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This study eXammed the duence o f d  patemity and assessnent of 

p a t a d y  on the parental behaviour of d e  Chestnut-coüared Longspurs 

(WCClljt(S ormtm). Mate attendance patterns in this @es are consistent with 

the mate-guarding hypothesis: mate attendance was promoted by the male, 

deched when the femaie was not fde, and i n d  when there was a higher 

nsk of extra-pair paternity (EPP). However, and andsecond broods overiapped, 

so îhaî d e s  were feeding fledglings when the f d e  became fertile for the 

second brood- Thus, males couid not mateguard & i  durhg the second 

brood fértile period. Weaherhd and McRae (1990) hypothesized that this 

should result in d e s  assessing a higher risk of EPP in second b r h  and, 

thdore, males shodd d u c e  their parental care to second broods. Ln the CulTent 

study, 1 distinguished between second braods, which are initiated d e r  a s u d  

fïrst brood, and replacement broods, which are ioitiated afker nest predation. This 

is important because, as there are no young to feed after nest predation, males are 

able to mate-guard during the replacement brood fertile period. Therefore, d e s  

should assess a high risk of EPP in second broods and a Iow risk in both first and 

replacement broods, Male parental care pattern should reflect this assesment. 

This hypothesis was supported. Both maie nest ddence and feeding rate were less 

at second broods. Second and replacement broods did not diner with respect to 

mean clutch initiation date, which controls for seasonal effects. DNA 

fkgerprinting revded thrit second broods were more kely to contain extra-pair 



young than fïrst or replacenimt broods. An eqeriment to manipulate male 

assessment ofpatemÏty was conducted at replacement broods using eitber a 

compe&c demy and song (e>rpaimentd treatment) or a heterospdc decoy and 

smg (cuntrol treaîment). Mdes reduced their nest defience at experimental broods 

compareci to control broods. The d p i i a t i o n  did not dter male feeding fates. In 

summary, the results of ttiis study support Weatherhead and McRae's (1990) 

hypothesis and found evidence tbat there is a greater risk of EPP in second broods. 

It also demonstrated experimentally that males dter their parental care in response 

to th& assessment of patemity. 
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CHAPTER 1: GINEXAL INTRCîDUCïION AND METHODS 

Theoretid BasW And Approach of Study 

Befbre Trivers (1972) predicted that d e s  should adopt a mixed 

reproductive sarategy of aiding one f d e  in raigng her offspring whiie seeking 

matïngs with additiod fernales, social monogamy was widely accepteci as 

equivaient to semi monogamy (Gowaty 1996). Since theq matings outside 

recognized pair-bonds (extra-pair copulations and exîra-pair fertilizations) have 

been documenteci in many socidy monogamous species (e.g. Baker and Bellis 

1993), partidarly in birds (reviewed in Birkhead and Wiier 1992). In a recent 

review, Gowaty (1996) found that extra-pair paternity is the nile, rather than the 

exception, among avian species. Documentation of exîra-pair fertilizatiom has 

become possible through the development of m o l d a r  genetic techniques that 

d o w  paternity exclusion andor assignment (e-g., JefEkeys et al. 1985). Among the 

more important kdings of several of these studies is the discovexy that fernales 

often seek extra-pair copulations actively, possiiy to senire good genes for their 

offspring (e-g., Kempenaers et al. 1992). Thus, both males and femaies may adopt 

a mixed reproductive strategy that involves extra-pair fertilizatiom (Westneat et al. 

1990). However, in moa studies, tuany more femaies participate in extra-pair 

behaviour than do males (reviewed in Birkhd and Mkiler 1992). Consquently, 

sociaiiy monogamous males vary more with respect to -reproductive success than 

previousiy appreciated (Mock 1985). 



Trivers (1972) fûrther predicted that sefection shodd fivour mdividuals 

that avoid isvesting in ofEqxing to which they are not relatai. A logid extension 

of this prediction is that parentage should influence p a r d  care, and several 

modeis have been developed to predict this relationship. Some of these models, 

such as Maynard Smith's (1978) modei, predict no relabonship, d e  others 

predict that parentage should influence parental me,  dthough the exact nature of 

the reIationsbip is debated (e.g., Whittingham et al. 1992, Westneat and Sherman 

1993, Gowaty 1996). YezerEDac et ai (1996) found a cornmon set of conditions 

for these various models when they relaxed ali except the most basic of 

assunptions. These assumptions are 1) that ofiipring suMval increases fiom 

increased parental care and 2) that providing parental care is costly to individuals 

in terms oftheir own SuTvival (e-g. Daan et al. 1996), b e  reproduction (e-g. 

VerhurIst and Hut 1996), a d o r  Iost opportunities fbr additional or altemative 

matings (Westneat et al. 1990). According to Yezerinac et aL's synthesis, d e  

patenial care is infiuenced by paternity when: 

(1) Paternity varies between breeding atternpts. For example, ifpaternity is 

predictably greater in subsequent or aitentative breeding attempts 

than in the current brood, then males shoufd decrease ttieir parental 

Gare in the m e n t  brood. Ifpaternity is predictably less in the 

subsequent brood, then males shouid increase theu parental care to 

the ment brood. 

(2) Males un assess their patemiîy in the m e n t  brbod reliab1y. 



(3) The beneh of reducing parental care to the current brood must 

outweigh the costs incurrad by endan* genetic young within 

the brood, Because &nude büds ovulate each egg separateIy (see 

Birkhead and Mnriier 1992), rnixed-parentage broods contalliing 

both extra-pair young and young genetidy reiated to the social 

male ofken result- 

In this study, I take an empmcai approach to examine whether male 

Chesmut-coiiared Longspurs ( W d  ornattcs) djust their parental care in 

accordance with their paternity. Although the models mentioned above are 

important in interpreting the resuits oftbis study, 1 do not discuss the m d s  of 

these modeh here. Throughout this study 1 refer to a male's genetic corniution 

in a brood as his 'paternity' or ' a d  paternity', whereas his 'assessrnent of 

paternity' is bis perception of that genetic contniution (see Schwagmeyer and 

Mock 1993). While 1 do not examine the benefits of extra-pair paternity to 

fernales, I assume that femaies must ben& fiom seekiag and accepting --pair 

copulations k u s e  otherwise they wouid not do so. 

Study An!a 

1 conducted rhis study in the Remount Community ~ashire near BUulloss, 

Alberta, Canada (50°40' N, 1 IO0 10' W). This native mixed-grass prairie pasture 

comprises a p p r o h e l y  12,000 ha doniinated by blueedgrama grass (Bouteloua 

gracilis) and needie-and-thread grass (S@a comafa). This pasture is grazed 



anndy h m  June to October at a density of 1 cow-calfuntt per 22 ha @. Major, 

pers. comnt)* 

The study site was a 600 m x 700 m area dong the east boundary ofthe 

Pasture. Grid stakes were located every 100 m nom east to West and eom north 

to south. To the east ofthe study site is a cultivateci field and a north-muth 

vehicle trd. An east-west vehicie trail nins through the middle of the study site. 

Crested wheatgrass (Agrqymn cristafrms), a domesticaîed grass, grows dong a 

buRed gas pipeline ninning south-west to north-east and in small patches (< 0.25 

ha) that were rehab'ied &er gas-weii removai. S n d ,  W o w  depressions in 

the landscape provide seasanal ponds. 

The study area containeci approxhately 50 breeding territones of 

Chestnut-coliared Longspurs at a mean density of 1.2 breeding pairs/ha (range 1 - 1 

to 1.4 psi* during 3 years). 

Study Spmies 

Cbestnut-collareci Longspurs are d (20 g) socially monogamous, 

dichromatic passerines native to the central plains ofNortb America Th& 

preferred breeding habitat is grazed native grassland (Maher 1973; Anstey et al. 

1995) and breeding territories are clumped in large aggregations (Fairfield 1968). 

This species is a native prairie specialist and is found in greater abundance in native 

pastures than in those pastures planted with domesîiqted grasses (Anstey et al. 

1995). Longspurs opportunistically breed at sites recently burnt, mowed, or 



grazd (Owens and Myres 1973). Cultivation elimlliates this species fkom a 

breeding site (Owens and Myres 1973) and, as a resulc breeding popiilations have 

been drasti- d u &  in the eastern Greaî Plains (eg., in Kansas, Minnesota, 

and Nebrapka: HiIl and Gould 1997). 

Longspurs arriveci on the study site in mid- to late April- The nrSt arrivais 

were males, but not aiI males atrived prior to all f d e s .  Bir& travded and 

foraged on the saidy site in groups typidy of f ie  or six birds. Within one to two 

weeks after amval, males began sin& and interacted aggreSSIVe1y with one 

another. Male Chestnuî-coiIared Longspufs perform aerial song displays in which 

they fky upward with undulating flight and, after the peak of ascent, descend while 

singing with their tail spread (SibIey and PettiagilI 1955). They also sing nom Iow 

perches such as shbs, r d ,  and fences (Hams 1944). Sïnging seems to 

fûnction in temtory ddense because males couter-sing (Fairfield 1968) and, in my 

study, song playbacks elicited aggressive responses fiom territorial d e s .  

Estimateci territory size on my study site ranged âom 0.25 ha to 4 ha 

Longspurs nest on the ground in a depression excavateci by the f d e  

(Bdey and Niecirach 1938). Fernales construct the nest of grasses, which a female 

coiiects within 20 m of the nest site (Fairfield 1968). When completed, the nest k 

flush to the ground. 

Female longspurs lay 3-6 eggs on consecutive days (Harris 1944). In rny 

study population, mean clutch size was 4.06 (t 0.62 SD; range 2-6; n = 247 

clutches). Three clutches containecl only two eggs each but 1 muid not determine 

whether this was the fùli amplement ofeggs or the result of partial clutch loss. 



Incubation iasts 10 to 123 days and is by the fémale only @uBois 1935; 

Hamis 1944), although Wyckoff (1983) recorded an unusual case of a male 

incubating In my study, mean incubation duraiion, measured fiom the day the 

peauitimate egg was iaid to hatch, was 12.0 days & 0.8 SD, rauge: 10-13 days, n 

= 29). &s& (1972) noted that the intemal between the ht and last hatched 

nestiings can be up to 49 hrs, suggesting that females begui innibation prior to 

clutch completion Because 1 visited nests only once daily, 1 could estimate hatch 

interval only wahin 24 hr intervals, Nonetheless, 1 found a hatching interval of 24 

hrs or more was cornmon, especialiy in clutches containhg fbur or more eggs 

(Table 1.1). Both parents brood the young and in extreme heat, either parent may 

shade the young by standing over them with wings slightly s p d .  When fiushed 

fiom the nest, incubating or brwding females perfam a distraction dispiay that 

involves hopping and iluttering through the grass with wings spread (Fairfield 

1968). Brooding males also perform tbis display. 

Hatchiings are altriciai, with eyes closed, and are covered with bufQ gray 

down (Harris 1944). Nestlings utter fhht peeping by Day 4 (hatch day = Day 1) 

and cal1 in response to parents bringing food by Day 7 (Fak6eld 1968). Both 

parents feed nestlings. Nestling diet at a site in Saskatchewan consisteci of 

grasshoppers (30-66 % of diet), larvae of buttefi- and moths (9-2Ph), 

leafhoppers (8-25%), and spiders (3-8%) @%aher 1979). Young leave the nest on 

approrrimately nestling Day 10 (range: Day 9 to Day 14; Harris 1944, Moriarty 

1965) at a mean mass of 1 5.1 g (74.5 % of adult mass; Sadler and m e r  1974). 

In my study, young left the nest a -  a mean age of 10.2 days 0.9 SD, range: 9-13 



days, n = 96 broods). When they k v e  the nest, young cannot fly and remain 

croucbecl in the gras waiting fbr parents to deiiver fbod @mis 1944). They 

continue receiving food b m  their parents for about 14 days &er leaving the nest 

(24 days &er hatch; Harris 1944; also see Chapter 2). Both parents feed the 

fledgiings immediatdy der they leave the nw but the female &ces or ceases 

her care of the young within a féw days ifshe initiates a subsequent brood @&mis 

1944). Based on growth rates oflaboratory-fed fledghgs, S d e r  and Maher 

(1974) suggested that jwenile longspm may be as old as 60 days (50 days fier 

leaving the nest) before attaining adult mas. 

Because Chmut-coliared hngspurs b r d  fiom May to the begumiog of 

August, several authors suspected that the species was double-brooded (e.g., 

Harris 1944, Fairfieid 1968, Maher 1973). My study codrmed that longspurs 

commonly double-brood, and that annuai reproductive success of femaies 

inaeases with the number of broods they raise (TabIe 1.2). As discussed later 

(Chapters 3 and 5), male reproductive success is confounded by extra-pair 

paternity- 

Predation on eggs and young is the single greatest cause of nest Mure in 

this species (O'Grady et al. 1996). in my study, 47.2% (1271269) of ail nests 

M e d  and 94.4% (1201127) of  these Mures were due to predation (Table 1.3). 

There is greater predation on n 6 g s  than on eggs (Maher 1973, O'Grady et al. 

1996) and in my study, 71.7% (86/120) of a i l  nest predation was at the nestling 

stage. Other causes of nest fidure inchded exposue of nestiings to extreme 



weather (1.5%), nest desertion (O.4%), predation on incubating ferdes (0.7%), 

and tramphg by d e  (0.4%). 

Male singing deches by Iate Juiy to eariy August. Flocking begins fiom 

mid-My to mid-August, with jweniles flocking prior to aduits (Harris 1944). By 

eady September flocks of 20-50 longspurs may be observeci on tbe breedhg 

grounds m e r  1973). AU populations of Chestnut-collared Longspm are 

migratory and w&r in the southern United States and norihem Mexico @dl and 

Gould 1997). 

General Field Methods 

1 conducted this study between the end of April and first week of August 

fiom 1993-1995. 1 h d  nests by dragging an unweighted 30-m rope between 

two people to flush incubating f d e s  off their nests, or by observùig female 

behaviour. ûnce found, nests were marked by placiug a dried wwpat 1-2 rn on 

either side of the nest. A small piece of blue flagging tape (approromritely 1 an2) 

was secureci to each wwpat with a nail, Nests were checked every day in 1994 

and 1995. As part of another study, nests in 1993 were assigned randomly to a 

visitation scheduie of once evexy one, two, or four days (O'ûraây et ai. 1996). 

1 capnired adult longspurs using mist-nets and marked them with a unique 

combination of three plastic culoured and one numbered aluminum U. S. Fish and 

Wddlife leg bands. Most f d e s  were captureci during incubation by flushing 

them off their nests into mist-nets. 1,atternpted to capture every f d e  whose 



ne& 1 hi f d  to facilitate assigniug nests as second, or replacement (&er 

nest predaîion) blOOdSIOOdS Males were more di&At to capture- Fie mist-nets set 

up m various patterns were placed on the territory of the male 1 intendeci to 

capture. A tape recorder playing a longspur song to hue the d e  was then p W  

somewhere in the maze ofmist-nets. In 1995,I only used tape recordings at the 

beginning (Le. d d g  h î  broods) of the bre- season to avoid intederhg wiîh 

an experiment inv01vïng decoy p r d o n s  and Song playbacla (Chapter 4). 

Wak-in Potter traps were ineffkctive in capturing this species. 1 did not attempt to 

capture individuais aî the nest during the nestling stage because 1 thought this 

could subsequedy affect the birds' behaviour during nest observations (Chapter 

3) or predator mode1 presentations (Chapter 4). 

1 mea~u~ed the ri@ tarsus length (to the nearest 0.1 mm), right fiattened 

wing length (to the nearest mm), and mass (to the nearest g) of eveq adult 

captureci (Table 1.4)- A blood sample (approximately 100 pL) was taken by 

pricking the meta& veiu with a 26 gage needle and collecting blood into three 

40 pL heparinized microhematocrit tubes. These tubes were immediately placed 

into an Eppendorftube containhg 1 mL of queen's Lysis Bufkr (Seutin et al. 

1991) and stored at 4OC until DNA wzs extracteci (see Chapter 3 for &ods of 

DNA extraction and analysis). A new neede was used for wery bird to avoid 

disease trader. To stop bIe_eding, 1 applied pressure with a clean cotton baii to 

the needle puncture. If necessary, ice was also applied to the vein. Birds were not 

released until bleeding stopped U y .  Mult longspurs reswned normal activity 

more quickly when blood was taken fiom the metatarsa1 vein as opposed to the 



brachial vein Longspurs have very prominent me& veins, perhaps because 

they spend much time walking whüe foraging on the pund .  

1 banded nestiings on Nestling Day 7 @ay 1 = hatch &y). Similsr to the 

adults, they received a unique combination of three coloured and one aluminum 

leg band and 1 measured thek tarsus length, fktened wing length, and mass (Table 

4-1). Blood sampfes were taken fiom nestlùlgs thai had attained a minimum mass 

of 12 g. If a nestting weighed less than this, 1 returned to the nest the foiiowiug 

day to obtain the blood sample. Blood samples were collecteci and stored as 

above, except that nestling blood samples were taken h m  the brachial vein and 

only 50 S of bload was coliected fiom each nestling. Special care was taken to 

clan off any blood on the feathers so that predators wouid not be attracted to the 

newly bauded nestlings. 1 avoided banding nesuings in extremely hot or cold 

weather. In broods containhg more than one ofBprin& nestlings were rernoved 

fiom the nest for banding one or two at a tirne so that the parents wodd continue 

feeding the remauiiag ofipring. Nestluigs wére banded away fiom the nest 

(usually in a vehicle) to avoid tramplhg vegetation around the nest and thus 

attracting predators. 

During the three-year study, 1 captured and banded 98 adult fernates, 40 

adult males, and 532 nestlings. Males were more likely than females to r e m  to 

the study site: 66.7% (20/30) of bauded males and 32.3% (21/65) of banded 

females were resighted on the study site in the following year (Yates' correcteci 2 

= 8.53, df = 1, p < 0.005). Of resighted individuah, mdes were dm more likely to 

retuni to the same b&g tenitory than were femaies (males: 85 .CE% (17/20), 



fedes: 42.9% (9121); Yates' correctedJ=6.13, df= 1, p < 0.01). This 

suggests that f d e  Iongspurs may have lower site fideiity than males, and it may 

expiain the diffiences in male and fende reüm rates- It is aiso possiile that 

over-winter mortaiity is higher for f i e s  than for des, but this aspect of 

longspur biology has not been examine& 1 did not resight any of the 3 12 

indniiduals banded as nestllligs in 1993 or 1994 m the fÔUowing year. 

1 assigned nests as fini, second, or replacement broods. All nests at the 

beginning of the breeding season were assumed to be h t  bmods. The next 

breeding attempt was assignecl as a second brood ifyoung haâ fiedged from the 

£Üst nest, or as a replacement brood ifthe ht brood had b m  preyed upon (eggs 

and young disappearing prior to Nestling Day 9 or nestling remains fbund near the 

nest), 1 ciasdieci a breeding attempt aûer a successful repIacement brood as a 

second brood. 1 confirmeci nest ownership by recapturing f d e s  on their second 

or replacement nests or by flushing them fiom the nest and observing their bands 

with binoculars. 





Table 1.2- Number (and percentage) of f i e s  that successfully raised one, two, 

or three broods in a singie breeding season, and mean SD) number of young 

r a i d  by f edes  fiedghg one, two, or t h e  broods. 

Number of b d s  Number of fernales Mean number of 

rPWed (Pereentage) young raised 

n = 156 femaie (-2 Sn) 

Y-* 

1 oucceSSrd b d  78 (50.0?!) 3.6 (t 0.9) 

2 successful broods 26 (16.7%) 6.9 (+ 1.3) 

3 successful broods 2 (1.3%) 9.0 ('t 0-0) 

* Fernales are counted once for each year in which they bred. 



Table 1.3. Numbers and percentages of successfùl and unsuccessfùl nests by year and cause of nest failure, 

Year Preyed upon Preyed upon Total preyed Other nat Successful 
during egg during nestling upon failure' nesting 
stage stage attempb 

, Total 34 (12.6%) 86 (32.0%) 120(44,6%) 7(0.3%) 142 (52.8%) 

' See text for other sources of nest failure. 



Table 1.4. Mean 2 S D  mass, tarsus length, and flattened wing lengh of male, 

f d e ,  and nestliug Chestnut-collareci hngspurs. Range is shown in brackets. 

Mass Tarsus Fiattened wing 

(g) length (mm) len%h (mm) 

Males (n = 40) 19.8 2 1.2 19.2 2 0.5 87-1 + 1.9 

i Mean age at banding: 7.1 days + 0.7. 
* n = 524 for nestling mas.  



CHAPTEIR 2: DIVISION OF LABOUR AND EVIDENCE OF MATE 
GUARDING 

INTRODUCTION 

Parker (1970) remgnized thar cornpetition between males for mates occurs 

not oniy in male-male combats, but also at the garnetic lwei, within the fémale 

reproductive tnict. This form of cornpetition, termeci "sperm competitiou*, occurs 

when fernales mate with multiple des. Maies compete at this level based on the 

number and quality of sperm tnnderred (e.g., Briskie and Montgomerie 1992; 

Birkhead and Petrie 1995) a d o r  by preventing f d e s  fiom receiving sperm 

h m  other males Parker 1970; Oisson et al. 1996). The latter tactic is tenned 

"mateguarding" and is exhiiited by a wide range of species. 

Mate-guarding can occur before andior after copulatiotl- Many 

Cru~taceans~ such as amphipods and isopods, exbliit pre-copdatory mate- 

guarding in which the pair remain in amplexus for a long pexiod prior to copulation 

(Jormalainen and Merilaita 1995). Female receptMty to copulation is brief in these 

species, and this time limitation has been suggested as a selective pressure for pre- 

copulatory guarding Parker 1974). Post-copulatory mate-guarding is beneficial 

whenever delaying the femde fiom a second mating inmeases the f m t i o n  

success of the fkst male. For example: maie mating success increases with the 

duration of post-copulatory guarding in water siriders (Gens hmsttz$ Jablonski 

and Kaczanowski 1994); maie tiger beetles (Coleoptera: Cicindelidae) guard 

longer in the presence of other males (Shiv- 1994); and male Formosan 



squirreis (CaiZosciaarrs ~~ ihaiwanett~fs) delicit aiarm cab after copulation 

which mduces mnspdcs to remain immobile and t h ,  deIays the female fiom 

receïviag additionai copulations (Tamm 1995). 

In many biid species, mates remah in close pro- to one another 

during the breeding season_ This mate attendance behaviour is cornmon arnong 

sociaiiy monogamous species and was, d recently, imerpreted either as a way of 

strengthening the pair-bond, or as vîghnce behaviour- However, since the 

discovq of extra-pair copulations and fertilizations across a wide range of 

sociaiiy monogamous species (reviewed in Birkhead and Wiier 1992) this 

behaviour bas been recognized as mate-gmrdiag, which promotes paternity 

protection for the male Weecher and Beecher 1979; Birkhead 1982). Generally, 

the last ejaculate of sperm to enter the female bird's reproductive tract pnor to 

ovdation fertiiizes the egg (Birkhead et aI. 1988; Briskie and Montgomery 1993; 

but see Oring et ai, 1993), so that male birds can benefit fiom guarding their mates 

&er copulation to prevent subsequent copulations with other males. 

Mate-guarding is only one of severai competing hypotheses proposed to 

explain mate attendance behaviour in birds. These hypotheses and their associateci 

predictions have been summarized by Gowaty et al. (1989) and Birkhead and 

b i i e r  (1992) and are Iisted in Table 2.1. It shodd be notd that these hypotheses 

are not mutually exclusive and that mate attendance can serve more than one 

fùnction simultaneously @ickinson and Leonard 1996). 



Severai hypotheses propose that both ssres bendit h m  mate atîéndance. 

For example, the Sociai Foraging hypothesis proposes that individuaIs forage more 

Sciently in pairs than alone, whereas the Predator Avoidance hypothesis suggests 

that mate attendance increases vigilance against predators. These hypotheses 

predict that mate attendance should be initiated by both members of the pair, and 

that mate attendance should not decline when the f d e  is infertile (e-g., during 

incubation). For example, Go- et al. (1989) suggested that ifmate attendance 

fiinctions as predator avoidance, then it should increase during the incubation stage 

when the female is especidy vuinerable to predation. Sidarly, bbecause fernales 

have limited foraging time during incubation, mate attendance should increase 

during this stage ifit hct ions  to enhance foraging &ciency. The Strengthening 

the Pair-bond hypothesis (see Birkhead and Malier 1992) proposes that mate 

attendance hctions to strengthen the bond between the male and female, and that 

this bond reduces the chances that either sex wiU desert its mate. This d e r  

vague hypothesis proposes that mate attendance enhances the breeding success of 

the pair, rather than of the indÏvidd (e-g., an individuai mi& enhance its fitness 

by deserting its mate in fàvour of other mating opporhinities). Thus, it predicts 

that mate attendance should be initiated by both sexes and should not decrease as 

the breeding cycle progresses. The Strengthening the Pair-bond hypothesis is 

applicable only for species in which biparentai case is essential for breeding success 

(Le., those species in which neither the male or female benefits h m  deserting their 

mate). However, m i e  aitendance has been recorded in m y  species which are 

hdtatively polygynous or in which fémales can successfiilly raise oapring aione, 



which calls into question the general applicability of this hypothesis (e-g., Gowaty 

et al. 1989). A variation ofthis hypothesis, which wodd d e  more sense, is that 

mate attendance shouid be initiated by the sex more & d i e  to mate desedon 

(e-g., see Trivers 1972), and that it should increase with the cost of being deserted. 

In most passerines birds, f d e s  are more vulnerable to desertion because, by 

buiiding nests and produchg eggs, they make a greater initial investment in 

reproduction Most female birds incubate the eggs alone and, therefore, the cost 

of .being deserted should increase with their imresmzent as incubation progresses. 

The Changes in Temitory Use hypothesis (see Birkhead and Mder 1992) 

proposes that mate attendance does not serve an adaptive fùnction but, rather, 

close pro* between the pair at the beginning of the breeding season results 

passively as a consequeme of contracted territory use at that time. Thus, neither 

the male or femaie initiate mate attendance- This hypothesis predicts that mate 

attendance will decrease as the breeding cycle progresses if the breeding territory 

expands during dut time. This hypothesis does aot address why tenitory use 

might change throughout the breeding cycle- 

The Courtship Feeding hypothesis (see Birkhead and Mnrller 1992) 

suggests that pairs remain in close prorumity to aüow the male to feed the femaie 

during courtship, This hypothesis applies only to those species with courtship 

feeding and predicts that mate attendance may or may not decxease when the 

female is infertile, depending on whether incubation f-g occurs. 



Birkhead and 1MBiler (1992) clasdieci ai i  hypotheses which propose that 

mate attendance hctions to ben& the fende as the Female Benefits Hypothesis. 

This idea stems fiom Lumpkin's (1981) assertion that fkmales play an active role in 

mate attendance- The Female Benefits hypothesis proposes tbat fernales should 

prornote mate attendance @irkhead and UaIler 1993, and thai the ben& 

females derive should vary with îheir proximity to their mate (Kempenaers et al- 

1995). Birkhead and Mnrller (1992) have suggested thas in order to promote mate 

attendance, females should follow their mates, rather than the reverse. However, if 

males Mow females during the fertile period, then femdes must signal th& 

fértiIity to the males &umpkin 198 l), and thïs may be an active way in which 

f é d e s  promote mate attendance. Two beneh for f d e s  have been proposed: 

reduced harassment from compedic d e s  and predator avoidance. It is unclear 

how prdtor  avoidance for fernales Wérs fiom the Predator Avoidance 

Hypothesis above, unless it applies prirnarily when f d e s  are particularly 

vulnerable to predation (e-g., during incubation; Gowaty et al. 1989). If mate 

attendance reduces conspecific male harassment of females, then the Female 

Benefits Hypothesis predicts that mate attendance should increase when the risk of 

harassment is highest (eg,  when the fernale is fertile). 

Two hypotheses propose that mate attendance ptimarily benefits males. 

The Copulation-access hypothesis proposes th d e s  maintain close proximity to 

their mate m response to the fernale's readiness to copulate (Gowaty and Plissner 

1987). Mate-guarding, a closely related hypothesis, proposes that mate attendance 



hct iom as a male paternity guard Both the Mataguarding and Copulation- 

access hypotheses predict that mate attendance is initiated by the d e  and that it 

declines when the M e  is isértile. Gowaty et al. (1989) suggested that these 

hypotheses can be differentiated because the Mate-guarding hypotiiesis firrtber 

predicts that mate attendance behaviour shouid increase when there is a higher risk 

of extra-pair copulations (e-g-, at higher breeding densities; Gowaty et ai 1989). 

Therefore, inmeased opporhinity for femaies to mate with extra-pair d e s  is 

predicted to increslse mate attendance under the rnatcqpadhg hypottiesis, but not 

under the copuiation gccess hypothesis. 

Mate-guarding circumvents f d e  mate-choie and, therefore, fernales 

should resist male-guarding efforts. For example, when f d e  isopods (Icioteu 

balticcl) are experimentaly hindered fcom resisting mate-guarding, mate-guarcüng 

duration increases si&cantIy (Jormalainen and Merilaita 1995). F d e  birds 

actively choose their mates by accepting or rejecting copulations (LiieId and 

Robertson 1992; Gowaty 1994; Gray 1996; Wagner 1992). However7 female 

resistaoce to mate-guarding may be confounded if mate attendance serves multiple 

f'wctions @idchson and Leonard 1996). For example, while male Ring-necked 

Pheasants ( P h a s i m  coZchicus) rnataguard and protect their patemity, f d e s  

benefit through decreased harassrnent fiom conspecific mates and, subsequently, an 

increased feeding rate (Ridley and Hill 1987). Similady, ûauthier and Tardif 

(199 1) suggested that d e  mate attendance atlowed female Snow Geese (Chen 

cuertllescem) to f d  for longer periods during the pre&ing period and therefore, 



we wouid not expect them to resist male mate-guarding eEôrts. Thus, female 

behaviour does not always f8cüitate interpretation of  mate attendance. 

Fmaiiy, mate-guarding is costiy to males in terms of tirne and lost 

opportunities for additional mathgs, and it often confiicts with other activities such 

as nest-guarding (e-g., Schleicher et al. 1993; Beasiey 1996), territory defence 

(e.g-, Eb&i  and Laurila 1993), siilging (e.g., Rodrigues 1996), foraging (e-g. 

Mace 1989; Alber& et J. 1996), and fledgiing care (Weatherhead and McRae 

1990). 

In this study 1 examined the mate attendance behaviour of Chestnut- 

coiiared Longspufs. 1 predicted that ifmate attendance fiinctiolls as Mate- 

guarding m this @es, then it should be promoted by the male, should be more 

intense during the m e  period than during mcubation, and should increase when 

there is a higher risk of extra-pair patemity- 1 also documenteci the daily the-  

budgets of males and femdes to examine whether mate attendance conaicts with 

other behaviours, and 1 documented extra-pair behaviour of females and the 

influence it bas on mates. 

METHODS 

Focal Observations 

1 conducted both focal-bird and focal-pair observations to quane  changes 

in mate attendance during the nesting cyde and to determine the division of labour 



between breeding longspur pairs. In 2993,I conducteci focal observations of 

incihiduai males and fimaies. hdividuals were identifiai by th& co~our bands and 

location of their tenitory 1 began observations fiom a distance of20 m o r  more 

and recorded aU behaviours for 30 continuous minutes At a distance of 20 m, 

most longspurs habituated to my presence and resumed their normai actMties. For 

individuais that were disturbed by rny presence, 1 Icreased my distance and did 

not begin an observation untü the bird(s) had resumed its normal actMty. 1 did not 

conduct observations on the same day on which 1 attempted to capture the focal 

K i  in mist-nets. Timing during focal observations ceased when the focal bird was 

out of view and resumed again when the bird was resighted. I attempted to 

observe ail individuais once during each stage of the nesting cycle designatecl as: 

pre-egg-laying, incubation, nestling, and fledghg- The pre-egg/egg-iaying 

stage lasted fiom seven &YS before the fbt  egg was laid until the laying of the 

penultimate egg. 1 assumed that this period corresponded to the f d e r s  fertile 

period (see Birkhead and &Uer 1992). Incubation lasted fiom the &y the last 

egg was laid until the iïrst nestling hatched. The nestiing and fledgling stages 

corresponded to the periods during which ospring received care fiom parents in 

and out of the nest, respectivelyY In 1994,I conducted focal pair observations for 

60 continuous minutes during the pre-edegg-iaying and incubation stages only. 

1 recorded all copulation beh9viour. Fernale longspurs solicit copulations 

by W g  their tails and rapidly fiuttering tfieir wings. They often precede 

solicitation by flying Iow over the male and landing close to him 1 recorded the 

fernale as soliciting copulation if she exhiiited this behaviour towards a male. 



Male longspurs attempt copulations by trying to mouut the female. F d e s  resist 

copulations by flying away fiom the male and by sitting with their tail pressed 

M y  on the gromd. Resistance to copulation o h  resuits in the male chasing 

the fernate aggressively. 1 refér to these sexual chases as copulation coercion 

attempts. It was dBicuit to see cloacd contact during copulation attempts; 

thedore, 1 assumed that ifthe femaie did not resist a copulation attempt, she had 

accepteci the copuiation and cloacai contact had resuitd 1 recorded f d e  

solicitation (see description above), acceptame of copulations f b r n  both within- 

pair and extra-pair males, and whether these copulations occurred on or off the 

territory. Similarly, 1 recorded whether female resistance to copulations and male 

copulation coercion attempts involved pair or extra-pair d e s  and where these 

attempts occurred. 

Male longspurs ofien intrude ont0 neighbouring territories, perhaps to 

attempt extra-pair copulations. These intrusions usuaily result in chases between 

the resident male and the intruder(s). Therefore, during f d  observations, 1 also 

recordeci the number of territory intrusions by neighbouring males. 

1 quantifhi whether mate attendance was initiatecl by the male or fernale by 

recording the proportion of fiights in which the f d e  foîiowed the male or the 

male foilowed the female. An individuai was recordeci to folIow only ifit fiew in 

the direction of its mate within 5 s of its mate Ieaving. 1 compared foilowing 

behaviour between the four nesting-cycle stages to determine whether this 

behaviour changed d e r  the fertile period. 



During focal-pair obsemsiions, 1 quantinecl mate attendance intensity by 

recording the proportion oftime individuals withh a pair spent within 10 m of one 

another. 1 estimated the distanees between the pair to the nearest 1 m for distances 

of 10 rn or less and to the n a e s t  5 m fbr distances greater than 10 m. 1 compared 

mate attendance insensity between the pre-egg!egg laying and iucubation stages to 

detect changes as the nesting cycle progresséd. 1 also examinecl whether territory 

intmsions by neighbouring males durmg the pre-egg/egg-laying stage infiuenced 

mate attendance behaviour. 1 recorded male sbging rate and calculateci the mean 

rate during the pre-eggkgg-1aying and incubation stages. 1 recorded fernale 

incubation behaviour as the proportion of t h e  fernales spent on and off th& nests 

during the incubation stage and caiculated the meau lengh of incubation bouts and 

incubation breaks. 

1 recordai male and fémale brooding behaMour and number of feeding trips 

during 1-h long focal nest observations in 1994 and 1995. 1 conducted nest 

observations on Nestling Day 6 @ay 1 = hatch day) to control for nestling age, 

and between 2.5 and 5.5 hrs &ter sunrise to control for time of &y. 1 recorded 

brooding behaviour as the proportion oftime an individual was brooding on the 

nest and calculateci the mean brooding rate fbr males and fernales. I also recorded 

the number of feeding trips individuah made during the focai nest observation and 

calculateci mean male and f d e  féedhg rates to nestIings. 

During the focal-bird obsavaîions in 1993,I recorded the proportion of 

fwd deliveries to fledglings by the male or feni.e. 1 a&o calailated meau male 

and female feeding rates to fledghgs. I conducted these focal-bird observations 



1-4 riays after the young l& the nest. During the fledgÜng @cd, 1 cornimieci to 

visit the territory every 1-4 days and recordeci whther thé dedghg~ stiU received 

parentai care. 1 found fledgiings by flushing them as 1 walked h u g h  the 

tedory, by listening fbr th& v o ~ o n s  (see Hin and M d  I997), or by 

observing parents delivering food to them. 

inteml Between Broods 

1 recordeci the intervai beîween broods as the number ofdays fiom nest 

Mure or the young leaving the nest until the fht  egg of the next nesting attempt 

was laid- Longspur fernales build a new nest for each nesting attempt and lay eggs 

on consecutive &ys (Hill and Gould 1997). Thedore, clutch initiation date was 

determuleci either by 6nding the nest before the end of the egg-laying period or by 

back-counting 12 days (mean length of incubation; see Cbapter 1) fiom hatch to 

the Iaying ofthe pendtirnate egg. 1 wnfirmed nest ownership by recapturing 

banded fendes on their new nest during incubation 

Statistical Analyses 

1 wmpared the proportion of nights in which the male followsd the fernale 

with the proportion of fiights in which the fernaie foliowed the male using a chi- 

square test. I also used chi-square tests to aramine whether the proportion of 

flights in which the male foiiowed the female was independent of nesting stage. 1 

used linear regsessions to examine the reiationships between mate attendance 

intensity and nurnber of territory intrusions, and the number of territory intrusions 



and male singing rate. For these anaiyses, percedages were transformed using an 

arcsine-square-root transformation and numbers of intnisions were log 

transfiormed. 1 compared among both nesting stages and nesting attempts with 

respect to mean maie singmg rate, mean territory intxusions, and mean pereentage 

of time pairs vent in close proxïdy using a Kruskal-Wallis test in each case. 1 

used a Type 1 error rate of 0.05 and present means t standard deviations, d e s s  

o t h e r w i s e ~ e d  

RESULTS 

Division of Labour 

ûniy fémales b d t  nests and incubateci the eggs. During 1994, f-es 

spent 45.7% of their tirne on their nests during the incubation period (n = 20 

females obse~ed for 20.55 h). Mean incubation bout length was 15.23 min 9.8 

min; n = 37 bouts), while mean incubation break was 13 -67 min @ 1 1-78 miri; n = 

49 breaks). 

Both males and females brooded nestlings, but 95.3% of aü brooding was 

by females (n = 109 pairs). During nest observations on Day 6, females spent 

14.8% oftheir time broodhg and mean female brooding rate was 8 min, 52 sedhr 

(+ 8 min, 26 sec; range: 0-30 min, 35 n = 109 hr o f  observation). In 

contrast, males spent < 1% of their time brooding and meaa male brooding rate 

was 26 sec/br (+ 1 min, 46 sec; range: 0-1 1 min, 57 sec, n = 209 hr). 



Both parents fed nestlings. Mean male and fémaie feeding trips dirnng nest 

observations on Day 6 Ui 1994 were 62 trip* & 3.5, range û-14, n = 52 pairs) 

and 5.5 îr$s/hr & 2.7, range 613, n =52 pairs), respectiveiyY Mean total feeding 

trips @e., male and female trips combineci) was 11.6 trip* @ 4-5, range 1-21, n 

= 52 pairs). 

During fust broods, males made 78.0% (39/50) of ai i  observed food 

deliveries to fledgiings (n = 14 pairs). Maies made a mean of 4-8 tipsfhr & 3.4 

trip*, n = 14 males) to fledghgs, whereas f d e s  that fed fledgiings made a 

mean of 2.3 trip* & 1.3 trips/hr, n = 10 fernales). Four of 14 (28,6%) f d e s  

did not f a d  fiedgüngr at alL The &dgllig perïod ovedapped with the pre- 

egglegg-laying stage of the next brood (see beiow), I commonly observed parents 

feeding fledglings for as long as 16 days &er the young had left the nest. 1 could 

not determine the range in duration of the fledghg feeding period because it was 

impossible to distinguish between undetected predation on fledgiings and eariy 

fledgling independence. Once, 1 observed a male feeding a fledgiing 22 days after 

the young had left the nest; the f e d e  was incubatmg the second brood at the 

tirne. Although 1 ofien saw parents together with fiedglings more than 20 days 

after nest leaving, this was the only time I observed a fledgling this old being fed. 

On two occasions, I observed males aggressively chaskg older fledgiings (29 and 

39 days after leaving the nest); in both cases, the second brood had hatched and 

the male was feeding second brood nestlings. 



Number of Broods and Interval Between Broods 

In 1993 and 1994 combined, 54 pairs raiseci a fht brood to fledging and ail 

pairs that did so initiated a second clutch (Table 2.2). One pair in 1993 and one 

pair in 1994 initiated a third clutch &er rabhg two suCCeSSfitl broods '(n = 21 

pairs raising two successfiil broods). In contrast, in 1995 only 11 pairs 

successfidiy fledged a fust brood and four of these pairs then initiated a second 

clutch; no pairs atternpted a third clutch in 1995 (Table 2.2). The percemtage of 

pairs that initiateci a second clutch after a successfiil ikst brood in 1993 and 1994 

differed significany fiom the percentage in 1995 (Yates' correcteci $ = 32-17, df 

= 1, p < 0.001). Longspur pairs initiated clutches later in 1995, which may have 

iduenced whether they initiated a second broob- Earliest clutch initiation dates 

were 1 May and 27 April in 1993 and 1994, respectively, and 12 May in 1995. 

Longspur pairs aîtempted as many as four clutches der successive nest fidures 

(Le., first brood plus three replacement clutches). 

Fernales took sigdicantly longer to initiate clutches after a successfut 

brood than after nest M u r e  (t = 6.22, df = 39, p < 0.001). Mean intemal between 

nest fàilure and initiation of the replacement clutch was 5.5 days & 1.7 SE, range: 

4-12 days, n = 34), whereas mean interval between young leaving the nest and 

initiation of a second or third brood was 9.7 days 3.2 SE, range: 6-18 days, n = 

28). Nonetheless, these short intervals between broods resuited in overlap 

between successive broods, because fledgling Gare typically extended for up to 16 



days &er the yormg Ieft the previous nest (see above) and fernales are fertile as 

eady as 7 days pcior to clutch Hnhation pirichead and Melier 1992). 

Mes fbiiowed f d e s  signifïcmtly more than f d e s  foilowed males 

(Yates' correcteci X2 = 2 17.5, df = 1, p < 0.00 1). Occasionaiiy (n = 4 of 3 8 pairs 

observeci) fémales M e â  directiy over their mate ifhe did not foilow immediately. 

Followhg behaviour of males was not independent of nesting stage e= 26.9, df= 

3, p < 0,001; Fig. 2.1)- The male foilowed the fernale relatively more often when 

the female was M e  (pre-e&egg-iayU1g stage) than when she was not fertile 

(iicubation and nestling stages pooled; Yates' corrected X2= 16.68, df= 1, p < 

0.00 1). The incidence of foilowing bbviour by males was lowest during the 

fledgling stage (Fig- 2.1) and difEèred signi6.cantly nom that during the pre- 

egg!egg-laying stage (Yates' correcteci x2 = 10.68, df = 1, p = 0.001). Because 

the fiedgling stage overlapped with the pre-egglegg-laying stage of second broods 

(se above), 1 analyzed the proportion of t h e  pairs stayed within 10 m of one 

another by both stage and nesting attempt (Table 2.3). Pairs spent significantly 

more time close to one another during the pre-egg/egg-laying stage of first or 

replacement broods compared to incubation or the pre-egg/egg-laying stage of 

second broods (Kruskal-Wallis, F = 20.5, df= 1, p < 0.001). Despite the close 

proximity of d e s  and f d e s ,  1 never obmed  cou&hip feeding during any 

stage of the nesting cycle during the three years of study, 



Territory Inmisions 

During the pre-egg/egg-laying stage, the mimbg oftecritory intnisons 

i n a d  sisnificantly with the percentege of time pairs spent within close 

proximity 0. = 0.58 + 0.35- ?= 0.16, df= 1,25, p = 0.04; Fig 22). htnisions 

occurred sismfidy more often d w  the pre-egglegg-la& stage than during 

incubation (pre-egglegg-laying X & SE = 6.1 2 0.7 intniSions/hr, incubation f 2 

SE = 1.6 2 0.3 ùitnisiodhq Kniskal-Wallis, F = 16.9, df= 1, p = 0.001). 

Number of inîrusions declined as the territorial d e y s  singiag rate 

increased (y 0.50 - 0.0% ?= 0.13, df=45, p = 0.01; Fig. 2.3). Singing ratewas 

similar ktween al breeding attempts and nestïng stages (Kruskal-Waiiis, F = 0.77, 

df = 3, p = 0.52; Table 2.4). 

Copulation Behaviour 

Dunng the pre-egg/egg-laying stage, fernales vocalized hpently  on their 

temtories using the general contact cal1 of this species (Hiil and Gould 1997). 

Females soliciteci copulations fiom six days befiore they laid their first egg untii the 

&y on which they laid their third egg 2.4). Fernales solicited and acceptai 

copulations from extra-pair males when they were off their térritories, but tended 

to reject extra-pair copulation attempts on their territoxy (Fisher exact test, p = 

0.009; Table 2.5). Of 17 copulations for which 1 obseived cloacai contact had 

been made, one (5.8%) was an extra-pair copuiatio~ 



Copulation coercion attempts involving social mates occureci on 15 

occasions. Prior to five of these attempts, the W e  had Ief€ the territory and 

i n t d  with an extra-pair male during the pre-egg/egg-laying stage. On another 

occasion during the pre-egg/egg-Iaying stage* a male had been detained in a mist- 

net aad, when released, immediately atîempted to coerce his mate to copulate with 

him, Seven social-mate coercion attempts oumrred during the fledgiing stage 

(pre-eggkgg-hying stage of second broods), and 1 could not determint the 

contact of the other two attempts. 

DISCUSSION 

Mate Attendance 

The patterns of mate attendance in Chestnut-collared Longspurs are 

consistent with the Mate-guarding hypothesis. Three predictions distinguish mate- 

guarding fkom cornpethg hypotheses: males initiate the close proximity between 

the pairs, mate attendance declines when the female is no longer fertiie* and mate 

attendance increases when there is a greater risk of extra-pair patemity (Gowaty et 

al. 1989). My data are consistent with ail of these predictions. Maie longspurs 

initiated and maintauid close proximity by closely foiiowing their mates. Both this 

foliowing behaviour, and the proportion of time pairs spent within 10 m of one 

another, declined sharply during incubation when the female was no longer fertile. 

These two observations are also consistent with the Copulation-access hypothesis 



which proposes that males maintain dose proxïmity to their mates in response to 

f d e  readiaess to copulate (Gowaty and Plissner 1987). Thus, the same mate 

attendance patterns muld arise as a r d t  of f e d e  copulation behavi~ur~ Meed, 

1 observeci femaie longspurs soliciting copulations only during the pre-egg/egg- 

laying stage. Nonetheles, during this stage there was also a signifiant positive 

relationship between mate attendance and the number of territory intrusions by 

neighbouring males. Tbis suggests that males inaease their mate attendance in the 

presence ofpotential extra-pair maies and it supports the prediction that mate 

attendance increases when the risk o f  extra-pair copulations is greatest, which is 

unique to the mate-guarding hypothesis (Bjorklund and Westman 1986, Gowaty et 

al. 1989). 

Other hypotheses were not supported by the data. The Co~aship Feediag 

hypothesis was not considered because 1 never observecl longspurs courtship 

feeding. Mate attendance declined during incubation, wbich is inconsistent with 

the Social Foraging, Predator Avoidance, and Pair-bond hypotheses. Becawe 

incubating fernales are partidariy vulnerable to predation, Gowaty et al. (1989) 

suggested that the predator avoidance hypothesis predicts that mate attendance 

should increase, rather than decrease, during incubation. Similarly, if mate 

attendance fàciiitates social foraging, then f d e s  would especially ben& when 

their foraghg tirne is limited to incubation breaks. Thus, the social foragiag 

hypothesis also predicts that if mate attendance changes at aU, it should increase 

during incubation Finally, male longspurs actively initiated and maintaineci mate 



attendance, which does not support the hypothesis that mate attendance patterns 

passiveiy arise as a result of changes in territory use over the nesting cycle. 

The hypothesis tbat f d e s  may ben& fkom mate attendance &ump1Un 

198 1, Aguilera and Aivarez 1989, Mace 1989) cannot be dmmssed 
- * - If mate 

attendance fùnctions str ie  as a male patemity guard, then it circumvents female 

mate choice and females should resist d e  mate-guarding efforts. Instead, female 

longspurs appeared to promote male foilowing behaviour by o c c a s i o ~  circlhg 

over their mate when he did not immediately follow. The mate-guarding 

hypothesis alone cannot explah such behaviour. Dickinson and Leonard (1996) 

pointed out that mate attendance can have more than one h c t i o a  Thedore, 

mate attendance may simultaneously benefit d e s  and females for Werent 

reasons. 

The most Iikely benefit of mate attendance for fernale longspurs is reduced 

harasment by conspecific mdes (Lumpkin 198 1). On their home territones, 

females typicaliy rejected extra-pair copuiation attempts by male intniders. 

Resistance to copulations is costly in this species because it usually resuits in a 

copulation coercion attempt in which the female risks injury and expends energy by 

fieeing fiom the male. Social mates may reduce this cost by c h h g  intruders 

away f'rorn the femaie. This situation resembles that found in blue tits ( P m  

aemleus, Kernpanears et al. 1995). Male blue tits chase intruding males off their 

temtories before they can intetact with the f d e ,  and tempoiary removal of 

(Kempenaers et ai. 1995). 



Femaie Extra-pair Behaviour 

Fernales lefk their territories and accepted exîm-pair c o p ~ o n s  âom 

neighbouring males. Howwer, on th& home terrÏtories, fémale longspurs 

typically rejected extra-pair copulation attempts. niis indicates that f d e  

longspurs actively choose their extra-pair partners- This pattern of copulation 

acceptane and rejeciion is pfedicted when females choose oniy hïgh quaüty maies 

as extra-pair mates (e-g. Kernpanears et aL 1992), but ail des, regardles of 

quality, attempt extra-pair copulations. 

F d e s  also vocalized f?e&ezitly on their tedories durîng the pre- 

e&egg-laying stage. In some aMan species, females adverbise thar fertiüty to 

several males by producing Ioud, distinctive d s  dwbg theg peak fatilty 

(Montgomerie and Thomhill 1988). This was not the case in this study. Female 

voCaliZafions were the typical contact caiî (see HiIl and Gould 1997) for the 

species. It is unllrely that these vocaluatons were directed towards poteritid 

extra-pair males given that fernales reject extra-pair copulations on th& temtories, 

while actively seeking extra-pair matings off territory- Therefore, there appears to 

be linle ben& to females in amactiiig extra-pair d e s  to their temtory- 

Furtherrnore, the risk of retaliation by social mates (see below) suggests that 

f e d e s  shouid seek extra-pair copuiatio~~~ covdy.  Thus, it is more likely that 

females directed these vocalizations towards their social mate, and this may be a 

way in wbich f d e s  promote mate atte~~dance (see above). 



Maies responded to their mate's potential extra-pair behaviour by trying to 

coerce tbem to copulate. In one third of these cases, the f d e  fiad Ieft the 

territory apparedy to seek extra-pair copulations wiîh a neighbouring male. Upon 

reauniag to the home tenitory, f d e  rejection ofcopulaaon attempts by the 

sociai male resulted in a copulation coercion attempt A simiiar situation occurred 

when a male was detaïneci in a mist net Again, the fimale rejected the copulation 

attempt by her m i e  which resuited in a copulation coedon ntempt This 

suggests male Chestnut-coiiared Longspurs protect their patanity in two ways. 

The fkst line of defénce is mate attendance, which males use as mate-guarding to 

prevent thW. mares fiom obtaining extra-pair copulations or, iftùat fitils, to assess 

the risk: of extra-pair paternity. When aii else fâiis and there is a high risk of extra- 

pair paternity, males may resort to copulation coercion. 

Msiier (1991a) suggested that males may use Song as a paternity guard by 

increasing their sin& rate when the femaie is fertie, and thereby deterring 

conspecific intruders. This hypothesis makes two predictions: (1) singîng rate 

peaks during the fernale's fertile period and (2) males that sing at a higher rate 

experience fewer tenitory intrusions. However, there has been iittie support of 

this hypothesis. For example, Rodngues (1996) found tbat singhg rate by male 

Chiffcbaffs (PJyZZoscoplcs collybira) deciined when they were mate-guarchg, 

suggesting that sin& confiicts with guarding. in Chesmt-collared Longspurs 

there was no indication that singing either complemented or confiicted with mate- 



guardmg: singing rate did not vary between nesting stages or nesting attempts, 

winch is inconsistent with the first prediction Nonetheles, there was a significaut 

negatke reIationship between singing cate and number of territory intnisions, 

which supports the second prediction However, in my study it is unclear whether 

higher singing rates inhii'b'i neighbouring males h m  intrudmp on the tenitoty or 

whether d e s  that experïenced fewer tenitory &usions had more time to sing. 

Mate-guarding confiicted with fledgling feeding- Male following behaviour 

was lowest during the fledgling stage which ovetlapped with the pre-eggkgg- 

iaying stage of the second brood. Intensity of mate attendance durhg tbis stage 

was sigoi6icantly l e s  than during the pre-ess/egg-laying stage of first or 

replacement broods, but did not dfffer fiom mate attendance l eva  during 

incubation when the fernale was not fertile. One reason for this Iow mate 

attendance is that males provided most of fledgling care during this time, while 

f d e s  prepared for the next brood. Weatherhead and McRae (1990) suggested 

that this situation may lead to males having lower confidence of paternity in their 

second broods. This may explain why almost haif of the observeci copuiation 

coercion attempts involving social mates occurred during the fledgling stage, and it 

may have profound influences on subsequent male parentai case (Weatherhead and 

McRae 1990). 



Table 2.1. Summary of hypotheses for mate attendance behaviour in birds and associated predictions (modified from Birkhead and 

.Mailer 1992). 

Hypot hesia Who Benefits? Predictions Concerning Mate Attendance Pattern: 

1. Strengthening the Pair-bond Both male and female 1. Initiated by female as often as male, 

2;Does not decline as breeding cycle progresses. 

2. Social Foraging Both male and female 1. Initiated by female as often as male, 

2. Does not decline as breeding cycle progresses or may increase 

during incubation when time constraints limit female foraging. 

3. Predator Avoidance Both male and female 1, Initiated by female as often as male. 

2. Does not decline or may increase during incubation with 

increased risk of predation for female (Gowaty et al, 1989). 

4. Female Benefits Female 1. Initiated by female more than male, 

2, May or may not decline as breeding cycle progresses, 

depending on when females benefit. 

3, Benefit to female varies with proximity to male (Kempenaers 

et al. 1995). 



Table 2.1 (cont .) 

5.  Courtship Feeding Female 1. Initiated by male feeding female andlor female soliciting food 

from male. 

2. May or not decline as breeding cycle progresses depending on 

whether courtship feeding continues into incubation, 

6. Changes in Territory Use Neither 1. Results passively as a consequence of contracted territory, 

2, May decline as breeding cycle progresses if territory use 

expands over tirne. 

7. Mate-guarding Male 1. Initiated by male, 

2, Declines as breeding cycle progresses when female is infertile. 

3. lntensity increases when there is a p a t e r  risk of loosing 

patemity (Gowaty et al, 1989). 

8. Copulation-access Male 1. lnitiateâ by male. 

2. Declines as breeding cycle progresses when female is infertile. 



TabIe 2.2. Numbers and percentages of pairs raising successfiil first broods and 

initiating second and thircl broods in 199311994 and 1995, 

Pairs raishg a P a h  attempting a Pliirs attempting a 

succesdul 1st 2nd brood aftcr a 3rd brood aïter 2nd 

brood 1st brood brood* 

* Includes second broods initiateci after successfùl replacement broods. 



Nesting Cycle Stage 

Figure 2.1. Percentage of Bights during which the d e  foiiowed the femaie O or 

the female foiiowed the male m. Nesting cycle stages are: pre-egglegg-laying 

(FE; n = 117), incubation (I; n = 240), nestling (N; n = 2591, and fledghg 

(Fi; n = 37). 



Table 2.3 Proportion of time social mates spent within 10 m of one another- 

Nesting Attempt Percent of time N 
aad Stage - within 10 m (No. of p h )  

Repiacement 94.9% 
Broods 

P~eeg%egg-Ww 

AM Attempts 
Incubation 



O 0.2 0.4 0.6 0.8 1 1.2 1.4 

Intrusions (log) 

Figure 2.2. Relationship between mate attendance intensity (arcsine-square root transformation of per~entag~ of time pairs spent within 

10 m of one another) and number of territory intrusions by neighbouring males during the pre-eggkgg-taying stage (y = 0.58 + 0.35~). 



Singing rate (songdhr) 

Figure 2.3. Relationship between singing rate and number of temtory intrusions by neighbouring males (y = 0.50 - 0.02~). 
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Tabie 2.4. Mean maie singing rate (songdhr) + SE by nesting attempt and stage. 

Nesting Attempt 
and Stage 

N 
(No. of pairs) 

Replacement 11.0 23.6 
Bmds 

Pre-egg/egg-iay ing 

Second Broods 16.3 + 3-8 
pre-egg/w!-laPiag 

AU Attempts 
Incubation 



-7 -6 -5 -4 -3 -2 -1 O 1 2 3  

Day Relative to First Egg Laid 

Figure 2.4. T ï g  of copulation solicitations by females relative to day first egg 

was laid (= Day O). The fertile perîod was assumed to extend &om Day -7 to +2 

(see text). 



' Table 2-5. F d e  acceptane or rejection of extra-pair copulations on and off the 

territory . 

Location 

FemPIe Response 

Accept EPC Reject EPC 

On temtory 

Off tenitory 
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CHAPTER 3: MALE PROVISIONING AND EXTRA-PAIR PATERNITY 

INTRODUCTION 

Extra-pair mating is one of the most common alternative reproductive 

strategies adopted by male and fernale birds (reviewed by Birkhead and 1MBiier 

1992). As a resuit, d e s  o h  fâce the possi'bility of wing for unrelateci 

ofBpring. Seiection should fàvour maies that avoid investing in young they did not 

sire (Trivers 1972), either by preventing their mates fiom obtaining extra-pair 

fedizatiom (e-g., via mate-guarding; Parker 1970) or by assessing their paternity 

and adjusting their parental care accordingiy. 

Both theoretical and empirical studies examinhg the Muence of paternity 

on male care have produced conflicting results. Some models predict that 

parentage should affect parental care (e.g., Winkler 1987; Mialler 1988; 

Whitangham et d. 1992; Westneat and Sherman 1993), whereas others predict no 

such rehtionship (e.g., Maynard Smith 1978; Gross and Shine 198 1). In generai, 

models that assume that parentage is consistent from one breeding attempt to the 

next predict no refationship between parentage and parental care (e-g., Maynard 

Smith 1 978; see Westaeat and Sherman 1993; Houston 1995). When this 

assumption is relaxed and parentage varies among breeding attempts, several 

models predict a positive relationship between paternity and parental care (see 

Westneat and Sherman 1993). 



Another -or influenchg the paternity-parental care relationship is the 

importance ofparentai care for ofE3pring survivaI and subsequent recruiiment, As 

the importance of male care to oEspring sruvival increases, the inhience of 

paternity on d e  caFe decraes (Westneat and Sherman 1993). For example, 

when d e  Dunnocks (PnmeIh modirhnk) were t empody  removed to alter 

th& assessment ofpaternity, experimental males in polyandrous trios decreased 

th& parental care but monogamously mated maies did not @avies et ai. 1992). In 

polyandrous trios, the parental care of one male is not vital to oapring suMvaI 

because the other male is there to compensate for reduced parentai effort. Key to 

Whi t t inm et aL's (1992) model is the relationship between male care and 

offspring sumival. When offspring ben& increase in a deceleratkg manner with 

increased parental care to a maximum benefit, th& model predicts a continuous 

relationship between paternity and maie are. When the relationship between male 

w e  and ospring swvival is sigrnoidai (Le., same as above but with few or no 

benefits at low levels of parental care), then Whittingham et aL's (1992) model 

predicts a threshold response in which males do not reduce their Gare until their 

paternity within a brood is very low. 

Other factors that influence the relationship between maie care and 

paternity are the costs of providing care (e-g., reduced male suMval and/or lost 

opportunities for additional matings; Whittingham et ai. 1992; Westneat and 

Sherman 1993) and whether males can discriminate among their own and extra- 

pair young within the brood. Because female birds ov&e each egg separately 

(see Birkhead and Mslier 1992), each nestling can be sired by a different male and, 



therefore, mïxed-parentage broods can dt- If maies can recognke th& own 

offspring, then they are predicted to reduœ aire to young sued by others and 

uicrease «ire to th& genetic young (Westnaeat and Sherman 1993). However, no 

evidence indiCates that d e  birds am dsammat C C C  

e among within-pair and extra- 

pair young (Kempenaers and Sheldon 1996). Most modeis assume that, maics 

cannot discrimùiate among offkpring wîthin a brood, but they can use indirect mes 

to estimate their paternity (e-g., Houston 1995). Variation in female ab- to raise 

offspring alone andlor to manipuiate male assesment of paternity have rareIy been 

considered in these modeis (but see Gowaty 1996). 

There has also been no concensus among ernpirid studies examhhg the 

relationship between patennty and male parental =ee Some studies have found a 

positive relationship between paternity and male care (e-g., MsUer 1988; Burke et 

al. 1989; MBiIer and BirkheStd 1993; Dixon et al. 1994), whereas several others 

have found no relationcitiip (Ga* and BoUinger 1985, Westneat 1988, Wagner 

1992, WhÏttingham et d. 1993, Yezerinac et al 1996; aiso see Chapter 4). The 

interpretation of the latter case is ambiguous. Such results may mean that 

paternity does not influence male parental care or that maies are unahle to assess 

their patemity acaûately. 

Extra-pair patemity rates often vary between breeding attempts within the 

same year and thus several ment  studies have used this natural variation to re- 

examine the paternity-parental care relationslip (e.g., &on et ai. 1994, Freeman- 

Galiant 1996, Yezerinac et aL 1996). Weatherheaà and McRae (1990) were 



'among the to suggest the existence of within-season variation in extra-pair 

patecnity. They predicted that in species exhiibiting brood overiap in which the 

maie cares for fht brood fldghgs while the f d e  is fertile and prepares for the 

second brood, males shodd assess a higher risk of --pair paternity in th& 

second broods. This is because caring for fledgiings prevents males fiom guarding 

th& mates during the second brood fertiie period. Thus, Weatherhead and McRae 

(1990) predided that males shouid provision second broods less than first broods. 

However, recent empirid studies have not supported ttnS hypothesis: male 

Amerim Robii (TwrarS migrafonUS) do not feed second broods less 

(Weatherhead and McRae 1990), extra-pair paternity is just as likely to decrease as 

increase fkom î5st to second broods in Reed Buntings (Emben'za scknicius; 

Dixon et ai. 1994), and in Savannah Sparrows (Posser~üZ~~~ SQllCikrichensis) there 

are fewer extra-pair offspring in second broods than in fmt broods (Freeman- 

Gailant 1996). One possible explmation for these-results is that none of these 

studies distinguished second broods, which foilow successfùi first broods, fkom 

replacement broods, which foiiow nest predation. This distinction is important 

because there are no young to feed foiiowing predation and, thedore, males can 

mate-guard effectively during the fertile period of the replacement brood. 

In this study, 1 d e d  changes in extrampair paternity and maie 

provisioning rates h m  Çst to second broods in Chestnut-coiiared Longspurs. 1 

distinguished second broods from replacement broods and f m d  clutch initiation 

dates are nrnilar for second and replacement broods, &ch controls for changes in 

maie behaviour resulting corn seasonal changes in oepring value or renesting 



potential (see Montgomerie and W e a t h m  1988)- EIaboratiag on 

Weatherhead and McRae's (1990) suggestioa, 1 hypothesized that males shodd 

assess a Iow risk of extra-pair patezmty in both h t  and replacement broods 

because they can mate-guarci during the replacement brood fertile period (see 

Chapter 2). Thus, 1 predicted that males shouId provision first and replacement 

broods at simalar rates and provision second broods les. Using multi-locus DNA 

fingerprinting, 1 determined actual p a i e  in fïrst, second, and replacement 

broods. 

METHODS 

Paternity analysis 

1 coilected ail patemiîy data within a single year (1994) to avoid between- 

year effècts (e-g., Krokene et al. 1996). 1 assumed that al1 broods initiated at the 

beginning of the breeding season were h t  broods and then determined whether 

subsequent broods were second or replacement broods by monitoring the kst 

broods d l  the young fledged or the nest Miled By recapturing femaies on their 

new nests during incubation I was able to cab nest ownership. 

1 deterrnined paternity by multi-locus DNA fhgerprinting. Blood samples 

(50-100 jL) were taken &om either the brachial vein (nesthgs) or metatarsai vein 

(adults; see Chapter 1) and stored theai in Queen's Iysis b5er  (Seutin et al. 1991) 

at 4OC until DNA was extractecl. Following the methods of Lifjeld et ai, (1993), 1 

used a phenol-chloroform d o n  to extract the DNA DNA was precipitated 

and then resuspended in 0.3-1 mL of 1 X Tb& bufEkr overnight on a rotating 



wheel at 37OC. 1 testai the wnCentf8tion aad integfity of the DNA by digesting 4- 

6 pL genomic DNA with 1 pL EcORJ enzyme and separating it by electrophoresis 

on a 0.8% agarose gel in 1 X TBE b u f k  at 80-100 V for 3-5 hours. Mer 
* 

staining the gel with ethidium bromide, 1 photographed it under ultra-violet light. 1 

used these photographs to estimate the concentration of DNA by cornparhg each 

sample to a standard- This procedure was then repeated using ALU-1 as the 

enzyme, ailowing me to determine the volumetric equivaIent of 5 ~ r g  of DNA for 

each sample. 

For the hgerprint gels, 1 separated 5 pg ALU-1-digesteci DNA fiom each 

individual by electrophoresis on a 0.8% agarose gel in 1 X TBE b d e r  at 40-60 V 

for 48 hours. 1 aiiowed the DNA to migrate a total of 13- 14 cm. 1 ran putative 

parents and their o - ~ g  on the same gel. 1 depurinateci the gel (see Lifjeld et al. 

1993) and Southem blotted it onto an Immob'ilon (MiEpore) transfer membrane. 

The membrane was dried, bakeà, rehydrated, and then pIaced into a hybridization 

bottle with 20 mL of Westneat's prehybridization solution (see Westneat et al. 

1988) for 2 hours at 65°C. I labeled the rnini.uteIliteper probe (see Shin et al. 

1985) with a32~-dCTP by primer extension and added it to the prehybridization 

solution, The membrane was hybridized with the probe ovemight at 6S°C. 1 then 

washed the membrane (see Lield et aI. 1993), sealed it in pIastic, and placed it in 

an autoradiograph cassette with a piece of Cronex X-ray fih The film was placed 

between the membrane and a built-in intensifjling screen. Autoradiography 

proceeded at -70°C for 1-8 days. For 10125 broods, 1 sbipped the membrane and 

repeated the hybridizaîïon process ushg the Jeffreys 33.15 probe (see Jefieys et 



-al 1985). again labeled with a??-&TP. 1 d the second probe to CO- 

r d t s  obtained fiom the first probe. 

DNA fragments that hybdize with the p b e  becorne visible as 

dark bands on the X-ray nkn Hectrophoresis separates these fbgments according 

to site, with iarger fhgments migratmg more sIowIy than smaller fhgments. Thus, 

both the location and morphology ofthe bauds identifies different DNA fhgments. 

I scored these bands by placing an acetate overlay over the exposed X-ray nIm and 

markhg ali bands with permanent c010ured markers. 1 consïdered bands in 

diffetent individuals as identical Etheir deiisity and morphology were similar and 

their centres w a e  less than 1 mm apan I scoreci each band in a nesuing lane as 

shared with the f e d e  ifit was identical to a band in the f d e  lane, shared with 

the male ifit was idesfiCril to a band in the male lane, shared with both ifit was 

identical to a band in both the male and f e d e  Ianes, or novel ifneither the male 

nor female had an identicai band. Tbis allowed me to caldate the parent-nestfing 

band-sharing coefficient @-statistic) which is caldated as 2(&)/(NA + NB), 

where NAB is the -ber of bands shared by a putative parent and offspring and 

(NA+ NB) is the sum of bands scored for the two individuals (Wetton et al. 1987). 

I excluded an individual as a genetic parent ifthe D-siaistic was < 0.30 and the 

number of novei nestling bands was > 2. Ifonly one of these criteria was met, I 

assumeci the adult was the genetic parent. 1 re-probed the membrane with JefEeys 

33. I 5 whenever a nestling had a low band-sharing coeflicient (< 0.30) with eiîher 

parent, but had l e s  than three novel bands. In one 1 was &le to obtain 

DNA for the f d e .  In th is  case, novel bands could not be scored and paîernity 



assigmndexciwion was based on maienestüng band shanng alone, aRer probing 

with bothper and Je£&eys 33.15. 

Feeding rate 

I coiiected provisionhg and paternity data in the same year. On Nestling 

Day 6 (hatch &y = Day l), f conductd observaiions at each nest and recorded 

the number of feeding trips made by the male and fémale parent during one hour. 1 

made observations flom a distance of 20 m or more and, whenever possitle, 1 

made observati011~ flom a vehicle to mim'mize disturbance to the birds . To control 

for tirne of &y, aii nest observations were conducteci h e e n  2.5 and 5.5 hours 

after sumise. 1 recorded ambient temperature at the beginnllig and end of each 

nest observation and used the average of these two numbers in the caiculation of 

mean temperatures At the end ofthe observation penod, 1 recorded the number 

of nesthgs and their masses (to the nearest g) using a Pesola 50 g sale and also 

recorded total brood mass. 

Statistical Analyses 

I used a iinear regression to examine the relationship between parent- 

o e r i n g  band-sharing coefficients and n m t m  ofiovei nestling bands. TO 

examine differences in the proportion of second, and replacement broods 

containhg extra-pair young, I used a F i  exact test. .I used Mann-Whitney U- 

tests to test for ciifferences in mean feeding rates between second and replacement 



broods and second and fint broods- 1 used anaiysis of variance to detect 

diffefé~~ces in mean number of nestlings* mas per nestlhg, total brood mas, and 

d e n t  tempemure between the different types of broods. Finôlly, 1 used a 

Spearman's rank correiatïon to examine the relationship between individuai male 

fkeding rates and paternity. In ail cases* 1 used a Type 1 error rate of 0.05. 

--pair patemity 

Anaiysis of 85 omring fiom 25 broods, and their putative parents, 

revealed moderateiy-high levels of extra-pair paternity in my study population of 

Chestnut-colIared Longspurs. Intraspecific brood pacaSitism was not detected as 

only d e s  were excluded as genetic parents. 

Probiig withper resuited in a mean of 15-6 0.7 SE) scorable bands per 

nestling. The mean number of scorable bands for maies and f d e s  was 18.5 & 

1.9 SE) and 15 -0 1.6 SE), respectively. Band sharing d c i e n t s  and numbers 

of novel nestling bands were negatively correlateci f ir  males (8 = 0.48, df = 75, p 

< 0.00 1), but not for f d e s  (4 = 0.002, df = 75, p = 0.90; Fig. 3.1). 

1 identifïed one extra-pair young in the M y  (three co-tive broods 

belonging to the same pair) for which 1 could not obtai. DNA for the female. The 

extra-pair young had a band-sharing coefficient with the male of 0.08 usingper 

and 0.15 using IefFreys 33.15. Mean de-nestling band-sharing coefEcient for the 



other nestlings was 0.60 (4 0.07 SE; range: 023-0-83; n = 7) *pet and 0.48 

(+ 0.04 SE; range: 0-30-0.64; n = 7) ushg J e e y s  33.15. The nestluig that had a 

band-sbaring coefEcient with the maie of 023 usïngper, had a band-sbhg 

d u e n t  of 0.30 using T e s  33 -15. Thedore, 1 decided that this nestling was 

a genetic oflipring of the male- 

A total of  15/85 (17.6%) nestlùigs were --pair young and 8/25 (32.00/0) 

broods contained one or more erctra-pair ofEpxing- Percentage of extra-pair young 

per brood varied fiom 0-100% (Fi%. 3.2). Six of 14 (42.9%) males lost pateniity 

in their nests and two of these males lost paternity in two broods. The mean 

percentage of extra-pair young ia broods with mixed pateniity was 60.5% (SD = 

34%, n = 8 broods). 

ûf aü extra-pair young, 73.3% (1 1/15) were in second broods, while 

26.7% (4f15) were in first broods uable 3.2). Replacement broods containecl no 

extra-pair young. The proportion of ht and replacement broods containhg 

extra-pair young did not ciiffer (Fisher Exact Test, p = 0.52); therefore, these data 

were pooled for cornparison with second broods. The proportion of second 

broods containing extra-pair young Wered signi6cantly fiom first and replacement 

broods (Fisher Exact Test, p = 0.03). 

Feeding rate 

Male longspurs fed second broods significantly les 6equent.y than either 

fim broods (Mann-Whitney U-test, 2 = 2.06, df= 26, = 0.04) or replacement 

broods (Mhn-Whitney U-test, Z = 2.36, df = 21, p = 0.02; Fig. 3 -3). Total 



feeding trips to second broods were sïnlüar to those at fust (Mann-Whitney U-test, 

Z = 0.77, df= 26, p = 0.44) and replacement broods @Aimu-Whitney U-test, Z = 

0.22, df= 21, p = 0-82; fig. 3.4) because fémales compensateci and fed second 

broods more mg. 3 -5). Fernales fed second broods significantly more fkquently 

compareci to either first (Mann-Whitney U-test, Z = 1-96, df= 26, p = 0.05) or 

repfacement broods (Mam-Whhey U-test, Z = 2.17, df= 23, p = 0.03). There 

was no signifiant difference in mean Julian &te between second and replacement 

broods (second broods ii: = 190.30 2 13.0 SD, n = 10; replacement broods X = 

182.85 2 16.7 SD, n =13; Mann-Whitney U-test, Z = 0.93, df= 21, p = 0.35). 

Fist, second, and replacement broods did not diftèr m mean number of orrSpring, 

mean total brood mas, mean mass per oflkprhg, or mean ambient temperature 

during nest observation (Table 3 3). 

Individuai male fèeding rate was not correlateci with the proportion of 

extra-pair young in bis nest (Spearman's rank correlation, r, = -0.29, p = 0.15, n = 

25 broods; Fig. 3 -6); even those males that did not lose pst- in their k n d  

broods tended to feed these broods Iess. 

DISCUSSION 

As predicted, second broods ofChestinb-co11ared Longspurs containeci 

more extra-pair young than did ht or replacement broods and males made fewer 

feeding trips to these second broods. To my knowiedge, this is the fïrst study to 



support Weatherfiead and McRaes (1990) hypothesis that males should assess a 

higher risk of extra-pair paternity m second broods and thus provision second 

broods less than first broodsOOdS 1 wodd not have found these resuits had 1 not 

distinguished between second and replacement broods. This distinction is 

important because, as there are no young to feed after nest predation, males can 

mate-guard during the replacement brood fertile period; whereas, their guarding is 

hindered during the fémale's fertile period for the second brood because they are 

caring for fb t  brood fledgiings. These resuits support my prediction tbat maies 

should assess a low ri& of exîra-pair paternity in both fiitst and repiacexnent brms 

and provision these broods simiIarly: 1 found no différence in actual paternity 

between first and repIacement bmods and d e s  fed these broods at similar rates. 

The results reported here are not due to seasonal &ects. Ifthis were the 

case, then extra-pair patemity and provisionhg rates should be sidar in second 

and replacement broods, because these broods did not m e r  with respect to date. 

M e r  factors also do not appear to contriiute to the lower male feeding rate at 

second broods: mean number of offSpring, mean total brood mass, mean mass per 

offsprïug, and mean ambient temperature during nest observation were similar for 

f'rrst, second, and replacement broods. 

Overall, the rate of extra-pair pateniity in Chestnut-collared Longspurs is 

moderately fiequent. The percentage of extra-pair young (17.6%) and number of 

nests containhg extra-pair o-ring (32.û??) is comparable to that found for 

Bluethroats (Luscinia swcicq Krokene et ai. 1996), but is aot considered 

exceptionally high (see Gowaty 1996, Krokene et al. 1996). However, extra-pair 



patefllity was common in second broods: 60.00/0 of second broods contained extra- 

pair young and 36.7% of second brood nestlings wae sired by --pair males. 

Thus, there shodd be strong selective pressure on males to imrest l e ~ s  in their 

second broods and, indeed, males provisioned tbese broods less. 

Male longspurs appear to assess their paternity and adjust their parental 

care accordingiyY However, this assessrnent is imperfi. These r d t s  are based 

on average extra-pair patemity and average d e  feeding rates. There was no 

si@cant correlation between an individuai male's paternity and bis feeding rate, 

and males tended to feed their second broods less even ifthey did not lose 

paternity. Why rnight this be so? The atlswer probably lies in the males' abiiity to 

assess their paternity (see Davies et al. 1992; Wesmeat and Sherman 1993). Male 

. * .  bids are not known to discnminate between their own and extra-pair ofipring 

within a brood (Davies et al. 1992; Kempenaers and Sheldon 1996) and thus, they 

likely assess th& patemity by using indirect cues during th& mate's fertiie period 

(Davies et al. 1992; Dixon et al 1994). Mde longspurs, üke many other 

passerines, feed their iïrst brood fiedghgs while their mate becornes fertile for the 

second brood, which hinders male mate-guarding ability (see Chapter 2). 

Weatherhead and McRae (1990) suggested that inability of d e s  to guard should 

lead to lower confidence of patemity in second broods. Mate-guarding 

traditiody has been viewed 9s a male patemity guard: the male maintains close 

prorcimity to his fertile mate to prevent extra-pair males fiom inseminating her (see 

Birkhead and Maiier 1992). However, this behavior couid also dlow males to 

assess their paternity. As a result, fernales might be éxpected to manipulate male 



confidence of patemity by "coopaatmg' with mate-guarding efforts (e-g., see 

Chapter 2) and seeking extra-pair copuiations covertïyY 

Accordhg to the assessment hypothesis (above), wh& males carmot mate- 

guard during the second brood f d e  penod, two things happa Firsf male ability 

to assess patemity deaeases, leading to unœriahty of patemity regardiess of 

whether pat- is aCtuaUy lest Second, fernales can seek extra-pair oopilations 

undetected by their mates, which leads to higher extra-pair patanity in second 

broods, at the population I d .  However, not aU femaies that have the 

oppominity to extra-pair copulate do so, because extra-pair matins are not 

advantageous to ai l  f d e s  (e-g., those fernales already socially paired to high 

quaIity males; see Kernpenaers et aL 1992; ûtter et aL 1994). Thus, both fernale 

manipulation and f d e  mate choice (e.g., see Yezerinac and Weatherhead, in 

press) can lead ?O discrepancies between a malets perceived and realized pateniity. 

Why is there a relationship between male care and patemity in Chestnut- 

collareci Longspurs whereas s e v d  other empirical studies have Wed to find any 

association (e-g., Gavin and Bollinger 1985, Westneat 1988, Wagner 1992, 

Yezerinac et aL 1996)? Male longspurs may not face the same costs associateci 

with reduciog Gare as do other species. Extra-pair oBpring in birds usuaily occur 

in mOred-parentage broods (Le., both within-pair and extra-pair young in the same 

nest) and, therefore, it has been suggested that withholding Gare may be costly to 

males because of the adverse effms on young they sired within the brood 

(Whithngham et al. 1992, Westneat and Sherman 1993). Male longspm did not 

have this consm.int because femaies compeasated for reduced male care and fed 



second broods more. Thus, d e  Iongspurs couid spend less energy on braads in 

which they assessed a higher risk of e~rtra-pair patenùty, without endangertag their 

own Young. 

Second, ifthe patterns of paternity 1 recorded within a single year are 

typical, then male longspurs should have predictably higher paternity in the k a  

brood of the subse~uent breeding season than in the m e n t  second brood. 

Therefore, maies rnay reduce parental care in the current (second) brood to 

Uicre8se their chances of over-winter &val and obtaining greater beneh  Eom 

fiiture ( h t  brood) breeding opportrmities the foiiowing year (Westneat and 

Sherman 1993). Yezerinac et al- (1996) suggested that the low between-season 

SuTvival rate (30%) of Ydow Warblers (moicapetechia) contn'buted to a 

lack of parenîage-dependent p a t d  care in that species. In my study population, 

male longspurs survive much better: 66.7% (20130) of males returned for more 

than one breecüng season (see Chapter 1)- 

Fihaily, although male Iongspurs seem unable to assess their individual 

paternity accurately, they cm respond to population changes in the pater* rate 

f3om first to second brood. Thus, by responding to a higher probability of extra- 

pair paternity in second broods, they predict their own patemity situation 

accurately more than 50% of the time. in Cbapter 4, 1 examine male ability to 

assas paternity more closely. 

1 predict that the rnechanisns male biids use to assess th& paternity vary 

betwem species and between habitats (see Chapter 5) &4 therefore, fürther 

examination of these mechanisms may provide insight as to why males of some 



species adjust thir parentai auc in accordance with their p & e ,  whereas iu 

other species they do not 



Table 3.1. Mean & SE) band-sharing M c i e n t s  betweetl social Mers and 

nestlings and social mothers and nestlings, and mean I+ SE) number of novel 

nestlùig bands for within-pair young and --pair young. 

Witnin-pair young Extra-pair young 

Social father-nestling O.Si + 0.01 O. 12 + 0.02 
band-sharing coefficient (range: O. 19-0.75) (range: 0.&0.27) 

Soci ai rnother-nestling 0.46 5 0-02 0.53 + 0.03 
band-sharing coefficient (range: 0.254.72) (range: 0.30-0.64) 

Number of novel nestling 0.3 f: 0.08 

bands (range: û-2) 

6.6 0.9 

(range: 3- 16) 



Figure 3.1. Band-sharing co~cients  @-staMc) b e e n  social mothers and 

neçtliogs (*) and social fathers and nestlings @) and numbers of noveI nestling 

bands. 
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Extra-pair offspring (%) 

Figure 3 -2. Percentage of young per nest that were extra-pair young. 



Table 3.2. Penxntages of nests contain& extra-pair ywng and percentages of 

nestliags that were extra-pair yomg by nesting attempt. 

contuning extra- tlcbfliags that were 

Nestirig Attempt: 

Fit broods 20-00/0 11.8% 

(n = 10 braods) (n = 34 nestiings) 

Replacement 0.0% O-OO/o 

broods (n = 5 broods) (n = 21 nestlings) 

Second broods 60.W 36.7% 

(n = 10 broods) (n = 30 nestIings) 

Total 32.0 % 17.6% 

(n 4 5  broods) (n = 85 nestlings) 



Figure 3 -3. Mean SE) male feeding rates (feedings per hour) to first (n = 18), 

second (n = 1 O), and replacement (n = 13) broods. 



Figure 3.4. Mean SE) total f d g  rates (feedings per hour, d e  and fernale 

feedings combined) to first (n = 18), second (n = IO), and replacement (n = 13) 

broods- 



Figure 3 S. Mean & SE) female feeding rates (feedings per hour) to first (n = 18), 

second (n = IO), and rephcernent (n = 13) broods. 





Figure 3.6. Percentage of extra-pair young per brood and male feeding rate. 



CEKAPTER 4: NEST DEFENCE AND MANIPULATION OF MALE 

ASSESSMENT OF PATERNITY 

INTRODUCTION 

Providing parental care can reduce an individual's survival (e-g. Daan et al. 

1996) and fùture breeding opportunities (e-g. Verhuist and Hut 1996). Thus, 

seleciion should favour individuals that avoid investing in unreiated o w ~ g  

(Trivers 1972). Multiple mating by fernales has been documented across a wide 

range of species' including every class of vertebrates (e.g. Parker 1970; Smith 

1984; Birkhead and Mailer 1992; Galbraith 1993; Stockiey and Purvis 1993). In 

species that provide paternal care and biparental are, multiple mating ofien results 

in males duecting their parental efforts towards unrelated young Despite 

theoretical models predicting that male parental Gare should vary with paternity 

(e.g., reviewed in Westneat and Sherman 1993; also see Chapter 3), empirid 

evidence of a such a relationsbip is mixed (e.g. Wbittinghaxn et al, 2993; Dixon et 

ai. 1994). Kempenaers and Sheldon (1997) argued that obsemtional data may be 

inadequate to test these models (see also Wright and Cotton 1994). They 

suggested that different males within a population likely confkont diff&ent 

tradeoffs and, as a result, variation in individual optimimtion of parentai care can 

obscure the paternity-parental care relationship. Hence, they argued that an 

experimentd approach is preferable. 



Experimental studies generally manipulate a maie's perception of 

relatedness to putative ofEprhg (patemity assessment) as opposed ta his realized 

paternity (see Schwagmeyer and Mock 1993). Howewer, this does not alter the 

validity of using experimental studies to examine the relationship between patemity 

and parental mee  Among birds, males are not known to discriminate between 

their own and extra-pair o-ring within a brood (e-g. Davies et al. 1992; 

Kempenaers and Sheldon 1996)- Thedore, parental Gare decisions are based on 

the male's assessrnent of paternity, rather than his a d  paternity (Davies et al. 

1992; Kempenaers and SheIdon 1997)- 

To investigate the relationship between paternity and parental case, most 

m e n t a l  studies on popdations of wild birds have involved temporary removal 

of males during their mate's f i d e  period (e-g,, Whittinpham et a l  1993). 

Recently this approach has been dcized because such experhents manipulate 

several proximate *ors simultaneously, which can lead to uninterpretable results 

(Schwagmeyer and Mock 1993). For example, changes in male behaviour after 

temporv removal may resuit fiom captivity andlor social isolation, rather than 

from altered assessrnent of paternity (Wright and Cotton 1994). Moreover, 

because fernale birds ofien leave their territories to seek extra-pair copulations 

actively (Kempenaers et al. 1992; Wagner 1992; Gray 1996; Gowaty 1996; 

Chapter 2), male removais do not mimic a realistic situation (Gowaty 1996)- 

Another problem with these experiments has ken  that the 'kontrol" treatment 

typically is d e  removai during incubation whm the f&e is m longer fertile. 

This "contrai" relies on the assumption that males have accurate information 



concemhg their mate's reproductive condition However, this may not be the 

case. For exampie, female European Starhgs (Stumts wi'ps) sometimes solicit 

copuiations fiom their mates throughout incubation, poaibly a> prevent th& 

mates fiom becoming polygynous (Eens and Pinxten 1995). This could render 

incubation-pexiod controls ineffective ifmaies use female behaviour to assess th& 

mate's fertifity. Finally, the success ofmaie remod experiments in infiuencing 

maIe a r e  has been limiteci largely to species with mperative (Koenig 1990) or 

polygynandrous @avies et al- 1992) mating systems; most experiments on 

monogamous species have been unsuccessfui (Wright and Cotton 1994; but see 

Mnriier 1988, 1991b). 

Wright and Cotton (1994) took another approach to manipulating male 

assessment of paternity by capturing fertile female starhgs and phcing them in 

cages with live male decoys in view of their mates. Males observing their mates 

"interacting" with another male subsequently reduced their parental tare- Another 

method of altering maie assessment of paterniiy is the use of male decoys. Wright 

and Cotton f 19%) suggested that males may perceive that their paternity is never 

r d y  threatened by such an eqeriment. However, ifthe decoy attracts the 

attention of the female, as weii as the male, then the manipulation may mimic 

f e d e  interactions with a potential extra-pair maie. 

The aim of this study was to manipulate male assessment of paternity 

experimentally and examine its influence on subsequent male parental case in a 

population of Chestnut-colareci Longspurs. In a previous shidy (Chapter 3)' 1 

found that second broods of longspurs are more likely to contain exîra-pair young 



than are replacement (after nest predation) broods, and that maIes feed these 

second broods significantly les. Ciutch initiation dates of second and replacement 

broods are gmrlar (Chapter 3), which controis for changes in male behaviour 

resuhing fiom a seasonal decline in ofEpring value or renesting potentiai (see 

Montgomerie and Weatherhead 1988). In this study, 1 manipuiaîed pairs only 

during the fernale's fertile period of r e p b m t  broods using a combination of a 

rnounted male decoy and taparecordeci Song. This method attracted the fernale, 

as wd as the male, to the decoy. The control was a heterospdc decoy which 

poses no threat to the male's patemity. 1 examined the e f k t  of the manipulation 

on both d e  feeding rates and nest defence. By engaghg in nest defence, parents 

presumably incrase the sunnval probabiiity of their eggs or nestlings by distracting 

predators away fiom the nest (Montgomerie and Weatherhead 1988), but ofken 

risk injury in doing so (reviewed in Sordahl1990). Although both offspring 

provisionhg and nest defence can affect adult SUryiyal (Sordahl 1990; Daan et ai. 

1996), the risk of immediate injury may render nest defence a more costly 

behaviour- Thus, I predicted that both male feeding rates and nest defence should 

be less for experimental broods compared to control broods. 1 also compared nest 

defence at iuunanipulated second and replacement broods. 1 predicted that, like 

male feeding rates, male nest defmce should be less at second broods than at 

replacement broods because males can mataguard effectively during the fertiie 

period ofreplacement broods, but not of second brmds (Chapter 2) and, 

therefore, they should assess a higher risk of extra-pair paternity in their second 

broods. 



METHODS 

Nest Defénce 

1 Quantifieci nest defénce by placing a taxidennic mount ofa Richardson's 

ground squirrel ( S ' o p h i I i s  ric~&ommi) near the ne&, 1 chose to use this 

species because it is diumal, resident on the study site, and 1 had previously 

observai longspurs aggressively responding to live ground squirreIs near their 

nest. Circumstantial evidence, including ground @el tooth imprints on 

plasticine eggs placed in longspur nqsts (unpubl. data), indicate that Richadson's 

ground squirrels may be opportunistic nest predators. When they are attacked by 

longspurs, live ground squirrels o h  remain motionless (pers, obs.); thus, 1 

reasoned that a motionless ground squirrel mode1 was rdativeiy realistic. The 

ground squirrel was mounted standing on d four Iegs with tail erect and was 

placed fie m fiom the nest such that it faced the nest. 1 conducted ail nest defence 

trials when aestlings were between the ages of Nestling Day 3 and 6 (haîch = Day 

1) to wntrol for age of young, and between 2.5 and 5.5 hours prior to sunset to 

control for time of day. 1 did not conduct these trials during inclement weather, 

which could have jeopardized the nestlings by prevedng parents ftom brooding. 

At each trial there were two observers to ensure that all behaviows were recorded. 

1 made observations fiom a distance of 20 m or more fiom the n&. From this 

distance, 1 was able to observe the Iongspurs interacbog witb the m a  without 

disturbiig them. 



1 recorded the period from the time the model was in place until the male 

and f d e  encounîered it (hereafter, "response timen). 1 assumed that the bird 

had encountered the model ifit flew directly over the model, dove at or passed 

over the model (see descriptions below), or landed within 10 m of the modeL 1 

ailowed the biids to interact with the model for 5 min after the h t  individuai of a 

pair had responded, Ifthe second bird did not respond during the 5 m i .  trial, I 

recorded the r e spok  time of the second bird as five min plus the response tirne of 

the fmt bird. Thus, this estimate was coriservative and provided a minimum 

response time for the second biid. If neither bird responded withui 15 minutes, 1 

terminated the trial and repeated it the foilowing &y. Ifthe model elicited no 

response fiom either parent on two successive days, 1 did not include the nest in 

my anaiyses. 

In addition to response tirne, 1 recorded the foilowing behaviours for both 

the male and female: (a) closest ground distance to the model, (b) closest height 

above the model, (c) percentage of time spent witbin 3 m of the model (on the 

ground and in the air, combinecl), (d) aumber of dives at (k., descendeci towards) 

the mode4 and (e) number of passes (Le., circled; no change in vertical height) 

over the model. When an individual did not respond during the 5 min trial I 

recorded their closest ground distance and closest height as 50 m. 1 assurnecl that 

the intensity and, therefore, risk of nest defence increased with increasing 

fiequency of dives and closeness to the model (see Montgomerie and Weatherhead 

1988). I also assumed that response time indicated an individuai's nest vigilance 

and willingness to defend the nest. 1 predicted that maies would have a longer 



response the, make fewer dives at and passes over the modei, spend Iess t h e  

wkhb 3 m ofthe model, and remain fiirther h m  the mode1 at second and 

experimentd broods comparai to replacement and control broods. 1 used an 

arcSn-squaremot transfdrmation to transfôrm the percentages m (c) for statistical 

analyses. At each nest 1 also recordeci the number and age of nestlings. 

1 coiiected nest defence data at d p u i a t e d  second and replacement 

broods in both 1994 and 1995 and estimated the clutch initiation date by back- 

counting 12 days fiom hatch to the Iaying of the penuitimate egg (see Chapter 2). 

1 converted cIutch initiation dates to JuIian dates for the purposes of statisticai 

maiyses. Because there were considerable between-year &ects (e.g., mean age of 

young was s i @ d y  older in 1994; most second broods foiiowed a replacement 

brood, rather than a fkst brood, in 1995; see Chapter 2), 1 analyseci the data fiom 

the two years separately (see Statisticai Analyses below). 

Manipulation ofMale Assesment of Paternity 

1 used a combination of decoy presentation and song to manipulate male 

assessrnent of patemity, 1 conducted manipulations during the fernale's fertile 

period for the repiacement brwd and then examined the effects of the 

manipulation on subsequent d e  nest deface and feeding rate. 1 assumed that the 

f d e  period extendeci h m  *seven days prior to the laying of the 6nt egg until the 

laying of the penuitimate egg (see Birkhead and Mder 1992). Mer a nest was 

preyed upon, 1 alternately assigned the pair to either the experimental or control 



treatment. The m e n t a i  treatment involveci presenîation of a male Chesmut- 

coliared Longspur decoy with accompanying Iongspur sang, wheregs the control 

treatment was a Homed Lark (Ei.emophiCa ulpes2rf.s) ddecoy with accompaqhg 

Homed Lark Song. 1 chose this control because Horned Larks are &dent on the 

study site, are approximaîely the same size as Iongspurs, and pose no threat to the 

male longspur's patemity. Each decoy was a fieezedried specimen and was 

moinrted in a perched position on a 1-m high perch 1 used song recordings fkom 

the Peterson Field Guides: Western Bird Songs (1992). The Chestmrt-coilared 

Longspur songs were recorded at North Dakota and Manitoba, whereas the 

Homed Lark Songs were recorded at Colorado, Texas, and Caiifernia (Peterson 

Field Guides: Western Bird Songs 1992). 1 recorded 1 min segments of song 

separateci by 30 s of blank tape on a 30 min cassette tape (Sony HF) for each 

species. During the trials, 1 played the appropriate cassette tape on a Realistic 

AMRM stereo cassette recorderlplayer, which 1 placed d i r d y  under the decoy. 

1 set the volume control at % maximum, whkh to my ear produced songs of 

similar volume to that of male longspur songs. 

Femaie longspurs build a new nest for eacb nesting attempt and mem 

distance between nests of the same fernale is 3 1.5 m (range: 0.9-68.0 m, n = 55; 

Hill and Gould 1997). Therefore, 1 placed the decoy 10-20 m h m  the recently 

preyed upon nest. 1 began decoy presentations between two and fwe days after 

nest predation and presented the same decoy to the pair for five successive days. 

Previously, 1 found that longspur fernales initiate replacement clutches a mean of 

5.5 days after nest predation (see Chapter 2). Therefore, by presenting the decoy 



during the 5day triai period, 1 ensured that each pair was exposed to the decoy 

during at least part of the f d e ' s  f e d e  period. 1 conducted ail triais between 0.5 

and 2.5 h d e r  sumise. 1 recorded the period fiom the time the decoy and tape- 

recorder were in place until the male had discovered the decoy. Once the d e  

responded, 1 allowed him to interact with the decoy for a total of3 min, after 

which the decoy was removed. 1 made observations h m  a distance of 20 m or 

more. From this distance, the birds were not disturbed by my presence. Two 

observers attended ail trials. 

M e r  the Zday trial period finished, 1 searched the t t i o r y  for the 

replacement nest. 1 recaptured the female on her nest during incubation to w n f h  

nest ownership. 1 then monitored the nest daiiy unîïi the young hatched. Once the 

young had hatched, 1 estimated clutch initiation date by back-counting 12 days 

from hatch to the laying of the penuitimate egg (see Chapter 2)- This allowed me 

to determine the fernale's fertile period relative to the decoy presentations. 1 

assumeci that the fertile period extendecl fiom Day -7 to + 2 @ay O = day fist egg 

was laid, Chapter 2). 

On Nestling Day 3,4, or 5,1 presented the pair with the ground quine1 

model as descn'bed above. 1 presented the model to men experimental pairs and 

eight control pairs. On Nesthg Day 6,1 conducted an hou-long nest observation 

and recorded the number of feeding trips made by the male and female parent, as 

describeci in Chapter 3. 1 made nest observations at eight experimental and eight 

control nests. These observations were conducted between 2.5 and 5.5 h after 

sumise to control for tirne of day. At the end of the observation period, 1 recorded 



the mimber and masses (to the nearest g) ofnestlings, and total brood mass (see 

Chapter 3). 1 made observations h m  a distance of 20 m or more and, whenever 

possile, 1 made observatlons fbm a vehicle to m i n h k  disturbing the birds . 

Statistical Analyses 

I predicted that males wodd provide less parental care at second broods 

comparecl to unmanipulated replacement broods, and less care at the experirnental 

broods cornpared to the control broods and, thedore, 1 analyzed the male 

behaviourai data using one-taiIed tests* 1 did not make predictions regarding 

differences in the behaviour of fémaies, age of nestlings, number of nestlings, or 

clutch initiation dates and, therefore, 1 analysed these data using two-tailed tests. 1 

analysed ciifferences in responses at second and replacement broods using an 

analysis of variance- In 1995, second and repiacement broods differed with respect 

to date (see Results) and, thedore, 1 included date as a variable when 1 analysed 

the 1995 data. 1 anaiysed Werences in responses to the experimental and control 

broods iising analysis of vaRance for both feeding rate and response to the 

predator model. Because severai of the nest defence variables were correlated, 1 

* . .  used a stepwise disci. t fiindon analysis to confirm anaiysis of variance 

results. 1 used a t-test to compare male iatency thne at experimental and control 

broods. In ail cases, Type 1 error rate was 0.05. Unless otherwise indicated, 1 

present means + SE. 



Infiuence of Nesting Attempt on Nest Defénce 

(a) 1994 data 

During 1994, second and replacement broods did not m e r  with respect to 

mean clutch initiation date (Julian dates: R second = 171.9 + 5.5, n = 8, R 

replacement = 169-8 + 7.0, n = 6; t = 023, df= 12, p > 0.81). In this year, males 

spent a sigdicantly srnalier percentage of time within 3 m of the gromd squirrel 

mode1 at second broods compareci to wimanipulated replacement broods (Table 

4- 1). With the exception of number of passes, the direction of Herence in male 

nest deface between second and replacement broods was as 1 had predicted 

uable 4. l), although only percentage of time within 3 m of the mode1 was 

signiscant. Stepwise discriminant hct ion d y s i s  wnfhed these r d t s .  

Female nest defence did not differ between second and replacement broods (Table 

4.2). . Second and replacement broods did not cliffer with respect to age (# second 

> 0.68) or number of young (X second = 3.8 young + 0.3, n = 8, ff  replacement = 

(b) 1995 data 

During 1995, mean clutch initiation date differed signifïcantly between 

replacement and second broods (Julian dates: # second = 186.2 + 1.9, n = 12, ii 



replacement = 161-7 f 1.1, n = 16 ; t = 11-93, df= 26, p c 0.001). Second and 

replacement broods did not dBx with respect to age (Z second = 3.6 days 2 0.2, n 

= 12; X repiacement=3,4 days&0.1, n= 17; tt0_89, df= 16.9, p = 0.39) or 

number ofyoung (2 second=3.6 f 0.3, n =  12; Rreplacement=3.7&0.19, n= 

17; t = 0.19, df= 27, p = 0.85). 

The direction of difference in male nest defhce was as 1 hrid predicted for 

al1 the variables measured (TabIe 4.3). Initial anaiysis of variance indicated a 

signifiant difierence for male response time, closest distance to the model, and 

number of dives at the model (Table 4.3): males tmk longer to respond to the 

modei, made ber dives at the mod4 and did not approach the model as closely 

at second broods compared to replacement broods, However, stepwise 

. . .  discnmuiant fiiaction analysis showed that almost al1 of the variation in male nest 

defence codd be attributed to date, rather than breechg attempt. The nnal model 

inciuded ody date and male respow time. Female nest defénce did not Mer  

betwem second and replacement broods (Table 4.4). 

Manipulation of Maie Assessment of Paternity 

(a) Mode1 Presentations 

The longspur and Horned Lark decoys were presented to 15 and 12 pairs, 

respectively. Seven nests in the experimental treatment and four nests in the 

contra1 treatment were preyed upon prior to testing whh the ground squirrel 

model leaving a sample size of eight in each treatment. AU of the M a y  triais at 



least partially over-lapped with the fiande's M e  period (Fïg 4.1). In two 

experimental treatments the female was no Ionger fértile on the last day of model 

presentation, and in one control treatment the fèmale was no longer fertile on the 

last two days of model presentations. AU other decoy presentatiom were made 

while the female was fertile. 

Males typically responded to the longspur decoy by performing song 

displays, siriging 6om nearby perches, and dMng at the rnodel. Ifthe f d e  was 

near the decoy (within 15 m), the male often landed betwem the decoy and his 

mate and, on four occasions, the male chased the fémale away fkom the decoy. 

One pair copulated during the decoy presentaîion and another pair copulated 

within two minutes after 1 had removed the decoy. On five occasions during the 

decoy presentation, the male chased an intniding male off the temtoxy. Males 

often exhiiited agitation during demy presentations by &g their nape feathers 

or bill-wiping. F d e s  showed little interest in the Horned Lark decoy and males 

did not chase females during these presentations. However, during Homed Lark 

presentations, males did perform song displays and were involveci in chases with 

intniding males. 

For all decoy presentations, there was no signiscant difkence between 

experimental and control broods in the mean male latency time to encounter the 

model (R experimental= 333.7 sec + 46.0, ic wntrol= 30 1.2 sec + 34.3; ANOVA, 

F = 0.93, df = 1; p = 0.53). Experimed broods and control broods did not differ 

with respect to mean age of yomg (Z experimentai = 3.1 days 2 0.1, n = 7, E 

control = 3.3 days + 0.2, n = 8; t = 0.49, df = 13, p > 0.3 1) or mean number of 



young (X experimd = 4.0 young + 0.3, n = 7, Si control= 3.9 young + 0.4, n = 

(b) Iufluence on Parental Care 

Mean male feeding rates at experimeniai and control nests were not 

SiguXcantly diEerent (X experhemal= 5.5 trip* 0.7, n = 8 , Si controt = 6.3 

trip* + 1.1, n = 8; ANOVA, F = 0.34, df= 1, p > 0.57), but power of the test 

was low (1 - = 0.14). There was also no signifïcant difference in f d e  feeding 

rates (2 experimental= 6.6 trip& + 0.8, n = 8, Si control = 6.9 tripdhr + 1.2, n = 

8; ANOVA, F = 0.03, df= 1, p > 0.86) or total (male and female combined) 

feeding rates (2 experirnental= 12.1 tripslhr + 1.2, n = 8, Z control= 13.1 tripslhr 

+ 1.7, a = 8; ANOVA, F = 0.23, df= 1, p > 0.63)- - 

In ewery measure of male nest defence, the direction of merence between 

control and experimental broods was as 1 predicted (Table 4.5). The male 

responded to the ground squirrel before the female slightly less ofken for the 

experimental broods compared to the control broods (3 of 7 vs. 7 of 8, Fisher 

Exact Test, p = 0.1 19). This difference was not signifiant, but power ofthe test 

was low (1 - J3 = 0.05). Males tended to spent less tirne within 3 m of the model at 

experimental broods compared to control broods (Table 4.5). Closest distance 

approached by males to the ground squiml model was signiscantly M e r  at 

experimental broods compared to control broods (Table 4.5). No other measures 

of nest defence differed sigdicantly. Stepwise discfiminan . . .  
t fiuiction analysis 

confimeci these results. 



With the exception of closest height and number of passes* the direction of 

difference in f d e  nest defence between control and argeriméntal broods was 

opposite to that for male nest defice pable 4.6). There were non-signifiant 

trends that femaies approached the model closer and made more dives at the model 

at experîmental broods compared to conîrol broods (Table 4.6). 

With respect to percentage oftime maIes spent within 3 ni of the modei, 

experimental broods were similar to unmanipulated second broods in 1994 

(ANOVA, F = 0.18, p > 0.67), whereas control broods were similar to 

unmanipulated replacement broods in 1994 (ANOVA, F = 0.02, p > 0.89; Fig. 

4.2). Experimental broods diEered si@cantly fiom replacement broods 

(ANOVA, F = 5.25, p > 0.05; Fig. 4.2). There was a trend that control broods 

differed fiom second broods (ANOVA, F = 2.32, p > 0.15; 1 - f3 = 0.42; Fig. 4.2) 

DISCUSSION 

Muence of Nesting Attempt 

Some of the memures of nest defence suggest that maies defendeci their 

second broods less than unrnanipulated replacement broods: at second broods, 

males spent l e s  t h e  close to the model (1994 data) and respcrnded more slowly to 

the model (1995 data) wmpared to replacement broods- Additionally* with one 

exception, the direction of difference in male deface was as one would predict if 

males investeci less in th& their second broods. These results are compatible with 



my resulîs that d e  Chesinut-coliared Lmgspurs féed th& second broods 

signüicautly Iess than replacement broods (Chapter 3). In Chapter 3,1 reported 

that second broods are more likeiy to contain exira-pair young than are 

repfacement broods, and I implicated male assessment of pateniity as the 

underlying factor cuntnbuting to the variation in male behaviour- In the current 

study, both f d e  responses to the predator model were simüar at second and 

replacement broods, suggesbing that these brwds are of simüar vaiue to fernales. 

This is not unexpected @en that second and replacement broods did not differ 

with respect to either brood size or age of young, both of which can iaD,uence 

parental nest defice (e.g., Montgomerie and Weatherhead 1988, KaceLink and 

Cuthill1990, Onnebrink and Cwio 1991). Chitch initiation date can also irifluence 

variation in parental behaviour, because sumivai and recruitment of offiring is 

ofien Iess for young fledged later in the breeding season (e-g., Arcese and Smah 

1985). Therefore, parents may invest Iess in Iate onSpring (Weatherhead 1989) 

because they are less valuable to them. Aiteniatively, parents may invest more in 

later broods because they have less opporhinity to reuest ifthe brood fds 

(Montgomene and Weatherhead 1988). In 1994, there was no difference in clutch 

initiation date between second and replacement broods, so this was not a source of 

variation in parental nest defence. When date was controiIed for in the 1995 data, 

1 found that breeding attempt ïnfiuenced one measure of the nest-defénce 

behaviour of males (response time), but not of fernales. As is the case in many 

other species (reviewed in Neudorf and Sealy 1992), fernale longspus typically did 

not respond as intensely to the ground squirrel model as did males; in several trials 



they dÏd not respond at ail, This iack of response d d  sample sizes in many 

of the female behaviour categories. NonetheIess, the results of this study provide 

M e r  enidence thaî male longspurs imrest less in theïr second broods, and suggest 

that second broods are l e s  valuable to males than are replacement broods. 

Influence of the Manipulation 

There was some indication that males presented with a conspecific decoy 

responded less to the predator mode1 than did d e s  preseated with a 

heterospecific decoy. In ail rneasures of male nest defence, the direction of 

difference was as 1 predicted and suggest that the qerimental manipulation was 

successfUl in altering male assessment of patemity. 1 assumed that nest defence risk 

increased with increaSiLlg closeness to the model (see Montgomerie and 

Weatherhead 1988). At experimental broods, males did not approach the predator 

model as closely, as they did at control broods. Maies also tended to spend less 

time within 3 m of the model at expainentai broods compareci to control broods, 

and in this respect, experïmental broods differed signiscantly fiom tinmnnipulated 

replacement broods. In contrast, males at control broods spent a sMilar amount of 

tirne near the ground squirrel model as did those males at unmanipuiated 

replacement broods. This is expected because ail manipuIations were conducted 

on replacement broods. Therefore, this result indicates that the control treatment 

had Little infiuence on male behaviour. Male response at experimental broods was 

similar to that at second broods, suggesting that males perceived experimental and 

second broods to be less vaiuable than control and replacement broods. 



There was some evidence tbat female nest Mence was more intense at the 

experimentd broods compared to the control broods. At experimentai broods, 

fernales tended to approach the gromd squkd mode1 more closely and made 

more dives at it- These r& indicate that fémales may have partiaily 

compensateci fbr the reduced male nest defénce at experimental broods. 

Incomplete compensation in response to a reduction in a mate's parental 

contniution is predicted by ophaMy models of biparentd are  (Kacelink and 

Cuthill1990), and bas been dernonstrateci in buds by experimentaliy handicapping 

either males (Wright and C d  1989) or fernales ( M a h m  et al, 1995) using 

tail-weights. In each ofthese experimental studies, the non-handicapped parent 

increased their Gare in response to their partner's reduced are, but did not 

compensate M y  for the reduction, h contrast, results from Chapter 3 indicated 

that female longspurs compensated iùüy fôr reductions in male feeding at second 

broods. 

Although expimental manipulation successftdy influenced male nest 

defence, it had no effect on maIe feeding rates. Whittingùam et al. (1993) 

experimentdy manipulated male assessrnent of paternity in Tree Swaiiows 

(Tachydneta bicolor) by placing territorid males in glas cages such that they 

could observe their sociai mate copulating with --pair males. Their experiment 

did not alter male féeding rates, but there was a non-significant trend that some 

measures of male nest d&nce were reduced at experhental broods (see 

Whittingham et al. 1993). It is Wrdy that nest defènce-is potentially more costly 

than provisioning oflkpring, because it can result in immediate injury or death to 



the defending parent (reviewed in Sordahi 1990; but see Daan et ai 1996 for 

mortality resulting from provisi0ning)- As a dt, male nest defmce rnay be more 

sensitn.e to changes in assessment of paternity than male feeding rates, which may 

explain the r d t s  of my sîudy. 

A survey of the descriptive and experimental studies examining the 

influence of actual pateniity or assessment of paternity on male parental care 

(Table 4-7) reveais that most studies in which an &kt has been found have been 

limiteci to species which are not stnctly socially monogamous. One study on 

Dunnocks (?rmeIla rnoriirhris) found that ody males in polyandrous or 

polygynandrous groups reduced th& fëeding rates after bang held captive during 

the fernale's f d e  penod; monogamously paired males undergoing the same 

treatrnent did not alter their parental &ort (Davies et a i  1992). Most other 

species in which paternity or assessment of paternity is correlated to male w e  are 

fkdtative1y poiygynous (Table 4.7), which requires that females are able to raise 

at least some of their brood to independence without male assistance. In most 

spezies which are strictly sociaiiy monogarnous, males do not alter their parental 

care in response to paternity. This may indicate that females in these species 

m t  raise o&pring done and, therefore, the costs to males of reducing their 

feeding mes and potentïaliy endangering young they sired within the brood rnay 

outweigh the benefits (Gowaîy 1996). Chestnut-collareci Lbngspm are an 

exception to this. This species always pairs monogamously (Hill and Gould 1997), 

but males reduce both their feeding rate (Chapkr 3) &d nest defence (this study) 

at second broods, apparently in response to their assessment of paternity. Male 



abüity to reduce Gare at second broods may be reîaîed to f i e  Mty to 

compensate fûUy for reductions in male féeding (Chapter 3). Thus, the cost to 

males of reducing theh provisioning rate d a s  not e x p k  why the experimentai 

manipuhion was successfiil in alterhg male nest defience but not male féeding 

rates. 

Experimental studies n h y  maniphte male assessment ofpatemity 

as opposed to &al patemity (Kempenears and Sheldon 1997). However? h i e  

information exists on how males assess their patemity. Because male birds are not 

- . *  hown to dwnminate between genetîc and exîra-pair young within a brood 

Qempenears and Sheldon 1996), they most Wrely base th& assesment on cues 

obtained when the f d e  is fertile (Davies a al. 1992). Although experïmental 

dpulations attempt to mllnic a naturai increased risk of extra-pair patemity 

(e.g-, via fémale removal and "interaction" with another male; Wright and Cotton 

1994), they are unabIe to control the mes males receive diredy fkom the f d e .  

If extra-pair fextiiizations increase female &ess, but males reduce their parental 

Gare when they assess a high risk of loosing patemity, thth selection should favour 

f e d e s  that can deceive males concerning their paternity status. Thus, f edes  

should overtly "cooperate" with male patemïty guard/assessment rnechanisms? 

such as fiequent copulations petrie 1992) and mate-guarding (Chapter 3), whiie 

covertly -king extra-pair copulations. Therefore, female behaviour may diminish 

the iduence of experimentd ~ p u i a t i o n s  designeci to alter male assessrnent of 

paternity . 



Table 4.1. Nest defence responses by males at second and replacement broods in 1994. 

Second broods Replacement broods ANOVA results 
Mean 2 SE Mean 2 SE 

Response time (sec) 

% time spent within 3 m 28.1 + 12.5 
n = 8  

Closest distance (m) 

Closeat height (m) 

Number of passes 

Number of dives 1.6 _+ 0.7 3.2 + 1 .O F =  1.67,p>0.11t 
n = 8  n=6  

* Denotes significant difference. 

t Denotes difference in direction predicted 



Table 4.2. Nest defence responses by females at second and replacement broods in 1994. 

Second broods Replacement broods ANOVA results 
Mean f SE Mean f. SE 

Response time (sec) 

% time spent within 3 m 5.8 + 3.9 
n = 8  

Closest distance (m) 

Closest height (m) 

Number of passes 

Number of dives 0.5 + 0.4 1 ,O 2 0.7 F = 0.47, p > 0.50 
n = 8  n=6 



Table 4.3. Nest defence responses by males at second and replacement broods in 1995. 

Second broods Replacement broods ANCOVA reaults 
Mean 2 SE Mean 2 SE 

Response time (sec) 

% time spent within 3 m 35.4 + 12.3 
n =  12 

Closest distance (m) 21.7 + 7.2 
n =  12 

Closest height (m) 

Number of passes 

Number of dives 0.8 1.0.4 4.2 3. 1.6 F = 3.30, p < 0.05' * 
n =  12 n =  17 

* Denotes significant difference, 

t Denotes di fference in direct ion predicted. 



Table 4.4. Nest defence responses by females at second and replacement broods in 1995. 

Second broods Replacement broods ANCOVA resulta 
Mean + SE Menn + SE 

Response time (sec) 

% time spent within 3 m 21.2 + 9.5 
n =  12 

Closest distance (m) 

Closest heigh t (m) 
I 

Number of passes 

Number of dives 0.4 t 0.2 0.8 2 0.3 F = 1.07, p > 0.31 
n =  12 n =  12 



-4 -3 -2 -1 O 1 

Day Relative to First Egg Laid 

Figure 4.1. Day on which the 5-&y decoy presentaîion began reIative to &y first 

egg was laid (= Day O). The fede period extendeci f?om Day -7 to +2. 





Table 4.6. Nest defence responses by females at experimental and control broods. 

Experimental broods Control brooda ANOVA reaulta 
Mean f. SE Mean 2 SE 

Response time (sec) 

% time spent within 3 m 37.6 i 15.3 
n = 7  

Cloaest distance (m) 

Closest height (m) 

Number of passes 

Number of dives 1,7* 0.7 0.3 0,2 F =4.54, p > 0.05 
n = 7  n=8  



Figure 4.2. Mean percentage of t h e  (t SE) males spent within 3. m of the 

ground-squirrel mode1 at unmanipulateci second and replacement broods, 

experimental broods, and controi broods. 
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Table 4.7 (cont .) 

SPECIES EFFECT OF EFFECT OF MATiNG SYSTEM SOURCE 

ACTUAL ASSESSMENT OF 

PATERNITY PATERNITY 

EXPERIMENTAL STUDIES 

a) male removals 

Barn Swallows 

Tree Swallows 

Acorn 
Woodpeckers 

b) female removals 

European Starlings 

+ve correlation (feeding) monogamous Msller 1988 
+ve correlation (nest 
defence) 
none (ftkding) monogamoud polygynous Whittingharn et al. 1993 

(+ve but non-significant 
for nest defence) 

+ve (feeding) polygynandrous Davies et al, 1992 

none (feeding) monogamous Davies et al, 1992 

+ ve (feeding) cooperative Koenig 1990 

+ ve (feeding) monogamoud polygynous Wright and Cotton 1994 



CHAPTER 5= CONCLUSIONS 

Conditions For a Rdatioasùip Bttwecn Patemity and Mde Parental Cam 

Mer relroang dl assumptions except that 08E;pring surviva increases fkom 

increased parental care and that providing parental aire is costly to individuals, 

Yezerinac et al (1996) synthesized the various models used to descnhe the 

relationship between parentage d parental aree T h e  conditions that determine 

whether paternity influences male care are: (1) the van*abiiity and predictab'i of 

patemity in subsequent broods, (2) the ability of d e s  to assess th& current 

patemity reliably, and (3) the costs to males of withhoIdmg care to genetic, as weU 

as non-genetic, young in the brood. These conditions can explai. why male 

Chestnut-coliared Longspurs reduced care at second broods. First, male longspurs 

have predictably higher patemity in the b t  brood of the following season than in 

the m e n t  second brood, assuming that exîra-pair paternity patîems are consistent 

between years. By reducing or withholding care at second broods, males may 

increase their chances of over-winter SurYival so that they can take advantage of 

greater genetic benefits the foliowuig year. Second, assessing a higher risk of 

extra-pair paternity in a second brood is reliable a -  the population level because 

most exira-pair young are found in second broods. This may r d t  fiom 

constraints on when females can lave the temtory to seek extra-pair copulations 

undetected (see below). Third, the cost to males in withholding Gare at a second 

brood, and potentially to some genetic young, is minimized because fernales 

wmpeasated fuily for reductions in male feeding rate. Thus, by reducing care to 



second broods. males are more W y  to idbence fémale fimess than omring 

SurvivaL 

Male Chestnut-coliared Longspurs can apparenîiy assess their paternity, 

Mt imperfectly. Although the exact mechanisms by which they do this remain 

unknown, this study provides some insight as to how males of this and other aviaa 

species may assess parentage- Fbt ,  mate attendance patterns were consistent with 

the mateguarding hypothesis, but showed variation between breeding attempts. 

Intensity of mate attendance was high during the fernale's fertile period of both 

fùst and replacement broods but was reduced to nonofertile (ïmcubation) levels 

during the femaie's fertile period of second broods when males fed th& first brood 

fledgiings (Chapter 2). Second broods were more iïkely to contain extra-pair 

young and males provided Iess parentai care to these broods (Chapter 3). 

However, even those males that did not loose paterniîy tended to d u c e  their care 

to second broods. This suggests that both those males that did and those that did 

not loose paternity in second broods used a simiIar means of assessing their 

paternity. It seems likely thas mate attendance provides such an assessment 

mechanism Maies should assess a higher ri& of extra-pair paternity when (a) 

there is a high degrex! ofuncertainty in their assessment (e-g, when they are unable 

to remain close to the femaie during the second brood fertile period; Weatherhead 

and McRae 1990; Chapter 2) or (b) by means of mate attendance, they directiy 



observe their mate interacting with other males (e-g., when the M e  Ieaves the 

territory and accepts extra-pair copulati011~; Chapter 2). 

Conditions in (b) mi@ explain the success ofmy experiment in apparently 

aitering male assessment of pateaity and subsequent d e  nest defence (Chapter 

4). The tape-recordeci longspur song aîtracîed the female, as weii as the male, to 

the conspdc decoy. Intensity of mate attendance is high during the replacement 

brood fertile period, so d e s  could observe their mates near the decoy and this 

may have lead them to assess a higher risk of extra-pair paternie in the 

experimentai broods. 1 observeci males chasing their mates away 6om the decoy 

and landing between the decoy and && mate (Chapter 4), &ch suggests that 

males may have perceiveci the decoy as a threat to their paternity- 

Female behaviour also plays an important role in male assessment of 

paternity. Although females can compensate fülly for a reduction in maie feeding 

rate at second broods (Chapter 3), doing so may negatively impact their own 

survival or fiiture reproduction (e-g., Daan et al. 1996). Thus, it is in a fernale's 

best interest to deceive males concerning their paternity status when the brood 

contains extra-pair young, or to provide accurate information when th& mate has 

füii paternity in the brood. Females may manipulate a male's assessment of 

patemity by soliciting copulations fiom their mates (e.g., Petrie 1992; during decoy 

presentations in Chapter 4) or by 'cooperating' with male mate-guarding 

strategïes (e.g., Mace 1989; Chapter 2). Gowaty (1996) predicted that variation in 

female quality should r d t  in variation in f d e  &-pair behavhr, such that 

low-quality femaies shouid seek extra-pair copulations covertly, whereas high- 



quatity femdes (Le., able to raise O-g unaideci) can seek --pair 

copuIations o v d y  without reducing th& reproductive success. However, even a 

higtr-quality fernale shodd bendit b m  male assistance in raising offSpring because 

assistance shouid aüow her to reduce her own reproduction ettort and, potentiaiiy, 

increase her survival and opporhinity for future reproduction. Therefiore, 1 predict 

that ail fernales should manipulate male assessrnent of paternity. 1 W e r  predict 

that variation in femae qunlity expresses itselfas variation in the abiïity of fernales 

to manipdate male assessment of patemity and, thedore, in the level of male 

assistance they can obtain. 

Female Chestwt-collareci Longspurs appear to have low success 

manipulating male assessment of paternity, and it is likely that the breeding habiiat 

plays a d e .  The prefmed breeding habitat of this species is recently grazed, 

mowed, or burnt native prairie with vegetation 20-30 cm in height (Hill and Godd 

1997). The openess of the habiit not only fhdïtated my observations of longspur 

behaviour, but possibly also assisteci males in th& ability to mate-guard and assess 

their pateniity. Females may be constrained in their ability to seek extra-pair 

copuIations undeteeteci whén they become fertile for their first and replacement 

broods. Males responded to th& mate's potential extra-pair behaviour through 

copulation coercioa attempts (Chapter 2) and by reducing their parental care 

(Chapters 3 and 4). Therefore, the costs to f d e s  of seeking extra-pair 

copulations during fist and replacement broods may outweigh the benefits. As a 

result, unda these constraints f d e s  may choosc to ibtain mn-pair copulations 



only during second broods when males cannot mate-guard efEctkeiy, and rid m y  

explain the patteni of exîra-pair paternity 1 observeci (Chapter 3). 

Ifhabitat plays a role in the abiiity of males to assess theïr patamty and 

f d e s  to manipulate that assessment, then 1 predict that patterns ofextra-pair 

patemity and male parental aire Win vary with the habitat, For example, in 

forested or riparian habitats, f&es shouid have greater opportunity to leave the 

territory and seek extra-pair copulations undetected by their mate. In such a case, 

1 predict that extra-pair young will be distriiuted more wenly between breeding 

attempts (Le., not skewed towards second broods). V d y  obsüucted habitats 

may also hinder male abiiity to assess their patemity reliably so that in such habitats 

there may be no discemable relationship betweea patemity and parental care. On a 

continuum f3om visually obstructed to open habitats, I predid that male ability to 

assess paternity shouid improve, the relationship between patemiîy and parental 

Gare shouid be strengtheneù, and the distncbution of extra-pair young should 

become increashgiy skewed towards second broods as female abUy to manipulate 

assessrnent of patemity becornes more constrained. 
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