


























































































































































































































































































































some paternity within the brood (Davies e/ al. 1992; Hartley e/ al. 1995; 

Whittingham & Dunn 1998). If they work to a simple rule of thumb to always 

feed offspring if they have gained any copulations, then this may explain why 

their proportion of feeds does not change in final broods regardless of their 

potential level of paternity (Whittingham & Dunn 1998). If this proposition is 

true, then it is curious why females reduce their proportion of care when beta 

males help as they alone are related to all offspring. 

The second reason why alpha males may not reduce care in final broods 

when the beta male provides assistance is that, unlike early broods where alpha 

males have alternate activities such mate guarding and gaining extra-group 

copUlations, in final broods these options may not be available. If the female is 

not going to breed again then mate guarding is redundant and late in the season 

there are fewer females around who are potentially fertile. Scrubwrens also have 

fairly modest levels of extra-pair paternity which would further reduce the 

benefits of attempting to sire extra-pair young (Whittingham & Dunn 1998). 

A third reason why alpha males may not reduce their proportion of care 

when beta males help could be related to the long lifespan of scrubwrens and the 

relative stability of scrubwren groups. The oldest known breeding female in our 

study popUlation was at least seven years old and only five females out of 38 

under observation did not survive to breed in the following season. This stability 

may allow females to control the level of paternity of alpha males from one 

season to the next. Alpha males who reduce care in one nest because the beta 

male obtained some paternity may find that they receive even less paternity on 

the next reproductive attempt. This would mean that there would be an incentive 

for all males within the group who copulated with the female to provide high 

levels of care regardless of their levels of paternity. Providing care to fledglings 

could then be considered as an investment in future reproductive success. This 

hypothesis has yet to be tested in scrubwrens. 

The finding that alpha males increased their proportion of care as brood 

size increased, while females decreased their proportion of care, is related to the 

way in which adults selectively provision offspring (see Chapter Three for more 

details on selective provisioning). In Chapter Three, I highlighted the finding that 

most young in my study were exclusively fed by a single adult, a phenomenon 

know as brood division. In divided broods, that is in broods of two or three 
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young where at least two offspring were exclusively fed by different adults, alpha 

males cared for more young than females. This finding is highlighted in broods 

of three which were divided between the alpha male and the female; in 4/5 of 

these broods the alpha male cared for two fledglings while the female cared for 

the remaining fledgling. In the remaining divided broods, alpha males 

exclusively cared for 11 young while females only cared for eight individuals. 

Further evidence that alpha males provided more care to larger broods comes 

from the pattern of care in non-divided broods. Typically, when a brood of two 

or three young failed to divide it was because the alpha male provided most of the 

care to young while the female reduced her care to a minimum. Out of the 24 

young from broods of two or three fledglings that failed to divide, the alpha male 

exclusively fed 13 of those young while no individuals were exclusively fed by 

the female. In contrast to these findings, out of the 10 single fledglings that were 

exclusively fed by a single adult, the female fed five while the alpha male fed 

only four. In summary, the greater care of large broods by alpha males was due to 

them feeding a greater number of young, rather than feeding each young at a 

greater rate. 

Comparison between the proportion of care provided at the nest and the 

proportion provided after young had left the nest 

In contrast to the fledgling period, there is no evidence that alpha males benefited 

more than females when beta males provided food at the nestling stage. During 

the nestling period, both alpha males and females reduced the proportion of food 

they delivered to the nest when beta males provided food , both in early and final 

nesting attempts. The relative proportion of care provided by the dominant adults 

in pairs without helpers also changed between the nestling and fledgling periods. 

In early nesting attempts males and females provided equal care during the 

nestling period but males provided more care during the fledgling period, while 

in final nests the pattern was the opposite, males provided a greater proportion of 

food during the nestling period but an equal proportion during the fledgling 

period. 

The finding that, when beta males helped, alpha males reduced their 

proportion of care during final breeding attempts at the nestling stage but not at 
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the fledgling stage is curious. Perhaps, because the nestling period is less than 

half the length of the fledgling period (Magrath el al. 2000), females were willing 

to provide a greater proportion of food to the nest knowing that they could reduce 

their effort during the longer and more energetically expensive fledgling period 

(Weathers & Sullivan 1989). Alternatively, the difference may again be a 

reflection of the way in which fledglings are generally fed by a single adult rather 

all feeding adults. If, once the feeding patterns are established, each adult has a 

designated number of young to feed, then the variance in feeding rates between 

adults is likely to be greater than if all adults fed all young. Therefore, after 

fledging, females, rather than feed all young slightly less than the alpha male, 

drop out of feeding almost entirely. The alpha male is then left to take most of 

slack left by the female, hence the finding that females provide a higher 

proportion of care to the nest than they do to fledglings. 

The finding that both males and females reduced their proportion of care 

to the nest when beta males helped is different from that of Magrath and 

Yezerinac (1997), who found that the total amount of food provided by the 

dominant pair to the nest did not decline when beta males provided assistance. 

The major difference between the two studies is that I used the relative proportion 

of food provided by the different adults, whereas Magrath and Yezerinac used 

total amounts of food provided. The results, however, are not contradictory. In 

Magrath and Yezerinac's study, the total proportion of the dominant pairs effort 

also declines when the beta male provided assistance as, when the beta male did 

feed, he did so at the same rate as the female but at a lower rate than the alpha 

male. Also consistent with my study was the finding that alpha males provided 

more parental care than females overall. 

Do beta males actually increase reproductive performance? 

In contrast to care by beta males at the fledgling period, Magrath and Yezerinac 

(1997) could find no effect of care of nestlings by beta males on the inter-nest 

interval. This is surprising because 1 found that 84% of beta males that helped 

during the nestling period also helped care for fledglings. The reason may be that 

while Magrath and Yezerinac (1997) considered the effects of helping in both 

successful and unsuccessful nests, [ only considered the effects of helping for 

154 



nests that raised at least one offspring to independence. Indeed, I was limited to 

only using successful nests because it was obviously not possible to consider the 

effects of helping at the fledgling stage on nests that failed to fledge young. By 

focussing on the entire breeding effort, Magrath and Yezerinac placed increased 

importance on failed nesting attempts which provide less opportunity for beta 

males to decrease the inter-nest interval. 

Given that beta male care of fledglings reduced the inter-nest interval 

after successful nests, why didn ' t this result in more breeding attempts. Perhaps 

because the II day advantage that beta males provided is trivial in a season which 

can last up to six months and in which, at most, a female can have only 3 

successful nests. 

The finding that beta male help during the fledgling period did not 

increase reproductive success is consistent with the findings of Magrath & 

Yezerinac (1997) that beta male help at the nestling stage also did not increase 

reproductive success. The obvious reason why beta male help did not increase 

reproductive success in my study is that they probably did not increase total 

feeding rates to offspring, as females reduced care when beta males provided 

assistance. 

Although the finding that beta male care during the fledgling period did 

not increase reproductive success is consistent with Magrath and Yezerinac's 

(1997) finding, it is not consistent with a later finding that beta male help 

increased success for yearlings but not older birds (Magrath in press). In my 

study, yearling reproductive success was also not increased by beta male help. 

However, care must be taken with that result as sample sizes were small (only 

nine first years in my sub-sample) and the trend was in the right direction. 
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Table 6.1. Measures of reproductive perfonnance and success. Medians and 

range are presented for days to renesting while means and standard errors are 

shown for the remaining measures. Groups are classified according to whether 

the beta male provided food to fledglings and averaged where more than one 

reproductive attempt occurred. See text for more details on measures of 

reproductive success. Significance measured using Wilcoxon test. 

Pairs N Groups N p 

Days to renesting 26.5 (18-49) 6 15.5(9-17) 6 <0.01 

Number of nests per l.5±0.14 20 1.4±0.12 18 0.90 

season 

Number of offspring to 2.3±0.24 20 2.7±0.31 18 0.33 

independence per season 

Number independent 2.1±0.17 18 2.2±0.19 15 0.67 

young per nest 
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Table 6.2. Pattern of help provided by extra-pair males. 

Fed Nestlings Fed fledglings Total 

No Yes 

No 4 5 

Yes 4 21 25 

Total 8 22 30 
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Fig 6.1. The proportion of feeds (X+SE) to fledglings in pairs without helpers 

and pairs with helpers by the (a) female and, (b) alpha male. Number of 

individuals given above bars. Also shown are model predictions: • -' The 

standard error of the differences (SED) for females was 0.07 while for alpha 

males it was 0.09. 
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Fig 6.2. The proportion of feeds (X+SE) to fledglings in early nests and final 

nests by the (a) female and, (b) alpha male. Number of individuals given above 

bars. Also shown are model predictions: • _. The standard error of the 

differences (SED) for females was 0.07 while for alpha males it was 0.09. 

159 



(a) Females 

0.6 12 

I 
0.4 16 

T 17 
T 

0.2 ;:: 
<2 
4-

<I.) 

4-
0 
C 0 0 .€ 
0 

(b) Alpha males 
0. 
0 

0: 
0.6 

16 17 
T 

T 
12 

0.4 T 

0.2 

o 
2 3 

Number of young surviving to week six 

Fig 6.3. The proportion of feeds (X+SE) to fledglings in broods of different size 

for (a) the female and, (b) the alpha male. Number of individuals given above 

bars. 
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Fig. 6.4. The proportion of feeds brought to fledglings in unassisted pairs and 

assisted pairs in (a) early broods, (b) final broods and, (c) combined early and late 

broods. This figure shows box plots, in which heavy bars indicate medians, boxes 

indicate interquartile ranges, vertical lines indicate the range of values that lie 

within 1.5 interquartile ranges of the top and bottom of boxes and 0 represent 

more extreme values. The number of broods is given above plots. See text for 

statistical tests. 
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Fig. 6.5. The proportion of feeds brought to nestlings in pairs and groups by 
adults in (a) early broods, (b) final broods and, (c) combined early and late 
broods. This figure shows boxplots (see figure 6.3 for full description of box 
plots). See text for statistical tests. 
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CHAPTER SEVEN 

GENERAL CONCLUSIONS AND FUTURE 

DIRECTIONS 
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I 

I 
l 

The four main chapters of this thesis each focus on a different aspect of post­

fledging parental care. The focus in each chapter was to look at why events 

occurred and to place the answer in an evolutionary context. Why are broods of 

young divided between the feeding adults for the purposes of care? Who controls 

the length of nutritional dependency and why do young leave their natal territory 

when they do? Why do feeding adults provide different proportions of food to 

offspring and why does this change depend on the order of the breeding attempt? 

Brood division has been documented many times before and numerous 

hypotheses have been proposed to explain this behaviour. Previously, however, it 

was presumed that brood division was a parental strategy designed to maximise 

adult reproductive success and, as a consequence, hypotheses were proposed to 

explain how adults might benefit from selectively feeding particular individuals. 

The first notion that brood division might be a result of fledgling competition 

came from Slagsvold (1997) who, on finding that largest young were often fed by 

the best feeder, suggested that competition amongst siblings might explain who 

feeds whom once a brood has divided but that it did not , in itself, explain why 

broods divided. The logical progression from this idea is that sibling competition 

does explain brood division and that adults do not have a strong preference for 

who they feed. 

My results provide compelling evidence for the idea that brood division is 

a result of sibling competition. Brood division forms as young take an active role 

in obtaining food from adults. When a feeding adult is removed, its primary 

fledgling follows the remaining adults about the territory and adults do not try to 

discourage this behaviour. Further, adults were rarely aggressive towards young 

and nearly always fed the closest young to them when they found food. Finally, 

as would be predicted if young picked a particular adult to feed them , largest 

young were generally fed by the adult that was the best feeder at the nest. My 

results also dismiss the assumptions of each of the alternate hypotheses. 

My research suggests that there are two areas where further study would 

enhance our understanding of brood division. First, more needs to be known 

about the mechanisms used to maintain separate feeding groups, particularly in 

species where families tend to forage in close proximity. Second, studies should 

attempt to obtain direct evidence that the most dominant individual is maximising 
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its food intake by its choice of adult. Relating to both of these areas is the 

peculiar finding that young do not appear to exclude others from their feeding 

groups. If large young choose to be fed by the best feeder than you might also 

expect them to keep other young away from that adult. These questions could be 

approached experimentally. In my study [ removed feeding adults for one hour 

and observed the effects that this had on the collapse of feeding groups. This 

may not, however, be a long enough period, as although orphans did follow the 

remaining adult I did not see any orphan get fed. Another approach may be to 

handicap adults. Best feeders could be handicapped in the latter part of the 

nestling period to see if the largest young still choose to be fed by them. 

Very little research has been carried out which looks at factors which 

affect both the length of the fledgling dependency period and the length of natal 

philopatry. The end point of both of these periods can be examined in the context 

of parent-offspring conflict theory (Trivers 1974). Young and adults are 

suggested to disagree over the length of parental care because, although each is 

related to each other they are, ultimately, more concerned about their own 

welfare. The question then becomes who is more in control of the length of these 

periods and why do they vary among individuals. 

In my study there was little variation in the length of dependency among 

young from the same brood, suggesting that factors that affected the length of 

dependency operated on broods rather than individuals. This finding suggests 

that adults are in control of dependency. Further, the end of dependency 

coincided with an increase in parental aggression suggesting that adults 

encouraged young to stop begging before the time that they would have chosen to 

do so. Evidence from my study also suggests that the termination of care by one 

adult precipitates the termination of care by the others, perhaps because of the 

increased eost of feeding more offspring. Other studies have shown that adults 

use aggression to terminate care (e.g., Leonard et al. 1990), but no other study 

has shown that this also coincides with high levels of intra-brood correlation in 

dependency times or that an adult's decision to terminate care is dependent on the 

activity of other adults. 

To better determine who is in control of the length of dependency, it 

would be useful to have information on the actual returns from begging and the 

returns from self-foraging, particularly around the period leading to the 
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tern1ination of care. If, as I suggest, parents determine the length of fledgling 

dependency, then there should be a period when young attempt to obtain food 

from adults but adults refuse to feed young. The remaining question that I failed 

to answer was what factors determined the mean length of dependency of 

individual broods? The most obvious answer is that different broods became 

independent depending on the quality of their natal territory. This, however, was 

not the case, at least with the territory quality index that I used. Perhaps a better 

index of territory quality is needed. 

Unlike the termination of parental care, young appear to choose when 

they leave their natal territory. The most likely overall explanation of timing of 

natal dispersal is that young leave when conditions are most favourable, as 

indicated by the finding that the peak dispersal periods coincide with the periods 

of low breeder mortality. Further evidence that young chose to leave is that there 

was little intra-nest correlation in dispersal times; young from the same brood left 

at different times. It is possible that adults selectively expelled certain 

individuals before others, but there was little evidence that aggression, either by 

siblings or adults, forced dispersal. There was also no evidence that territory 

quality or group size affected dispersal timing, which would be expected if adults 

needed to expel young due to resource constraints. 

More difficult to explain is the finding that young who dispersed late 

maximised their chances of recruiting into the breeding population. If there were 

no constraints on dispersal and late dispersal improved the probability of 

recruitment then all young should delay dispersal. Perhaps young were forced 

from their natal territory, although it is difficult to explain why. If late dispersal 

maximised the probability of recruitment then it would be to the adults' 

advantage to keep young on the territory in order to maximise their own 

reproductive success. If sibling aggression forced dispersal then it is unclear why 

the number of siblings did not affect dispersal timing; young with no siblings 

should not have dispersed early. An alternate hypothesis is that young were not 

dispersing, but rather were being killed, either on their natal territory or during a 

dispersal foray. If this is the case then it is unclear why dispersal patterns 

changed between years for the different sexes. To better understand why and 

when young disperse, observations need to focus on the period following the end 

of nutritional dependency. Further, the focus of study needs to be expanded into 
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the surrounding habitat in order to better understand the fate of individuals once 

they have left their natal territory. 

Two of the main benefits commonly cited for cooperative breeding are 

that helpers decrease the amount of work done by the dominant pair and/or they 

increase the survival of offspring (for revIews see Hatchwell 1999 & Legge 

2000). There is good evidence III my study that females benefit 

disproportionately compared with alpha males when beta males provide 

assistance. This situation persists despite the likelihood that when the beta males 

provide assistance, the alpha male might have lost paternity. Although 

subordinate male help during the fledgling period reduced the interval between 

breeding attempts it did not increase any measure of reproductive success and did 

not enhance female survival. Mine is the first study to show that the male and 

female benefit differently when a subordinate male provides assistance in feeding 

fledglings. Further, it provides a di fferent picture of the effects of beta male help 

than did studies on this species which focussed solely on the nestling period. 

Future studies on the effects of cooperative breeding during the fledgling 

period should focus on trying to obtain actual feeding rates of young after they 

have left the nest in order to allow direct comparisons of work rates between the 

fledgling and nestling periods. 

The finding that adults may respond differently to beta male help during 

both the nestling and fledgling periods suggest that studies which focus only on 

nestlings may not provide a complete picture of the benefits and costs of 

cooperative breeding. Indeed, the focus on the nestling period in general 

provides an incomplete picture of avian reproductive success, considering that the 

fledgling period is often longer and more energetically expensive than the 

nestling period. 
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