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The goal of this thesis is to test h o  hypotheses for the ubiquitous 

seasonal deciine in avian reproductive performance: either some variable 

associated with date per se determines performance (Date hypothesis); or 

later-breeding parents are of low quality and so perform poorly (Parent 

Quality hypothests). 1 found that parent Tree Swallows (Tachydneta btmlor) 

breeding early in the season were better able to increase provisionhg effort 

in response to experimentalfy increased brood demand, and that they 

produced larger nestiings tban late breeders. To distinguish the two 

hypotheses, 1 manipulated hatch date by switching clutches among Tree 

Swallows breeding at Creston, British Columbia. 1 found that performance 

of manipulated broods during the b s t  half of the season matched that 

predicted by the Date hypothesis, and in the second half matched that 

predlcted by the Parent Quality hypothesis. 

Several biases may make it difficult to detect parent quality effects. 

For example, hatch-date manipulations may(unintentiondy) dec t  parent 

quality. 1 found that mass loss of incubating femaie Tree Swaliows was 

reduced when hatch was advanced. but was unaffected when hatch was 

delayed. 1 also found signacant heritability in mother-offspring tarsus 

length, as well as a maternal effect of egg size on day 4 nestling m a s .  None 

of these potential biases affect day 15 nestling mass, and seem unlikely to 

explain the observed support for the Date hypothesis. However. these and 

other biases need to be more carefuiiy assessed in hatch-date manipulation 

experiments than has previousiy been considered. 

1 review previous studies of the seasonal deche in reproductive 

performance in other avian species, and find support for both the Date and 

Parent Quaiity hypotheses. The dative importance of the& effects may 

depend on the life history of the species studied, climate, food abundance, 

or the biases described above. 
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Seasonal deches in reproductive parameters are common among 

vertebrates and essentially ubiquitous in temperate breeding birds. 

Declines have been documented in offspring number Ibirds: Hochachka 

1990, Winlder and men 1996, marnmals: Huber et d 1999, Kott and 

Robinson 1963, reptiles: Nussbaum 1981) offspring m a s ,  growth or size 

(birds: Lepage et al. 1999, Sedinger and Flint 199 1, marnmals: Schultz 

and Johnson 1995, Fairbanks 1993, reptiles: James and Whitford 1994, 

Sinervo and Doughty 1996) or offspring sumival (birds: Aparlcio 1998, 

Norris 1993, Sanz 1999, mammals: Koskela 1998). The first 

comprehensive explanatfon for this phenornenon in bfrds (Perrins 19701 

suggested that the timing of reproduction is dictated by the availability of 

food, as fernales may have to delay reproduction until resources are 

plentiful enough for them to gather sufflcient energy for chick rearing. 

This theory has been refined over the years to incorporate variation in 

parent quaMy over the season, but, after three decades, the mechanlsm 

driving seasonal deciines in reproductive performance remains unknown. 

A contributhg factor is that Uttle work bas been experimental and 

without manipulating hatch date, it is not possible to detennine whether 

aspects of date, such as food availability, determine seasonal deciines in 



reproductive success, or whether better quality parents breed early and 

subsequently produce more or better quality offspring. 

Recently, hatch-date manipulation experiments have started to 

shed light on the proldmate expianation for seasonal declines in 

reproductive success. These studies indicate that both timing per se and 

parent quality can drive seasonal deciines in nestling performance both 

within and axnong species. In this thesis 1 present the results of a hatch- 

date manipulation experiment designed to test the predictions of two 

hypotheses for the seasonal decline in reproductive performance 

observed in Tree Swaiiows (Tachycineta bicolorf. 

Tree swailows are insectfvorous passerines that nest in secondary 

cavities (Robertson et ai. 1992). They arrive on breeding grounds al1 over 

North America in March or  early Apd, and begin breeding in early May. 

Modal clutch sizes in this species range from 5 to 7. Females begin 

incubation on the day the penultimate or ultimate egg is laid and 

incubate for approximately 15 days. Nesthgs remain in the nest for 19 

to 22 days, after which they continue to be fed by parents for about a 

week (Robertson et d 1992). Most nestlings hatch in early June. 

Tree swailows exhibit seasonai declines in clutch size, nestling 

growth and nestiing s m v a l  (Robertson et ui. 1992, Stutchbury and 

Robertson 1988). They readily nest in arüficiaI nest boxes and are 

amenable to handling and are therefore an ided species for an 



experimental investigation of the mechanism driving seasonal deches în 

reproductive performance. 

The main focus of this thesis is to determine the proximate 

mechanism driving the seasonal decline in nesthg mass in Tree 

Swallows. 1 manipulated hatch date by switching clutches differing in 

Iay date, between nest boxes, thereby presenting parents with nesüings 

either eariier or later than they had anticipated. Two main hypotheses 

for the seasonal decline in nestling mass, the Date Hypothesis and 

Parent Quality Hypotheses, give mutu- exclusive predicticm about the 

reproductive performance of manipulated broods. 

Ln Chapter 1 1 demonstrate variation in parental response to an 

increase in brood demand and show how variation in provisioning 

behaviour impacts nestling quaiity Just prior to nest departm. In 

Chapter 2 1 describe the theory and predicttons associated with both the 

Date and Parent QuaMy hypotheses, and present the results of the 

hatch-date manipulation expement. Chapter 3 is an examination of 

possible blases that might complicate interpretatîon of hatch-date 

manipulation experiments, such as heritability, materna1 effects or 

unintentional impacts of the experiment on parent quality. Chapter 4 is 

a literature review of studies that have manipulated hatch date. and an 

assessrnent of the conclusions drawn h m  these studfes. 1 integrate the 

results of the research presented in this thesis with the flndings of 



hatch-date manipulation experiments in other species. 1 Bnish with a 

brief general discussion of the ideas presented in this thesis. 
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Chapter 1 

Variation in prorisionîng ability of parent Ree SWllUows 

Introduction 

Individual variation in parent quality is thought to impact avian 

reproductive success. For example, it is known that yaunger, less 

experienced birds often lay smaller clutches and exhibit lower seasonal 

reproductive success than more experienced individuals (e.g. Hfpfher et 

aï. 1997, Stutchbury and Robertson 1988). 1 define parent quality as an 

inherent characteristic of individuals that is determined by the sum of 

the morphological and physiological characteristics that determine 

parents abiiity to rear their Young. Examples of these characteristics 

include age, immunological health and current energy reserves. 

Typically parent quality is defined in terms of an individuai's relative 

performance in some reproductive parameter. Reproductive parameters 

that are often assessed hclude lay date, fledging success, probabiiity of 

nestling recmitment, egg size or nestling growth. There fs not a 

universal deBnition of parent quallty available in the literature. 

Provisioning ability is one of the most critical aspects of parental care as 

nestling body mass is directly related to the amount of food provisioned, 

and nestiing mass is known to correlate with sumival to independence in 

many passerine species (e.g. Macgrath 199 1, Hochachka and Smith 



199 1, Smith et al 1989). The purpose of this study was to establish the 

existence of variation in provisioning ability among parent Tree Swallows. 

and to determine whether this variation is correlated with nestling mass 

just prior to nest departure. 

To address this question demand was manipulated in a nestbox 

population of Tree Swallows by increasing brood size for 48 hours and 

assessing the parental response to that increased demand by measuring 

chick growth. Higher growth would show that parents are more capable 

of increasing effort in response to demand, or are willing to expend extra 

resources for their curent reproductive effort. Parents were then 'reset* 

by replacing al1 nestlings in the nest with new, previously 

unrnanipulated, nestlings to independentiy detennine whether those 

parents that perfonned best during the provisioning test also produce 

higher quality nestlings. if so, this is indicates either that reproductive 

performance is a consequencc of individual variation in parental ability 

to provision, or that some parents are more willing to increase effort in 

response to demand during the current reproductive attempt. 

S M y  area and breeding phenology 

This study was carried out during May and June of 1998, on the 

Creston Valiey Wildlife Management Area, a managed wetland in south- 



eastern British Columbia, Canada (49" 05' N and 116' 35' IV). Two 

hundred Tree Swaîiow nestboxes mounted on stakes are spaced 

appmximately 15 - 30 m apart dong dykes surrounding a series of 

ponds. Nests were checked da@ beginning May 1 und the end of the 

season. Lay date of each egg, clutch completion date and hatch date 

were recorded. Hatch date was assigned as the flrst day on which haif or 

more of the eggs in a ctutch had hatched. and was considered day 1 of 

the nestiing period. Date Ls presented as days from May 1 (May 1= 1, 

June 1= 32). 

Parental h u i s i o n h g  Response 

In order to assess provisioning response (PR), 1 challenged parents 

by adding extra nestlings to their brood for a period of 48h. and 

measured the growth of nesthgs over this period. 1 assumed that 

nesthgs that grew faster were better provisioned. On day four of the 

nestling period, broods were increased to 8 nestlings, regardless of initial 

brood size, using additional nestiings from donor nests not included in 

the study. Nesthgs were individuaily marked with pieces of coloured 

opaque plastic tubing and weighed to the nearest 0.01g on a portable 

pan balance. AU measurements were taken before OBOOh. Nestlings 

were reweighed 4ûh later, and the increase in mass of the whole brood 

over this period (gh-'), is my measure of parental provlsioning response 



(PR). After the second rneasurement, al1 broods were retumed to their 

origfnai brood size of either !ive or six nestlings and al1 nestlings used in 

the PR test were removed from the nest and replaced with new, 

previously unmanipulated nestiings, which were weighed at this üme. 

Nestling characteristics 

Nestlings were reweighed and measured on day 15 of the nestling 

period. Mass was recorded to the nearest 0.0 1g using a digital pan- 

balance. Tarsus, bill length, bill width, bill depth and length of the right 

primary feather #rom the insertion point to the tip of the unflattened 

feather) were measured with metal vernier calipers to 0.02mm. Head-bill 

length, fkom the tip of the bill to the furthest point at the back of the 

head, was measured with plastic dia1 calipers to the nearest 0.05mm. 

Wing span was measured as twice the distance from the center of the 

featheï tract dong the back, to the tip of the outstretched wing. Body 

length was measured to within lm, fiom the tip of the bill to the tip of 

the longest rectrix feather, using a metal d e r .  Structurai size was the 

h t  principal component score of a principal component analysis of ail 

nestiing measurements, excluding mass. AU nestiing measurements are 

presented as brood means. Al1 analyses were done using JMPIN 3.2.1 

(SAS hstitute 1997). Reiationships were considered statisticaüy 

significant at p<0.05. The effects of bmod size, date and PR on nestling 



mass and size was assessed ushg multiple regression, as was the 

relationship between PR and date. AU tests are 2-tailed. 

Results 

Parents with a higher provisionhg response (PR) produced 

nestiings that weighed more at day 15 than those with lower PR (Figure 

1. la). Nestlings in broods of Rve were also larger at day 15, on average, 

than those reared in broods of sfx (mean mass for brood of 5 = 22.87 f 

1.44 (SD). 6 = 21.32 * 1.58 (SD); F = 6.15, p = 0.025, n = 18). Parents 

with high PR produced stnicturally larger nestlings (Figure l . lb), though 

there was no difference in structural size between nestlings reared in 

broods of five or six (mean PC 1 for broods of 5 = 0.48 I 0.89 (SD), 6 = 

0.18 i 1.23 (SD); F = 0.64, p = 0.44, n = 18). Neither nestiing mass nor 

nestiing structural size declined significantly over the season, though 

there was a very strong decline in PR (Figure 1.2). There was no effect of 

initial brood size on PR (t=-0.256, p=0.80, n=18). There was also no 

correlation between mass of day six nestlings at the end of the PR test, 

and the mass of replacement nestiings at day six (r = -0.39, p = 0.10, n = 

18). If anything, there was a tendency for parents with high PR to be 

given smaller replacement nesthgs. 



Figure 1.1. (a) Residuals of mean nesthg mass (NW on brood slze and (b] 

mean structurai size (PC11, are positively correlated wîth provisionhg response 

(PR) (NM - F = 5.19. p = 0.038. n=18. ~0.511;  PCl - F = 6.69. p = 0.02. n = 18. 
r = 0.501). The regression equation for the lines are NM = - 9.13 + 11.90 PR 

and PC 1 = -6.84 + 9.30 PR. 



Figure 1.2: PR measured as change in total broad mass/hour, deches wîth 

hatch date (F = 9.41. p = 0.007. n = 18.3 = 0.331). The equation for the Une is 

PR=l.l49 - 0.009 Hatch Date. 

0.65 ! I I 1 

35 40 45 50 55 

Hatch Date 



The results of this study demonstrate that parents with a high 

provisioning response produce nestlfngs that are both heavy and 

structwally large. Since parents are not related to the nestltngs they 

rear after day six, these correlations are not attributable to matemal 

effects or heritability. There was also no correlation between day six 

mass of the chicks used in the PR test and the day six mass of 

replacement chicks. If anything, parents performing best during the PR 

test were given the smallest chicks, further reducing the ükelihood of 

detecüng an effect of PR an nestling quality. 

Shce PR strongly impacted nestling mass and size, and PR 

decbed over the season, it is surprising that nestling mass and size 

were not correlated with hatch date. Though there was a trend for 

nestling mass to rl_enHne over the season, this trend was not signiflcant 

(slope =- 0.0 1 g/d, F= 1.00, ~~0.33). This could be because, once the 

notable effect of PR on nestbg mass and size had been accounted for, 

there was little additional Muence of date. In addition, 1 would not 

expect the slope of the decline in nestling mass to be as great as that in 

PR for two reasons. First, in the PR test, demand was increased which 

should have rnagnified the extent of the differences in provisionhg 

response, while variation in nestling mass and size was determfned 



under normal brood sizes. Secondly, at day 6 parents were 'reset' with 

new nestlings, reducing the amount of time available for individual 

merences in provisionhg to be manifested as Merences in nestlfng 

mass. In addition, since there was a tendency for parents with high PR 

to recetve smaiier replacement nestlings additional effects of date may 

have been difncult to detect, as any natural seasonal trends were 

unintentionally reversed. 

Nestlings reared in broods of five were, on average, larger than 

those reared in broods of six. This is iikely because there is a greater 

amount of food provisioned per offspring, a phenornenon that has been 

demonstrated in other species (Smith et al 1989, Kunz and Ekrnan 2000, 

Sanz and Tinbergen 1999). Though there was not a detectable difference 

in nestling size, measured as PC1, between Rve and six chick broods, 

there was a positive correlation between PR and PC1, meaning that 

parents which responded best to the provisioning test, also reared 

structurally larger nestlings. These results indicate that a large 

component of nestling quality, measured as nestUng mass and size, is 

attributable to individual variation in parental provisioning. 

There was no evfdence that PR was infîuenced by initial brood size, 

suggesting that clutch size is not a good predictor of the number of 

nestlings parents are able to provision. This has been demonstrated 

previously in Great Tits (Both et ai 1998). in which a cross-fostering 



experiment demonstrated that initial clutch size does not predict 

perfonnance in manipulated broods. If PR is an inherent characteristic 

of parents ability to provision young, it 1s not reflected in their choice of 

offspring number. 

PR decbed significantly over the season. If this measurement 

reflects individual variation in parent quality, as opposed to a p a t e r  

willingness of early breeders to expend energy in reproduction, this 

means that higher quality parents are breeding eariy in the season. This 

could help explain the observed seasonal deciine in reproductive 

perfonnance known in so many avian species (Hochachka and Smith 

1990, Sedinger and Flint 1991). It is possible, however, that early in the 

season, aspects of date perse, caused the observed seasonal decline in 

PR I f ,  for example, food availability deched systematicaiiy over the 

season, and impacted all provisioners equaiiy, then it may have been 

easier for early parents to coliect food to provision to offspring, and thus 

perfonn better during the PR test. Likewise, if the value of later hatched 

young is reduced, later breeders may just be choosing not to respond to 

the increase in demand due to the reduced benefits of reproductive 

investment. if this were the case, performance would be îinked to date 

pet- se, because the value of young on a given date would detennine how 

much parents responded to the change in demand. The only way to 

distinguisii whether higher quaiity parents are in fact breeding eariier in 



the season is to experimentaiiy manipulate reproductive m g .  in 

Chapter 2 I will present the results of a hatch-date manipulation 

experiment designed to distinguish whether date or parent quality 

determines the seasonal decline in reproductive performance in Tree 

swallows. 
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Chapter 2 

seasonil deciines ~n tep~oductive penom-ct: testing 

the date and parent quaJîty hypotheses 

Intmduction 

Seasonal deciines in reproductive performance have been obse~ed 

in a wide variety of avian taxa. These deciines result from a reduction, in 

the population over the course of the season, in fitness-related 

parameters such as nestling mass and growth (Hochachka 1990, 

Sedinger and Flint 1991). clutch size [winkler and Alien 1996); nestling 

survival Worris 1993, Wiggins et al, 1994) and nestling recruitrnent 

(Hochachka and Smith 1991). Although the occurrence of these declines 

is well established, the underlying mechanisms remain unclear. The 

purpose of this study is to determine the proximate mechanism driving 

seasonal deciines in nestling characteristics of Tree Swallows. 

Two main hypotheses have been proposed to explah seasonal 

declines in reproductive performance: the Date and Parent Quaiity 

hypotheses. The Date hypothesis states that seasonal deciines in 

reproductive variables are due to systematic deterioration of some aspect 

of the environment over the season that impacts all fndividuals equally. 

Reproductive performance is therefore dependent on the date of clutch 



initiation. Characteristics associated with date that could lnnuence 

seasonal reproductive success (SR8 include a reduction of the food 

supply, an increase in the level of cornpetition among juvenlle 

conspeclfics (Nilsson 1999) or an increase in predation risk over the 

season. 

The Parent Quaiity hypothesis states that parents initiate clutches 

on the date that maximises the& lifetime reproductive success (LRS], 

given the amount of energy they currently have available for 

reproduction. Parent quaiity could be determined by parental age, 

provtsionlng ability or territory quality, but are generdy characters that 

are inherent to the individual. If a seasonal deche in condition causes 

the observed decline in nestling characteristlcs, performance wiU be 

independent of date. The only way to disünguish between the Date and 

Parent Quality hypotheses is to manipulate reproductive timing. 

The Parent Qudty hypothesis is not quite the same as the 

hdividual Optimisation Hypothesis often appiied to studies of the causes 

of clutch size variation. Clutch size might be optimised at the nurnber of 

eggs that will maximise offspring production, given an individuais 

current condition. Any adjustment to the optimal clutch size would 

result in a reduction in fitness. in timing experiments, it is more 

appropriate to view birds as bdng driven to breed as early as possible, 

with the Brst possible breeding date detemiined by the individuals 



current condition, thus the alternative to the Date hypothesis in this 

experiment will be the Parent Quality hypothesis, as opposed to 

Individual Optimisation. 

Previous studies have manipulated reproductive timing in a variety 

of ways: delaying hatch date by replacing clutches with dummy eggs for 

a portion of the incubation period (Morbey and Ydenberg 2000, Wiggins 

et al. 1994); by forcing replacement clutches through removal of first 

clutches (Verhulst and Tinbergen 199 1, Verhulst et al. 1995); or 

manipulating hatch date by switching clutches with differing lay dates 

(Aparicio 1998, Brinkhof 1995). In this study 1 moved clutches between 

nests to alter hatching dates. 

The Date and Parent Quality hypotheses yield mutuaiiy exclusive 

predictions about the outcome of experiments that manipulate hatch 

date. These predictions are illustrated graphically in Figure 2.1. The 

Date hypothesis predicts that the performance of clutches manipulated 

to hatch earlier or later than parents had expected will match that of 

unmanipulated parents broods hatching on the same day. This is 

because characteristics explicitly related to hatch date drive seasonal 

declines in performance. The Parent Quaiity hypothesis predicts that 

performance of parents with manipulated nestiing hatch dates will match 

that of unmanipulated parents whose nestlings hatch date coincides with 

the original hatch date. Performance of delayed parents on their brood's 



manipulated hatch date witl be high, relative to that of unmanipulated 

broods hatching on the same day, because performance of delayed 

parents is matched to their nestling's earlier, intended hatch date. 

Generally, delayed parents should perform better than unmanipulated or 

advanced parents. Performance of advanced parents, over the season, 

will be lower than that of unmanipulated or delayed parents. Figure 2.2 

illustrates the predicted pattern of reproductive performance in relation 

to the magnitude of the difference between actual and intended hatch 

date under both the Date and Parent Quality hypotheses. 

in this chapter 1 look at the effects of the hatch-date manipulation 

experiment on nestling characteristics that rnight be associated with 

Atness. 



Figure 2.1. Expected outcome of hatch-date manipulation experiments under 

the Date and Parent Quallty hypotheses. Solid iines represent the naturai 

seasonai trend, arrows inàîcate the direction of manipulation and the shaded 

area represents the predicted performance of manipulated broods. Panel A 

shows the predicted performance of manipulated broods under the Date 

hypothesis. Panel B shows the predicted performance of delayed broods under 

the Parent Quallty hypothesis and Panel C shows the predicted performance of 

advanced broods under the Parent Quality hypothesis. 

Hatch Date 



Flgure 2.2: Pattern of reproductive performance predicted under the Date and 

Parent Quality hypotheses, on any given day during the season. Under the 

Parent Quaiity hypothesis, the magnitude of effects on performance should 

depend on the number of days the brood was either advanced or delayed. 

Parent Quality 
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Study urea and breeding phemZogy 

This study was carcied out during May and June of 1999, on the 

Creston Valley Wildlife Management Area, a managed wetland in south- 

eastern British Columbia, Canada (49" 05' N and 116" 35' W). ?Lvo 

hundred Tree Swallow nestboxes mounted on stakes are spaced 

apprordmately 15 - 30 m apart along dykes surroundhg a series of 

ponds. Nests were checked daily beginnhg May 1 until the end of the 

season. Lay date of each egg, clutch completion date, hatch date and 

incubation date were recorded. Hatch date was assigned as the k t  day 

on which halfor more of the eggs in a clutch had hatched, and was 

considered day 1 of the nesthg period. Onset of incubation was 

typicdy easy to detect by feeling egg temperature, but was occasionally 

arnbfguous. in these cases the date the last egg was laid was considered 

the first day of incubation, as 79% of al1 broods with known incubation 

timing, iniüated incubation on the last egg. Date is presented as days 

h m  May 1 (May 1= 1, June 1= 32). Eggs were numbered in laying 

sequence using a black, non-toxic, waterproof marker. The Arst 120 eggs 

laid were weighed using a portable pan balance to the nearest 0.01g, and 

maximum length and breadth of all e g s  was measured with metal 



calipers to the nearest 0.02mm. Mass of all eggs was estimated from 

length and breadth using equations in Hoyt (1979). 

Experimental Protocol 

Hatch date was manipulated by switching clutches Mering in 

onset of incubation. Clutches at day 6 of incubation were paired with 

those at day 10, and switched. As  a result, those parents whose eggs 

had been incubated for 6 days, were incubaüng eggs that had been 

developing for 10 days, and would therefore hatch 4 days earlier than 

expected. These wiil be referred to as 'advanced' broods. Parents that 

had been incubating for IO days. received eggs that had been developing 

for only 6 days and would therefore hatch 4 days later than expected. 

These will be referred to as 'delayed' broods. Broods at the same 

incubation timing were swttched at day 10 to serve as controls. A 

manipulation of 4 days represents a significant adjustrnent to an 

individuals relative reproductive timing, as hatch dates in the entire 

population varîed by only 16 days. Due to error associated with 

estimating incubation timing, the actual magnitude of the manipulation 

was variable with broods advanced or delayed by as much as 5 days, and 

including broods matched equally in timing* This measure will be 

referred to as Hatching Drfference. and was calculated as the hatch date 

of the brood in the nest minus the hatch date of the parents achial brood 



in the foster nest. In dl, 47 clutches were rnanipulated. Of those, one 

clutch did not hatch and eight âied before day 15 leaving a sample of 38 

nests that sWved to the end of the study, Femaies in their h t  year 

can be distinguished by their brown plumage (Stutchbury and Robertson 

19881, and were excluded from the study to avoid possible confounds of 

age. 

Eggs were moved quickly, and transported in smail plastic 

containers nestled in cotton balls and heated with "Hot Pocket" alr 

activated handwanners. AU clutches were adjusted to six eggs, and at 

hatching adjusted again if necessaq to six with nesthgs h m  broods 

elsewhere on the study site. 

Parental Chamcteristics 

Both parents were captured on the nest. Females were captured at 

day 8 of incubation, and weighed to the nearest 0.5g with a Pesola spring 

balance. This is termed 'incubation mass'. Fernale tarsus length was 

measured to the nearest 0.02mm with metal vernier calipers. Tarsus 

length serves as a measure of structurai size. Femaies were captured 

and weighed a second time on day 8 of cbick rearing. This is termed 

'provisioning ma&. 

Males were captured on day 8 of chfck rearing and wefghed and 

measured in the manner for fernales described above. Both genders were 



marked with numbered. metal leg bands. One female of 47 was not 

captured at either time. Approximately haif of the males (241 were 

captured. 

Nestling mass 

Chicks were weighed and measured on day 15 of the nestling 

period. The rnean mass of the entire brood was used as the performance 

measure. Chicks were weighed to the nearest 0.01g using a portable 

electronic balance. Mean nestling mass has been shown to reflect 

survival to independence in many species (e.g. Macgrath 1991). 

Statistical Anaiysis 

Because broods were not advanced or delayed by exacüy 4 days, 

but ranged h m  advances of 5 days to delays of 5 days, 1 used the 

ciifference between the true and intended hatching date as a measure of 

my experimental manipulation. 1 treated this masurement as a 

continuous variable referred to as 'hatching dlfference'. Nests were 

grouped in advanced (-5 to -2 d), control (-1 to Id) and delayed (2 to 5d) 

to assess whether there was any bias in the random assignment of nests 

to treatment. 

In order to test whether hatching ciifference had any effiect on 

brood mass, a backward stepwise multiple regression procedure was 

used. Ali variabies with at p-vaiue of less than the O. 1 ~ve-re included in 



the And model. Correlation coefficients were calculated usîng a partial 

correlation analysis. AU analyses were done using JMPIN 3.2.1 (SAS 

institute Software, 1997). 

There was no apparent bias in the assignment of broods to 

treatment groups. Original clutch size, male and female tarsus length 

and egg mass did not differ among treatment groups (Table 2.1). 

Hatchhg Dizerence 

The results of the multiple regression analysis investigating the impact of 

hatching date and difference on mean nestling mass are presented in 

Table 2.2. Hatching difference has a signifIcant and positive effect on 

brood mass, when hatch date is held constant. The effects on mean 

nestling mass are, however, complicated by a highly signiflcant 

interaction between treatment and hatch date. shown in Fig 2.3. To 

assess the nature of this interaction, the season was split into two 

portions, early and late, on the day that spiit the sample as close as 

possible into haif. Early in the season, there is no effect of the 

manipulation on nesthg mass, which is consistent with the Date 

hypothesis (compare with Figure 2.21. in the second half of the season, 
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there is a positive effect of hatching difference on nesthg mass, which is 

consistent with the Parent Quality hypothesis (compare with Figure 2.2). 

Impacts of the Experiment on Parent Quality 

To discriminate between the Date and Parent Quahty Hypotheses, hatch- 

date manipdation experirnents require that parent quality is not affected 

by the manipulation. Tree Swailow females lose mass as the incubation 

period progresses and my manipulation apparently affected the amount 

of mass females lost during the late incubation and early brood rearing 

periods. Females lost mass from incubation (measured on day 8) to 

chick rearing (measured on day 8; Figure 2.4). Mass loss in advanced 

females was directly related to the number of days they were advanced, 

but there was no effect of the treatment on control or delayed females 

(Fig. 2.4). If female mass loss somehow contributes to parent quality, 

then advanced parents cannot be evduated in the same way as control 

and delayed. 1 discuss the potential impacts of female mass loss on 

reproductive performance in Chapter 3. 



Table 2.1. Characteristics of the 3 treatment groups. There is no statistical 

evidence of treatment differences in any of these variables. Ail variables were 

compared using ANOVA. Parameters are those of foster parents. Sarnple sizes 

are in parentheses. a = advanceci, c = control, d = delayed. 

Pararne ter Mean Vdues df F P 

Female Tarsus a - 12.22 ( 13) 

(46) c - 12.38 (20) 

d - 12.13 (13) 

Male Tarsus a - 12.00 (7) 

(24) c - 12.06 (10) 

d - 12.13 (8) 

Egg Mass a - 1.84 (141 

(47) c - 1.84 ( 20) 

d - 1.89 (13) 



Table 2.2. Multiple regression analysis of the variation in mean nestling mass. 

R2=0.297, n=38. Hatching Merence was not known for one brood. Correlation 
coefRcients (r) were caiculated using partid correlation analysis including mean 
nestling mass, hatch date and treatment. 

Source df F P r 

Hatch Date 1 16.30 0.0003 -0.42 

Hatching Difference 1 6.98 0.0120 0.33 

Hatch Date * 1 7.95 0.0008 -- 
Hatching Difference 



Figure 2.3. Mean nestiing mass is positively associated with hatching 

difference late in the season (soiid line and circles; F=6.83, p=0.018. P=0.275, 

n=20) but not early (broken Une and squares; F=0.245, p= 0.627, R?=û.015, 

n=18). The early part of the season ranged h m  June 4 to 10. The late part of 

the season !?om June 11 to 20. 

Hatching Dlfference 



Figure 2.4. Fernale mass change Is associated with the ciifference between 

actual and intended hatch date. but ody Ln advanced broods (F=7.86. p=0.017. 

~10.417. n=13). There is no relationship in delayed bmods (F=0.01. p= 0.75. 

R2=0.007. n.17). The, were 6 broods whose actual and intended hatch dates 

were exactly matched. Mass change is the dlnuaice in grams between 

incubation and provisioning in fernales. 
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Mscussion 

My results show that mean nesllfng mass declined significantly 

over the season and msponded to the hatch-date manipulation 

differentîy at dffferent points in the season. k l y  in the season, mean 

mass of nesttings was apparentiy uninfluenced by the manipulation, a 

response predicted by the Date hypothesis. Late in the season, however, 

ddayed nestlings were heavier, as predicted by the Parent Quality 

hypothesis. 

A nwnber of prevîous studies have generated evtdence that Iower 

quality parents reproduce later in the season (ilparicio 1998, Brinkhof 

1995, Brouwer et al. 1995, De Forest and Gaston 1996, Hipher 1997, 

Hipfner et ai 1999, Morbey and Ydenberg 2000) but many studies Rnd 

support for the Date hypothesis (liedgren and Linnman 1979, Lepage et 

aL 1999, Moreno et al. 1997, Nomis 1993, Sanz 1999, Verboven and 

Visser 1998, Verhulst et al. 1995). Severai studtes have found support 

for both hypotheses in a single species (e.g. Brinkhof 1995, Verhulst and 

Tinbergen 1991, Verhulst et aL 1995, Wlggins et af. 19941. The presence 

of an interactron between date and treatment in the multipk regression 

analysis of mean nestllng mass in this study also demonstrates the 

presence of both mechanisms within a single species. There are a variety 

of explanations for this disparity in results. It may be that different 

mechantsms act in diEerent species. Whiie it is uniikely that species c m  



be separated into those whose SRS is dictated by date and those dictateci 

by parent quality, it is possible, that there is a dominant mechanisrn, 

and that the dominant mechanism differs among species. 

Another possibiiity is that the mechanism responsible for variation 

In SRS differs fkom year to year. in some years parent quality may 

strongly inauence reproductive performance, while in other years, any 

effect of parent quality is overridden by environmental conditions such as 

food availability. The few long tenn studies that attempt to discern the 

mechanism driving seasonal deciines h d  annual variability in the 

dominant mechanism (Brinkhof 1995, Verhulst et ai. 19951. The result 

of single year studies may depend predominantly on the environmentai 

conditions in the year it was conducted. in fact, this idea might help 

explain the apparent difference in mechanisms operaüng early vs. late in 

the season, as found in this study and in others (e.g. Brinkhof 1995). If, 

for example, food abundance is low early in the year, the avdability of 

food may override the influence of parent quality on nesttlng 

characteristics. A hatch-date manipulation experiment by Verhulst and 

Tinbergen (199 1) found separate support for the Date and Parent Quafity 

hypotheses in two forests in the Netherlands, and attribute tbis to the 

measurable difference in food abundance in the two forests. If food 

abundance declined over the season this couid explain the discrepancy 

in results. 



An additional factor that has never been fully addressed in studies 

that manipulate hatch date is the possibiiity that the manipulation itself 

alters parent quaîity. if relaying a clutch or incubation is costly, the 

results of studies inducing clutch replacement or altering incubation 

would be biased towards the Date hypothesis, because delayed parents 

pay an extra, unanticipated cost and rnight perform more poorly than 

expected for their chosen hatch date. Advanced parents would perform 

better than expected as they pay less cost than they would have under 

naturai conditions. The effect would mimic a seasonal decline. In some 

years it rnight be possible to detect parent quality effects in spite of these 

manipulations, but in poor years or in studies with low power, it might 

not be possible to discern effects of date from effects of the manipulation 

itself. 

In conclusion, parent quality seems to drive the seasonai dechne in 

reproductive performance in Tree Swallows. but this effect is either 

absent or not detectable early in the season. There is evidence that the 

experimental manipulation altered parent quality, at least in advanceâ 

broods. The importance of female mass loss in interpreting the results of 

this experirnent is discussed in Chapter 3. 
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Chapter 3 

Sources of bias in hatch-&te manipulation experiments 

fnh'oducffon 

Experimental manipulations of hatch date are necessary to 

distinguish between the effects of date and parent quality on 

reproductive performance. Although hypotheses make clear predictions 

about the outcome, interpreting hatch-date manipulation experiments 

may be complicated by biases towards support for the Date hypothesis. 

Such biases include heritability of, or maternai effects on, the 

performance measure in question and unintentional manipulation of 

parent quality. Therefore, whenever a hatch-date manipulation 

experiment finds support for the Date hypothesis, it is necessary to 

address whether these biases are present. In this chapter 1 ask whether 

potential biases affected the outcornes presented in Chapter 2. 

The predictions of hatch-date manipulation experîments are based 

on the assumption that the ünk between parent quality and performance 

is behavioural, and that 'hi& quality' parents perform well because they 

are better able to provision offspring. if the Unk between parent quaiity 

and nestling performance occurs via genetic or materna1 effects, the 

same predictions can not be made because nestling performance would 

be partly determined before foster parents ever provision offspring. A 



ment  review of what is known about the cause of seasonal deches in 

avian reproductive success (Nilsson 1999) refers to heritability and 

maternai effects as a separate hypothesis, called the 'Cbick Quality 

hypothesis', in which performance in detennhed in the chick, prior to 

hatching. Nilsson does not present any studies that assess this 

hypothesis and previous studfes have rarely addressed the possible 

contribution of heritability and maternal effects to nestling performance 

in the context of a hatch-date manipulation experiment. 

It is not possible to distinguish additive genetic variance from 

maternal effects without cross-fostering offspring, a design in which each 

parent raises some of it's own offspring and some foster offspring. 

Typicaily, however, characteristics such as offspring size are largely 

determineci by additive genetic variation (e.g. Smith and Wettermark 

1995 h2=0.43, Wiggins 1989 h2=0. 50) whiie effects of egg size are 

generally maternai effects (Bernardo 1996b). 

There is evidence of heritability both in Me history traits and 

morphoIogy in birds. Schluter and Gustaffson (1993) demonstrated 

heritability in clutch size and laying date in the CoUared Flycatcher 

(Fïceduia albicollis). Many studies have demonstrated heritability of body 

size in birds mree Swallow, Wiggins 1989, Pied Flycatcher (FScedula 

hypokuca), Alataio and Lundberg 1986, European Starling (Stunius 

udgaris), Smith and Wettermark 1995, but see Kunz and Ekman 2000). 



If high quality parents breed earlier in the season, production of higher 

quality offspring may be due to heritabiiity of aspects of reproductive 

performance, measwed as nestling mass or size. In this case, hatch- 

date manipulations will always support the Date hypothesis because 

performance WU match that of the actuai parents' hatch date, and 

therefore follow the seasonal trend. In this chapter 1 use correlations 

between actual mother and offspring tarsus lengths to assess heritability 

of body size in Tree Swallows in an attempt to determine whether there is 

evidence of heritability in some aspect of nestling morphology. The only 

way to properly assess whether heritability may cause bias in this 

experiment would be to assess heritability of nesthg body mass. 

Unfortunately, the mass of parents when they were nesthgs was 

unhown, so this was not possible. Assessing heritability in nestling size 

will not lead to the conclusion that heritability is a source of bias in this 

experiment, but if present, will illustrate the potential for such problems 

to arise. 

Maternai effects are dehed as the direct effect of a parent's 

phenotype on the phenotype of its offspring (Bernard0 1996a). They 

influence offspring phenotype over and above the direct effects of the 

offspring's genes or nest environment. For instance, passive transfer of 

antibodies from mother to offspring via the egg is a matemai effect that 

could influence nestling performance (Burley and Vadehra 1989). Egg 



size and quality are often considered maternal &ects (Bemardo 199613) 

as t b g s  like nutrients and antibodles transferred via the egg can confer 

advantages to the resulting nestlings. if this is the case, hatch-date 

manipulations wiiï be biased towards supporting the Date hypothesis 

because any advantages are conferred by the actual mother, and 

therefore performance wUi match the hatch date intended by the actual 

parents. In this chapter 1 look for correlations between egg mass and 

nestling performance to address whether maternal effects could be 

causing bias in the interpretation of my hatch-date manipulation 

experiment presented in Chapter 2. 

Finally, experiments that manipulate hatch date assume that the 

manipulation itself does not alter parent quaiity. If parent quality is 

aitered by a hatch-date manipulation, then results will be biased towards 

the Date hypothesis. This is because delaying hatch date results in 

increased costs to parents via increased incubation periods (in the case 

of clutch switching experirnents) or extra energy expended to produce a 

second clutch (in the case of induced relaying experiments]. Advanced 

parents would pay a reduced cost in clutch switcNng experiments via 

decreased incubation periods. The end result would be that advanced 

parents perfonn better than expected under the Parent Quality 

hypothesis, and delayed parents perform more poorly than expected, 

causing performance to approximate the natural seasonal trend. if costs 



imposed by the manipulation are signitlcant and statistfcal power is low, 

hatch-date manipulation experiments that impact parent quality would 

not support the Parent Quality hypothesis. even in the presence of a 

seasonal decline in parent quality. In chapter 2 1 presented evidence 

that my manipulation influenced the arnount of mass femdes lost over 

the reproductive cycle. It is possible that mass loss is associated with 

parent quaîity and if so, this could have resulted in a reduction in my 

ability to detect parent quality effects. In this chapter 1 wfll discuss the 

possibility that my experiment altered parent quality via mass loss and 

its significance in interpreting my hatch-date manipulation experiment. 

Methods 

This study was carried out during May and June of 1999, on the 

Creston Vdey Wildlife Management Area, a managed wetland in south- 

eastern British Columbia, Canada (49" 05' N and 116" 35' W). Refer to 

Chapter 2 for a detailed description of the basic methods, used to 

measure and mark Tree Swallows. 

Heritability 

Heritability of tarsus length was assessed as the correlation 

between the length of mothefs tarsus with that of her offspring. Tarsus 

length of male parents was not considered due to the small number of 

males captured relative to the number of fernales (24 vs 46) and the hi@ 



rate of extra-pair copulations in this species, making paternity uncertain 

(Robertson et al. 1992). Egg dumping is inkquent in this species 

(Robertson et d. 1992), and 1 can therefore be fairly confident in 

assigning maternity. The slope of the regression of mother versus 

offspring tarsus is equivaient to ?4h2 (Fklconer and Mackay, 1996), with 

h2 representing the heritable component of the trait. Heritabiiity was 

therefore quantified by doubhg the slope of the correlation between 

offspring and mother's tarsus. 

Statistical Anaiysis 

See Chapter 2 for a description of the experimental treatment 

variable. 1 used a backwards stepwise multiple regression procedure to 

investigate how variables correlated with my nestling measurements. Al1 

variables wfth pcO. 10 were included in the Anal model. Correlation 

coetricients were calculated using a partial correlation analysis. AU 

analyses were done using JMPIN 3.2.1 (SAS Institute Software, 1997). 



Heritability and Maternai Efiecl 

Tarsus 

Mean nestling tarsus length at day 15 was positively correlated with 

mother's tarsus length but not with female foster parent tarsus length 

(Table 3.1). Tarsus length has a heritable component in this population 

estfmated as ha=0.56. 

mg Mas 

I looked for correlations between egg mass and nestiing mass at days 4 

and 15, and nestling tarsus length at day 15. There was no relationship 

between egg mass and nestling mass or tarsus length at day 15 but there 

was a positive correlation between nestiing mass at day 4 and egg mass 

(T'able 3. l).. This indicates that the influence of egg mass on nestling 

characteristics was transitory and most important early in the nestling 

period. Nestling mass at day 4 did not decline over the season (p=0.55, 

F=0.363, r=0.09, n=47), while egg mass increased over the season 

(p=0.008, F=7.404, -0.288, n=84). 



Female Mass Loss 

Femaies lost mass between day 8 of incubation and day 8 of chick 

rearing. The amount of mass lost declined signifZcantly over the season 

Figure 3.1). The deciine was due to a decline during incubation and not 

provisioning mass which did not decline over the season (Figure 3.2). 

Female mass loss was also significantly correlated with the duration of 

the incubation period (see Chapter 2). Note that the relationship 

between hatching ciifference and mass loss arose because advanced 

femaies had higher masses during provisioning (Figure 3.3). 



Table 3.1 : Backwards stepwise regression analysis of the variation in nestling rnass at day 15 (M 15), tarsus length 
at day 1 5  (TL) and nestling mass at day 4 (M4). Means were averages of broods. Non-slgnificant variables (p<O, 10) 
were dropped from the model. Mode1 adjusted R ~ =  0.297 (MIS), 0.288 (TL) and 0.313 lM4). Correlation coefndenh 
were calculated using a partial correlation analysis. Where F is blank. the variable was dropped h m  the analysis 
because p>O. 10. 

Mean day 1 5  nestling Meam day 1 5  tarsus length Meam day 4 nestling mass 
mass per brood (a, n=38 per brood (mm), n=38 per brood 0, n=47 

Source df F P r F P r F P r 

Hatch Date 1 

Hatching 1 
Difference 

Hatch Date * 1 
Hatching Diff. 

Mother Tarsus 1 

Foster Mother's 1 
Tarsus 

Egg Maas  1 

Foster Mother's 1 
M a s s  bss 



Figure 3.1: Pattern of female mass change over the season In 1999 (pcO.0001. 

Fz24.93. RZ=û.416. n.37). Mass change is the diarerence. Ln grams, between 
incubating (day 8) and provlsioning (day 8) for each fexnaie. 
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Figure 3.2: Female incubation mass (solid dots) deciines significantly with lay 

date (p=<0.000 1, F=2 1.46, ~'=0.333, n=45) but provisioning mass (open dots) 

does not deciine signlficantly with hatch date (W. 196, F=1.73, R2=0.045, 

n=39). 
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Figure 3.3: Female maas during pmvlsioning (open dots) is negatively comlated 

with hatching difference [p=0.004. F=9.2 1. r=0.204, n=38) but incubation mass 

(soiid dots) is not (p=0.286. F=1.17, r=0.027, n=43). 
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Discussion 

Tarsus iength 

The signiflcant correlation between nestiing and actual mother's 

tarsus length fs evidence of heritable variation in nestiing characteristics. 

This f'inding is consistent with the results of a study by Wiggins (1989) 

on this same population of Tree Swallows. Wigglns (1 989) found 

heritability in tarsus length (h2=0,50) and no obvious genetic influence on 

body mass. The heritability estimate calcuiated in this thesis was 0.56, 

only slightly higher than that presented in Wiggins (1989). The 

discrepancy could be due to the fact that Wigglns (1989) calculated h2 

using correlations between offspring and the average tarsus length of 

both parents. Due to the reportedly high level of extra-pair paternity in 

this species, heritability estimates relying on patemal trait values could 

be underestimates. Nevertheless, heritability of body size is at least 500/b 

in this population. 

In contrast, I was not able to assess evidence for heritabllity of 

body mass, the performance measure evaiuated in this thesls. Other 

studies of heritability of avian body size tend to flnd that structurai size 

is highly heritable whereas growth and body mass tend to be more 

plastic (Merila 1996, Smith and Wettermark 19951. In the absence of a 



link between heritability of body size and nestling performance, there is 

no way to determine the existence of this effect. 

m g  ske 

I found a positive correlation between egg mass and nestling mass 

early in the nestling period. However, Ws effect was not detected in any 

nestling characteristic by the time nestlings were 15 days old. Egg mass 

appears to be a maternal effect that translates to heavier nestlings early 

in the nestling period. Egg size and quality is one of the most cornrnonly 

investigated maternai eflects (Bernado 1996b, Williams 1994). A 

nurnber of studies have dernonstrated a transitory effect of egg size on 

nestUng size (e.g. Amundsen et al. 1996, Meathrel et al. 1993, Reid and 

Boersma 1990) although few have demonstrated whether there are long 

tenn Btness advantages to emerging kom a large egg (but see Blomquist 

et ai. 1997, Hipfiier and Gaston 1999). TypicaUy larger eggs produce 

larger nesüings at hatching, but rarely impact subsequent growth rates 

(Amundsen et ai. 1996, Nisbet et al. 1998). Therefore, correlations 

between egg size and nestling mass at day 4 obserued in this study kely 

reflect a residual effect of egg size on nestling size at hatching and may 

provide an initiai but transitory advantage to nestlings. Based on the 

lack of an effect of egg size beyond day 4 in this population, and evidence 

Fom the literature suggesting a lack of maternal effects via egg size in 



birds, it seems unlikely that maternai effects can be biasing the 

interpretation of my hatch-date manipulation experiment. 

Though egg size seems uniikely to contribute strongly to nestling 

performance in birds, it is possible that there are other materna1 effects 

acting via the egg. Reid and Boersma (1990) suggest that the b e n e h  

from emerging from a large egg are due to maternai effects via egg 

composition rather than fitness advantages of emerging from a large egg. 

A possible mechanism is the passive transfer of antibodies to nestlings 

via the egg. It is well estabushed that antibodies can be transferred fkom 

female chickens to their embryos (Burley and Vadehra 1989). a process 

calied passive immune transfer. If early females have enhanced immune 

function, they may provide their nestlings with increased protection 

against parasites and disease. Bishop (1998) demonstrated a seasonal 

decline in thymus and bursal mass in nestling Tree Swallows, both of 

which are immunologicaliy active tissues. There is also evidence of 

seasonal declines in celi-mediated immunity in nestling Tree Swallows 

(Birmingham unpubl. data). Few studies have as yet looked for evfdence 

of seasonal patterns of immune function in birds, but it is possible ttiat 

there is a link between immune function and nestling performance. A 

recent study (Saino et cd. 1997) demonstrated reduced growth and 

compromised immune fwiction in enlarged Barn SwaIlow broods. 

Enhanced immune function in nestlings could have been transferred via 



elements in the egg. 1 suggest that if passive immune transfer enhances 

immune responses in nestlings, and this corresponds to increased 

performance, this would bias towards support for the Date hypothesis in 

hatch-date manipulation experiments. To date, almost nothing is known 

about the role of passive immune transfer and nestling immune function 

in the seasonal decline of nestiing performance and is a promising 

avenue for future research. 

Evfdence of bias via genetic or maternal effects in the 

interpretation of the hatch-date manipulation experiment presented in 

Chapter 2 is not strong. Although there could be unmeasured aspects of 

both, such as heritabillty of body mass or passive immune transfer, that 

may be complicating this interpretation, there is no direct evidence that 

this is the case. In addition, the only way heritability or maternal effects 

could cause the obsenred support for the Date hypothesis early in the 

season and the Parent Quality hypothesis late, is if the strength of those 

effects Wers at merent points in the season. There is no evidence of 

this in my data and therefore, 1 conclude that the idluence of genetic 

and maternal effects did not compiicate the interpretaüon of my hatch- 

date manipulation qeriment. 



Unintentional impacts ofthe experiment 

Based on data presented in Chapter 2 (Figure 2.4), I concluded 

that advancing lay date resulted in reduced mass loss. If mass loss in 

foster mothers influenced nestling performance, then this could cause 

deviations of the observed performance from that predicted for hatch- 

date manipulations. There was no detectable effect of female mass loss 

on nestling mass at day 4, day 15, or nestling tarsus length at day 15. 

Therefore, it is impossible to know whether mass loss had any impact on 

the results of the hatch-date manipulation experiment. In addition, 

without knowing why females lose m a s  at ail, it is not possible to 

predlct what impact experimental adjustments of mass loss should have 

on nestling performance. 

Mass loss between incubation and chick re-g is a cornmon 

phenomenon in birds. The two main hypotheses to explain mass loss are 

the reproductive expenditure hypothesis and the flight adaptation 

hypothesis. The reproductive expenditure hypothesis suggests that mass 

loss reflects a loss of energetic reserves, as fuel is used up in incubation 

and provisioning. The flight adaptation hypothesis views mass loss as  a 

strategic adjustment for flight energetics. Flight can be energetically 

expensive (Drent and Daan 1980, Freed 1981). particularly in aerial 

insectivores, such as Tree Swallows, who rely heavily on rapid aight and 

Rne scale maneuverabllity wMe foraging. Smali variations in 



wlngloading can lead to large provlsioning consequenees. Unfortunately, 

in the absence of any link between mass loss and nesthg performance, 

as observed in Blue Tits (Cebhardt-Hemich et aL 1998), it is not possible 

to dlstinguish which of these hypotheses explains mass loss in Tree 

swallows. 

Female m a s  loss deciined over the season in 1999. This seasonal 

decline in mass loss is due to later females having lower incubation 

masses, as opposed to them retalning higher provisionhg masses, as 

occmed for femaies that were experimentally advanced in 1999. I 

suggest that this retention of hlgher provisionhg masses reflected an 

energetic swings in advanced fernales due to reduced costs of 

incubation. Since, by de finition, nes tiings of advanced femaies hatched 

earliest in the season, the observed support for the date hypothesis early 

in the year could be due to the fact that there were proportionally more 

advanced fernales early in the year. These advanced females saved more 

energy during incubation that could be used during chick rearing. 

Recent research has experimentaily demonstrated that females that 

expend more energy during incubation produce nesüings with poorer 

performance than those whose mothers paid lower incubation costs (Reid 

et cd. 2000). Unforhuiateiy, 1 was not able to demonstrate a direct iink 

between female mass loss and nesüing performance in this study, so the 



role of female mass loss in determining nestling performance remains 

open to speculation. 

Summary 

There appears to be evidence of heritability in tarsus length and 

materna1 effects via egg size in this population of Tree Swallows, which 

would cause a bias towards support for the Date hypothesis. These 

effects do not appear to influence my performance measure and are 

probably not responsible for the different hypotheses explaining the 

pattern of reproductive performance early vs. late in the season. Female 

mass loss may reflect reproductive expenâiture which is the best 

explanation for why 1 found support for the Date hypothesis early in the 

season. However, 1 was not able to flnd any link between mass loss and 

reproductive performance, fkrefore, the role of mass loss remains 

ambiguous. The fact that mass loss was clearly irnpacted by the 

experiment does underscore the need to assess the impact of hatch-date 

manipulations on parent quality. Since 1 did not measure other aspects 

of parental quaiity, 1 can not conclude that unintentional alterations to 

parent quaiity did not bias this experiment towards supporting the Date 

hypothesis early in the season. 
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Chapter 4 

A Uteratiue review of hatch date manipulation 

A number of previous studies have rnanipulated hatch date, either 

by clutch switching, induced relaying or clutch replacements. Mostiy 

these studies look at seabirds, or a select few passerines. So far, these 

studies have not found a u n m g  mechanism to explain the seasonal 

decline in reproductive performance of temperate breeding birds. The 

goal of this chapter is to outline why a single mechanism has not 

emerged fFom these studies, and suggest how the causes of seasonal 

declines in reproductive success rnight better be investigated. 

Integrating what is currently known about the causes of seasonal 

declines in reproductive performance requires a complete overview of the 

experimental studies that have addressed this question. Table 4.1 is a 

summary of studies that have experimentally manipulated hatch date, 

the method used, the trait of interest and the hypothesis supported. 

Much of thls has been sumrnarised previously by N h o n  (1999). but, the 

summary given here is more complete, and attempts to integrate the 

results of ali of the hatch-date manipulation experiments done to date. 

Table 4.1 shows that there is support for the Date and Parent Quality 

hypotheses both within and arnong species. 



Table 4.1: Surnmary of hatch date manipulation experiments. Numbers refer to 

inàîvidual studies, letters to multiple entries for a single study in the table. 

-tQ-w' 
1 Cassin's Auklet R Growth Morbey & Ydenberg 2000 
2 Thick-Billed Murre D Hatching Success De Forest and Gaston 

1996 
3 Thick-Bffled Murre D Renesting Hipfner et al.. 1999 

Hatching Success 
4 Thick-BUled Murre D Growth Hipfner 1997 
5 Herring Gull E fledging Success Brouwer et al. 1995 
6 European Kestrel E fledging Success Aparicio 1998 
7a European Coot E Juvenfle Survival Brinkhof 1995 

Date 
8 Common Murre D Growth Hedgren and Luinman 

1979 
9 Chinstrap penguin E Growîh Moreno et ai. 1997 
10 Snow Goose E Growth Lepage et ai. 1999 
11 Osprey D Fledguig Success Steeger and Ydenberg 

1993 
12 Blue Tit D Growth Sanz 1999 

Fledging Success 
13 Blue Tit E Juvenile Sunrtval NOMS 1993 
14 CreatTit D Recmitment Rate Verboven and Visser 1998 
15a Great Tit D Recmitment Rate Verhuist et aL 1995 

Relaying Rate 
16 Pied Flycatcher D Growth Siikamakf 1998 

Fledging Success 

Both 
7b European Coot E Grotvth Brinkhof 1995 

Fledging Success 
17 Great Tit D Clutch Size Verhuist and Tinbergen 

Fïedging Success 199 1 
Growth 

15b GreatTit D CIutch Size Verhuist et ai 1995 
18 Coilareci Fiycatcher R Fledging Success Wiggins et al. 1994 
19 Tree Swaüow E Nestling Mass This study 

Synchronow breeding only 
20 CommonMurre D Eïedglng Success H a t c h d  1991 
21 Herring Guli D Hatching Success Parsons 1975 

R = temporary dutch replacement 
D = delay via clutch removal 
E = clutch exchange 



A number of factors rnight influence the interpretation of hatch 

date manipulation experiments, including the life history of the species 

studied, the trait studied, inter or intra-annual variability in ciirnate or 

food abundance, and unanticipated effects of the manipulation on parent 

quality, 1 will discuss these in relation to the results of previous hatch- 

date manipulation experiments, including the one described in Chapters 

2 and 3. 

Life Histoty 

Aspects of a species life history that could provide insight into the 

roles of date and parent quality in driving seasonai deches in 

reproductive performance include parental investment per offspring, the 

importance of synchronous breeding and territoriality of newly 

independent offspring. 

Per ofispring hues tment 

Avian species vary greatly in the arnount of energy they invest in 

each offspring. A group with high per offspring investment are the 

Aicidae, a family of seabirds that are generaliy long-lived, do not breed 

every year and rear only one offspring which they provision for a variable 

amount of t h e .  The most extreme example of low per offspring 

investment are brood parasites, such as the Brown-Headed Cowbird 



(Mobthrus ater), which do not rem their own offspring at all. in contrast. 

passerines, such as the Coliared Flycatcher, are examples of short-lived 

bMs with low per offspring investment. They generally lay multiple eggs 

and reproduce evexy year. Parent quality may be very important in high- 

investment species. In birds with low per offspring investment, a 

reduction in parent quality may affect only a portion of that season's 

offspring, and any effects of parent quality on nestiing performance may 

be difficult to detect. Of the hatch-date manipulation experiments hsted 

in Table 4.1, the highest per offspring investment are found in the aicids 

(Cassin's Auklet, Common Murre and Thick-billed Mme) and those with 

the lowest are arnong the passerines (Blue Tit, Great n t ,  Pied Flycatcher, 

Collared Flycatcher and Tree Swallow). The oniy alcid study (of 6) that 

did not support the Parent Quaiity hypothesis exclusively is one of the 

Common Mme (Hedgren & Linnrnan 1979). 1 will discuss the 

significance of this later. No study of a passerine (of 8) supported the 

Parent Quality hypothesis exclusively. These results suggest that the 

amount of per offspring investment in the species studied affects the 

likelihood of a hatch-date manipulation experiment finding evidence for 

the Parent QuaMy hypothesis. 

Unfortunately, the studies done to date are taxa-biased. AU of the 

species with high investment are alcids. Most of the passerine stuâies 

were done on two genera (flycatchers and tits) in Europe. Future 
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research should focus on diversifying the range of species studied. Also, 

the amount of per offspring investment has not been quantified, and my 

assessment of investment must be verified. 1 would suggest a 

comprehensive meta-analysis in which per offspring investment is 

quantlfled by incorporating clutch size, cost of egg production and 

amount of parental care. These results will then need to be mapped on 

to a phylogenetic tree. 

Sy nchronous breed ing 

A number of bird species are highly synchronous breeders and 

studies of such species are likely to find support for the Date hypothesis 

if any shift hom the peak breeding time results in a reduction in 

performance. Two-hatch date rnantpulation experiments suggest that 

synchronization is the only explanation for seasonal variation in 

reproductive success [Comrnon Mme, Hatchwell 1991, Herring Gull, 

Parsons 1975). Two further studies support the Date hypothesis and 

suggest that synchronous breeding is the most likely explanation for the 

observed pattern of reproductive performance (Comrnon Mme, Hedgren 

and Linnman 1979; Snow Goose, Lepage et al. 1999). Interestingly, the 

Common Murre was the only alcid species studied in which Parent 

Quaiity did not appear to be the exclusive mechanism driving seasonal 

deciines in reproductive performance. The Common Mme is knom to 



breed at higher densities and more synchronously than any other species 

of bird (Hatchwell l9Q 1). 

Future studies should employ clutch-switching experiments. If 

performance is causaiiy Unked to date, reproductive success of 

manipulated birds should foiiow the usual seasonal trend. But, if 

synchronous breeding is important, performance should be reduced in 

both advanced and delayed birds. In experiments that only delay hatch 

date, it is not possible to distinguish these as predictions about the 

performance of delayed birds are the sarne under both circumstances. 

Temmtoriality of independent young 

In species in which newly-fledged offspring must settle in a 

territory following nest departure, date might be the most likely 

explmation for the seasonal decline in nesthg performance because the 

earliest nestlings have the best access to the available territories. As the 

season progresses, competition increases and performance declines, due 

both to the consequences of increased fledgling competition and reduced 

parental investment in later offspring, whose value is lower. This 

phenomenon is reviewed in Nilsson (1999). Nilsson (1990) found that 

establishment success of marsh tits was exclusively determined by prior 

residency. Establishment success on the wintering grounds may 

influence juvenile sumival to the next season (references in Nikon 1999). 



Studies looking at juvenile survival or recruitment in the next breeding 

season in passerines (Norris 1993, Verboven & Visser 1998, Verhulst et 

cil. 1995) support the Date hypothesis. The importance of post-fledging 

cornpetition in determining seasonal declines in reproductive success is 

mostly unknown and should be considered in future hatch-date 

manipulation experiments. 

TMit studied 

That al1 studies of passerines looking at juvenile survival or 

recruitment support the Date hypothesis illustrates the possible 

importance of the trait studied in interpreting hatch-date manipulation 

experiments. Traits such as juvenile survival or recruitment are large 

scale measures of the success of offspring over an entire season. Other 

variables such as growth, m a s ,  hatching success and fledging success 

are smaller scale traits that interact to detemine the probabiîity of 

juvenile survival or recruitment. It is possible that parent quality is 

important at a smaller scale within the nestling period while large scale 

measures are predominantly driven by date. In fact, in Table 4.1, only 

one study that looked at a large scale reproductive parameter ÿuvenile 

survival, Brinkhof 1995) h d s  support for Parent QuaMy or even for both 

hypotheses. There is no theory available to describe which traits should 



be most heavily impacted by parent quality and this is somethhg that 

should be developed in the future. 

VatiaMlity in climate or foal abundance 

There is no doubt that climate and food abundance influence 

reproductive success. Many food supplementation experiments induce 

earlier breeding (Hogstedt 1981, Arcese & Smith 1988), and a number of 

studies demonstrate impacts of temperature, rainfall or food abundance 

on reproductive parameters in birds (Bryant 1975, Erikstad & Andersen 

1983, McCarty & Winkler 1999, Murphy 1987). Although it is still not 

clear that systematic decbes in these parameters are responsible for 

seasonal declines in reproductive performance in birds, variation in them 

both wlthin and between years could cornplkate the interpretation of 

hatch-date manipulation experiments. There are examples in the 

literature that suggest variation in food abundance could result in 

different results of hatch date manipulation experiments in the same 

species. Verhulst & Tinbergen (199 1) found support for the date 

hypothesis in one forest (Forest W) and parent quality in the other 

(Forest O). Food abundance is higher in Forest O. in situations where 

there are extrema in temperature and food abundance, those effects 

may mask the role of parent quality in determining nestling success. 



Unanticipateâ impacts of the expdrnent on parent quafi@ 

Almost al1 timing experiments assume irnplicitly that the effects of 

the hatch-date manipulations on parent quality are minimal, without 

testing whether this is the case. if manipulations do alter parent quality, 

these experiments wouid be biased towards supporthg the Date 

hypothesis, because parents that are delayed have reduced parent 

quality due to the costs of relaying their clutch or incubating for a longer 

period. Parent quality of advanced birds might be enhanced due to a 

reduced cost of a shorter incubation period. If parent quality is altered 

by timing manipulations, performance wlll approximate the natural 

seasonal trend, even when date itself has no influence on performance. 

My study found that advanced females lost less mass than control or 

delayed females, which may have contributed to the irnproved 

performance of advanced females. Sanz (1999) documented a reduced 

female body mass in an experiment which induced relaying. 

Recent research (Reid et al. 2000) has demonstrated that reduced 

costs of incubation result in improved nestling performance. I t  is critical 

that we determine the impacts of the costs of incubation and relaying on 

subsequent reproductive stages. If impacts of timing manipulations on 

parent quality are ubiquitous and additional costs early in the nesthg 

period do impact later reproductive stages, then hture hatch-date 



manipuiation experiments may be inappropriate as it would be 

impossible to interpret them. 

Conclusions 

The Date and Parent Quality hypotheses yield distinct predictions 

regarding the outcome of hatch date manipulation experiments. Initial 

investigations into the mechanisms driving seasonal declines in 

reproductive performance must have expected a dominant mechanism to 

emerge from these experiments. Most of these experiments were 

published over the last 10 years and in that time, an answer stiii has not 

emerged. This is Ukely because there are a number of things that 

complicate the interpretation of this experiments includlng life history of 

the species studies, the trait studied, variability of climate and food 

abundance both within and between seasons, and more seriously, 

unanticipated impacts of the manipulation on parent quality. Future 

research must consider each of these in future studies to most 

accurately interpret results. Most importantly, we must assess the 

impact of manipulations on parent quality to assess whether we can ever 

expect to detennine the mechanism driving seasonal declines in avian 

reproductive performance wsing timing manipulations. 
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Generai Conclusions 

1 investigated the roles of date and parent quality in detennining 

reproductive perfonnance in Tree Swallows. 1 measured performance as 

nestling mass just prior to nest departue. Parents with a higher 

capacity or willingness to provision offspring produce higher quaiity 

nestlings, and aiso breed earlier in the season. In order to distinguish 

between the effects of date and parent quality on nestling mass. 1 used a 

clutch switching experirnent to manipulate hatch date, producing broods 

with both advanced and delayed timing. Results of the hatch-date 

manipulation experiment demonstrate that during the second half of the 

season, parent quality caused the observed seasonai deciine in nestling 

mas.  Early in the season, however, date per se was the force driving the 

seasonal decline in nestling mass. 

Hatch-date manipulation experiments are more bely to support 

the Date than the Parent Quality hypothesis due to biases that mask 

parent quality effects. Heritability or materna1 effects are aspects of 

parent quality that, when transferred to nestiings, will result in 

resemblances between nesüings and their actual parents, as predicted by 

the Date hypothesis. The a priori predictions of hatch-date manipulation 

experiments are only relevant when the impacts of parent quality on 

nestling performance occur after hatching. Though there are genetic and 



maternai effects transferred to nestiings in the population of Tree 

Swailows studied in this thesis, they do not appear to impact nestling 

performance. Unless there were genetic or matemal effects that were not 

measured in this study that translated into nestiing performance, these 

did not bias my experiment towards supporting the Date hypothesis early 

in the season. 

The hatch-date manipulation experirnent presented in this thesis 

did unintentionally alter female mass loss. This violates the main 

assumption of these experiments. Unfortunately, it was not possible to 

determine exactly how female mass loss is connected to female quality, if 

at dl, and there was no evidence that the amount of mass lost impacted 

nestling performance in any way. Nevertheless, future research must 

consider any impacts of hatch-date manipulations on parent quality, It 

is not appropriate to assume that these experiments do not alter parent 

quality without carefully assessing whether this is the case. 

Past attempts at detennining the mechanism driving seasonal 

declines in reproductive performance have produced varying results. 

There is no clear mechanism emerging from hatch-date manipulation 

experiments done to date. The role of date vs. parent quality in 

determinhg reproductive performance in birds may depend on a variety 

of characteristics of each system, including the Me history of the species 

studied, inter and intra-annual variation in ciimate or food abundance, 



the scale of the parücuiar trait studied, and any unintentional impacts of 

the experiment. 




