juvenile males

ad fenales for adults during the laboratory

experiment.

 

 

Adult Male 26 8

Nonnlactating Female 24 3

Lactating Femle 0 7

 

2 - - ..
x adj 5.7170, df 2, P - .06

Note: Only days on which juveniles nested in tlne resident

area are included.



Figure 7.
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Four—day total nesting arragenent frequnencies . Only days

on which juveniles nested in the resident areas are sham.
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encperinent (.005 > P, Table 25). This probability statment must be

viewedwithcautionbecause the testwes suggesteduqueneradnationof

the data. The significant difference above can be attribuuted to the

environmental treatments for two reascns. Firstly, all but one of the

juveniles in the field ecperiment used the apparatus (passage ad feeder

tunnels) dringthepretestperiodpriortotheplacenentofthe

restraining grids (Table 26). Secondly, all juveniles were required to

go through the holes in a section of 1.3-cm-mesh hardware cloth prior

to the eqnerinents and usually for at least one week following the

ecperinents in order to secure food ad water. Therefore, it was

assured that all juveniles were capable of squeezing through the holes.

The data obtained frcm the field experinent were analyzed with

runparenetric statistics (Table 27); the four-night group mans are

given in Table 28 . No significant differences were present in either

theuaineffects ofjuvenilesexoradult class, adthejuvenile sexx

adult class interaction was also nonsignificant (Table 27) . Therefore,

under field enclosure conditions, the four-night nnean per cent time

juveniles spent intheresidentareadringtheactiveperiodwasnot

significantly influenced by the sex of juveniles or the sex of adults/

reproductive stage of adult fenales. I-bwever, there was a sliglnt ten-

dency for juvenile fenales to sped less time within enclosures occupied

by nonlactating or lactating fenales conquered to enclosures containning

adultmalesorthecantrol conditionofnoadult. Nosuchtedencywas

apparent for juvenile males.

The back transformd four-night ad nightly group means of the

time juveniles spent in the resident area during the active period in

the laboratory ecperiment are given in Table 28 . These treasures were
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Table 25. Chi squuare analysis of the proportions of juveniles

thatreminedintheresidentareadringallfour

nights of the experimental test period.

 

 

Remined for 1007. Did Not Renain for

of the Tine 1007. of the Time

Field 26 14

Lab 4 36

 

x2 - 25.8133, df =- 1, .005 > P

 

 

Table 26. Summary of the passage tunnel and/or feeder

tunnelusebyjuvenilespriortotheplacenent

of restraining grids during the pretest period.

Used Did Not Use

N Apparatus Apparatuus

Field 40 39 1

lab 40 40 0

 

Table 27 . Nonparenetric analyses of the four-night mean per cent

timejuvenileswereintheresidentareadringthe

 

 

field equeriment.

Canparison Test Wn or HID Value Prob.

Juvenile mzfi wn - 25 P > .1

Adult $31,268,: H/D 1.6232 .9 > P > .5

mggmt (521%:th H/D - 0.2666 .975 > P > .9
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evaluated by analysis of variance after the individual scores for each

replication were transformd to the arcsin scale. The tables and

figures slowing the differences along means give the transformd values.

The four-night man min effect of juvenile sex was not signi-

ficant, bunt the mean main effect of adult class had a significant F-

value (.05 > P > .025, Table 29). Inspection of Table 30 reveals that

juveniles spent less tim in the presence of lactating fenales ccupared

to the remining adult classes. Statistical examination of the adult

class main effect was not conducted because the juvenile sex x adult

class interaction was also significant (.025 > P > .01, Table 29) .

Analysis of the siuple main effects indicated that the adult class main

effect was significant for juvenile males (.005 > P > .001, Table 29),

but not for juvenile fenales. A Student-Nem-Keuls _a_ posteriori test

struwed that juvenile males spent a smaller percentage of the active

period in the resident area with lactating fenales conpared to adult

mles, nonlactating fenales, and the control condition with no adult

(.01< P, Figure 8). Also, juvenile males spent mre tim with rnon-

lactating fenales than did juvenile fenales (P 2: .005, Table 29). These

mans are graphed in Figure 9.

In conclusion for the laboratory experiment, the amunt of tim

juveniles spent in the resident area dring the active period was influ-

enced by both the sex of juveniles and the sex of adults/reproductive

stage of adult fenales , but the significant statistical interaction

indicated that the effects were not consistent for either the juvenile

or adult social factors. In respect to the juvenile sexes, mles spent

significantly more tim with nonlactating fenales than did the juvenile

fenales, but males and fenales spent 31mm amuunts of tim with adult
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Table 29. Analysis of variance of the four-night mean per cent tim

juveniles spent in the resident area during the laboratory

 

 

 

 

 

 

 

eqneriment.

Source of Variation df NBS F-value Prob .

Juvenile 1 735.3920 1.9228 .25 > P > .1

Adult 3 1,218.0712 3.1849 .05 > P > .025

Juvenile x Adult 3 1,499.7718 3.9214 .025 > P > .01

Error 32 382.4571

Total 39 (SS = 21,127.5486)

Simple Main Effects

of Juvenile For:

Adult Male 1 108.9000 0.2849 .75 > P > .5

Nonlactating Fenale l 3.513.7503 9.1873 P = .005

lactating Fenale 1 1,228.5506 3.2123 .1 > P > .05

No Adult 1 383.1610 1.0018 .5 > P > .25

Simple Main Effects

of Adult For:

Juvenile Male 3 2,335.7062 6.1071 .005 > P > .001

Juvenile Fenale 3 382.2766 1.0000 .5 > P > .25

Error 32 382 . 4571
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Table 30. Mean per cent tim juveniles spent in the resident area

for each of the adult classes during the laboratory

experiment (N = 10).

 

 

*Four-_-night lst *2nd *3rd *4th

Adult x Night Night Night Night

Male 55.4 51.7 56.2 59.4 51.5

Nonnlactating Fenale 49.5 54.0 48.5 47.7 47.2

lactating Fenale 30.5 48.3 24.0 19.8 19.2

Gontr wi

NoAdoult th 49.3 55.4 57.3 45.3 43.4

 

* = significant difference amng mans.
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Figure 8. The four-night group mans for tlne per cent time juvenile

males spent in the resident area during the laboratory

experiment. The man marked by the asterisk (*) is signi-

ficantly different from the other mans at the .01 level

(N = 5 .
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Figure 9.
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Graph showing the significant difference (P = .005) in the

four-night man per cent tim juvenile males ad fenales

spent in the resident area occupied by nonlactatiug feneles

inthelaboratoryequerimentm-S).

 



Figure 9.
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males, lactating fenales, ad in tte control condition with no adult.

In respect to the adult classes, the overall main effect had a signi-

ficant F-valuue, ad inspection of the adult class treatment mans

revealed that juveniles spent less tine with lactating fenales than with

adult males, nonlactating fennales, ad in the control condition with no

adult. Analysis of the simple main effects ad 3 gustaiori testing
 

stewed that only juvenile males, ad not juvenile fenales, spent signi-

ficantly less time with the lactating fenales compared to the retaining

adult classes.

In order to determine if the effects of the social factors were

consistent over four-night test periods drinng the laboratory experi-

ment , the nightly per cent time values were evaluated with separate

analyses of variance (first night, Table 31; second night, Table 32;

third night, Table 33; ad fourth night, Table 34). The main effect of

juvenile sex was not significant on any of the four test nights, but

there was a significant adult class min effect on the last three

nights (.025 > P). These means are given in Table 30, ad it can be

seen that juveniles spent less tim with lactating fenales, compared

with the reunaining adult classes, dring the last three nights. Statis-

tical examination of the nightly adult class main effects was not con-

ducted because each of the nightly juvenile sex x adult class inter-

actionns were also significant (.05 > P).

Analysis of the simple main effects showed that differences due to

the adult classes were significant for juvenile mles, but not juvenile

fenales, on the last three nights. An 3 posteriori Student-Neman-

Keuls test showed that on these nights juuvenile mles spent less tim in

the resident area with lactating fenales canpared to the tim spent with



Table 31. Analysis of variance of the per cent tim juveniles spent

92

intteresidentareaonthefirstnightdringthe

laboratoryexperiment.

 

 

 

 

 

 

Source of Variation df PBS F-valuue Prob .

Juvenile 1 88.2981 0.1966 .75 > P > .50

Adult 3 98.6867 0.2197 P > .75

Juvenile xAdult 3 1,547.0618 3.4445 .05 > P > .025

Error 32 449.1407

Total 39 (SS = 19,398.0445)

suntan: an
Adult Male 1 1.6000 0.0036 P > .75

Nonlactating Feuele 1 3,727.2164 8.2985 .01 > P > .005

lactating Fenale 1 725.0523 1.6143 .25 > P > .10

No Adult 1 275.6250 0.6137 .5 > P > .25

Simple Main Effects

of Adult For:

Juuvenile Male 3 992.3585 2.2095 .25 > P > .10

Juuvenile Fenele 3 653 . 5388 1.4551 P = . 25

Error 32 449.1407
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Table 32 .
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intheresidentareaonthesecondnightduringthe

laboratory experiment .

Analysis of variance of the per cent time juveniles spent

 

 

 

 

 

 

 

Source of Variation df MSS F—value Prob .

Juvenile 1 557.9343 1.3059 .5 > P > .25

Adult 3 2,401.5095 5.6210 .005 > P > .001

Juvenile x Adult 3 1,819.5864 4.2590 .025 > P > .01

Error 32 427.2366

Total 39 (SS = 26,892.7915)

Simple Main Effects

of Juvenile For:

Adult Male 1 106.2760 0.2488 .75 > P > .5

Nounlactating Fenale 1 3,950.1563 9.2458 .005 > P > .001

lactating Feunale l 1,718.7210 4.0229 1 > P = .05*

No Adult 1 241.5723 0.5654 5 > P > .25

Simple Main Effects

of Adult For:

Juvenile Male 3 3,505.2879 8.2046 .001 > P

Juvenile Fenele 3 715.7218 1.6752 .25 > P > .10

Error 32 427.2366

 

* Indicates borderline significance where the calculated value was within

0.20 units of the critical value.





Table 33 . Analysis of variance of the per cent tim juveniles spent

intheresidentareaonthetlnirdnightdringthe

laboratory experiment.

 

 

 

 

 

 

 

Source of Variation df NBS F-value Prob .

Juvenile 1 614.0290 1.0776 5 > P > .25

Adult 3 2,783.5504 4.8850 .01 > P > .005

Juvenile x Adult 3 1,975.7248 3.4673 .05 > P > .025

Error 32 569.8143

Total 39 (SS = 33,125.9108)

Simple Main Effects

of Juvenile For:

Adult Male 1 103.4266 0.1815 .75 > P > .50

Nonlactating Fenele 1 3,770.5872 6.6172 .025 > P > .01

lactating Fenale 1 2,099.8908 3.6852 1 > P > .05

No Adult 1 567.0090 0.9951 .5 > P > .25

Simple Main Effects

of Adult For:

Juvenile Male 3 4,035.6675 7.0824 .001 > P

Juvenile Feuele 3 723.6400 1.2700 .5 > P > .25

Error 32 569.8143
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Table 34. Analysis of variance of the per cent time juveniles spent

in the resident area on the fourth night during the

laboratory experiment.

 

 

 

 

 

 

Source of Variation df PBS F-valuue Prob .

Juvenile 1 834.2082 1.7865 .25 > P > .10

Adult 3 2,086.6736 4.4686 .025 > P > .01

Juvenile x Adult 3 1,994.5878 4.2714 .025 > P > .01

Error 32 466.9589

Total 39 (SS = 28,020. 6784)

Simple Main Effects

of Juvenile For:

Adult Male 1 6.8724 0.0147 P > .75

Nonlactating Female 1 3,275.3760 7.0143 .025 > P > .01

Lactating Fenele 1 1,855.5888 3.9738 .1 > P > .05

No Adult 1 1,680.1344 3.5980 .1 > P > .05

Simple Main Effects

of Adult For:

Juvenile Male 3 3,575.7644 7.6576 .001 > P

Juvenile Feuele 3 505.4971 1.0825 .5 > P > .25

Error 32 466 . 9589
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adult nnales, nonlactating fenales, and the control condition with no

adult (.01 > P). These differences are graphed in Figure 10, and the

results for the first night are given for comparison. Juvenile mles,

compared with juvenile females, spent more time with rnounlactating

females on all four nights (.025 > P, Figure 11). On the second night,

juvenile females spent more time in tlne resident area with lactating

females than did juvenile males; this difference closely approached

significance (Table 32). These data, ad the canparisons for the

remining nights, are given in Figure 12.

It is apparent that, subsequent to the first night, the significant

differences due to the main effect of the adult classes were consistent

with the analysis of the overall four-night mans. The difference

between the juvenile sexes for nonlactating fules was consistent on

all four nights. Finnally, the effects of the social factors in general

were consistent over nights since only one comparison, juvenile sex for

lactating fenales, shaved a difference (but not significant) which was

not found in the analysis of the four-night man values.

In summery, the analyses of the three settlement masures obtained

in the field ad laboratory experiments indicate that both the sex of

juveniles and the sex of adults/reproductive stage of adult fenales may

affect the outcome of juvenile-adult social innteractions. Therefore,

both juvenile ad adult social factors may influence settlenent.

Inspection of Table 35 reveals two major points conncerning the effects

of social factors. Firstly, the outcaues of juvenile-adult social

interactions were not consistent in the field ad laboratory experi-

mnents. This is indicated by the failure to detect similar patterns of

significant differences among social factors in tlne analyses of the
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Figure 10. Nightly mans of the per cent tim juvenile males spent in

the resident area during the laboratory experiment. The

asterisk (*) indicates a significantly different man at the

0.1 level (N a 5).
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Figure 11. Graph showing the significant differences (.025 > P) in the

tlycampariscns ofthemanper cent timjuvenile

esadfeueles spentintheresidentareasoccupiedby

nonlactating females during the laboratory experiment (N =

5 for each night).
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Figure 12. Nightlycauparisansof ttemanpercent tim juvenile

mlesadfemeles spentintheresidentareasoccupiedby

lactating females during the laboratory experiment (N - 5).
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Table 35. Summary of the analyses of the three settlenent

variables.

 

 

 

 

 

Main Effect Interactionn

Settlement

Depedent Variables Junvenile Adult

Sex Class

Field Experiment

Nesting location" - - -

Nesting arragement* o o +

Per cent tim in _ _ -

Resident area (a)

laboratory Experiment

Nesting location* 0 o +

Nesting arrangement" 0 o +

Per cent time in _ + +

Resident area (b)

 

) nonparametric test.

(b) - analysis of variance.

+ 8 significant social factor main or interaction effect.

- = nonsignificant.

o = test was not made because statistical interaction was

present.



 

rEpj
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field and laboratory data. Secondly, the significant statistical inter-

actions between juvenile sexes ad adult classes show that, in these

cases, juvenile sexes differed in their response towards the various

adult classes. A summary of the significant statistical interactions

is given in Table 36.

The sec of juveniles significantly affected the settlenent masures

onnly when nnonnlactating females were encountered. Juvenile females,

canpared with juvenile mnales, nested with nonlactating females less

frequently in the field experiment and spent less time within the enclo-

sures occupied by nonlactating females in tlne laboratory experiment.

Also, in respect to the juvenile sexes, juvenile mnales tended to nest

within enclosures occupied by nonlactating females in the laboratory

(P = .065). The sex of adults/reproductive stage of adult females sig-

nificantly affected the settlenent measures onnly for juvenile males

during the laboratory experiment. These juveniles nested less fre-

quueuntly ad spent less time within enclosures containing lactating

fenales compared to those containing adult males, nonlactating females,

or the conntrol condition with no adult. There was sane evidence to

indicate that juvenile fenales nested more frequuently with adult males

than with nonlactating fenales or lactating femnales in the field experi-

mnent (P = .07). Also, both juvenile sexes teded to nest with lactating

fenales less frequently than with adult males or nncnlactating fenales

in the laboratory (P = .06).

On the basis of these results, it can be concluded that adult

females may limit the settlement of juveniles in P. g. I_u_a_i_r_di. However,

the limitationis depedentuponthe sexofjuveniles aduponthe

reproductive stage of adult fenales. Compared with juvenile mnales,
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juvenile females my be limited by nonnlactating females. Compared with

adult mles and rnonnlactating females, lactating females my limit the

settlement of juvenile mles . Also, nonlactating and lactating females ,

caupared with adult mles, my limit the settlement of juvenile fenales,

buut the evidence is nnot conclusive. The present study provided no evi-

dence to indicate that adult mles limit tl'e settlenent of juvenile

mles or juvenile fenales to a greater degree than either nonlactating

or lactating females. Finnally, tle physical envirmmnent appeared to be

an important factor in determining the effects of social factors on the

juvenile settlement masures .

Activigl Between the Resident and Dispgsal Areas. The juvenile

activity in the passage tumnnel, equressed as the number of passage tumu-

rnel trips per hour of the active period, was examined in order to deter-

mninne if social conditions influenced the rate at which juveniles entered

ad left the resident area. As was pointed ouut previouusly, a smaller

preportion of juveniles used tlne passage tunnels in the field experi-

ment conquered to the laboratory experiment (.005 > P, Table 25).

The data obtained from the field experiment were analyzed with non-

parametric statistics (Table 37); the four-night group mans are given

in Table 38. No significant differences were found for tie min effects

of juvenile sex or adult class, ad the juvenile sex x adult class

interaction was nonsignificant as well (Table 37) . The results above

indicate that the social conditions did not affect the rate of juvenile

activity between areas in the field-enclosure experiment. This finding

is consistent with the failure to detect differences among treatment

groups for the amount of tim juveniles spent in tie resident area.
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Table 37 . Nenparametric analysis of tlne four-night man juvenile

activity rate in the passage tunnel during the field

  

 

experiment.

Cauparisan Test Wn or H/D Value Prob.

Juveni] Wilcoxin's

e rank-sum test wnu = 25 P > .1

Kruskal-

A‘mt Wallis test H/m - 1.6224 .9 > p > ,5

Juuvenile 1: Adult Kruskal-

lnteraction Wallis test an) ' 0-5812 .9 > P > .5

 

The back transformd four-night ad nightly group mans of tle

juvenile activity rate obtained in the laboratory euperiuuent are given

inn Table 38. These masureswere evaluated by analysis of variance

after the individual raw scores for each replication were transformd

to the/W172 scale. The tables ad figures slewing the differences

among means give the transformd values.

Tle four-night man min effect of adult class had a significant

F—value (.05 > P > .025), buut tle juvenile sexmin effect ad tlne

juvenile sex x adult class interaction were nnonnsignificant (Table 39) .

The adult treatment group mans are given in Table 40. Juuvenile acti-

vity was significantly higher when juveniles encountered adult mles

canpared to lactating females (Student-Nem-Keuls test, .05 > P,

Table 41) . None of the otler canpariscns was significantly different.

Figure 13 slews tle mgnitudinal relationships along the four-night

adult treatment mans.

The nightly activity rates were evaluated with separate analyses

of variance to determine if the effects of social factors were
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Table 39. Analysis of variance of tle four-niglnt man juvenile

activity rate in the passage tunnel during the

laboratory experiment.

 I

 

 

 

Source of Variation df PBS F-valuue ' Prob .

Juuvenile 1 3.5367 3.1722 .1 > P > .05

Adult 3 3.3633 3.0167 .05 > P > .025

Juvenile 1: Adult

Interaction 3 0.2171 0.1948 P > .75

Error 32 1. 1149

Total 39 (SS- 35.6771)

 

consistent over nights (first night, Table 42, second niglnt, Table 43;

third night, Table 44; ad fourth night, Table 45). There was a signi-

ficant adult class main effect on the first night only (.01 > P > .005,

Table 42) . The juvenile sex main effect ad juvenile sex x adult class

interaction were never significant. An 3 posteriori Student-Nem-

Keuls testonntheadult treatmentmansfortlefirstnightslewedthat

juveniles moved more frequently between tlne resident ad dispersal

areas when adult males were encountered canpared to nonlactating

females, tle control condition (.05 > P), ad lactating females (.01 >

P, Table 46). The latter three group mans were net significantly

different. Figure 14 slews tlne mgniudinal relationships among the

adult treatment mans for tlne first test niglnt.

The results slew that the significant differences smug tle four-

niglnt man activity rates can be attributed to tie significant differ-

encesaongtheadult classesontlefirst testnight. 'lherewere

significant differences among treatment groups for tle amount of time
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Table 41. Student-Newman—Keuls test for differences

among the four-night adult class mans of

juvenile activty rate in the passage tunnel

during the laboratory experiment.

 

 

 

Adult Four-Night Mean 1 1 S.E.

9:

Male 3.19 i- 0.40

Control 2.57 i 0.32 *

Nonnlactating Female 2.11 i' 0.25

lactating Female 1.87 i 0.35  
 

*Any two mans (i18.E.) not joined by the sane

vertical line are significantly different at .05 >

P (N = 10).
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Figure 13. Four-night adult group mans for the juvenile activity

rate in the passage tunnel during the laboratory 1-

ment. Thevertical liunes indicate i l S.E. (N= 10 .
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Table 42. Analysis of variance of tle juvenile activity rate in

the passage tunnel on the first night during the

laboratory experiment .

_-:

 

 

 

 

Source of Variation df PBS F-valnue Prob.

Juuvenile 1 2.4572 1.6052 .25 > P > .1

Adult 3 7.1087 4.6439 .01 > P > .005

Juvenile x Adult

Interactioun 3 0.8657 0.5655 .75 > P > .5

Error 32 1.5308

Total 39 (SS = 75.3647)

 

Table 43. analysis of variance of the juvenile activity rate in

thepassagetunnelontlesecondnightdringthe

laboratory experiment .

_l   

 

 

Source of Variatioun df PBS F-value Prob.

Juvenile 1 6.2110 3.8585 .1 > P > .05

Adult 3 2.7589 1.7139 .25 > P > .1

Juvenile x Adult
Interaction 3 0.8108 0.5037 .75 > P > .5

Error 32 1.6097

Total 39 (SS - 68.4305)

 



115

Table 44. .Analysis of variance of the juvenile activity rate in

the passage tunnel on the third night during the

laboratory experiment.

 

 

 

Source of variation df MBS Favalue Prdb.

Juvenile 1 3.3126 2.2781 .25 > P > .1

Adult 3 1.7124 1.1776 .5 > P > .25

$3,313,,“th 3 0.4986 0.3429 P > .75

Error > 32 1.4541

Tbtal 39 (SS = 56.4776)

 

 

 

 

Table 45. Analysis of variance of the juvenile activity rate in

the passage tunnel on the fourth night during the

laboratory experiment.

Source of variation df ‘MSS F-value PrOb.

Juvenile 1 2.7794 2.8971 P = .1

Adult 3 2.3943 2.4957 .1 > P > .05

Juvenile ngdult
Interaction 3 0.3231 0.3367 P > .75

Error 32 0.9594

Total 39 (SS = 41.6317)
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Table 46. Student-Neman-Keuls test for differences

among the first night adult class mans of

juvenile activity rate in tlne passage

tumnnel drinng the laboratory experiment.

 

 

 

Adult man (:1 S.E.)

mle 3.87 i: 0.50 +

Central 2.55 i 0.31 * +

Nonlactating Female 2.33 i 0.24

lactating Feunale 1.93 i 0.44   
 

Note: Any two mans (:1 S.E.) not joined by the

same vertical line are significantly differ-

entat .05>Pkor .01>P+.
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Figure 14. First night adult group mans of the juvenile activity

rateintlnepassageturmneldringtlelaboratoryexperi-

ment. TheverticallinnesindicateilSE. (N=-10.
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juveniles spent within tle resident area during the last three test

nights (see Tables 32, 33, ad 34). The innconsistency of these results

indicates thateventleugntheamoumtoftimjuveniles spent intlne

resident area was affected by social conditions, the movement rate of

juveniles in ad out of tlne resident area was not affected on the last

three nights. Therefore, wlnen social conditions led to a relatively

exclusive or numexclusive use of a confined space, based on a tim ma-

sure, tlepropensityofjuveniles toenteradleave tlnat spacewasnot

affected.

Juvedleveigramge

Adultmleg.g.austerushavebeenreportedtoretardtlegrowth

rates of juveniles under free-ranging ad laboratory conditions (I-Iealey,

1967). Inanatteupttoreeuamineadeupaduponthisreportedinflu-

ence,tleweightchangesofjunuenilesintlepresenteperimentwere

exedned. No distinnctionwesmadebetween juveniles that always

remainedintleresidentareaadtlesethatspentsauetiminthedis-

persal area, sinnce dispersing juveniles inn free-ragingpopulationsmy

remainnearresidentadultsorleavetheresidents'lmerages. A

sumneryofthejuvenileweightchangegroupmansisgiveninTable47.

A2x2x4factorialanalysisofvariancewesperformdonthe

weightchagedatacmbinnedfrantlefieldadlaboratoryeperiment

(Table 48). Neitherthejuvenilesexnoradult classmineffectswere

significant, hrjuvenileshadhiglergrowthratesinthefield euperi-

mentthaninthelaboratoryeperiment(.01>P>.005,seeFigure15).

Nene of the interaction F-values involving tle locatien min effect was

significant, lewever, tle juvenile sex 1: adult class interaction was
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Table 47. Group means (i 1 S.E.) of the weight chage of juveniles.

Negative values indicate a mean loss of weight within a

 

 

 

 

group (N = 5).

Field Experiment laboratory Experiment

Juvenile Juvenile Juvenile Juvenile

Male Female Male Fennale

Adult

Male 2.00 i 0.66 0.02 .+. 0.22 0.04 .+. 0.22 —0.76 i 0.57

mating 0.20 i 0.58 0.66 i 0.41 0.30 i 0.41 0.62 i 0.34

mm 0.98 i 0.54 0.26 i 0.38 0.74 i 0.72 -0.12 i 0.52

C°ntr°1 0.14 i 0.19 0.66 i 0.65 -0.50 i 0.32 -0.48 t 0.29
(No Adult)

 

significant (P 2 .025). Table 49 shows the interaction group mans.

'Dnese results suggest that the physical environment of the laboratory

experiment (gg. , confined ad sterile space, disturbance by the eperi-

menter, etc.) my have led to a reduction in the growth rates of juve-

niles. But tlne effects of the eperinental social factors appeared to

be consistent between the field ad laboratory eperiments.

Analysis of the simple main effects of the juvenile sec 1: adult

Class interaction showed that tlne sen of juveniles was important only

when adult males are encountered. Juvenile mles had higler growth

rates wlnenn interacting with adult mles than did juvenile females (.005

> P > .001, Table 48). This difference is illustrated in Figure 16.

Also, there was a significant F-value inn the comparison of adult classes

for juvenile mles (.05 > P > .025, Table 48). Juvenile mles had
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of variance of juvenile weight change.

 

 

 

 

 

Source of Variation df PBS F—value Prob .

location 1 8.0645 7.3476 .01 > P > .005

Juvenile 1 2.8880 2.6313 .25 > P > .10

Adult 3 1.1192 1.0197 .5 > P > .25

Location x Juvenile 2 0.0500 0.0456 P > .75

location x Adult 3 1.9218 1.7510 .25 > P > .10

Juvenile x Adult 3 3.6727 3.3462 P 2' .025

m? x Ju‘mfle 3 0.6840 0.6232 .75 > p > .5

Error 64 1.0976

Total 79 (SS = 103. 44)

Sinple Main Effects

of Juvenile For:

Adult Male ' 1 9.6605 8.8015 .005 > p > .001

Nonlactating Fenale 1 0.7605 0.6929 .5 > P > .25

lactating Female 1 3.1205 2.8430 .1 > P > .05

No Adult 1 0.3645 0.3321 .75 > P > .5

Sinple Main Effects

of Adult For:

Juvenile Male 3 3.0809 2.8070 .05 > P > .025

Juvenile Fenale 3 1.7109 1.5588 .25 > P > .10

Error 64 1.0976

g
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Figure 15. Graph of the significant difference between the man weight

changes for juveniles used in the field experiment and the

laboratory experiment. The vertical lines indicate i 1

S.E. (N = 40).
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Table 49. Sumnary of the juvenile sex x adult class interaction

group means (i 1 S.E.) of the weight change of

juveniles (N = 10). Negative values irndicate a mean

loss of weight within a group.

 

 

 

 

 

 

Adult Juvenile tmnlea Juvenile Female

Male 1.02 2‘. 0.46 * -0.37 i 0.32

Nonlactating Fenale 0.47 .+. 0.31 0.64 t 0.25

lactating Female 0.86 1 0.43 0.07 i 0.31

Control With No Adult -0.18 .+. 0.20 0.09 i 0.38

* = significant difference between juvenile sexes.

a = significant difference amng adult classes.

Table 50. Student-Neunan-Keils test among adult

class means (i 1 S.E.) for the weight

change of juvenile males (N = 10).

Negative values indicate a mean loss of

weight with a group.

Juvenile Tested With

7':

Adult Male 1.02 1 0.46

9:

lactating Female 0.86 i 0.43

Nonlactating Fenale 0.47 i 0.31

Control With No Adult -0.18 .t 0.20  
 

*meansnot connectedby the sarevertical line are

significantly different at .05 > P.
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Figure 16. Graph of the significant difference between the man weight

changes for juvenile mles and juvenile fenales tested with

adult mles. The vertical lines indicate it 1 S.E. (N =- 10).
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higher growth rates when adult males were encountered canpared to the

control condition of no adult (Stndent-Nemn-Kenls test, .05 > P,

Table 50) . Figure 17 slows the differences in mgrnitude of these mans.

In conclusion, the growth rate of juveniles was significantly

influenced by their sec only when adult males were encountered. In

this case, juvenile fenales gained less weight than did juvenile males.

There were no significant differences in the effect of tine adult social

factors for either mle or female juveniles. However, juvenile male

growth rates my be inhibited by the absence of conspecifics since con-

trol juvenile mles gained significantly less weight than the juvenile

mles that interacted with adult males.

Descriptive Pbasures

m. Eight (407.) of the 20 juveniles tested with lactating

fenales were wounded; one juvenile fenale died the day after the ecperi—

mnt was canpleted, presnmably frann wounds received from a lactating

fenale. No juveniles were wourded by adult mles, ad onnly onne juve-

nile, a female, was wounded by nonlactating fenales (Table 51). The

fact that controls had no wourding indicates that juveniles were not

lacerated while squeezing through the restraining grids. These find-

ings support the conclusion that adult mle and nonlactating fenale

E. 13. ibai_1_:_d_i_ are not agressive towards strange juveniles of either sen.

Htmever, lactating fenales are aggressive towards both male ad fenale

juveniles.

Direct Observations . The mice were observed in order to obtain

measures of the frequencies of fighting, chasing, and avoidance beha-

viors. The mnber of lS-secord intervals during which both the
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Figure 17. Graph of the man weight changes for juvenile males. The

vertical lines indicate 1. 1 S.E. (N = 10).
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juveniles ad the adults were observed in the resident area was low.

Consequently, the frequencies of behaviors were too small to mrit

statistical analysis.

Only one fight was observed; a nonlactating fenale initiated a

locked fignt with a juvenile male on the first night of the test period.

In general, there tended to be nore chases on tlne first night compared

to the fourth night (Table 52) . lactating fenales were observed to

chase both juvenile mles ad juvenile fenales, but nonlactating

fenales never chased juvenile fenales. Juvenile mles and juvenile

fenales chased nonlactating fenales ad adult mles , respectively, but

never chased lactating fenales. Juveniles tended to avoid adults mre

than adults avoided juvenile (Table 53). Mutual avoidance was not

prevalent between juvenile mles ad nonlactating fenales. Conclusions,

beyond the observation that both aggressive ad avoidance behaviors

were noted, cannot be firmly mde.

Reproduction. Juvenile mles ad fenales were involved in preg-
 

nancies (Table 54) . This indicates that sane of the juveniles were

Sexually mture at a madman of 44 days of age. Therefore, semal

behavior my be involved in determining the settlenent pattern of dis-

Persing juveniles. Since the pregnancies occurred during tlne four-day

Period, pair-bonding in 11.13. gird; seem to be a rapid process.
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Table 52. The total number of chases per treatment group. Each cell

represents 300 lS-secord intervals .

 

 

 

 

 

 

 

First Night Fourth Night

Adult Juvenile Adult Juvenile

Chased Clnased Chased Chased

Juvenile Adult Juvenile Adult

Juvenile Male

Adult

Male (17) 5 O (11) l O

‘F'mana‘lacletatmg (69) 6 6 (28) 0 0

15:3sz (55)* 10 0 (0) 0 0

givenile Fenale

Adult

Male (22)* O 0 (50) 2 2

muting (6)* 0 0 (16) 0 0

£25,213ng (20) 26 0 (55) 0 0

Note: The nunbers in parantheses are nunbers of lS-second intervals

which mice were observed together in resident area .

* = 292 lS-secord intervals.



T
a
b
l
e

5
3
.

l
h
e

t
O
t
a
l
m
i
n
e

o
f
a
m
i
d
a
n
c
e
a
n
d
m
t
u
a
l

a
v
o
i
d
a
n
c
e
b
e
h
a
v
i
o
r
s
p
e
r

t
r
e
a
t
m
e
n
t

g
r
o
u
p
.

E
a
c
h

c
e
l
l
r
e
p
r
e
s
e
n
t
s

3
0
0

1
5
—
s
e
c
o
n
d

i
n
t
e
r
v
a
l
s
.

 
*

F
i
r
s
t
N
i
g
h
t

F
o
u
r
t
h
N
i
g
h
t

 

A
d
u
l
t

J
u
v
e
n
i
l
e

A
d
u
l
t

J
u
v
e
n
i
l
e

A
v
o
i
d
e
d

A
v
o
i
d
e
d

M
u
t
u
a
l

A
v
o
i
d
e
d

A
v
o
i
d
e
d

M
u
t
u
a
l

J
u
v
e
n
i
l
e

A
d
u
l
t

A
v
o
i
d
a
n
c
e

J
u
v
e
n
i
l
e

A
d
u
l
t

A
v
o
i
d
a
n
c
e

 J
u
v
e
n
i
l
e
M
a
l
e

Ad
n_
i_
]_
._
t

M
a
l
e

(
1
7
)

0
5

0
(
1
1
)

0
8

0

N
o
n
l
a
c
t
a
t
i
n
g
F
e
m
a
l
e

(
6
9
)

3
0

(
2
8
)

0
6

0

l
a
c
t
a
t
i
n
g
F
e
n
a
l
e

(
5
5
)
*

0
6

0
(
0
)

0
0

0

N

m

J
u
v
e
n
i
l
e
F
e
n
a
l
e

A
d
u
l
t

M
a
l
e

(
2
2
)
*

O
5

0
(
5
0
)

3
9

0

N
o
n
l
a
c
t
a
t
i
n
g
F
e
m
l
e

(
6
)
*

0
0

2
(
1
6
)

l
5

0

l
a
c
t
a
t
i
n
g
F
e
m
l
e

(
2
0
)

0
(
5
5
)

0
3

2

 

O

O

 N
o
t
e
:

T
h
e
n
u
m
b
e
r
s

i
n
p
a
r
a
n
t
h
e
s
e
s
a
r
e
m
n
b
e
r
s

o
f

l
S
-
s
e
c
o
r
d
i
n
t
e
r
v
a
l
s

d
u
r
i
n
g
w
h
i
c
h
m
i
c
e
w
e
r
e

o
b
s
e
r
v
e
d
t
o
g
e
t
h
e
r
i
n
r
e
s
i
d
e
n
t

a
r
e
a
.

*
:
-
2
9
2

l
S
-
s
e
c
o
n
d

i
n
t
e
r
v
a
l
s
.

133



134

Table 54. Treatnent group sunnary of the number of juveniles

involved in pregnancies (N = 5).

 

Enqnerinent Adult Juvenile Male Juvenile Fenale

 

 

 

Male - 2

Field

Fenale l -

Male - -*

laboratory

Fenale l -

*N = 4 becaus 1 juvenile was inadvertently sacrificed priore

to the end of the three-week post-test period.



DISCUSSIG‘I

The general hypothesis of this study was that the outcanes of

juvenile-adult interactions in _P_. g. ba_i;__di would depend upon both juve-

nile and adult social factors . Interactions between a juvenile mle or

fenale and an adult mle, a nonlactating fenale, or a lactating fenale

were studied in field or laboratory enclosures over four-day periods.

Juveniles with no adults were used as controls against environmental

factors ectrinsic to the ecperiments. The specific working hypotheses

were thatthesecofjuvenilesadthe serofadults and/ortherepro-

ductive stage of adult fenales wmld affect both (1) the settlenent of

juveniles and (2) the weight change of juveniles. Also, it was ecpected

that the effects of the biological classes would be similar under field-

enclosure canditions ad laboratory conditions.

The first working hypothesis concerning juvenile settlenent was par-

tially 00an in respect to both juvenile ad adult social factors;

the effects of social factors varied depending upon the social canbina-

tions of interacting animls . Contrary to that ecpected, the effects of

the biological classes on juvenile settlenent were not consistent in the

field ad laboratory ecperiments. The second working hypothesis con-

cerning juvenile weight change was partially confirmed in respect to

juvenile sec, but it was rejected for the adult social factors. As

expected, the effects of the biological classes on juvenile weight

change were consistent in the field and laboratory ecperinents.
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Juvenile settlenent ad weight change are discussed separately in refer-

ence to: (l) the effects of social factors, (2) the juvenile-adult

social relationships, and (3) the consequences for free—ranging P. I_n_.

_ba__i_rc_l_i_ populations.

Juvenile Settlenent

The importance of juvenile ad adult social factors in affecting

juvenile settlenent in P. g. 1_>_a_i_l_'_d_iL was evaluated erperimentally by

determining the propensity of juveniles: (l) to nest, during the day-

tim, in enclosures occupied by adults (nesting location), (2) to share

nests with adults, if juveniles nested in enclosures occupied by adults

(mating arrangement) , ad (3) to retain, during the nighttim active

period, in enclosures occupied by adults (tim variable). Each of these

depedent variables served as a masure of juvenile settlenent, ad

significant differences among social combinations were judged to indi-

cate relative effects of adults in limiting juvenile settlenent.

Effects of Social Factors. Nonlactating fenales limited the

settlenent of juvenile fenales coupared with juvenile mles based upon

the significant differences in the rnesting arrangennent variable during

the field ecperimentandin theman timvariable duringthe laboratory

ecperiment. Also, in the laboratory erperinent, juvenile fenales tended

to nest in resident areas occupied by nonlactating fenales less fre-

quently than did juvenile mles. Differences in juvenile mle ad

fenale settlenent were not significant when adult mles or lactating

fenales were encountered. 'lhat social interactions, ad not a funda-

mental difference between juvenile seces, led to differences in juvenile

settlenent was indicated by the failure to detect significant
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differences between the mle and fenale juveniles that were placed in

the control conditions with no adult.

Differences in juvenile settlenent due to the effect of tlne sec of

adults and/or the reproductive stage of adult fenales were detected for

the man time variable in the laboratory erperiment. lactating fenales,

canpared to adult mles, nonlactating fenales, ad the control condition

with nno adult, limited the settlenent of juveniles, but this difference

was significant for juvenile mles only. The analysis of the nesting

arrangenents for the laboratory ecperiment indicated that the settlenent

of both mle ad fenale juveniles tended to be limited by lactating

fenales. A similar finding was obtained in the analysis of the nesting

arrangenents in the field ecperiment, encept that the settlenent of

juvenile fenales appeared to be also linnited by nonlactating fenales.

The latter two nesting arrangenent differences closely approached sig-

nificance.

thaerimnts were repeated under two environmental conditions in

order to determine if the social variables had the sane relative influ-

ence in two conditions of space quality. Contrary to that expected,

the enperimental physical environment was an inportant factor in deter-

mining the outcome of juvenile-adult interactionns in respect to juve-

nile settlenent . Nestinng arrangements were significantly different

anong social canbinations in the field ecperiment, ad both the nnesting

location ad the man variables were significantly different amng

social combinations in the laboratory ecperiment.

The connfirned ad sterile space of the laboratory enclosures prob-

ably led to an increase in the mnber of contacts between the interact-

ing prairie deer mice, which, in turn, increased the frequency of the
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behaviors that resulted in better resolution of the rnesting location

variable and the man tim variable over that in the field experiment.

However, since feder juveniles nested in the resident area during the

laboratory experiment, sample size was decreased to a point where the

nesting arrangenent masure did not significantly differentiate between

the effects of social factors, though borderline significance was

obtained. 0n the other had, the nesting arrangement masure could be

used to detect significant ad borderline to significant diffeences

amng social coubinations in the field eqneriment. In general, it can

be concluded that the laboratory experiment obtained mre conclusive

evidence for the effects of social factors on juvenile settlenent . The

point should be made that the validity of the laboratory results was

nnot reduced by the proposed high frequency of behavioral interactions

because juveniles could escape the presence of adults by moving to the

dispersal areas.

The claim that the frequency of behavioral interactions was depen-

dent upon the enclosure size is in agreenent with the findings of

Calvin (1973) . This investigator found that the frequency of agonnistic

postures of Microtus males was inversely related to enclosure size .

The grassland habitat of the field enclosnres in the present ecperiment

may have also served to decrease the frequency of contacts and behav-

ioral interactions and/or increase avoidance by providing cover ad

refuge sites. The effects of changes in weather conditions are not

known.

The four-night mans of the tim masure were reliable in deter-

mining consistent differences anong social coubinations in the labora-

tory eqneriment . Contradictory significant differences were nnot
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detected in the analysis of the individual nightly values . The signifi-

cant differences between juvenile mles ad fenales that interacted with

nonlactating fenales were present on all four: nights, ad significant

differences among adult classes for juvenile mles were found on the

last three nights. These results suggest that the respective social

relationships were established at least by the second night ad remained

stable during the course of the ecperiment.

Social Relationships. The results of this study on _I_’_. Q. Lair_d_i

indicate that nonlactating ad lactating fenales, but not achnlt mles,

may limit the settlenent of dispersing juveniles depeding upon their

sen. These findings are contradictory to the canclusions of Sadleir

(1965) and Healey (1967), for g. E!- aisterus, and Flaverdew (1974),

for g. sylvaticus, but are consistent with Phtzgar's (1971) findings

for g. _IEEQEE: However, the effects of different fenale reproductive

stageswerenot detenninedinthelatter studyadtheresults ofthe

present investigation are mre specific. 'nne different conclusions may

reflect upon differences in the social behavior of the different taxa

and/or upon the failure of previous investigators to consider the

biological determinants of social behavior.

Perugyscus naniculatus ansterus ad 5. sylvaticus mles are

aggressive towards juveniles, but nonlactating fenales typically are

not (Healey, 1967, and Flowerdew, 1974). I-bwever, in 3. g. _:ba_ir_<_i_i_,

lactating fennales frequently wounded juveniles, but adult mles ad

nonlactating fenales were typically nonaggressive. Direct observations

provided no support of the relative aggressiveness of lactating fenales ,

basedupanwonnding, becansetheprairiedeerndceinthepresent study

infrequently interacted, and conclusive patterns in the relative
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levels of agonnistic behaviors could nnot be determined. Hill (1970)

reported low frequencies of behavioral interaction between adult 2.

Mand _Ii. g. ba_igdi and suggested that high levels of social

interaction may nnot be nnecessary to produce significant effects on the

spatial relationships of Peronyscus .

The relative limitation of juvenile mle settlenent by lactating

fenales can be eqalained by the presence of materrnal aggression dir-

ected towards strange juveniles . There was some evidence to indicate

that lactating fenales, coupared with adult males, also limited the

settlenent of juvenile females , though the results of the statistical

analyses here not conclusive. It may be suggested that inmature fenale

g. 3. E1511; do not recognize differences among adult social classes as

mrkedly as do young males and therefore do not form different social

relationships as readily. On the other had, lactating fenales may be

less aggressive towards juvenile fenales than they are towards juvenile

males. Although, it is doubtful that differential aggressiveness exists

because Savidge (1974) found that, in g. g. b_a_i_r_c_l_i_, there is nno differ-

ence in the dispersal rates of male ad fenale juveniles in response to

aggression by their mother. This iuplies that the adult fenales were

similarly aggressive towards nale and fenale offspring. Also, the pos-

sibility exists that the treatment coubination sanple sizes of the pre-

sent experiment were not sufficiently large to detect true differences ,

if they existed.

A functional explanation for the failure of adult males to limit

the settlenent of juvenile mles in the present study is nnot available.

It may be suggested that E. n_nn_. ba__i_1_'_d_i males are mre social than pre-

viously reported (board, 1949) , and juveniles do nnot avoid adults upon
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encounter. Mytonn (1974) implied that 3. 1wmles are nore social

than fenales, and Metzgar (1971) found that resident fenale g.M

appeared to limit the number of transient fenales that settled in a

local population, but mles did not limit the settlenent of juvenile

mles. The sane relationship may exist in g. TE. ba___i_r___di even though

Hill (1970) observed nno difference in the levels of aggression during

adult fenale-fenale ad mle-mle encounters .

In the present study, nonlactating fenales limited the settlenent

of juvenile fenales canpared with juvenile mles , but nanlactating

fenales seldan wounded juveniles. It appears that the juvenile fenales

avoided the nonlactating fenales in the absence of overt aggression.

Terman (1962) and Hill (1970) indicated that Peronnnyscus counonly avoided
 

conspecifics upon encounter, and suggested that animls may be organ-

ized in space witlnout aggressive interaction. It should be mentioned

that agonnistic interaction my involve behavioral patterns that do not

include direct fighting (Scott, 1972) . These would not be detected by

aneminationofmnndingaswasdoneinthepresent study.

The differences in settlenent between the mle ad fenale juveniles

that interacted with nonlactating fenales can also be explained in term

of the establishment of sexual relationships between the young mles

and the nonlactating fenales . Sexual relationships were present between

juvenile fenales and adult mles as well. Canpared with lactating

fenales, the failure of adult mles ad nonlactating females to limit

the settlenent of juvenile fenales and mles, respectively, might be

expected because home ranges of opposite sexes in Pemscus usually

overlap nore than those of individuals of the same sex (see Stickel,

1968) ad 3. I_n_. ba__i._r__di form uornoganous pair-bonds (chward, 1949).
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Successful pair-bonds my be formd over a four-day period because both

male ad fenale juveniles were involved in pregnancies. That mst

(about 807.) of the juveniles were not involved in pregnancies during

the experiments indicates that individual differences in sexual mtnn'ity

existed anong juveniles because all adults were in breeding condition.

Of course, another possible explanation is that pair-bonding and impreg-

nation typically takes longer than four days. Hill (1970) found that

nine out of ten _l_’_. 13. being; adult pairs bred within a seven-day period.

Finally, the relative differences in the laboratory enqnerinent

nesting area and per cent tim masures were not consistent with the

lack of differences in the rate at which juveniles entered ad left the

resident areas . It appears that the relatively ecclusive or nonexclu-

sive use of space by juvenile and adult g. g. iba_i_r_di_, as determined by

social interactionns, is not permanent. That is, the degree of nutual

use of the resident areas by juveniles ad adults was not related to

the frequency at which juveniles entered and left the resident areas.

This finding is in accordance with the reported influx of neighboring

g.M into depopulated areas (Stickel, 1946). Peromyscus my be

envisioned as connstantly probing the periphery of their hone ranges,

ad using new space or establishing new social relationships if the

opportunity arises. Hill (1970) reported that Perouyscus use space as

it becanes available to then. Yet mst individuals in free-ranging

populations are arranged spatially in stable hane ranges, dough sane

individuals my switch hane ranges (see Stickel, 1968) . The social

behaviors determining the spatial organizations of Perenyscus popula-

tionns are not apparent, but it is knom that Perouyscus is nnot terri-

torial (Hill, 1970) .
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Different rodent taxonmnic groups have been reported to vary in

respect to mle and fenale aggressiveness (Steiner, 1972, and Michener,

1973 for Spernnophilus, and Eisenberg, 1963 for Peregyscus) . It is not

suggested herein that aggressive mles are uninportant in determining

 

the juvenile settlenent for sane groups because moh evidence is avail-

able to docnmnt the contrary (3g. , Carl, 1971). The point to be mde

is that generalizations fran such groups (3.3. , E. g. austerus, Healey,

1967) to other taxa (_a_.g. , 1:. n3. ba__irii) are prenature until future

oonnparative studies are conducted. Further, the results of this study

show that settlenent may be influenced by both juvenile and adult

social factors , and social relationships that do not involve aggression

my be fonned during the settlenent process. In sumnary, the social

organizations of small rodents my be characterized by various social

relationships that differ annong taxa. That these differences my exist

between Perannyscus subspecies is not surprising because significant

differences have been reported in habitat selection (Harris, 1952) and

several other behavioral responses including activity (Foster, 1959)

for g. maniculatus subspecies . Correlates of the potentially different
 

social organizations such as nodes of environmental exploitation, habi-

tats, ad life histories present intriguing topics of future compara-

tive research. These investigations shnould add insight into the func-

tionnal significance of the various social systens. The role of lactat-

ing fenales should not be overlooked in such stndies because mternnal

aggressionn my be an iuportant general phenomenon in Perunyscus ad

other rodents.

Consequences of Juvenile-Adult Interaction. The results of the

present study allow sane inferences to be mde concerning the
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consequences of juvenile-adult interactionns on juvenile settlenent in

_13. g. m, if the social relationships in free-ranging populations

are similar to those found using enclosures. The population biology

information has been taken from hbward's (1949) report. It has been

assured herein that the sex ratio of dispersing juveniles is connstant

over time, although there my be a larger number of mles than fenales

born into a population as was found by Terman ad Sassamn (1967) for

a laboratory colony of _1:. n_n. M. (hly intraspecific social inter-

actions have been considered, but interaction with other rodent species

(Grant , 1972) ad availability of physical environment requirenents

such as nest sites (Rose and Gains, 1976) my influence settlenent in

rodents.

Dispersal and subsequent settlenent occurs during the breeding

season (warner nonths) in g. g. m. During periods of peak repro-

duction (spring and late sumner-fall) whnen a high percentage of the

resident fenales are nursing young ad exhibiting mternal aggression,

juvenile mles should be less likely to settle than at other tims when

reproduction within the pOpulation is lower (mid-sumer) . Since young

fenales appear to be similarly limited by nonlactating ad lactating

fenales, the ratio of juvenile males-to-fenales that successfully settle

should vary directly with the ratio of nonlactating—to—lactating

fenales in the population. There is sane indication that the settlement

of juvenile fennales is limited by adult fenales, but there is no indi-

cation that adult mles limit the settlenent of juvenile mles . To

smmarize, the settlenent of young mles is suggested to be related to

the reproductive activity of adult fenales within the populationn,
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whereas the settlenent of innmature fenales my be related to the popu-

lationn density of resident fenales.

It is noteworthy to uention sonne relationships between the prOpor-

tion of g. maniculatus fenales in local papuJations and population den—

sities as determined by Terman and Sassannan (1967) fronn analyses of

NACSM data. These data were obtained fran local populations in succes-

 

sive seasons (spring-fall-spring) or the sane seasonn through successive

years (spring-spring, fall-fall). In the successive seasons and spring-

spring conparisons , the proportion of fenales increased or decreased

when population densities were increasing or decreasing, respectively,

significantly nore frequently thnan when papulation densities were

decreasing or increasinng, respectively. A sinnilar pattern existed for

the fall-fall couparisonns, but it was not significant. This relation-

ship between the proportionn of fenales in the papulation ad the popu-

lationn density changes my indicate that the ratio of juvenile mles-

to-fenales that settled into the populations varied directly with the

ratio of nonlactating-to-lactating fenales. Though it was not men-

tioned if chnanges in the populationn densities were related to chnanges

in reproductive activity within the populations. The sane couparisons

for g.Mpopulations were nnonnsignificant.

Three points should be mentioned with the proposed settlenent

 

uodel in mind. Firstly, since reproductive activity in E. g. bairdi

and other Peranyscus species (3.3. , Rintanea, g; 31:, 1976) decreases
 

during mid-sumer for unknrmn reasorns , the increased settlenent of

males mild probably not be due to sexual relationships being formd

with nonlactating fenales. The causative factor would more likely be

a decrease in the percentage of resident fenales that are lactating.
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Of course, if young mles settle near nonlactating fenales, then the

chnances are great thnat they would be involved in reproduction during

the fall breeding peak. The second point is thnat the assunotion that

juveniles disperse only as far as is required to reach a suitable

settlenent site is inplicit in thnis verbal nodel. It follows thnat

dispersal distance for mles would vary in responnse to changes in the

ratio of nonlactating-to-lactating fenales . However, several field

studies onPMhave obtained evidence for slightly greater dis-

persal distances in mles (see Stickel, 1968, ad Howard, 1949 for g.

99: 35%). though these studies did not attenpt to relate dispersal

distance with the pOpulation reproductive activity. Thne reasons for

the differing dispersal distances are not known, but these my be

related to differences in activity or trapability (Terman, 1968) . The

third ad finnal point is that whnile g. E- ba__i_§_d_i; hnas been reported to

form nonoganous pair-bonds (Homrd, 1949) , the present research eval-

uated social interaction between two animls onnly to obtain Specific

informtion. The behnavior of adult mles toward juveniles my deped

upon the presence of an adult fenale. Still, the mchanisnm associated

with pair-bonding are not known. The fact that Birdsall ad Nash (1973)

reported that sonne g. mniculatus litters (ll of 107 enannined) con-
 

tained at least three different alleles of parental origin indicates

that the uonogannous pairs are not connsistently mintained.

The proposed settlenent nodal can be explained on the basis of

individual selection. If an individual reneined in the presence of

hostile social conditions ad/or where the chnances of successful repro-

duction were low, the fitness of that individual would be correspond-

ingly low. Therefore, juveniles should continue to disperse inn order
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to increase the probability of reproductive success as long as the

potential gain of moving is greater than the potential cost of renain-

inng in an area. Murray (1967) gave a similar and more detailed argu-

ment, but did not connsider the role of social relationships other than

dominance-subordinance. Healey (1967) discussed the individual selec-

tive advantages of aggressiveness in ii. 13. austerus adult mles in

respect to their role in affectirng the settlenent ad su'vival of

innnigrating juvenile conspecifics. These proposed advantages are con-

sistent with Mnrray's suggestions.

The evolutionnary significance of the proposed relationships in

g. 13. 29.-Iii. between the papulation reproductive activity ad the

settlenent of juvenile mles ad the population density of resident

fenales and the settlenent of juvenile fenales is not clear. Hmever,

these proposed correlates my be due to the selection for different

social relationships thnat connsequently effect populationn regulation,

though the present study was not designed to evaluate mchnanisnns of

pOpulation regulation ad futm'e research is required .

Themnbersofyoungg. g. Mprouncedareinencessofthe

numbers that settle within a population. local populations should be

limited at an absolute density that can be supported by the area with

the surplus juveniles dispersing into neighboring populationns or beinng

taken by predators. It can be speculated that the ultimate determinnannt

of population density in g. g. _bgigdi is the number of resident, breed-

ing fenales within a populationn. If the number of adult fenales is

limited at sonne maximum level, the absolute production of young will

also be limited. however, the production of young per fenale will be

mximizedatalevel thnatcanbesupportedbytheresources intlne
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natal hare ranges. The survival of offspring will be enhanced if lac-

tating fenales repulse strange juveniles that would be oonpetitors for

the available resources in the natal home ranges. Nonlactating females

might be expected to repulse juvenile fenales because a single hone

range may not provide adequate resources for two lactating fenales and

their litters in the event that adults ad juveniles become pregnant.

(In the other hand, nonlactating fenales shnould not repulse juvenile

males becanse of the potential for future breeding. Whether males com-

pete for available here ranges and Hates , as is the case in other

rodents (9g. , Carl, 1971), awaits future study.

It shnould be noted that mother-offspring interactions may be

influenced by different selection pressures than thnose between strange

animals because the nether ad offspring are related by one-half. Off-

spring might be repulsed in order to reduce the chances of parent-off-

spring netings , especially if the parental mles renains near the natal

site. However, Williams (1976) suggested that, under certain cordi-

tions, inbreeding may be adaptive. Also, the inclusive fitness of the

mother may be increased if she permits her offspring to establish breed—

inghomerangesnearthenatal sitebecause therisk ineurredto the

offspring whnile traveling across unfamiliar terrain would be reduced.

Alternatively, the inclusive fitness of the nether might be reduced if

offspring breed nearby because the natal area may not contain suffi-

cient resources to support several lactating fenales ad their litters .

Savidge (1974) reported that adult 2. m. bfldi fenales differ in

aggressiveness and in the consequent repulsion of offspring. hbwever,

whether differences exist in the behavior of adult fenales towards
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offspring and strange juveniles has not been determined ad should be

the tapic of finture research.

Dispersal may affect the densities, age and social structures,

and sex ratios of local populations (Lidicker, 1975). Advances in the

understanding of the population biology of small nemels can be made by

studying the thnree phases of dispersal indepedently. Eventually, the

attainment of a complete understanding of dispersal will require that

investigations be conducted on the abiotic ad biotic factors that

influence all thnree phases (leaving the natal area, crossing unfamiliar

space, and settlenent) in field populations. Then this urderstanding

can be integrated into the study of mrtality ad natality at the popu-

lation level. At present, studies such asthese, as well as an evalua-

tion of the proposed settlenent mdel for _l_’_. g. M, are not feasible

because adequate sapling technnologies are not available.

The results of this study suggest two lines of research that could

be conducted using enclosures to provide adequate control over experi-

mental animals. Firstly, the preference of juveniles for adults shnould

be examined. This study would be especially helpful in giving greater

resolution in the juvenile male-achnlt male ad the juvenile male-non-

lactating fenale relationships . Secondly , ad of more innediate inter-

est, the effect of adult pairs on juvenile settlenent should be eval-

uated. If adult fenales, ad not adult males, limit the settlenent of

dispersing juveniles, then the presence of an adult mle along with an

adult fenale sheuld not influence the response of juveniles toward

adults and vice versa. This study wodd conclusively determine (1)

whether adult fenales limit the settlenent of juveniles ad (2) whether

juvenile—adult male social relationships are dependent upon the
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presence of an adult female. Taken together, the results of these two

tests muld challenge the existence of the social relationships neces—

sary for the prOposed settlement model.

Juvenile Weight Change
 

The importance of juvenile ad adult social factors in affecting

the growth of juvenile _Ij. m. begin; was evaluated by examining the dif-

ference between initial and final weighnts of juveniles. Both the sex

of juveniles and the sex of adults ad/or the reproductive stage of

adult fenales were hypothesized to affect juvenile growth. It was

expected that the effects of the biological classes would be similar

under field-enclosure conditions and laboratory conditions.

Effects of Social Factors. A significant difference in juvenile

growth rates due to the sex of juveniles was detected for those juve-

niles that interacted with adult males. In this case juvenile fenales

had lower growth rates than juvenile mnales. Differences between the

mnale and fenale juveniles that interacted with nonlactating fenales or

lactating fenales or encountered the control condition were ronsigni-

ficant. There were no significant differences in the growth rates of

male or fenale juveniles among the adult classes, but control juvenile

males gained less weight then did those mnales that interacted with

adult mnales. The weight gain of conntrol juvenile fenales was similar

to thnat of the females that interacted with the respective adult

classes. Juveniles gaired significantly more weight during the field

eqnerimnent compared to the laboratory experiment. hbwever, there were

to statistical interactions between the effects of location and either

the effects of juvenile or adult social factors. Therefore, it can be
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concluded that the effects of the social factors on juvenile growth

were similar in both experiments.

Social Relationships. The results of the present study on g. g.

M do not indicate that adult males inhibit the growth of juveniles

compared to nonlactating females or lactating fenales, although social

interactionn with adult males caused a difference in the weight gain of

juvenile males ad fenales . This conclusion is contradictory to that

of Healey (1967) for _I_’_. gm. austerus; several possible reasons exist for

the difference in results . Firstly, Healey allowed adults to interact

with juveniles over a l4-day period ad social interactionn in the pres-

ent study was limited to four days. Clearly, the longer time period

may hnave been important in increasing the relative differences in weight

gain among treatment combinations. But a longer period probably was

rot necessary to produce significant differences because Healey noted

a dramatic weight loss within four days in juveniles released onto

field plots containing aggressive males , canpared to juveniles released

onto field plots conntaining docile males . The weight loss over the

remaining ten days was relatively slight . Secondly, the experimental

design used by Healey called for juveniles either to be confined with

adults in canparatively small laboratory mazes or to be free to enri-

grate (disappear) fran field plots ad be unavailable for the analysis

of weight chnanges. All juveniles in the present study were allowed to

avoid adults by entering the dispersal area, however, these animals

were included in the analysis. It is not know how thnis design feature

influenced the results of the present stndy. however, since juvenile

settlenent was not limited by adult males , canpared to nonlactating

females or lactating fenales in both the field ad laboratory
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enqneriments , it appears that juveniles remixed in the presence of

adult males. This latter point leds support to the third explanation

of the contradictory conclusions. No attenpt was made to modify

aggression among males in the present study. This difference in

designs probably is not important in explaining the difference in

results because Healey reported that _I_’_. g. austerus males , irrespective

of their aggressiveness, tended to inhnibit juvenile growth to a greater

degree than did adult fenales . The differences between results may

reflect basic differences in the social behavior of E. g. austerus and

E. 13. gird; with the former subspecies beinng more aggressive.

The difference between the weighnt gain of juvenile males ad

fenales thnat interacted with adult mnales apparently was not related

to aggressive behnavior because, as previously mentioned, adult males

never wonmded juveniles and the direct observations of encounters indi-

cated that adult mnales behnaved similarly towards juvenile males and

fenales . Perhaps the sexual relationship between adult males ad juve-

nile fenales caused increased activity or decreased food intake and led

to the relative retardation of growth. The fact that juvenile males

tended to have lower growth rates , compared with juvenile fenales, when

nonlactating fenales were encountered is consistent with the notion of

short-term effects of sexual behnavior on the growth rates of juveniles.

That the activity rates in the passage tunnnel were not different between

the juvenile males and fenales that encountered adult mnales or non-

lactating fenales indicates that food intake , ad not activity, was

affected by social interaction. Still, the possibility renains that

activity, other than the one measured, could have changed.
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Consequences of Juvenile-Adult Interactions . The basic thesis of

Healey's study was that aggressive adult mles decreased juvenile snm-

vival ad growth and effected population regulation in _F. n3. austerus.

The inhibitian of juvenile maturation resulting fran interactionn with

adults is of great potential importance in deternnining the status of

Peranyscus populations, if a decrease in growth rate is related to an

increase in the age at which juveniles become sexually nature. Other

field investigations are lacking, ad data fran laboratory studies do

 

not provide conclusive support of either the existence of inhibition or

the specific social correlates of inhnibition that can be extrapolated

to free-ranging E. g. gird; populations (Team and Gardner, 1970, ad

Thales and Ternen, 1975) .

Several inferences can be drawn in reference to the effects of

social interactionn on juvenile growth rates in 2. n3. ba__i_n_'_d_i as a result

of this study. Firstly, since the abiotic environment of the experi-

ment proved to be a significant factor in affecting the juvenile

weight changes, growthmeasures may be partly spurious to social fac-

tors. Additionnal support of this conclusion is the finding that there

were no statistical interactions between the location of the eqneri-

nnents and the social factors , which indicates that these two treatments

operated independently of one another . Secondly , failure to detect

differences anong juveniles that interacted with the respective adult

social classes may have been due to the juveniles avoiding the adults

within the resident area or noving to the dispersal area. In either

case, it is likely that juveniles in free-ranging populations escape

potentially adverse social conditions that could cause an inhibition

of growth. This conclusion is supported by the finding that interaction
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with lactating fenales, the most aggressive adult class, did not cause

an inhibition of juvenile growth canpared to interactionn with the

typically nonnaggressive adult males or nonlactating fenales. There-

fore, the third inference is that a relative retardation of growth due

to short-term social interaction need not be correlated with aggressive

behnavior. The difference between juvenile males and females that

interacted with adult nnales suggests thnat sexual relationships may be

important in affecting juvenile growth. Fourthly, the differences

between juvenile mnales that encountered adult mnales or the control conn-

dition indicates that social interaction between mnale _F_. m. ba__i._r_di pro-

motes growth compared to situations where interaction is not possible.

Perhaps social facilitation influences the food intake or juveniles.

This point reflects upon another aspect of the apparent basic differ-

ences inthe social behaviorofg. m. austerusadg. g. M, ad

agrees well with the finding that adult males do not limit the settle-

ment of juvenile mles .

Future research should be conducted in an attenpt to docnmnent the

occurrence of maturation innlnibition under experimental conditions where

juveniles can avoid the presence of adults. A stndy on an aggressive

Peramyscus taxon, such as _13. m. austerus, would provide conclusive evi-

dence of whether juveniles avoid hostile social conditions and thereby

 

avoid possible retardation of growth. Another study should examine the

mle of sexual relationships in affecting juvenile growth. Special

attention in both studies should be given to a determination of the

immediate mechanisms responsible for differences in juvenile growth

rates. Activity ad food intake may be the most useful dependent vari-

ables in short-term experiments.
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Sunnnary

l. Juvenile-adult social interactions in I_’. m. bairdi were studied

 

using field (3.8 m2) or laboratory (1.2 m2) enclosures. The working

hypotheses were that the sex of juveniles and the sex of adults and/or

' the reproductive stage of adult females would affect: (l) the settle-

ment of juveniles and (2) the growth rate of juveniles. It was expected

that the effects of the biological classes would be similar under field-

enclosure conditions and laboratory conditions .

2. Followinng a three—day pretest period during which all prairie

deer mice could become familiar with the experimental environments ,

juveniles could beccme familiar with the test apparatus, ad adults

could establish residency, a juvenile mnale or fenale was placed in an

enclosure containing: (1) an adult male, (2) a nonlactating adult

fenale, (3) a lactating fenale, or (4) no adult as a control. Five

replicationns of each of the eight social canbinations were used in the

field and laboratory experiments . The juveniles were free to interact

with the adults over four-day periods. During the experiments, juve-

niles could move through a two-way tunnel to an adjacent unoccupied

enclosure, but adults could not, and all mice had access to nest boxes.

3 . Juvenile settlenent was evaluated experimentally by determin-

ing the propensity of juveniles: (l) to nest, during the daytime, in

enclosures occupied by adults, (2) to nest with adults, if juveniles

nested in enclosures occupied by adults, and (3) to retain, during the

nighttime active period, in enclosures occupied by adults. Significant

differences amonng social combinations were judged to indicate a rela-

tive limitationn of settlenent. The growth of juveniles was examined

by analyzing the difference between their initial ad final weights .
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Juvenile activity between enclosures, juvenile wounding, and reproduc-

tive activity were measured, ad direct observationns of interactionns in

the laboratory were conducted.

4. The settlenent of juvenile fenales compared with the settlennent

of juvenile nnales was limited by nonlactating fenales. Differences in

settlenent due to the sex of juveniles were not significant when juve—

niles interacted with adult nnales or lactating fenales or encounntered

the control condition of no adult. The effects of adult social factors

were significant for juvenile males; lactating fenales , compared with

adult males, nonlactating fenales, or the control condition, limited

the settlement of immature mnales. However, differences in settlenent

due to the adult social factors were only borderline to significance

for juvenile fenales; both nonnlactating and lactating fenales, canpared

with adult males , teded to linnit the settlenent of immature fenales .

Simnilar outcanes of social interactions in free-ranging populations

would result in nonnlactating and lactatirng fenales, but not adult

males, limiting the settlenent of dispersing juveniles depeding upon

their sex. The effects of the social factors were not consistent in

the field ad laboratory experiments possibly due to differences in the

frequencies of behavioral interaction ad/or avoidance .

5. It was proposed that contradictions in the results of previous

studies on Peromnyscus (9g. , Healey, 1967) ad the present research are

due to differences in social behavior of the different taxa and/or the

 

failure of past workers to connsider the biological determinants of

social behnavior. lactating g. r_n. bairdi frequently wounded juveniles,

but adult males and nonlactating fenales were typically nonnaggressive

towards juveniles . Also , sexual relationships were formed between
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adults ad juveniles becanse some juveniles were involved in preg-

nancies during the experiments.

6. The relative differences in the laboratory experiment nesting

area and per cent time measures were not consistent with the lack of

differences in the rate at which juveniles entered and left the resi-

dent areas. That is, the degree of mutual use of the resident areas by

juveniles ad adults, as determined by social interactionns, was not

related to the frequency at which juveniles entered and left the resi—

dent areas. Thnis is in agreement with previous reports on the utili-

zation of available space in Peranyscus .
 

7. Juvenile fenales, compared with juvenile males, had signifi-

cantly lower growth rates when adult males were encountered. Differ-

ences in growth rates between male and fenale juveniles that interacted

with nonlactating females or lactating fenales , and differences between

control juveniles, were nonsignificant. Thnere were no significant

differences in the growth rates of male or fenale juveniles due to the

adult social factors, but conntrol juvenile males gained significantly

less weight than did those mnales that interacted with adult males .

8. These results may also reflect differences in the social

behavior of different Peronnyscus taxa. However, behaviors other than
 

aggression, such as sexual behavior, may affect juvenile growth by

altering juvenile activity and/or food intake. The effects of the

social factors on juvenile growth rates were similar under the two con—

ditionns of space quality. But juveniles in the field experiment gained

significantly more weight than the juveniles in the laboratory experi-

ment. Thnerefore, differences in juvenile growth rates may be partly

spurious to social factors, at least on a short-term basis.
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APPENDIXA

ANALYSIS OF THE DISAPPEARANZE OF JUVENIIES

130le THE FIELD DCPERJMENI‘

No adults were lost fromn the field enclosures, but several juve-

niles escaped or were taken by predators. A 2-way conntingency table

showed that the proportions of juvenile males and fenales that dis—

appeared fran these enclosures were close to being significantly differ-

ent (P = .06, Table 74). The data from the field enqaeriment were eval-

uated under the assumption of equal disappearance of juveniletmales and

females. However, only data collected from juveniles that completed

the enqneriment were analyzed.

Table 74. Chi square analysis of the disappearance of

juveniles during the field experiment.

 

Juvenile hale Juvenile Female

 

Disappeared 9 2

Did not disappear 20 20

 

x2 = 3.5608, df = 1, P =2 .06
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APPENDIXB

JUVENIIEACI‘IVITYWI'I‘I-ENARFAS

The activity of juveniles within the resident and dispersal areas,

expressed as the umber of feeder tunnel trips per hnonu' juveniles had

access to feeders during the active period, was exanired to determine

if the experimental social conditions influenced the mvement of juve-

niles within areas. The proportion of juveniles that tripped feeder

tunrels in the field ecperitnent was significantly smaller thnan that in

the laboratory experiment (.005 > P, Table 55 for the resident area and

Table 56 for the dispersal area).

The four-night mean activity rates within the resident and dis-

persal areas are given in Table 57; these data were analyzed with non-

parametric statistics (Tables 58 and 59 , respectively). No significant

differences were found for the main effects of juvenile sex or adult

class. The juvenile sex 1: adult class interaction was nonsignificant

as well. The results for the field experinent indicate thnat social

conditions did not affect the juvenile activity rate in either the resi-

dent or dispersal areas.

The back transformed within area activity rate means obtained in

the laboratory experiment are given in Table 60. These data were

examined by analyses of variance after the raw scores for each replica-

tion were transformed to theWscale. The tables and figures

shnowing the differences amng means give the transformed values.

Neither the juvenile sex nor adult class main effects were sig-

nificant for the resident area activity, but there was a significant
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Table 55. Chi square analysis of the proportions of juveniles

that tripped the feeder turnrels in the resident area

during the field and laboratory experiuents .

 

 

Did Not

Tripped Tunnels Trip Mmels

Field thneriment 9 31

laboratory Experiment 29 ll

 

x?- = 20.0501, df = 1, .005 > p

Table 56 . Chi square analysis of the proportions of juveniles

that tripped the feeder tunnels in the dispersal area

during the field and laboratory experiments .

 

 

Did Not

Tripped Tunnels Trip Tunnels

Field Expeinent 9 31

laboratory Enqnerinent 32 8

 

x2 = 26.4665, df = 1, .005 > P
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Table 58. Nonparanetric analysis of the four-night mean

juvenile activity rate in the resident area during

the field experiment .

 

 

Conparison Test Wu or HID Value Prob .

. Wilcoxin's ' _
Juvenile rank-sun test Wm - 26 P > .1

Kruskal- _
Adult Wallis test H/D - 0.8261 .9 > P > .5

Jazz-1.2;.“ e32... um = «9912 .s > P > .1
 

Table 59. Nonparametric analysis of the four-night mean

juvenile activity rate in the dispersal area during

the field experiment.

 

 

Canparison Test Wn or H/D Value Prob.

. Wilcoxin's
Juvenile rank-sun test Wu = 27 P > .1

Kruskal- _
Adult Wallis test H/D - 1.7387 .9 > P > .5

“mm x Adm K‘USkal' H/D = 1.8602 .9 > P > .5
Interaction Wallis test
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juvenile sex x adult class interaction (.05 > P > .025, Table 61).

Analysis of the simple main effects revealed that the sex of juveniles

affected their activity within the resident area only whnen nonlactating

fenales were encountered (.01 > P > .005, Table 61). Figure 18 shnows

that, in the presence of nonlactating fenales, juvenile fenales had a

highner activity rate than did juvenile males. None of the other juve—

nile sex connparisons were significant. But at a borderline significance

level, juvenile fenales, coupared with juvenile uales, had a higher

activity rate when lactating feales were encountered (Table 61) . The

back transformed ueans for this connparison are shown in Table 60. There

were no significant differences amng the adult classes for either juve-

nile sales or feeles. Finally, there were no significant F-values for

the juvenile activity rates within the dispersal area (Table 62) .

In conclusion, juvenile activity within the resident area was

influenced by social factors only in the ceparison of juvenile sexes

for nonlactating females during the laboratory experiIIent . Juvenile

activity within the dispersal area (in the absence of adults) was

affected by neither the juvenile nnor adult social factors during the

field and the laboratory experiments .

As noted earlier (see Methods) , activity neasured in a feeder tun-

nel is subject to confoundingvariables andmighntnotprovidea true

estinate of the effects of social factors on locamtor activity. him--

ever, the propensity of juvenile rodents to enter and leave feeder tun-

nels may be related to the inclinationn to enter live-traps because the

sane confounding variables are present in both situations. That is,

bait preference of individuals and their response to the physical
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Table 61. Analysis of variance for the foe-night nean juvenile

activity rate in the resident area during the

laboratory eqnerinrent.

Source of Variation df PBS F-valne Prob .

Juvenile 1 1.0365 3.6036 .1 > P > .05

Adult 3 0.0234 0.0813 .9 > P > .5

Juvenile x Adult '3 0.8901 3.0945 .05 > P > .025

Error 32 0.2876

Total 39 (SS = 12.9812)

Sinnple Main Effects

of Juvenile For:

Adult Male 1 0.2958 1.0284 .5 > P > .25

Nonlactating Peale 1 2.2563 7.8445 .01 > P > .005

lactating Peale 1 1.1560 4.0191 .1 > P > .05*

No Adult 1 0.0000 0.0000 P > .75

Sinple Main Effects

of Adult For:

Juvenile Male 3 0.5429 1.8874 .25 > P > .1

Juvenile Peale 3 0.3699 1.2861 .5 > P > .25

Error 32 0.2876

 

*Indicates borderline significance where the calculated valne was

within .20 units of the critical value.
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Figure 18. Graph Showing the significant difference (.01 > P > .005)

in the four-night mean juvenile male ad feale activity

rate in the resident area occupied by nonlactating feeles

in the laboratory experiment. The vertical lines indicate

i l S.E. (N = 5).
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Table 62. Analysis of variance for the four-night uean juvenile

activity rate in the dispersal area during the

laboratory experinent .

c-f-

 

 

Source of Variation df IVES F-value Prob.

Juvenile 1 0.4016 0.7631 .5 > P > .25

Adult 3 0.8023 1.5244 .25 > P > .1

Juvenile x Adult

Interaction 3 0.0680 0.1292 P > .75

Error 32 0.5263

Total 39 (SS = 19.8534)

 

aspects of the feeder or trap nay influence mvenent into these struc-

tures. The findings of the present study are in conflict with sugges-

tions that adult small rodents decrease the trapability of juveniles by

seehow restricting juvenile urnveent (Watts, 1970) . These data will

be presented in a future paper.
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APPENDIXC

ANALYSESOF'IHEDAEYNESI'INGAREAW

Table 63. Chi square analyses of the daily nesting area

frequencies. These comparisons ShOW’the lack.of

joint independence of location of the experinent,

juvenile sex, and.adult class.

 

 

df xz-valne Prob.

Day 1 3 29.1976 .005 > P

Day 2 3 33.4616 .005 > P

Day 3 3 34.2857 .005 > P

Day 4 3 29.8039 .005 > P

 

Table 64. Chi square analyses of the daily resting area

frequencies of juveniles for the eight treatment

coubinations used in the field experinent.

 

 

df xz-value Prob.

Day 1 3 4.4444 .5 > P > .1

Day 2 3 4.0306 .5 > P > .1

Day 3 3 8.6275 .025 > P > .01

Day 4 3 5.0000 .5 > P > .1
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Table 65. Chi square analyses of the daily resting area

ies of male and feale juveniles during

the field experiment. The data were pooled for

the adult classes.

 

 

df xz-valLe Prob.

Day 1 1 0.0000 .975 = P

Day2 1 0.2423' .9>P>.5

'Day3 1 0.7843 .5>P>.l

Day 4 1 0.1732 .9 > P > .5

 

Table 66. Chi square analyses of the daily nesting area

frequencies of juveniles duringythe field

t. The data were pooled for the

juvenile sexes to exanine differences anrnng

the adult classes.

 

 

df xz-value Prob.

Day 1 3 1.1310 .9 > P > .5

Day 2 3 1.9558 .9 > P > .5

Day 3 3 3.9200 .5 > P > .1

Day 4 3 2.5000 .5 > P > .1

 

Table 67. Chi square analyses of the daily resting area

frequencies of juveniles for the eight treatment

cebinaticns used in the laboratory experinent.

 

 

an. xz-value Prob.

Day 1 3 14.4000 .005 > P

Day 2 3 22.9333 .005 > P

Day 3 3 17.3737 .005 > P

Day 4 3 15.9399 .005 > P
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Table 68. Chi square analyses of the daily nesting area

frequencies of juvenile males and feeles for

adult males during the laboratory experiment.

 

 

 

 

 

 

 

 

df xz-valne Prob.

Day 1 1 1.1110 .5 > P > .1

Day 2 1 1.1110 .5 > P > .1

My 3 1 2.5000 .5 > P > .1

Day 4 1 2.5000 .5 > P > .1

Table 69. Chi square analyses of the daily nesting area

frequencies of juvenile males ad fenales for

nonlactating feales during the laboratory

eqneriment.

df xz-value Prob.

Day 1 1 4.2860 .05 > P > .025

Day 2 1 4.2860 .05 > P > .025

Day 3 1 4.2860 .05 > P > .025

Day 4 1 1.6666 .5 > P > .1

Table 70. Chi square analyses of the daily nesting area

frequencies of juvenile males and fenales for

lactating feales during the laboratory

experinnent.

df xz-value Prob.

Day 1 1 0.4760 P z .5

My 2 1 1.1111 .5 > P > .1

My 3 1 1.1111 .5 > P > .1

My 4 1 0.0000 .975 = P
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Chi square analyses of the daily nesting area

frequencies of juvenile nales and fenales for the

controls*with no adult during the laboratory

encperiuent .

 

 

df xz-value Prob.

1 1.6666 .5 > P > .1

1 2.5000 .5 > P > .1

1 0.0000 P = .975

1 4.2850 .05 > P > .025

 

Chi square analyses of the daily nesting area

frequencies of juvenile males during the

laboratory experiment.

 

 

df - xz-value Prob.

3 11.4670 .01 > P > .005

3 19.9990 .005 > P

3 14.7250 .005 > P

3 7.6920 .1 > P > .05

 

Chi square analyses of the daily nesting area

frequencies of juvenile fenales during the

laboratory eqneriment.

 

 

df xz-value Prob.

My 1 3 2.4000 .5 > P > .1

Day 2 3 4.0000 .5 > P > .1

My 3 3 2.2222 .9 > P > .5

My 4 3 4.7619 .5 > P > .1
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