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Abstract

MATE SELECTION IN THE ZEBRA FINCH, POEPHILA GUTTATA: THE RELATIONSHIP 

OF SPECIFIC HORMONE DEPENDENT MALE BEHAVIORS TO FEMALE CHOICE.

by

Kevin Sheridan 

Adviser: Dr. Cheryl F. Harding

Because individuals birds vary in th e i r  quality as mates, i t  is  

c r i t i c a l  to reproductive success tha t  animals choose a mate ra the r  

than mate randomly. The most widely held view i s  tha t ,  because they 

invest  more in reproduction, they make the f inal choice of a mate.

The present investigation examined the role of male behaviors as 

c r i t e r i a  for  female choice in a songbird, the zebra finch, Poephila 

g u t t a t a . In a ser ies  of experiments, three behavioral a t t r ib u te s  of 

males, song, courtship dance, and nestbuilding, were varied to 

determine th e i r  re la t ive  importance. Triads of b irds ,  a female housed 

between two behaviorally d i s t i n c t  males, were observed for  a period of 

two weeks to determine female mating preferences.  In the f i r s t  

experiment, the overall importance of male behavior to female choice 

was established; females preferred to mate with behaviorally in ta c t  

males over males def ic ien t  in al l  three behavioral a t t r i b u te s .  In the 

second experiment, females f a i le d  to re l iab ly  indicate  a preference 

when given a choice between males equivalent in singing and 

nestbuilding, but d if fe r ing  in the frequency of courtship dances. The 

f a i lu re  of females to make a choice was a t t r ib u tab le  to the fac t  tha t  

song equivalence was accomplished by muting both males and 

subst i tu t ing  playback for th e i r  song. In the th i rd  experiment,



females preferred as mates males tha t  sang, although these males 

cou ldn 't  nestbuil d, over muted nestbuil ding males, demonstrating .the 

primary importance of song. However, when these females chose a male 

nestbox s i t e  for egg laying, the poor quali ty  of the song male nests  

appeared to cause some females to switch th e i r  preference. In the 

f inal  experiment, ha l f  the males received implants of an androgen, 

androstenedione (AE) ra is ing  th e i r  c i rcu la t ing  hormone levels .

Although the frequencies of behaviors of the AE males were not 

d i f fe re n t  from those of normal males, some measures of mate selection 

indicated th a t  females preferred the AE trea ted  males. This suggested 

th a t  some other parameter of behavior may have been changed in the AE 

t rea ted  males, and was a t t r a c t i v e  to females. The p o ss ib i l i ty  th a t  

female zebra finches may be able to detec t  the hormonal condition of 

males through th e i r  behavior was discussed.
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INTRODUCTION

STATEMENT OF THE PROBLEM

In order to maximize her reproductive success, a female must be 

very se lec t ive  in her choice of a mate. In many avian species i t  is 

crucial for the female to be the primary determinant of whether a pair  

will  mate, since her reproductive investment is  believed to exceed 

th a t  of the male; i . e . ,  a mistaken choice would have a more profound 

e f fec t  on her reproductive success. The available evidence indicates 

tha t  a female's decision may be based on a preference for  some male 

a t t r ib u te s  which, 1n addition to stimulating her reproductive 

physiology, are  re l ia b le  ind ica tors  of the male's potential for  v 

successfully rearing offspring.  The a t t r ib u te s  which she finds 

"a t t rac t ive"  may also ,  u lt imately ,  be phenotypic indices of the 

qual i ty  of the male's genes which would be expected to contribute to 

the the p a i r ' s  inclusive f i t n e s s .

Although th is  view is  widely accepted, we do not know what 

c r i t e r i a  females use in se lec t ing  th e i r  mates. The purpose of th is  

d isser ta t ion  pro jec t  was to determine in a songbird species i f  

pa r t icu la r  behavioral c h a ra c te r i s t ic s  of males are found a t t ra c t iv e  by 

females and used in se lec t ing  a mate. Previous investigations have 

determined: 1) tha t  females respond se lec t ive ly  to varia t ions in the 

stimulus quali ty  of male behavior, and 2) individual differences in 

the behavior of males account for  non-random mating patterns by 

females. I t  has not,  however, been determined whether p a r t ic u la r  male 

behaviors actually  d i r ec t  female choice.

In the present inves t iga t ion ,  female zebra finches, a monogamous



Australian grassfinch, were given the opportunity in an experimental 

se t t ing  to choose between two males for  a mate. The a t t r ib u te s  of the 

males were systematically varied in such a way th a t  i t  was possible to 

assess the r e la t iv e  importance of various behaviors to female choice 

and determine which of three male behavioral ch a ra c te r i s t ic s ,  song, 

dance, or nestbuilding are of primary importance in female choice.



MATE CHOICE

Selecting a mate, in terms of i t s  proximate as well as 

evolutionary consequences, i s  the most important choice an animal has 

to make. Potential mates may vary in qua l i ty ,  and i t  i s  assumed tha t  

natural selection has favored animals tha t  can d is t inguish  th is  

var ia t ion  and choose appropriately (Darwin, 1871). An individual,  

then, should be able to s e le c t  a mate tha t  will maximize i t s  

l ikelihood of reproductive success. The e n t i r e  process, known as mate 

choice or mate se lec t ion ,  can be operat ionally  defined as a pat tern of 

behavior, or  preference, shown by members of  one sex th a t  leads to 

th e i r  being more l ike ly  to mate with ce r ta in  members of the opposite 

sex (Halliday, 1983).

Since f i r s t  proposed by Darwin (1871), the predominant view has 

been th a t  1n most species females make the f inal  choice in mate 

selection (O'Donald, 1983; Trivers ,  1972). J u s t i f i c a t io n  for  th is  

assumption 1s tha t ,  in general,  females are more limited than males in 

the number of gametes they can produce and the number of progeny they 

can successfully ra ise .  In addition, compared to  males, they invest 

more time and energy in reproduction including gamete production and 

progeny care, although recently i t  has been suggested th a t  the male 

reproductive investment has been underestimated (Partr idge and 

Halliday, 1984). However, even when there is  considerable male 

involvement in reproduction, for  instance when parental 

respons ib i l i t ie s  are shared, the female Investment is  s t i l l  assumed to 

exceed th a t  of the male (Partr idge and Halliday, 1984). I t  is  

c ruc ia l ,  therefore, in species where males do contribute to parental



care tha t  females pick a parenting male th a t  will insure the survival 

of th e i r  offspring.

AVIAN MATE CHOICE

Perhaps the most extensive body of research on mate choice comes 

from the study of b irds.  In th is ' fam i ly ,  the evolution of elaborate 

epigamic displays and unique mating systems has led to the assumption 

tha t  ce r ta in  t r a i t s  are "a t t rac t ive"  and females choose se lec t ive ly  

from among th e i r  su i to rs  based on these t r a i t s .  In f a c t ,  Darwin 

(1871) based much of his theory of sexual se lec t ion ,  individuals of 

one sex gaining an advantage over others of the same sex in gaining 

mates, on observations of avian species. For males the advantages can 

occur in e i th e r  of two ways. F i r s t ,  males gain advantage over other 

males fo r  access to females because they have evolved t r a i t s  which 

enable them to dominate in . in ter -m ale  competition; t h i s  i s  termed 

intrasexual se lec t ion.  Second, males have evolved t r a i t s  which are 

advantageous in "a t t rac t ing"  females and thereby increasing th e i r  

mating success. This is  termed epigamic or intersexual se lec t ion .  

These two processes are in te r re la te d ;  male mating success i s  the 

r e su l t  of both inter-male competition and the a b i l i ty  to "a t t rac t"  

females. As will  become evident below, i t  i s  often d i f f i c u l t  to 

discern whether a t r a i t  has evolved as a r e s u l t  of an intrasexual or 

intersexual advantage. For example, the elaborate plumage of males 

once thought to function primarily in a t t ra c t in g  females, appears now 

to  be of le ss  importance in intersexual a t t ra c t io n  than in intrasexual 

competition among males (Halliday, 1983).

For intersexual se lection to benefi t  a female, the t r a i t s  she



assesses must be re l ia b le  predictors  of the benefits  a male offers  to 

her reproductive success. In some species, r e l i a b i l i t y  can be assured 

when the ch a ra c te r i s t ic s  assessed are also the benef i ts .  Female choice 

based on the q u a l i t i e s  of t e r r i t o r i e s  held by males, such as food 

resources would be a good example. In other species,  however, a male 

t r a i t  may only predic t  his beneficial a t t r ib u te s .  In a monogamous 

species where the male contributes to parental care,  an important 

fac to r  fo r  offspring survival ,  females must choose pr ior  to mating for 

a behavior th a t  will occur a f t e r  mating. Selection should favor 

females which assess t r a i t s  which re l iab ly  predic t  parental investment 

by the male and are not used by the male to deceive the female. In 

addition, in species where a pa ir  form a long-term pair  bond, the male 

t r a i t  should not only pred ic t  the male 's behavior for the f i r s t  

mating, but r e f l e c t  some invar ian t  qual i ty  of the male to insure 

reproductive success in subsequent matings.

THE BENEFITS OF FEMALE CHOICE 

Genetic benefi ts

The advantages of a female se lec ting an appropriate male as a 

mate may come from e i th e r  influences on the qual i ty  of genes passed on 

to  offspring or a more immediate fac tor  fo r  f i tn e s s  such as offspring 

survival .  Genetic f i tn e s s  may be enhanced through the quali ty  of the 

genes th a t  are passed on to  her offspring. This in combination with 

the l a t e r  reproductive success of the offspring determines the 

female's ultimate reproductive success. Three subcategories of the 

genetic benefi ts  which could accrue through female choice have been 

dist inguished (Searcy, 1982). A female may choose so that:  1) her



offspring in h e r i t  a high degree of f i tn e s s ,  2) the genes of the mate

are compatible with hers,  or 3) to insure th a t  "a t t rac t ive"  t r a i t s  of

the male will  be inheri ted  by offspring and, in turn ,  benefi t  th e i r  

mating success (Fisher,  1930).

Unfortunately, there are no avian data demonstrating choice for  

the benefi ts  a male provides to the genome of h is  offspring. The

p o ss ib i l i ty  of se lecting a mate for  his genetic f i tn e s s  has been

questioned because of the likelihood of low h e r i t a b i l i t y  

(Maynard-Smith,1978; Partr idge,  1983; and Searcy, 1982), and probable 

d i f f i c u l ty  in detecting re l i a b le  phenotypic indices of genetic f i tn e s s  

(Halliday, 1983). Halliday (1983) suggests tha t  the only tenable 

evidence for  choice based on genetic f i tn e s s  may be examples of 

preferences fo r  older males, since age mqy indicate  an ab i l i ty  to 

survive th a t  could be h e r i ta b le .  In those species where epigamic 

characters take several breeding seasons to fu l ly  develop, a 

preference fo r  fu l ly  developed males could, then, have a genetic 

benefi t .

Choice based on compatibili ty of genes is  primarily a matter of 

being able to detect  'relatedness. Phenotypic indices of genetic 

relatedness may play a ro le  in the prevention of inbreeding within a 

species.  In addition, females could also s e lec t  a mate to optimize 

outbreeding (Bateson, 1983), picking both to maximize heterozygosity 

of offspring and maintain a gene complex adapted to a pa r t icu la r  

environment. The problem, here, i s  in detecting genetic features in 

the phenotype which indicate  th i s .  While i t  is  l ike ly  tha t  there are 

phenotypic indices of relatedness to avoid incestuous matings, being 

able to determine relatedness to optimize outbreeding i s  fa r  more



complex and would require a more'precise indicator  of re la tedness .  No 

evidence of such an indicator  has been reported, although some studies 

have found preferences for  re la ted  individuals as a consequence of 

sexual imprinting (Bateson, 1983; S la te r  and Clements, 1982).

The th i rd  subcategory of genetic benef i ts ,  "a t t rac t iv e"  or 

epigamic cha rac te r i s t ie s  d i rec t ly  re la ted  to genotype, was a basic 

tene^t of Darwin's (1871) theory of Intersexual se lection in which 

ch a rac te r i s t ic s  of males which a t t r a c t  females evolved through sexual 

se lec t ion .  In a recent a r t i c l e  (Halliday, 1983), evidence for an 

epigamic function of morphological ch a ra c te r i s t ic s ,  pa r t ic u la r ly  

plumage, was reviewed and the author concluded tha t ,  based on 

available data,  there is  l i t t l e  d i rec t  evidence of an intersexual 

"a t t rac t ive"  function for plumage. Rather, plumage ch a rac te r i s t ic s  

function primarily in In te rspec if ic  reproductive iso la t ion  and 

intrasexual competition between males and thereby increase the 

likelihood th a t  a male will  become available to females or aid him in 

securing optimal resources.  Thus, a female would ind irec t ly  choose a 

male with a t t ra c t iv e  plumage, e i th e r  because he became available to 

her following competition with other males, as in lekking species for  

example, or because he controls the resources which she f inds 

a t t ra c t iv e  in- choosing a mate.

There may be no simple re la t ionship  between genotype and 

phenotype when i t  comes to ch a ra c te r i s t ic s  which females use in 

selecting mates. However, I t  may not be necessary to  use a genetic 

quality argument to explain the adaptive value of female choice. The 

benefits  of choosing for q u a l i t i e s  th a t  a f fec t  the l ike lihood of 

offspring survival may be so substantial  tha t  i t  may be i r re lev an t



whether or not the c r i t e r i a  for  choosing can be passed on to progeny 

genetical ly  (Halliday, 1983). Thus, through natural se lection,  

females may have evolved mechanisms which enable them to se lec t  mates 

which have the important advantage of increasing reproductive success 

through benefi ts  to offspring survival .

Benefits to the immediate reproductive e f fo r t

In con tras t  to research on female choice fo r  male genetic 

qua l i ty ,  research directed a t  the more immediate benefi ts  of female 

choice has been able to co r re la te  male a t t r ib u te s  which could increase 

female reproductive success with female choice. Factors which could 

benef i t  an ind iv idua l 's  immediate reproductive success f a l l  in to four 

general categories:  f e r t i l i t y ,  safety from in terference,  resource 

qua l i ty ,  and parental care (Halliday, 1983; Searcy, 1979, 1982; 

T rivers ,  1972). While i t  hasgenera l ly  been assumed tha t  males of 

most avian species are f e r t i l e  once they reach sexual maturity and are 

ready to breed, recent evidence (Wingfield, pers comm.) indicates tha t  

hormonal condition and the re la ted  display ra te s  of males may not be 

corre la ted  with gametogenesis. How females could assess f e r t i l i t y  

independent of these other cues to reproductive readiness remains an 

important unanswered question. Safety from interference incorporates 

choosing dominant males, or those able to pro tec t  females' nests ,  

eggs, or progeny by other means, such as aggressive behavior. Choice 

based on resource quality could also ,  although ind irec t ly ,  se lec t  for 

dominant males or those who successfully gained control of be t te r  

t e r r i t o r i e s ,  nest  s i t e s ,  or  food sources through intrasexual 

competition. F ina l ly ,  choice for  parental care involves selecting 

males tha t  will  engage in behaviors such as nestbuilding, incubation,



brooding, and feeding which enhance the chances of successfully 

ra is ing  progeny. These categories are not mutually exclusive and 

males mqy have q u a l i t i e s  re la ted  to  any or al l  of them.

For avian females, the r e la t iv e  importance of these benefi ts  will 

depend on the mating system of the species,  length of pair  

assQciation, male parental investment, and number of successive 

matings between a male and a female. The red-winged blackbird 

(Agelaius phoeniceus) ,  fo r  example, i s  a t e r r i t o r i a l  polygynous 

species, and i t  i s  predicted th a t  females would benefi t  more from the 

t e r r i t o r y  the male controls  than other male c h a ra c te r i s t ic s ,  since he 

contributes l i t t l e  beyond f e r t i l i z a t i o n  and t e r r i to r y  defense. In the 

redwing, t e r r i to r y  quali ty  i s  highly correla ted  with the harem size a 

male a t t r a c t s  (Searcy, 1979), and the quali ty  of the t e r r i to ry  is  

corre la ted with reproductive success as measured by number of young 

fledged (Lenington, 1980). The stonechat (Saxicola torquata) ,  in 

con tras t ,  i s  a monogamous passerine species. Males es tab l ish  

t e r r i t o r i e s  and provide substantia l  care for  the young including nest 

defense. Nest defense seems to be more important to offspring survival 

than te r r i to ry  quali ty  (Greig-Smith, 1980), and i t  has been suggested 

th a t  a behavioral a t t r i b u te  of the male, song r a te ,  which is  

posi t ively  correla ted with male nest defense, i s  assessed by females 

in selecting a mate (Greig-Smith, 1982).

MALE ATTRIBUTES POTENTIALLY IMPORTANT TO FEMALE CHOICE

What then are the t r a i t s  of males which could vary in th e i r  

"a ttract iveness" to females? The ch a rac te r i s t ic s  which females may 

use in making th e i r  choice fa l l  into three categories:  male



morphology, male resource qua l i ty ,  and male behavior. In addition to 

t h e i r  potential intersexual function for  "a t t rac t ing"  females, both 

morphological and behavioral t r a i t s  may also influence the quali ty  of 

the resources a male controls by functioning in intrasexual 

competition among males. The dual function of the t r a i t s  in these 

ca tegories ,  as well as the fac t  th a t  most mate choice data i s  

corre la t ional  and derived from f i e ld  inves t iga t ions ,  often makes i t  

d i f f i c u l t  to discern whether p a r t ic u la r  male a t t r ib u te s  have a d i r ec t  

influence on female choice. The a l te rn a t iv e  is  tha t  the influence was 

in d i rec t  as a r e su l t  of inter-male competition e i th e r  to gain access 

to  females or to gain resources which d i rec t ly  a t t r a c t  females. For 

example, among songbird species in which males hold t e r r i t o r i e s ,  

females may e i th e r  choose a male d i rec t ly  based on his song, or song 

may ind irec t ly  influence choice by enabling the male to gain control 

of a qual i ty  t e r r i to r y  -  the t r a i t  ac tual ly  chosen by the female. The 

emphasis of th is  d is se r ta t ion  pro jec t  i s  upon the d i r ec t  importance of 

male behavior in female choice, but because of the d i f f i c u l ty  in 

separating the in te rac t ion  of behavior with the other a t t r ib u te  

categories a b r ie f  discussion of choice based on morphology and 

resource quali ty  i s  necessary.

Morphological t r a i t s

The assumption about the existence of elaborate morphological 

ch a ra c te r i s t ic s ,  p a r t icu la r ly  plumage, 1n birds has been th a t  these 

features  evolved because they were "a t t rac t ive"  to females (Darwin, 

1871). Some have suggested tha t  plumage i s  a phenotypic index of 

genetic f i tn e s s  (Hall iday, 1983), and another suggestion (Fisher,



1930) has been th a t  a female's inclusive f i tn e s s  is  enhanced because 

he r i tab le  morphological ch a ra c te r i s t ic s  are passed on to sons whose 

success a t  mating will be grea ter  resu l t ing  in a la rge r  number of 

progeny in subsequent generations. This may explain how choice based 

on these ch a ra c te r i s t ic s  i s  sustained, but i t  cannot explain how i t  

became established; i t  1s not c lea r  what the i n i t i a l  advantage fo r  a 

female would be to se lec t  males with elaborate plumage (Hall 1 day, 

1978). Andersson (1982) has demonstrated th a t  female widow birds 

(Euplectes progne) prefer  to nest  on the t e r r i t o r i e s  of males with 

experimentally elongated t a i l s .  The preferences were independent of 

male display ra te s  and any intersexual advantage longer t a i l s  may have 

had, suggesting th a t  female choice was based primarily on th i s  plumage 

ch a ra c te r i s t i c .  Male widow birds only develop long t r a i l s  during the 

breeding season, and i t  was not demonstrated th a t  longer t a i l s  have 

any advantage re la ted  to genetic f i tn e s s .

In some birds ,  morphological development takes several breeding 

seasons. In the argus pheasant (Argusianus argus) ,  for  example, the 

length and number of o ce l l i  in a male's t a i l  increases over a number . 

of years (Davison, 1981; c i ted  in Halliday, 1983). In such species,  

choice based on plumage might have an advantage for females, since i t  

indicates  the age of males which may r e f l e c t  males' a b i l i ty  to 

survive.  But no data y e t  support th i s  contention. Rather, in the 

argus pheasant plumage is  more l ike ly  to function in intrasexual 

competition; older  males have a more dominant s ta tu s  because of the i r  

plumage.

In f a c t ,  an Intrasexual function may best  explain elaborate 

plumage in some avian males (Halliday, 1983). Data from the



l i t e r a t u r e  on lekking species,  where males display in large groups, 

each defending a small t e r r i t o r y  within the display ground, were 

reviewed by Bradbury and Gibson (1983). They could find no consistent 

evidence th a t  females chose males based on th e i r  morphological 

c h a ra c te r i s t ic s .  I t  appears, ra the r ,  t h a t  plumage may function to get  

the male to the central display t e r r i t o r y  where he may then use his 

display to t ry  to a t t r a c t  females. In . the  sharp t a i l e d  grouse, fu l ly  

developed adult  male plumage was found to be an important advantage in 

es tab lish ing  a more central t e r r i t o r y  on the lek (Moyles and Boag, 

1981). Data from other species support th is  view. Thus, while 

females may mate with males tha t  have more elaborate  plumage i t  is 

more l ik e ly  th a t  the choice is  due to some other male cha rac te r i s t ic  

such as resource contro l .  The males e i th e r  gain access to a resource 

or gain access to the females through intrasexual competition for 

which plumage was an advantage.

Plumage may, however, provide other information for a female to 

assess. Williams' (1983) and K l in t ' s  (1980) studies of mallards (Anas 

platyrhynchous) have found tha t  females preferred males in nuptial 

plumage over males with non-mallard or incomplete mallard plumage.

But these data suggest a species-recognition function ra ther  than a 

sexual preference for  individual males. In snow geese, Cooke and 

Davies (1983) report  non-random mating based on color,  but these data 

are based on two d i s t i n c t  color types (white and dark gray) and, 

again, not individual va r ia t ion .  The authors could provide no 

explanation of a functional advantage for  the preferred dark gray 

males.



Resource qua!i ty

Investigations of resource qual i ty  and i t s  re la t ionship  to mate 

choice in birds have been primarily concerned with t e r r i to ry  quality 

as measured by features such as: number and quali ty  of nests  or nest 

s i t e s ,  food sources, s t ru c tu re  of vegetation, and t e r r i to ry  s ize.

There i s  evidence from a var ie ty  of polygynous species th a t  suggests 

tha t  females d i rec t ly  assess the qual i ty  of the t e r r i to r y  a male 

controls .  In the red-winged blackbird, Searcy (1979) found th a t  over 

three breeding seasons female harem size was correla ted with specif ic  

t e r r i t o r i e s  and not with the males th a t  occupied them from season to 

season. Lenington (1980) confirmed th i s  finding and found th a t  the 

t e r r i t o r i e s  preferred by females produced the g rea te s t  number of 

fledgings, probably because of high food productivi ty .  A similar  

rela tionship has been found between the quali ty  of food available  on a 

t e r r i to ry  and female choice 1n the long-b i l led  marsh wren 

(Telmatodytes p a l u s t r i s ) (Verner, 1964; Yerner and Engelson, 1970).

In other species, the vegetative s t ruc tu re  of the t e r r i to ry  has also 

been found to influence female choice. Female lark buntings 

(Calamospiza melanocorys) p re fe r  t e r r i t o r i e s  with more shade, and i f  

shading 1s experimentally a l te red  by changing the vegetative covering, 

female preferences change as well (Plesyczynska,1978; Plesyczynska and 

Hansell, 1980). In the yellow warbler (Dendroica petechia) ,  females 

prefer  males whose t e r r i t o r i e s  contain an abundance of shrubbery 

(Flcken and Ficken, 1966), again demonstrating a preference for  the 

vegetative s t ruc tu re  of a t e r r i t o r y .  Available nests in a male's 

t e r r i to ry  may also be important to the female's choice of a mate. 

Unfortunately, most invest iga t ions  of the rela tionship  of nest quality



to  female choice are confounded by the nestbuilding behavior and nest 

displays of males, and these may be the t r a i t s  actually assessed by 

females. In European wrens (Troglodytidae troglodytes) ,  a preference 

for  nests independent of behavior has been suggested. Garson (1980) 

found a corre la t ion  between the number of nests  b u i l t  on a t e r r i to r y  

and the number of females th a t  were a t t ra c ted  to the t e r r i t o r y ,  but 

was unable to demonstrate a re la t ionship  between nestbuilding behavior 

or displays and female choice. A s im ila r  re la t ionship  between the 

number of nests and the number of females on a t e r r i to ry  has been 

found in the long-b i l led  marsh wren (Verner and Engelson, 1970). In 

both these invest iga t ions ,  the apparent preference for  more nests  was 

independent of the number of nests available  fo r  females since there 

were usually many more nests than females on the t e r r i t o r i e s ;  a large 

number of nests was simply more a t t r a c t i v e .

The quality of resources found on a t e r r i to r y  do appear to 

d i rec t ly  influence female choice in some avian species and these 

features are quite l ik e ly  to benef i t  female reproductive success. I t  

i s  d i f f i c u l t ,  however, to completely exclude the p o ss ib i l i ty  th a t  

other fac to rs ,  especial ly  a male's behavior on the t e r r i t o r y ,  are not 

also d irec t ly  assessed by females even i f  they are of only secondary 

importance.

Behavioral t r a i t s

A th i rd  fac tor  which females may u t i l i s e  in th e i r  se lec tion of a 

mate is  male behavior. In comparison to other more s t a t i c  q u a l i t i e s ,  

l ike  resource quali ty  and morphological ch a ra c te r i s t ic s ,  

investigations of female preferences fo r  male behavior are f a r  more



problematic. While "display" may be the un i t  of behavior believed to 

" a t t r a c t "  females, individual males may vary in several of the 

behavioral components making up the display. I t  i s ,  therefore ,  

d i f f i c u l t  to ascerta in  which p a r t ic u la r  ch a ra c te r i s t ic s  might be 

a t t r a c t i v e  to females. In addition, male behavior encompasses more 

than those behaviors commonly referred  to as courtship displays.

Other behaviors, such as the ac t  of nestbuilding, may also be assessed 

by females in choosing a mate; The v a r ia b i l i t y  and complexity which 

makes the study of behaviors more d i f f i c u l t ,  nonetheless emphasizes 

the potential  importance of behavior for  female choice; male behavior 

may be very informative. A female could use individual var ia t ion  in
i

the behavior of males to choose the most appropriate mate from her 

available  su i to rs .

Specific benefi ts  of female choice based on male behavior.

I f  a female se lec ts  a mate based on some behavioral t r a i t ,  what 

benefi t  to reproductive success is  she l ik e ly  to derive? For many 

avian species probably the most important behavioral information to 

assess would be the qual i ty  of the male as a parent. Trivers (1972) 

emphasized th a t  the re la t iv e  parental investment of the sexes in th e i r  

young i s  the key variable  contro l l ing  sexual se lec t ion .  He proposed 

th a t  in species where males contribute  l i t t l e  beyond f e r t i l i z a t i o n ,  

female choice should be based on genetic or resource qual i ty .  In 

those species where males make a parental investment, females should 

have evolved mechanisms to assess the q u a l i t ie s  tha t  would pred ic t  a 

male's parental contribution.  A female should prefer  a male th a t  can 

build a b e t te r  nest,  will incubate the eggs, feed the young and defend 

the nest  and offspring,  because without such contributions the females



reproductive success will  be diminished.

The inherent problem in choosing a male based on parental 

c h a ra c te r i s t ic s  is  th a t  females must find some premating behavior of 

the male which pred ic ts  l a t e r  parental involvement. In many b irds ,  i t  

has been established th a t  the reproductive a c t iv i ty  of males is  

dependent on the presence of gonadal hormones (See Balthazart ,  Prove, 

and G il le s ,  1983).. While there may be no simple d i r e c t  hormonal 

re la t ionsh ip  between a male 's  courtship behaviors and his willingness 

or preparedness to engage in parental behavior, aspects of early 

reproductive behavior may be ind ica t ive  of l a t e r  parental 

pa r t ic ipa t ion  (Erickson, 1978). No data y e t  demonstrate tha t  

behaviors determined to be c r i t i c a l  to  female choice are indicat ive  of 

parental care,  although there are two examples of early  reproductive 

behavior in males co r re la t ing  well with l a t e r  parental investment. In 

the stonechat,  the pre-mating song ra te s  of males co r re la te  with l a t e r  

male nes t  defense a c t iv i ty  and the number of feeding v i s i t s  to the 

nes t l ings by males (Greig-smith, 1982). In the common tern (Sterna 

hirundo) , the amount of food fed females by males during courtship is  

corre la ted  with the amount of food fed l a t e r  to the chicks (Nisbet, 

1973). And while the majori ty of courtship feeding occurs a f te r  

pairing and has considerable impact on reproductive success, early 

carrying and feeding of f ish  by males during courtship may predict  

l a t e r  feeding of o ffspr ing .  I t  i s  not known 1f the song ra tes  of male 

stonechats or the courtship feeding of male terns  are u t i l i z e d  in 

female choice.

In species th a t  find new mates with each successive breeding, 

females may p refer  more experienced males since experience may help to



Insure reproductive success. Behavioral changes as males age could 

then be used by females to pick a mate of considerable experience and 

avoid inexperienced males. In many of the species in which males 

build nes ts ,  including the zebra finch (Poephila g u t ta ta ) (Sargent, 

1965), the quali ty  of nests b u i l t  improves with experience and the 

se lec tion of a male who builds a good nest  could a f fe c t  reproductive 

success. Song reper to i re  size i s  another behavior th a t  has been found 

to  increase with the age of a male in several species (canary, Serinus 

canar ia : Nottebohm and Nottebohm, 1978; red-winged blackbird:

Yasukawa, 1981b; See Krebs and Kroodsma, 1980 fo r  review) and th i s  

could be used by females to s e le c t  more experienced males. Other 

aspects of learned behavior may also be c r i t i c a l  to females. For 

example, male behavior mey be important in preventing incestuous 

matings. Australian grassfinches learn th e i r  songs from th e i r  fa thers  

and by avoiding th e i r  f a th e r ' s  songs, females can avoid mating with 

th e i r  brothers as well as t h e i r  fa the rs .  The a b i l i t y  of female zebra 

finches to recognize the song of th e i r  fa thers  has been demonstrated 

(Miller,  1979a).

Male behaviors and behavioral displays,  therefore ,  have the 

potential  to  re l iab ly  convey information about a male for  a female to 

assess. The reproductive and parental behavior of a male can have a 

profound influence on the proximate requirements for  reproductive 

success.

Specific male behaviors relevant to female choice

Which male behaviors are important in female choice? Male 

displays p a r t icu la r ly  male singing behavior have t r ad i t io n a l ly  been 

assumed to a t t r a c t  females. In those species in which males actively



build nests ,  behaviors associated with nest  b u i ld in g / in c lu d in g  nest  

s o l i c i t in g  displays and displays near completed nes ts ,  may also 

provide clues about the qual i ty  of a male as a mate. Nest building by 

males, when i t  occurs following mating, i s  considered pa r t  of a male's 

parental contribution. In species where i t  occurs before mating i t  

may predic t  l a t e r  parental investment. These three classes of 

behavior: vocalizations (song), visual displays,  and nestbuilding are 

male a t t r ib u te s  which could be used by females to choose a mate.

While they may not encompass al l  the behaviors females assess when 

choosing a mate, they provide a s ta r t in g  point to determine the 

r e la t iv e  importance of various male behaviors to mate se lec t ion  by 

females.

Some data on th i s  problem are available from investigations of  a 

var ie ty  of avian species.  The data come from two d if fe ren t  l in e s  of 

research. Field studies have attempted to define the re la t ionship  

between these behavioral t r a i t s  and mate choice or reproductive 

success. They have primarily used correla tional techniques which, 

although they may find posi t ive  re la t ionsh ips ,  don ' t  provide d i r e c t  

evidence th a t  females use behavioral c r i t e r i a  to choose mates. 

Laboratory studies on the other hand, have focussed on the stimulating 

e f fec ts  of male behavior on females, measuring changes in reproductive 

physiology or behavioral recep t iv i ty .  These studies don ' t  address the 

question of mate choice sp e c i f ica l ly ,  but do provide evidence th a t  

females respond d i f f e re n t ia l ly  to varia t ions in male behavior. A 

synthesis of these two l ines  of research can, however, contribute to 

an understanding of the role  behavior plays in female choice of a male 

as a mate.



Both laboratory and f i e ld  s tudies have tended to emphasize song 

a t  the expense of the other behaviors. The evidence suggesting the 

importance of male behavior in female choice will be reviewed 

according to  th e i r  r e la t iv e  importance in the l i t e r a t u r e .

Song

Marler (1959) proposed th a t ,  in addition to i t s  ro le  in species 

recognition, song might function in individual recognition as well . 

Both of these functions have now been well documented (F a l l s ,  1982; 

Mil ler ,  1979a, 1979b). While individual recognition of song does not 

indicate  th a t  i t  i s  used in se lec t ing  a mate, per se, the a b i l i ty  to 

discriminate parameters of Individual song plus the evidence of 

se lec t ive  responsivlty to song parameters does indicate  th a t  females 

can discriminate q u a l i ta t iv e  differences in male songs.

One of the problems in es tab l ish ing  the role- of song in female 

choice is  in d is t inguishing song's function in intrasexual competition 

among males from i t s  d i r e c t  intersexual function as a character  

assessed by females. This is  especial ly  true  in polygynous species 

where theo re t ica l ly  the t e r r i t o r y  should be assessed by the female 

(Orians, 1969; Emlen and Oring, 1977) with song functioning to enable 

males to gain and maintain control of a quali ty  t e r r i t o r y .  I t  is  

possible ,  however, t h a t  song may also function to "a t t rac t"  females as 

well .  Studies of several species demonstrate the d i f f i c u l t y  of 

dist inguishing the two functions of songs: the same song types are 

used in both contexts (v i l la g e  indigoblrd, Vidua chalybeata - Payne, 

1979), the same parameter of a song i s  Important for  both functions 

( reper to ire  size in: red-winged blackbirds - Yasukawa, Blank,and 

Patterson, 1980; and mockingbirds, Mimus polyglottos - Howard, 1974),



or a component of a song serves the second function ( the presence of 

terminal phrases in songs used fo r  t e r r i to r y  control a t t r a c t  females 

in boat ta i l e d  grackles,  Cassidix mexicanus - Kok, 1972). In other 

species, d i s t i n c t  differences in the song-types used in d i f fe re n t  

contexts are suggested based e i th e r  on changes in frequency through 

the breeding season (black-throated green warbler, Dendrolca virens - 

Morse, 1970; Lein, 1972) or  the frequency of occurence in the close 

presence of females (Cuban grassqui t ,  Tiarus canora -  Baptis ta ,  1978).

Laboratory invest iga t ions  have emphasized the stimulus quality of 

male vocalizations in inducing changes in female reproductive 

physiology as well as changes in behavioral responsivity and 

procept iv i ty .  Data from several species are available  de ta i l ing  the 

requirements for  responses from the simple presence of vocalizations 

to  the specif ic  parameters of song causing the response. In the ring 

dove (S treptopel ia  r i s o r i a ) ,  ovarian development i s  stimulated by 

auditory, v isua l ,  and t a c t i l e  cues. Females do not lay eggs in 

iso la t ion  from males. The visual presence of a conspecific or of a 

female's own image in a mirror ( these birds are not sexually 

dimorphic) in concert with the sounds of the colony r e s u l t  in 

ovulation (Lott and Brody, 1966), but auditory stimulation alone is 

su f f ic ie n t  to induce the same r e s u l t  (Lehrman and Friedman, 1969). 

Auditory stimulation i s ,  however, not necessary; deafened females will 

lay eggs with j u s t  visual and t a c t i l e  s timulation, but the onset of 

nestbuilding and ovulation are delayed (Nottebohm and Nottebohm,

1971). Thus, while al l  three stimuli are Important, vocalizations from 

the colony are most important in inducing ovulation a t  the normal 

ra te .  The behavior of individual males is  also important. Females,



when separated from a male by a transparent  p a r t i t io n ,  do not ovulate 

in the presence of cas t ra ted  males who no longer v isually  or vocally 

display (Erickson and Lehrman, 1963). Castrated males given androgen 

which res tores  behavior are able to provide s u f f i c ie n t  behavioral 

stimulation fo r  females to lay eggs j u s t  as in ta c t  males do (Erickson, 

1970). Thus, ovulation can be induced by individual males only i f  

they are behaviorally ac t ive .  The primary importance of the vocal 

component of courtship was established  by Friedman (1977) who exposed 

females to male courtship vocalizations in combination with d i f fe re n t  

degrees of male visual s t imulation.  All females were stimulated by 

vocalizations including those deprived of any visual s t im uli ,  but 

those who saw males ac tual ly  courting them had the g rea te s t  ovarian 

response, demonstrating th a t  the visual component of courtship was 

also important. In budgerigars (Melopsittacus undulatus) ,  Brockway 

(1962) reported th a t  while seeing and hearing other breeding pairs  

enhanced breeding, hearing pairs  was s u f f ic ie n t .  Ovarian growth can 

be stimulated in female budgerigars by the sounds of conspecifics 

(Ficken, van Tienhoven, Ficken, and Sibley, 1960), but i t  i s  male 

vocalizations which induce ovarian growth and nest  building ac t iv i ty .  

This response i s  specif ic  to  the duration of the soft-warble 

vocalization which is  c losely associated with pre-copulatory behavior 

(Brockway, 1962). S imilar ly ,  Hinde and Steele (1978), studying the 

influence of external stimuli  on the effect iveness of gonadal hormones 

in res tor ing  behavior, found th a t  hearing male vocalizations 

f a c i l i t a t e d  nest  box entry by females. The e f f ec t  was also species 

specif ic ;  the vocalizations of male canaries were not e f fec t ive .  

Brockway (1964a, 1964b), however, reported tha t  females do not s o l i c i t



males fo r  copulation unless males show a high level (frequency) of 

both visual and vocal display. Thus, while vocalizations are 

s u f f i c ie n t  to induce ovarian growth and nesting a c t iv i ty ,  proceptive 

behavior was dependent on both the visual and vocal components of 

display.

In female canaries (Serinus canar ia) ,  and in many other seasonal 

breeders, reproductive development i s  in i t i a t e d  by increases in 

photoperiod. Stimulation from male vocalizations accelerates 

development, and decreases the latency to nestbuilding (Warren and 

Hinde, 1961). The playback of male song i s  su f f i c ie n t  to cause th is  

e f f e c t  when photoperiod i s  le ss  than the spring optimum (11 h r . ,  day 

vs. 14 hr. day) (Hinde and S tee le ,  1978). In Hinde and S te e le ' s  work 

on the Influence of external stimuli  on hormone effect iveness ,  

photoperiod appeared to  be primary to the i n i t i a t io n  of nestbuilding 

in females, but male song playback again decreased the latency to 

nestbuilding and increased the amount of nestbuilding. As in 

budgerigars, the response to song was species spec if ic ;  canaries did 

not respond to budgerigar song playback.

Female canaries also respond to specif ic  parameters of male song. 

Kroodsma (1976) used a r t i f i c i a l  songs of d i f fe ren t  complexity (simple 

-  5 d i f fe re n t  sy l lab les  vs. complex -  35 d i f fe re n t  sy l lab le s ) ,  but 

identical  duration, and played them to  isola ted females. The females 

exposed to  complex songs gathered s ign i f ican t ly  more nes t  material and 

la id  more eggs than females hearing the simple songs. Therefore, a 

parameter of song known to d i f f e r  between individual males 

d i f f e r e n t ia l ly  stimulated female reproductive development.

Behavioral sp e c i f ic i ty  in female responsiveness to parameters of



male song has also been demonstrated in the song sparrow (Zonotrlchia 

melodia) . In a study te s t in g  the potency of cer ta in  parameters of 

song on female behavior, Searcy and Marler (1981) primed females with 

a dosage of es trad io l  su f f i c ie n t  to induce a se lec t ive  behavioral 

response to song, the copulation s o l i c i t a t io n  display, and then played 

tapes of a var ie ty  of male songs. Not surpris ingly ,  females responded 

p re fe ren t ia l ly  to songs of conspecifics compared to those of 

heterospecif ics  (sympatric, swamp sparrow, Zonoitrichia  georgiana; 

a l lo p a t r ic ,  chaffinch, F r in g l l l a  coelebs).  When the sy l lab ic  

s t ruc tu re  and temporal pat tern  of the songs of the three species were 

interchanged, the response of the females was s ign if ican t ly  greater  to 

songs with both the sy l lab ic  s t ruc tu re  and temporal pattern of th e i r  

own species.  In addit ion,  female responses also favored variable 

conspecific songs (4 song types vs. 1 song type) and songs of eventual 

var ie ty  ( rep e t i t io n  of i n i t i a l  song type followed eventually by a new 

song type-AAAAAB8BCC) over songs with immediate varie ty (ABCABCABC). 

Thus, species specif ic  s e le c t iv i ty  in proceptivity based on the 

temporal pat tern  and sy l lab ic  s t ruc tu re  of song was found. In 

addition, a preferen t ia l  discrimination of t r a i t s  typical of 

individual differences between males was suggested by selective 

responses to reper to ire  length and song-type var ie ty ,  which may be a 

species-specif ic  t r a i t .  These data suggest th a t  a female may 

se lec t ive ly  mate with a male based on the quali ty  of his song.

The se lec t ive  copulation s o l i c i t a t io n  response of females has 

also been used to study male song potency in cowbirds (Molothrus 

a t e r ) . In th is  species,  p r io r  iso la t ion  is  su f f ic ie n t  to make females 

responsive to song. Females respond p re fe ren t ia l ly  to songs of the



males of th e i r  own subspecies (M. a. a t e r  vs. M. a. obscurus) (King, 

West, and Eastzer, 1980). Females also prefer  the songs of isolated 

males compared to  wild-caught males (King and West, 1977); and th is  is  

dependent on the presence of the second phrase of the song (a very 

b r ie f  modulation and tone in the range of 8-12 khz.) (West e t  a l . ,  

1979).' In the wild, only dominant males haye these potent songs and 

they appear to earn the r ig h t  to sing them (West and King, 1980; West, 

King, and Eastzer, 1981). The use of th i s  phrase is  normally re la ted  

to  male dominance s ta tu s ,  and iso la ted  birds appear to sing them due 

to a lack of negative feedback from conspecifics.  I f  males with low 

potency songs were placed in iso la t ion  they soon developed the high 

potency song, but when placed back in  the colony were at tacked by more 

dominant males. High potency songs did not insure a male 's dominance. 

A male needed a higher s ta tu s  in order to be able to sing the more 

potent song. Potent songs, the re fo re ,  while necessary to achieve 

copulations,  do not assure a dominant s ta tus  or insure mating success. 

Males will learn to sing the  songs of both subspecies when both males 

and females of the other subspecies are present, and females choose 

mates whose song repe r to i re s  contain a greater  percentage of the 

females' native song v a r ian t  (West, King, and Harrock, 1983). Thus, 

female cowbirds appear to  use ch a ra c te r i s t ic s  of the male song to 

choose mates of th e i r  own subspecies and, a lso ,  se lec t ive ly  s o l i c i t  

males whose songs contain a potent phrase re la ted  to dominance.

The research reviewed above Indicates tha t  the quali ty  of male 

songs can d i f f e r e n t i a l ly  s t imulate  both internal gonadal responses and 

behavioral responses d i rec t ly  re la ted  to copulation and egglaying. 

While there is no apparent heterospecif ic  consistency in the



parameters which influence the stimulus qual i ty  of vocalizations,  they 

do indicate  tha t  var ia t ions  in song parameters r e su l t  in female 

se lec t ive  responses. However, i t  i s  s t i l l  unclear whether song 

parameters d i f f e r  between males in such a way th a t  they are 

responsible for  se lec t ive  matings by females, beyond in te r-spec ies  

reproductive i so la t ion .

Field invest iga t ions have provided correla t ional  evidence of the 

re la t ionship  between male singing and female choice. In the v i l lage 

indigobird, a brood pa ras i te  of the African finch, both number of 

female v i s i t s  to male t e r r i t o r i e s  and male mating success were found 

to  be posi t ively  corre la ted  with the mean number of minutes per hour a 

male sang (Payne and Payne, 1977). But fu r ther  work (Payne, 1979) 

indicated tha t  in addition to t h e i r  apparent a t t r a c t iv e  function these 

same songs were used in  inter-male aggressive contexts.  Songs, 

therefore ,  appeared to  have an inseparable dual function of excluding 

other males and a t t r a c t in g  females.

Male mockingbirds have elaborate songs. In studying the behavior 

of these b irds ,  Howard (1974) found tha t  song reper to ire  size 

influenced the quali ty  of the t e r r i t o r y  th a t  males eventually 

obtained, and th a t  the qual i ty  of male t e r r i t o r i e s  was inversely 

re la ted  to  pairing date; males with b e t te r  t e r r i t o r i e s  paired sooner. 

He also found th a t  repe r to i re  s ize  i t s e l f  was Inversely re la ted  to 

pairing date. A pa r t ia l  co r re la t ion  analysis revealed th a t  while 

t e r r i to r y  took higher p r io r i ty  in female choice, reper to i re  size also 

s ign i f ican t ly  influenced female preference for  mates.

Kok (1972) attempted to determine the rela tionship  of the 

behavior of males to ultimate breeding success in the boa t - ta i led



grackle,  a promiscuous mater. He found a high corre la t ion  between 

t e r r i t o r y  size and number of young fledged, and t e r r i t o r y  in te g r i ty  

was re la ted  to song ra te .  The terminal phrases of male songs, which 

are loud and carry well , appeared to  serve as a female a t t r a c ta n t  and 

had the highest  corre la t ion  with the number of young fledged. Here, 

then, a parameter contained within song was important in intersexual 

a t t r a c t io n ,  while the song i t s e l f  had an intrasexual function in 

t e r r i t o r i a l  maintenance.

The functional role  of male vocalizations in female choice has 

been investigated more sp e c i f ica l ly  in f i e ld  research which attempts 

to  corre la te  them with e i th e r  the a b i l i ty  to a t t r a c t  females or 

influence successful matings. In red-winged blackbirds, the necessity 

of song for  es tabl ishing and maintaining t e r r i t o r i e s  has been 

repeatedly demonstrated (Peek, 1972; Smith, 1976, 1979; Yasukawa, 

1981a, 1981b), but i t  i s  the t e r r i t o r y  th a t  a male controls  which 

females choose in most instances (Lenington, 1980; Searcy, 1979).

Other data, however, ind ica te  th a t  courtship in tens i ty  (Yasukawa, 

1981a) and the frequency of the song-spread display (Weatherhead and 

Robertson, 1977) are also posi t ive ly  corre la ted  with female nest  

density on t e r r i t o r i e s  and may also have a d i r e c t  influence on female 

choice. In addition, song reper to i re  s ize  has also been found to  be 

posi t ively  correla ted with harem s ize  oh a t e r r i t o r y  (Yasukawa, e t .  

a l ,  1980), but reper to ire  s ize  is  also corre la ted  with both male 

experience and the a b i l i ty  to maintain a t e r r i t o r y  (Yasukawa, 1981b) 

and th is  may explain these f indings; the influence of reper to i re  size 

on female choice may be in d i rec t .

Song reperto ire  size has also been hypothesized to have a dual



a t t r a c t i v e  and t e r r i t o r i a l  function in some species. A controversy 

e x i s t s ,  however, about repe r to i re  length, i t s  function, and i t s  

re la t ion  to mating system. Kroodsma (1977) found th a t  polygynous 

North American wrens have more elaborate reper to ires  than monogamous 

wrens, presumably to a t t r a c t  more females. Catchpole (1980), on the 

other hand, reported the converse s i tu a t io n  in European warblers 

(Acrocephalus) ; polygynous species had shor ter  reper to ires  than 

monogamous species. Based on the assumption th a t  monogamous females 

place the highest p r io r i ty  on the male himself, and polygynous females 

on the resources of the male, he suggested th a t  long reper to i res  would 

be bes t  suited to monogamous'males fo r  a t t ra c t in g  females. In the 

monogamous sedge warbler (A. schoenobaenus) , Catchpole (1980) found a 

s ig n i f ic an t  inverse cor re la t ion  between reper to ire  s ize  and pairing 

date; males with la rge r  repe r to i re s  paired sooner. There was no 

corre la t ion  between t e r r i t o r y  quali ty  and pairing date. Great reed 

warblers (A. scirpaceus) are polygynous and have both long and short  

songs in th e i r  rep e r to i re s .  I t  appears th a t  the long songs of these 

birds are intersexual in function. Catchpole (1983) determined tha t  

unpaired males sang long songs and th a t  females in close proximity 

inhib i ted  th e i r  production. Once a male paired, long songs were 

deleted from his repe r to i re ,  and when a r ival  male approached, males 

, sang short  songs. Using playback of long and short songs, Catchpole 

found males approached long songs but moved away when the playback was 

sh if ted  to  short songs. Reversing the playback order resulted  in 

c loser  approaches once long songs were played. In addition, Catchpole 

(1982) c i ted  unpublished data demonstrating tha t  females approached 

playback of long songs. These data indicated tha t  short songs have a



t e r r i t o r i a l  function, and long song an a t t ra c t io n  function. Thus, i t  

appears th a t ,  a t  l e a s t  in European warblers, long songs a t t r a c t  

females in both the polygynous and monogamous species. Krebs and 

Kroodsma (1980) caution, however, t h a t  in many species reper to i re  s ize  

increases with age, and th i s  may be a confounding var iable .  But 

choice based on reper to ire  size as an ind ica tor  of age could only 

emphasize the usefulness of  choice based on th is  a t t r ib u te .

Another direction for  invest iga t ions  of the role  of song as a 

c r i t e r io n  for  mate choice has been to study changes in frequency of 

song as a consequence of seasonal changes or pa i r  formation. The 

assumption of th is  work i s  th a t  i f  song has an intersexual function, 

frequencies should be highest  early in the breeding season and 

decrease following pairing or some other measure of a decreased 

necessity to a t t r a c t  females. This research i s  concerned with 

monogamous species, since there is  no reason to assume th a t  polygynous 

males would decrease th e i r  e f fo r t s  to r e c ru i t  females over the 

breeding season unless some parental investment is  involved.

Monogamous species account for  a t  l e a s t  90% of al l  passerine species 

(Lack, 1968).

In an investigation of over 20 woodland species of passerine 

b i rds ,  one of the strongest  re la t ionsh ips  found was th a t  song 

production peaked several days before the onset of egg-laying 

(Slagsvold, 1977; c i ted  in Catchpole, 1982). In the white-throated 

sparrow (Zonotrichia a l b i c o l l i s ) ,  there is  a s ig n i f ic an t  decrease in 

male singing following pair ing.  Removal of females increases singing, 

and re-pair ing  produces a second reduction in song frequency 

(Wasserman, 1977). The implication is  th a t  song functions early in



the breeding sequence and is  being used to a t t r a c t  females. There i s ,  

however, another tenable explanation. Pairing could in te r fe re  with 

song production by changing a male's time budget, males simply having 

le s s  time to sing. According to th is  explanation, an aggressive or 

t e r r i t o r i a l  function for  songs is  be j u s t  as tenable; i . e . ,  males 

would have le ss  time to spend being aggressive.

In monogamous.European warblers,  s im ila r  changes in song 

production during the breeding season are also found. Male sedge 

warblers lose th e i r  ch a ra c te r i s t ic  diurnal pat tern of song production 

a f te r  they have paired with a female. But i t  i s  not the r e s u l t  of 

in terference with a t e r r i t o r i a l  function of the song. Catchpole 

(1977), using playback of male song, found th a t  pr ior  to  pairing males 

approached song (8 of 10 males) or gave th rea t  c a l l s  (6 of 10), but 

following pair ing,  while s t i l l  approaching (6 of 10), not one male 

sang (although 8 of 10 produced th rea t  c a l l s ) .  Pairing, therefore ,  

did not in te r f e re  with approaching the speaker or giving th rea t  c a l l s ;  

the cessation of song could be re la ted  to the end of i t s  functional 

usefulness.

Visual displays

While i t  i s  accepted th a t  visual displays of males may a t t r a c t  

females, there are few studies invest iga t ing  th i s  function. At one 

time i t  was thought th a t  behaviors associated with presenting 

elaborate plumage to females were epigamic in function, but some 

th e o r i s t s  now argue th a t  morphological t r a i t s  serve a primarily 

intrasexual function (Halliday, 1983). In lekking species,  for  

example, males compete for  access to a central t e r r i to ry  where they 

can then display to females and those with the more elaborate plumage



are more l ike ly  to  reach th i s  area. In passerine species, the visual 

components of a display often occur in concert with the vocal 

component, song, and the functional e f fec t s  of the two are d i f f i c u l t  

to  separate. Most often ,  i t  has been assumed tha t  song i s  the 

a t t r i b u te  which a t t r a c t s  the female; non-vocal displays are often 

ignored or assumed to  be of only secondary importance. The occurence 

of these displays in close proximity to females as well as the fac t  

th a t  they are often directed toward the female suggests th a t  they have 

an intersexual function and are an assessable a t t r i b u te  for  female 

choice.

Most experimental evidence of the e f f e c t  of the non-vocal 

displays of males on female reproduction concerns th e i r  stimulating 

e f f ec t s  on reproductive physiology. While these invest iga t ions do not 

d i rec t ly  demonstrate the e f f e c t  of male behavior on mate choice, they 

demonstrate tha t  females are sens i t ive  to the qual i ty  of visual 

displays.  In addition, i t  i s  not a t  al l  c lear  whether the hormonal 

responses of females to male behaviors are components of mate choice. 

Do females choose as mates those males whose behaviors are more 

e f fec t ive  in stimulating reproductive physiology?

Most investigations of  the e f fec ts  of  male social stimuli  on 

females have found auditory stimuli most e f fec t iv e ,  but other 

behavioral aspects may also be important. In ring doves, male 

vocalizations are su f f ic ie n t  to induce ovulation (Lehrman and 

Friedman, 1969), but they are maximally e f fec t ive  i f  visual components 

of the display are present as well (Friedman, 1977). Visual stimuli 

will  produce the e f fe c t  alone but the latency i s  delayed (Nottebohm 

and Nottebohm, 1971). In addition, i f  both visual and vocal



components of courtship are eliminated as a r e s u l t  of ca s t ra t io n ,  the 

simple visual presence of a male i s  not s u f f ic ie n t  to induce 

ovulation; normal male behavior i s  required (Erickson and Lehrman, 

1964). Thus, i t  i s  only in  the presence of hormone activated male 

behaviors th a t  ovarian ac t iv i ty  i s  induced in females. In 

budgerigars, vocalizations are su f f i c ie n t  to induce egg-laying in 

females, but females only s o l i c i t  copulations in the presence of both 

visual and vocal components of courtship display (Brockway, 1964a, 

1964b), suggesting th a t  both are needed to induce a behavioral 

preference. In Bengalese finches (Lonchura s t r i a t a  domestica) ,  the 

ovulation of females is  affected primarily by two var iables ,  the 

presence of a mate and the a b i l i ty  to manipulate nest mater ial .  

Egg-laying i s  not induced i f  females can, a) only hear singing males, 

b) only see nestbuilding males, and c) only have access to nest  

material without any male stimulation (S la te r ,  1969). Females will 

lay eggs with a normal latency only when they can both see males and 

manipulate nest  m a te r ia l . Thus, the visual presence of a male 

contributes  to ovarian development. The p a r t ic u la r  male behavioral 

ch a ra c te r i s t ic s  females are responding to are unclear.

From these data i t  is  apparent th a t  male behavioral displays,  

other than vocalizat ions,  may be important in some species and 

essentia l  in others for  ovarian development or responsivity to 

copulation attempts. While the data do not demonstrate tha t  non-vocal 

behaviors are c r i t i c a l  to se lec tion of mate, they do suggest th a t  

females may be se lec t ive ly  responsive to male visual displays

There are also limited data from f ie ld  observations demonstrating 

the re la t ive  importance of the visual components of displays



independent of vocalizations in female choice. In a lekking species, 

the European ru f f  (Philomachus pugnax) ,  Shepard (1975) reported th a t  

mate choice by females was dependent on three fac tors ;  possession of a 

central t e r r i t o r y ,  the presence of s a t e l l i t e  males on the t e r r i t o r y ,  

and high display ra te s .  While the male res idents  of t e r r i t o r i e s  with 

the g rea te s t  mating success had some optimal combination of these 

fea tu res ,  which varied fo r  d i f fe re n t  leks and d i f fe ren t  males, high 

ra te s  of visual courtship displays appeared to be the most important 

fac tor  leading to  a high number of female v i s i t s  and copulation 

s o l i c i t a t io n s .  Thus, a parameter of visual display influenced female 

choice.

Another area of invest iga t ion  has concerned behaviors associated 

with nestbuilding, including the nest  advertisement displays found in 

some species. A problem, as mentioned e a r l i e r ,  i s  in dist inguishing 

preferences fo r  the qua l i ty  of nes t - re la ted  behaviors from those for  

the qual i ty  of the nests  themselves (see above)* Emlen (1957) 

observed th a t  female whydahs (Vidua orienta l  i s ) and bishop birds 

(Euplectes hordacea) appear to assess both the nest  and the nest 

display as they move through a male 's t e r r i t o r y .  In the v i l lage  

weaverbird (Ploceus cucu l la tus ) , nes t  qua l i ty ,  primarily the freshness 

of the nest ,  appears to be re la ted  to female choice (Collias and 

Victoria ,  1978; Jacobs, C o l l ia s ,  and Fujimoto, 1978), but the high 

display ra te s  a t  fresh nests may also account for  female preference 

(Garson, 1979) though Collias  (1979) thinks th a t  nes t  quali ty  i s  more 

important.



Summary

The evidence from both laboratory invest iga t ions  of female 

responsivity to behavioral st imuli  and f i e ld  invest iga t ions of the 

re la t ion  of behavior to female mating preferences,  indicate  th a t  male 

behavioral a t t r ib u te s  have s ig n i f ic a n t  potentia l  to  influence mate 

choice in b irds .  Male vocalizat ions have, h i s t o r i c a l ly ,  been presumed 

to  " a t t r ac t "  females and the evidence, while not d e f in i t iv e ,  supports 

th i s  contention. Selective responses to various parameters of song 

indicate  th a t  individual differences in songs can be detected. The 

p a r t ic u la r  parameters of importance, however, depend upon the species. 

Non-vocal male behaviors, while l e s s  extensively studied, may also 

influence the mating preferences of female passerines .  The visual 

components which accompany vocal displays make a s ig n i f ic an t  

contribution to female reproductive responsivity .  And although 

specif ic  parameters of these behaviors have been largely unstudied, 

th e i r  frequent coincidence with song suggests a supplemental source of 

information about potential  mates. Male nes t  displays found iri some 

avian species, as well as the ac t iv i ty  of nestbuilding i t s e l f ,  may 

also convey information about male qual i ty .



Rationale

While investigations of a var ie ty  of species have implicated the 

behavior of males in determining a female's choice of mate, there is  

l i t t l e  evidence demonstrating th a t  individual differences in male 

behavior d i rec t  the se lec t ion ,  although i t  i s  often assumed. 

Investigations in the laboratory have focused on the stimulus quali ty  

of male behavior in inducing changes in female reproductive physiology 

and behavioral recep t iv i ty .  The data ,  which demonstrate tha t  

p a r t icu la r  male behaviors are essen t ia l  fo r  these responses and th a t  

changes in the quali ty  of behavioral stimuli  a l t e r  parameters of the 

response, do not,  however, demonstrate th a t  females will  s e lec t  from 

among males based on the qual i ty  of t h e i r  behavior. Investigations in 

the f i e ld  attempt more d i rec t ly  to  determine what male q u a l i t ie s  are 

u t i l i z e d  by females in choosing a mate. Unfortunately, the 

l im ita t ions  of f i e ld  research enable only a determination of 

correla t ions between male behaviors and pat terns  of female mating

preferences,  and are not able to demonstrate th a t  specif ic  male

behaviors d i rec t  female choice.

H is to r ica l ly ,  i t  has been assumed th a t  the songs of male 

passerines a t t r a c t  females. Other non-vocal behaviors including 

visual courtship displays and nestbuilding behaviors are l ike ly  to 

have a similar  function. To date there have been no systematic 

investigations 1n the laboratory to determine the e f fec ts  of these 

behaviors on mate choice when th e i r  presence, quantity or quality are

varied. The purpose of the present research was to determine the role

of male behavior in d irec t ing  female choice, and to determine which



behaviors are most important to females in making a choice. These 

questions were addressed in a se r ie s  of experiments in which three 

male behavioral a t t r i b u te s ,  song, visual courtship display, and/or 

nestbuilding, were varied. In each experiment, females were given the 

opportunity to se lec t  between two males d i f fe r ing  in the three 

, behavioral a t t r ib u te s .  To insure th a t  the preferences of females were 

sexual, they were given v isua l ,  auditory and some limited t a c t i l e  

access to males for  a period s u f f i c ie n t  for  pa ir  formation under 

normal circumstances.

The subject of the invest iga t ion  was the Australian zebra finch. 

The zebra finch was an appropriate subject for such an investigation 

fo r  several reasons. 1) According to previous invest iga t ions ,  these 

birds are monogamous, form long-term pair  bonds, and show bi-parental 

care of the young. A female 's  reproductive success should, therefore ,  

be great ly  affected by the qua l i ty  of the male and his behavior.

2) Individual males vary great ly  in th e i r  reproductive behavior, so 

there is  a basis fo r  females to d i f fe re n t ia te  between them. 3)

Measures of female acceptance of males indicate a se lec t ive  

responsiveness to individual males. 4) The male behaviors proposed 

to be relevant to female choice are sens i t ive  to hormonal s ta tu s ,  and 

preliminary evidence indicates  th a t  hormonally induced changes in male 

behavior do a f fec t  pa i r  formation suggesting th a t  females may se lec t  

mates based on the qual i ty  of specif ic  hormone dependent male 

behaviors.



STUDY I .

Zebra finches are common Australian grassfinches (Family, 

E s t r i ld id ae ) . Originally, found in the semi-arid p la ins ,  t h e i r  range 

now extends over most of Austra l ia  due in large par t  to the expanded 

use of i r r ig a t io n .  These birds are extremely gregarious and form 

large nomadic flocks when not breeding. They are colonial breeders 

with many pairs  nesting in close proximity to one another in 

shrubbery. Zebra finches are sympatric with several other 

grassfinches,  including the Bicheno finch (P. Bechenovi) and masked 

finch (P. Personata) (Zann, 1975). These other species sing songs 

s im ila r  in s t ruc tu re  to those of the zebra f inch,  but th e i r  plumage 

makes them easily, d is t inguishable  and presumably evolved to aid in 

species- recognition. The plumage pat terns  of zebra finches are 

sexually dimorphic; males have more elaborate markings.

Breeding biology

In contras t  to most birds which are seasonal breeders, zebra 

finches are aperiodic,, opportunistic  breeders who take advantage of 

changes in the environment which p red ic t  optimal conditions for  

reproduction. The most r e l i a b le  cue for  the onset of breeding i s  

ra in fa l l  (Immelmann, 1963), or possibly humidity (Preidkalns and 

Bennett ,1978), and not daylength; only r a in fa l l  re l iab ly  leads to 

abundant seed and insects  fo r  feeding the young. In s i tua t ions  where 

th i s  cue is  continuous, as in i r r ig a te d  regions or in humid 

labora to r ies ,  zebra finches will breed continuously. The mating 

system of these birds is  also apparently an adaptation to the



aperiodic cl imatic conditions of th e i r  natural hab i ta t .  Zebra finches 

have evolved two ch a ra c te r i s t ic s  which allow them to take advantage of 

unpredictable r a in f a l l ;  they are monogamous and form long-term pair  

bonds. This assures the a v a i la b i l i ty  of a mate to take quick 

advantage of any sudden improvement in cl imatic conditions 

(B u t te r f ie ld ,  1970; Immelmann, 1965).

In order to take advantage of optimal breeding conditions which 

occur so unpredictably, zebra finches should also be in a constant 

physiological s ta te  of near readiness to breed. Farner and F o l l e t t  

(1966) speculated th a t  the zebra finch must maintain a r e la t iv e ly  

developed gonadal s t a te  year  round. More recent evidence has 

demonstrated th a t  for  both females (Sossinka, 1980) and males 

(Preidkalns and Bennett, 1978), the gonads are normally maintained a t  

a "medium11 level of development and develop fu l ly  when the birds are 

placed in a humid environment.

Reproductive behavior

The sequence of sexual behavior begins quickly following the 

onset of the proper cl imatic cues. A male ac t ive ly  courts his female 

and the pair  soon copulate . Courtship and copulations are repeated 

daily .  Nestbuilding soon begins, with males gathering most of the 

nest  material and both birds sharing in the building and shaping of 

the nest. Within two weeks the f i r s t  eggs are usually l a id ,  typ ica l ly  

a clutch of 4-5 eggs. Both parents share in parental care,  incubating 

the eggs (12-14 days), and then feeding the young by regurgita t ing  

food from th e i r  crops. The young fledge 14-21 days a f te r  hatching and 

by 30 days they may be l e f t  to feed on th e i r  own. The dimorphic



plumage develops over the next 30 days, and by 90 days of age the 

young birds are ready to breed (B u t te r f ie ld ,  1970; Immelmann, 1965; 

Morris, 1954).

Mate choice in zebra finches
♦

Previous In te re s t  in the .process of mate choice in zebra finches 

has focused on the imprinting of preferences fo r  p a r t ic u la r  color 

morphs. For males there i s  good evidence th a t  early experience with 

parents of a p a r t ic u la r  color morph, usually a l l  white vs. the 

wild-type coloration,  r e s u l t s  in preferences fo r  a female mate of tha t  

same coloration (Immelmann, 1972; Walter, 1973). An imprinted 

preference in females fo r  a p a r t i c u la r  coloration in males has not 

been re l iab ly  demonstrated (Immelmann, 1972; Walter, 1973; Sonneman 

and SjiJlander, 1977; Immelmann, Kalberlah, Rausche, Stahnke, 1978; 

tenCate and Mugg, 1984), and the more recent invest iga t ions have 

speculated th a t  male courtship behavior may also be of importance. 

Because the manipulations in these studies involve e i th e r  extreme 

differences in coloration or c ross- fos ter ing  to other species (usually 

Bengalese f inches),  demonstrations of female preferences in these 

experiments have emphasized th e i r  in te rsp ec i f ic  function in 

reproductive iso la t io n .  In t ra spec if ic  mate se lec t ion ,  however, must 

involve le ss  extreme differences among potential  mates.

The e f f e c t  of color on preference 1n zebra finches has also been 

studied in an unlikely way by Burley (Burley, 1981; Burley,

Krantzberg, and Radman, 1982). In the f i r s t  report ,  aviary 

observations indicated th a t  successful breeding was re la ted  to the 

color of the leg bands on both males and females, but the study was



severely c r i t i c i z e d  on- a number of grounds (Immelmann, Hailman, and 

Baylis,  1982; Thissen and Martin, 1982). In the second, the 

researchers found preferences in both males and females for  specif ic  

leg band colors .  Mating preferences,  however, were not re l iab ly  

demonstrated since choice was based on proximity during short choice 

t r i a l s  (2 h or l e s s ) .  More re l i a b le  measures of mating preference, 

such as copulation s o l i c i t a t io n  and cooperative nestbuilding a c t iv i ty ,  

were not employed.

The potential importance of male behavior, p a r t ic u la r ly  

hormone-dependent behaviors, fo r  mate choice in zebra finches has been 

suggested in previous invest iga t ions in our lab (Harding, Sheridan and 

Walters, 1983). Following release into an aviary (Harding, 1983), the 

overall percentage of males from 8 d i f fe re n t  hormone treatment groups 

th a t  kept the female with whom they had been paired for  two weeks in 

iso la t ion  was low (26%), indicat ing th a t  fam i l ia r i ty  alone 

(B u t te r f ie ld ,  1970) was not su f f i c ie n t  for  pa i r  formation. Castrated 

males th a t  received hormone regimens providing both estrogenic and 

5&-androgenic metabolites were s ign i f ican t ly  more l ike ly  to keep th e i r  

original females than males receiving other treatments (46% vs. 10%, 

respective ly) .  In addition, six of these males (32%) not only kept 

th e i r  original females, but appeared to  form a pa ir  bond with a second 

female based on continued associa t ion ,  nestbox occupancy, and 

heteropreening. A s imilar  e f f e c t  from al tered  male hormonal s ta tu s  on 

pair  formation has been found in the f i e ld .  Wingfield (1984) has 

reported th a t  when, normally monogamous, male white crowned sparrows 

(Zonotrichia leucophrys) and song sparrows (Melospiza melodia) were 

given implants of tes tosterone which increase c i rcu la t ing  levels  above



normal leve ls ,  a substantial number of males in both species became 

polygynous. Thus, i t  appears tha t  some hormone dependent a t t r ib u te ( s )  

of males may be important in a t t ra c t in g  females.

The hormonal s ta tus  of the male zebra finches also affected 

whether females would s o l i c i t  them for  copulation. Although a t  l e a s t  

one male from each of the eight treatment groups was so l i c i t e d ,  a 

s ign i f ican t ly  greater  percentage of males receiving treatments 

providing both estrogenic and androgenic metabolites were so l ic i ted  

than males receiving other treatments (62.5% vs. 38%, respective ly) .

In addition, these males were observed copulating with s ign i f ican t ly  

more females, possibly because females were more l ik e ly  to accept 

th e i r  mounting attempts. I t  appeared th a t  var ia t ion  in 

hormone-dependent male courtship behavior might be responsible for  

se lec t ive  s o l i c i t a t io n  by females.

Male endocrine s ta tu s  also affected male nesting behavior and 

female nes t  se lec t ion .  Males t rea ted  with hormones providing 

estrogens were more l ik e ly  to acquire good nest  s i t e s  (in nestboxes) 

and-build nests .  More nests  of  these males had eggs in them; they 

also had a s ign i f ican t ly  grea te r  number of eggs per nest.  The 

preference of females for  the nests of these males indicated tha t  

females might be se lec t ing  for  behaviors th a t  could a f fec t  th e i r  

reproductive success. Whether females preferred the males because of 

th e i r  nests per se or some nes t-re la ted  behavior was not apparent from 

the data.  Thus, the data from th is  group aviary s i tua t ion  suggested 

th a t  in the zebra finch, the behavioral quali ty  of a male, 

spec if ica l ly  the quali ty  of hormone-dependent behaviors, might be 

c r i t i c a l  to female choice.



Three types of male behaviors, singing, the visual display which 

accompanies singing in courtship, and nes t- re la ted  behaviors, are 

l ike ly  to be among those th a t  females assess.  I t  has been assumed 

th a t  male courtship functions to " a t t r ac t"  a mate. Courtship behavior 

in the male zebra finch (Morris, 1954; Immelmann, 1962) consis ts  of 

the combination of a vocal component, directed song (DSong), and a 

visual component, dance. While the two components occur 

simultaneously in courtship,  they should not be considered as only a 

single cue. The parameters of song and dance may vary independently 

and each may provide d i s t in c t ly  unique information about the male to 

the female. Females se lec t ing  a mate may be responsive to e i th e r  or 

both of these components of courtship.  Another type of behavior which 

may be Important to females is  nest  re la ted  behavior, primarily nest  

building. For th i s  monogamous species,  in which both male and female 

engage in parental behavior, the premating behavior of the male may be 

important in determining l a t e r  parental involvement. I f  male 

nestbuilding ac t iv i ty  precedes pair  formation, th i s  behavior may well 

be the best  c r i te r io n  fo r  females in making a choice for  a partner who 

will  share parental du t ie s ,  although some aspect of song or dance may 

also pred ic t  parental qual i ty .  For zebra f inches,  then, the behaviors 

with the g rea tes t  potential  importance to female choice are song, 

dance and nes t - re la ted  behavior, since they may be indicat ive of 

q u a l i t i e s  of males c r i t i c a l  to female reproductive success.

Before conducting experiments to determine which specif ic  

behaviors might "a t t rac t"  females, i t  was necessary to es tab l ish  th a t  

differences in male reproductive behaviors were detected by females 

and played a c r i t i c a l  role  in female mate choice. Female zebra



finches were given a choice between behaviorally in t a c t  males which 

showed normal levels  of d irected song, the accompanying visual 

courtship, and nestbuilding and experimentally manipulated males which 

showed s ign i f ican t ly  lower frequencies of al l  these behaviors. I t  was 

hypothesized th a t  when given a choice between behavlorally in ta c t  

males and males deprived of these behaviors, females would se lec t  

behaviorally in t a c t  males. We also predicted th a t  some parameters of 

the qual i ty  of these behaviors would influence the choices made by 

females such th a t  they would suggest specif ic  aspects of behavior 

which serve an "a t t rac t ive"  function in female choice. Relevant 

information about the reproductive behaviors of both males and females 

are summarized below.

Male Behavior

Male song. While both male and female zebra finches have a 

var ie ty  of c a l l s  in th e i r  repe r to i re ,  only the male sings. Males sing 

in two d i f fe re n t  contexts.  Directed song (DSong) i s  an integral par t

of a l l  courtship,  d irected toward the female, and i s  believed to have

an intersexual "a t t rac t ive"  function (Hall,  1962). Song also occurs 

without o r ien ta t ion  to a p a r t ic u la r  conspecific in s i tua t ions  

characterized by low leve ls  of general locomotor a c t iv i ty  (Caryl,

1970; Bischof, Bohner, and Sossinka, 1981). This undirected song 

(USong) i s  also characterized by the absence of the fea ther  erection 

found in courtship.

The DSongs and USongs of any individual male sound very similar .

Morris (1954) o r ig ina l ly  proposed tha t  both songs were sexual in

function d if fe r ing  only in threshold, USong having a lower threshold.



More recently ,  Sossinka and BBhner (1980) found th a t  DSong had 

s ign i f ican t ly  more introductory notes (an avg. of 6.3 vs. 2 .4 ) ,  more 

song units  (avg. of 3.3 more), and the length of the songs was shorter  

by an average of 19ms. They concluded th a t  USong and DSong were 

d i f fe re n t  I n te n s i t ie s  of the same song. However, there is  no 

continuum of In tens i ty  between the two song types; there was a 

d isc re te  change in in tens i ty  between the types.  S imilar ly ,  Caryl 

(1981) found no evidence of -a motivational continuum and concluded 

th a t  the USong was unrelated to  a response to sexual stimuli ( i .  e . ,

I t  was not sexually motivated). Both songs are hormone dependent, but 

1f a male i s  cas tra ted  USong declines more slowly than DSong (Pr’dve, 

1974; Arnold, 1975). Restoration of singing with androgen replacement 

reveals  the same differences in reverse; USong has a lower threshold 

and 1s restored sooner (Prove, 1978). The length of bouts of DSong, 

and possibly the tempo, i s  hormone dependent (Arnold, 1975). In 

addition, the frequencies of both DSong and USong are re la ted  to 

androgen t i t e r s  (Prove, 1974, 1978). I t  i s  feas ib le  th a t  females 

could assess the underlying physiological s ta te  of males based on 

these q u a l i t i e s  of th e i r  songs (Sossinka and Bohner, 1980). The 

a b i l i ty  of females to recognize var ia t ion  between the songs of 

individual males has already been demonstrated (M iller ,  1979a, 1979b).

The Visual Component of Courtship. The visual component, or 

dance, which 1s always accompanied by DSong varies  1n in tens i ty  and 

the specif ic  behavioral pat terns  incorporated in the display. In i t s  

low In tens i ty  form, a male assumes a f a i r ly  relaxed posture,  turns 

toward the female and sings, f lu f f ing  the sexually dimorphic th roa t  

fea thers ,  often twisting the head from side to s ide. In a high



In tens i ty  dance, the male stands e rec t ,  sleeks the feathers  on top of 

his head, f lu f f s  out the sexually dimorphic feathers  on cheeks, 

th ro a t ,  and f lanks,  and hops down the perch toward the female, turning 

18CP with each hop, twist ing head and t a i l  toward the female and 

singing a t  each turn (Morris, 1954; Harding, e t  a l . ,  1983). The 

hormonal sp e c i f ic i ty  of th i s  display is  well es tablished.  Following 

ca s t ra t io n ,  the courtship dance decreases in frequency and in ten s i ty ,  

and la tenc ies  are increased. These e f fec ts  can be reversed by proper 

hormone replacement therapy (Arnold, 1975; Harding, e t  a l . ,  1983). 

There is  a l in ea r  re la t ionship  between androgen level and courtship 

frequency (Prove, 1974, 1978) and the duration of I n i t i a l  courtship 

bouts, is  also sens i t ive  to hormone s ta te  (Arnold, 1975).

Nestbuilding behavior. In the process of pa i r  formation, 

following the i n i t i a l  period of in te rac t ion ,  both the male and female 

s o l i c i t  fo r  nes t  s i t e s  (Caryl, 1976). The majori ty of the s o l ic i t in g  

i s  done by the male (personal observation), but the female is  though 

to make the f inal se lec t ion  of the nest  s i t e  (Sargent, 1965). Nest 

s o l i c i t a t io n  was f i r s t  described by Morris (1954) and involves 

s tre tch ing  movements sometimes accompanied by drooped wings and a 

fanned t a i l .  The behavior i s  usually accompanied by a vocalization 

bes t  described as a whimpering call  (Caryl, 1976). This nes t  

vocalization also appears to occur without the the nest  s o l i c i t a t io n  

posture and i s  more frequent among males. I t  also closely resembles 

the introductory notes of a male song (personal observation). The 

vocalization i s  emitted in close proximity to the nest  s i t e  and i s  

usually terminated when the male lands a t  the nest  s i t e .  Despite i t s  

existence, few researchers have e i th e r  observed or reported th is  nest



vocalization behavior especial ly  in re la t ion  to pair  formation. One 

reason mey be th a t  the vocalizat ion ,  which often is  the best  indicator  

of nes t  so l i c i t in g  e f fo r t s  by a male, does not carry well and can only 

rea l ly  be heard in a bird room i f  monitored closely by microphone. 

There i s ,  therefore ,  l i t t l e  known of i t s  potential as a male a t t r ib u te  

re la ted  to  female choice, or i t s  dependence oh the b i r d ' s  hormonal 

s ta tu s .

Nestbuilding i s  shared by both the male and female, but usually 

the male gathers most of the nest  material (Caryl, 1976). I t  i s  not 

known i f  gathering and nestbuilding a t t r a c t  the female or whether 

pairing occurs f i r s t .  Harding, e t  a l .  (1983) fa i led  to  find a 

re la t ionsh ip  between gathering nest  material and hormone treatment 

among iso la ted  p a i rs ,  but did find th a t  in a group aviary, high ra tes  

of nestbuilding were hormone dependent and th a t  i t  appeared to be 

a t t r a c t i v e  to females (Harding, 1983). Castrated males whose 

treatments provided estrogenic metabolites had shorter  la tenc ies  to 

nestbuilding and more developed nests .  Females i n i t i a l l y  preferred to 

occupy these nes ts ,  sometimes abandoning th e i r  original males. Only 

when the nestbuilding of the other males "caught up" with the 

es trogen-treated males did females return to th e i r  original mates. 

Implic i t  1n these observations was an "a t t rac t ive"  aspect of the nest 

and possibly a preference for  more e f f i c i e n t  nestbuilding by males.

Female behavior

Female preferences fo r  males can be determined using a var ie ty  of 

measures including overall  proximity to a male. Cr i t ica l  to an 

investigation of mate choice, however, i s  th a t  actual mating



preference are measured. Reliable measures of mate choice include: 

measures of preferences fo r  male nest  s i t e s  (nes t  s o l i c i t a t io n ,  

nestbuilding, nest-occupancy, and egg-laying) as well as measures of 

behavioral receptiv i ty  (copulation s o l i c i t a t i o n ) .  In so l i c i t in g  for 

copulation, the female crouches on a perch and assumes a r ig id  

horizontal posture with her head lowered. In many cases th i s  posture 

i s  accompanied by a rapid ver t ica l  v ibration of the t a i l  ca l led  a ta i l  

quiver (Morris, 1954). Almost without exception, males will  mount a 

so l i c i t in g  female and copulate. S o l ic i ta t io n ,  though, i s  se lec t ive ;  

i t  i s  infrequently observed, especia l ly  during in i t i a l  courting, and 

successful mating attempts rare ly  occur without i t .  For these reasons 

i t  appears to be a strong indicator  of female choice, a t  l e a s t  for 

copulation, i f  not fo r  pa i r  formation.



METHOD

Experimental design

The experiment employed a choice paradigm in which females were 

presented witft 2 males, d i f fe r ing  in th e i r  behavioral a t t r i b u te s ,  and 

allowed to freely  choose between them. The choice for  females was 

between a behaviorally i n t a c t  male th a t  could sing (S+), dance (D+), 

and nestbuild (N+) and a male in which these t r a i t s  were reduced or 

eliminated (S- D- N-). Females l ived  in experimental cages between 

the two males. Each t r i a d  (a female and her two males) was observed 

in an experimental cage fo r  a period of two weeks, a period normally 

su f f i c ie n t  for  pa i r  formation (B u t te r f ie ld ,  1970). Experimental 

t r i a d s  were run 1n blocks of s ix .  Positions of birds in cages were 

counterbalanced across experimental treatments as were the order of 

both morning and evening observations.  Three blocks of females were 

run for  a to ta l  of 18 females.

Subjects

Zebra finches were obtained from our breeding colony a t  the 

American Museum of Natural History. Young birds were removed from the 

breeding colony a t  30 days of age and grouped in a standard f l i g h t  

cage (1.22 x .61 x .61 m) fo r  approximately two weeks unti l  th e i r  

juvenile  molt had progressed su f f ic ien t ly  so they could be sexed by 

t h e i r  sexually dimorphic plumage pa t te rns .  They were then placed in 

iso-sexual holding av iar ies  unti l  approximately 150 days of age.

Since white feather coloration has been shown to have some influence



on mate choice (Immelmann e t  a l . ,  1978) only birds with gray or beige 

wild-type plumage were used in experiments.

All birds were maintained on a 14:10 l igh t :dark  cycle and a 

r e la t iv e  humidity of a t  l e a s t  50% throughout the experiment. Birds 

were fed a commercial finch mix supplemented with a vitamin-mineral 

compound (AVIA), water,  g r i t ,  and cuttlebone, ad l ib i tum . . Prior  to 

being placed in experimental cages, fresh orange and chicory was also 

pa r t  of the birds d ie t .

Both males and females selected fo r  the experiment were sexually 

naive and a t  l e a s t  150 days of age with an age range of not more than 

30 days in each group. All birds had good plumage and no v is ib le  

signs of i l l n e s s .  Approximately 5-6 weeks before the experiment, 

males were selected from the holding av ia r ie s .  Matched pairs  of males 

were selected a t  t h i s  time based on colora t ion ,  age, and weight, in 

th a t  order of p r io r i ty .  Surgical a l te ra t io n s  of the behavioral 

a t t r ib u te s  of males were also conducted a t  th i s  time. Male pairs  were 

kept in separate f l i g h t  cages in groups of six unti l  two days p r io r  to 

the beginning of behavioral observations.  The matched pairs  were then 

placed in the experimental cages to insure acclimation to th e i r  new 

environment.

Females were selected 2 days before the beginning of the 

experiment. Until the morning of the f i r s t  observation, they were 

grouped in small f l i g h t  cages in visual i so la t ion  from males. On the 

morning of the f i r s t  observations,  females were randomly assigned to 

experimental cages, with the exception th a t  females were never placed 

in the cages of male s ib l ings .



Apparatus

Behavioral observations of the choice t r iad s  (a female and two 

experimental males) took place in cages (Fig. 1) consisting of a 

s lo t ted  angle frame, a masonite f loo r ,  and a covering of 13 mm 

f lex ib le  p la s t ic  aviary mesh (Marsh Farms). Each cage was divided 

into 3 compartments (61 x. 61 x 61 cm; 122 x 61 x 61 cm; 61 x 61 x 61 

cm; see Figure 1 . ) .  The la rge r  central compartment, which housed the 

female, was separated from the two male compartments by the same 

f lex ib le  mesh materia l .  The p l iab le  mesh allowed v i r tu a l ly  complete 

visual and auditory contact  and permitted limited t a c t i l e  contact .  

Three perches ran the length of the cage (2.45 m). The two upper 

perches ran para l le l  31 cm apart  and 20.4 cm from the top of the cage. 

A s ingle  lower perch ran down the center  of the cage 15.3 cm from the 

f lo o r .  Two banks of experimental cages (3 cages each) were b u i l t .

Each cage was illuminated by f luorescent  ce i l ing  f ix tu res  plus a 300 

watt flood l i g h t  to increase il lumination and v i s i b i l i t y  in the 

nestboxes.

Females had a choice of three nestboxes. Each box was 

constructed from a square 12.7 cm corrugated cardboard box with the 

top and f ron t  panel replaced with plexiglas to increase v i s i b i l i t y
I

into the box. One nestbox was located in the center  of the female's 

compartment equid is tan t  from the male compartments (61 cm) on the 

upper rear  wall of the cage. The other two nestboxes were located a t  

the two mesh p a r t i t io n s .  Each was bisected by the mesh, enabling a 

male and a female to share the nestbox and nest  mater ial ,  and 

nestbuilding. P i lo t  experiments demonstrated tha t  males and females 

did t r e a t  these bisected nestboxes as single n e s t s i t e s .  Baskets made



Figure 1. Schematic of experimental cage, f ron t  view. Females were 
housed in the central compartment, males were housed in the 
two side compartments. Male nestboxes were bisected by the 
mesh p a r t i t io n s  separating th e i r  compartments from the 
female 's .  See te x t  fo r  fu r ther  d e ta i l s .





of aviary mesh held loose bundles of nes t  material (100 pieces of 

green sport yarn) and were located a t  the f loor  on the center  rear  

wall of each male compartment. Baskets for  females were located on 

the center  f ron t  wall of t h e i r  compartment.

Food, water, and cuttlebone were placed in "neutral" regions of 

the compartments.: in the central region of the females compartment and 

a t  the ends of the two male compartments. G ri t  was spread across the 

f loor  of a l l  three compartments.

Procedure

Independent variables

Three behavioral a t t r ib u te s  of male zebra finches (song, dance, 

and nes tbuild ing),  were abolished or reduced by the following 

procedures.

Song and Courtship Dance -  The frequency of both the visual and 

song components of courtship were reduced by cas tra t ion  5-6 weeks 

before the beginning of the experiment following the procedure 

outlined in Harding, e t  a l . (1983). This insured a s ign i f ican t  

decline in the frequency of these hormone-dependent behaviors. At the 

conclusion of observations, cas tra ted  males were sacr if iced  and 

autopsied for t e s t i c u l a r  remnants. Data from males with t e s t i c u l a r  

remnants were discarded.

Song - In order to completely eliminate song, males were muted by 

b i la te ra l  sectioning of the tracheosyringealis  branch (ce rv ica l i s  

descendens superior) of the hypoglossal (XXII) nerve using a 

modification of the procedure of Nottebohm (1971). The procedure was 

performed two weeks p r io r  to the beginning of the experiment to



decrease the p o s s ib i l i ty  of nerve regeneration during the experiment 

but allow adequate time fo r  surgical recovery. Under Metofane 

(Pitman-Moore) anesthesia,  a small incision was made in the skin of 

the ventral neck near the midline and 1 cm caudal to the lower l im i t  

of the beak to  expose a portion of the trachea. A 4 mm section of 

each branch was dissected f ree  from the t r a c h eo - la te ra l i s  muscle and 

the sides of the trachea, approximately 0.5 cm caudal to  the 

b ifurcat ion  of the hypoglossal root,  and removed using i r i s  sc isso rs .  

The inc is ion was closed with 6-0 cardiovascular suture.  This 

procedure eliminated song in males, although a scratchy raspy sound 

could sometimes be heard during attempts to sing. This sound, 

however, in no way resembled the song of a normal b ird .  Nest 

vocalizations were not eliminated by the muting procedure and, to the 

ear ,  these vocalizations sounded normal. One adverse s id e -e f fec t  of 

the procedure was resp ira to ry  d i s t r e s s  when birds were s t a r t l e d .  I f  

muted birds were frightened, they wheezed for  approximately 1-2 

minutes. Every e f f o r t  was made to avoid s t a r t l in g  the b irds ,  and the 

non-singing behaviors of muted birds were indis t inquishable from 

normal birds.

Nestbuilding -  Castrated males were prevented from doing any 

nestbuilding simply by eliminating any nest  material from th e i r  

compartments. In tac t  males were given bundles of 13 cm long strands 

of green sport yarn in holders to be gathered and placed in nestboxes.

Behavioral Observations 

For each experimental t r i a d ,  the f i r s t  observation (am) began



Immediately a f t e r  the female was introduced into the experimental 

cage. Data were col lec ted  during 15 m observations twice daily (am - 

8:30^11:30; pm - 16:00-19:00) fo r  a two week period with the exception 

of days 6, and 12 when only afternoon observations were taken, and 

days 7 and 13 when only morning observations were taken. Birds were 

l e f t  in the cages an additional 2-3 weeks to allow s u f f i c ie n t  time for 

egg-laying. During observations, vocalizations were monitored with 

the aid of a pa i r  of omnidirectional microphones (Numark) and stereo 

headphones (Koss HV/LC). Microphones were placed a t  the ends of the 

two male experimental cages; males were therefore never more than 0.61 

m from th e i r  monitoring microphone. This enabled the observer to: 1) 

i so la te  the vocalizations of the observed males from males in other 

cages, 2) iden t i fy  which of  the males was vocalizing, and 3) monitor 

low amplitude vocalizat ions such as nes t  s o l i c i t a t io n  vocalizations 

which do not carry well.

Data recording

The behavioral a c t iv i ty  of a t r i a d  during the 15 m observations 

was recorded on data sheets divided into 15 s in te rva ls .  Behavioral 

recording emphasized the behavior of males believed to  be important 

for  female choice and the behavior of females Indicating mating 

preferences. A secondary e f f o r t  was made to account for  the ac t iv i ty  

of a l l  3 birds throughout the observation. The behaviors recorded are 

l i s t e d  below.

Behavioral measures

In general, behaviors recorded were of two kinds: for  more



d isc re te  events, such as courtship or copulation s o l i c i t a t io n ,  

frequencies of behaviors were recorded; fo r  more continuous behavioral 

events,  such as time spent a t  nestboxes, durations to the nearest  15 s 

interval were recorded. The spec if ic  measures for  each behavior are 

l i s t e d  below.

Behaviors: (M- male, F- female)

Courtship (M): Courtship includes directed song (DSong) plus the

visual component, dance.

In tensi ty  of courtship was c l a s s i f i e d  according to the dance 

component. In a low in te n s i ty  display (C-LO), the male assumes a 

s t i f fened  posture,  faces the female, and sings while turning his 

head from side to s ide and f lu f f in g  his dimorphic fea thers ,  in 

the high in tens i ty  display (C-HI) ,  the male stands e rec t ,  a t  a 

distance from the female, sleeks the feathers  on the crown of his 

head, f lu f f s  out the dimorphic fea thers ,  sings,  and approaches 

the female by hopping down the perch, turning 180° with each hop, 

always twist ing his  head and t a i l  towards the female (Harding e t  

a l . ,  1983; Morris, 1954). Courtship dances in which the female 

was more than 12" away (C-D) were also recorded separate ly ,  since 

in these instances,  females often appeared unaware tha t  they were 

being courted.

S+ D+ N+ male courtship consisted of both the DSong and 

dance components, but,  a r e s u l t  of the experimental 

manipulations, S- D- N- male courtship consisted of only dance 

and no DSong. Measure: frequency.

Undirected song (USong) (M): This song i s  dist inguished from DSong



by the absence of the visual dance component, fea ther  erection,  

and lack of o r ien ta t ion  to another b ird .  While singing, the male 

stands e rec t  with his  head up and the feathers  around the th roa t  

v ibra te  (Morris, 1954; Caryl, 1976; Harding e t  a l . ,  1983). S- D- 

N- males were not able to sing, but t h e i r  attempts to sing USong 

were recognizable by a raspy sound as well as th e i r  posture and 

the movement of t h e i r  th ro a t .  Measure: frequency.

Copulation s o l i c i t a t io n  (F): In response to a male vocalization, a

female stands on the perch in a crouched r ig id  horizontal posture 

with head bowed. Often th i s  posture is  accompanied by a ver t ica l  

t a i l  quiver in which the t a i l  f l u t t e r s  rapidly .  Measure: 

frequency.

Nest s o l i c i t a t io n  vocalization (M, F): The behavior most often 

observed in the process of  nes t  s o l i c i t a t io n  is  the nest 

vocalization,  p a r t ic u la r ly  in males. Described as a whimpering 

call  by Caryl (1976), when monitored by microphone, the 

vocalizations of some males seemed to resemble the introductory 

notes of th e i r  songs (pers .  obs .) .  The vocalization is  

accompanied by rapid perch hopping near the nes t  s i t e  and often 

terminates when the bird enters  the nestbox. Measures: 

frequency, posi t ion a t  the end of vocalization; on the nestbox - 

VO, a t  the entrance of the nestbox -  VE, in the nestbox -  VI, and 

not a t  a nes t  location -  V.

Locations a t  the nestbox (M, F): There were three locations a t  the 

nestbox a t  which b irds  could be found; on top of the nestbox 

(ON), a t  the entrance of the nestbox (EN), and in the nestbox 

(IN). Measure: duration (15 s in te rv a ls ) .



Eggs (F): location of eggs l a id  by the female. Measures: date, 

location.

Position (M,F): location of a l l  three birds a t  the beginning of each 

minute during an observation. Measure: frequency.

Additional behaviors

In addition to the behaviors reported here, the following were 

also recorded during observations: Mandibulating nest  mater ia l ,  

transporting nest  m ate r ia l ,  nestbuilding a c t iv i ty ,  pecking the 

nest ,  beak wipes, perch hopping (a c t iv i ty  l e v e l ) ,  feeding, 

pecking cuttlebone, al lopreening, heteropreening, clumping, 

s i t t i n g ,  and s i t t i n g  with head tucked under wing, but they showed 

no strong re la t ionsh ip  to mate choice.

Data analysis

Non-parametric s t a t i s t i c a l  procedures were used for al l  analyses 

(Siegel,  1957). Measures of  female preferences were a t  e i th e r  the 

nominal or ordinal level of measurement. When possible ordinal 

measures of preference were analyzed using the Wilcoxon matched-pairs 

signed-ranks t e s t .  However, when only d isc re te  determinations of 

choice were possible ,  i . e . ,  p refer  - not p refer ,  differences were 

analyzed using the Sign t e s t .  Behavioral differences1 between the two 

types of males were analyzed, using the Mann-Whitney U t e s t  to verify 

th a t  the experimental manipulations were e f fec t ive  and to determine i f  

additional behaviors were affected by the manipulations. Within each 

of the male groups, the re la t ionsh ip  of the various behavioral 

measures was assessed using Spearman rank co r re la t ions .  In order to



assess i f  parameters of male behavior accounted for  female 

preferences,  Spearman Rank corre la t ions  were used. In an e f fo r t  to 

determine how the females made th e i r  choices, differences between the 

males in the frequency of p a r t ic u la r  behavior pat terns  were correla ted 

with differences in the frequency with which females directed 

p a r t ic u la r  behaviors towards each of the two males. Sign t e s t  

analyses were one- ta i led ,  a l l  other analyses were two-tailed.



RESULTS

Differences in male behaviors

Experimental manipulation of males had a s ig n i f ic an t  impact on 

behaviors l ike ly  to be important in female choice. Muted ca s t ra te s  

(S- D- N-) were unable to sing during courtship,  and thus th e i r  

courtship consisted of only dance. These males showed s ig n i f ic an t  

decreases in both to ta l  courtship (C-Tot.) and high in tens i ty  

courtship ac t iv i ty  (C-HI) compared to  in t a c t  males (S+ D+ N+) (Fig.

2). The muting procedure eliminated song in the S- D- N- males, but 

attempts a t  USong could be detected by the ch a ra c te r i s t ic  singing 

posture and the rhythmic rasping sound. The frequencies of USong 

attempts were s ign i f ican t ly  lower among S- D--N- males (Fig. 2). 

Castration reduced the frequencies of nes t  vocalizations most 

s ign i f ican t ly  (Fig. 2) .  However, the vocalization i t s e l f  was not 

eliminated by the muting procedure; males continued to  make a 

vocalization a t  the nes t  which sounded very s im ila r ,  i f  not id en t ica l ,  

to  normal nest  vocalizat ions.  While S- D- N-‘ males spent time a t  the 

three nest occupancy locat ions (ON, EN, and IN), they spent 

s ign if ican t ly  le ss  time IN nestboxes than th e i r  behaviorally in ta c t  

counterparts (Fig. 3).

For the in ta c t  males (S+ D+ N+), the frequencies of many male 

behaviors were posi t ively  corre la ted .  The frequency of USong was 

s ign if ican t ly  correla ted  with to ta l  courtship ac t iv i ty  ( r  = +0.44, p 

<0.05) and to ta l  durations a t  the nestbox (ON+EN+IN = N-Tot., r  = 

+0.45, p <0.05). Both to ta l  courtship and high in tens i ty  courtship 

ac t iv i ty  were correla ted with to ta l  durations a t  the nestbox (C-Tot., 

r= +0.47, p <0.025; C-HI, r  = +0.44, p <0.05). High in tens i ty



Figure 2. Differences in mean frequencies (+ SEM) of behaviors
between S+ D+ N+ males and S- D- N- males. Note: because 
S- D- N- males were muted, th e i r  undirected songs were 
undirected song attempts, and th e i r  courtships consisted of 
courtship dance alone. The upper graphs show differences 
in mean to ta l  d isp lays ,  while the lower graphs break down 
the courtship and nest  vocalization data into d i f fe re n t  
types of d isp lays .  See t e x t .  (Mann-Whitney U,
N1 = N2 = 18; * p < 0.05, ** p < 0.01) .
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Figure 3. Differences between males in mean durations (15 sec.
in te rv a ls ,  + SEM) spent a t  th e i r  nestboxes. Nestbox 
locations:  ON, on top of the nestbox; EN a t  the entrance of 
the nestbox; and IN, in the nestbox. (Mann-Whitney U;
N1 = N2 = 18; * p < 0.05, ** p < 0 .01) .
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courtship was correla ted with to ta l  nes t  vocalizations (V+VO+VE+VI = 

V-Tot, r  = +0.54, p <0.01). Nest vocalizations were d i f fe re n t ia ted  by
t

the nest  posit ion occupied by a male immediately (< 1 s) a f t e r  the 

vocalization (VO, VE, VI) as well as those in which a male did not 

occupy the nestbox (V). In addition to VO and VI being correla ted 

with to ta l  durations of nestbox occupancy (VO, r  = +0.47, p <0.025;

VI, r  = +0.67, p <0.001), VO, VE and VI were corre la ted  with durations 

a t  the respective nest occupancy locations (VO with ON, r  = +0.71, p 

<0.001; VE with EN, r  = +0.49, p <0.025; VI with IN, r  = +0.59, 

p<0.01). Durations a t  the each of the three locations were not,  

however, corre la ted .  The nestbuilding behavior of the behaviorally 

In tac t  males, measured as the amount of nest  material gathered by 

males, appeared to  be independent of other male behaviors with the 

exception of to ta l  durations a t  the nestbox (N-Tot., r  = +0.44, p 

<0.05).

The experimental manipulations of muting and cas tra t ion  

s ign if ican t ly  a l tered  the cor re la t ions  between male behaviors among 

the S- D- N- males. The frequency of USong was corre la ted  with C-LO ( 

r  = +0.52, p <0.025), C-Tot. ( r  = +0.46, p <0.05), and V-Tot. ( r  = 

+0.52, p <0.025). Courtship a c t iv i ty  was not corre la ted  with any of 

the nest re la ted  behaviors, nes t  vocalizat ions,  or nes t  occupancy.

Nest vocalizations were re la ted  to  nestbox occupancy (VE with EN, r  = 

+0.46, p <0.05; VE with IN, r  = +0.52, p <0.025; VI with IN, r  =

+0.48, p <0.025). While durations EN and IN nestboxes were correla ted 

( r  = +0.68, p <0.01), ne i ther  of these was correla ted with ON nestbox 

occupancy. In f a c t ,  i t  appeared th a t  ON was primarily a perching s i t e  

for  these males since l i t t l e  s o l i c i t in g  ac t iv i ty  occured there.



Preferences of females

Proximity to males: The posit ion of each female and the two 

males within the experimental cage were recorded a t  one minute 

in te rva ls  during each 15 minute observation. Position preferences for  

males were determined from the to ta l  number of posit ion recordings in 

which females were within a region of th e i r  cage not more than 0.45 m 

from the mesh p a r t i t io n s  of a male compartment. * Females were found 

s ign i f ican t ly  more often in the proximity (Prox) of the S+ D+ N+ males 

(Fig. 4) .

In order to determine i f  these differences indicated a real 

preference of females, a c r i t e r io n  of preference was es tablished .  I f  

a female was found in the proximity of one male a t  l e a s t  20% more 

often than with the other male, she was scored as showing a preference 

for  th a t  male. This 20% difference c r i t e r io n  was used because, i t  was 

su f f i c ie n t  to demonstrate the choices of most females, while being 

le ss  sens i t ive  to the v a r i a b l i l i t y  in posit ion recordings over the two 

weeks of observations than higher dif ference percentages. Of the 18 

females in the experiment, 12 met th i s  c r i te r io n ;  s ig n i f ic an t ly  more 

females (10) preferred the S+ D+ N+ males to the S- D- N- males (2) 

(Fig. 5; Sign t e s t ,  p <0.05).

In order to determine how females were choosing mates, 

differences between the two males in a t r i a d  in the frequencies of 

each behavior were ca lculated.  A s im ila r  score was also calculated 

for  the differences in behavioral responses of females to the two 

males. These behavioral difference scores were then analyzed for  a 

re la t ionship  of choice to male behavior using the Spearman rank



Figure 4. Differences in responses of females to S+ D+ N+ males and 
S- D- N- males: Mean proximity (+ SEM) based on recordings 
of female posit ion in the cage a t  one minute in te rva ls  
during observations (Prox to male), mean durations (+ SEM) 
a t  each location a t  the male nestbox (ON, EN, and IMT, mean 
durations fo r  a l l  nestbox locations (NTOT), and-mean 
durations of simultaneous nestbox occupancy by male and 
female (Simul IN). (WUcoxon matched-pairs signed-ranks 
t e s t ;  N1 = N2 = 18; * p < 0.05, ** p < 0 .01) .
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Figure 5. Percentage of females choosing S+ D+ N+ males or S- D- fe­
males. For three behaviors, Prox, EN+IN, and IN, a 20% 
difference c r i t e r io n  was used to  determine female choice 
(See t e x t ) .  The remaining measures are based on frequency 
data alone. Percentages*were based on all  females in the 
experiment (N = 18), bars r e f l e c t  only those females tha t  
made a choice. (Sign Test; * p <0.05, ** p < 0.01).
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corre la t ion  (Table I ) .  For the posit ion recordings, differences in 

the proximity of females to  the males were correla ted with differences 

in the frequency of to ta l  courtship.  There was also a corre la t ion  

between the proximity of females to males and the amount of nest 

material pulled by males from holders.

Copulation S o l ic i ta t io n :  The frequency of observing the 

s o l i c i t a t io n  posture in response to courtship is  usually low. Even in 

the course of two weeks of observations, the observed frequencies in 

the experiment were low (mean = 2.92 fo r  females th a t  were observed 

s o l i c i t in g ) .  Of the 13 females th a t  so l i c i t ed  in response to

courtship, there was a s ig n i f ic an t  preference for the S+ D+ N+ males

(Figure 5 . ,  Sign Test ,  p <.01).  Eleven females so l ic i t e d  the S+ D+ N+ 

males exclusively and one female, although observed so l i c i t in g  both 

males, so l i c i t e d  the S- D- N- male more frequently. The remaining

female so l i c i t ed  each of her males once.

Since females s o l i c i t  fo r  copulation almost exclusively in 

response to courtship, higher frequencies of courtship by males would 

increase the probabil i ty  of observing, the r e la t ive ly  infrequent,  

copulation s o l i c i t a t io n s .  Thus, any re la t ionship  between the 

frequency of courtship a c t iv i ty  and copulation s o l i c i t a t io n  may not 

have ref lec ted  preference as much as a greater  sample of courtships to 

which females could be observed s o l i c i t in g .  There was, however, no 

s ign i f ican t  corre la t ion  between differences in the frequency of the 

s o l i c i t a t io n  response and any measure of courtship frequency or any 

other male behavior (Table I ) .  Low courtship frequencies did not 

account for  t r ia d s  in which females were not observed so l ic i t in g ;  

there were no s ig n i f ic an t  differences in to ta l  courtship frequencies



Table I .  C orrela tions  of female preferences with male behaviors. Female 
preference measures are d iffe rence  scores fo r  behavioral responses to the males 
w ithin a t r i a d .  Hale behavior measures are d iffe rence  scores fo r  male behaviors 
w ithin a t r i a d .  Only s ig n i f ic a n t  c o r re la t io n s  are  l i s t e d .

Female Behaviors

Hale
Behaviors Prox. ON EN IN N-Tot.

Slmul. Cop.
IN S o l i c i t  Eggs

USong +.44 + .50 *

C-D (Courts) +.50 * +.47 * +.69 ** + .51 * +.44

C-LO +.54 ** + .44 + .46
\

C-HI +.42 +.46 +.48 * +.51 * + .46

C-Tot. +.46 +.52 * +.62 ** +.54 ** + .40

V (n es t  voc.) +.50 +.48 *

vo +.62 **

VE

VI +.53 * +.44 +.42 +.47 *

V-Tot. +.64 **

ON (male) + .49 *

EN +.49 * +.41

IN +.47 * +.42 +.53 * +.42

N-Tot. +.43 + .48 *

Nest material 
gathered

+ .46 + .43

p <.05
* p <.025
** p <.01



between t r ia d s  in which females s o l i c i t e d  (mean = 25.27, N = 11land 

those t r iad s  where no s o l i c i t a t io n s  were observed ( mean = 22.7, N = 

7).  In addition, the frequency of courtship of the two S- D- N- males 

tha t  were so l i c i t ed  by females was lower than the mean for  th i s  group 

of males (2 and 4 vs. a mean of 6 .7 ) .  The females, therefore ,  were 

not' so l i c i t in g  males because they courted more frequently ,  nor were 

they more l ike ly  to be observed s o l i c i t in g  these males.

Time spent ai male nestboxes. Through the two weeks of the 

experiment, females could occupy any of three possible n e s t s i te s ;  the 

two male nestboxes bisected by the mesh p a r t i t io n s  separating the 

female from the males, or a nestbox in the neutral center  region of 

the female cage. This th i rd  a l te rn a t iv e ,  while occasionally occupied 

fo r  short periods by females, was never chosen by any female as a 

n es ts i te  (based on low occupancy durations ,  an absence of nes t  

mater ial ,  and the absence of eggs).

ON the male nestbox was never the f inal  n es ts i te  fo r  any of the 

females, although a few did attempt to build ON a t  f i r s t .  There was 

also no s ign i f ican t  preference fo r  males based on th i s  measure (Fig.

4) .  For both the EN and IN measures of nestbox occupancy, there were 

s ign i f ican t  preferences fo r  the S+ D+ N+ males. Females spent more 

time a t  the entrance of the nestboxes and in the nestboxes of the S+

D+ N+ males. Sixteen females met a preference c r i te r io n  of 20% (see 

above) more time EN+IN the nestbox of one male, and most preferred the 

nestboxes of the S+ D+ N+ males (12 vs. 4; Sign t e s t ,  p <0.05; Fig.

5). The majority of females also preferred to occupy these nestboxes 

(IN; 12 vs. 3; Sign t e s t ,  p <0.01).

Female nest s i t e  preferences were correla ted with differences of



several male behaviors within t r i a d s .  There was a s ig n i f ic an t  

corre la t ion  between differences in male C-HI and the time females 

spent a t  al l  three nestbox locations (Table I . ) .  Differences in to ta l  

courtship frequencies were correla ted  with ON. Differences in male 

nes t  vocalization ac t iv i ty  were also re la ted  to differences in female 

nestbox occupancy. Nest vocalizations in which males immediately went 

IN the nestbox (VI) were correla ted  with female IN nest  occupancy. 

Total nest  vocalizations were correla ted  with combined EN+IN occupancy 

by females Since males rare ly  vocalized when females were already 

e i th e r  EN or IN, males may very well have been vocalizing to  a t t r a c t  

females to th e i r  nestboxes. Time spent a t  the various nestbox 

locations fo r  both males and th e i r  females on al l  three measures (ON, 

EN, and IN) were corre la ted ,  indicat ing th a t ,  even i f  i t  was not 

simultaneous, a male or female was more l ik e ly  to spend time a t  the 

n e s ts i te  and occupy a nes t  i f  the other member of the pa ir  occupied 

th a t  s i t e  a t  times.

Nestbuilding In general,  although both male and female zebra 

finches engage in nestbuilding ac t iv i ty ,  i t  i s  the male of the pair  

th a t  gathers and contributes the majority of nes t  mater ia l .  A female 

had two sources of nes t  material :  a bundle of yarn in the neutral 

region of her cage and, since f i f teen  males placed a t  l e a s t  100 pieces 

of yarn in th e i r  nestbox (mean for  all  males = 372 p ieces) ,  the 

nestbox of the S+ D+ N+ male. I f  females chose the S- D- N- males for  

mates, i t  was necessary fo r  the females to provide al l  the nest 

material for  the nests.  Eleven females removed nest  material from 

th e i r  holders. However, 9 of these females placed the nest  material 

exclusively in the nestboxes of the S+ D+ N+ males (Fig. 5; Sign t e s t ,



p <0.05). One of the remaining females placed the nest  material in 

the S- D- N- male's nestbox; the other female placed several pieces in 

both male boxes. A s ign i f ican t ly  greater  number of females also b u i l t  

nests  with the S+ D+ N+ male. Of the 14 females for  which there was 

yarn present in the female side of a male nestbox, 12 b u i l t  nests with 

the S+ D+ N+ males and the remaining females with the S- D- N- males 

(F ig .5; Sign t e s t ,  p <0.01).

Nest material contributed to  the nestbox by males was not 

s ign i f ican t ly  correla ted  with nestbox occupancy by females, although 

females were found in c loser  proximity to males th a t  gathered more 

nes t  mater ia l ,  and simultaneous occupancy IN a nestbox by a pair  was 

corre la ted  with the amount of nes t  material gathered by the male 

(Table 1).

Eggs in male nestboxes One of the most important measures of 

mate choice should be where a female chooses to lay her eggs since i t  

may indicate a choice for  males showing greater  parental po ten t ia l .  

Thirteen females la id  eggs, and a s ign i f ican t ly  greater  number of 

these females la id  th e i r  eggs in the nests of the S+ 0+ N+ males, 

exclusively (12 vs. 1; Sign t e s t ,  p <0.01). Only one female la id  eggs 

in the nestboxes of both males and she appeared to prefer  the S+ D+ N+ 

male (5 eggs vs. 1 egg in the S- D- N- male nestbox).

Differences 1n the number of eggs l a id  by females were 

s ign i f ican t ly  correla ted with differences in to ta l  courtship ac t iv i ty  

(Table 1). Low levels  of courtship ac t iv i ty ,  however did not account 

fo r  t r iad s  where females did not lay eggs. There was no s ign i f ican t  

difference in the courtship ac t iv i ty  between males of t r ia d s  in which 

females la id  eggs (mean = 25.3, N =13) and those t r iad s  where no eggs



were l a id  (mean = 21.0, n=5). Additionally, the absence of egg laying 

was not accounted for  by low levels  of nestbuilding of the S+ D+ N+ 

males in these t r i a d s .  The amount of nes t  material pulled and placed 

in nestboxes by the S+ D+ N+ males in t r iad s  in which females did not 

lay (mean =352 ,  N = 5) was not s ign i f ican t ly  lower than in t r ia d s  

where eggs were la id  (mean = 381.4, N = 12). The presence of males IN 

the nestbox was corre la ted  with egglaying as were several measures of 

nes t  occupancy by the females (Table I ) .

Simultaneous nes t  occupancy ( Simul IN) by both.male and female 

would seem to be a good indica tor  of pa ir  formation. Females spent 

s ign i f ican t ly  more time IN the nestbox simultaneously with S+ 0+ N+ 

males (Fig- 4) .  This behavior was correla ted  with three male 

a c t i v i t i e s :  C-HI, VI, and IN.

With the exception of copulation s o l i c i t a t io n ,  a l l  measures of 

female preference were s ign i f ican t ly  corre la ted  (Table I I . ) .  For the 

nest  occupancy data,  durations ON nestboxes were not s ign i f ican t ly  

correla ted with the best  measures of nes t  choice, IN occupancy and egg 

laying, indicating fu r ther  th a t  time spent ON male nestboxes was 

probably not re la ted  to  mating preferences.



Table I I .  C orre la tions between measures o f female preference: d iffe ren ce  scores 
fo r  beHavioral responses of a female to  the males w ithin a t r ia d .

p <.05 
* p <.025
** p <.01

Female Behaviors

Slmul. ' Cop.
Prox. ON EN IN N-Tot. IN S o l ic i t  Eggs

Proximity

ON

EN

IN

N-Tot.

Slmul. IN

Cop.
S o l ic i t

Eggs

+.64 ** +.62 ** +.49 * +.79 **

  + . 5 3  * +.63 **

  +.73 ** +.76 ** +.65 **

  +.81 ** +.92 **

  +.89 **

+.54 **

+.54 ** 

+ .49 *

+ .50 *



DISCUSSION

This Investigation provides conclusive experimental evidence tha t  

female zebra finches u t i l i z e  aspects of the behavioral reper to i re  of 

males in choosing a mate. When given a choice between two 

behaviorally d i s t i n c t  males, one with the fu l l  behavioral reper to ire  

(S+ D+ N+) and another with d e f i c i t s  in song, display,  and 

nestbuilding behaviors (S- D- N-), females choose the S+ D+ N+ males. 

Previous invest iga t ions of mate se lection by female zebra finches have 

emphasized imprinted color morph preferences primarily re la ted  to 

in te r sp ec i f ic  mate se lec t ion  (Walter, 1973; Sonneman and Sjolander, 

1977; Immelmann, e t  a ! . ,  1978; TenCate and Mug, 1984) although the 

data of some of these have suggested th a t  male behavior may be 

important. With the exception of Immelmann e t  a l .  (1978), measures of 

choice have not always included r e l ia b le  measures of actual mating 

preference or pa i r  formation. In the present invest iga t ion ,  measures 

of sexual preference, indicated by copulation s o l i c i t a t io n ,  nest  

occupancy, and egg laying support the hypothesis tha t  the behaviors of 

male zebra finches are also c r i t e r i a  for  in t ra spec i f ic  mate choice by 

females.

Consistent with previous reports  (Prove, 1974; Arnold, 1976; 

Sossinka, Prove, and Immelmann, 1980; Harding e t  a l . ,  1983a), the 

experimental manipulation of male behavior by cas tra t ion  produced 

s ig n i f ic an t  d e f ic i t s  1n the frequency of directed song and dance, and 

undirected song. The surgical muting procedure e f fec t ive ly  eliminated 

song production when cas t ra ted  males attempted to sing. Possibly, the 

muting procedure also contributed to the reduction in song frequencies



because of some discomfort or d i f f i c u l ty  when males attempted to  sing 

or lack of normal auditory feedback. However, while there is  a raspy 

sound during song attempts, there was no indicat ion tha t  th i s  caused 

males to abort e i th e r  courtship or undirected song attempts. In 

addit ion, resp ira tory  d i s t r e s s ,  which often occurs when muted birds 

are s t a r t l e d ,  was never observed in muted males following attempts to 

sing.

The frequency of nes t  s o l i c i t in g  vocalizations was also 

s ign i f ican t ly  reduced by the experimental manipulations. The muting 

procedure, however, did not el iminate the nest  vocalization. S- D- fe­

males could be heard giving a s im ila r ,  i f  not id e n t ic a l ,  vocalization 

when they were about to enter  the nestbox. There have been no 

previous reports  of the re la t ionsh ip  of th i s  vocalization to hormonal 

condition. However, i t  i s  l ik e ly  th a t  th i s  behavioral d e f i c i t  was 

primarily the r e s u l t  of c a s t ra t io n .  Hormonal condition has been shown 

to  Influence nest  re la ted  behaviors 1n several other avian species 

(canary -  Hinde and S tee l ,  1978; ring dove - Martinez and Vargas, 

1974). The absence of nes t  material may have also been a contributing 

fac to r ,  although males are usually not carrying nest  material when 

they vocalize and s o l i c i t  fo r  a n e s t s i te .  S ignif icantly  lower leve ls  

of nestbox occupancy (IN) in the S- D- N- males may, s im ila r ly ,  have 

been re la ted  to  the e f f e c t s  of ca s t ra t ion  and the absence of nest  

m a te r ia l .

All the behavioral d e f i c i t s  in the S- D- N- males may have also 

re f lec ted  female responses to these males. Females were found more 

frequently in proximity to the S+ D+ N+ males. Males rarely court 

females from a distance, and no male in the experiment courted from



greater  than two fe e t  away. Thus, low courtship frequencies may have 

also been p a r t i a l ly  the r e s u l t  of l e s s  frequent v i s i t s  by females. 

There was, however, no indicat ion  th a t  deprived males attempted to 

compensate for  the l imited presence of females by attempting more high 

in tens i ty  courtship; frequencies of i t  were extremely low.

Patterns of co r re la t ions  between male reproductive behaviors also

distinguished the S+ D+ N+ from the S- D- N- males. While the

frequencies of many of the reproductive behaviors of the S+ D+ N+

males were corre la ted ,  a s im ila r  re la t ionsh ip  was not found among the

S- D- N- males. In addition to the e f fec ts  of ca s t ra t ion ,  the lower

number of corre la t ions  among the behaviors of the S- D- N- males is\

probably also a t t r ib u ta b le  to the responses of females-to these males 

and th e i r  lack of nes t  m ater ia l .

Were there specif ic  male behaviors th a t  accounted fo r  female 

preferences? Correlations are equivocal in demonstrating tha t  

specif ic  aspects of male behavior are "a t t rac t ive"  to females or serve 

as c r i t e r i a  for  mate choice. They do, however, suggest behaviors 

which could account for  va r ia t ions  in measures of female preference. 

One of the cons is tent  proposals about the ro le  of behaviors, 

pa r t ic u la r ly  courtship song and display, in mate se lection is  th a t  

they "a t t rac t"  females (Catchpole, 1982). In the present 

invest iga t ion ,  the s ig n i f ic an t  tendency fo r  females to be found more 

often in the proximity of the S+ D+ N+ males was s ign i f ican t ly  

correla ted with both differences in low in tens i ty  and to ta l  courtship 

(DSong + dance) frequencies between the two groups of males. This may 

indicate tha t  females were a t t rac ted  by more frequently courting 

males. Alternatively ,  however, the S+ D+ N+ males may have courted



more frequently because of the close proximity of the females.

The proximity of females to the S+ D+ N+ males was also 

correla ted with the amount of nes t  material u t i l i z e d  by males. While 

in te rp re ta t ions  s imilar  to those above may account for  th is  

re la t ionsh ip ,  the a l te rn a t iv es  themselves may be of importance in 

assessing the role  of nestbuilding as an "a t t rac t ive"  c h a ra c te r i s t ic .  

I f  nestbuilding behavior occurs before pa ir  formation, then 

nestbuilding may be a behavior fo r  "a t t rac t ing"  a female. On the 

other hand, males may not begin s ig n i f ic an t  nestbuilding ac t iv i ty  

unti l  they are assured a mate. Females spending time in the proximity 

of the male may be s u f f i c ie n t  assurance. Other investigations have 

used close proximity as a measure of pa i r  formation in zebra finches 

(Caryl, 1975; Silcox and Evans, 1982). Female zebra finches have been 

reported to  make the f inal  choice of nes t  s i t e  (Sargent, 1965). Thus, 

nestbuilding may have been a response to female choice of a s i t e  and 

not an "a t t rac t ive"  t r a i t .

Occupying a male 's nestbox and laying eggs in the nestbox should 

be a re l ia b le  indicator  of mate choice. We recorded the presence of 

birds ON, EN, IN nestboxes. Of these only IN was a true  indicator  of 

nes t  choice. Although some pa i rs  i n i t i a l l y  s ta r ted  to build ON, none 

completed nests a t  th i s  loca t ion .  Females often sa t  or perched a t  the 

entrance of the male nestbox (EN) which, while correla ted to  actual 

occupancy (IN), was not i t s e l f  a nest  s i t e .  Both ON and EN were 

basica l ly  perching s i t e s  and therefore rea l ly  measures of proximity to 

a male. Not surpris ingly ,  s ig n i f ic a n t  corre la t ions  were found between 

differences in these durations and differences in high in tens i ty  and 

to ta l  courtship a c t iv i ty  by the two groups of males. Differences in



durations ON male nestboxes were also correla ted  with differences in 

nest  vocalizations by males (V, VO, VI). Presumably, in addition to 

some so l i c i t a t io n s  for  ON, such close proximity of the females to the 

actual n e s t s i te  (IN) resul ted  in more active s o l i c i t a t io n s  fo r  the 

n e s t s i te  by males.

Females c lear ly  chose the nestboxes. of the S+ D+ N+ males based 

on IN nest  occupancy durations.  The differences in time spent IN the 

nestboxes of the two males were re la ted  to differences in th e i r  

frequencies of high in tens i ty  courtship. Males rarely  i n i t i a t e d  

courtship while females were IN the nestbox, and i t  i s  therefore more 

d i f f i c u l t  to a t t r ib u te  th i s  re la t ionship  solely to proximity.

Proximity I t s e l f  was not corre la ted  with high In tensi ty  courtship.  

Females, however, occasionally responded to higher in tens i ty  

courtships by jumping into the male 's nestbox. High in tens i ty  

courtship, therefore ,  may have influenced nes t  choice.

There was also an indication th a t  the nest  vocalizations of males 

influenced nest  choice by females, nes t  vocalizations terminating .with 

•the male IN the nestbox (VI) were correla ted  with female nestbox 

occupancy. Again, th i s  can not be a t t r ib u ted  simply to proximity, 

since males did not vocalize and s o l i c i t  when the females were already 

in the nestbox. Further evidence of the possible importance of males 

se lec ting a nest s i t e  may be th a t  male durations IN the nestbox were 

correla ted  with the durations females spent IN the nestbox. Time in 

the nestbox may be another important indicator  of a male's choice of a 

nest  s i t e  and may be an important influence on female choice; 

occupancy of a nestbox may be " a t t r a c t iv e" .  However, in the 

experiment, male occupancy could have been a response to female



occupancy since simultaneous nes t  occupancy was highly corre la ted  with 

female occupancy of the box.

One of. the best  indicators  of mate choice must be where a female 

lays her eggs. Not only Is  i t  an indication of a preferred nes t  s i t e ,  

i t  mqy also be re la ted  to  the qual i ty  of a male as a mate, 

p a r t ic u la r ly  as a parent (Searcy, 1979). In the experiment, the 

preferences of females to lay t h e i r  eggs with the S+ D+ N+ males was 

re la ted  to  to ta l  courtship frequencies.  This might be in te rpre ted  as 

being the r e s u l t  of the stimulating e f fec ts  of courtship display on 

reproductive physiology as has been demonstrated in budgerigars 

(Brockway, 1965), r ing doves (Friedman, 1977), and canaries (Kroodsma, 

1976). However, 1n th is  experiment, females which did not lay eggs, 

did not appear to be courted le s s  than females which la id ;  courtship 

frequencies 1n these t r i a d s  did not d i f f e r  s ign i f ican t ly  from 

courtship frequencies 1n egg laying t r i a d s .  I t  does not necessari ly  

follow th a t  a female will Iqy her eggs in the nest  of the male th a t  

contributed the more stimulating e f fec ts  on her ovarian development, 

although th is  could be t rue .  In addition, the presence of a male is  

not always necessary for  ovulation. * For example, 1n canaries the 

qual i ty  of song 1n playback experiments appears to Influence the 

latency to egglaylng and the number of eggs l a id ,  independent of the 

visual presence of a male (Kroodsma, 1976). Thus, while the behavior 

of males cer ta in ly  stimulated females' reproductive s ta te s ,  where the 

eggs were la id  may have been re la ted  to the frequency of male 

courtship ac t iv i ty  for  reasons other than endocrine stimulation.

Egg laying was also corre la ted  with male nestbox occupancy, 

although i t  was not re la ted  to gathering nest  material .  This could



indicate  th a t  the occupancy of a nest  by males is  an important 

c r i t e r io n  for  females in choosing a s i t e  to lay eggs independent of 

the qual i ty  of the nest th a t  males build .  Male nes t  occupancy could 

be ind ica t ive  of l a t e r  willingness to incubate eggs and be important 

in the timing of the incubation bouts of  the male and female (Ball and 

S i lve r ,  1983).

Copulation s o l i c i t a t io n  must also be one of the best predic tors  

of mate choice, since under normal circumstances i t s  occurence, which 

i s  infrequent,  i s  usually followed by male mounting and copulation. 

Females so l i c i t e d  the S+ D+ N+ males more frequently,  but s o l i c i t a t io n  

was not re la ted  to the frequency of male courtship displays. Although 

copulation s o l i c i t a t io n  occurs almost exclusively in response to 

courtship ,  females did not s o l i c i t  more frequently those males tha t  

courted more frequently.  In addition, low courtship frequencies did 

not account for  t r ia d s  in which females were not observed so l i c i t in g  

fo r  copulation; there was no s ig n i f ic an t  difference between t r i a d s  in 

which females s o l i c i t ed  and those in which they did not in low or high 

in ten s i ty  courtship frequencies. I t  appears th a t  s o l i c i t a t io n  1s 

indeed se lec t ive  and not any more l ik e ly  to occur with more frequent 

courtship. The response must be se lec t ive  to some other quali ty  of 

male courtship. Selective copulation s o l i c i t a t io n  responses to other 

parameters of courtship song have been reported in other species 

(swamp sparrows - Searcy .and Marler, 1981; cowbirds -  West, King, and 

Eastzer,  1981).- In the present study, copulation so l i c i t a t io n  was 

corre la ted  with only one male behavior, durations a t  the entrance of 

the nestbox, and th i s  i s  d i f f i c u l t  to in te rp re t .  Copulation 

s o l i c i t a t io n  appears to be d i s t i n c t  from other measures of female



preference. In addition to i t s  lack of s ig n i f ic a n t  corre la t ions  with 

the majority of male behaviors, i t  was not correla ted  with any other 

measures of female preference. Thus, even though th is  measure

indicated a strong preference fo r  the S+ D+ N+ males, the response was

not re la ted  to any of the differences in frequencies of the male

behaviors recorded, nor other  measures of female preference, possibly 

because the response i s  s e lec t iv e  for  other aspects of male qual i ty .  

One p o ss ib i l i ty  i s  th a t  the a b i l i t y  of males to sing had a s ig n i f ic an t  

influence on female copulation s o l i c i t a t io n  in response to courtship.

A measure which suggested not only mate choice by females but 

also pa ir  formation was simultaneous nes t  occupancy by both male and 

female. Si 1 cox and Evans (1982) reported th a t  the maintenance of 

small individual dis tances between a male and a female are good 

indicators  of pa ir  formation as well as fac tors  which strengthen the 

bond. Because of the p a r t i t io n  between cages in the present 

invest iga t ion ,  the typ ica l ly  used ind ica tor  of pa i r  formation, 

clumping, was rarely  observed. However, proximity within the confines 

of the nestbox must also be a measure of pa i r  formation and may in 

f a c t  be a stronger and more re l i a b le  ind ica to r .  Simultaneous nest  

occupancy was correla ted  with the frequencies of high in tens i ty  

courtship, VI nes t  voca liza t ions ,  and gathering yarn for  nestbuilding. 

This strongly suggests th a t  these behaviors are important to mate 

choice and the establishment of a pa i r  bond.

In the experiment, i t  was not possible to use one c r i t e r io n  of 

preference to determine the mate choices of females. Various measures 

of of female responses were al l  val id  indicators  of choice, and no 

single behavioral measure correc t ly  represented the preferences of al l



females. This was probably due in p a r t  to the experimental s i tua t ion  

as well as to the d i f fe r ing  behavioral in te rac t ions  of females and 

males in each t r ia d .  For example, while i t  was possible to determine 

the choice of one female by the large amount of time she spent 

exclusively in one male's nestbox nestbuilding, another female was 

rare ly  seen 1n male nestboxes during observations but ha^ c lea r ly  made 

a choice based on her copulation s o l i c i t a t io n s  and the male nestbox in 

which she la id  her eggs. Thus, both females demonstrated a choice, 

but not on the same measures. However, fo r  the females as a group, 

most of the measures of preference were corre la ted ,  indicating th a t  

overall a l l  measures were re la ted  to  mate choice. The one exception 

was copulation s o l i c i t a t io n  which, because of i t s  Infrequent 

occurence, was probably the measure most susceptible to the limited 

sample of observations (15 min twice a day) and was not observed in 

frequecies re f lec t in g  the strength  of the other preferences.

The reproductive behaviors of males, pa r t icu la r ly  courtship, have 

always been assumed to " a t t r a c t "  females. The re su l t s  of th is  

investiga tion lend support to th i s  view in th a t  aspects of courtship, 

nes t  vocalizations,  nes t  occupancy and nestbuilding were re la ted  to 

female preferences.  These behaviors, therefore ,  may be u t i l i z e d  by 

females in choosing a mate.

What advantage does a female gain by se lec ting a mate based on 

the qual i ty  of his behavior? I t  may be an Informative predic tor  of 

l a t e r  parental investment. For monogamous avian species, such as the 

zebra finch, in which males contribute  considerably to the ra is ing  of 

the young, choice of a mate with good potential as a parent may be the 

most c r i t i c a l  aspect influencing a female's reproductive success



(Trlvers ,  1972; Erickson, 1978). The Inherent problem In choice for  

th i s  ch a ra c te r i s t ic  Is  th a t  a female must se le c t  her mate based on 

some pre-mating behavior th a t  predic ts  l a t e r  parental Involvement. In 

zebra f inches,  courtship ac t iv i ty  and nes t  re la ted  behaviors are those 

most l ike ly  to f u l f i l l  t h i s  Informative function.

Grelg-Smith (1982) reported th a t  in the stonechat,  pr'emating song 

ra te s  in males were corre la ted  with l a t e r  parental behaviors including 

nes t  defense. In the present inves t iga t ion ,  zebra finch pairs  were 

not permitted to go through a complete breeding cycle and therefore i t  

was not possible to determine i f  male courtship behavior was re la ted  

to  measures of parental qua l i ty  such as incubation and feeding of the 

young. However, mate choice indicated by nes t  occupancy and egglaying 

do suggest th a t  females are se lec t ing  a mate on c r i t e r i a  other than 

j u s t  an "a t t rac t ive"  male fo r  copulation. In addition, so l i c i t a t io n  

in response to courtship i s  apparently independent of these other 

behaviors. Whether courtship and nes t  re la ted  male behaviors which 

corre la ted  with female nest  occupancy and egglaying are the c r i t e r i a  

used to  assess l a t e r  parental behavior cannot be determined from the 

present data. Of the male behaviors, those re la ted  to the nest  would 

seem to be more l ike ly  to be re la ted  to  the quali ty  of parental 

behavior, but there are no data demonstrating tha t  male nest  box 

occupancy i s  re la ted  to a l a t e r  propensity fo r  egg Incubation or tha t  

males begin se lecting a nest s i t e  and building a nest  pr io r  to females 

se lecting them as a mate, i . e . ,  pa i r  formation. Therefore, while 

these behaviors may be corre la ted  to female preferences they may not 

be the behaviors i n i t i a l l y  assessed by females. For the S+ D+ N+ 

males, a t  l e a s t ,  courtship frequencies were re la ted  to aspects of nest



building possibly suggesting th a t  courtship behavior could be 

ind ica t ive  of l a t e r  nes t  building and parental behavciors.

Thus, while th i s  invest iga t ion  demonstrates the importance of 

behavior in female choice* i t  also ra ise s  a number of questions 

perta ining to the specif ic  behavioral ch a ra c te r i s t ic s  th a t  females may 

use 1n se lec ting th e i r  mates. The data indicated th a t  female choice 

i s  re la ted  to  three specif ic  male behaviors; d irected song, courtship 

dance, and nesting behavior, but the re la t iv e  importance of these 

behaviors i s  s t i l l  unclear. Both courtship ac t iv i ty  and nest  re la ted  

behaviors may contain the q u a l i t i e s  females use as c r i t e r i a  for  

choice. Courtship i t s e l f ,  contains two components which need not 

carry redundant information about a male, d irected song and dance. By 

f a r  the most common prediction of the function of avian song 1s tha t  

1t  "a t t r a c t s "  females (Catchpole, 1982). Various parameters of song 

have been shown to a f fec t  the a b i l i ty  of songs to stimulate ovarian 

development (Kroodsma, 1976) and the se lec t ive  copulation responses of 

females of other species (Searcy and Marler, 1981; West, King and 

Eastzer,  1981). In many avian species,  courtship songs do not occur 

separate from visual courtship displays,  but few studies have 

investigated the role of the visual displays in "a t t rac t ing"  a female. 

There is  evidence tha t  the visual and vocal components have 

d i f fe re n t ia l  e f fec ts  on ovarian development (Friedman, 1977; Ficken, 

vanTienhoven, Ficken and Sibley, 1960). Visual displays may provide 

females with information about the qual i ty  of a male independent of 

his song. Thus, these two components need to be separated i f  th e i r  

r e la t iv e  "at tract iveness"  i s  to be determined. Nestbuilding and other 

nest re la ted  behaviors may be ind ica t ive  of l a t e r  parental involvement



by a male, provided females are able to assess i t  p r ior  to choosing a 

mate. These three male behaviors, d irected song, the courtship dance 

and nesting behavior may ult imately provide a means fo r  females to 

assess the hormonal condition of males. We are currently  

inves t iga t ing  the r e la t iv e  importance of the direc ted  song, courtship 

dance, and nest  re la ted  behaviors of  male zebra finches to female 

choice.



STUDY I I .

While the courtship behaviors of the males of many avian species 

have been described as " a t t r ac t iv e"  t r a i t s  (Darwin, 1871; Searcy, 

1979), with a presumed ro le  in mate choice, most invest iga t ions have 

examined only the importance of male voca liza t ions ,  p a r t icu la r ly  

songs. However, for  many avian species,  including the zebra finch, 

the courtship of a male is  comprised of both a vocal component and a 

visual display component. , There is  evidence th a t  parameters of song 

are a t t r a c t iv e  to females (Catchpole, 1982; West King, and Eastzer, 

1981; Searcy and Marler, 1981), but  evidence fo r  the importance of the 

visual component of courtship comes primarily from invest iga t ions  of 

the physiological and behavioral responses of females to males. In 

ring doves, only' females able to see as well as hear a courting male 

respond maximally to courtship (Friedman, 1977; Erickson and Lehrman, 

1964). Similarly ,  Bengalese finches will  lay eggs with a normal 

latency only when they can see males and manipulate nest  material 

(S la te r ,  1969). The behavioral responses of females to males also 

seem to depend on the presence of both visual and vocal courtship in 

some species. Female budgerigars s o l i c i t  fo r  copulation only when 

both components of courtship are available  (Brockway, 1964a, 1964b).

In studies of mate se lec t ion ,  only one published investiga tion 

appears to have addressed the importance of a male's visual display.

In the European ru f f ,  a lekking species,  Shepard (1975) found th a t  

female choice was dependent on three c h a ra c te r i s t ic s  of the male: 

occupancy of a central t e r r i t o r y ,  the presence of s a t e l l i t e  males on 

the t e r r i t o r y ,  and high visual display ra te s .  High display ra te s  were



found to be re la ted  to  a g rea te r  number of female v i s i t s  and 

copulation responses to these males.

Male nest  re la ted  behaviors may also be important to se lection of 

a mate by females. I t  has been reported th a t  female whydahs and 

bishop birds assess male nests and nes t  displays as they move through 

a potential  mate's t e r r i t o r y  (Emlen, 1957). In v i l l ag e  weaverbirds, 

nest  quali ty  (Col11 as and V ic to r ia ,  1978; Jacobs, Coll ias ,  and 

Fujimoto, 1978) or nest  displays (Garson, 1979) may determine a 

female'schoice of a mate. Such behaviors may provide females with a 

means of assessing and predicting l a t e r  male reproductive e f fo r t  which 

would be especially  c r i t i c a l  to reproductive success in species in 

which males share in caring fo r  the young (Searcy, 1979).

In investigations of the behavioral a t t rac t iveness  of male 

passerines ,  visual displays have la rge ly  been ignored. While i t  is  

ce r ta in ly  important fo r  males to advertize th e i r  presence to females 

with song (Catchpole, 1982), once a female is  in close proximity to a 

male, other behaviors may be important in assessing the qual i ty  of a 

male as a mate. There is  no reason to assume th a t  the vocal and 

visual components of courtship displays carry the same qua l i ta t ive  

information for females to u t i l i z e  in attempting to s e lec t  the r ig h t  

mate. In addition, females may also assess behaviors other than 

courtship in making th e i r  se lec t ion .  The purpose of the present 

investigation was to assess the r e la t iv e  importance of three male 

behaviors to female choice in an Australian grassf inch,  the zebra 

f inch, Poephila g u t t a t a .

Previous invest iga t ions of imprinted sexual preferences among 

female zebra finches acknowledged the potential  importance of male



courtship behavior in female choice (Walter, 1973; Sonneman and 

Sjolander,  1977; tenCate and Mugg, 1984). Our own preliminary work 

(Sheridan and Harding, 1985) indicated th a t  experimentally induced 

behavioral d e f i c i t s  made males "unattract ive" to females compared to 

behaviorally i n t a c t  males. The data suggested th a t  courtship and 

nestbuilding ac t iv i ty  may be crucial for  choice, but the specif ic  

behaviors were not Independently manipulated to determine th e i r  

r e la t iv e  importance. The purpose of the present investigation was to 

determine i f  manipulation of specif ic  behavioral q u a l i t ie s  of males 

would d i r e c t  female choice In a two choice s i tua t ion .  In the f i r s t  

two experiments, we have investigated the r e la t iv e  importance of the 

two components of courtship,  d irected song and dance, and nestbuilding 

ac t iv i ty  1n female choice. In the f inal  experiment, we investigated 

the p o s s ib i l i ty  th a t  var ia t ion  in these hormone dependent behaviors 

may be used to de tec t  d ifferences in the reproductive s ta tus  of males 

and thereby influence female choice.



EXPERIMENT I .

Method

Experimental design

The experiment employed a choice paradigm in which females were 

presented with 2 males, d i f fe r ing  in th e i r  behavioral a t t r i b u te s ,  and 

allowed to choose between them. The choice for  each female was 

between a gonadally i n t a c t  male with the potential  for  normal levels  

of courtship dance (D+) and a cas t ra ted  male with low potential  for 

dance (D-). The two males were equivalent in d irected song (DSong) 

frequencies. Since the frequency of DSong i s  hormone dependent and 

would decline as a r e s u l t  of c a s t r a t io n ,  playback of recorded directed 

songs (PS+) was subs t i tu ted  fo r  actual DSong'of both males assuring 

equivalence in both the duration and frequency parameters of directed 

song. In addition nest building a b i l i ty  was equated by supplying both 

males with nest  mater ia l ,  and by placing equivalent amounts of nest 

material in th e i r  nestboxes to equate the i n i t i a l  quali ty  of th e i r  

nests .  As a r e su l t  of these manipulations,  females were given a 

choice between a singing, dancing, and nestbuilding male (PS+, D+, N+) 

and a singing, nestbuilding but dance d e f ic ien t  male (PS+, D-, N+).

Triads of birds were observed fo r  two weeks in the experimental 

cages as described previously (Sheridan and Harding, 1985), a female 

housed between two behaviorally d i s t i n c t  males. Both the order of 

observations and the posit ions of males in cages were counterbalanced. 

Birds were l e f t  in the cages for  an additional two weeks to allow 

su f f ic ie n t  time fo r  egg laying.



Subjects

Zebra finches were obtained from our breeding colony a t  the 

American Museum of Natural History using the same procedures and 

c r i t e r i a  as Sheridan and Harding (1985). Both males and females were 

sexually naive and a t  l e a s t  150 days of age. Half the males were 

cas t ra ted  5-6 weeks before the beginning of observations.  All males 

were muted two weeks before the observations began (See Sheridan and 

Harding, 1985 fo r  d e ta i l s  of the operat ion).  On the morning of the 

f i r s t  observation, females were randomly assigned to experimental 

cages with the exception th a t  females were never placed in the cages 

of th e i r  male s ib l ings .  Three groups of  six t r ia d s  were run. The 

data of one t r i a d  was discarded because a cas t ra ted  male had a 

t e s t i c u l a r  remnant, resu l t ing  in a to ta l  of 17 t r i a d s  in the 

experiment.

Apparatus

Triads were housed in the same experimental cages described 

previously (Sheridan and Harding,.1985). The playback recordings of 

DSongs, used as subs t i tu te s  for  the songs of the experimental males 

(see below), were made from the recordings of  4 males individually 

paired with females in a soundproof chamber (IAC) using a 

unidirectional microphone (Shure SM-57) and a r ee l - to - ree l  tape deck 

(Sony TC-399) recording a t  7 1/2 ip s .  The DSongs of the four males 

were used to generate the playback tapes.

The DSong tapes were played back using two stereophonic tape 

decks (Sony TC-399), two stereophonic amplifiers (Technics SU-Z1, 30 

w/channel; Technics SA-203, 30 w/channel). Two speaker switch boxes 

(Real is t ic )  each enabling playback through 3 pairs  of speakers



(R ea l is t ic  5" fu l l- range speakers) were used to  provide playback to 

al l  6 experimental cages concurrently. Speakers were located on the 

ex te r io r  end of each male's compartment, a distance of two fee t  from 

the mesh p a r t i t io n  separating the male from the female. Using th i s  

playback arrangement, the four playback tapes (A, B, C, D), each 

consis t ing of the directed songs of a d i f f e re n t  male, could be paired 

in six non-redundant combinations: A-B, A-C, A-D, B-C, B-D, and C-D.

In each block of birds te s ted ,  each female was therefore presented 

with a unique combination of two playback recordings. Directed songs 

were played back for 13 of the 14 hours of daily l i g h t  a t  frequencies 

approximating normal courtship a c t iv i ty  during the i n i t i a l  days of 

pair ing; d e ta i l s  of the contents of the tapes are presented below. 

Tapes were broadcast a t  an amplitude of 65 db measured from two f e e t  

( a t  the mesh p a r t i t ion )  using a General Radio sound pressure level 

meter se t  a t  scale A, f a s t .

Procedure

Independent variables

Estimates of normal courtship frequencies were made by recording 

the courtship songs of 5 sexually naive males during the f i r s t  two 

days of pairing with a female. Typically, males courted four times 

per hour with the exception of two peak periods of courtship a c t iv i ty  

{>_ 10 songs/hr .) ,  one hour a f t e r  the l ig h t s  came on in the morning, 

and again in the l a t e  afternoon. Frequencies of courtship song on the 

playback tapes ref lec ted  these frequencies. During 11 of the 13 hours 

of playback, songs were played a t  the ra te  of 4 /h r  a t  15 m in te rva ls .  

Songs within each hour consisted of two short duration songs (1-3 song 

units)  (Price,  1979) and two intermediate duration songs (4-8 song



units)  in random order. There were two hours of peak song. One 

during the second hour of playback, and the other during the ninth 

hour. These two periods consisted of 10 courtship songs 6 minutes 

apart ,  of three d i f fe re n t  durations,  3 shor t  (1-3 song u n i t s ) ,  4 

intermediate (4-8 song u n i t s ) ,  and 3 long (>8 song u n i t s ) ,  in random 

order. To avoid the continuous occurrence of simultaneous playback of 

the courtship songs of both males in any experimental cage, in te rva ls  

between songs on the tapes were o f f s e t  by + 15 s,  and the tape decks 

were s ta r ted  5-10 s apart .

All males were provided with bundles of 100 13 cm strands of 

green sport  yarn in holders for  use in building nests .  Supplies of 

nest  material were replenished daily during the two weeks of 

observations.  To insure i n i t i a l  equivalence in the qual i ty  of male 

nes ts ,  each male's nestbox also contained a loosely wound and dished 

ball  of yarn (14 g) simulating a rudimentary nest.

Behavioral observations and data recording followed the same 

procedures and methods as described previously. The behaviors recorded 

were also the same as those reported previously. Specific measures 

for  each behavior are l i s t e d  below.

Behaviors: (M- male,F- female)

Courtship (M): In courtship there is  both a song component, DSong,

and visual component, the dance. Since in th i s  experiment both 

males were muted, directed song was not par t  of courtship; 

courtship consisted of only the dance component. Playback of 

DSong did not occur simultaneously with the dance. Thus, for  al l 

males courtship consisted of the dance component alone.



In tensi ty  of courtship was c l a s s i f i e d  according to the dance 

component. C-LO: In low in tens i ty  courtship dances, the male 

assumes a s t i f fened posture, faces the female, and sings while 

turning his head from side to side and f lu f f ing  the dimorphic 

feathers  around the th roa t .  C-HI: In high in tens i ty  courtship 

dances, the male stands e rec t  a t  some distance from the female, 

sleeks the feathers  on the crown of his head, f lu f f s  out the 

dimorphic fea thers ,  sings, and approaches the female by hopping 

down the perch, turning 18CP with each hop*' always twisting his 

head and t a i l  towards the female. (Morris, 1954; Harding, 

Sheridan and Walters, 1983). C-D, courtship dances >12" from a 

female were recorded separately because females in these 

Instances appeared often unaware they were being courted.

Measure: frequency.

Undirected song attempts (USong) (M): While muting e f fec t ive ly

eliminates male song, USongs attempts were eas i ly  detected by the 

ch a rac te r i s t ic  e rec t  posture and a low amplitude and rhythmic 

raspy sound when the male attempted to sing. Measure: frequency.

Copulation so l i c i t a t io n  (F): Measure: frequency.

Nest s o l i c i t a t io n  vocalization (M, F): Measure: frequency, posit ion

a t  the end of vocalization; on the nestbox - VO, a t  the entrance 

of the nestbox - VE, in the nestbox -  VI, not a t  a nes t  location 

-  V.

Locations a t  nestboxes (M, F): On top of the nestbox (ON), a t  the 

entrance of the nestbox (EN), and in the nestbox (IN).  Measure: 

duration (15 s in te rv a ls ) .

Nest material (M, F): amount of nest  material removed from holders



each day for  nestbuilding. Measure: pieces removed/day.

Eggs (F): Measures: date, location.

Posit ion (M,F): Recorded a t  one minute in te rva ls  during observations.

Measure: frequency.

Additional behaviors

In addition to the behaviors above, the following were also 

recorded during observations: female responses to playback songs, 

mandibulating nest m ater ia l ,  t ransporting nes t  m a te r ia l , 

nestbuilding a c t iv i ty ,  nes t  pecking, beak wipes, perch hopping 

( a c t iv i ty  le v e l ) ,  feeding, pecking cuttlebone, al lopreening, 

heteropreening, clumping, s i t t i n g ,  and s i t t i n g  with head tucked 

under wing, but proved to have not strong re la t ionsh ip  to mate 

choice.

Data analysis

For all  analyses, two-ta iled  non-parametric s t a t i s t i c a l  

procedures were used (Siegel,  1957). Measures of female preferences 

were a t  e i the r  the nominal or ordinal level of measurement. When 

possible ,  ordinal measures of preference were analyzed using the 

Wilcoxon matched-pairs signed-ranks t e s t .  However, when only d isc re te  

determinations of choice were possible ,  i . e . ,  p refer  -  not prefer ,  

differences were analyzed using the Sign t e s t .

Behavioral differences between the two male groups were analyzed 

using the Mann-Whitney U t e s t  (MWU) to. verify th a t  the experimental 

manipulations were e f fec t ive  and to determine i f  additional behaviors 

were affected by the manipulations. Relationships between behaviors 

in both groups of males and in females were assessed using Spearman



rank co r re la t ions .

In order to assess i f  parameters of male behavior accounted for 

female preferences, Spearman Rank co r re la t ions  were used. In an 

e f f o r t  to determine how the females made th e i r  choices, differences in 

the frequency of behaviors between the two males of a t r i a d  were 

corre la ted  with differences 1n the frequency of behaviors directed 

toward each of the two males by females. Sign t e s t  analyses were 

one- ta i led ,  a l l  other analyses were two-tailed.



Results

Differences in male behaviors

As ant ic ipated ,  overall there were s ig n i f ic an t  d e f ic i t s  in the 

frequencies of a l l  courtship dance a c t iv i ty  as well as in two types of 

dance ac t iv i ty ,  C-LO and C-HI, among the D- (PS+ D- N+) males (Fig.

1). While ne i ther  these males nor the D+ (PS+ D+ N+) males could 

ac tual ly  sing, there was a s ig n i f ic an t  d ifference in the frequency of 

th e i r  attempts to sing USong. Nest voca liza t ions ,  while le s s  frequent 

among the D- males, were not s ign i f ican t ly  d i f fe re n t  from the levels  

seen in the D+ males. There was a trend,  again not s ig n i f ic an t ,  for  

the D- males to spend more time a t  th e i r  nestboxes (See, Fig. 2).  The 

two groups of males did not d i f f e r  in nestbuilding ac t iv i ty  based on 

the amount of nes t  material gathered fo r  nestbuilding. Females, 

therefore ,  had a choice between males th a t  d if fered  primarily in the 

visual component of courtship ,  dance, and USong ac t iv i ty .

For the gonadally i n t a c t  D+ males, many aspects of t h e i r  behavior 

were correla ted .  USong attempts were corre la ted  to a l l  types of nest 

vocalization ac t iv i ty  (V, r  = +0.52,p <0.02; VO, r  = +0.52, p <0.02; 

•VE, r  = +0.68, p <0.001; VI r  = +0.69, p <0.001), but were unrelated 

to  measures of dance a c t iv i ty .  Only high in tens i ty  dance (C-HI) was 

correla ted  with nest  vocalizations (V, r  = +0.42, p <0.05; VO, r  = 

+0.47, p <0.05; VE, r  = +0.51, p <0.025; VI, r  = +0.48, p <0.05) and 

time spent a t  two of the nestbox locations (EN, r  = +0.58, p <0.01; 

EN+IN, r  = +0.46, p <0.05). Nest vocalizations were correla ted with 

the time spent a t  all nestbox locations except ON (VE with EN, r  

+0.56, p <0.01; VI with IN, r  = +0.65, p <0.002); V-Tot. with EN, r  = 

+0.59, p <0.01; V-Tot. with IN, r  = +0.65, p <0.002). Similarly,



Figure 1. Differences in mean frequencies (+ SEM) of behaviors
between PS+ D+ N+ males and PS+ D- N+ males. Note: because 
both of these groups of males were muted, t h e i r  undirected 
songs were undirected song attempts and th e i r  courtships 
consisted of courtship dance alone. The upper graphs show 
differences 1n mean to ta l  behaviors, while the lower graphs 
break down the courtship and nest  vocalization data into 
d i f fe re n t  types of displays.  See te x t .  (Mann-Whitney U;
N1 = N2 = 17; * p < 0.05, ** p < 0.01) .
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Figure 2. Differences between males 1n mean durations (15 sec.
In te rva ls ,  + SEM) spent a t  th e i r  nestboxes. Nestbox 
locations:  ON, on top of the nestbox; EN a t  the entrance of 
the nestbox; and IN, in the nestbox. (Mann-Whitney U;
N1 = N2 = 17; * p < 0.05, ** p < 0.01) .



ME
AN

 
# 

OF 
15 

SE
CO

ND
 

IN
TE

RV
AL

S

1 8 0 1  □  P S +  D+ N+ MALES 

.  ^  PS+  D-  N+ MALES

1 4 0 -

100-

6 0 -

2 0 -

ON EN
MALES AT THE NESTBOX



gathering nest  material was corre la ted  with measures of nest  

vocalizations with the exception of those ending ON the nest box (VO) 

(VE, r  = +0.61, p <0.004; VI, r  = +0.71, p <0.001), and time spent a t  

the nestboxes (EN, r  = +0.49, p <0.025); IN, r  = +0.64, p <0.003).

Time spent ON the nestbox was not corre la ted  with e i th e r  EN or IN, 

although EN and IN were corre la ted  ( r  = +0.59, p <0.006).

As a consequence of ca s t ra t io n ,  the number of corre la t ions  among 

the behaviors of the D- males was decreased; especia l ly  in re la t ion  to 

dance a c t iv i ty .  USong was posi t ive ly  corre la ted  with to ta l  dance 

a c t iv i ty  (C-Tot., r  = +0.54, p <0.013), but negatively correla ted  with 

time ON nestboxes ( r  = -0.42, p <0.05). Low in tens i ty  dance (C-LO) 

was corre la ted  with time a t  only one nestbox location (EN, r  = +0.48, 

p <0.025). Total dance a c t iv i ty  corre la ted  with both VE and VI nest 

vocalizations (VE, r  + +0.55, p <0.01; VI, r  = +.44, p <.04). Total 

nes t  vocalization ac t iv i ty  was correla ted  with the time males spent at  

two of the nest locations with the notable d is t in c t io n  th a t  with ON 

the corre la t ion  was negative (ON, r  = -0.46, p <0.04; IN, r  = +0.72, p 

<0.001). Only VI was corre la ted  with time spent a t  th a t  nest  location 

(IN, r  = +0.69, p <0.001). Gathering nest  material was correla ted 

with the three nest oriented vocalizations (VO, r  = +0.73, p <0.001; 

VE, r  + +0.57, p <0.01; VI, r  = +0.73, p <0.001). In addition, 

gathering nest  material was corre la ted  with time a t  two nestbox 

locations;  there was a posi t ive  corre la t ion  with IN ( r  = +0.48, p 

<0.03), but a negative correlaton with EN ( r  = -0.52, p <0.02). The 

durations a t  each of the three nestbox locations were not correla ted 

for  these males.



Preferences of Females

Proximity to males. As can be seen in Fig. 3, overall  females 

were j u s t  as l ike ly  to be found with e i th e r  of th e i r  two males; there 

was no s ign i f ican t  preference based on posit ion recordings (Prox). In 

order to determine the individual preferences of females, a c r i t e r io n  

of choice based on being found a t  l e a s t  20% more frequently with one 

male than the other was used. This 20% difference c r i te r io n  was used 

because, i t  was s u f f i c ie n t  to indicate  the choices of most females, 

while being le ss  sens i t ive  to the v a r ia b i l i t y  found in the posit ion 

recordings over the two weeks of observations than higher dif ference 

percentages (See Sheridan and Harding, 1985). Based on th is  measure,

11 of the 17 females in the experiment appeared to prefere one male. 

However, there was no preference for  a p a r t ic u la r  type of male; 5 

chose the D+ male and 6 preferred th e i r  D- male (Fig. 4) .  Although 

overall  females did not p re fe r  D+ males th a t  danced more frequently ,  

th e i r  d i f fe ren t ia l  proximity response to th e i r  two choices were 

posi t ive ly  correla ted  with differences in dance ac t iv i ty  between males 

(Table I ) .

Copulation s o l i c i t a t i o n . During the two weeks of observations,  

ten females were observed s o l i c i t in g  a male for  copulation. There 

were no females which so l ic i t e d  both of t h e i r  males. Of those th a t  

so l i c i t e d ,  7 so l i c i t ed  the D+ male and 2 the D- male. The difference ,  

however, was not s ig n i f ic a n t  using the Sign t e s t .

Copulation s o l i c i t a t io n  preferences were not correla ted  to any 

differences In the behavior of the two male choices. This included 

differences in dance a c t iv i ty .  A comparison of the d i f fe ren t ia l  dance 

ac t iv i ty  of males (D+ - D-) in t r iad s  where females so l ic i t e d  the D+



Figure 3. Differences in responses of females to PS+ D+ N+ males and 
PS+ D- N+ males: Mean proximity (+ SEM) based on 
recordings of female posit ion in the cage a t  one minute 
in te rva ls  during observations (Prox to  male), mean 
durations (+ SEM) a t  each location a t  the male nestbox (ON, 
EN, and IN), mean durations fo r  al l  nestbox locations 
(NTOT), and mean durations of simultaneous nestbox 
occupancy by male and female (Simul IN). (Wilcoxon 
matched-pairs signed-ranks t e s t ;  N1 = N2 = 17).'



ME
AN

 
# 

OF 
PO

SI
TI

ON
 

RE
CO

RD
IN

GS

200 n

1 5 0 -

100-

5 0 -

200-j

CO
- J
<

£  150

ooUJ
CO

in 100-

<ce

<
UJ

5 0 -

□  P S +  D+ N+ MALES 

g  P S +  D -  N+ MALES

PR0X.
TO

MALE

ON

if

EN IN EN N SIMUL. 
+ TOT IN 
IN



Figure 4. Percentage of females choosing PS+ D+ N+ males or S- D- N- 
males. For three behaviors, Prox, EN+IN, and IN, a 20% 
difference c r i t e r io n  was used to determine female choice 
(See t e x t ) .  The remaining measures are based on frequency 
data alone. Percentages were based on all  females in the 
experiment (N = 17), bars r e f l e c t  only those females tha t  
made a choice. (Sign Tes t ) .  *
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Table I .  C orrela tions  of female preferences with male behaviors in Experiment 
1 . female preference measures are d iffe rence  scores fo r  behavioral responses to 
the  males w ithin a t r i a d .  Male behavior measuress are difference scores of male 
behaviors w ith in  a t r i a d .  Only s ig n i f ic a n t  c o rre la t io n s  are l i s t e d .

Female Behaviors

Male Simul. Cop.
Behaviors Prox. ON EN IN N-Tot. IN S o l ic i t  Eggs

+.55 * +.62 * *  +.58 ** +.46

+.49 * +.44 +.46 +.44

+.50 * +.62 ** +.43

V (n es t  voc.)

VO - .58  **

VE

VI

V-Tot.

ON (male)

EN

IN +.42 +.49 *

N-Tot. +.43

Nest materi al 
gathered

USong

C-D (courts)

C-LO +.55 *

C-HI

C-Tot. +.58 **

■“ pT.ur 
* p <.025
** p <.01



male (mean = 14.57, N = 7) and those in which the D- males were
i •

s o l i c i t ed  (mean = -4.67, N = 3) did not reveal any s ig n i f ic an t  

difference in courtship dance a c t iv i ty .  The means themselves, 

however, suggested a trend of females to choose the D- male when the 

d ifference between the males in a t r i a d  was minimal and the cas tra ted  

males danced s l ig h t ly  more frequently as Indicated by the negative 

mean frequency.

Time spent a t  the male nestbox. While females had the 

opportunity to occupy a nestbox in the neutral (cen tra l)  region of 

th e i r  cage, none chose to do so. Time spent a t  the three locations a t  

the males' nestboxes (ON, EN, and IN) revealed a surpris ing r e s u l t .  

Durations ON the nestboxes of both males were e s sen t ia l ly  equivalent,  

which i s  not surpris ing since th i s  was typ ica l ly  a perching s i t e .  

However, females appeared to  spend more time EN and IN the nestboxes 

of the D- males, although not s ign i f ican t ly  more (Fig. 3) .  Overall 

mean nestbox occupancy durations were low, and occupancy IN the two 

male nestboxes was equivalent for  11 females. Thus, the majori ty of 

females never showed a preference for a male nestbox. Using a 20% 

difference c r i te r io n  of nestbox occupancy for  choice, only four 

females showed a preference fo r  one male's nestbox over the o th e r ' s .  

Two chose the nestbox of the D+ male, and two chose tha t  of  the D- 

male (Fig. 4).

Differences in nestbox occupancy (IN) were correla ted  with 

differences 1n male dance ac t iv i ty  (C-D and C-LO, Table I ) .  This 

ref lec ted  the fac t  tha t  of  the two females tha t  spent more time IN the 

nestboxes of th e i r  D- male, the D- males actually danced more 

frequently than the D+ males. Thus, these females occupied the



nestbox of the male th a t  danced re la t iv e ly  more frequently. Female 

nestbox occupancy was also corre la ted  with increased nestbox occupancy 

by th a t  male r e la t iv e  to the other male and the overall presence of 

males a t  the nestbox (N-Tot., Table I ) .  This, also ref lec ted  a 

difference in nestbox occupancy durations in some t r iad s  in which the 

D- males spent more time a t  th e i r  nestbox than th e i r  D+ counterparts .

Durations of simultaneous occupancy (Simul. IN) in a nestbox by 

both a male and the female were probably a good indicator  of pa ir  

formation, but did not reveal a s ig n i f ic an t  trend for  pairing with D+ 

D- males (F ig .3).  This measure was postively corre la ted  with 

differences in dance a c t iv i ty  by males, however (C-D and C-LO, Table 

I . ) .

Nestbuildlng. In the experiment, females had access to nest  

material from e i th e r  the nestboxes of the two males or t h e i r  own 

supply of nes t  m ater ia l .  Only 5 females took yarn from th e i r  holders. 

Four of these took le s s  than 11 pieces,  and one female took 258 pieces 

and placed them in her D+ male's nestbox. Nest material was found on 

the female side of a male nestbox in 12 t r i a d s .  In the majority of 

cases (8 vs. 4) the yarn was found in the D+ male 's box, but the 

difference was not s ig n i f ic an t  (Fig. 4) .  Only 6 females had put 

enough nest  material in the male nestbox to cover the f loor  of the 

box. Here, again, the trend favored the D+ males (4 vs. 2) .  The 

quantity of nes t  material contributed by males to a nestbox was not 

correla ted  with any indicat ion of preference by females.

Eggs in male nestboxes. Egg-laying in the experiment was 

limited.  Of the 8 females tha t  la id  eggs (47%), 6 females la id  more 

eggs in the nestboxes of the D+ males (2 of these la id  in both male



boxes), and 2 females la id  more in the nestboxes of the D- males. One 

of these la id  eggs in both male boxes, and the other la id  eggs 

exclusively in the D- male 's nestbox (This D- male also danced more 

frequently than his D+ counterpart) .

Egg-laying preferences were correla ted  with differences in low 

in tens i ty  dances and to ta l  dance ac t iv i ty  between males (Table I . ) .  

However, lower frequencies of dancing were not found to account for  

t r i a d s  in which females did not lay eggs. Differences in mean dance 

a c t iv i ty  in t r iad s  where no eggs were la id  were lower (C-Tot. mean = 

2.33, N = 9) than in the t r ia d s  where females la id  eggs (mean = 18.25, 

N = 9 ) ,  but not s ig n i f ic an t ly .  This suggested th a t  in t r ia d s  where no 

eggs were la id  there was le s s  of a difference in dance ac t iv i ty  

between males.

A few of the measures of female preferences were correla ted 

(Table I I . ) ,  but there was not a great  degree of consistency among 

them. Females tended to  lay eggs in the nestboxes of the males they 

were observed s o l ic i t in g  for  copulation, but nei ther  of these measure 

was correla ted  with the time females spent in male nestboxes (IN) or 

in close proximity to  a male.



Table I I .  C orrela tions  between measures of female preference in Experiment I . :  
d iffe rence  scores fo r  behavioral responses of a female to  the  males within a 
t r i a d .  Only s ig n i f ic a n t  c o rre la t io n s  are l i s t e d .

Female Behaviors

Simul. Cop.
Prox. ON EN IN N-Tot. IN S o l i c i t  Eggs

Proximity

ON 

EN 

IN

N-Tot.

Simul. IN

Cop.
S o l i c i t

Eggs

 p"<.TJ5'
* p <.025
** p <.01

+ .42 

+.76 ** 

+.47 

+.75 **

+ .56 *



Discussion

Previously, we reported th a t  the behavior of male zebra finches 

i s  u t i l i z e d  by females in t h e i r  se lec tion of a mate. The re su l t s  of 

the present experiment ind ica te  tha t  when males d i f f e r  in th e i r  

frequency of courtship dance, independent of the frequency of directed 

song, females do not show a s ig n i f ic an t  preference fo r  the behaviors 

of e i th e r  male.

Females as a group spent more time on the average EN and IN the 

nestboxes of the D- males than 1n the D+ male nestboxes, although the 

trend was not s ig n i f ic an t .  This, however, did not mean th a t  the 

majority of females preferred the the nestboxes of the D- males.

Using the 20% difference c r i t e r io n  fo r  time spent IN the nestboxes to 

Indicate preference, only four females made a choice and th e i r  choices 

were evenly s p l i t  between the two types of males. Thus, while there 

was a tendency for  females to spend more time in the nestboxes of the 

D- males, few females ac tual ly  demonstrated a choice of mate based on 

th i s  measure and those th a t  did had no preference for  one type of 

male. Durations in male nestboxes were correla ted  with courtship 

dance a c t iv i ty .  In te res t in g ly ,  in the two t r ia d s  in which females 

spent more time IN the nestboxes of the D- males, the D- males danced 

more frequently than th e i r  gonadally In tac t  counterparts .  Whether 

th is  re la t ionsh ip  was due to the "a t tract iveness"  of more frequent 

courtship dances or was simply a r e su l t  of females being in close 

enough proximity for  males to I n i t i a t e  courtship is  d i f f i c u l t  to 

determine. Possibly, courtship dance ac t iv i ty  correla ted with female 

proximity for  the same reason, especially  since females did not



demonstrate a real preference based on th i s  measure. Male nestbox 

occupancy was also re la ted  to nestbox occupancy by females, especially  

in the four t r ia d s  in which females met the preference c r i t e r io n .

Nest occupancy durations (IN) of the males they chose were the highest 

durations within t h e i r  respective groups. While a willingness to 

occupy a nest  may be an "a t t r ac t iv e"  qual i ty  of a male, males may have 

occupied th e i r  nestboxes only a f t e r  some assurance of acceptance by 

females, possibly female occupancy of the nestbox.

Time spent in the nestbox by both a male and female (Simul IN) 

should be a good ind ica tor  of pa i r  formation. Not only did females 

f a i l  to  indicate  a preference for  one type of male on th i s  measure, 

but time spent simultaneously IN nestboxes was low. This indicates  

th a t  few pa i rs  were ac tual ly  formed in the experiment which may been 

due to the f a c t  tha t  ne i ther  male could sing while courting. 

Simultaneous nestbox occupancy was, however, corre la ted  with courtship 

dance frequencies suggesting th a t  in those t r ia d s  where pairs  were 

formed, courtship dance may have been a determining fac to r .

Although there were no other measures th a t  indicated a 

s ig n i f ic an t  preference by females, trends in copulation s o l i c i t a t io n ,  

female nestbuilding, and egg laying, favored the dance (D+) males). 

Copulation s o l i c i t a t io n s  were not corre la ted  with courtship dance 

ac t iv i ty ,  but there was some indicat ion th a t  in the two t r i a d s  where 

females preferred to s o l i c i t  the D- males the d ifference 1n to ta l  

courtship dance ac t iv i ty  between the males was lower, although i t  did 

not favor the D- males.

Only M% of the females in the experiment la id  eggs, and while 

most of them la id  the majority of th e i r  eggs in the D+ male's nestbox,



the trend was not s ig n i f ic an t .  Differences in courtship a c t iv i ty  were 

corre la ted  with egg laying, however, and appeared to account for  one 

of the females th a t  la id  her eggs with the D- male. In th is  t r i a d  the 

D- male was observed dancing more frequently than the D+ male. 

Inexplicably, the other female th a t  preferred to Isy her eggs in the 

D- male 's nestbox, did so with a male th a t  was never observed courting 

and did not gather any nes t  material fo r  a nest.  Although not a 

s ig n i f ic an t  trend,  in the t r ia d s  where no eggs were la id  there was 

le ss  of a difference in courtship dance ac t iv i ty  between the two 

males. For the most p a r t ,  t h i s  was due to lower frequencies among the 

gonadally i n t a c t  males, and i t  may suggest tha t  females did not lay 

eggs because frequencies of courtship dance were too low to st imulate 

ovulation.

One of the shortcomings of subs t i tu t ing  recorded playback of ' 

d irected song for  actual d irected song in the experiment was th a t ,  

unlike normal DSong, P-DSong was not coincident with male courtship 

dances. There was no guarantee tha t  females would associate the 

P-DSong from the speaker with the male himself. In an attempt to 

determine i f  an association with the playback song was es tablished ,  

female responses to these songs were monitored. Females were never 

observed c lea r ly  responding to the P-DSongs. There was no incidence 

of a female approaching a male, entering a nestbox, or  so l i c i t in g  for  

copulation in response to the recorded songs, behaviors one would 

expect to see in response to a normal male's singing. The 

parsimonious conclusion is  th a t  females did not associate  the P-DSong 

recordings with the males and were choosing between two non-singing 

males. This may account for  the f a i lu r e  of females to indicate a



choice on several of the measures of preference. Compared to our 

previous invest iga t ion ,  involving a choice between in ta c t  males and 

cas t ra ted ,  muted males, a much smaller percentage of females (24% vs. 

83%) occupied male nestboxes fo r  a duration su f f i c ie n t  to indicate 

choice. In addition, fewer females la id  eggs (47%) than 1n our 

previous investiga tion (72%). Both are in te re s t ing  f indings, since 

al l  males in the current experiment had nests ,  access to nest 

materials  and, presumably, vocalized a t  the same lev e ls .  We might 

have expected more v a r ia b i l i t y  in female choices, but not fewer 

females choosing, since both males in the present experiment appear 

qua l i ta t ive ly  b e t te r  than the behavior reduced males (S-D-N-) of the 

previous invest iga t ion  (Sheridan and Harding, 1985). Perhaps DSong 

paired with courtship dance, or maybe more importantly paired with a 

male, i s  essentia l  fo r  a female to s e le c t  a s i t e  fo r  laying her eggs. 

An Important fac tor  1n the experiment may have been th a t  males could 

not in te r a c t  with females via song, e . g . ,  males could not adjust th e i r  

singing to  the females' behavior.

The playback of male song, without the presence of a male has 

been shown to be su f f i c ie n t  to produce ovulation in several species 

(budgerigar, Brockway, 1964a,b; canary, Kroodsma, 1976). And the 

visual-behavioral presence of a male i s  adequate for  stimulation 1n 

the ring dove (Friedman, 1977), although the combination of visual and 

vocal components produces optimal s t imulation. In the present 

invest iga t ion ,  both the visual and vocal components were present,  

although they occurred independently. I t  is  not known i f  

vocalizations alone are su f f i c ie n t  for  for  ovulation in zebra finches.  

Our data minimally demonstrate tha t  DSong and the courtship dance must



be integrated for  maximal reproductive stimulation. However, the lack 

of DSong when males were courting may have also affected the a b i l i ty  

of females to se lec t  a mate from th e i r  choices, i . e . ,  without song 

males m^y not be " a t t r a c t iv e . "

Regardless of whether females associated playback of DSongs with 

a male, the males were equivalent in t h e i r  singing a b i l i t y .  The 

re su l t s  indicate  tha t  the courtship dance 1s not su f f i c ie n t ly  

"a t t rac t ive"  to  d i r ec t  female choice independent of DSong. While 

t h e i r  was some tendency for  females to accept the D+ males, i t  did not 

appear th a t  th is  hormone dependent behavior provided females with 

those male q u a l i t i e s  assessed when choosing a mate. The dance i t s e l f ,  

however, may have stimulated female reproduction because differences 

1n to ta l  courtship dances were correla ted  with eggs l a id .

In addition to the equivalence In singing, males were also 

equivalent in nestbuilding. The qual i ty  of a male as a mate might be 

indicated by his nestbuilding behavior and the nest  produced, and 

females might assess these parameters. There was l i t t l e  indicat ion of 

th i s  1n our data,  since preferences were not correla ted with the 

gathering of nes t  m ater ia l ,  a good indicator  of nestbuilding. Of 

course the song d e f i c i t s  of both male choices may have disrupted the 

Influence th a t  nestbuilding may have had. The next experiment 

addressed the r e la t iv e  importance of nestbuilding and song to female 

choice.



EXPERIMENT I I .

Method

Experimental design

As in the previous experiment, t h i s  experiment employed a choice 

paradigm in which females were presented with two males, d if fe r ing  in 

t h e i r  behavioral a t t r i b u te s ,  and allowed to choose between them. The 

choice for  females was between a vocally and gonadally in t a c t  male 

deprived of nes t  material (S+ D+ N-), and a muted gonadally in t a c t  

male provided with nes t  material (S- D+ N+). Thus, females were given 

a choice between two males equivalent in t h e i r  courtship dance 

po ten t ia l ,  but d i f fe r ing  in t h e i r  a b i l i t i e s  to sing and to  build 

nests .

As in the previous experiment, t r i a d s  of birds were observed for  

two weeks in the experimental cages, a female housed between her two 

behaviorally d i s t i n c t  males, and l e f t  in the cages fo r  an additional 

two weeks for  egg laying. Triads were run in blocks of s ix ,  and the 

order of observations and the posit ion of males were counterbalanced.

Subjects

Zebra finches were obtained from our breeding colony a t  the 

American Museum of Natural History using the same procedures and 

c r i t e r i a  as described previously. Half of the males (S- D+ N+) were 

muted two weeks before the observations began. On the morning of the 

f i r s t  observation, females were randomly assigned to experimental 

cages with the exception tha t  females were never placed in the cages



of th e i r  male s ib l ings .  Three blocks of t r i a d s  were run in the 

experiment. One male died 4 days into the observations and th i s  

t r i a d ' s  data was deleted from the analysis ;  17 t r ia d s  completed the 

experiment.

Procedure

Song and nestbuilding were manipulated as described previously.

S+ D+ N- males were not given any nest  material (yarn) to gather for  

nestbuilding, and any nes t  material contributed to t h e i r  nestboxes by 

females was removed dai ly .  The muted S-D+N+ males were given free 

access to nest  mater ial .  In addition these males had loosely wound 

and dished ba l ls  of yarn (14 g) placed in th e i r  nestboxes a t  the 

beginning of the experiment to simulate rudimentary nes ts .  Behavioral 

observations,  data recording, and data analysis  followed the same 

procedures as the previous experiment.

Behavioral measures

The behaviors recorded during the two weeks of morning and l a t e  

afternoon observations were the same as in previous experiments. 

Specific behaviors were: Undirected song (USong) or USong attempts in 

the case of muted males; Courtship, C-D, C-LO, and C-HI (Courtship 

dance alone in the case of muted males); Copulation s o l i c i t a t io n ;  Nest 

s o l i c i t a t io n  vocalization,  V, VO, VE, and VI; Locations a t  nestbox,

ON, EN, and IN; Eggs; and the posit ions of birds in the cage recorded 

a t  one minute in te rva ls .



Results

Differences in male behaviors

Differences in the behaviors of the males of the two groups are 

presented in Figure 5. For the graph of to ta l  undirected song (or 

undirected song attempts) ,  courtship (or  courtship dance alone), and 

nest  vocalization a c t iv i ty ,  y axis scales are cons is tent  with previous 

experiments for  ease of comparison. Even though the Nest males (S- D+ 

N+) were muted, USong attempts and courtship dance frequencies were 

not s ign i f ican t ly  lower than those of the Song males (S+ D+ N-). The 

time males spent a t  t h e i r  nestboxes also did not d i f f e r  between the 

two groups (Fig. 6 ) .  The two types of males did d i f f e r ,  however, in 

the frequencies of nes t  voca liza t ions ,  p a r t ic u la r ly  V and VI; S- D+ N+ 

males vocalized a t  s ig n i f ic an t ly  lower leve ls .  However, changes in 

the qual i ty  of th i s  vocalization as a r e su l t  of muting were not 

apparent; t h e i r  nes t  vocalizat ions sounded s imilar  to those of vocally 

i n t a c t  S+ males.

USong ac t iv i ty  among the S+ D+ N- males was negatively correla ted 

with some types of nes t  vocalizations (V, r  = -0.46,  p <0.03; VE, r  = 

-0.60,  p <0.01). Nest vocalizations th a t  did not terminate a t  the 

nestbox (V) were pos i t ive ly  corre la ted  with USong attempts (V, r  = 

+0.41, p <.037) among the S- D+ N+ males. USong was also correla ted 

with gathering nes t  material ( r  = +0.71, p <0.01) in the S- D+ N+ male 

group.

Among the S+ D+ N- males, only one measure of courtship (C-D) was 

correla ted  with the other male behaviors, and the re la t ionship  was 

negative (C-D with EN, r  = -0.48, p <0.025). Total courtship



Figure 5. Differences in mean frequencies (+ SEM) of behaviors
between S+ D+ N- males and S- D+ ¥+ males. Note: because 
S- D+ N+ males were muted, t h e i r  undirected songs were 
undirected song attempts and th e i r  courtships attempts 
consisted of courtship dance alone. The upper graphs show 
differences in mean to ta l  displays,  while the lower graphs 
break down the courtship and nes t  vocalization data into 
d i f fe ren t  types of displays.  See tex t .  (Mann-Whitney U; 
N1 = N2 = 17; * p < 0.05, ** p < 0 .01) .
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Figure 6. Differences between males 1n mean durations (15 sec.
In te rva ls ,  + SEM) spent a t  th e i r  nestboxes. Nestbox 
locations:  UN, on top of the nestbox; EN a t  the entrance of 
the nestbox; and IN, 1n the nestbox. (Mann-Wh1tney U;
N1 = N2 = 17; * p < 0 .0 5 ,  ** p < 0 .0 1 ) .
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frequencies were also negatively corre la ted  with the time S+ D+ N- 

males spent a t  the entrance of th e i r  nestboxes (C-Tot with EN, r  = 

-0.48, p <-025). Among the S- D+ N+ males, low in tens i ty  dance (C-LO) 

was correla ted  with gathering nest  material (Yarn) ( r  = +0.42, p 

<0.048), a l l  measures of nes t  vocalizations (V, r  = +0.49, p <0.023; 

VO, r  -  +0.56, p <0.01; VE, r  = +0.49, p <0.021; and VI, r  = +0.57, p 

<0.008), and the combined time the males spent a t  the entrance and in 

th e i r  nestboxes (EN+IN, r  = +0.47, p <0.03). Courtship dances from a 

distance (C-D) were corre la ted  with only two types of nest  

vocalizations (V, r  = +0.54, p <0.013; VE, r  = +0.60, p <0.005) and 

C-Tot. with EN ( r  = +0.48, p <0.025). Only one measure'Of nest  

vocalizations was corre la ted  with time spent a t  the nestbox by the S- 

D+ N+ males (VO with EN, r  = +0.60, p <0.006). Times spent a t  the 

three nestbox locations (ON, EN, and IN) were not corre la ted .  

Preferences of Females 

Proximity to males.

During the two weeks of the experiment, females were observed 

s ign i f ican t ly  more often in c loser  proximity to the S+D+N- males 

(Prox.,  Fig. 7) .  Using a 20% difference c r i te r io n  (see Exp. I . ) ,  al l 

the females indicating a preference (11) preferred the S+ D+ N- males 

(Fig. 8 ) .  Correlations did not reveal any s ig n i f ic an t  re la t ionship  

between differences in the behavior of the pairs  of males and female 

proximity to them (Table I I I ) .

Copulation S o l i c i t a t i o n .

Thirteen of the 17 females s o l ic i t ed  the S+ D+ N- males 

exclusively (13 vs. 1, Sign t e s t ,  p <0.01; F ig .8) .  One female 

preferred to s o l i c i t  her S- D+ N+ male, but she also so l ic i ted  her S+



Figure 7. Differences in responses of females to S+ D+ N- males and 
S- D+ N+ males: Mean proximity (+ SEM) based on recordings 
of female posit ion 1n thecage a t  one minute In tervals  
during observations (Prox to male), mean durations (+ SEM) 
a t  each location a t  the male nestbox (ON, EN, and Il'fF, mean 
durations fo r  a l l  nestbox locations (NTOT), and mean 
durations of simultaneous nestbox occupancy by male and 
female (Simul IN). (Wllcoxon matched-palrs signed-ranks 
t e s t ;  N1 = N2 = 17; * p < 0.05, ** p < 0 .01) .
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Figure 8. Percentage of females choosing S+ D+ N- males or S- D+ N+ 
males. For three behaviors, Prox, EN+IN, and IN, a 20% 
difference c r i t e r io n  was used to determine female choice 
(See t e x t ) .  The remaining measures are based on frequency 
data alone. Percentages were based on al l  females 1n the 
experiment (N = 17), bars r e f l e c t  only those females tha t  
made a choice. (Sign Test;  * p <0.05, ** p < 0.01).
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Table I I I .  C orre la tions  o f  female preferences with male behaviors 1n Experiment 
TH female preference measures are d iffe rence  scores fo r  behavioral responses 
to  the  males w ith in  a t r i a d .  Hale behavior measures are  d iffe rence  scores of 
male behaviors w ith in  a t r i a d .  Only s ig n i f ic a n t  c o rre la t io n s  are l i s t e d .

Female Behaviors

Hale
Behaviors

Simul. Cop.
Prox. ON * EN IN N-Tot. IN S o l ic i t  Eggs

USong

C-D (courts)  

C-LO 

C-HI 

C-Tot.

- .42

+.43

V (nes t  voc.) 

VO

VE

VI

V-Tot.

+.49

+ .54 * 

+.46 +.50 *

+.52 *

ON (male)

EN

IN

N-Tot.

+ .47

+.60 ** 

+ .68  * *

Nest m aterial 
gathered

— p T ^ r  
* p <.025
** p < .01



D+ N- male.

There was no corre la t ion  between differences in courtship dance 

frequencies and female copulation s o l i c i t a t io n  preferences (Table 

I I I . ) .  Female copulation s o l i c i t a t io n  responses were also independent 

of the frequencies of al l  other male behaviors recorded. In con tras t  

to  previous experiments, where so l i c i t a t io n  responses were independent 

of other measures, the copulation s o l i c i t a t io n  preferences of females 

were corre la ted  with time spent a t  the nestboxes of the males and egg 

laying location preferences.

Time spent a t  male nestboxes.

No female chose the nestbox located in the neutral region of her 

cage as a nest s i t e .  Overall ,  females spent s ign i f ican t ly  more time 

a t  a l l  three s i t e s  (ON, EN, IN) a t  the S+ D+ N- males' nestboxes (Fig. 

7 ) .  ON was never ac tual ly  a n e s t s i te  fo r  any pa ir  of b i rds ,  and th i s  

d i s t in c t io n  from EN and IN was evident from the f a i lu r e  of the ON

preference to be corre la ted  with EN and IN preferences; EN and IN were

corre la ted .  The preference for  the nestboxes of the S+ D+ N- males

was re f lec ted  in the number of females th a t  met the 20% c r i t e r io n  for

nestbox preference. For both IN and EN+IN combined, a s ign i f ican t ly  

grea te r  percentage of females th a t  met the c r i te r io n  chose the S+ D+

N- nestboxes (IN, N=14, 12 vs. 2, Sign t e s t ,  p <0.01; EN+IN, N=15, 13 

vs.  2, Sign t e s t ,  p <0.01; Fig. 8) .

Differences in the amount of time females spent a t  the nestboxes 

of the two males were corre la ted  with differences 1n several male 

behaviors (Table I I I . ) .  High in tens i ty  courtship dances and nest 

vocalizations terminating a t  ON were correla ted  with durations a t  EN 

by the females. The differences in USong and USong attempts between



the two groups of males were not s ign i f ican t ly  d i f fe re n t ,  but were 

negatively corre la ted  with the time females spent IN the nestboxes of 

males. The grea te r  the d ifference in USong ac t iv i ty  between males, 

the le s s  time females appeared to  spend IN the S+ D+ N- males' 

nestboxes. This appeared to be independent of the fa c t  th a t  the S- D+ 

N+ males could not actually  sing, since the majority of females

occupied S+ D+ N- males' nestbox. The time males spent a t  the

entrance of th e i r  nestbox was corre la ted  with the to ta l  time females 

spent a t  male nestboxes indicat ing th a t  the presence of e i th e r  the 

male or the female a t  these locations influenced the other b i r d ' s  

presence.

A l ike ly  ind ica tor  of pa i r  formation, simultaneous occupancy of a 

male nestbox by a male and a female occurred s ign i f ican t ly  more often 

with the S+ D+ N- males (Fig. 7 ) ,  and was corre la ted  with the

differences in nes t  vocalization ac t iv i ty  between males (Table I I I . ) .

Nest building by females

Each female had two potential  sources of nes t  material for  

building a nest.  All but three of the S- D+ N+ males placed nest 

material in th e i r  nestbox, and 10 put a minimum of 50 pieces in th e i r  

nestbox. The majority of females, therefore ,  could have used these 

male 's nestboxes as a source of nes t  material in addition to the 

bundles of material provided fo r  them on th e i r  cages. Ten females 

took nes t  material from these bundles, and a majority (6) placed i t  

exclusively in the nestbox of S+ D+ N- males. Only one female put 

nes t  material exclusively in the nestbox of the S- D+ N+ male. This 

d ifference was not s ig n i f ic an t  (Sign t e s t ,  Fig. 8 ) .  The remaining 

three females e i th e r  put equivalent amounts of nes t  material in both



male nestboxes, or l e f t  the nest  material on the f loor  of t h e i r  cages. 

At the conclusion of observations, nest  material was found in male 

nestboxes (the female side of the box) of 15 t r i a d s .  For a

s ign i f ican t ly  greater  number of t r i a d s ,  nest  material was in the S+ D+

N- male 's nestbox (13 vs. 2, Sign t e s t ,  p <0.01). Apparently, females 

compensated for  the f a c t  th a t  S+ D+ Nt males were not provided with 

nes t  material by taking yarn, not only from own supply, but from the 

nestbox of the S- D+ N+ male and putt ing i t  in the S+ D+ N- male's 

nestbox. Consistent with th i s  preference, the gathering of nest  

material by the S- D+ N+ males was not s ign i f ican t ly  corre la ted  with 

nestbox occupancy by females.

Eggs in male nestboxes.

Twelve females la id  eggs in male nestboxes, but they did not 

re l iab ly  dist inguish  between the two types of males in se lec t ing  a 

s i t e  for  laying. Five females la id  t h e i r  eggs exclusively in the S+

D+ N- male's nestboxes, six la id  t h e i r  eggs exclusively in the S- D+

N+ male's nestboxes, and one female la id  the majority of her eggs in

the S+ D+ N- male's nestbox. Even though many of the females put nest

material in the nestboxes of the S+ D+ N- males, when the males pulled 

the nest material to th e i r  side of the box i t  was removed so th a t  they 

could not engage in nestbuilding. As a r e s u l t ,  only one S+ D+ N- 

nestbox had su f f ic ien t  nes t  material to  cover the f loor  (a l l  others 

had three to 4 pieces) ,  and th i s  female did not lay eggs.

Consequently, females th a t  la id  eggs in S+ D+ N- male nestboxes did so 

in empty nestboxes. In te res t in g ly ,  the amount of nes t  material 

gathered by S- D+ N+ males in the t r iad s  where no eggs were la id  was 

s ign i f ican t ly  lower than the egg laying t r iad s  (Eggs, N = 12, mean =



183.58 pieces; No Eggs, N = 5, mean = 16.4 pieces; MWU, U = p <0.05).

In general, the various measures of preference were correla ted 

(Table IV.). Proximity, Simul. IN, Copulation s o l i c i t a t io n ,  and Eggs 

were al l  corre la ted  with the to ta l  amount of time spent a t  male 

nestboxes. The copulation s o l i c i t a t io n  preferences of females were 

corre la ted  with the male nestboxes chosen as the s i t e  for  egg laying.



Table IV. C orrela tions  between measures o f  female preference in Experiment I I . :  
d iffe rence  scores fo r  behavioral responses of a female to  the males within a 
t r i a d .  Only s ig n i f ic a n t  co rre la t io n s  are l i s t e d .

Female Behaviors

Simul. Cop.
Prox. ON EN IN N-Tot. IN S o l ic i t  Eggs

Proximity   +.45

ON   +.59 ** +.79 **

EN   +.51 ** +.56 ** +.48

IN   +.77 ** +.62 **

N-Tot.   +.51 * +.58 * *  +.50 *

Simul. IN ------

Cop.   +.67 **
S o l i c i t

Eggs ------

p <.o5
* p <.025
** p <.01



Discussion

In th i s  experiment, muting males did not produce s ign i f ican t

d e f i c i t s  in USong attempts or the frequency of attempted courtship

without song. The frequencies of nes t  vocalizations did d i f f e r  from

those of the unmuted (S+ D+ N-) males, however. In te res t ing ly ,  muting

did not appear to a l t e r  the qual i ty  of these vocalizations;  to the ear

they sounded no d i f fe re n t  than those of i n t a c t  males. I t  appears,
«

the re fore ,  th a t  the muting procedure I t s e l f  did not produce the 

decreases in nest  vocalizat ions among the S- D+ N+ males. Female 

responses to these males, p a r t ic u la r ly  t h e i r  proximity to them, may 

have been an important fac to r .  Males usually only vocalized and 

entered the nestbox when the female was nearby. Thus, the strong 

preferences’ of females fo r  the S+ D+ N- males decreased the 

opportunity fo r  the S- D+ N+ to  s o l i c i t  the females a t  t h e i r  nestbox. 

Time spent a t  nestboxes by the two types of males did not d i f f e r .  

Females in the experiment, therefore ,  had a choice between males 

d i f fe r ing  primarily in th e i r  a b i l i ty  to sing and nestbuild as a r e su l t  

of the experimental manipulations.  With the exception of these two 

behaviors and nes t  vocalizat ions,  the two groups of males behaved 

s im ila r ly  on a l l  other behaviors recorded.

On most of the measures of preference, female responses indicated 

th a t  song was a r e la t iv e ly  more important fac tor  for  mate choice than 

nes t  building or the presence of a nest.  Females preferred to be in 

c loser  proximity to the S+ D+ N- males. Their preferences on th is  

measure, however, were independent of the frequencies of al l  of the 

male behaviors recorded. Since half  of the males could not sing



during courtship dances or when attempting undirected song, the 

q u a l i ta t iv e  differences in the a b i l i ty  to sing between the males most 

l ik e ly  accounted for  females spending more time near the S+ D+ li­

ma! es and in terac t ing  with them.

Female s o l i c i t a t io n s  fo r  copulation were observed in most t r iad s  

exclusively in response to S+ D+ N- male courtship.  Even though 

females s o l ic i t ed  exclusively to courtship., the reason fo r  th is  

preference was not an increased likelihood of observing s o l i c i t a t io n  

with more frequent courting. The two groups of males did not d i f f e r  

s ign i f ican t ly  1n courtship dance a c t iv i ty  (although of course the S- 

D+ N+ males lacked the vocal component), nor were the s o l i c i t a t io n  

preferences correla ted  with differences in courtship dance ac t iv i ty  

within t r i a d s .  In addit ion,  copulation preferences were not 

corre la ted  with the frequencies of any other male behavior. The 

s e le c t iv i ty  of the female preference, then, was apparently due to the 

a b i l i ty  of S+ D+ N- males to sing during courtship. The c r i t e r io n  for 

s o l i c i t a t io n  was probably some qual i ty  of song.

Even though we might have predicted th a t  females would spend more 

time near S+ D+ N- males and s o l i c i t  them more frequently because of 

some "a t t rac t ive"  qual i ty  of song, the choice of n e s t s i te s  would have 

seemed more l ike ly  to be dependent on the quali ty  of some nest  re la ted  

behavior. Since S+ D+ N- males were not able to build nes ts ,  the 

nestboxes of S- D+ N+ males would appear to be the b e t te r  nes t  s i t e .  

The S- D+ N+ males did add to the nests  they were given, 10 males put 

a t  l e a s t  50 pieces of nes t  material 1n th e i r  nestbox, but females 

spent more time a t  the nestboxes of the S+ D+ N- males. This included 

occupancy (IN) of nestboxes which in almost al l  cases contained almost



no nest  mater ia l .  Females seemed to compensate for  the S+ D+ N- males 

lack of nes t  material by taking nest  material from the S- D+ N+ males' 

nestboxes and th e i r  own supply and putting i t  in the deprived males' 

nestboxes. Females did not find male nestbuilding or nests 

a t t r a c t i v e ;  in t e r e s t  in the nestboxes of the S- D+ N+ males was not 

corre la ted  with nestbuilding ac t iv i ty  by these males. The two types 

of males did not d i f f e r  in the time they spent IN th e i r  nestboxes so 

i t  would be d i f f i c u l t  to a t t r i b u te  preferences to the a t t rac t iveness  

of nestbox occupancy. The a b i l i ty  to sing, or some other quality 

associated with i t ,  was f a r  more important to the females even though 

they had to build nests themselves and th e i r  nestbuilding e f fo r t s  were 

usually stymied by removal of nes t  material once i t  was pulled to the 

males' side of the box. Simultaneous nestbox occupancy also 

s ig n i f ic an t ly  favored the singing males indicat ing tha t  pa i r  formation 

occured more often with these males. I t s  re la t ionship  with nest 

vocalization ac t iv i ty  may have been due to male e f fo r t s  to get  females 

to  accept th e i r  nes t  s i t e ,  the more e f fo r t  (frequency) the more l ike ly  

th a t  a female would accept the s i t e .  I t  seemed unlikely th a t  

vocalization ac t iv i ty  was ind irec t ly  re la ted  to  simultaneous occupancy 

because higher nest  vocalization ac t iv i ty  resul ted  in more time being 

spent by males in the nestbox; vocalization ac t iv i ty  and male nestbox 

occupancy were not co r re la ted  fo r  e i th e r  group of males. Thus, male 

i n t e r e s t  in the nest  s i t e  may have enhanced pair  formation as 

Indicated by simultaneous nestbox occupancy.

Nestbuilding ac t iv i ty  or the quali ty  of a nest may not actually 

be a c r i t e r io n  for  female choice. The S- D+ N+ males did gather nest  

material and build nes ts ,  but appeared to do much le ss  gathering.than



the normal males In a previous experiment (Sheridan and Harding, 1985; 

means 149 vs. 372 pieces,  respec t ive ly ) .  The males in the present 

experiment may not have gathered as much because they were provided 

with a rudimentary nes t  (loose ball  of yarn) in order to give them an 

i n i t i a l  nes t  advantage over the singing males. However, i t  is  

possible th a t  the males b u i l t  l i t t l e  because male zebra finches do not 

actively  build to a t t r a c t  a mate, but only a f t e r  they are assured a 

mate. Although i t  was not possible to d i rec t ly  determine i f  low 

levels  of nestbuilding were the r e s u l t  of female preferences for  the 

other male, the mean latency to  gather a t  l e a s t  100 pieces of nest 

material (an amount probably ind ica t ive  of active nestbuilding) was 

s ign i f ican t ly  longer 1n the present experiment than previously found 

(Sheridan and Harding, 1985; 12 days vs. 8 days, respectively;  MWU, p 

<0.02). This may r e f l e c t  the f a c t  th a t  nestbuilding males in the 

present experiment (S- D+ N+) were not preferred by females and as a 

consequence active nestbuilding was delayed, although the presence of 

some In i t i a l  nest  material may have also affected the latency to 

active nestbuilding.

In th is  experiment, the majority of females la id  eggs. Although 

most females showed a c lea r  preference to spend time in and around the 

nestbox of the S+ D+ N- male, they showed no c lear  preference for  th is  

s i t e  when i t  came to egg laying. However, 1 t  i s  In terest ing  th a t  some 

females chose to lay t h e i r  eggs in the empty nestboxes of the S+ D+ fe­

males. In a t  l e a s t  4 t r i a d s ,  some eggs l a id  in S+ 0+ N- male 

nestboxes were broken, and i t  i s  possible th a t  other eggs were la id ,  

broken and consumed before they could be recorded. Clearly, even with 

such negative consequences for  reproductive success, the quali ty  of



the nest  was not absolutely c r i t i c a l  to the choice of a s i t e  to lay 

eggs. The quali ty  of the males themselves was important. Nest 

building ac t iv i ty  was not re la ted  to egglaying preferences, although 

i t  may account for  t r i a d s  where no eggs were la id ;  the S- D+ N+ males 

in the t r ia d s  tha t  had no eggs gathered s ign i f ican t ly  le ss  nest  

material than males in the other t r i a d s .  Possibly the stimulation of 

male nestbuilding i s  also an important stimulus fo r  ovulation. Some 

females chose to lay t h e i r  eggs in the nestbox of the S- D+ N+ male

th a t  did more nest building even though, based o.n the other measures,

they c lea r ly  preferred the S+ D+ N- males. This could indicate  th a t  

females, will  switch th e i r  preferences i f  t h e i r  mate f a i l s  to 

contribute an essential  ingredient necessary fo r  reproductive success, 

nestbuilding in th i s  case, once the reproductive Sequence has begun. 

Mate choice need not be an al l  or none decision; a female may be 

b e t te r  o f f  finding a b e t te r  mate than completing the reproductive 

e f f o r t  with a male th a t  has revealed himself to be a poor mate.

Another possible explanation i s  th a t  some females la id  eggs in the S- 

D+ N+ males' simply because they were b e t te r  nes ts ,  e s sen t ia l ly  

dumping th e i r  eggs in a nestbox in which the eggs were more l ik e ly  to

survive. Of those t r i a d s  where females la id  eggs in the S- D+ N+

males' nestbox, a l l  the males had put some nest  material in the 

nestbox; although in only 3 of these 6 t r ia d s  did the female side of 

the nestbox have nest  material in i t .  I t  i s  not possible to determine 

how the females viewed these bisected male nestboxes with d if fe r ing  

amounts of nestmaterial on e i th e r  side of the mesh p a r t i t io n ,  but they 

did have nest material in them. This may have been s u f f ic ie n t  for  

some females to have preferred to lay t h e i r  eggs in these nestboxes.



In our breeding aviary and in some experiments we have also found 

evidence th a t  females sometimes dump eggs in the nests of other pa i rs .  

Thus, females may not have switched th e i r  choice of mate, but la id  

th e i r  eggs in a q u a l i ta t iv e ly  superior nest.

Probably r e f lec t in g  the strong overall preferences for  the S+ D+ 

N- males, most behavioral measures of preference were correla ted among 

the females. This included copulation s o l i c i t a t io n  which was 

corre la ted  with overall time a t  the male nestbox and egg laying. Egg 

laying was also corre la ted  with time spent a t  male nestboxes. Since 

egg laying did not reveal a preference fo r  a p a r t i c u la r  type of male, 

pos i t ive  corre la t ions  between egg laying choices and the other 

measures must be a t t r ib u ta b le  to females with the s trongest  

preferences on the other measures laying th e i r  eggs with the S+ D+ N- 

males, while other females la id  t h e i r  eggs with the S- D+ N+ males. 

This may ind ica te  th a t ,  when the preferences of females were not tha t  

s trong, they switched t h e i r  al legiance when they la id  th e i r  eggs 

because of the f a i lu r e  of th e i r  S+ D+ N- males to build a nest.



EXPERIMENT I I I .  

Method

Experimental design

Using the same paradigm as the previous experiments, females were 

given a choice between males d i f fe r ing  in th e i r  hormonal s ta tu s ;  both 

males were gonadally i n t a c t ,  but one male received an implant of a 

potent androgen, androstenedione (AE). Previous research (Harding, 

Sheridan, and Walters, 1983) demonstrated th a t  implants of th is  

hormone were most e f fec t iv e  in increasing the frequencies of 

reproductive behaviors, p a r t ic u la r ly  courtship,  above the levels  seen 

in normal males. In the present inves t iga t ion ,  both males were able 

to  sing and were provided with material fo r  building nests.. The 

choice fo r  females was, the re fore ,  between males with normal and 

enhanced hormone leve ls .

Subjects

All birds were selected and maintained as in the previous 

experiments. Two blocks of 6 t r ia d s  were run, N = 12.

Procedure

Half of the males received implants of c ry s ta l l in e  

androstenedione (Sigma) in s i l a s t i c  tubing placed subdenmally on the 

upper back four days before observations began. The f i r s t  six males 

to receive implants received 2.5 mm of AE in s i l a s t i c  tubing (0.76 mm 

id. 1.65 mm od.) .  These implants fa i le d  to increase the frequencies 

of courtship ac t iv i ty  above normal leve ls .  The second block of AE 

males received 5.0 mm implants of hormone in tubing. Again there was



no s ig n i f ic an t  increase in courtship a c t iv i ty .  Comparisons of the 

behaviors of AE males in the two blocks of t r ia d s  did not reveal any 

s ig n i f ic a n t  differences between them. Data from the two blocks were 

therefore  pooled for  analysis .  All other aspects of the procedure, 

behavior recording,,  and data analysis  were identical to the previous 

experiments.



Results

Pifferences in male behaviors

Contrary to predic t ion ,  AE treatment did not s ign i f ican t ly  

increase the levels  of courtship or other male behaviors above the 

frequencies of normal males (Fig. 9) .  In addition, the frequencies of 

courtship,  nes t  vocalizat ions ,  and nes t  occupancy (Fig. 10) of both 

groups of males appeared to be lower than those of gonadally in ta c t  

males in previous experiments.

For the most pa r t ,  the re la t ionsh ip  among the behaviors within 

each of the two groups of males were s im ilar .  For the AE males, USong 

was correla ted  with gathering nes t  material ( r  = +0.65, p <0.01), nest 

vocalizations terminating IN nestboxes (VI, r  = +0.60, p <0.02), and

the time spent IN the nestboxes themselves ( r  = +0.78, p <0.01). For

the Normal males, USong was also corre la ted  with gathering nest 

m ater ia l ,  VI, and IN ( r  = +0.60, p <0.02; r  = +0.69, p <0.007; r  = 

+0.55, p <.03, respective ly) ,  and, in addition, VE and EN (VE, r  = 

+0.72, p <0.004; EN, r  = +0.87, p <0.001).

The re la t ionship  of courtship ac t iv i ty  with other male behaviors 

also revealed some d is t in c t io n s  between the two male groups. Courts 

from a distance (C-D, from greater  than 12 inches) and low in tens i ty  

courtships (C-LO) were negatively correla ted  with gathering nest 

material in the AE males (C-D, r  = -0.51, p <0.05; C-LO, r  = -0.59, p 

<0.021). In the normal males, only C-LO was re la ted  to  nest  material 

gathering and the corre la t ion  was posi t ive  ( r  = +0.51, p <0.05). C-LO

was also correla ted with some nest  vocalization ac t iv i ty  among the

normal males (V, r  = +.54, p <0.034; VE, r  = +0.63, p <0.014). High 

in tens i ty  courtships (C-HI, d irected song plus high in tens i ty  dance)



Figure 9. Differences 1n mean frequencies (+ SEM) of behaviors
between androstenedione (AE) males and normal males. The 
upper graphs show differences 1n mean to ta l  behaviors, 
while the lower graphs break down the courtship and nest 
vocalization data in to d i f fe re n t  types of displays.  See 
te x t .  (Mann-Whitney U; N1 = N2 = 12).
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Figure 10. Differences between males in mean durations (15 sec.
in te rv a ls ,  + SEM) spent a t  t h e i r  nestboxes. Nestbox 
locations:  UN, on top of the nestbox; EN a t  the entrance of 
the nestbox; and IN, in the nestbox. (Mann-Whitney U;
N1 = N2 = 12).
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were correla ted  with nes t  re la ted  behaviors only among the AE males 

(V, r  = +0.65, p <0.01; VI, r  = +0.54, p <0.021; EN, r  = +0.70, p 

<0.005; IN, r  = +0.59, p <0.02). However, in the normal males, to ta l  

courtship (C-Tot.) was corre la ted  with VI (R = +0.52, p <0.039) and IN 

( r  = +0.54, p <0.035).

Nest vocalizations terminating a t  ON were corre la ted  with time 

spent ON the nestbox only among the normal males (VO with ON, r  = 

+0.77, p <0.001), but in both groups, the time spent a t  EN and IN were 

independent of time spent ON. In both groups, time a t  EN and IN were 

corre la ted  (AE males, r  = +0.82, p <0.001; normal males, r  = +0.68, p 

<0.008), and nes t  vocalization ac t iv i ty  terminating a t  these two 

locations was associated with time spent a t  the nestbox-(AE males; VE 

with EN, r  = +0.76, p <0.02; VE with IN, r  = +0.62, p <0.016; VI with 

EN, r  = +0.88,-p <0.001; VI with IN, r  = +0.82, p <0.001. Normal 

males; VE with EN, r  = +0.65, p <0.01; VE with IN, r  = +0.66, p 

<0.009; VI with EN, r  = +0.61, p <0.018; VI with IN, r  = +0.79, p 

<0 .001).

For both groups the gathering of nes t  material was correla ted 

with nes t  occupancy (IN) and the nest  vocalizations a t  th i s  location 

(AE males; IN, r  = +0.72, p <0.004; VI, r  = +0.55, p <0.033. Normal 

males; IN, r  = +0.90, p <0.01; VI, r  = +0.82, p <0.001). However, 

among the normal males, gathering nes t  material was also associated 

with VE and EN (VE, r  = +0.72, p <0.004; EN, r  = +0.70, p <0.005).



Preferences of females

Proximity to males.

Overall , females were found more frequently with the AE males, . 

based on posit ion recordings a t  one minute in te rva ls  during 

observations,  but the trend was not s ig n i f ic an t  (Fig. 11). S imilarly,  

while the majority of females th a t  met the 20% difference c r i te r io n  

fo r  proximity preference chose the AE males (5 vs. 1) not enough 

females made a choice to a t ta in  s ignificance (Fig. 12). The trends in 

the proximity responses were not corre la ted  with any differences in 

the frequencies of male behaviors (Table V).

Copulation S o l i c i t a t io n .

During the two weeks of observations, copulation s o l i c i t a t io n  was 

observed in 8 t r iad s  (67%). A s ig n i f ic a n t  majority of females (7 vs. 

1, Sign t e s t ,  p <0.05, Fig. 12) s o l i c i t e d  the AE male, 5 of them / 

exclusively. The remaining female s o l i c i t ed  her normal male once. 

Copulation s o l i c i t a t io n  preferences were not re la ted  to  the male 

courtship ra te s .  Overall , mean frequencies of courtship ac t iv i ty  

between the two types of males were not s ign i f ican t ly  d i f fe re n t  (Fig. 

9) ,  and no measure of courtship a c t iv i ty  was corre la ted  with the 

copulation so l i c i t a t io n  responses of the females. Copulation 

so l i c i t a t io n s  were correla ted  with differences in male nestbox 

occupancy although mean durations of nestbox occupancy between the two 

male groups were not s ign i f ican t ly  d i f fe re n t .  S o l ic i ta t io n s  were also 

posi t ively  correla ted with differences in the frequencies of nest  

vocalizations terminating in the nestbox.

Comparisons of d i f fe re n t ia l  courtship ac t iv i ty  and to ta l  

courtship within t r ia d s  (AE + normal male courtship) did not account



Figure 11. Differences in responses of females to AE males and normal 
males: Mean proximity (+ SEM) based on recordings of
female posit ion in the cage a t  one minute in te rva ls  during 
observations (Prox to  male), mean durations (+ SEM) a t  each 
location a t  the male nestbox (ON, EN, and IN), mean 
durations for  a l l  nestbox locations (NTOT), and mean 
durations of simultaneous nestbox occupancy by male and 
female (Simul IN). (Wilcoxon matched-pairs signed-ranks 
t e s t ;  N1 = N2 = 12;.* p < 0.05, ** p < 0.01) .
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Figure 12. Percentage of females choosing AE males or normal males.
For three behaviors, Prox, EN+IN, and IN, a 20% difference 
c r i te r io n  was used to determine female choice (See t e x t ) .  
The remaining measures are based on frequency data alone. 
Percentages were based on all  females in the experiment (N 
= 12), bars r e f l e c t  only those females th a t  made a choice. 
(Sign Test; * p <0.05, ** p < 0.01) .
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Table V. C orrela tions  o f  female preferences with male behaviors in Experiment 
I I I .  Female preference measures are d iffe rence  scores fo r  behavioral responses 
to  the males w ithin a t r i a d .  Hale behavior measures a re  d iffe rence  scores of 
male behaviors w ith in  a t r i a d .  Only s ig n i f ic a n t  c o rre la t io n s  are l is ted*

Female Behaviors

Male Simul. Cop.
Behaviors Prox. ON EN IN N-Tot. IN S o l i c i t  Eggs

USong

C-D (courts)

C-LO +.56

C-HI 

C-Tot.

V (nes t  voc.)

VO 

VE

VI

V-Tot.

ON (male)

EN

IN +.76 +.54 +.61 *

N-Tot.

Nest material +.71 ** +.58 *
gathered

- .6 4  * 

- .6 4  **

+ .59 *

p <.05
* p <.025
* *  p <.01



fo r  t r i a d s  in which females were not observed so l i c i t in g  for 

copulation. Mean differences in courtship for  those t r ia d s  in which 

s o l i c i t in g  was observed (mean = .625, N = 8) were were not 

s ign i f ican t ly  higher than those in the non-solic i t ing  t r ia d s  (mean = 

-14.00, N = 4).  Similarly ,  the means of to ta l  frequencies of 

courtships within t r i a d s  did not s ign i f ican t ly  d i f f e r  between t r iad s  

in which females s o l i c i t ed  (mean = 24.88, N = 8) and those in which

they did not (mean = 36.5, N = 4).

Time spent a t  male nestboxes.

As in previous experiments, no female chose the nestbox located 

in the central region of her cage as a nest  s i t e .  Overall,  females 

spent equivalent periods of time ON the nestboxes of both types of 

males (Fig. 11). Time spent a t  the entrance of male nestboxes was 

also v i r tu a l ly  equivalent, and, in addition, i t  was low compared with 

the previous experiments. Nestbox occupancy, a good indica tor  of nest 

choice, indicated a s ig n i f ic an t  preference for the AE males (Fig. 12).

Ten females met the 20% difference c r i te r io n  for preference based on

the time spent IN male nestboxes, but there was no s ign i f ican t  trend 

of preference for e i th e r  type of male; 6 chose the AE male, and 4 the 

normal male (F ig .12).

Preference to spend more time in a male nestbox was corre la ted 

with only one male behavior, male nestbox occupancy. However, 

simultaneous nestbox occupancy was not correla ted  with the time spent 

in the nestbox by e i th e r  the male or the female. Thus, the presence 

of e i th e r  bird in the nestbox was re la ted  to overall  occupancy, but i t  

did not have a s ig n i f ic an t  influence on occupancy by the other bird .  

Simultaneous nestbox occupancy was correla ted  with male nest



vocalizations terminating IN.

Nestbuilding.

In 7 t r i a d s ,  a t  l e a s t  one of the males gathered more than 100 

pieces of nes t  material and placed them in the nestbox. The females 

in these t r i a d s ,  then, had the option of taking nest  material from the 

males' nestbox or the bundle provided them in th e i r  cage. Six females 

took nes t  material from th e i r  supply with a trend to  place i t  in the 

nestboxes of AE males (4 vs. 1, 1 female did not put i t  in a nestbox, 

Sign t e s t ,  NS). At the,end of the experiment, nest  material was found 

in the female side of male nestboxes in 11 t r i a d s .  In the majority of 

these t r ia d s  (7) most of the nest  material was found in the AE male's 

nestbox, but the trend was not s ign i f ican t .

Eggs in male nestboxes.

Seven females la id  eggs. Four females l a id  t h e i r  eggs 

exclusively in the nestbox of the AE male, and 3 exclusively in the 

nestbox of the normal male. Egg laying preferences were correlated 

with differences in the amount of nes t  material gathered by males 

within t r iad s  (R = +0.58, p <.025). Yet, the amount of nest  material 

gathered was not found to  account for t r ia d s  in which females did not 

lay eggs. More nest  material was gathered in t r ia d s  with eggs (mean = 

357.86, N = 7),  but i t  was not s ign i f ican t ly  greater  than in t r iad s  in 

which no eggs were found (mean =290 .20 ,  N = 5).  Differences in the 

amount of nes t  material gathered by males within t r i a d s  revealed an 

in te res t ing  but non-signif icant trend. In t r ia d s  with eggs, the AE 

males gathered more nes t  material (mean difference = 119.857, N = 7) 

than those in t r ia d s  without eggs (mean difference = 8 .2 ,  N = 5). 

Courtship ac t iv i ty  also did not appear to account for t r ia d s  with no



eggs. Mean differences in courtship were sim ilar  in the egg t r iad s  

(mean differences = -3 .4 ,  N = 7) and no eggs t r iad s  (mean differences 

= -5 .4 ,  N = 5; negative numbers indicate  th a t  nprmal males tended to 

court more, see Fig. 9) .  Differences in to ta l  courtship ac t iv i ty  

within t r ia d s  did not s ign i f ican t ly  d i f f e r  between t r ia d s  in which 

eggs were la id  (mean C-Tot. = 24.29, N = 7) and those in which no eggs 

were l a id  (mean C-Tot. = 35.00, N = 5).

In general, the number of female behaviors th a t  were correla ted 

was somewhat lower than in previous experiments (Table VI), however, 

some of the more important re la t ionsh ips  remained. Nest occupancy by 

females was corre la ted with the trends in proximity and egglaying. IN 

was also correla ted  with the other behavior in which a preference was 

found, copulation s o l i c i t a t io n .  Nest occupancy preferences were 

correla ted  with time spent around the nestbox, but with ON the 

corre la t ion  was negative. Egg laying was correla ted  with proximity 

and EN.



Table VI. C orrela tions  between measures of female preference 1n Experiment I I I ;  
d iffe rence  scores fo r  behavior responses of a female to  the males within a 
t r i a d .  Only s ig n i f ic a n t  c o r re la t io n s  are l i s t e d .

Female Behaviors

Slmul. Cop.
Prox. ON EN IN N-Tot. IN S o l ic i t  Eggs

Proximity — -  +.56 +.78 ** +.57

ON   - .5 8  *

EN   +.80 ** +.54 +.55

IN   +.71 ** +.54 +.52

N-Tot.   +.79 **

Slmul. IN

Cop.
S o l i c i t

Eggs

p <.05 
+ p <.025
* *  p <.01



Discussion

AE and normal males, did not d i f f e r  s ign i f ican t ly  on any of the 

behavioral measures. In addition, the re la t ionship  among behaviors in 

the two groups were s im ila r ,  and any d is t in c t io n s  may have been the 

r e s u l t .o f  female responses to the males. Nonetheless, there were 

s ig n i f ic an t  trends among females indicat ing a preference for  the AE 

males on two measures of female behavior. The majori ty of females 

th a t  so l i c i t ed  males fo r  copulation preferred to respond to  the 

courtship of the AE males. This preference, however, was not due to 

the frequency with which these males courted. In f a c t ,  fo r  both low 

and high in tens i ty  courtship there was a trend for  the normal males to 

court more frequently. In addition, low courtship frequencies within 

t r ia d s  did not account fo r  females th a t  were not observed so l ic i t in g  

for  copulation. Clearly ,  the frequency of courtship was not a 

parameter which influenced th i s  measure of preference. I t  i s  also 

unlikely th a t  the in tens i ty  of courtship,  as measured by changes in 

the posture and the movement pat terns  of the visual dance component of 

courtship, was re la ted  to  s o l i c i t a t io n .  High in tens i ty  courtships 

were not correla ted with copulation s o l i c i t a t i o n ,  and there was no 

suggestion th a t  females were more l ike ly  to respond to courtship 

dances of greater  in ten s i ty .  Thus, while females s o l i c i t ed  almost 

exclusively in response to courtship, ne i ther  the frequency nor the 

visual in tens i ty  of the behavior appear to influence the occurence of 

th i s  behavioral measure of recep t iv i ty .  Some other parameter, must 

d i rec t  the occurence of th is  hightly se lec t ive  behavior. Some of the 

more l ike ly  parameters are probably contained in the song i t s e l f .  

Specific parameters of male song have been shown to have d i f fe ren t ia l



e f fe c t s  on the copulation s o l i c i t a t io n  responses in sparrows (Searcy 

and Marler, 1981) and cowbirds (West, King and Eastzer, 1981). While 

specif ic  parameters of song were not examined in the present 

experiment, i t  i s  possible th a t  the AE implants produced changes in 

some parameter making songs more "a t t rac t ive"  to  females. The 

su sc ep t ib i l i ty  of song, independent of frequency, to changes in 

androgen levels  has been suggested by the work of Arnold (1975) who 

found th a t  the tempo and duration of songs decreased following 

cas t ra t ion .  Thus, females may have been responding to changes in the 

song of males re f lec t ing  th e i r  a l te red  hormonal s ta te .

Nestbox occupancy by males was correla ted  with the copulation 

s o l i c i t a t io n  preferences of females. Females did not d i rec t ly  respond 

to  nestbox occupancy by s o l i c i t in g ,  but in t e r e s t  in a nestbox by males 

may have been a fac to r  Influencing female recep t iv i ty .  A lternatively ,  

however, male occupancy of the nestbox may have been a male response 

to female acceptance of them as indicated by copulation s o l i c i t a t io n .

There was a s ig n i f ic an t  preference for  the AE males based on the 

overall  time spent by females IN th e i r  nestboxes. However, th is  

preference did not carry over into the choices of individual females. 

Of the ten females meeting the choice c r i t e r io n ,  a majority preferred 

the AE male nestbox (6 vs. 4) ,  but the trend was not s ig n i f ic an t .  The 

difference in overall mean durations in occupancy of nestboxes 

appeared to be the r e su l t  of females th a t  chose the AE males spending 

much more time in th e i r  nestboxes than those females tha t  chose the 

normal males. Thus, while the AE males were not unequivocally 

" a t t r a c t iv e" ,  the females tha t  chose them may have been showing a 

stronger preference than the other females tha t  made a choice.



Time spent IN the nestbox by males was correla ted  with female 

nestbox preferences (EN and IN) suggesting tha t  pa i rs  were formed. 

However, simultaneous nestbox occupancy was not correla ted  with the 

amount of time e i th e r  males or females spent IN the nestboxes. This 

was probably because nestbox occupancy and simultaneous nestbox 

occupancy durations were generally low, and suggests tha t  while 

occupancy of the nestbox by one member of a pair  influenced the other,  

they were not l ik e ly  to  be found IN the nestbox together.

Differences in the to ta l  time females spent a t  the three nestbox 

locations (ON, EN, IN) of the two males were correla ted  with gathering 

nes t  mater ial .  Although neither  the amount of nest  material gathered 

by the two types of males nor to ta l  time females spent a t  the two male 

nestboxes d if fered  s ig n i f ic an t ly ,  both trends favored the AE males. 

Although th is  may suggest th a t  females found the AE male nestboxes 

more "a t t rac t ive"  because of the amount of nest  material contained in 

them, or the amount of nestbuilding a c t iv i ty ,  males may not build 

unti l  females indicate  an i n t e r e s t  in a nest  s i t e .  The correc t  

a l te rna t ive  is  d i f f i c u l t  to ascer ta in .

Although no other female behaviors indicated a s ign i f ican t  

preference fo r  one group of males, the trends fo r  proximity, 

nestbuilding, and egg laying a l l  favored the AE males. Both the 

proximity and egg laying data were corre la ted  with the s ign i f ican t  

dif ference in nestbox occupancy. In addition, egglaying was 

correla ted with the gathering of nes t  material by males. This may 

Indicate th a t  nestbuilding ac t iv i ty  has some "a t t rac t ive"  influence on 

female choice or tha t  nestbuilding stimulates ovarian development.

Egg laying was also negatively corre la ted  with differences in two



types of male nest  vocalizations (V, VO). I t  i s  d i f f i c u l t  to explain 

t h i s  re la t ionsh ip ,  except th a t  i t  may mean th a t  females did not choose 

the male th a t  was so l i c i t in g  primarily for  a nest  ON top of the. 

nestbox or away from the nestbox.

The re la t ionship  of the various measures of female preference 

revealed a consistency in choices overa l l .  Including the two measures 

including s ig n i f ic an t  preferences, copulation s o l i c i t a t io n s  and time 

spent IN male nestboxes, most measures tha t  favored the AE males were 

corre la ted .  IN was also correla ted  with measures with trends favoring 

the AE males, female proximity and egg la t in g .  These re la t ionsh ips  

suggested a r e l ia b le  tendency to prefer  the AE males as mates.

Given a choice between two active males, i t  i s  somewhat 

surpris ing  th a t  more females did not indicate  a choice of a mate. In 

previous experiments, a t  l e a s t  one male was de f ic ien t  in some 

behavioral qual i ty .  In the present experiment, females should have 

found a t  l e a s t  one of the males adequate for  mating. Yet, a lower 

percentage of females met the choice c r i te r io n  on the various 

behaviors, except female nestbuilding, in th i s  experiment than in the 

other experiments. Perhaps i t  was a r e su l t  of the choice paradigm or 

the d i f f i c u l ty  of choosing between s im ila r  males. Nevertheless, for  a 

s ig n i f ic an t  number of females tha t  indicated a choice by copulation 

s o l i c i t a t io n  preferences the males receiving a supplementary hormone 

were found more "a t t r a c t iv e " .  Those females th a t  chose the AE males, 

spent s ign i f ican t ly  more time in the nestbox, than females th a t  chose 

the normal males.



GENERAL DISCUSSION

The purpose of our invest iga t ion  of mate se lec t ion  in zebra 

finches was to determine the importance of various behavioral 

c h a ra c te r i s t ic s  of males to female choice. A previous report 

(Sheridan and Harding, 1985), demonstrated tha t  the quali ty  of male 

behavior can d i r e c t  a female 's  chpice of mate. When females were 

given the choice between behaviorally i n t a c t  males and males whose 

song, courtship dance, and nestbuilding behaviors were reduced or 

eliminated, they r e l ia b ly  chose males with the fu l l  behavioral 

repe r to i re .  The preferences found were not simply a measure of 

approach or a f f i l i a t i o n ,  but more r e l ia b le  measures of mate choice; 

copulation s o l i c i t a t io n ,  nestbox occupancy, and the chosen s i t e  for 

egg laying. In the present se r ie s  of experiments, we have sought to 

determine the re la t iv e  importance of q u a l i ta t iv e  differences in the 

three behavioral a t t r ib u te s  which were manipulated concurrently in the 

previous study. We were also in te res ted  in determining whether 

hormone dependent parameters of these behaviors were c r i t i c a l  to 

choice.

Male singing behavior appeared to  be the most important 

ch a ra c te r i s t ic  to females in assessing males and choosing a mate.

Males tha t  were unable to sing were l e a s t  "a t t rac t ive"  to females.

When females were given a choice between males who could sing and 

dance but not nestbuild vs. males who could not sing but could dance 

and build nes ts ,  they overwhelmingly chose those tha t  could sing .,

When playback of recorded courtship songs were subst i tu ted  for the 

songs of muted males, females did not appear to associate the playback



songs with the males themselves. There was no c lear  preference for 

e i th e r  muted male even though they d iffered in visual courtship 

display a c t iv i ty .  Using the more re l ia b le  measures of mate choice, 

copulation s o l i c i t a t io n ,  nestbox occupancy, and egg laying, l e s s  than 

50% of the females ac tual ly  selected a mate. In the second and th i rd  

experiments, where females could choose a singing male, preferences 

were not re la ted  to the frequency of male songs. In each of these 

experiments, the frequencies of some types of directed songs used in 

p a r t ic u la r  courtship displays (C-HI) were correla ted with the to ta l  

time females spent a t  the nestbox, but not with, nestbox occupancy 

(IN). Thus, these cor re la t ions  were probably due more to the 

proximity of females increasing male courtship ra te s  than to a female 

preference for  high ra te s  of  singing. In te res t ing ly ,  in the second 

experiment in which the singing males were preferred,  differences in 

USong frequencies were negatively corre la ted  with differences in the 

time females spent in the two male nestboxes. This meant th a t  within 

a t r i a d ,  a male's USong frequencies were higher when the female was in 

the other male's nestbox. This tends to support the view th a t  USong 

increases in the absence of the female (Sossinka and Bohner, 1980; 

Caryl, 1981), especially  since a female in the nestbox of one male was 

out of view of the other.  In the th i rd  experiment, ha l f  of the males 

received hormone implants 1n an attempt to increase the frequency of 

male reproductive behaviors above normal leve ls .  These AE trea ted  

males did not s ign i f ican t ly  d i f f e r  from normal males 1n th e i r  

frequencies Usong, courtship ,  or any other behavior recorded, but 

these males may have d if fered  in other aspects of th e i r  behaviors as a 

r e s u l t  of the hormone implants. I t  i s  not c lea r  what male



c h a ra c te r i s t ic s  caused females to show s ig n i f ic an t  preferences for  AE 

males as demonstrated by th e i r  copulation s o l i c i t a t io n  and nestbox 

occupancy. Because copulation s o l i c i t a t io n  i s  usually a d i rec t  

response to song, i t  has been used as a behavioral means of assessing 

the qual i ty  of male songs in several species. In the song sparrow, 

both temporal pat tern  and sy l lab ic  s t ruc tu re  are parameters of 

importance to the response (Searcy and Marler, 1981). In the cowbird, 

the presence of a spec if ic  phrase element in the song i s  necessary for 

the recep t iv i ty  response (West, King, Eastzer,  1981). I t  i s  therefore 

possible th a t  female zebra finches were more receptive to the 

courtship songs of the hormone t rea ted  males because of a change in 

some hormone dependent parameter of song other than frequency. In 

addition to an e f f e c t  on song frequency, Arnold (1975) found th a t  the 

duration of song and the tempo of song are both reduced in male zebra 

finches following c a s t ra t io n .  More recently ,  Sossinka and Bohner 

(1981) have reported th a t  tempo i s  a parameter of song which 

dist inguishes  USong from DSong. The females in the th ird  experiment, 

then, may have found the males more’a t t r a c t iv e  because of a change of 

tempo or some other hormone dependent parameter of song. Thus, they 

may have been able to d e tec t  the hormonal condition of males through 

th e i r  songs.

Somewhat su rp r is ing ly ,  the visual component of zebra finch 

courtship ,  the dance, was re la t iv e ly  ine ffec t ive  in d irec ting female 

choice. I f  song was eliminated, as 1t was fo r  some males in the f i r s t  

two experiments, the a b i l i t y  to  dance was not su f f i c ie n t  to "a t t rac t"  

females. In the second experiment, females seemed to ignore muted 

males even though they danced a t  normal levels  and appeared normal in



al l  other respects .  In the f i r s t  experiment, both males were muted 

and d iffered s ign i f ican t ly  in the quantity and quali ty  of th e i r  

courtship dance. Yet, few females found the differences in courtship 

dances su f f ic ie n t  to s e le c t  a mate. Song was apparently necessary. 

Even though the a l te rn a t iv e  was a behaviorally d e f ic ien t  male, females 

did not find the male th a t  danced more normally s ign i f ican t ly  more 

" a t t r a c t iv e ."  Trends in the data as well as the corre la t ions  of 

differences between males in the frequency of dances with nestbox 

occupancy and egg laying suggested th a t  the differences between males 

may have.been detected, and th a t  dance alone may have had have some 

stimulating e f f e c t  on female reproduction. However, aside from the 

frequency of these courtship dances, other parameters, such as 

in te n s i ty ,  did not seem to  be of much importance. High in tens i ty  

courtships,  which were dist inguished from low in ten s i ty  courtship 

based on differences in posture and more elaborate dance pat terns ,  

were not corre la ted  with female behavioral responses. More elaborate 

courtship dances were then not any more a t t r a c t iv e  to females than low 

in tens i ty  courtship displays.  Apparently, i f  the physiological 

condition of a male is  important to female choice, the visual 

components of male courtship were not the primary c r i t e r i a .

Our data, then, indicate  tha t  whatever "a t tract iveness"  courtship 

behavior might have fo r  females, i t  is  primarily a r e su l t  of the vocal 

component and the various parameters within i t .  This i s  not to say 

th a t  the quali ty  of a male's song i s  the sole c r i t e r io n  on which 

females make th e i r  se lec tion of a mate. Nor is  i t  l ike ly  tha t  the 

courtship dance of the male is  unimportant. Our data only show tha t  

song i s  more important. I t  was not possible to produce a male capable



of singing without the concommitant dance component of courtship and 

s t i l l  present females with an otherwise normal male. I f  such a 

manipulation were possib le ,  i t  would l ike ly  indicate  tha t  the dance 

does contribute to the "a t t rac t iveness"  of directed song. The 

presence of both components may be qu a l i ta t iv e ly  more "a t t rac t ive"  

than e i th e r  alone. In budgerigars,  the occurence of copulation 

s o l i c i t a t io n  by a female depends upon both the visual and vocal 

components of courtship (Brockway, 1964b). In ring doves, maximal 

physiological reproductive stimulation only occurs when both 

components are present (Friedman, 1977). Female sparrows do s o l i c i t  

for  copulation in response to song alone, but the d isposit ion to 

s o l i c i t  must be a r t i f i c i a l l y  induced by hormone treatments.  Thus, 

while song seems c r i t i c a l  to choice in zebra f inches,  i t  may not be 

s u f f i c ie n t  in the complete absence of the courtship dance for 

behavioral recept iv i ty  and the optimal in tegra t ion  of the 

physiological and behavioral changes in the reproductive sequence.

In addition to courtship a c t iv i ty ,  other behaviors of the male 

may be c r i t i c a l  to  female choice, especial ly  in species where males 

play an active role  in caring for the young (Searcy, 1979, Halliday, 

1983). Behaviors associated with the se lec tion and building of nests 

may be important to females in choosing a good mate and/or parent 1f 

they are an early par t  of  a male 's reproductive reper to ire .  In the 

present se r ie s  of experiments, male behaviors associated with nesting 

were manipulated to determine the role  of nest  vocalizations,  

gathering nest  m a te r ia l , nestbuilding, nestbox occupancy, and the nest 

i t s e l f  in female choice. In the second experiment, the ab i l i ty  to 

build a nest  proved to be of le s s  than primary importance for female



choice; females chose males th a t  could sing over those tha t  could 

nestbuild.  Female preferences included occupancy of the singing 

males' nestbox even though in almost al l  cases the nestbox contained 

no nest  mater ial .  In addition, there was no indication tha t  the 

nestbuilding ac t iv i ty  of the males with nes t  material had any 

influence on female preferences; gathering nes t  material was not 

correla ted  with any measure of female preference. Females actually  

seemed to compensate fo r  the singing males' lack o‘f  nes t  material by 

gathering some nest material themselves. More females contributed 

nes t  material to  male nestboxes in th i s  experiment than in any of the 

other experiments.

In our previous repor t  (Sheridan and Harding, 1985), gathering 

nes t  material by normal males was corre la ted  with the proximity 

preferences of females and th e i r  simultaneous nestbox occupancy.

While some a t t r a c t iv e  fea tu re  of th i s  behavior may have indeed 

resulted  in the re la t ionsh ip ,  the manipulations of males in tha t  

experiment meant th a t  singing, dancing, and nestbuilding covaried. 

Thus, the re la t ionship  may have been an a r t i f a c t  of the overall 

preference for  the behaviorally i n t a c t  males. In the present study, 

both groups of experimental males in the f i r s t  and th i rd  experiments 

were provided with nes t  m ater ia l .  In the f i r s t ,  differences in 

gathering nest  material between males were not correla ted  with any 

measure of female preference. Nestbuilding a c t iv i ty  did not 

compensate for  the males' in a b i l i t y  to sing. In the th i rd  experiment, 

gathering nest  material was corre la ted  with both the to ta l  time 

females spent a t  male nestboxes and th e i r  egg laying preferences.  On 

both of these measures the trends favored hormone-treated males who,



on the average, gathered more nes t  mater ia l .  Possibly, t h i s  indicates 

t h a t  when the choice is  between two bas ica l ly  normal males (the 

frequencies of th e i r  behaviors did not d i f fe r )  a t t r ib u te s  such as 

nestbuilding become important to female choice. However, there is  an 

a l te rn a t iv e  explanation fo r  these co r re la t ions .  A male may only begin 

ac t ive ly  building a nest once a female indicates e i th e r  a.) her 

acceptance of him as a mate or b.)  a preference fo r  the s i t e  he has 

chosen. There was some suggestion of th i s  in the second experiment, 

females did not choose the males able to build nests and the latency 

to  active nest  building was s ign if ican t ly - longer  than tha t  of the 

behaviorally i n t a c t  males who had nes t  material in the previous study. 

The mean amount of nes t  material gathered in the second experiment was 

1/2 t h a t  of the males in the previous report .  In f a c t ,  the amount of 

nes t  material gathered by males in our i n i t i a l  study (Sheridan and 

Harding, 1985) was close to twice th a t  gathered by any other group of 

males th a t  had access to nes t  material in the present study. While 

the f a c t  t h a t  in the present experiments males able to build nests 

were given rudimentary nests may account for  some of the reduction in 

nestbuilding, another fac to r  th a t  d ist inguishes  the males of the f i r s t  

study from the others is  th a t  females showed a strong preference for 

them. All the others were only p a r t i a l ly  preferred a t  best;  the 

s tronges t  preferences were fo r  the AE males, and they gathered the 

most nes t  material of any group in the present invest iga t ion.  While 

i t  i s  important to note th a t  the nestboxes of males in the present 

se r ie s  of experiments were not empty, and th e i r  rudimentary nests may 

have reduced nest building, a f a i lu r e  of females to choose or accept a 

male or his nest  s i t e  may have been a contributing factor  to lower



nestbuilding ac t iv i ty  by males.

In some other avian species, males only begin nestbuilding a f te r  

being assured a mate. Male ring doves, for  example, only begin a f te r  

a female Indicates her acceptance of the nest  s i t e .  I n i t i a l l y  a 

female follows a s o l i c i t in g  male to the nest  s i t e  but leaves when he 

does, eventually she will  remain a t  the nes t  s i t e  and s o l i c i t .  Only 

a t  th i s  point does the male begin gathering nest  material 

(Martinez-Vargas and Erickson, 1973). Nestbuilding i s  primarily a 

r e s u l t  of a change in physiological s t a t e ,  males do not begin to 

nestbuild unti l  the reproductive sequence has begun. In zebra 

f inches,  females are believed to  make the final choice of nest s i t e  

(Sargent, 1965) and, although i t  has not been demonstrated th a t  males 

gather only a f t e r  nes t  s i t e  acceptance by females, our data are 1n 

l in e  with th i s  in te rp re ta t io n .

Zebra finches s o l i c i t  for nest  s i t e s  using a ch a ra c te r i s t ic  

vocalization often coupled with a p a r t ic u la r  display posture.  In our 

experiments, the posture was seen infrequently ,  possibly because of 

the l imited area available  to each bird a t  the nestbox to  turn while 

s o l i c i t in g .  Nest vocalization a c t iv i ty  was fa r  more frequent. These 

vocalizations have received only l imited i n te r e s t  in the l i t e r a t u r e ,  

presumably because of th e i r  low amplitude in a typical bird  room; they 

are only consis tently  heard when monitored with microphone and head 

phones. They are,  however, a r e l i a b le  pa r t  of most males' nesting 

behavior.

From our data, i t  was d i f f i c u l t  to determine i f  these 

vocalizations were hormone dependent. The mean frequencies of the 

vocalizations among the various groups of males implied th a t  the



muting and cas tra t ion  procedures, as well as the responses of females, 

al l contributed to decreases in th e i r  occurence. By fa r  the g rea tes t  

frequencies were among the male groups th a t  were most strongly 

preferred by females. Were the vocalizations functioning to a t t r a c t  

females or were they simply the r e su l t  of  females being in c loser  

proximity to  a male and h is  nes t  s i te?  In our previous study 

(Sheridan and Harding, 1985), nes t  vocalizations were not re la ted  to 

general proximity but were, in  general, r e la ted  to nestbox occupancy 

by females. This was especia l ly  t rue  of those vocalizations 

terminating in the nestbox. This suggested th a t  they did function to 

a t t r a c t  females to the nes t  s i t e .  In the present study, females in 

Experiment I I .  strongly preferred to occupy the nestboxes of the 

singing males and these males vocalized s ign i f ican t ly  more often in 

re la t ion  to th i s  nestbox location (VI). However, there was only a 

l imited re la t ionship  between vocalization frequency and female 

responses th a t  might indicate  tha t  these vocalizations were 

a t t r a c t iv e ;  to ta l  nest vocalization ac t iv i ty  was corre la ted  with 

simultaneous nestbox occupancy. This measure was probably a good 

Indicator of female nest s i t e  acceptance as well as pa i r  formation, 

but I t  was puzzling why female nestbox occupancy (IN), independent of 

the male's presence, was not also corre la ted  with vocalizations i f  

they did actually a t t r a c t  females to the nestbox. The re la t ionsh ip ,  

then, may have been a coincidence of males th a t  vocalized more often 

tending to occupy the nestbox more often especia l ly  when the female 

was present.  From our observations, i t  was c lea r  th a t  males used 

these vocalizations in an attempt to get  females to enter  the nestbox. 

However, i t  was not c lea r  i f  these vocalizations are a t t r a c t iv e  in



themselves or whether they are only involved in the determination of 

the nest  s i t e .

Even i f  females make the f inal  choice of a nest  s i t e ,  the males' 

s o l i c i t a t io n s  and occupancy of the s i t e  pr io r  to choice may be a 

c r i t i c a l  a t t r ib u te  of th e i r  premating behavior. In species where 

males ac t ive ly  p a r t ic ip a te  in ra is ing  the young, a c t iv i ty  a t  the nest  

could be indicat ive  of l a t e r  parental involvement such as time 

contributed to incubating eggs. While no evidence ex is ts  to confirm 

th a t  i n t e r e s t  in the nes t  has a re la t ionsh ip  with l a t e r  parental 

behavior, the importance of synchronized incubation of eggs by a male 

and female for  reproductive success has been demonstrated in the ring 

dove (Ball and S i lve r ,  1983). Male nestbox occupancy was correla ted 

with several female behaviors in the experiments, but there was no 

strong indication th a t  the re la t ionsh ips  were due to an a t t ra c t iv e  

qual i ty  of nes t  occupancy; male nestbox occupancy could have been in 

response to female occupancy or pa i r  formation.

Mate choice i s  unlikely to be an al l-or-none phenomenon based 

solely on some in i t i a l  a t t r a c t iv e  qua l i ty ,  although in most instances 

the q u a l i t ie s  used in choice are probably predictive of l a t e r  

behaviors which are also a t t r a c t i v e  to females. When the in tegrated 

sequence of behaviors in reproduction are disrupted by some 

shortcoming in the male 's behavior, i t  may be of greater  advantage to 

a female's reproductive success to leave and find a new mate. In the 

second experiment, females c lea r ly  preferred the S+ D+ N- males as 

mates up until  they l a id  th e i r  eggs; ha l f  of the females tha t  la id  

eggs chose the nestbox of the nest  males (S- D+ N+) as the s i t e  for  

laying th e i r  eggs. When faced with the p o ss ib i l i ty  of laying eggs in



the empty nestboxes of the song males th a t  would have a detrimental 

e f f e c t  on reproductive success, females appeared to switch mates.

While the s i tua t ion  females were presented with in the experiment was 

extreme, i t  demonstrated th a t  female choice is  not some s t a t i c  

assessment of male quali ty  early  in the reproductive sequence which is  

immutable; males must continue to meet the c r i t e r i a  of a quali ty  mate 

for  the pairing to be maintained.

In general, i t  appeared tha t  behaviors of the male associated 

with the nest  were not c r i t i c a l  to  female choice. Females did not 

require males to build a nes t  in order to mate with them, but some 

aspects of nestbuilding may have been a t t r a c t iv e  when males were 

s im ila r .  I t  i s  l ik e ly ,  however, th a t  nestbuilding follows mate choice 

and 1s an indicat ion of pair ing .  Neist vocalizations ce r ta in ly  were 

used by males to a t t r a c t  females to a nes t  s i t e ,  but i f  some parameter 

of these vocalizations indica tes  male qua l i ty ,  i t  was not readily  

apparent 1n our data. Males may enter  the nestbox in e f fo r t s  to 

a t t r a c t  the female to i t ,  but the majori ty of male nestbox occupancy 

probably follows pair ing.

Most previous invest iga t ions of mate se lec tion in zebra finches 

have emphasized the ro le  of imprinted preferences in female choice 

(Immelmann, 1972, Walter, 1973; Sonneman, and Sjolander, 1977; 

Immelmann e t  a l . ,  1978). More recently  i t  has been recognized th a t  

the behavioral a t t r ib u te s  of males are Important to choice. Ten Cate 

and Mug (1984) found th a t  courtship a c t iv i ty  of males p a r t i a l ly  

accounted for  the preferences of females. Our previous investigation 

(Sheridan and Harding, 1985), found th a t  disruption of the 

reproductive behaviors of  males a l te red  th e i r  a t t rac t iveness  as



potentia l  mates.

In the present inves t iga t ion ,  i t  was evident th a t  song was 

c lea r ly  a quali ty  of males essen tia l  for  female choice. Males able to 

courtship dance were not preferred as mates i f  they could not singi 

When both males were unable to sing, females were re luc tan t  to choose 

a mate and did not p refer  males dancing a t  normal leve ls  over males 

showing d e f ic i t s  in the dance displays.  Trends in the data, as we]l 

as co rre la t ions  with courtship a c t iv i ty ,  did, however, suggest tha t  

these differences were detected. Evidence for  the importance of 

behaviors associated with the nest  were somewhat equivocal. While i t  

was c lea r  th a t  the a b i l i ty  to sing took precedent over nestbuilding, 

i t  was not apparent i f  the male's nest  re la ted  behavioral reper to ire  

could a t t r a c t  females as mates. Nest vocalizations appeared to 

function in male attempts to a t t r a c t  the female to the nest  s i t e ,  but 

i t  was unclear i f  t h i s  behavior and the others associated with the 

nest ,  nestbuilding and nest  occupancy, preceded in i t i a l  mate choice 

and pair  formation.

One of our contentions about female choice in zebra finches was 

th a t  male behavior would provide females with ch a ra c te r i s t ic s  

ind ica t ive  of the qual i ty  of a male as a mate. Also, male premating 

displays may be ind ica t ive  of l a t e r  parental behavior because of i t s  

assumed importance in determining reproductive success (Orians, 1969, 

Trivers ,  1972). Our re su l t s  indicated th a t  i f  qua l i ta t ive  assessments 

are made, courtship and more sp e c i f ica l ly  the song component is  most 

l ike ly  to be the feature  of male behavior u t i l i z e d  in choosing a male. 

A specif ic  parameter of song re la ted  to choice could not be discerned 

from our data.  In our previous repor t ,  courtship frequencies differed



between the two male groups as a r e s u l t  of c a s t ra t io n ,  and females 

preferred gonadally in t a c t  males courting a t  normal frequencies. In. 

our f inal  experiment we attempted to  increase courtship frequencies 

using androgen (androstenedione) implants. This manipulation fa i led  

to  produce s ign i f ican t  changes in courtship frequency as measured 

here. In te res t ing ly ,  the hormone-treated males were s t i l l  somewhat 

preferred to normal males, especia l ly  in terms of copulation 

s o l i c i t a t io n s  by females which occur d i rec t ly  in response to directed 

song and the courtship dance. Female preferences were not correla ted  

with differences in courtship frequencies within t r i a d s .  Since in the 

absence of song females did not show strong preferences fo r  e i th e r  of 

the behaviorally d i s t i n c t  males, i t  was l ik e ly  th a t  some parameter of 

song accounted fo r  s o l i c i t a t io n  preferences in the f inal experiment. 

Thus, i t  appeared th a t  hormone treatment a l tered  song in such a way to 

make i t  more a t t r a c t iv e  fo r  copulation s o l i c i t a t i o n .  Of course, the 

frequency with which a male sings may s t i l l  be an important parameter 

in female preference, but our data suggest th a t  small differences in 

frequency are r e la t iv e ly  unimportant.

Our contention tha t  females may be able to detect  the 

physiological condition of males was also p a r t i a l ly  supported by our 

r e s u l t s .  Hormone-treated males were more a t t r a c t iv e  as mates and th is  

appeared to be re la ted  to  parameters of song, since females did not 

show any strong preference for  e i th e r  a gonadally in t a c t  male or a 

ca s t ra te  when both males were unable to sing. I t  is  known th a t  the 

frequency of song, pa r t icu la r ly -d i rec ted  song, i s  re la ted  to androgen 

t i t e r s  (Prove, 1978; Sossinka, e t  a l . ,  1980). There is  also data 

suggesting tha t  the tempo and duration of song are also hormone



sens i t ive  (Arnold, 1975; Sosslnka and Bohner, 1980). Females zebra 

finches have been shown to be able to d ist inguish  the songs of 

Individual males (Miller ,  1979a; 1979b). Females may be able to use 

song to assess some underlying physiological s ta te  indicat ive  of the 

qual i ty  of a male as a mate. Song ra tes  during pairing have been 

shown to pred ic t  l a t e r  parental behavior in the stonechat 

(Greig-Smith, 1982).

Our Investigations of mate selection in zebra finches have 

demonstrated the importance of behavior in female choice. Consistent 

with previous theories and research (Marler, 1959; Searcy, 1979; 

Catchpole, 1982), the song of males appears to be the primary 

ch a ra c te r i s t ic  of male behavior c r i t i c a l  to  i n i t i a l  female choice. 

Because of I t s  dependence on hormone t i t e r s ,  the behavior of male 

zebra finches may enable a female to s e le c t  a mate based on q u a l i t i e s  

c r i t i c a l  to  maximizing her reproductive success.
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