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Summary. In Malurus splendens, helpers were pres- 
ent in 65% of 226 group-years with at least one 
helper female in 37% of group-years. Most females 
helped for only one year, while many males did 
so for at least two years. Most were offspring of 
one or both present breeders, and in 53% of help- 
er-years, helped both parents. For 159 helpers of 
known age and parentage, the mean coefficient of  
relatedness to the offspring was 0.47. Novice fe- 
males with or without helpers produced fewer fled- 
glings per season than females with one year breed- 
ing experience and the same level of  help. Helpers 
did not affect production of fledglings per year 
by females with one year of experience. Females 
with two or more years experience and at least 
two helpers produced more fledglings than equiva- 
lent birds with one or no helpers. Experience and 
helpers have little effect on production of fledglings 
per nest but they lead to more females renesting 
after a first brood has been raised. Fewer than 
20% of novices renest after fledging one brood, 
while for females with at least two years experi- 
ence, the percent renesting after success is 40% 
with no help, 56% with one helper and 69% with 
2 or more helpers. Experienced females begin their 
first clutch earlier than novices, and helpers reduce 
the time to renest after success from 66 days for 
an experienced female with no helpers to 50 days 
for females with at least two years experience and 
two or more helpers. Breeding females with helpers 
survive better (76%) than those with no helpers 
(55%), and helpers thus gain future indirect fitness. 
Despite their close relatedness to breeders and off- 
spring, in only 19% of group-years did helpers in- 
crease their indirect fitness from an increase in pro- 
ductivity. 

Introduction 

At first glance helping behaviour appears to be 
altruistic - assisting other individuals to raise their 

young when the helper could be raising its own. 
The problem has two parts, as was suggested by 
Brown (1974); why do some individuals not dis- 
perse from their natal group ? and why do the non- 
dispersers help? There is no general agreement on 
the reasons why non-breeding adults help others 
to rear their young (see reviews by Koenig and 
Pitelka 1981; Emlen 1982a, b; Brown 1983, 1987; 
Woolfenden and Fitzpatrick 1984; Austad and Ra- 
benold 1986). Some hypotheses explain why non- 
dispersers help mainly in terms of direct benefits 
to the helper while others consider that indirect 
fitness benefits are an important factor in the evo- 
lution of helping (see review by Brown 1987). An 
increase in the production of non-descendant kin 
increases the indirect component of  fitness for 
helpers, and such aid-giving will be favoured by 
Kin Selection (Maynard-Smith 1964). The indirect 
fitness benefit to helpers (Brown 1980) could com- 
pensate for the loss of direct offspring production 
in situations where vacancies for new breeders are 
few, but there is no reason to assume that any 
one hypothesis is the sole explanation for even a 
single species, and Austad and Rabenold (1986) 
discuss alternative hypotheses. 

Many studies have assessed the overall effect 
of helpers in individual nesting attempts or on the 
annual production of offspring by breeders, and 
have shown that although different species vary 
widely (see reviews by Rabenold 1984; Brown 
1987), in most cases, larger groups produce more 
young per year (Rowley 1965, 1978; Ridpath 1972; 
Reyer 1980; Brown and Brown 1981; Koenig 
1981; Wilkinson and Brown 1984; Woolfenden 
and Fitzpatrick 1984; Zack 1986), but not always 
(Craig 1980; Ligon 1981). 

The contributions of helpers to increased repro- 
ductive success have been identified as one or more 
of the following: (a) reduced risk of predation of 
nests and fledglings (Rowley 1978; Rabenold 
1984; Reyer 1984; Woolfenden and Fitzpatrick 
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1984); (b) reduced energetic burden on breeders 
(especially female;Brown and Brown 1981 ; Ligon 
1981; Rowley 1981; Tidemann 1986); (c) increased 
food availability for nestlings (Reyer 1984); (d) 
feeding of the incubating female on the nest 
(Brown and Brown 1980; Zack 1986). Few studies 
have continued for long enough to assess the sig- 
nificance of this helping in the lifetime production 
by the breeder or the helper. In this paper we at- 
tempt to estimate the extent of  the helper contribu- 
tion to breeders in order to test the hypothesis 
that helping increases the indirect fitness of help- 
ers. 

We present an analysis of  data on helping from 
a colour-banded population of splendid fairy- 
wrens Malurus splendens (= splendens for brevity), 
studied since 1973. These small (10 g) sedentary 
insectivores belong to the endemic Australasian 
Family Maluridae, and are only distantly related 
to wrens of the Family Troglodytidae (Sibley and 
Ahlquist 1985). In Western Australia, where we 
have studied splendens, they live in a dense and 
varied heathland, consisting mainly of xerophytic 
shrubs (Proteaceae and Myrtaceae), with scattered 
emergent eucalypts (Eucalyptus calophylla and E. 
wandoo). Rowley (1981) described their social sys- 
tem, typical of  a cooperative breeder, with groups 
of up to eight adults. We are now able to consider 
in more detail the influence of helping on produc- 
tivity by females of different age and experience 
and to suggest how this influence is exerted. In 
a later paper, we will present data on demography, 
dispersal and competition for breeding vacancies 
which will allow a full discussion of the evolution 
of cooperative breeding in M. splendens. 

Methods 

The study site covers 120 ha on Gooseberry Hill, east of Perth. 
The average annual rainfall is 880 mm, mostly falling from 
May to October. In 1973, the study population consisted of 
eight groups but since then the study has grown in area and 
population density; at peak density in 1984, we monitored 34 
groups containing 1 l 5 adults. Rowley ( 1981) described the area 
and summarized data to 1979. The basic social unit is the mo- 
nogamous breeding pair which remains together so long as 
both survive. Progeny tend to remain in the family group after 
they reach independence and stay on for at least a year after 
they reach sexual maturity (at one year old for both males 
and females). All group members take part in defence of the 
territory against conspecifics, both by singing and by engaging 
intruders, in defending the nest against predators such as snakes 
and lizards (Rowley 1981) and in mobbing cuckoos (Payne 
et al. 1985). Adult helpers, particularly females, contributed sig- 
nificantly to feeding the nestlings and to removing faecal sacs. 
After the nestlings fledge, the adults shepherd and feed them 
until they become independent. A few cases of plural breeding 
have occurred, generally when a female helper in her second 
year with the group built a nest at the same time as the primary 

female. These females were not included as helpers if they did 
not help the primary female. If they bred the following year, 
they were assigned one year of breeding experience. 

The breeding season is from September to January and 
the birds are repeat breeders, sometimes nesting four times in 
the year, although twice is more usual. Clutch size is almost 
always three, with a range of two to four. The eggs take 14 
days to hatch and the nestlings fledge when 10 days old. In 
some years they are heavily parasitised by Horsfield's bronze- 
cuckoo, Chrysococcyx basalis. 

From 1973 to 1985, 763 splendens were individually colour- 
banded, most of them as nestlings whose pedigrees were known, 
assuming that the oldest male in the group was the father on 
the basis of mate-guarding behaviour at about the time of egg- 
laying. Electrophoretic studies at present in progress (M.G. 
Brooker unpublished) suggest that this assumption is not al- 
ways justified. We censused the population thoroughly before 
and after the breeding season for changes in groups and survival 
of fledglings. During the breeding season, all groups were moni- 
tored, and we tried to follow the progress of all nests. The 
date when the first egg of a clutch was laid (unless known 
exactly) was calculated from the date of hatching (assuming 
14 days incubation) or (if necessary) the age of nestlings when 
found (from growth curves). Some nests predated during incu- 
bation could not be dated so exactly. This intensive field work 
was accomplished with the help of Craig Bradley, Michael and 
Lesley Brooker, Graeme Chapman, Joe Leone and Bob and 
Laura Payne. In this paper we analyse data for 13 breeding 
seasons, from 1973/74 to 1985/86, and include data on the sur- 
vival of fledglings to 1 September, 1986. 

When comparisons of productivity across several categor- 
ies of female made by Kruskal-Wallis One-way ANOVA indi- 
cated significant variation, Mann-Whitney U tests (one-tailed) 
were used to compare between pairs of categories. 

Results 

Occurrence of helpers 

The composition of groups at the start of  each 
breeding season (taken as 1 September) was ex- 
tremely variable (Table 1). Almost every possible 
combination of males and females occurred, with 
a single male being the most common addition to 
the breeding pair (20% of group-years). Although 
a successful breeding season could lead to a group 
with more than 8 members in April/May, such 
groups did not remain intact, and groups with 
more than 8 adults during the breeding season did 
not occur. Helpers were not only male; at least 
one female helper was present in 83 out of 226 
group-years (37%). 

Most helpers were approaching one year old 
at the start of the breeding season (Fig. 1). Most 
females helped for only one breeding season whilst 
many males helped for at least 2 years and one 
for seven years; this reflects the greater dispersal 
of females (Rowley 1981). Of the 98 females known 
to have survived to I year old, 23 (23%) did not 
help at all, 58 (59%) helped for one year, 13 (13%) 
for at least 2 years, three for 3 years and one for 



Table 1. C o m p o s i t i o n  o f  226 g roups  o f  Malurus splendens, 
Goosebe r ry  Hill, 1973-1985 

Tota l  birds  Males  Females  N u m b e r  
in g roup  o f  g roups  

2 1 1 78 

3 2 1 46 
1 2 23 

4 3 1 14 
2 2 19 
1 3 7 

5 4 1 4 
3 2 17 
2 3 4 

6 5 1 1 
4 2 3 
3 3 5 
2 4 2 

7 4 3 2 

8 5 3 1 
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Table 2. W h o  helps w h o m  - re la t ionships  between helpers, 
breeders and  the potent ia l  offspring,  r is a m i n i m u m  value,  
due to h igh  level o f  inbreeding.  The  total  is based on  159 indi- 
vidual  wrens o f  k n o w n  age and  pa ren tage  over  210 helper- 
seasons  

Re la t ionsh ip  r with No.  o f  
o f  breeding nest l ings helpers  
pair to helper M F 

Tota l  % 

Fa ther  x M o t h e r  0.5 67 44 111 53.1 
Paren t  x Sibling 0.5 15 10 25 12.0 
Brother  x Sister 0.5 1 1 2 1.0 
Paren t  x 1/2 Sibling 0.38 8 4 12 5.7 
Brother  x 1/2 Sister 0.38 1 1 0.5 
Fa ther  x A u n t  0.38 1 1 2 1.0 
Paren t  x G r a n d p a r e n t  0.38 1 1 2 1.0 
Brother  x A u n t  0.38 3 - 3 1.4 
Paren t  x Cous in  0.31 - 4 4 1.9 
G r a n d f a t h e r  x A u n t  0.25 1 - 1 0.5 
Fa the r  x Unre la t ed  0.25 25 1 26 12.4 
Unre la ted  x M o t h e r  0.25 7 7 3.3 
Sibling x Unre la t ed  0.25 5 5 10 4.8 
Unre la ted  x Unre la t ed  0 2 2 4 1.9 
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Fig. 1. F requency  d is t r ibut ion  o f  the  age o f  helpers  over 12 
years  1974-1985 for 99 males  and  75 females  over 238 helper  
seasons  

4 years. Of 120 males which survived to I year 
old, 21 (18%) did not help, 49 (41%) helped for 
1 year, and 42 (35%) helped for at least 2 years. 

Relationship between helpers and breeders 

In 210 helper-seasons only four cases of helping 
unrelated breeders occurred. Most helpers were the 
offspring of one or both of the present breeders 

(Table 2) and by far the most common situation 
was for the helper (of either sex) to help both par- 
ents (53.1%; potential relationship to nestling r =  
0.5 or more, due to inbreeding). In all other cases 
they were helping various combinations of rela- 
tives, and their potential relationship to the nest- 
lings was at least r =  0.25. The level of  inbreeding 
in this population is high (Rowley et al. 1986), and 
the average value of r between helpers and the 
offspring of the breeding pair was calculated from 
pedigrees to be 0.47; this is a minimum value, since 
the assumption that unknown immigrants were un- 
related was probably not always justified. 

Annual productivity, breeding experience 
and helpers 

Annualproductivity. The experience of the breeding 
pair may be an important factor influencing pro- 
ductivity. Females that had not bred before (=  no- 
vices) produced fewer offspring per year than fe- 
males with at least one year of breeding experience 
(Table 3). The experience of the male had no effect 
on production by either novice or experienced fe- 
males and was not taken into account in subse- 
quent analyses. 

If females are classified as novice or experi- 
enced, with or without helpers, and their produc- 
tion of eggs, fledglings and yearlings compared 
(Table 4), the increased production due to experi- 
ence is again evident; the presence of helpers does 
not significantly improve the production by no- 
vices and although there is a trend towards in- 
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Table 3. Effect of breeding experience on production of off- 
spring by pairs of Malurus splendens. Experienced birds had 
at least one year experience as a breeder 

Experience N Offspring production/year 
of breeding pair 

Male Female Eggs  Fledg- Year- 
lings lings 

Novice Novice 24 4.5_+2.1 a 2.1_+1.7 c 0.8+1.0 e 
*** ** N.S. 

Novice Experienced 20 7.2+3.0 b 3.7_1.7 d 1.4_+1A f 

Experienced Novice 33 4.7_+2.5 a 1.9• ~ 0.6• e 

Experienced Experienced 72 6.2+2.3 b 3.7+_2.0 a 1.4_+1.1 f 

Pairs of means with the same superscript (a-f) are not signifi- 
cantly different (P > 0.05, t-test). Significance of difference be- 
tween adjacent means: ***: P<0.001 ; **: P<0.01 

Table 4. Effect of breeding experience and presence of helpers 
on yearly production of offspring by female Malurus splendens. 
In this comparison, all experienced females are considered to- 
gether and no distinction made between groups with one or 
more helpers. (Data from breeding seasons 1974-1985); in 
1973, all were of unknown experience) 

Female t-Ielp N 
experience 

Offspring production/year 

Eggs  Fledglings Yearlings 

Novice 0 41 4.4 a 1.7 a 0.6 f 

Experienced 0 31 5 . 6  b 3 .1  e 1.2 g 

Novice + 32 4.5 a 2.1 d 0.8 f 

Experience + 82 6.9 ~ 3.5 ~ 1.3 g 

Novice and 0 72 4.9 2.3 0.9 
experienced 
Novice and + 114 6.2 3.1 1.2 
experienced 

Pairs of means (in a column) which have the same superscript 
are not significantly different (P> 0.05, t-test). Significance of 
difference between adjacent means : * : P < 0.05, ** : P < 0.01, 
�9 **: P<0.001. Pairs of means with different superscripts (b, 
c) are significantly different (P < 0.01) 

creased p roduc t ion  by experienced females with 
helpers, only the p roduc t i on  o f  eggs is significantly 
greater  at this level o f  analysis.  The  analysis is car-  
ried fur ther  in Table  5, by dividing females into 
those with 0, I and  2 or  m o r e  years  o f  experience 
as a breeder ,  and  by  considering the effects o f  0, 
1 or 2 or  m o r e  helpers. These categories  are abbre-  
viated:  
N.0 :  Novice  female with no helper 
N. + : Novice  female  with I or  m o r e  helpers 
E l .0 :  Female  with 1 y breeding and  no helpers 

E l . l  : Female  with 1 y breeding and  1 helper 
E1.2: Female  with 1 y breeding and  2 or  m o r e  
helpers 
E2.0: Female  with at  least 2 y breeding and  no 
helpers 
E2.1 : Female  with at least 2 y breeding and  1 help- 
er 
E2.2: Female  with at least 2 y breeding and  2 or 
more  helpers 

These eight categories o f  female  differed in 
their p roduc t ion  of  fledglings per  year  (Kruska l -  
Wallis One-way  A N O V A ,  P < 0 . 0 0 1 ) .  There  is 
some indicat ion tha t  N. + females  m a y  p roduce  
m o r e  fledglings per  year  than  N.0 females  (2.1 vs 
1.7, P =  0.064), and  bo th  classes p roduced  signifi- 
cantly fewer fledglings than  females with one year ' s  
experience (N.0 vs E l .0 :  P - 0 . 0 4 ;  N . +  vs E1.1: 
P = 0.004). Helpers  had  no effect on the p roduc t i on  
of  fledglings per  year  by E l  females  (Kruska l -Wal -  
lis One -way  A N O V A ,  P > 0 . 0 5 ) .  There  was no dif- 
ference between E2.0 and  E2.1 (P  > 0.05), bu t  E2.2 
p roduced  significantly more  fledglings per  year  
than  did E2.0 and  E2.1 combined  ( P =  0.02). Once 
young  fledged, there was no difference between 
groups  in survival o f  fledglings to 1 year  (calcu- 
lated on  poo led  figures for  each ca tegory  o f  fe- 
male;/~2 = 6.9, P > 0.05). 

Productivity per nesting attempt. M. splendens m a y  
have m o r e  than  one successful nest per  year  and  
the m e a n  fledgling p roduc t ion  by experienced fe- 
males  was > 3. This suggests tha t  the effect o f  help- 
ers m a y  opera te  via the f requency o f  nesting ra ther  
than  th rough  an effect on the p roduc t ion  o f  any  
individual  nest. The  m e a n  clutch size was 2.9 +_ 0.3 
and  there was no difference across four  categories 
of  female (N.0, N . + ,  E.0, E . + ;  Kruska l -Wal l i s  
One-way  A N O V A ,  P > 0 . 1 ) .  Line 2 o f  Table  5 
compares  the p roduc t ion  of  fledglings per  nesting 
a t t empt  across all females. The  difference was not  
significant (Kruskal -Wal l i s  one-way A N O V A ,  P > 
0.05), but  novices were less successful than  o ther  
females,  and  clearly helpers had  no effect on pro-  
duct ion  per  nest by  E l  and  E2 females. Comple te  
failure happened  more  often with novices (48%) 
than  experienced females (40%),  and  they had  
more  comple te  failures before  ha tching  (29% of  
126 nests as against  16% of  300 nests for  all experi- 
enced females).  

Across  all levels of  help and  experience,  the 
product iv i ty  o f  nests which ha tched  at  least one 
wren was not  significantly different,  suggesting 
tha t  once eggs hatched,  even novices were no less 
efficient than  experienced females at  rear ing nest- 
lings to fledging and  tha t  the presence of  helpers 
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Table 5. Effects of breeding experience and number of helpers on reproductive success in Malurus splendens. Significance of 
differences between groups and the code letters used is discussed in the text 

Experience of ~ Novice I year 2 or more years 

code N.0 N. + E] .0 El .1 El.2 E2.0 E2.1 E2.2 
No. of helpers 0 > 1 0 1 > 2 0 1 >~ 2 
N 41 32 16 15 14 15 18 35 

Fledglings/year 1.7 2.1 3.0 3.1 2.7 3.3 3.2 4.3 

Fledglings/nest 1.1 1.3 1.5 1.6 1.2 1.8 1.4 J[ .6 

Fledglings/nest which hatched wrens 2.1 2.3 2.3 2.5 2.4 2.3 2.1 2.2 

Nests/C~/year 1.5 1.6 2.0 1.9 2.2 1.9 2.3 2.6 

Survival of fledglings to lyo 0.33 0.38 0.33 0.45 0.47 0.45 0.30 0.34 

Proportion of ~9 which renest after fledging wrens 0.15 0.13 0.38 0.33 0.43 0.40 0.56 0.69 

Cuckoos/nest 0.17 0.22 0.19 0.32 0.19 0.14 0.26 0.15 

% Females with: 

0 successful nests 37 19 19 0 14 0 17 3 
I successful nests 54 75 50 80 72 73 50 37 
2 successful nests 9 6 25 20 14 27 28 49 
3 successful nests 0 0 6 0 0 0 6 11 

did not contribute to productivity. However, closer 
inspection of the data shows that whereas experi- 
enced females produced 3 fledglings more fre- 
quently than 1 or 2 (37% vs. 23%), novices pro- 
duced 3 as often as they produced 1 or 2 fledglings 
(25% vs 27%), suggesting that they were not quite 
so good at rearing 3 nestlings. 

We do not have enough data to compare feed- 
ing rates at nests of  different classes of female. 
Most  nestlings were banded at 7 days and we cal- 
culated an index of  their condition as the cube 
root of  body mass divided by the length of  the 
fourth primary (after How and Kitchener 1983). 
There was no difference in this index across four 
categories of  females (N.0, N . + ,  E.0 and E . + ;  
Kruskal-Wallis One-way ANOVA, P >  0.9). How- 
ever, it is still possible that nestlings of  novices 
are less adequately fed during the 3 days of  nest 
life from banding to fledging. 

One of  the most significant causes of  nesting 
failure in splendens is parasitism by cuckoos. A- 
cross all females, there was no significant differ- 
ence in the proportion of  nests parasitized (3(2= 
7.3, P>0 .05 ,  N=365) ,  as Rowley (1981) found. 
It is interesting that for experienced females with 
one helper, regardless of  experience, the propor- 
tion of nests with a cuckoo is nearly twice as high 
as for females with 0 or 2 helpers (Table 5), but 
we cannot explain this. 

Helpers and the number o f  nests per season. The 
difference between females of  most significance for 

yearly productivity lay in the number of  nests 
which females had per year (Kruskal-Wallis one- 
way ANOVA, P<0.001,  Table 5). There was no 
difference between N.0 and N . +  (P>0.05),  and 
no difference between El.0, E1.1 and El.2 (Krus- 
kal-Wallis one-way ANOVA, P>0.05) ,  but over- 
all, novices had fewer nests than E1 females ( P <  
0.001). E2.2 females had more nests per year than 
E2.0 (P<0.05).  The difference between E2.1 and 
E2.2 was not significant although production of  
fledglings per year by E2.1 females was significant- 
ly less than that by E2.2 females and no different 
from that by any E1 or E2.0 females. 

The percentage of  females renesting after fledg- 
ing a first brood of  wrens increased with age and 
level of help. Fewer than 20% of novice females 
renested after fledging one brood of  wrens, where- 
as 38% of El females did so, at all levels of  help. 
For E2 females, the percentage renesting after a 
successful nest increased from 40% with no helpers 
to 56% with one helper and 69% with 2 or more 
helpers. Of  the 18 E2.1, 6 succeeded in raising two 
broods of  fledglings, with one female fledging three 
broods of  two. For  35 E2.2, 20 succeeded in raising 
two broods of fledglings, and four raised three 
broods of  three. 

Helper effects on patterns o f breeding. How are ex- 
perience and the presence of  helpers acting to in- 
crease the number of  nests that a female has in 
a year? Three factors that may influence how many 
broods a female can fledge in one breeding season 
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are discussed below: (1) the length of the breeding 
season; (2) the timing of the first nest; (3) how 
soon after fledging one brood can a female begin 
to lay another clutch. A fourth factor, how quickly 
a female can relay after failure at any stage is not 
considered because we seldom knew precisely when 
nests failed and so could not calculate the interval 
between nests after failure. 

Length of  the breeding season. The length of  the 
breeding season of  splendens on Gooseberry Hill 
varies considerably, depending on seasonal condi- 
tions. The mean time from the date of  laying the 
first egg (eL.l) of the first clutch of the season 
to eL.1 of the last clutch of  the season over the 
14 years 1973 to 1986 was 109-t-12 days (range 
80-120 days). The date of  the earliest eL.1 ranged 
from 19 August to 24 September, and that for the 
last clutch from 12 December to 8 January. The 
date when a female laid her first clutch for the 
season affected how much of the breeding season 
remained for her to lay repeat clutches. 

Timing of  the first nest. For novice females ( N =  
55), the mean date of  eL.l for the first clutch was 
12 October (S .D.=22 days); for all experienced 
females (N=89) ,  mean eL.1 was 22 September 
+ 16 days, 3 weeks earlier than for novices. The 
mean date for E2 females (20 September _+ 16 
days; N =  44) is slightly earlier than for E1 females 
(25 September • 13 days; N=29) ,  but this differ- 
ence is not significant ( t=  1.48, P>0.05) .  Once es- 
tablished as breeders, females rarely changed 
groups ( <  1% of breeding females), so that an ex- 
perienced female was usually in a familiar territory, 
even if she had a new mate. Many novices were 
in strange territories and sometimes only moved 
from their natal group to fill a nearby vacancy 
after the start of  the breeding season. For  novices 
the start of the first nest was spread out through 
the breeding season, but for experienced females, 
almost all first nests were begun before mid-Oc- 
tober (Fig. 2). For the first nest of  the breeding 
season, eL.1 was known for enough E2 females 
(N-- 44) to allow comparison between females with 
0, 1 and 2 helpers; no significant difference was 
found (Kruskal-Wallis One-way ANOVA, P >  
0.3). The mean date of eL.1 for novices with help- 
ers was slightly earlier (6 October + 23 days) than 
for novices without helpers (16 October _+ 21 
days), but timing was very variable and the differ- 
ence was not significant. 

Time to renest after success. Helpers affect produc- 
tivity by reducing the time to re-nesting after one 
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Fig. 2. Comparison between novice and experienced females 
of the dates when the first egg was laid in their first nests 
of the breeding season. The time scale is in weeks since I July 

brood was successfully raised. Sample size was too 
small to consider El and E2 females separately, 
but for all experienced females with no helpers 
( N =  16) the mean time from eL.1 of the first (suc- 
cessful) nest to eL.1 of the second nest was 
65.9 +_+_9.0 days, whilst for all experienced females 
with helpers ( N =  34), the mean time was signifi- 
cantly shorter (55.1 + 10.1 days; Mann-Whitney U 
test, one-tailed, P<0.001) ;  for E2.2 (N=21) ,  ren- 
esting was even quicker (50.0+_7.4 days; P <  
0.001). 

Although E2.2 renest sooner than E2 females 
with no helpers, our data are too few to establish 
directly that it was the presence of helpers rather 
than increased experience which allowed this. 
However, several other lines of evidence suggest 
that the helpers contributed to the greater success 
of E2.2. Time to renesting was not significantly 
different between El.0 (N--8)  and E2.0 ( N = 6 )  
(Mann-Whitney U test, two-tailed, P>0.05) .  E2.2 
produced more fledglings per year than E2.1 and 
E2.0, and had more nests per year than E2.0. After 
success, 69% of E2.2 renested compared with only 
40% of E2.0, and 60% of E2.2 females had two 
or three successful nests, compared to only 34% 
of E2.1 (Table 5). 

Parasitism by cuckoos is frequent in splendens 
and in this situation helpers can have an effect 
on productivity by reducing the interval between 
nests. We have only enough data to say that for 
experienced females with helpers, the time from 
eL.1 to eL.l (after a nesting attempt has fledged 
a cuckoo) was 46.1 • 12.7 days (N=  18). We cannot 
separate the effect of  different levels of help or 



Table 6. Survival to the next breeding season of breeding male 
and female Malurus splendens with and without helpers, based 
on all breeding birds of known experience over breeding seasons 
1974-1985 

Experience Helpers Female Male 

N %Survive N %Survive 

N 0 38 58 28 79 
N + 35 77 31 77 
E 0 37 51 32 66 
E + 93 75 101 69 
All 0 75 55* 60 72** 
All + 128 76* 132 71"* 

* P<O.O01; ** NS 

experience; the high post-fledging mortality of  
cuckoos could have contributed to the shorter in- 
terval. 

Effect of helpers on survival of  breeders 

The presence of  helpers had no effect on the surviv- 
al of  breeding males (Table 6). Males in the four 
categories (N.0, N . + ,  E.0 and E . + )  survived 
equally well to the next breeding season 0(2= 2.0, 
N =  192, P >  0.5), with no difference between those 
with and without helpers (72% vs 71%). However, 
helpers did improve the chance that a breeding 
female would survive to the next breeding season; 
there was a significant difference across the four 
categories 0(2=10A, N=203 ,  P<0.02) ,  and sur- 
vival of  females with helpers (76%) was significant- 
ly better than without (55%; Z2=10.7, N=203 ,  
P<0.01) .  

Effect of  experience as a helper 
on later reproductive success 

Since some females did not help at all, and others 
bred at two years old after one year of  helping, 
it was possible to investigate the effect of  one year's 
experience as a helper on reproductive success in 
the first year as a breeder. For  females with no 
helpers, mean production in their first year as a 
breeder was 1.5 fledglings per year for i year old 
females ( N =  14) and 1.6 for a novice that had spent 
one year as a helper ( N = I ] ;  P>0.05 ,  NS). For 
females with helpers and one year's experience as 
a helper ( N =  11), mean production in the first year 
as a breeder was significantly higher than for no- 
vices ( N =  7) that first bred at one year old with 
helpers (2.8 vs 2.0 fledglings per year; Mann-Whit- 
ney U test one-tailed, P < 0.05), but not significant- 
ly different from any of  the E1 females in Table 5. 
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Discussion 

Do helpers really help ? 

About  65% of groups on the Gooseberry Hill 
study area over the years 1973-1985 contained at 
least one helper. It has been shown for other spe- 
cies (Florida scrub jay: Woolfenden and Fitzpa- 
trick 1984; Kittiwake: Coulson and Thomas 1985) 
that performance as a breeder improves with expe- 
rience. Here we have a situation where experience 
as a breeder leads to an improvement in perfor- 
mance which is further enhanced by the presence 
of  helpers. 

All classes of  female except novices were equiv- 
alent in production from one nest, and the differ- 
ence in annual productivity came about  because 
the more successful (E2.2) females had more nests 
irrespective of  the experience of  their mate. Before 
the fledglings were independent, the female had 
left them to the care of  helpers, built a new nest 
and laid another clutch. We consider that it is not 
until two helpers are present that there are enough 
adults (two helpers and the breeding male) to take 
care of three fledglings and release the female to 
renest. We are not yet sure that a particular adult 
always takes care of the same fledgling (Smith 
1978) but our observations suggest this. 

The period September-December is adequate 
for two nesting attempts with a 65 day interval 
if there are no interruptions due to predation or 
cuckoos, but only experienced females with two 
helpers (and consequently smaller inter-brood in- 
terval) have time for two successful wren nests 
when another attempt has been predated or par- 
asitized. Similar effects of  helpers on the frequency 
of clutches and renesting after success are men- 
tioned by Rowley (1965), Brown and Brown (1981) 
and Rabenold (1984). Helping may add to the ef- 
fectiveness of  the multi-brooded anti-cuckoo stra- 
tegy, which has a higher probability of  producing 
at least one fledgling than that of  producing the 
same total of  nestlings in one brood (Payne 1977; 
May and Robinson 1986). 

For many species, the presence of helpers does 
not produce an increase in overall feeding rate, 
but reduces the contribution by breeders 
(especially the female) (Brown et al. 1978; Rowley 
1978; Rabenold 1984; Wilkinson and Brown 1984; 
Tidemann 1986). This is true also for splendens 
(Rowley 1981), and when in addition, the female 
is released (by helpers) from feeding and shepherd- 
ing fledglings, she is able to redirect her energy 
towards renesting sooner. Recent discussions of  
the contributions by helpers to reproductive suc- 
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cess in Malurus spp. (Nias 1986; Tidemann 1986) 
considered only single nesting attempts, so it is 
not surprising that they failed to identify the helper 
effect on renesting. 

Coulson and Thomas (1985) have shown that 
differences in female quality can be important for 
productivity. It is possible that females with two 
helpers are "good  quality" females and that their 
increased productivity is partly due to the helpers 
and partly to their own characteristics. The data 
are few but in five cases out of six, the same females 
produced more fledglings when they had two or 
more helpers than when they had none; however, 
differences between years may be important with 
such a small sample. Variation in productivity 
from year to year has not been treated separately. 
In some years most birds do well, whilst in other 
years, very few do so; mean fledgling production 
per group ranged from 1.8 to 5.2 per year, with 
a mean of 3.1. It is the experienced females with 
helpers that are able to produce fledglings in years 
when most females are unsuccessful, with signifi- 
cant effects for their Lifetime Reproductive Suc- 
cess (Rowley and Russell 1988). 

The enhanced reproductive success of larger 
groups could have resulted from a high quality 
territory, with increased group size the result of  
past success. Between December 1978 and January 
1985, there were no major fires in the study area 
and vegetation cover, density and presumably ter- 
ritory quality increased steadily, but there was no 
corresponding increase in production of fledglings 
per group, although survival and population den- 
sity did increase (authors' unpublished data). In 
January 1985, 99.5% of the study area was burnt 
by wildfire. Most adults survived, territories 
changed little, and the next breeding season pro- 
duced 2.2 fledglings per female, compared with the 
pre-fire value of 2.5, despite a major reduction in 
cover, increased predation and parasitism (cuck- 
oos), and a shortage of nesting material (Rowley 
and Brooker 1987). Any effect of territory quality 
is therefore probably weak compared with the ef- 
fects of  experience and helpers. 

Why do helpers help ? 

Austad and Rabenold (1986) identified four gener- 
al hypotheses to explain why helping in non-dis- 
persers should be selected for. Can we provide evi- 
dence for or against any of these? The Parental 
Control hypothesis suggests that if it is advanta- 
geous for the juveniles to remain, but disadvanta- 
geous for the parents, parents only allow individ- 
uals to remain which help (Brown 1969; Gaston 

1978; Emlen 1982b). In splendens the presence of 
helpers had no obvious detrimental effects on pro- 
ductivity but nevertheless imposed the costs of ex- 
tra mouths to be fed and increased visibility at 
the nest, We have no evidence of parents evicting 
progeny from the group: if a female breeder was 
replaced by an immigrant female, surviving male 
helpers usually remained but female helpers left- 
presumably evicted. 

The Experience hypothesis suggests that if indi- 
viduals are prevented by environmental constraints 
from dispersing, they may gain useful experience 
in the rearing of young by helping. Female splen- 
dens which had helped for one year produced more 
fledglings in their first year as a breeder than fe- 
males which had not helped, but only if helpers 
were present; they were also one year older. The 
cost of  one year's delay in breeding was therefore 
to some extent offset by the experience gained. 

The Reciprocity hypothesis suggests that help- 
ers benefit from helping because they are rearing 
individuals which may later help them in breeding. 
This has recently been invoked as important in 
the evolution of helping (Ligon and Ligon 1983; 
Wiley and Rabenold 1984), but in splendens it is 
rare that a bird goes to a new group as a breeder 
with a younger sib as a helper. More than 50% 
of helpers help father and mother and 23% help 
a breeder who is a sib, generally a litter mate, so 
that the chances of reciprocity are few. 

In what Austad and Rabenold (1986) call the 
Kin Selection hypothesis, helping behaviour may 
spread through the production of non-descendant 
kin that share the genes of the helpers. Because 
of the high level of inbreeding (Rowley et al. 1986), 
splendens helpers were involved in rearing nestlings 
that were on average related to them almost as 
closely as full sibs. The potential exists for signifi- 
cant enhancement of indirect fitness, which has a 
present (I) and a future (i) component (Brown 
1980). According to the reformulation of Hamil- 
ton's original criterion (Hamilton 1964; Brown 
1975; West-Eberhard 1975) a helper has a greater 
inclusive fitness when helping than when breeding 
if 

rhN h > rbN b 

where rh is the helper's relatedness to the kin it 
is helping to rear, Nh is the number of young reared 
solely as a result of  the helper's assistance, rb is 
the relatedness of the breeder to the offspring, and 
Nb the number of offspring an unaided pair can 
raise. Based only on indirect present benefit from 
increased productivity in the current year by the 
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breeding female who is helped (data for all females 
from Table 4): 
I=rhNh=0.47 x (3.1-2.3)=0.39, which is less than 
rbNb=0.5 X 2.3 = 1.2. 

An indirect future benefit, i (Brown 1980), 
arises from the increased survival of the breeding 
female, leading to an increased probability that she 
will breed again, and produce offspring more close- 
ly related to the helper than those of a new female 
that may be unrelated. An approximate calculation 
of the value of  this benefit can be made. In the 
case of  an individual helping its father and mother 
in year 1, there is a probability (P) =0.72 that 
she will survive to year 2 and produce 3.1 fledglings 
with rh = 0.5, and P =  0.28 that she will be replaced 
by an unrelated novice who will produce 2.1 fled- 
glings with rh=0.25 (assuming that both females 
have help in year 2). Without a helper the equiva- 
lent values of  P are 0.55 and 0.45, and thus the 
difference due to helping in year 1 is (0.72 x 3.1 x 
0.5+0.28 x 2.1 x 0.25) - (0.55 x 3.1 x 0.5+0.45 x 
2.1 • 0.25) = 0.17 gene equivalents. This is ob- 
viously a significant addition to the value of  I al- 
ready calculated. There is a further indirect future 
benefit if this year's fledglings survive to next year 
to act as helpers and further improve the breeder's 
reproductive success. 

Of  the 186 yearly reproductive efforts of  fe- 
males with known experience, 39% were novices, 
for whom the effect of  helpers on production is 
slight. In only 19% of group years were there fe- 
males with at least two years experience and two 
or more helpers (E2.2), and it is only in those par- 
ticular circumstances that the helper stands to gain 
any indirect benefit from increased fledgling pro- 
duction in that year. For  all helpers there is also 
the indirect future benefit (i), and for the lone help- 
er that is the sole benefit. Overall, helping does 
add to the inclusive fitness of  helpers, and in one 
year the total indirect benefit from helping may 
be close to the direct genetic benefit from breeding 
as an unaided novice female (rbNb X P of establish- 
ment = 1.7 x 0.5 x 0.8 = 0.68). For a male, produc- 
tivity as a novice is not so low, but the chance 
of  a breeding vacancy is less (Rowley and Russell 
1988). 

In many species, such as the florida scrub jay 
(Woolfenden and Fitzpatrick 1984) and the stripe- 
backed wren (Rabenold 1984), increased survival 
and the chance of  achieving breeding status are 
important direct benefits for the non-dispersers. 
These benefits, which also apply to splendens, de- 
pend upon the young bird being an integrated 
member of the group, and helping may be an im- 
portant part of  achieving social integration. It is 

much harder to identify any clear direct benefit 
to the young from actually helping; there is a slight 
gain in experience, but most benefit appears to be 
indirect. The increase in productivity due to help- 
ers is similar to that found in other studies (Parry 
1973; Reyer 1980; Woolfenden and Fitzpatrick 
1984; Austad and Rabenold 1985; Zack 1986). Ob- 
viously, indirect future benefits are an important 
part of  inclusive fitness which has previously been 
estimated only by Reyer (1984) and Rabenold 
(1985). 

It is important to consider helping behaviour 
and delayed dispersal in the context of  the lifetime 
fitness of  the helpers and of  the breeders in whose 
territories they help. The single most important 
factor contributing to Lifetime Reproductive Suc- 
cess (LRS) is lifespan as a breeder (Coulson and 
Thomas 1985; Fitzpatrick and Woolfenden 1988; 
Newton 1988; Rowley and Russell 1988). The ben- 
efit from helpers for the LRS of a breeding female 
may be substantial. If  her survival is increased, 
she has a chance of  surviving to breed for more 
than two years, accumulating helpers and becom- 
ing one of  the few successful birds to produce re- 
placement breeders. For a male, the benefit is less 
clear; there is no survival advantage, but it is to 
his advantage for his female to survive; a replace- 
ment novice would mean one or two years of  re- 
duced productivity. For both sexes, there is prob- 
ably an added advantage in the ability to do well 
in a good year and to succeed in a poor year (Row- 
ley and Russell 1988). 

For helping by non-dispersers to be selected 
for, the total lifetime fitness of  the helper strategy 
must exceed that of  the non-helper strategy. If  1 
or 2 years helping is followed by several years 
breeding, then the indirect contribution to fitness 
from one to two years helping is relatively insignifi- 
cant. But for the significant number of  birds which 
help but never get a chance to breed, inclusive fit- 
ness is entirely indirect. Those birds which disperse 
and do not achieve a breeding vacancy do not have 
even that. To compare these two strategies we need 
to relate the benefits of  helping to aspects of de- 
mography, as well as mean and variance in LRS; 
this we hope to do in a future paper. 

References 

Austad SN, Rabenold KN (1985) Reproductive enhancement 
by helpers and an experimental examination of its mecha- 
nism in the bicolored wren: a facultatively communal 
breeder. Behav Ecol Sociobiol 17:19-27 

Austad SN, Rabenold KN (1986) Demography and the evolu- 



140 

tion of cooperative breeding in the bicolored wren, Campy- 
Iorhynchus griseus. Behaviour 97:308-324 

Brown JL (1969) Territorial behavior and population regula- 
tion in birds. Wilson Bull 81:293-329 

Brown JL (1974) Alternate routes to sociality in jays - with 
a theory for the evolution of altruism and communal breed- 
ing. Am Zool 14:63-80 

Brown JL (1975) The evolution of behavior. Norton, New York 
Brown JL (1980) Fitness in complex avian social systems. In: 

Markl H (ed) Evolution of social behavior : hypotheses and 
empirical tests. Dahlem Conferenzen, Verlag Chemic, Wein- 
heim, pp 115-128 

Brown JL (1983) Cooperation - a biologist's dilemma. In: Ro- 
senblatt JS, Hinde RA, Beer C, Bushel M (eds) Advances 
in the study of behavior, vol 13. Academic Press, New York, 
pp i 37 

Brown JL (1987) Helping and communal breeding in birds: 
ecology and evolution. Princeton University Press, Prince- 
ton 

Brown JL, Brown ER (1981) Kin selection and individual selec- 
tion in babblers. In: Alexander RD, Tinkle DW (eds) Natu- 
ral selection and social behavior: recent research and new 
theory. Chiron Press, Concord, pp 244-256 

Brown JL, Dow DD, Brown ER, Brown SD (1978) Effects 
of helpers on feeding of nestlings in the grey-crowned 
babbler (Pomatostomus temporalis). Behav Ecol Sociobiol 
4: 43-59 

Brown RJ, Brown MN (1980) Cooperative breeding in robins 
of the genus Eopsaltria. Emu 80: 89 

Coulson JC, Thomas C (1985) Differences in the breeding per- 
formance of individual kittiwake gulls, Rissa tridactyla (L.). 
In: Sibley RM, Smith RH (eds) Behavioural ecology: eco- 
logical consequences of adaptive behaviour. Blackwell, Ox- 
ford, pp 489-503 

Craig JL (1980) Breeding success of a communal gallinule. Be- 
hay Ecol Sociobiol 6:289-295 

Emlen ST (1982a) The evolution of helping. I. An ecological 
constraints model. Am Nat 119: 29-39 

Emlen ST (1982b) The evolution of helping. II. The role of 
behavioral conflict. Am Nat 119 : 40-53 

Fitzpatrick JW, Woolfenden GE (1988) Components of lifetime 
reproductive success in the florida scrub jay. In: Clutton- 
Brock TH (ed) Reproductive success. University of Chicago 
Press, Chicago 

Gaston AJ (1978) Demography of the jungle babbler, Turdoides 
striatus. J Anim Ecol 47 : 845-870 

Hamilton WD (1964) The genetical evolution of social behav- 
iour. I & II. J Theor Biol 7:1-51 

How RA, Kitchener DJ (1983) The biology of the gecko Oedura 
reticulata Bustard, in a small habitat isolate in the Western 
Australian wheatbelt, Aust Wildl Res 10:543-546 

Koenig WD (1981) Reproductive success, group size, and the 
evolution of cooperative breeding in the acorn woodpecker. 
Am Nat 117:421-443 

Koenig WD, Pitelka FA (1981) Ecological factors and kin selec- 
tion in the evolution of cooperative breeding in birds. In: 
Alexander RD, Tinkle DW (eds) Natural selection and so- 
cial behavior: recent research and new theory. Chiron Press, 
Concord, pp 261-280 

Ligon JD (1981) Demographic patterns and communal breed- 
ing in the green woodhoopoe, Phoeniculus purpureus. In: 
Alexander RD, Tinkle DW (eds) Natural selection and so- 
cial behavior: recent research and new theory. Chiron Press, 
Concord, pp 231 243 

Ligon JD, Ligon SH (1983) Reciprocity in the green woodhoo- 
poe (Phoeniculus purpureus). Anim Behav 31:480-489 

May RM, Robinson SK (1985) Population dynamics of avian 
brood parasitism. Am Nat 126:475~494 

Maynard Smith J (1964) Group selection and kin selection. 
Nature 201 : 1145-1147 

Newton I (1988) Individual performance in sparrowhawks : the 
ecology of two sexes. Proc 19th Int Ornithol Congress, Ot- 
tawa (in press) 

Nias RC (1986) Nest-site characteristics and reproductive suc- 
cess in the superb fairy-wren. Emu 86:139-144 

Parry V (1973) The auxiliary social system and its effect on 
territory and breeding in kookaburras. Emu 73:81-100 

Payne RB (1977) The ecology of brood parasitism in birds. 
Ann Rev Ecol Syst 8 : 1-28 

Payne RB, Payne LL, Rowley I (1985) Splendid wren Malurus 
splendens response to cuckoos: an experimental test of social 
organization in a communal bird. Behaviour 94:108-127 

Rabenold KN (1984) Cooperative enhancement of reproductive 
success in tropical wren societies. Ecology 65 : 871-885 

Rabenold KN (1985) Cooperation in breeding by non-repro- 
ductive wrens: kinship, reciprocity, and demography. Behav 
Ecol Sociobiol 17 : 1-17 

Reyer H-U (1980) Flexible helper structure as an ecological 
adaptation in the pied kingfisher (Ceryle rudis rudis L.). 
Behav Ecol Sociobiol 6:219-227 

Reyer H-U (1984) Investment and relatedness: a cost/benefit 
analysis of breeding and helping in the pied kingfisher (Cer- 
yle rudis). Anita Behav 32:1163 1178 

Ridpath MG (1972) The Tasmanian native hen, Tribonyx mor- 
tierii. II, The individual, the group and the population. 
CSIRO Wildl Res 17:53-90 

Rowley I (I 965) The life history of the superb blue wren Malur- 
us cyaneus. Emu 64:251-297 

Rowley I (1978) Communal activities among white-winged 
choughs, Corcorax melanoramphus. Ibis 120:178-197 

Rowley I (1981) The communal way of life in the splendid 
wren Malurus splendens. Z Tierpsychol 55:228-267 

Rowley I, Brooker MG (1987) The response of a small insecti- 
vorous bird to fire in heathlands. In: Saunders DA, Arnold 
GW, Burbidge AA, Hopkins A (eds) Nature conservation 
- the role of remnants of native vegetation. Surrey Beatty, 
Sydney 

Rowley I, Russell EM (1988) Lifetime reproductive success in 
Malurus splendens, a cooperative breeder. Proc 19th Int Or- 
nithol Congress, Ottawa (in press) 

Rowley I, Russell EM, Brooker MG (1986) Inbreeding - bene- 
fits may outweigh costs. Anim Behav 34:939-941 

Sibley CG, Ahlquist JE (1985) The phylogeny and classification 
of the Australo-papuan passerines. Emu 85 : 1-14 

Smith JNM (1978) Division of labour by song sparrows feeding 
fledged young. Can J Zool 56:187 191 

Tidemann SC (1986) Breeding in three species of fairy-wrens 
(Malurus): do helpers really help? Emu 86:131-138 

West-Eberhard MJ (1975) The evolution of social behavior by 
kin selection. Quart Rev Biol 50 : 1-33 

Wiley RH, Rabenold KN (1984) The evolution of cooperative 
breeding by delayed reciprocity and queuing for favorable 
social positions. Evolution 38 : 609-621 

Wilkinson R, Brown AE (1984) Effect of helpers on the feeding 
rates of nestlings in the chestnut-bellied starling Spreo 
pulcher. J Anim Ecol 53 : 301-310 

Woolfenden GE, Fitzpatrick JW (1984) The florida scrub jay: 
demography of a cooperatively-breeding bird. Princeton 
University Press, Princeton, New Jersey, pp x 406 

Zack S (1986) Behaviour and breeding biology of the cooperati- 
vely breeding grey-backed fiscal shrike Lanius excubitorius 
in Kenya. Ibis 128:214-233 


