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Summary. The costs and benefits of helping behavior 
were analyzed for 36 pairs of the Galfipagos mock- 
ingbird, Nesomirnus parvulus, and their associates. 
Helping at the nest is usually done by sons or males 
suspected to be offspring of the breeders. Costs and 
benefits to breeders were assessed by comparison of 
pairs with and without helpers, and costs and benefits 
to helpers were assessed by comparison of birds which 
help and those which establish themselves as novice 
breeders. 

Helping behavior benefits breeders by increasing 
fledging success and by reducing the adult energy 
load in territory defense and feeding of nestlings. 
Breeders assisted by helpers may also benefit by de- 
creased nest predation. Helpers enhance their inclu- 
sive fitness by helping, and gain directly by increasing 
their chances of securing a territory. Helpers do not 
appear to gain any fitness advantage from the experi- 
ence of assisting, nor do they increase their survivor- 
ship by remaining on natal territory. 

Ecological and demographic features such as satu- 
rated territories and low territory turn-over rates due 
to high adult survival may be primarily responsible 
for the evolution of the helping behavior, with kin- 
selection reinforcing it. Associated features of this 
system are a male-biased population sex ratio, a 
greater energetic benefit to breeding males than to 
breeding females in having helpers, earlier dispersal 
and breeding by females than by males, and much 
more frequent helping by males than by females. 
These are interpreted as consequences of brother- 
sister aggression that indirectly minimizes the chances 
of inbreeding. 

Introduction 

Helping behavior is defined for birds as the participa- 
tion in the breeding activities by individuals other 

than the genetic parents (after Skutch 1961). Analysis 
of the advantages of helping behavior to donors (help- 
ers) and recipients (breeders) has been of interest to 
evolutionary biologists because helping behavior can 
be used to investigate the applicability of the concept 
of inclusive fitness (Hamilton 1964). Many argue (see 
review by Brown 1978) that helping behavior may 
increase the individual fitness of the recipient breeding 
pair and/or the inclusive fitness of the non-breeding 
donor. 

Inclusive fitness, or the representation of an indi- 
vidual's genes in present and following generations 
(Hamilton 1964), has two components, direct fitness 
and indirect fitness (Brown 1980, Brown and Brown 
1981). Direct fitness is mediated through the genes 
in an individual's own offspring. Indirect fitness is 
mediated through copies of the genes in the offspring 
of other, usually related, individuals. Recipient fitness 
increases directly through: (1) an increase in fledging 
success (Brown 1970, 1974, 1978 a; Brown and Brown 
1981; Emlen 1981; Fry 1972; Gaston 1978; Ligon 
and Ligon 1979; Orians et al. 1977; Parry 1973; Rid- 
path 1972; Woolfenden 1975); (2) a greater recipient 
survival when donors reduce the adult energy load 
in nest building (Dow 1978; King 1980), territorial 
defense (Brown and Balda 1977; Gaston 1978) or 
feeding nestlings (Brown 1978 a; Parry 1973 ; Stallcup 
and Woolfenden 1978); (3) an ability to occupy a 
larger and/or better territory (Brown and Balda 1977; 
Gaston 1976) and (4) increased protection against 
predators (Emlen 1978; Woolfenden 1975). A de- 
crease in recipient inclusive fitness has been suggested 
by Zahavi (1974) on the basis of a possibly greater 
attraction of predators to nests with helpers and to 
competition for food between helpers and offspring. 

Increases in the fitness of the donor are more 
difficult to identify. Benefits may occur either directly 
by individual selection or indirectly through kin selec- 
tion. Direct benefits enhance the probability that the 
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d o n o r ' s  genes  will  be  passed  on  to  its o w n  f u t u r e  

of f spr ing .  Th i s  p r o b a b i l i t y  has  b e e n  suges ted  to  in-  

c rease  w i t h :  (1) expe r i ence  g a i n e d  in c a r i n g  fo r  o t h e r  

i n d i v i d u a l s '  y o u n g  ( B r o w n  1978a ;  E m l e n  1978);  (2) 

d e c r e a s e d  d i spe r s a l - r e l a t ed  m o r t a l i t y  ( R o w l e y  1965); 

(3) t e r r i t o ry  i n h e r i t a n c e  ( R o w l e y  1965, 1978;  W o o l -  

f e n d e n  1975, 1976;  W o o l f e n d e n  a n d  F i t z p a t r i c k  1978) 

a n d  (4) poss ib le  r e c i p r o c a t i o n  o f  the  h e l p i n g  b e h a v i o r  

by  the  a i d e d  o f f s p r i n g  ( B r o w n  1970, 1975, 1978a ;  
E m l e n  1978;  H a m i l t o n  1964;  L i g o n  a n d  L i g o n  1978;  

M a y n a r d  S m i t h  a n d  R i d p a t h  1972;  R ick le f s  1975; 

R e y e r  1980). I n d i r e c t  ga ins  m a y  o c c u r  t h r o u g h  k in  

se lec t ion  i f  the  he lpe r s  a re  c lose  re l a t ives  o f  b r eede r s  

w h o s e  r e p r o d u c t i v e  success  is i nc rea sed  by  the  h e l p i n g  

( B r o w n  1970, 1975, 1978;  E m l e n  1978;  H a m i l t o n  

1964;  M a y n a r d  S m i t h  a n d  R i d p a t h  1972;  R ick le f s  

1975; R e y e r  1980). 
A n  idea l  sys tem for  i n v e s t i g a t i n g  the  poss ib le  ad-  

v a n t a g e s  o f  h e l p i n g  b e h a v i o r  is p r o v i d e d  by  the  Galf i-  

p a g o s  m o c k i n g b i r d  (Nesomimus parvulus). G r a n t  a n d  

G r a n t  (1979) d o c u m e n t e d  the  o c c u r r e n c e  o f  he lpe r s  

a t  t he  nes t  in this  species.  S o m e  o f  the  he lpe r s  w e r e  

k n o w n  to  be  o f f sp r ing  o f  the  b r e e d i n g  pa i rs  a n d  o the r s  

were  suspec ted  to  be  c lose  kin. B e c a u s e  o f  the  t a m e -  

ness  a n d  o p e n  nests  o f  the  m o c k i n g b i r d s ,  ca re  o f  

y o u n g  by d i f f e ren t  g r o u p  m e m b e r s  can  be  eas i ly  q u a n -  

t i f ied,  b e h a v i o r  c a n  be  r ead i ly  o b s e r v e d ,  a n d  al l  r e p r o -  

d u c t i v e  e f fo r t s  can  be  m o n i t o r e d .  
T h e  in i t ia l  s tudy  o f  G r a n t  a n d  G r a n t  (1979) was  

r e s t r i c t ed  to a s ingle  b r e e d i n g  season .  T h e  p u r p o s e  

o f  this  p a p e r  is to  e x p l o r e  t he  c o n s e q u e n c e s  o f  h e l p i n g  

in a t h r e e - y e a r  pe r iod ,  a n d  to  use this  i n f o r m a t i o n ,  

cas t  in a c o s t / b e n e f i t  f r a m e w o r k ,  to  a n s w e r  q u e s t i o n s  

a b o u t  t he  e v o l u t i o n  a n d  m a i n t e n a n c e  o f  c o - o p e r a t i v e  

b r e e d i n g  in this  species.  

legs for later recognition. Territories were mapped by repeatedly 
recording positions of singing males or positions of aggressive 
bouts between members of neighboring territories. 

Nests were checked every second or third day. Nestlings were 
weighed, measured, and banded on the eighth day after the day 
of hatching. Visits to the nests by breeders and helpers, the number 
and frequency of prey items delivered to the nest and social interac- 
tions were recorded during one-hour watches at a distance of three 
to five meters from the nest during 07:00 12:00 and 14:00- 
17:00 h. Each nest was watched at least once during all hours 
of the designated periods. Altogether 42 nests were watched every 
third day from time of discovery until the fledging of the last 
young. Nineteen additional nests were watched less often. 

For all observations away from the immediate nest site, such 
as foraging behavior, an upper limit of five minutes per bird per 
day was set in order not to bias data with frequently encountered 
individuals. Dispersal distances were measured for birds who sur- 
vived from one breeding season to the next. These dispersal dis- 
tances were measured in units of 50 m from either the natal area 
for juveniles or the center of the territory of the previous year 
for adults. Location of territorial disputes, initiators of disputes, 
and composition and dominance hierarchy of the members of each 
group were recorded for all territorial bouts. 

Results 

Benefits to the Breeder 

a) Reproductive Success. In  T a b l e  1 we  h a v e  l i s ted  

the  1980 b r e e d i n g  sea son  s ta tus  o f  b i rds  o f  k n o w n  

age. A l l  f ema le s  aged  two  years  o r  m o r e  were  b r e e d i n g  

a n d  al l  ma le s  o f  t ha t  age  w e r e  b r e e d i n g  o r  he lp ing ,  

w h e r e a s  s o m e  y o u n g e r  b i rds  were  d o i n g  ne i the r .  C o m -  
p a r a b l e  d a t a  f r o m  1978 a n d  1979 a re  n o t  i n c l u d e d  

because  ages  o f  m a n y  b i rds  were  u n k n o w n  then.  H o w -  

ever ,  t he  sexes o f  the  he lpe r s  f r o m  all  t h ree  years  

were  k n o w n .  O f  th i r ty  b i rds  w h i c h  h e l p e d  at  a t o t a l  

o f  24 ( 3 6 % )  nests ,  on ly  t w o  were  females .  Because  

the  c lu tches  a t t e n d e d  by  the  t w o  f ema les  were  e i the r  

la rge  (5 eggs) o r  ove r s i zed  (7 eggs),  it is poss ib le  t h a t  

Materials  and Methods 

Isla Genovesa is at the northeast extremity of the GalS~pagos archi- 
pelago and is one of the most isolated of the 16 major islands 
(Black 1974). I thas an area of 17.35 km 2 and maximum elevation 
of 76 m (Wiggins and Porter 1971). Grant and Grant (1979) studied 
mockingbirds here from 19 January to 2 May 1978. The present 
study was conducted from 1 March to 22 March in 1979 and 
from 10 January until 12 May in 1980 in the same study area, 
which is approximately one square km area immediately inland 
from the centrally located 'tourist-landing' beach (see Grant and 
Grant 1979). These periods fall under the wet, hot season (Grant 
and Boag 1980). A rain gauge at the top of the beach was checked 
daily. 

Mockingbirds were captured in mist nets or small wire cages. 
The cages were baited with crackers and peanut butter, bananas, 
or sausages. Birds were weighed with Pesola | spring balances and 
measured in the manner described for Geospiza spp. in Grant et al. 
(1975). Sex was determined by adult wing length (from wrist to 
tip of longest primary; males > 115 mm and females < 113 mm, 
Grant and Grant 1979) and additionally by behavior at the nest. 
Young could not be sexed until they were at least two months 
old. Two colored plastic or celluloid bands were placed on their 

Table 1. Status of birds of three different age catagories during 
the breeding season of 1980 

Age n Breeding Helping Neither but still alive 

On territory Off territory 

year 
Males 9 0 5 3 1 
Females 7 4a 0 0 3 

years 
Males 6 3 3 0 0 
Females 3 3 0 0 0 

years 
Males 12 10 b 2 u 0 0 
Females 4 4 0 0 0 

" Three females bred during the laying of the first clutches. The 
fourth made her first breeding attempt at the time of the second 
clutches 

b One male bred and simultaneously helped at a neighboring nest 
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1978 1979 1980 Total 

Helped Not Helped Helped Not Helped Helped Not Helped Helped Not Helped 

Number of nests 7 22 4 
Number of eggs 23 58 ? 
Number of eggs hatched-A 22 38 16 
Number of nestlings fledged=B 19 26 14 
Fledging success = (i 00)B/A 86 68 87 
Number of fledglings per nest 2.7 1.2 3.5 
Number of fledglings per individual 0.9 0.8 0.9 

2 13 19 24 43 
? 49 71 - - 
5 38 58 76 I01 
3 28 40 61 69 
6 74 69 80 68 
1.5 2.2 2.0 2.5 1.6 
0.8 0.6 1.0 0.8 0.9 

the helpers had laid one or more eggs and that their 
'he lping '  behavior was in fact parental behavior, 
especially as both females incubated~ All males but 
one were the largest of their brood, and no more 
than one per brood helped their parents. 

A convenient measure of  reproductive success is 
the proport ion of eggs hatched which gave rise to 
fledglings. Since age and previous breeding experience 
are known to affect reproductive success in many 
bird species (Greenwood et al. 1979; Lack 1968), we 
first tested for a difference in the reproductive success 
between two and three-year-old female mockingbird 
breeders using a chi-square contingency test; one out 
of  three females in each category was aided by a 
helper. No significant difference was found 0(12= 1.0, 
P >  0.1, n = 22 nestlings). Using the same proportions 
we tested for a difference between one-year-old female 
breeders and all older breeding females. One-year-old 
breeders reared significantly fewer young than older 
birds 0{12=5.71, P<0.025,  n=33) .  For  this reason 
data f rom three nests of  one-year-old female breeders 
have been omitted henceforth f rom the calculations 
of  reproductive success. Using the same test proce- 
dure, we compared fledging success for three pairs 
where the female had past experience with three pairs 
where the female was a novice and older than one 
year. Fledging success (which averaged 2.3 and 2.6 
fledglings/pair for experienced and inexperienced fe- 
males respectively) was not found to increase signifi- 
cantly with experience (X12=0.22, P > 0.1). 

Data  on reproductive success have been split into 
two groups to compare breeders with and without 
helpers (Table 2) : we assume that nests without help- 
ers did not receive rare and undetected visits f rom 
helpers outside our observation periods. No differ- 
ence was found in the number  of  eggs laid between 
pairs with and without helpers in both 1978 and 1980 
(t23=0.84 for 1978, t28=0.05 for 1980, P>0 .1  in 
each case). Hatching success is measured by the 
number of  eggs hatched as a proport ion of the 
number of  eggs laid. There were no differences in 
hatching success between helped and unhelped pairs 

in 1978 or 1980 (Z2=0.23 for 1978, P>0 .1 ,  n = 8 8 ;  
X~2=1.67 for 1980, P>0 . 1 ,  n=113).  Data  from the 
breeding season of 1979 were not tested because they 
were incomplete. 

Table 2 compares fledging success for the two 
groups over three breeding seasons. Fledging success 
was higher from nests with helpers than f rom nests 
without helpers in all three years, but in no one year 
was the difference statistically significant (Z12=2.39 
for 1978, Z2=2.0 for 1979, g~=2.1 for 1980, P>0 .1  
in each case). However, the difference between groups 
is significant when the data for the three years are 
combined (X~=6.14, P<0.01) .  Fledging success did 
not increase with group size. In 1980, pairs with one 
helper (n=7)  fledged on the average 2.4 offspring 
per nest, and pairs assisted by two helpers (n=4)  
fledged only 2.2 offspring per nest. Two nests where 
the female breeder was chased away by an outside 
pair are not included in the calculations. 

The mean number  of  fledglings produced per nest 
was significantly higher in groups with helpers than 
in groups without helpers for 1978 and 1979 (t27 = 
7.05, P<0.01 ,  and t4 =3.70, P<0.05 ,  respectively) but 
not for 1980 (t3o=0.33, P>0.1) .  For  the three years 
combined, the difference is significant (t65 =2.8, P <  
0.01). On a per capita basis, the mean number  of  
offspring attributable to each individual on territory 
was almost equal for pairs with helpers and without 
helpers for all three years separately or combined 
(Table 2). 

Another measure of  reproductive success is fledg- 
ling survival over one year. Table 3 shows the number  
of  young mockingbirds fledged in 1978 and 1979, 
and resighted in the breeding season of the following 
year. These resightings are considered estimates of  
survival. They are minimum estimates because some 
birds may have dispersed out of  the study area. How- 
ever, we searched territories adjoining the study area 
and never sighted a banded bird. Therefore, we 
assume the dispersal factor to be insignificant when 
estimating survival. While there is a suggestion in 
the 1978 data that juvenile survival was higher f rom 
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Table 3. Fledgling survival for pairs with and without helpers 

1978 1979 Total 

Helped Not Helped Helped Not Helped Helped Not Helped 

Number of fledglings 14 13 
Fledglings resighted 8 7 

after one year 
Percent survival 57 54 

14 4 28 17 
3 1 11 7 

21 25 39 41 

Table 4. Average number of feeding visits to the nest per hour 
by breeders and helpers in 1980 

Pair Number Number of hourly visits 
of 
watches Parents Helpers Total/ 

nest 
Male Female Total Male1 Mal% 

1 4 3 5 8 6 4 18 
2 4 5 3 8 5 4 17 
3 4 5 7 12 4 i6 
4 10 2 9 11 5 1 17 
5 5 7 7 14 14 
6 4 5 6 11 10 
7 5 7 9 16 16 
8 5 I0 6 16 16 
9 5 14 5 9 10 

nest with helpers than from those without, the 1979 
data show no such tendency. Sample sizes for each 
year are small, but even when 1978 and 1979 data 
are combined there is no significant difference in fled- 
gling survival (Z~ = 0.27, P > 0.1, n = 17). 

Thus the benefit to breeders of having one or 
more helpers is an increase in fledging success. 

b) Adult Survival. Banded, breeding adults which were 
sighted from one breeding season to the next were 
known to have survived. Those which were not re- 
sighted were considered not to have survived. Adult 
mockingbirds appear to be very sedentary once they 
have established themselves on a territory as a breed- 
ing pair and tend not to leave unless one of the pair 
has died. This is demonstrated by five of the eight 
pairs studies during the first field season in 1978 which 
were still on territory in 1980. After the death of 
the male breeder of one of these five pairs in 1980, 
the breeding female disappeared from the area. Such 
sedentary habits, together with the fact that no 
banded adult has ever been sighed outside the study 
area, suggest that the survival figure is a valid one. 

Annual adult survival from one breeding season 
to the next was high~ Nine of  the 10 banded breeding 
adults from the 1978 breeding season were resighted 
in 1979. Twenty-three of the 25 adults known to 
be breeding in 1979 season survived to 1980. Thus 
23 of 26 banded adults that bred in either 1978 or 
1979 were resighted one year after their breeding at- 

tempts. Sixteen of these 26 individuals were helped 
during their breeding attempts and 14 of these sur- 
vived. The remaining 10 breeders were unassisted and 
nine survived from one breeding season to the next. 
There is no significant difference between these pro- 
portions (X~ = 0.05, P > 0.1, n = 26). Therefore annual 
survival of adults is not detectably increased by help 
received in raising their offspring. 

c) Nest Building. Contributions to nest building by 
helpers appear to be small. Data on nest building 
were not gathered in a quantitative manner, but some 
generalizations can be made from observations. Help- 
ers were only seen bringing materials to eight of the 
20 nests known to have helpers in 1980. These deliver- 
ies were rare and in most cases carried out when 
the dominant male was absent. 

d) Feeding of Nestlings. Table 4 summarizes food de- 
livery to nine nests of comparable brood size (3-4 
nestlings) and roughly similar age of nestlings (age 
5 to 10 days) from the 1980 breeding season. Four 
of these nests belonged to pairs with helpers and five 
to pairs without helpers. Brood size and nestling age 
did not differ systematically between these two 
groups. At all nests but two, the female fed the nest- 
lings more frequently than the breeding male. Helpers 
tended to bring food as frequently as the breeding 
male. 

Visits by fathers were reduced in the presence of 
helpers. This is shown by a significant difference in 
the number of hourly feeding visits by fathers with 
and without helpers (Mann-Whitney U4,5=0, P <  
0.01). It suggests a decrease in energy expended by 
breeding males for the feeding of nestlings when as- 
sisted by helpers. There is no difference in number 
of hourly visits by the mother at nests with and with- 
out helpers (U~,5=8.5, P>0.1) .  The total number 
of hourly visits by all visitors was higher at nests 
with helpers than at nests without helpers (U4,s =2.0, 
P=0.032,  one-tailed). The same characteristics were 
shown in 1978 (Grant and Grant 1979), but the sam- 
ple of observations was smaller and not amenable 
to statistical analysis. 

e) Territorial Defense. Gal~pagos mockingbirds live 
on year-round, all-purpose (Brown 1974) territories. 
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The birds are highly territorial and overtly aggressive. 
A ritualized display which we refer to as 'flick-fight- 
ing' was described in detail by Venables (1940) and 
again by Hailman (1960) as territorial dancing. Flick- 
fighting occurs at territory boundaries or less fre- 
quently within a territory when an alien mockingbird 
has trespassed. The display occasionally breaks into 
actual fighting, or grappling, between individuals of 
opposing sides. Given the assumption that the overall 
costs of territorial defense remain constant regardless 
of the number of participants per group, which we 
regard as approximately correct, a high percentage 
of flick-fight participation by helpers should reduce 
the breeders' costs of territorial defense. In a sample 
of 173 observations of groups with helpers involved 
in flick-fights, the proportions of  contests in which 
male, female or helper participated were 0.49, 0.42 
and 0.64 respectively. These proportions differ signifi- 
cantly from a 1 : 1 : 1 ratio 0~ } = 8.2, P < 0.02). Compa- 
rable proportions for breeders without helpers (n = 31 
observations) are 0.97 (males) and 0.54 (females). We 
further devised an index of aggression by dividing 
the number of times individuals of  a particular status 
grappled with a member of another group by the 
number of flick-flights in which individuals of that 
status participated. By this index helpers (0.11) were 
more aggressive than the breeders, while male 
breeders (0.07) were more aggressive than female 
breeders (0.04). Therefore, to the extent that our start- 
ing assumption is correct, helpers reduce the breeders' 
energetic costs of territorial defense. 

There may be more than an energetic cost in terri- 
torial defense. In June 1980 a two year old helper 
with a broken tibiotarsus was captured. The most 
likely explanation for the break is that it was sustained 
in a grappling flight. 

f) Territory Size. Daily sightings of pairs or groups 
were plotted on a gridded map to give an estimate 
of territory boundaries. Territory sizes were then esti- 
mated from this grid system by counting the number 
of partial or whole grid squares within each territory 
boundary. Territories occupied by more than two 
birds (2+~; 4650.0+365.4m 2) were significantly 
larger than territories occupied by single pairs 
(3833.3+274.6; t34=1.74, P<0 .05  by a one-tailed 
test). We estimated territory size on a per capita basis 
by dividing the number of individuals per territory 
into the overall territory size and recalculating means. 
Territory size per capita is significantly higher for 
individuals in pairs (1916.6_+137.3) than for birds 
in groups (1397.5+138.6; t34=2.44, P<0.05 ,  one- 
tailed). Territory quality is perhaps a more important 
measure than territory size, but meaningful data on 
this aspect are lacking and would be extremely diffi- 
cult to obtain. 

g) Predation. Egg or nestling loss due to predation 
was low. Only seven of 78 (9.0%) first and second 
brood nests in 1978 and 1980 combined suffered pre- 
dation. Six of these predated nests belonged to pairs 
without helpers and one belonged to a pair with a 
helper. There is no significant difference in the fre- 
quency of predation between nests attended by help- 
ers and those not attended by helpers 0{2=0.7, P >  
0.1). However, the presence of helpers at the nest 
may cause a decreased loss due to predation which 
is not shown here because of the low frequency of 
overall nest predation. We do not know who the 
predators were, but suspect they may have been 
mockingbirds and owls (see also Grant  and Grant  
1979). 

Direct Benefits to the Helper 

a) Experience Gain. Helpers may benefit in their own 
future breeding attempts by gaining experience in the 
rearing of other birds' young, Only two of six novice 
male mockingbirds were known to breed without hav- 
ing helped first, so statistical comparisons are not 
possible. However, the number of young fledged by 
these two novice males was higher than the sample 
of four novice breeding males with past helping expe- 
rience (Y fledglings/nest=3.0 and 1.75 respectively). 
This result may be biased by the predation of one 
nest of the experienced group. Even when this nest 
is eliminated the mean fledglings/nest of males with 
helper experience (2.3) is still lower than the average 
for those without helping experience. 

It was shown earlier that experienced pairs pro- 
duced no more young than inexperienced pairs. If  
breeding experience cannot be shown to be beneficial, 
the effect of helping experience would be even more 
difficult to demonstrate. Therefore, helping experi- 
ence is apparently not an important direct variable 
in reproductive success. 

b) Decreased Dispersal-Related Mortality. We com- 
pared distances dispersed by 9 male and 9 female 
juveniles approximately one year after fledging. On 
average females (81 m) had dispersed farther than 
males (28 m). A Kolmogorov-Smirnov two-sample 
test does not show these samples of male and female 
dispersal distances to come from significantly differ- 
ent frequency distributions (KD = 4.0, P > 0.05). How- 
ever, the sample sizes of individuals and comparable 
dispersal intervals (n = 5) are small, so small but real 
differences may exist. 

A netting census was performed in known mock- 
ingbird territories three or four months after fledging 
in 1979 and 1980. This permitted the trapping and 
sexing of banded and unbanded juveniles known to 
be off their natal territory. The proport ion of females 
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Table 5. Locations of mockingbirds of known age 

1-year-olds 2-year-olds > 3-year-olds 

Male Female Male Female Male Female 
n=12 n=8 n=6 n=3 n=12 n=4 

Off natal 17% 63% 50% 100% 83% 100% 
territory 

On natal 83% 37% 50% 0% 17% 0% 
territory 

(n=25)  was significantly higher than the proportion 
of males (n = 9) ()~2 = 7.5, P < 0.01). This suggests that 
females are dispersing earlier and/or farther than 
males. The suggestion is supported by data in Table 5, 
which show that in each of the first three years of 
life a higher proportion of females than males are 
observed off the natal territory. 

By dispersing more, females may be more likely 
to die in their first year than are the more sedentary 
males. However, the proportions of 1978 and 1979 
juvenile males (n = 21) and females (n = 29) which were 
resighted either on or off natal territory approximate- 
ly one year after fledging were not significantly differ- 
ent 0~=0 .98 ,  P>0.1) .  As with the adults, we are 
assuming here that frequency of dispersal in both 
sexes is relatively low beyond the study area where 
juveniles would not be resighted. Therefore there is 
no evidence that juvenile males experience lower mor- 
tality by staying at home. 

However, at some stage in the mockingbird life 
history, a sex difference in mortality occurs if move- 
ment of birds out of the study area can be assumed 
to be approximately the same as movement in. Differ- 
ential mortality is suggested by a 1.38:1 male-biased 
sex ratio in the total adult and subadult 1980 banded 
population. Assuming the primary sex ratio is 1:1, 
differential mortality could occur in the nest, after 
fledging or among adults. Because we were unable 
to sex birds under two months of age, the first hypoth- 
esis is impossible to test. However, we were able to 
test for a difference in male-female adult survival. 
The proportions of 46 males and 31 females that 
were resighted and known to survive from one breed- 
ing season to the next were compared. Adult males 
were found to have a significantly higher survival 
that adult females (Z~=5-2, P<0.02) .  One possible 
explanation for this differential adult mortality is that 
the females breed earlier and would be expected to 
die earlier, especially if they experience greater physio- 
logical stress in breeding. They may be also more 
vulnerable to predators (owls). 

c) Territory Inheritance. The fact that territory 
boundaries were contiguous and that all vegetated 

areas were held by mockingbirds suggests a 'satura- 
t ion'  of territories in all three years, at least in the 
study area and probably over almost all of  the island. 
Therefore the chance for a helper or novice to secure 
a territory and gain breeding status depends largely 
on how many breeding males die and leave a vacated 
territory. When this study was begun in 1978 only 
eight breeding territories were investigated. These ter- 
ritories have been monitored for three seasons yield- 
ing a total of 24 territory-years. During this time 
four new males became established as breeders within 
these territories; three had previously been seen to 
help their parents and the fourth was suspected of 
doing so. They became established in three ways: 
by inheriting the territory after the disappearance of 
the breeding male ( n = l ) ,  by occupying a vacated 
neighboring territory (n=  1), and by taking over an 
expanded section of the territory which they had 
helped their parents to secure (n=2).  An unknown 
number of wandering males, some banded, were po- 
tential competitors for these territories. These obser- 
vations, although few, suggest that because the vacan- 
cies were filled only by previous local helpers, the 
acquisition of a local territory may be a direct benefit 
gained by helping. 

Indirect Benefits to the Helper 

a) Indirect Inclusive Fitness. Based on theoretical 
work by Hamilton (1964), Brown (1975, 1978a), 
West Eberhard (1975) and Emlen (1978) defined the 
criterion for an increase in inclusive fitness f rom help- 
ing. This criterion is met when (N2-N1/H)rh~> 
Norho, where N 2 = t h e  average number of  young 
fledged by a helped pair, N l = t h e  average number 
of young produced by pairs without helpers, H =  
average number of helpers in those groups with help- 
ers, rhr=relatedness of helpers to recipient offspring, 
N o = t h e  number of offspring produced by a pair 
where at least one individual is a novice breeder and 
rho=relatedness of helpers to own offspring. 

Table 6 shows the No, N1, and N2 values for each 
breeding season. It is impossible to calculate No for 
seasons previous to 1980 because breeding histories 
were not known for any of the pairs. Emlen (1978) 
suggests N1 may be used as an estimator of the No 
value. We consider this to be a reasonable assump- 
tion, and used the Nt value as an approximation 
of No for 1978 and 1979. This should cause the No 
value to be inflated if anything and make it less likely 
for us to observe inclusive fitness benefits. In 1980, 
when we were able to estimate them separately, No 
and N~ values were almost the same (Table 6). 

Table 7 shows that the indirect fitness component 
of young males was increased by helping in 1978 
and 1979, but to a very small extent, and that it 
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Table 6. Reproductive success values for three breeding seasons. 
No average number of offspring produced by a pair where at 
least one individual is a novice breeder; N~ average number of 
offspring fledged by pairs without helpers; N2 average number 
of offspring fledged by pairs with helpers; H average number of 
helpers present at those nests with helpers 

No NI Nz R 

1978 1.2 1.2 2.7 1.2 
1979 1.5 1.5 3.5 1.2 
1980 2.2 2.1 2.2 1.4 

Total 1.3 1.6 2.5 1.3 

Table 7. Application of reproductive data to Emlen's kin selection 
model. (Na-N1/ff-I)rhr the annual contribution to inclusive fitness 
by remaining a helper; No rho the annual contributions to inclusive 
fitness achieved by an individual breeding on its own 

(N2 - N1//:/) rh~ No rho (N2 -- H1/f/) rhr > No rho 

1978 (2.7-1.2/1/2)0.5 1.2(0.5) 0.6 >0.59 
1979 (3.5 1.5/1.2)0.5 1.5(0.5) 0.8 >0.75 
1980 (2.2-2.1/1.4)0.5 2.2(0.5) 0.04:~ 1.1 

Total (2.5-1.6/1/3)0.5 1.6(0.5) 0.75 ~0.78 

was not increased in 1980 or overall. However the 
relative value of helping is greatly underestimated. 
Because of ecological and demographic constraints, 
breeding opporunities for the novice male are low. 
The value of breeding, rather than helping, has to 
be discounted by the degree of diffuculty in securing 
both a territory and a mate. With so many unmea- 
sured variables determining the discount, we have 
been unable to revise the calculations. Nevertheless 
it seems safe to conclude that, for the three years 
combined, helping enhanced the indirect component 
of the fitness of the helper. 

Discussion 

The original evolution of helping behavior in mock- 
ingbirds probably took place in the ancestors on the 
mainland. The mainland descendents (Mimus longi- 
caudatus), like the island descendants, associate in 
groups of more than two birds in the breeding season 
(Marchant 1960; Grant  and Grant  1979). The ques- 
tion for Galfipagos mockingbirds, then, is what main- 
tains the helping behavior? 

For  a helping behavior to be maintained in a pop- 
ulation, benefits to both breeder and helper should 
exceed any costs to the breeder when the extra individ- 
ual(s) remains on territory, and any costs experienced 
by the donor when not breeding. Mockingbird pairs 
with helpers experience an increase in fledging success 
and a decrease in energy expenditure in feeding nest- 
lings, defending territories, and possibly to a smaller 

degree, nest building. This apparently results from 
energy expended by the helpers during territorial con- 
flicts, food delivery and the gathering of materials 
for nest building. An increased reproductive success 
yields a potential increase in the direct fitness of the 
breeder. Lowered time and energy costs in nest build- 
ing, feeding and defence could also, but apparently 
did not, result in a greater survival for assisted birds 
or their offspring and more breeding attempts. How- 
ever, the results do not suggest negative effects such 
as increased conspicuousness to predators or competi- 
tion for food resources due to helper presence. 

These results are similar to those of other studies 
of co-operatively breeding species in showing that 
breeders with helpers experienced higher reproductive 
success than breeders without helpers. The Galhpagos 
mockingbird appears to be most similar to the Florida 
scrub jay (Aphelocoma coerulescens) in this respect, 
as well as in social structure and dynamics. Over 
a 10-year period Woolfenden (1981) found that pairs 
of jays with helpers (n= 141) fledged on average 2.3 
young per nest, whereas pairs without helpers (n=  
125) fledged only 1.5. Comparable figures for the 
mockingbird are 2.5 and 1.6 (Table 2). Consistent as- 
sociations between helper presence and high repro- 
ductive success among several species suggest a cause 
and affect relationship, but correlated variables such 
as habitat quality can render this questionable. How- 
ever, Brown and Brown (1981) experimentally re- 
moved helpers of the Grey-crowned babbler (Pota- 
mostomus temporalis) to test the hypothesis that help- 
ers cause the elevation in reproductive success, and 
found the hypothesis to be supported. This strength- 
ens the inferences made from correlation or associa- 
tion data alone as in our study. 

Brown and Brown (1981, p. 245) wrote "Th e  ques- 
tions for the field biologist are as follows : Does help- 
ing raise the direct fitness of recipients? If so, then 
how much, and by what mechanism?" For  mock- 
ingbirds on I. Genovesa the answers are yes, by al- 
most one nestling per nest, possibly through an over- 
all increase in the rate of delivery of food to the 
nestlings. 

To understand the maintenance of helping behav- 
iour, the field biologist also needs to answer the addi- 
tional following questions: do the helpers gain by 
helping, and if so does the gain exceed that to be 
expected from breeding? For Gal~pagos mock- 
ingbirds the first answer is that they do gain an indi- 
rect fitness increment through helping relatives raise 
offspring. The second question is more difficult to 
answer, but in two out of the three years the benefits 
from helping exceeded the potential benefits from 
breeding. The difficulty resides in estimating the op- 
portunities available for breeding, and at present we 
have no quantitative measure of such opportunities. 
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To judge from the distribution of territories, oppor- 
tunities appear to be low. So even though the poten- 
tial fitness gain by breeding may be higher than the  
gain in helping relatives, as appeared to be the case 
in 1980, that potential can be realized by very few 
individuals. Thus we doubt that mockingbirds are 
behaving altruistically when helping, in the sense of 
giving up a greater potential benefit by helping instead 
of breeding. Since it is difficult for young male mock- 
ingbirds to realize their breeding potential, they do 
not actually give it up. Instead, we suggest, mock- 
ingbirds are behaving selfishly, and by doing so maxi- 
mize their inclusive fitness. 

Many authors (see e.g. references in Koenig and 
Pitelka 1981) have stressed that the evolution of co- 
operative breeding is favored in those species which 
'saturate '  their habitat. Low annual mortality among 
yearly resident territorial breeders releases few spaces 
for new breeders to establish themselves each year. 
These circumstances select against major commit- 
ments to dispersal and independent breeding by 
young male birds even after they have reached maturi- 
ty. They do select for residence on natal territories 
and occasional forays outside in search of vacant ter- 
ritories. Gal~_pagos mockingbirds resemble other ter- 
ritorial co-operative breeders in these respects. They 
also agree with a specific prediction of the Koenig 
and Pitelka (1981) habitat model that reproductive 
success on a per capita basis is no larger in groups 
than in pairs. 

Thus, to answer the question posed at the begin- 
ning of the Discussion, helping behavior in these 
mockingbirds is maintained by the benefits experi- 
enced by both donors and recipients. If there is genetic 
variation underlying propensity to help it is subject 
to individual selection. Inasmuch as donor and recipi- 
ent are usually closely related, kin selection can oper- 
ate also. 

The remaining question we address is why helping 
is almost exclusively a male characteristic. We expect 
helping to be predominantly a male trait, given the 
bias in the sex ratio, but it is not obvious why- females 
usually do not help at all in their first year, i.e. before 
they have the opportunity to breed. We suggest the 
answer may lie in behavior selected to minimize the 
chances of inbreeding. One of the benefits of staying 
on territory as a helper is enhancement of the likeli- 
hood of later securing part or all of that territory. 
This was observed in three cases. The enhancement 
is further suggested by the fact that breeders with 
helpers had larger territories than breeders without 
helpers; territory size in the Florida scrub jay in- 
creases as family size increases, and a helper often 
secures a segment of the territory (Woolfenden 1981), 
although whether its role as helper is crucial to secur- 
ing it is an unanswered question (Brown 1978b). Be- 

tween-sex aggression among siblings determines 
which sex secures the territory. Male mockingbirds 
are always dominant to female siblings, so a male 
secures a part of the natal territory and females dis- 
perse off territory. We suggest that females help rare- 
ly, even though they might be able to increase their 
inclusive fitness indirectly by doing so, primarily be- 
cause of the aggression from their brothers. Gaston 
(1978) and Greenwood (1980) have similarly stressed 
the connection between the breeding system and a 
sex difference in dispersal tendencies. 

Sibling aggression has some self-reinforcing effects 
upon the different reproductive tactics of males and 
females. Helpers reduce the cost to breeding males 
of feeding their young. Perhaps in consequence of 
this saving, adult males survive longer than females. 
For breeding birds, females are therefore the limiting 
sex (Trivers 1972) and their opportunities for breeding 
are greater than the opportunities for males. This 
promotes early dispersal and early breeding in fe- 
males, and diminishes the advantages to females of 
staying on territory to help at the nest. The relative 
lack of aggressiveness in females may facilitate their 
acceptance on alien territories. 

These ideas are somewhat speculative but similar 
to those expressed by Woolfenden (1981) from a more 
solid data base to explain the social system of Florida 
scrub jays. We do not know if there is inbreeding 
depression. A brother-sister mating in 1980 yielded 
three fledglings, which shows only that many data 
are needed to detect a reproductive disadvantage to 
inbreeding if it exists. We do not know whether one 
or both parents also discourage helping by daughters. 
We do not know why adult females do not reduce 
their feeding visits to the nest when aided by helpers. 
Perhaps the adult male, which does reduce its visits, 
is not completely confident of paternity (cf. Alexander 
1974). The largest gap in our knowledge is the set 
of rules that governs the transition of status from 
family member on natal territory to independent 
breeder. A long-term study is needed to supply the 
missing information. 
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