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ABS'fRACT 

The costs and benefits ta Red-breasted Mergansers#(Mergus serrator) 

. neating in a Common Tern ~Sterna hirundo) colony and a Herring (larus 

argentatua) and Greatar Black-backed G~11 (h. marinus) colony were 

studied from 5 June to 17 August 1984 n 1 anda off the east coast of 

New Brunswick. Merganser nests out.side lari coloniefî were preyed upon 

aignificant9 more ,than neats in the tern colony while no difference 

è)Ciat1J with nesta in the gul1 colony. Nesta in the tern colony were 

IIOre likely ta be abandoned probably due ta inter- and intra-specific 
1 f 

interaction including neat paraaitisa. Clumped Msta in the tern colqny 

were nat lnitieted in greater aynchrony than dlaperaed hesta. The 
, (J 

.rganeer-gul1 neating anoel.tian cannat be accounted for solel y by an 

.nti-~edator hypotheai~ lt la poatulated that the proteetive benefit 
. 1 . 

'or .ergan.er n •• t. in tern colonies aec;ounta for the evolution and 

.untenance 0' the neating uéociaUon. 

• , , 
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RESUME 

Les coOts et b~néfices encourus par des Bec-Scies à Poitrine Rou~se 

(Mergua aerrator) nichant dans ooe colonie d" Sternes Canmunes (Ster'na 

hirundo) et dans une colonie de Go~lands Argent~e (Larus argentatus) et 

de Gol! lands li Manteau Noir (Le marinus) furent ~tudi~s du 5 j,uin au 17 

aoat 1984, sur des .tles au large de la cOte est du Nouveau-Eh'unswick. 

Lea nids de Bec-Scies aitut!a il l'extt!rieur dee colonies de lar idt!s ont 

subi une pr~dati~n significativement plus forte que les nids situ~s 

dans la colonie de eternes, aJors qu'aucooe différence ne fut observée 

pour l8a nids 8it\l~s dans «-a colonie de goélands. Les nids situés à 

l'int'ri~ur de la COloni\ de eternes avaient une plus grande probabilité 

d'8tre abandonnés, probablement à cause d'interactions inter- et intra-

sp'ci'iq~s, incluant le parasitisme des nide. La synchronisation des 

n~s group'. è l'int'rieur de la colonie de sternes n'est pas supt!rieure 

• celle de. nid. di.p.r8~ •• L'association 8ec-Scies-Go~lands ne peut 

ttre cœpl~t..."t expliqu4e p!lr Wle hypothltss d'anti-pddation. Il est 

po.tul' que la protection dont b'n~ficient le. nids de Bec-Sciee à 

l'inUrieur d .. coloni .. de sternes explique l'~volution et le lIaintien 

de l' .. eociation en p'riode de nidification. 
.... 
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PREfACE 

The objecti ve of thlS thesis was to test ~ priori hypotheses 

concerning some possible anti-predator strateg~es used by breedlng Red

breasted Hergansers. Hypotheses tested were that Red-breasted Mergansers 

nested 1) in association with Cornman Terna 2)in associatlon wlth Hernng 

and Greater Black-backed Gulls and 3) colonially as anti-predator 

strategies. 1 was lXIable to test an hypothesis that creching behavlor ln 

Red-bressted Merganser s ser v es an antl-predstor functlon. 8roode were 

very hard to follow over any length of tlme due to theu great mob~ Illy 

and characterlstics of the study ares. 

An orlglnal contrl.bution of this thesls lS that the anatld-larld 

neeting associat10n was lnvestigated ln detall for an anatld specles 

nesting w~ th two separate larld specles and a lone. 

A brief literature r'f!v~ew lS ~ncluded to provl·de additlonal 

background informallon on the hypotheses in sccordance wi th the 

l Guidelinea Concerning Thes1s Preparation. The informat~on 1n the 

literature review is intended to canplJ.ment that already present ln the 

introduction and d~scuasion of the thesis although there is some over lap 

of information. 

Rodger Titman contr ibuted information on the nesting condltions of 

Red-breasted Mergansers at Kouchibouguac National Park as weIl as 

suggestions about the study and editorial cOOlments on earlier drafts of 

this manuscnpt. 1 formulated the hypothesea, deBigned the methodology 

to test them, collected, analyzed and wrote up the data. 

This thesis is being submitted in the form of a manuscript lntended 

for publication in the Autc. My thesls supervisor, Rodger Titman, will be 
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LITERA TURE REVIEW 

European observers <Koeki.iee 1957, Hilden 1964~ Newton and 

C .. pbell 1975) have raportad e strong aocial attraction betwaen aOlie 

neeting anatlde and larida. In central Scotland, Newton and Campbell 

(1975) fOl6'ld that Tuftad Ducka (Aythya fuligula) neeted at lIuch greater 

denaiUea ln a 8lack-haaded Gull (Larus rid1bundJe) colony than outside 

it. The attraction of Tufted Oucka ta nest in larid colonies ha8 been 

noted elsewhere (Durango 1954, Hilden 1964). In North Allerica, a high 

incidence of neat aseociation between ArcUc Terne (Sterna paradiaaea) 

and Oldequaws (Clangula hyeaalis) was found at Churchill, Manitoba 

(Evane 1970). Ver.eer (1968) provides -evidence that nesting Pintail 

(Anas acuta) and lesser Scaup (Aythya affinis) strongly assoeiate wi th 

Cœ.on Tems (Sterna hirundo). Almng 6 SlDall ialands in central Albe~ta, 
o 

nesting densities of Il duck speeies'were significantly higher on those 

islands inhabited by CœaJn Terns cœpared ta those islands without the 

terne (Ve~er 1970). 

One re880n for the obaerved nesUng aseociaUona between .. terfowl 

and larid apeeiee could be that waterfo.l neats are proY ided protection 

" 
frOll predatora through the IIIObbing behav ior of the larida (Evana 1970, 

Long 1970). The anatid-larid nesting association is poorly underatood. 

When ducka nest in asaociation with euch larid species a8 Aretic Terna, 

C~ Tems and 8lack-headed Gulle, reproductive succeas can incresse 

due to the protection provided the duck ne.ta by the larid. (Long 1970, 

Bengtson 1972, Newton and Capbe11 1975). ttatching succeas of Tufted 
" , 

Oucks, Mallarda (!!!!.! platyrhynchoe), Gad.-lla (!. streeera), Wigeon 

(!. a •• ricana) and Shoveler (!. clyeeata) co.mlned was highal' ~areaa 

y-
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w!th B lack-headed Gu Ils compared to areas wi thout them (Newton and 

Campbell 1975). long (1970) suggests that nest success of wsterfowl was 

promoted by the presence of Common Terns. When ducks nest in association 

wi th one of the lar id spec ies which are aer ious predators upon eggs 

and/or young, such as Cali fornia (Larus cal ifornicus), Greater B lack-
, 

backed (~. marlnus) and Herr ing· (,h. argentatus) Gull s, reproducti v e 

success can be reduced (Odin 1957, Choate 1967, Vermeer 1968, Dwernychuk 

and 80ag 1972, Bourget 1973, Munro and Bedard 1977). On is 1 ands in 

Penobscot Bay Maine, Bouget (1973) fo~d greater than two thirds of the 

Common Eider (Somateria mollissima) eggs and young lost to predation 
~ 

were attributed to Greater Black-backed and Herrlng Gulls nestlng with 

the eiders. Vermeer (1968) and Dwernychuk and Boag (1972) found the t 

ducka had high hatching success when neating in association with 

California and Ring-bllled Gulls (L. delawarenais) but fledging suc cess 

declined to zero due to predation by the gulls. 

Beyond the benefit of two or more apeciea neating together, 

colonial nesting has certain anti-predator 'banefits of its own. In 

colonially nesting species, reproductive aynchrony could be increased 

through aocial stimulation. Eggs and young would thu8 be produced over a 

ahorter period of time. This predator sw_ping effect lIl8y reduce total 

predation as was first suggested by O,rling (193B) and aupported by 

Patterson (1965) working on the Black-headed Gull. Colonial nesting may 

reduce the r isk for an indi v idual nest hidden in the co lony (Hamil ton 
. 

1971). Assuming that Hamil tonls sel fish herd theory applies, peripheral 

08Sts in colonies ahould be preyed upen in gre.ter proportion than more 

centrally located nesta as wa8 round for nssting colonies of Black-

4 



headed Gulla (Patteraon 1965, Sandwich Terna- (Sterna sandvicenala, Fuchs 

1977, Veen 1977) and Bank Swal10wa (Riparia riparia, Hoog land and 

~ 1976). 
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INTROOUCT ION 

Two or more bird speciea !Ray neat together due to aillilar habitat 

preferences, food information sharing or predator avoidance (Erwin 

1979). Severa1 water fow1 .species neat in association wi th 1ar ids in 

Europe (Koskimiea 1957, Hilden 1964, Newton and Canpbell 1975) and North 

America (Vermeer 1968,1970, Evans 1970, Long ~970, Dwernychuk and Boag 

1972). Hi1den (1964) found a positive correlation between the occurrence 

of nesting Red-breasted Mergansers (Mergus aerrator) and the density of 

nesting 1arids. 

Nests of one bird species msy be prov ided protection when they are 

aasociated with thoae of a more aggressive protector apecies which 

actively defends its own nest ( Clark and Robertson 1979, Wik1und 1979, 

Gotmark and Anderson 1980, Slagsv01d 1980, Dyrcz et al. 1981, Ericksson . --
and Gotmark 1982). For examp1e, waterfowl nests may be provided 

protection when they are associated with nests 0 f aggressi ve 1 sr id 

species (Koskimies 1957, Evans 1970). lncubating females cou1d also use 

the warning cal1s of the larids 8S an ear1y warning to cover their nests 

and leave before the arriva! of a predator. This has been reported for 

grebes neating with lar ids (Nuechter lein 1981, Burger 1984). 

The protective bene fit of the anatid-larid nesting assciation has 

been documented in anecdotal faahion (Vermeer 1968, Evans 1970, 

Dwernychuk and 80ag 1972) and a few authors have provided quantitative 

analys1a (Olsson 1951 cited by Bourget 1973, Bengaton 1972, Newton and 

C_pbel1 1975). 

Costa associated wi th mixed apeciea neating aeaociatioOCl may cancel 

(Kruuk 1964) or outweigh the protective benefits (Vermeer 1968, 

7 
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Dwernychuk ànd Boag 1972). Kruuk (1964) reported that co,ta are invol ved 

when the ih'ohctor apeeiea it~el f ia a predator upon egg8. Fro. their 

J etudies, Vermeer (1968) and Dwernychuk and 80ag (1972) believed that 

costa resulting from duckl~ng morta1ity by gu11s neating with ducka 

exceeded the benefita of Mat protection. 

In colonially nesting apec1es, 1ncreaaed reproductive aynchrony 

could produce egga and young over a shorhr period of Ume. A "predator 

swamping" effect wou1d result and may reduce overall predation (Dar 11ng 

1938). Colonial nest1ng may dao reduce the risk for an indi v idual neat 

h1dden in the colony (Hamilton 1971). 

Hypotheses formu1ated were that Red-breasted Mergansers nested 1) 

in sssociation with Common Terns (Sterna hirundo), 2) in association 

with Herring (Larus argentatus) and Greater Black-backed (!:.. marinus) 

Gu Ils and 3) co lonia Il y as anti-predator strategies. Predictions 

arising From the firet two hypothesee were that a greater proportion of 

nests preyed upon would be outside the lerid colonies and that larids 

would acti vely mob and exclude potential predatore from their colonies. 

In relation to the third hypotheais, 1 predicted that clumped neete 

would tle initiated in greater synchrony then more dispersed nests and 

that peripheral nests of coloniall y nesting mergansers should have the 

higheat predation rate. 

8 
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STUOY AREA AND HETHODS 

The study waa conducted in Kouchibouguac National Park, on the eest 

co •• t of New Brunawick, Canada. Rad-breaated "erganaers neated 

throughout a colony of 12,000 C~n Tern pairs on Tarn Island (460 47' 

Nt 6,,0 52 1 W), on the periphery of a Harring and Greater Black-backed 

Gull colony of approxi.ately 130 end 5 pairs, respecti vely, and 

solitarily away fro. larid colonies on Dune Island (46 0 45' N, 6(J° 

47'W) (fig. 1). Nesta in the tern colony, gull colony and solitary aites 

were compared ta deter.ine the effect that larida had on nt'ating. 

Cœparisona were lIade between the denaely concentrated neata in the tern 

colony (11.6 nesta/ha), wi th the more dispersed neats in t.he gull 

colony, snd Bolitary neats on Dune Ialand (0.35 nesta/ha) ta dsterm!ne 

the effeet of elullped veraus d,.1spersed nesUng on nesting BUC cess. 

Tern and Dune Islands sre barr ier islands cOlnposed of sand and 

stsbilized by Harrem Grsaa (Al!I!IOf?hi1s breviligu1ata, "cCann.!!. al. 1973, 

Greenwood and Dav idson-Arnott 1977). Tern Island eonsisted of :5 areas 

separated at high tide by water. Herganser nests were qui te 0 ften 

located in Marram Grass on elevated areas. Potential nest predators on 

the study area ineluded Crows (Corvus brachyrhynch08), Ravena (Corvus 

corax), and Harring and Greatar Blaek-bsckad Gulls. 

Nast searching and monitoring wss conduQtad from 5 June to 17 

August, 19B4. Each area W8S visited every 7-9 daya betwean 0900 and 1600 

hours. Nest visits did not teke place on reiny days and were done at the 

same time of the day in each area. Nests were located while walking by 

looking in the graas so that aIl pafts of the ground wera coverad 

9 
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syst_tically. When a nest wes located it wes ... rked with a green lathe 

" 
placed 4. north of the nest bowl. The lathes were usually sharhr than 

the surrounding vegetation in order to mnillize the attraction of avian 

predators (Picozzi 1975). The approximate position of the nest wes 

recorded on e 1:2,000 scale aerial photogràph. Besides noting the runber 

of eggs and whether egg8 were warm or cold, a plastic field candler 

(Young in prep.) modified froll Sobkowiak and Bird (1984) was used to 

deterlline the stage of e.bryo develop.ent of 3-7 eggs from each nest. 

More egga were candled frOll a nest where developlllent stages varied. The 

above data were coll ected when the nest was first found and on 

subsequent visits every 7-9 days until the nest either hatched or was 

considered unsuccessfu 1. AlI eggs remaining in a nest that hatched or 

failed were candled. Unknown dates of c lutch initiation were determined 

by back dating. ElIbryo œortality in the egg was determined by candling 

3-7 eggs every v isi t over the li fe of the nest. A "new egg" was any egg 

added to the clutch when the other eggs were st least 6 deys developed 

in order ta insure incubation had begun. An "unhstched but developed 

egg" WBS alive but not developed enough to hatch when the hen and brood 

left the nest. 

In order ta observe if terns and gulls were IIObbing potential av ian 

prad.tors, 26 and 4 total hours of observation were done on the Tero and 

Dune Islands, respectively, from 6 June ta 17 July fram 0800 ta 2130. l\ 

Observation periods varied From l 1/2 to 3 hours. A 3 meter high 

obaervation tower waa constructed on 5 June on Tern Island while an 

elevated hill wes used on D~e Island. A 20-45 power zoom teleacope and 

8 poter bj.noculars facilitated observation which were recorded on tape. 

10 
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Repr~ductive synchrony of Tern lsland and Dune Islsnd nests were 

co_pared by sxa_in1ng the skewness, variance and kurtosis of the 

distributions of nest initiation dates for the 2 islsnds. The Chi-square 

test (2x2 contingency table) was used t,o compare ,the response of 

incubating _rganssr feasles to the inveatigator's presence for the tern 

colony, gull colony and solitary nests (Daniel 1978). The Chi-square ... 
test was alao u,ed to cOllpare the proportions of di ft'erent 8gg fstes 

fra. Tern Ialand with thoae fra. Dune Island. The Fisher exsct test W8S 

chosen to cœapare the proportion of the di fferent fates for nesta frCIII 

the tern colony, gull colony and solit~ry sites (Daniel 1978) because of 

uall expected frequencies in the 2x2 contingency table. A 0.05 level of 

aigni ficance wes used for aIl teata. 

To detenine whether _rgansers were using the alarm calls of terne 

and gulls as an ear 1 y warning for their own escape (Nuechter lein 1981, 

Burger 1984) the frequency of flushing a fe_ale fro_ her neat was 

cœpared to the nullber df tt.s she had already gone and/or had already 

covered up her nest in reaponse to observer visita to the neats. Only 

\ 
visits during' incubation were used becauae f.ales .. ra rarel y at the 

neat during the laying period and only visite when eggs were warm are 

included to prevent including a fe_ale as having gone in responae ttl~ 

larid calls when aM had left the nest before the visit. 

In sn unsucce8sful atteapt to study creching behavior in Red

brea8ted Hergansere, fe_ales were caught, during the last 1-4 days of 

inctJ)stion with either a hBnd held net or an aut ... tic neet trap (WeIler 

1957). Patagial tage .are applied .-Kt enabled the recognition of f_les 

during the brood rearing pariod. UnfortWMltsly it appeared that • total 
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of JI fe.ales abandoned their nests due to this process. These nests 
. ~ 

were thus eonsidered suecessful in data snalysj,s (see Appendix). This 

is a reasonable assu.ption ainee the nesta had survived .ost of the 
. r 

neating period and were within 1-4 days of hatc'hing. No nest losses 

oceurred during this tille period for any of the other neata (although 

one nest was preyed upon 6 days gefore hatch). In fact, no other ne st 

loases oceurred within 2 weeka of hatching. Abando,n_ent would be 

unlikely during thia period due to the fe.ale's atrong attachAIent to 

the nest. Sinee the predation rate (1/160) wes very low on nests on the 

Tern 1~I.,d it ia J,likely that a Tern ls1an_d nest would have been lost 

to predation at this tiN. There was a greliter poaaiblity that losa 

.ight ~ occurr~d in the 4 Dt.Wle Island neata which ..ere abandoned due 

ta tagging becauae the predation rate (5/22) was .uch higher there. 

Although this la st{ll unlikely given that 4 nests were exposed to 

predation for only J-4 days each out of a 41 day neating periode 

ù 
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RESUlTS 

~ rates 

The proportions of suceessful, abandoned and preyed upon nests in 

the tern colony, guil colony and solitary sites are shown in Figure 2. A 

8ignificantIy (p:O.00068) greater proportion of soIitery nests was 

preyed upon than tern colony nests. No eignificant difference was found 

'" in the .proportion of preyed upon'nests From the guIl colony compared 

with the tern colony (p=O.115) or eolitary nests (p=O.Z49). A 

signl ficanti y (p=O.OOOOOOII) greater proportion of nests wes abandoned 

frOll tern colony nests compared to the gull colony while there were no 

s~gnificant differences r: proportion of abandoned nests in the tern 

eolony and solitsry neste (p=O.106), guli colony and solitary nests 

(p=O.I04) or the tern colony compared with the guli colony and solitary 

nests co.binea ('p=O.059). No signi ficant di frerences existed between 
• 0 

the proportion of euccessfui nests from the guli colony canpared to the 

tern colony (p=O.J4), soli tary, and tern colony nests (p=O.141) or 

solitary and guil colony neste (p=O.156). 

Abandonment accou~ted for 89.5~ (SI/57) qf total nest mortali ty.,: 

while predation campriàed only 10.5~ (6/57) af total nest mortalit)". , , 

Thir,ty-eight and 13 nests ~ere absndoned during laying and incubation, 

rBspectively. Hast loss, due msinly ta abandonment was usually greateat 

during 4,day periode when the percent, of nests initiated was highest 

(fig. J). 

AlI 6 svents of nest predstion, moat Iikely by Crows and/or Ravens, 

occurred between 17 JU'le and 29 June. Nests that ~ere ~reyed upon had no 
~ 

egg8 rellaining in them and ab,out- hal f of the nest bowl torn out .. 

\ 
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According to Rearden (1951) these are s.lgns of crow predat.lon. Crows 

t 

often take the eggs away and eat them .ln another place (F. Gotmark, 

pers. comm.). Herr.lng and Greater Black-backed Gulls, the other 

potent.lal nest predators on the study area, tend ta eat them on the spot 

(hnbergen 1953, Bourget 1973), but thls was not observed. 

Mobbing behav.lor 

Durlng 26 hours of observat.lon on the Tern Islands 7 events of tern 

flocks ie. greater than 40 lnd.lv.lduals, mobb.lng a s.lngle Crow were 

recorded. Terns were also seen mobblng a male Marsh Hawk (tlrcus 

cyan eus j, an Osprey (Pand.lon hal.laetus) and a Short-eared Owl (As.lo 

flammeus). Wh.lle nest search.lng, 2 more events of terns mobblng a slngle 

Crow were observed, 4 events of terns mobblng a Short-eared Owl and l 

mobb.lng event of a Barred Owl (Str.lx var.la) were observed. Red-breasted 

Merganser females were also mobbed by tern flocks on 8 occaS.lons wt1l1e 

coming ta or leavlng a nest. On 3 occaSlons durlng nest ln.ltlatlon, 

f em ale s we r e for c e d 0 f f the v e g e t a t e d are a a f the 18 l and and 0 n ta the 

sand by mobb.lng terns. During l of these events the female flew around 

the .lsland 3 tlmes and landed back where she had taken off. Female 

mergansers were often mobbed by terns after belng released from tagglng. 

During 4 hours of observat.lon on the Dune, 2 events of a Greater 

Black-backed and l of a Herring Gull d.lving at a 8.lngle Crow were 

obaerved. A Herring Gull was observed divlng at and chaslng a slngle 

Crow off the Dune. 
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f emale response 

The number of timea a female had al ready l eft the neat out of 491 

visits during inclbation depended on whether the nest was located ln the 

tern colony, the gull colony or a solltary site (Table 1). The 

proportion of femalea that had already left the nest was sigm flcantl y 

(X Z=5.48,o.OZ5<p<O.0l) greater for nests wi thln the tern colony than for 

solitary neats. Gull colony and solltary neat (X 2=1.91,p>O.lO) and tern 

colony and gull colony comparlaona (X Z=l.04,p>O.IO) were not 

Sll7'lflcantly different. 

Neat lnitiation dates 

Campar iaon of the dlstr Ibutlon of neet Inl tlatlon dates from Tern 

Island wlth Dune Island revealed that the former nests were not 

Inltlated ln greater synchrony than the llatter nests. The var lance of 

Tern Island neats lnltlatlon dates (var.=163) wes greater than Dune 

Island Inltiatlon da~es (var.=90). The dlstrlbutlon of Dune Island 

Initlatlon dates wes slighlty more peaked (kurtosls = 2.36) than the 

Tern Island dIstributlon (kurtosis=1.93), although both were relatlvely 

fIat. Hean date of neat Imt.latlon was 10-11 Jille for Tern Island and 

7-8 June for Dune Island. 

~ Intra-specific nest parasItlsm 

It was di fficul t to determine the extent of nest parasltism and the 

degree to which It affected neatlng and hatching success. Nest 

parasitlsm was more freqllent ln the densely concentrated Tern Island 

nests than in the more dlspersed Dune Island nests. Tern Island nests 

• had an average c lutch size of 11.4 for 12S ipcubated nests, 37 of which 

had greater than lZ eggs. A total of 34 new eggs were in!-"duced into 
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nests during lncubation and there were 8 instances of a laying rate 

greater than l egg per day. The Dune Island nesh had an average clutch 

size of 8.1 for 19 incubated c lutches with none hav ing greater than 12 

eggs, no nests receivlng new eggs and no instances of a layinq rate more 

than l egg per day. 

The effect of pSI"ssüiam during the laylng period was especially. 

hard ta determlne. One nest with a laying rate of greater than l egg per 

day was abandoned prior ta incubation, likely due to parasltic 

lntruslons. Ps'rasÜlsm may also have caused some desertions during 

incubation. Of the 12 Tern Island nests deserted during incubatlon, 3 

had no change in egg numbers but 9 had a total of Il new eggs added and 

29 eggs dlsappeared. In 3 of the nests recelvlng new eggs, l or more 

new eggs were found in the abandoned nests. 

Incubated Tern Island clutches had a slgnlflcantly 

(X 2 :5.75,O.025(p(O.Ol) greater proportlon of eggs that dled dunng 

embryo development (84/1419, 5.9%) than dld the Dune Island clutches 

(2/154, 1.3%). The number of Incubated Tern Island clutches wüh 14 or 

more eggs with at leaet l egg mortal1ty was signlflcantly 

(X 2 :7.79,O.0l<p<O.005) greater than clutches having les8 than 14 eggs. 

The hatching success of Tern Island neats (729/911, 80%) was nct lower 

than that of Dune Island nesta (66/84,76%). Unhatched but developed eggs 

made up tht' greateet proportion of eggs that failed to hatch on Tern 

Island (13%) and Dune Island (15%). 
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DISCUSSION 

Nest protection 

The island nesting habit of waterfowl provides nest protection From 

mammalian predators (Hammond and Mann 1956, Duebbert 1966). Anstids 

nesting in association with larids on islands may be provided additionsl 

protection From avian predators by the mobbing behavior of the larids 

(E vans 1970). Koskimiee (1957) euggested how euch s neeting assoc~ation 

could avol ve. Weterfowl young imprint on the lsrids and the young From 

successful nests in larid colonies return to the breeding area using the 

larids aa a eue for recognition of neet~ng habitat. 

Few etudies have provided quantitative evidence of the protective 

benefit. Olsson (1951, cited by Bourget 1973) reported that Common 

Eiders (Somateria molliseima) nesting on ~elands with Herring and 

Greater Black-backed Gulle had a lower percentage of nests preyed upon 

by Hooded Crows (Cor vus corone corni x) thsn those nesting on is lands 

without gulls. Bengtson (1972) found that hatching success of Greater 

Scaup (Aythya marils) and Tufted Duck (A. fuligula) neets wes higher ln 

Black-headed Gull (Larus ridibundus) and Arctic Tern (Sterna paradisaea) 

colonies than in neste not associated with the laride. Finelly, Newton 

and Campbell (1975) recorded that neeting Tufted Ducks had higher 

hatching succesa and deneities within than outside a Black-headed Gull 

colony. 

In this study, the higheet proportion of neete preyed upon were 
"'t,~ 

solitary nests, next lOW8st were nesta in the gull colony and th en nests 

in the tern col ony, indicating that merganser nesta were bet ter 

protected from av ian predatora when located in tern and gull colonies. 

17 
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Observati~s of terns and gulls mobbing and effectively repelling 

potential nest predators further showed that terns and gulls do act 

indirectly as protectors for merganser nests in their colonies. The 

aggressive, densely concentrated terns appear to have provided better 

protection for merganser nests in their colony than the more widely 

spaced nesting gulls. Terns had an effective cOOImLl1al mobbing system, 

aften mobbing avian predstars in great numbers and chasing the predator 

quite a distance From the calany. Gull defensive efforts were by 

salitsry individuals, most aften confined to the individualls territory. 

Mergansers nested thraughaut the tern colony but only on the periphery 

of the gull calony where fewer gulls were available ta repel predators. 

Herring and Greater Black-backed Gulls are knawn ta prey heavily on 

wsterfowl nests in same areas (Chaate 1967, Bourget 1973). The gulls 

were nat ser ious predators on merganser nests but kept out those that 

were. Tern and gull nests may act as a buffer for merganser nests 

during svian ~redatian. The presence of man y exposed tern and gull eggs 

cauld be favored by aVlan predators aver the weIl concealed merganser 

eggs, especiall y when the predatarls search time is limi ted by mobbing 

harassment from terna and gulls. 

The proportion of successful nests was slightly higher in the gull 

calony th an in the tern calony but the dlfference WaS not aignificant. 

Based on nest densities, Tern Island pravided the optimsl nesting 

habitat (Bengtson 1972) and shouid have produced the greatest proportion . 
of offapring. The guil calony neats were at much lower density. Nesting 

aucceas in the guil colony did not accot.nt for duckling mortality due to 

predation by the gulls themael ves. Vermeer (1968) and Dw~rnychuk and 

18 
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Boag (1972) presented evidence for a ae ... ingly paradoxical situation of 

ducks nesting with gulls (Larus californicus and h. delawarenais) ~ere . 
the caats of duckling .artality exceeded the benefits of nest 

protection. Dwernychuk snd 80ag (1972) suggested that this nesting 

-
association began when ducks initially neated with non-predatory Comman 

Terne and then the ls1ande were calonized by predatory gulls. The 

aaaociation ia maintained by the annual recruitment of yearling and 

adul t femalea to the traditional nesting ialands and theae r-eturning 

females do not diacr iminate between terns and gulls. 

ln thia atudy, survival of ducklings from merganser neats in the 

gull colony relative to other nests wee difficult to determ~ne due to 

the large temporal snd apstial separation of hatching nesta, the great 

brood mobil i ty and creching behav ior. Any di fference in morta lit Y of 

ducklings From nests in the g~ll colony with other nests would be 

apparent only immediately after the ducklings left the Islands. During 

this criticsl period, duckling survival From nests in the gull colony 

may have been reduced due to the close proximity of numerous breedinQ 

and non-breeding gulls and their young. Herring and Greater Black-backed 

Gulls are notorious predators of waterfowl young (Bourget 1973, Munro 

snd Bedard 1977, Braun et.!.!.. 1980). This may also help to explain why 

nests in the gull colony were more succeasful than those in the tern 

colony and yet had a much lower density. After leaving the ialands, 

broods moved quickly to the mainland shore, where aIl broods would be 

equally likely to encounter a predatory guI!. 

Based on nest densities, Red-breasted Mergansers seemed to prefer 

nesting with gulls to nesting solitarily. There ~as suitable unueed 
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nesting hsbi tat adjacent to the gull colony. The Red- bressted 

Merganaer-gull nesting aaaociation could be partially .. intained by the 

return of felltales to the gu,ll colony if benefits of neat protection ';ere 

greater then the costs of duckling mortality. The nesting of mergansers 

with gulls cannot be accolllted for aolely by sn anti-predator hypotheaia 

because there was no significant difference in the nu.ber of nesta 

preyed upon in the gull aolony and solitary nests. 

Early warning system 

A bird species may use the warning calla of a nesting associate to 

avoid predators. Grabes nesting in association with larids reapond to 

the warning calls of the larids by covering up their neat an'!, leaving 

the nest before a predator arrives (Nuechterlein 1981, Burger 1984). 

Palmer (1976) stated thst some Red-breasted Mergsnsers nesting in 

gulleriea and terneries react to their warning cslls. Ouring some "est 

visita in thie study, incubating famale mergansers raacted ta the 

warning calls of terna and gulls in reaponae ta the approaching 

investigator by leaving their nests sarly. However, sven for nests in 

the tern colony where the response of females was grsateat, just over 

half of hena not responding to the warning calle of the terna were 

fluahed From a ahort diatance. Hence, Red-breaated Merganaera and grebes 

do not aeem to reapond in the aame way ta the warning calla of larida, 

perhapa due to a difference in their predators. Grebes faced with 

mammal ian predators may need to escape beforshand to avoid predation. 

Red-breasted Mergansera, receiving most predation From egg predators 

euch aa Crowa and Ravens may be better served by remaining~o defênd the 

nest against the predator. A female nesting aolitarily apparently tried 
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unsuccessful,ly ta defend her nest; the re.ains of numerous lIerganser 

feathers and a corv id feather were found beside a nest that had besn 

prayed upon. A Mallard (~ platyrhynchoa) hen has been observed 

defanding her nest againat Crowa (Ha.ond and Mann 1956). Milne (1~74) 

suggasta that the C..-on Eider's . habit of r81118ining at the nest during 

the nesting period lI,8y have developed in order to protect tbe eggs From 
\ 

crows and gulls. si.ilar behav ior .ay function to protect egg8 of the 

Gre.ter Snow Goose (Chen hyperbareatL8tlieux 1959). 

Colonial neating 

ln colonial nesting associations, breeding lDay be lIore synchronou8 

due to intra-specific social atimulation resulting in production of egga 

and young over a shorter period of tiMe. This predator swamping effect 

lIay reduce overall predation (Darling 1938). Examination of the nest 

initiation dates froll the dense 1 y concentrated neeting merganaers on 

Tern Island with the more dispersed nesting mer~aers on Ollie Island 

ahowed that the colony nests were not initiated in any greater synchrony 
• 

than the solitary nesta. Nest losses were usually greatest during 

p~riods when the greatest percentage of nests was initiated (Fig. 4). 

Thus colonial nesting ~n this species probably doea not function to 

produce a predator swamping effect and thua reduce overall predation. 

Colonial nesting may reduce the risk for .8 nest .hidden in the colony 

(Hamilton 1971). If H_iltan's theory of the selfish herd spplies, the 

predation rate shauld be highest on peripheral nests (Pattersan 1965, 

Fuchs 1977, Vsen 1977). This prediction cauld not be tested dùs ta the 

law predation rate an clumped Tern Island nests. Interestingly, both the 

1 nest and the 1 incubating hen preyed upon .re located on the very 
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periphery of the Tern Island. The nest distribution psttern on Tern 

Island seemed to reflect the availability of auitable nesting cover 

rether then selection for nesta to be hidden in the colony. 

Abandonment 

Abandonment was the greatest single cause of nest losa in this 

study. Hclaughlin and Grice (1952) documented that the rate of nest 

desertion in Wood Ducks (Aix sponsa) was densi ty depsndent. Bengtson 

(1972) reported that hatching succeas in Barrowa Go ldeneye (Bucephala 

ialandica) was significantly lower at high nesting densitiss due to a 

greater proportion of deserted nests. Duebbert et!l. (198J) and 

lakemoen et al. (1984) found an above average abandonnent rate wes the 

major cause of egg failure of densel y nesting Mallards and Gadwalls 

(Anaa strepera) on an isl and in North Dakota. They suggested that the 

high neating densitiea of ducks m.~ have increased intra-specifie 

aggression and reeulted in a higher rate of nest desertion. Lokemoen et 

al. 1984 believed that thick nesting co ver wes important to nesting henB 

" because it screened hens on nests from harasament by ather eanspecifie 

nasting hans. Red-breasted Herganeers preferred ta nest in thiek 

vegetation which may have acted as a screen for nesting mergansers, aB 

weIl as providing shalter for famale mergansers being mobbed by terns. 

Alternatively, 1D0ve~ent in thickly vegetated arees wes restricted to 

weIl defined pathways and tunnels where intra-specific conflicts may 

have been intensified, thus increasing the rate of abandonnent. Neats in 

the tern colany had approximately J t1mes the proportion of abandoned 

neata coapared with those in the gull colony and twice that in solitary 

neata. Nests in the tern colony were also by far the .. ost denssly 
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concentrated of the 3 nesting conditions, leading to increased frequency 

of intra-apecific conflicta and thus the frequency of abandonment. 

V igorou8 mobbing attacks by terns upon nesting female mergansers may 

have caused aome abandonments. Nest parasitism may slso hsve caused some 

abandonaeots, but this will b~ discussed shortly. 

Although merganser nests on the Tern Island received the grestest 

allount of protection from sv ian predstors, inter- and intra-apec~ fic 

cOMpetition on the Island lDay hsve increased the number of females 

abandoning nesting attempta. The nesting SUCC8SS of an individual 

fellale in the tern colony may be higher than indicated by the overall 

rate of abandonlDent due to successful renesting sttempts. The second 

phase of nest initiation (fig. 4) may represent renesting sttempts or be 

partly due to delayed nesting to reduce intraspecific atrife as was 

suggested by McKinney (1965) for densely nesting Mallards. 

Intra-specific .!l!!l.parasiti_ 

The degree of intraapecific paraaitism appears to be density 

dependent in waterfowl (WeIler 1959, Hilden 1964). Intra-spec~fic 

parasitism by the Red-breasted' Merganser ls fairly canmon (see Hildt;" 

1964). Parasitism wes more Frequent among the densely concentrated Tern 

Island nests than in the more dispsrsed Dune Island nests. WeIler (1959) 

pointed out that one responae of the nesting hast female to contlnuous 

parasltic intrusion ls desertion and that this ls 1D0st llkely to occur 

early ln the laying stage when ths fsmalss' attachaent to the nest slte 

ia weaksst. Jenklns et &_ (1975) found that nest lasses due to 

desertion in densely nesting Shslducks (Tadorne tadorne) were high and-

attributed so.e of these deeertions to intra-apecific paraaitism. 
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Pienkowski and Evans (1962) reported that at least one third of the 

densely neeting Shelduck clutches studied were the product of more than 

l female. They reported that desertion in these multiple clutches was 

significantly greater than in those laid by a single female. Detecting 

the affects of paraa! tism on nest sbsndonmen t is di fficul b. One nest 

with a laying rate of greater than l egg per day may have been abandoned 

during laying a~ a result of parasitism. Most of the Tern Island nesta 
r 

abandoned during incubation had new eggs introduced or 8ggs lost from 

the clutch. Some of theae females very likely deserted in response to 

parasitic intrusions. 

"'lest parasi tism can reduce hatching succesa through embryo 

mortality due to eggs broken during normal nest movements on a large 

nest or inefficient incubation of a large clutch leading to chilling of 

some eggs (WeIler 1959). Embryo mortality was higher on Tern Island than 

that on Dune Island and was more frequent in clutches containing greater 

than 14 eggs. A higher incidence of embryo mortality on the Tern Island 

and in larger clutches was probably the result of intra-specific nest 

parasitiSIL Hatching success of auccessful Tern Island clutches wsa not 

greatly affected by embryo mortality becaua, it comprised a small 

percentage of unhatched egga. 
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CONCLUSION 

Red-breaated Merganaers dèrived 8 protective benefit by nesting in 

8 Comman Tern colony caapared to nesting solitarily. Merganaer nests in 

a Herring and Greater Black-becked Gull colony were provided a level of 

protection between that provided by the tern calony and solitary nests. 

The merganaer-gull nesting aasociation cannat be accounted for by sn 

anti-predator hypothesis alone. Nests in t~e tern colony were more 

"likely to be abandoned probably due to the increased interaction between 

mergansers and' terns at high nesting denai ties. Nest parasi tlsm was 

,greater in the tern colony and very likely caused some nest desertions 

snd reduced hetching succeS8. Neeting synchrony wes not increased by 

clumped nesting in the,tern colony and therefore probably doee not 

function to produce a predator swamping effect and reduce overall 

predation. Clumped nesting seemed to reflect the availabilty of sultable 

nest sites in preferred nesting habitat of the tern colony rather than 
" 
selection for nests to be hidden in the aggregation of merganser nests. 

Nests in the gull colony /Day have experienced s higher duckling 

morta1ity ss a result of predation by the gu11s themselves. The 

protective benefit of the merganser-tern nesting association exceeded 

the observed costs. The protective benefit for merganser nests in a tern 

co1ony appears to account for the evolution and maintenance of the 

nesting asaociation. Red-breasted Merganasrs preferrect tô nest ln the • 
tern c010ny, as their nest density there wes very high. Bengtaon Obo) 

stated that the highest denaities are found in the optt.a1 habitats. If 

thia ia true, Tern Island provided optiaal nesting habitat ,for Red-

bre8sted Herganaers while the gul1 colony and solitary nesting 
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conditions on D~ Island are e..moptu.ai. 

\ 
.r 

/ 

:: - / .. 

( 
• 

/ 

o 

, .. \ 



) 

\ , \ 

n 

1 \ 

lITERAT~E CITED .. 

Bengtaon, 5....A.l910. location of nest-sites of ducks in the Lake Myvatn 

area, north-east lceland. Oikos 21:218-229. 
o 

----1972. Reproduction and "fluctuations in the size of duck populations -

at Lake Myvatn, IcelaQd. Oikos 23:35-58. 

Bourget, A.A.1973. Relation ~o~. eiders arid gulls nesting in mixed 
.})j ~\ .-

coloniea ln Penobacot Bay, Maine. Auk 90:809-820. 

Braun, B.M., P.A. Hienz and G. H. Hienz.1980. Herring gull predation on ... 
" 

Red-breaated Merganser ducklinga. Wilson Bull. 92:403. 

Burger, J.1984. Grebea nesting in gull colonies: protecti ve associations 

and early warning function. Amer. Nat. 123:327-337. 

Choste, J.5.1967. Fsctors influencing succeS8 of eiders in Penobscot 
, 

Bay, Maine. J. Wildl. Mahage. 31:769-777. 

Clark, K.L., and R.J. Robertson.1979. Spatial and temporal mul ti-species 

n8sting aggregations in birda as anti-parasite and anti-predator 

defences. Behav. Ecol. Sociabiol. '5:359-371. 

Daniel, W.Ù978. Atl.plied Nonparametric Stat1stics. Houghton Mifnin 

Company, Boston • . 
Darling, 'F.F.1938. Blrd flocks and. the breeding cycle. Cambridge 

Univers~y Press, London. 

Duebbert, H.F.1966. Island nesting of Gadwall in North Dakota. Wilson 

Bull. 78: 12-25. 
• 

Duebbert, H.F., J. T. lokemoen and D.E. Sharp.1983. Concentrated nesting 

of mallards and gadwalls on Mille~ake Island, North Dakota. J • .. 
Wildl. Manage. 47:'729-740. 

, 
27 •• 

c:::F • 
Il . ~ 

v 
____ c-~ 

" 

• 



( 

" 

Dwernychuk, L.W., and D.A. Boag.1972. Ducks nestlng ln aSSocIatIon wlth 

gulls-- an ecologlcal trap7 Can. J. tool. 50: 559-563. 

Dyrez,A., J. Wükowskl and J. Okulewlcz.1981. Nestlng of 'tlmld' waders 

ln the v lClnlty of 'bold' ones as an antl-predator adaptatIon. IblS 

123:542-545. 

Erlcksson, M.O.G., and F. Gotmark.1982. Habitat selectlo/l: Do passerInes 
\ 

nest ln aSSOCIatIon with Lapwlngs Vanellus vanel1us as defence 

• against predators? OrnlS Scand. 13: 189-192. 

Erwin, R.M.1979. Spec~es lnteractlons ln a mlxed colony of COOlmon Terns 

(Sterna hlrundo) and BI ack Shmmers (Rynehops niger). Anlm .... Behav. 

27: 1054-1062. 

Evans, R.M.1970. 01dsquaws nestIng ln aSSOCIatIOn wlth arctle terne at 

ChurchIll, Mamtoba. Wl.lson Bull. B2:383-390. 

Fucha, L1977. Predatlon and antI-predator behaYlor ln a mlxed colony of 

terns Sterne sp. and black-headed gul1e Larue rldlbundus wlth 

speCIal reference ta the sandwlch tern Sterne sandy lcenSIS. Ornls 

Sc and. B: l 7 - 32. 

Gotmark, F., &nd M. Anderaon.1980. Breedlng asaociatlon between Common 

Gull Larus canus and Arctie Skua Sternacorar~us parasülcus. Orms 

Scanda 11: lZl-124. 

Greenwood, 5., and R. Davidson-ArnotLI977. An lnterpretlve study of 

coastal p rocesses, Kouchlbouguac Na t ional Park, New BrunSWIck. 

Unpub. report submi tted to Parks Canada, Atlantlc region. 398 p. 

HamIlton, W.D.1971. Geometry for the sel fish herd. J. theor. Biol. 

31: 295-311. 

• 
28 



Hammond, M.C., and G.E. Mann.1956. Wa ter faw l nest~ng is1ands. J. W I1dl. 

Manage. 20: 345-352. 

Hilden, 0.1964. Ecology of duck populations in the lsland group of 

Valassaaret, Gulf of Bothrua. Ann. Zool. Fenn. 1:153-277. 

Jenkins, D., M.Go Murray and P. Hal 1.1975. Structure and regulation of a 

She Iduck (T adorna tadorna L.) popu1 a tian. J. Anlm. Ec:~4: 201-

231. 

Koskimies, J.1957. Terns and gulls as features of habltat recognl.tlon 

for buda nest1ng ~n the1r colonies. Ornl.s Fenn. 34: 1-6. 

Kruuk, H.1964. Predators and antl-predator behaVlour of the Black-headed 

l;u11 (Larue udibundus L.) Behaviour, Suppl. 11:1-129 • . 
Lemieux, L.1959. The breeding b~ology of the Greater Snow Goose on By lot 

Island, Northwest Terntories. Cano FIeld Nat. 73:117-128. 

Lokemoen, J.T., H.F. Duebbert and D.L Sharp.1964. Nest spacl.ng, habitat 

aelectlon, and behavlor of waterfow1 on MIller Lake Island, North 

Dakota. J. WI1dl. Manage. 48:309-32l. , 

Long, R.L.1970. A study of neat-s1le selechon by Island-neetlr19 Anatlds 

ln central Alberta. Unpub. H. Sc.theais, Univer81ty of Alberta, 

Edlaonton. 123 p. 

McCam, s.s., LA. Bryant and ReS. See l y.1973. Barrier Island, shore l and 

and dune survey, Kouchlbouguac National Park. Unpub. report 

sut:.i tted to Parks Canada, Atlantic Region. 156 p. 

HcKimey, F".l965. Spacing and chaslng 1n breeding ducks. Wildfowl 16:92-

106. 

29 



-1 
/ 

McLaughlln, C.L., and D. Grlce.1952. The effectlveness of large scale 

erection of wood duck boxes as a management procedure. Trans. N. 

Amer. W lldl. Conf. 17: 242-259. 

Mi 1 ne, H.1974. Breedlng numbers and reproductl. v e rate of Eiders at the 

sands of Forvle Natlonal Nature Reserve, Scot 1 and. Ibl.s 116:135-

152. 

Munro, J., and J. Bedard.1977. Gull predatlon and crechlng behav lour ln 

the Comman El.der. J. Anlm. Ecol. 46:799-810. 

Newton, L, and C.R.G. Campbell. 1975. Breedlng of ducks at Loch Leven, 

Klnroas. lüld fowl 26: 83-103. 

Nuechterlel.n, G.L.198l. Info.rmatlon parasltl.Sm ln mixed colonles of 

Western grebes and Forster's terns. Anim. Behav. 29:985-989. 

Olsson,V.195l. The buda of the Kallaskar, Harvrlnge and Hartso 

archlpelagoes, resulta of 8 bl.rd census made ln 1949. Var 

Fagelvarld 10: 173-175. 

Palmer, R.S.1976. Handbook of North Amencan Blrds, vol. 3. Yale 

lk'liversl.ty Press, New Haven. 

Patterson, 1.J.1965. Timing and apaclng of broods in the B1ack-headed 

gu11 Larue ridibundus. Ibis 107:433-459. 

Picozzi, N.1975. Crow predation on marked nests. J. Wildl. Manage. 

39:151-155. 

Pienkowski, M.W., and P.R. Evans.1982. C lutch parssi tism and nesting 

interference between Shelducke at Aber lady Bay. W ildfow 1 33: 159-

163. 

Rearden, J.0.1951. Identi fication of waterfowl ne st predators. J. W11dl. 

Manage. 15:386-395. 

30 



Slagsvold, T. 1980. Habitat selection in birds: on the presence of other 

bird apecies wi th special regard to Turws piluis. J. Anim. Ecolo 

49:523-536. 

Sobkowiak, S. T., and D.M. Bird. A portable candler for deter,!,ing 

fertility and development of birda' eggs. J. Field Ornlthol. 

55: 257-258. 

Tinbergen, N.195J. The Herring Gull' 8 world. Colhns, London. 

Veen, J.1977. Functional snd causal aspects of nest distribution 1.n 

coloniea of the sandwich tern (Sterna s. sandvicensis Lath.) 

Behaviour Suppl. 20: 1-93. 

Vermeer, K.1968. Ecologicsl aspects of ducks neetlng ln hlgh denaltles 

among Lsrids. Wilson Bull. 80:78-83. 

----·1970. 50me aspects of the nesting of ducks 1.n Lake Newell, Alberta. 

J. Wildl. Manage. 34:126-129. 

WeIler, M.W.1957. An automahc nest-trap for waterfowl. J.lhldl. 

Manage. 20:111-113. 

-----1959. Pausitic egg laying in the Redhead (Aythya allericana) snd 

other North AlDerican Anstidae. Ecol. Honogr. 29:333-365. 

IHk l und, C.G.1979. Increased breeding success for Merlins Fa 1 co 

colUllbariua nesting 8Dlng coloniee of Fie 1 dfares T urdus pilaf ia. 

Ibis 121: 109-111. 

JI 



\ 

Table L NUlilber of t.t.a an incubating f.ale had already 1eft the n8st 
• 

or fluehed during visita of tern colony, guil colony and aolitary neata 

of Red-breaated Merganaera. 

Tern Co10ny Gull Colony Solitary 

f .. 1e already 202 14 4 

18ft neat 

232 23 16 

fr .. nest 

TOTAL 37 20 

'1 
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f 19ure 1. Hap of the study area ln Kouchibouguac National Park, New 

BrlJ'18Wi ck. 



, ) 

TERN ISLAND 

MAINLAND 

DUNE ISLAND 

C) , 

11un 

33 



\ 

Figure 2. Percentage of preyed upon, successful and abandoned nests for 

tern colony, gull colony and solitary nesta. \ 
\ 
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Figure 3. Percentage of total Tern Island nesta Initiated and 

subsequentl y successful during the nesting aeason. 
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APPEtkl.IX 

If the 31 nests that were abandoned following the mar~ing of hens 

are excluded from data analysis, the proportions of nest fates Fran the 

3 sites would be biased. These nests were very likely ta have been 

successful because they were abandoned 1-2 days pr ior to hatehing. The 

exclusion of the 31 nests would reaul t in unreal istiesll y low 

percent:ages of auceessful nests and unrealistieally high pereent+ of 

preyed upon and abandoned nests From 3 sites. For eomparison, the 

percentage of preyed upon, suceessful" and abandoned nests From tern 

colon~, gul1 colony and aolltary sites are eonsidered (Table 2), 

includ~ and excluding the late abandoned nests. 

,/ 

Ta61e/2. Nest fa te percentages For the 3 study si tes if the 31 nests 

abandoned following the markl.ng of hens just prl.or to hatehl.ng are 

included (1) and exeluded (O. 

it Tern colony Gull colony Solitary 

1 E 1 E 1 E 

aucceasful 69.4 63.0 BO.O 75.0 50.0 40.0 

preyed upon 0.6 D.S 10.0 12.5 33.3 40.0 

abandoned 30.0 36.2 10.0 12.5 16.7 20.0 

TOTALS 100.0 100.0 100.0 100.0 100.0 100.0 
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