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ABSTRACT 

Egg burial in Yellow Warblers is a behaviour that has been fiequently observed 

and recorded in the omithological Iiterature. According to the literature, burial in North 

America is rarely observed in passerine species other than the Yellow Warbler. One 

hundred and hventy-five records of burial were found for 56 species, 89% of these 

records were in the context of cowbird parasitism. Most of these cases (93%) involved 

burial of cowbird egg(s) only. Due to the lack of host eggs being buried dong with the 

cowbirds suggests that the rnajority of these burials is a result of premature egg laying 

by the female cowbird and the host simply buried the cowbird egg while finishing its 

nest. 

To explain the high frequency of burial observed in Yeilow Warblers, Rothstein 

(1975) suggested that Yellow Warblers build nests with similar lining and frames. Thus. 

female cowbirds may not be able to determine when the nest is finished and possibly 

parasitize the nest too soon. The prernaturely laid egg woufd simply be covered over by 

Iining as the Yellow Warbler completes its nest. A total of 113 Yellow Warbler nests 

a r r e  dissected and it was found that Yellow Warblers usualIy built nests with three 

distinct layers, although 24% of the time two-layered nests were also built. Al1 three- 

Iayered nests consisted of a base, frûme and liner. Nettleslhops, deer hair, fmits, grass, 

feathers and "other" materials were found in al1 three layers, however, the proportion of 

the materials differed significantly, resulting in a colour and textural difference behveen 

the Iayers. To test whether the Iayer below the buned egg is the same in colour and 



material as the layer above, 27 Yellow Warbler nests were dissected. Most of the burial 

nests had six layers, three layers below the buried egg and three layers above. 

Recognition of the layers, by materials and colour, reveal that each burial nest had two 

bases, two frames and two liners. Cononical Variates Analysis confirmed that the burial 

layer was a three-layered structure. similar to the original nest, consisting of a liner, 

frame and base. Thus burial is a building of the nest at the same nest site, the original 

nest is desened. but not the nest site (as in typical nest desertion). There are two types 

of burials- tnie burials and embedded eggs. True burials are the type of burial observed 

most frequently in Yellow Warblers. Conversely. embedded eggs seem to explain most 

of the burial records in other species. although. it rnay also explain a few cases of burials 

in Yellow Warblers. 
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GENERAL INTRODUCTION 

Cowbird Parasitism 

The Brown-headed Cowbird (Molothnis arer) is an obligate brood parasite that 

parasitizes the nests of many species, including the Yellow Warbler (Demiroka 

petechia)(Bent 1953, Friedmann 1963). Cowbird parasitism usually reduces host nesting 

success by one or more fledgling per nest (Weatherhead 1989, Payne 1977). Nesting 

success in parasitized nests is reduced by the parasitic young outcompeting the srnaller 

host chicks in addition to the removal of one or more host eggs by the female cowbird 

(Rothstein 1990). Due to the high costs associated with cowbird parasitism, there is 

assumed to be intense selection pressure on cowbird hosts to reduce or avoid parasitism. 

This selection pressure has led to the evolution of several host strategies to reduce the 

costs associated with cowbird parasitism. 

One host strategy is the removal of the parasitic egg. At least 15 host species are 

known to reject cowbird eggs, thus avoiding the costs of raisins a parasitic nestling 

(Rothstein 1975). Known as rejectors (Rothstein 1975). these species physicaliy remove 

the cowbird egg from their nest either by grasping it with their bill or by puncturing it and 

lifting it from the nest. 

Species that do not reject the cowbird egg through physically removal fiom the 

nest are termed acceptors (Rothstein 1975). Although some acceptor species have been 

observed rejecting nests containing cowbird eggs, via nest desertion and eçg burial, it is 

not known whether this is a response to cowbird parasitism or nest disturbance (Hill and 

Sealy 1994). Although the Yellow Warbler is considered to be an acceptor species 

(Rothstein 1975), they do reject (via burial or nest desertion) at a rate higher 



(approximately 50%) than most acceptor species (Rothstein 1975, Clark and Robertson 

1981, Sealy 1995). 

When parasitized, Yeiiow Warblers display one of three behaiiours. First, they 

may accept the parasitic egg. Acceptance is more likely (66% of the time) when the 

cowbird parasitizes the nest afier the second host egg is laid (laying day two or LD?) or 

later in the breeding season (Clark and Robertson 198 1, Burgham and Picman 1989, 

Sealy 1995). Altemately, Yellow Warblers may reject the parasitized nest by either 

deserting it and building elsewhere, or by burying the nest contents. Nest desertion 

occurs at 13% of ail parasitized nests irrespective of the timing of parasitism during 

laying (Sealy 1995). Egg burial, unlike nest desertion, occurs up to 48% of parasitized 

nests (Clark and Robertson 198 1, Sealy 1995). Burial is usually defined as the female 

Yellow Warbler building a new nest floor over the parasitic egg(s) as well as any of her 

own eggs present at the time (Clark and Robertson 198 1, Sealy 1995). Unlike egg 

acceptance, burial is most frequently observed when the nest is parasitized with a small 

number of host eggs (prior to LD2) andor early in the breeding season (Clark and 

Robertson 198 1, Burgham and Picman 1989, Sealy 1995). 

Egg bunal is believed to be a less costly than nest desertion because 1) no time 

and effort are spent finding a new nest site; 2) the Frequency of re-parasitism is lower at 

the original site than at new sites (9% and 2 1%- respectively, Sealy 1995); and 3) the 

new clutch is initiated 3-6 days earlier than in nest desertion (Clark and Robertson 198 1). 

Therefore, the breeding pair continues to be synchronous with the nesting community. 

Nests out of synchrony with the rest of the Yellow Warbler breeding population rnay be 

exposed to a higher depredation rate (Clark and Robertson 1981). Despite the benefits 



of burial, desertion may be favoured if the nest becomes unstable with additional Iayers 

(Clark and Robertson 198 1) or if the nest is damaged (Burgham and Picman 1989). 

At Delta Marsh, Manitoba, it has been assumed that Yellow Warblers have been 

parasitized by the Brown-headed Cowbird for hundreds of years (Thompson 189 1. 

Mayfleld 1965, Briskie et al. 1992). Over the last 20 years, an average of 2 1% of 

Yellow Warbler nests were parasitized (Sealy 1995). Thus, selection should consistently 

act on Yellow Warblers to avoid or minimize the effects of parasitism. 

Bunal is known to effectively eliminates the threat of the parasitic egg and 

reduces the risk of re-parasitisrn, yet it is believed to be a behaviour unique to Yellow 

Warblers. To determine whether egg burial is unique to Yellow Warblers, the first 

chapter is a literature review that sumarizes the published records of bunal by North 

Amencan passerine birds and the conditions under which burial was observed, that is, 

whether burial occurred within the context of cowbird parasitism. 

Why only Yellow Warblers frequently bury cowbird eggs is not understood. 

Rothstein (1 975) speculated that Yellow Warblers build homogeneous nests, that is, nest 

liner and fiame are indistinguishable from one another to fool the cowbird into laying 

early in an unfinished nest. Subsequently, Yellow Warblers simply continue building, 

embedding the cowbird egg within the upper most portion of the nest. In the second 

chapter, 1 test this hypothesis two ways by examining the interna1 nest structure (layer 

colour and texture) of Yellow Warbler nests. First, non-burial Yellow Warbler nests 

were dissected to determine if linle stmcture existed in the nest (Le., nest h e  and liner 

were identical). Then burial nests were then dissected to determine if the bunal layer was 

the same in matenals and colour than the layer pnor to burial. 



Nest Building by Yellow Warblers 

The preferred breeding habitat of Yellow Warblers is dense willows ( S d x  spp.) 

near open water (Harrison 1979, Mackenzie el d 1982). Males amive first at the 

breeding site and set up temtories that can be as small as 0.16 hectares (Hamson 1979). 

The females arrive after the males have established temtories and proceed to choose a 

suitable mate or temtory. Once a matehemtory has been chosen, nest building is 

initiated by the female, although many factors may delay its onset. For example, high 

temperatures stimulate nest building, whereas low temperatures inhibit it (Nice 1937). 

The delayed development of vegetation may also influence the beginning of nest building 

(Pettingill 1985). 

The female YeIIow Warbler builds the nest in an upnght fork of a bush, sapling or 

tree. Aithough the nest is usually one to three rneters fiom the ground, nests have been 

observed as low as 0.25 m and as high as 13 m (Chapman 1968, Briskie el al. 1990). 

The Yellow Warbler nest is a strong, compact. symmetrical, well-woven cup, and is 

mainly supponed fiom below with its nms standing firmly upnght (Chapman 1968, 

Pettingill 1985). Nest building takes approximately four days (Chapman 1968, Hamson 

1979), but this varies depending on the time of building in the breeding season, i.e., 

longer to build early in the season and shoner later in the season (SeaIy pers. comm.). 

Table 1 sumrnarizes the cornrnon nesting matenals found in Yellow Warbler nests. 

Matenals used for nest building are usually gathered fiom the vicinity of the nest, 

although suitable materials used to line may be sought fiom great distances (Collias and 

Collias 1984, Pettingill 1985). 





STUDY AlREA 

The study was conducted on the properties of the University of Manitoba Field 

Station (Delta Marsh), Portage Country Club, and dong the south ridge within the 

village of Delta (50'1 1 N, 9S019 W). The study site is located on a forested dune-ridge 

(average 80 m wide, MacKenzie 1982) that separates Lake Manitoba to the nonh and 

Delta Marsh to the south. The Delta Marsh ridge lies in the Aspen-Oak Section of the 

Boreal Forest Region (Rowe 1972). 

The summers (June to September) are warm (23-year mean temperature around 

20°C; Environment Canada 1993) with increased precipitation in June and July (total 

precipitation averages around 78 mm per month) (see Appendix 1). 



EGG BURIAL N PASSERINE BIRDS OF NORTH AMERICA: 

A LITEFUTURE REVLEW 

INTRODUCTION 

The Yellow Warbler is well known among ornithologists for burying eggs laid by 

the parasitic Brown-headed Cowbird (Friedmann 1929, 1963; Rothstein 1975; Sealy 

1995). Burial is a form of nest desertion behaviour in which the nest owner adds 

additional matenal to cover eggs in the nest. In Yellow Warblers, the frequency of but-ial 

behaviour has been reported at 49% of parasitized nests in Ontario (Clark and Robertson 

1981) and 36% in Manitoba (Sealy 1995). Although many other passenne birds are 

parasitized by the Brown-headed Cowbird (Friedmann 1929, 1963). buriai has been 

recorded in these other species only rarely, with anecdotal records scattered throughout 

the ornithotogical literature. 

Due to the high selection pressure on Yellow Warblers to reduce the costs of 

parasitism by the Brown-headed Cowbird, egg b u d  is believed to be an anti-parasite 

strategy (Friedmann 1929. Schrantz 1943. Clark and Robertson 198 1, Burgham and 

Picman 1989). Burial is been believed to be an effective adaptation because both burial 

nests (nests that have the parasitic egg covered) and unparasitized nests fledge a 

comparable number of young (Clark and Robertson 198 1). 



However, interpreting burial as an anti-parasite adaptation may not be warranted. 

Some evidence suggests that burial may not be a response to cowbird parasitism. For 

example, burial has been reponed in the absence of parasitism. Sealy (1995) reported six 

instances out of about 1800 nests of Yellow Warblers burying their own eggs in 

apparently unparasitized nests. Also, burial has not been elicited experimentally at the 

same level as in nature. Even the interaction of adult Yellow Warbiers with a mode1 

female Brown-headed Cowbird at the nest followed by the addition of a cowbird e g j  

generally does not elicit burial (Sealy 1995). Finally, Rothstein (1975) noted that unlike 

egg ejection, egg burial is a rejection of the whole nest. This indicates that other 

influences may have selected for the behaviour, such as weather and visits to the nest by 

predators. Although burial reduces the cost of parasitism, it may simply be a generalized 

behaviour induced by a variety of influences (Rothstein 1975) rather than a specialized 

anti-parasite behaviour. 

Egg buriai has been recorded, albeit infkequently and generally anecdotally. in 

many species other than the Yellow Warbler, but these records have never been 

compiled. In this chapter, 1 collate records of burial in other North Arnerican passerine 

species to detemine whether the belief that egg burial behaviour is unique to Yellow 

WarbIers is warranted. 



TREATMENT OF RECORDS 

Records of burial were obtained o d y  fkom the literature. The search was 

restricted to North Amencan passerine species, including actual and potential hosts of the 

Brown-headed Cowbird listed by Friedmann (1 963). Freidrnann et al. (1977), and 

Friedmann and Kiff (1 985). 

Many terms have been ascribed to the burial of eggs. For example "ernbedded" 

(Coues l878), "covenng over" (Parshall l884), "double nest" (Bendire l892), "re-lining" 

(Greene 1892). "flooring-ove? (Herrick 19 10). "fdse bottom" (Bailey 1925). "covered 

by new floor" (Friedmann 1929), and others have been used. Because of this variability, 

the term burial will be used here exclusively to describe the condition whereby the 

individual(s) that constructed the original nest adds new materials to partially or fûlly 

cover the nest and any eggs within. The following criteria were used to define burial: 1 )  

The partial covering of the nest contents with nesting materials that leaves part of the 

buried egg exposed were considered burials. Sorne authors mentioned that the nest must 

have been incornplete when the eggs were laid, hence, the builder simply finished the 

nest, embedding the eggs within the lining. These records were included because it was 

impossible to differentiate between partially and hlly covered eggs in many of the 

records. Nevenheless, a partially covered egg meets the same fate as a fully covered egg, 

that is, it would not be properly incubated. 2) Ideally, a11 records required the builder of 

the nest also to be the one who buries its contents. This eliminates records of species 

building over active or old nests of other individuals, and infanticide, such as in the 

Purple Martin (Progrr subis), in which a male buried a deceased mate's clutch so that 

another fernale could initiate a new clutch (Brown 1983). Because most of the records 



did not involve banded individuals, it is assumed that the builder carried out the burial. 

3) The time between building the nest to covering the egg(s) is within the sarne breeding 

season and, ideally, if the information is adequate, within the same breeding attempt. 

Thus, records of old nests used as a base for a new nest for a second clutch within the 

same breeding season (Le., double brooding) were not considered. The latter may appear 

to be burials, especially if not a11 the eggs hatched in the first breeding attempt, and then 

were buned under a second nest. However, these nests couid usually be distinguished by 

the presence of egg shells or a dead chick. 4) Ail records of bunal considered required 

the covering over of an egg with nesting material. The term "double nests" was 

cornrnonly used in the literature to descnbe nests with a buried egg(s), however, on 

occasion, it aiso referred to nests in which no eggs were buried (Le., one nest on top of 

another or two nests built side by side with a shared rirn). The former were easily 

distinguished from egg burials due to their description (or picture) and, hence. were 

escluded from this review. 

Records of burials were separated into whether or not burial occurred in the 

context of cowbird parasitism. Bunal in the context of cowbird parasitism required a 

Brown-headed Cowbird egg to be found within the nest (buned or not). Bunals that 

occurred in the apparent absence of cowbird parasitism involved the burial of an es&) 

of a species other than the Brown-headed Cowbird. Order of species and nomenclature 

follow the Arnerican Omithologists' Union (1983), and supplements. 



RESULTS 

Burial in the Context of Cowbird Parasitism 

Egg burial in the context of cowbird parasitism was lecorded in 45 species from 

seven passerine families (Table 2). The Bell's Vireo had the highest number of records 

(10 records); the Alder Flycatcher, Eastern Phoebe, and Amencan Goldf~mch had seven 

records each. The remaining 41 species had five or fewer records (Table 2). 

Most buriais (98% of 1 i 1 records) were of oniy Brown-headed Cowbird eggs 

buried within the nest. Eighteen of these (16%) included the burial of more than one egg 

(Table 2). These records included: 1) nests that had more than one cowbird egg buried 

but no host eggs (six records); 2) nests with host egg(s) buried along with a cowbird 

egg(s) (seven records); 3) one record with t h e  host eggs buried with one cowbird egg 

found in the upper nest; 4) nests that were covered over twice (double burial) in which 

two of these records involved host egg(s) buried along with the cowbi.d(s) (three 

records); 4) one nest was covered over three times (mple burial), burying single cowbird 

eggs in each nest cup. In only two of the 11 1 records, burial involved the covering of 

host egg(s) only. However in each case. a cowbird egg was found in the upper nest 

(Burtch 1898, Ashworth 1930). 

Egg Burial in the Absence of Cowbird Parasitism. 

Burials that occur in the absence of cowbird parasitism have been recorded four 

times less frequently then burials that occur in the context of cowbird parasitisrn. In the 

absence of cowbird parasitism. there were 24 records involving 20 species from seven 



TABLE 2. List of spccies that have bccn rccordcd burying in the contcxt of cowbird parasitism. 

Specics No. of records Year Location Nest Contents Soume 

Aldcr Flycatchcr (E .  alriorrm) 

Eastern Wood-Pcwee (Contopus virens) 1 

1 

Acadian Fl ycatcher (Empidoriax virescctis) 1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1969 

prior 1892 

prior 1894 

1922 

prior 196 1 

prior 1898 

prior 1894 

195 1 

prior 196 1 

1947 

1958 

1963-67 

1963-67 

New York 

Illinois 

Illinois 

Kansas 

Michigan 

na 

Iowa 

Ohio 

Michigan 

Illinois 

Michigan 

Nc braska 

Nebraska 

Kedney (1 869) 

Bendirc (1 892) 

Loucks (1 894) 

Linsdale ( 1  928) 

Walkinshaw (1  961) 

Anderson ( 1 898) 

Savagc ( 1  894) 

Bcrgcr and Parmclce (1952) 

Walkinshaw ( 1  96 1 )  

Friedmann ( 1963) 

Berger (1967) 

Holcomb (1972) 

Holcom b ( 1972) 





TABLE 2 continued 

Blue-grcy Gnatcatcher (Polioptila caerda) 

Hermit Thrush (Catharits girttatirs) 

Wood Thrush (Hylocichla mirsreliria) 

Gray Catbird (Dumetella carolinensis) 

Brown Thrasher (Toxostoma rrfinr) 

Whi te-eycd Vireo (Vireo griselis) 

Bell's Virto (V. bellii) 

1886 

pnor 1963 

1952 

na 

prior 1958 

prior 1958 

pnor 1965 

na 

1926 

prior 1929 

1939 

1939 

1951 

1960 

1980 

Michigan 

na 

Qucbcc 

na 

Michigan 

Michigan 

Louisiana 

na 

Arizona 

na 

Illinois 

Texas 

Indiana 

Kansas 

Arizona 

Spicker ( 1  887) 

Friedmann (1 963) 

Temlî (1961) 

Weaver (1949) 

Detroit Audobon Society (1953) 

Nickeii (1958) 

Taylor & Goertz (1965) 

Hopp, Kirby and Boone (1 995) 

Morse (1927) 

Nicc (1929) 

Pitelka & Kocstner (1942) 

Nyc (1940) 

Mumford (1952) 

Barlow (1962) 

Clark (1988) 







TABLE 2 continued 

Northem Cardinal (Cardinalis cardina lis) 

Blue Grosbcak (G~tiraca caerirlea) 

Indigo Bunting (Passerina cyariea) 

Dickcisscl (Spiza aniericana) 

Clay-colorcd Sparmw (Spirelia pallida) 

Song Spamw (M elospiza nielodia) 

Whitc-cmwncd Sparmw (Zoriotrichia lertcophrys) 

Rcd-wingcd Blackbird (Agelaiids phoenicerrs) 

Eastcm Mcadowlark (Sturtrella niagtra) 

Wcstcm Mcadowlark (S. ricgtecra) 

Brc wcf s Blück bird (Elrphagirs cyatiocephal~rs) 

prior 1929 

prior 1992 

prior 1929 

1983 

prior 1929 

1960 

1915 

prior 1929 

1968 

prior 1884 

prior 1899 

prior 1892 

prior 1888 

1968 

na 

na 

na 

lowa 

na 

Manitoba 

na 

na 

Ncw York 

M aine 

Nebraska 

na 

lowa 

na/2C Friedmann (1 929) 

1/1 C Manry (1992) 

na/l C Friedmann (1929) 

3H,l  C/1 H/1 H,îCLowther (1983) 

na/lC Friedmann(l929) 

na/lC Lane(inBent1968) 

na/l C Schiegel(19 16) 

na/lC Fnedmann(1929) 

3H,2C/l C Kedney (1869) 

3H/2C W. (1 884) 

4 ~ 1 1  C Wolcott (1 899) 

na/l C Bcndirc (1 892) 

1 H/1 C Akcrs (1 888) 



TABLE 2 continued 

Baltimore Onole (Icterirs galbula) 

Amencm Goldfinch (Carduelis tristis) 

1883 

1985 

prior 1867 

prior 1887 

pnor 189 1 

1958 

1947 

1947 

Ncw York 

Manitoba 

Nc w England 

New York 

Nebraska 

Michig'm 

Michigan 

Michigan 

Parshall (1 884) 

Hobson & Sealy (1987) 

Sarnuals ( 1  867) 

Davison ( 1  887) 

A. (1891) 

Berger (1 960) 

Berger (1948) 

Berger (1948) 

-. . - - - - - 

'3HV2C/I C = One cowbird egg buried wiihin nest and thrcc host eggs along with two cowbird eggs prcsent in upper nest (not buned). 

bna = Data not availablc 



passerine families (Table 3). Most of the records (88%) are conspecific burials in which 

the same species' egg was buried. The remaining three records were burials of an egg(s) 

of another species (Western Flycatcher burying three Black Phoebe eggs, Eastern Phoebe 

brirying an Amencan Robin egg, and Savannah Sparrow burying a Grasshopper Sparrow 

egg, Table 3). Most species (85%) had one record of buriai each. The Eastern Bluebird, 

Western Hycatcher, and Least Rycatcher were the oniy species that had more than one 

record (3 records, 2 and 2, respectively). Nine species have been recorded burying both 

in the presence and absence of cowbird parasi tism (Alder Flycatcher, Westem Flycatcher. 

Common Bushtit, Brown Thrasher. Rothonotary Warbler, Indigo Bunting, Red-winged 

Blackbird, Western Meadowlark, and Baltimore mole) .  Only two records involving egg 

burial are questionable because the eggs were not laid in the nesç the Seaside Sparrow 

(Howell 1928) and Bobolink (Pelton 1912) laid eggs in the dirt and then built nests on 

top. 



TABLE 3. List of spccics that have bcen rccordcd burying cggs in flic abscncc of cowbird parasitism. 

S pccics Ycar Location Ncs t Conicri~s Source 

Aldcr flycatchcr 

Wcstcm Flycatchcr 

Lcast Flycatchcr (Enrpidoriax niiriiniits) 

Anicrican Cmw (Cor~vrs hrachyrhynciins) 

Black-cappcd Chickadcc (Parits airicapillits) 

Common Bushtjt 

Ru by-cmwncd Kinglcl (Regdus culetrdulu) 

Eastern Blucbird (Sialis sialis) 

Wcstcm Blucbird (S. nicsicatia) 

1891 

1937 

prior 1887 

1889 

1984 

prior 1926 

prior 1898 

prior 1939 

1928 

prior 1 884 

1928 

prior 1928 

prior 1926 

Ocgon 

California 

n ac 

Michigan 

Manitoba 

Wisconsin 

Ontario 

Washingion 

Qucbcc 

Virginia 

Florida 

na 

Ohio 

Bcndirc ( 1  892) 

Stoncr (1938) 

Davison ( 1  887) 

Hanaford ( 1  890) 

Briskic & Scaly (1988) 

Richter ( 1926) 

Anderson ( 1  898) 

Maltby (1939) 

Terri11 (1961) 

S .  (1884) 

HowcH(1928) 

Howcll(1928) 

Wharrani ( 1  926) 



Brown Ttirashcr 

Prothononry Warblcr 

lndigo Buniing 

Paintcd B unting (Passerim ciris) 

Savannah Sparrow (Passercirlrrs saridwicherrsis) 

Scasidc Sparrow (Aniniodraniirs niaririnlrrs) 

Bo bolink (Doliciioriyx oryzivorrrs) 

Rcd-wingcd Blackbird 

Wcstern Mcadowlark 

Common Grackle (Qriiscolrcr qiriscitla) 

Bal timorc Ot-iolc 

1914 

prior 1893 

prior 1908 

1883 

1965 

pnor 1928 

prior 19 1 2 

prior 1928 

1886 

prior 1926 

prior 1926 

Conncc ticut 

Illinois 

Kentucky 

Gcorgia 

Wisconsin 

Florida 

Wisconsin 

Horida 

Iowa 

M inncsota 

Wiscotuin 

TABLE 3 continued 

Kochicr ( 19 14) 

Loucks ( 1 893) 

Griffin (1908) 

Perry ( 1 8 84) 

Weins (1971) 

Howcll(1928) 

Pclton (1912) 

Howc11(1928) 

Akers ( 1  888) 

Pcabody ( 1926) 

Ritchcr ( 1 926) 
- - - - - . - - - - - .. - - - - - - - - - -- - - -- -. . . -- - - - - - - - -- . -- - 

' 4/4 = Four Alder Ryca~chcr cggs buricd uid four Aldcr flycatchcr cggs found in uppcr nesi. 

b BP = Black Phocbc (Sayorriis riigricaris) cggs. '* = unknown diny bluc cgg. 

'na = Datii not availablc. %S = Griisshoppcr Sparrow (Ammodraniiis savannaritm) cgg. 

d~~ = Amcrican Robin (T~trtkts niigrurorircs) egg. = ncst notcd to bc double, no funhcr information givcn. 



DISCUSSION 

Frequency of Burial 

The frequency of egg bunal in species other than the Yellow Warbler is low. 

Aithough burial has been recorded in 56 passerine species, only four species were 

reported burying more than five tirnes. As many of these burials were detected by early 

oologists and are anecdotal, there is no way to calculate burial fiequency in any of these 

species because the authors did not include total numbers of nests of the species 

inspected in which burial was not recorded. However, presumably because of the rarity 

of finding a nest with a buned egç(s), especially in species other than Yellow Warblers, it 

was considered to be noteworthy and was generally reported in the early oological and 

omitholoçical joumals. Today, few anecdotal references to egg burial are published, but. 

nesting studies can give us some idea of the rarity of burial. For example. a study of 

3000 Gray Catbird nests by Nickel1 (1958) reported only four bunals. Nolan (1978) 

recorded three burials of cowbird e g s  out of 800 Prairie Warbler (Dendmicn discolor) 

nests despite a 27% parasitism frequency. Of 796 Arnerican Goldfinch nests examined by 

Berger (1960), three of the 1 1 parasitized nests showed burial. Conversely, Yellow 

Warblers are known to bury as many as 48% of parasitized nests (Clark and Robertson 

1981). This large difference in burial rate between Yellow Warblers and other species 

indicate that burial is a behaviour unique to Yellow Warblers. 

Burial in the Context of Cowbird Parasitism. 

In Yellow Warblers, egg burial occurs most frequently when nests are parasitized 



by the Brown-headed Cowbird. This trend was also observed for other species in this 

review. Eighty-two percent of the records involving burials by other passenne species 

were observed in the context of cowbird parasitism. This may be explained by Partial 

Clutch Reduction (PCR) as induced by the brood parasite or by the premature laying of 

the cowbird egg. 

Partial clutch reduction (PCR) is the removal of one or more eggs from a clutch, 

resulting in at least one egg remaining in the nest. Predators, as well as cowbirds, could 

elicit PCR by removing one or more eggs. PCR has been sugçested to elicit egg burial in 

Eastern Phoebes (Rothstein 1986) and nest desertion in Clay-colored Sparrows (Hill and 

Sealy 1994). However, studies of Yellow Warblers do not support tlüs hypothesis. 

Goossen and Sealy (1982) found that unparasitized chtches are desened infrequently 

despite PCR, but may be deserted due to weather and depredation. Experiments by 

Sealy (1 992) showed that none of the 13 five-egg clutches that were reduced to as few as 

two eggs were deserted. Inadequate information in the records (Table 2) make it 

impossible to determine whether bunal was elicited by PCR. 

In this study, premature laying is defined as the egg being laid prior to the nest 

being completed. The end of nest building is sometimes dificult to determine because 

some nest materials rnay be added to the nest afler the clutch is initiated (Sealy pers. 

cornm.), whereas some species wait a few days after building a nest before starting their 

clutch (Noms 1947). Thus, for simplification, the day of clutch initiation by the host is 

considered the sarne day as nest completion. 

The timing of laying is important to the Brown-headed Cowbird (McMaster and 

Sealy 1998). To parasitize a Yellow Warbler successfully, a female cowbird must lay her 



eggs late enough in the laying cycle to ensure the eggs will not be rejected (Clark and 

Robertson 198 1, Sealy 1999, but early enough to enable her offspring to gain a 

cornpetitive advantage over the host chicks (Mayfield 1960, McMaster and Sealy 1998). 

If the cowbird lays too early (before host nest building is completed) the egg may simply 

be buried during the completion of the nest. Yellow Warblers are occasionally reported 

to bury eggs (and an acom, Weeks 1922) while completinç their nests (Sealy et ni. 1989, 

Sealy 1995). Furthermore, Ernlen (1941) placed conspecific esgs and young into 

unfinished Tri-colored Blackbird (Agelaiils tricolor.) nests and found normal nest building 

was not intempted. 

Since 89% of these records involved the bunal of cowbird egg(s) only (such that, 

no host eggs were buried), indicates that most of these burials involved premature laying 

by the cowbird. Many authors (e.g., Keyes 1884, Maltby 1939, Friedmann 1963, 

Mayfiield 1960) support this conclusion, stating that premature laying resulted in bunal of 

the cowbird ejg. Records of the Bobolink (Pelton 19 12) and Seaside Sparrow (Howell 

1928) laying their eggs in the dirt and building their nests over the eggs are probably 

extreme examples of premature laying. 

Premature iîying rnay also explain the 10 records of burials by rejector species. 

Ejection apparently is the most efficient means of eliminating cowbird eççs because it 

requires little time and energy, and frees the host's reproductive effort from parasitism 

(Rothstein 1975). Rejector species, therefore, do not need to bury cowbird egçs. 

However, five of the 45 species recorded burying in the context of cowbird parasitism 

are known rejectors: Baltimore Oriole, Brown Thrasher, U1arbling Vireo, Gray Catbird, 

and Eastern Kingbird (Rothstein 1975, Sealy 1996). Nine of the 10 records involved the 



bunal of only one cowbird egg, whereas one record was of the burial of three cowbird 

eggs (Table 2). As no host eggs were buned in any of these cases, these records suggest 

that the cowbird eggs were laid before the nests were completed. However. burial can 

occur in these species as indicated by the records of a Brown Thrasher burying one of its 

own eggs and a record of a Baltimore Oriole burying three of its own eggs in the 

apparent absence of cowbird parasitisrn (Table 3).  

Nevertheless, premature egg laying rnay not account for a11 the b u d s  observed. 

For example, the Red-eyed Vireo takes several days to complete its nest and then waits 

several more before laying its eggs (Noms 1947). Thus? the assumption that nest 

building is terminated when egg laying is initiated may not always be accurate. 

Furthemore, the apparent lack of host eggs at the time of burial may be because the 

female cowbird has retumed to the nest after parasitizing it and rernoved a host egg. 

Sealy (1992) found that cowbirds remove host eggs from one in every three parasitized 

Yellow Warbler nests. As these removals occurred most frequently (46%) on the same 

or subsequent days after parasitisrn, burial may have precluded some removals. There is 

no evidence of egg removal in Table 2 (nests were usually not monitored for layinç 

schedules) such that egg removal by the cowbird could account for some of the records 

of burials without a host egç (Goossen 1985). Finally, some authors have stated that 

bunal was a rebuilding of a nest over a parasitic egg (for example &ers 1888, Bendire 

1892). Despite a few exceptions, premature egg laying rnay explain the majority of the 

burial records. 

Burial is not restncted to either North America or passenne species. The Upland 

Sandpiper (Bartramin longic~zrda) has been observed burying a Brown-headed Cowbird 



egg (Friedmann 1963). In South America, Friedmann (1929) reports frequent bund of 

Shiny Cowbird (Molothnis bottariemis) eggs by the Yellow-browed Tyrant (Sisop~grS 

icterophrys). In Europe, hosts are occasionally reported to bury Common Cuckoo 

(Cric~rlris C ~ I O ~ Z I S )  eggs (e-g., Ticehurst 1 927, Hall 1 927, Charteris 1927). Brooker and 

Brooker ( 1  989) report that five of the nine cuckoos in Australia have hosts that have 

been recorded as b u w n g  eggs. 

Burial in the Absence of Cowbird Parasitism 

Burial in the absence of cowbird parasitism has also been observed, although it is 

much less frequent. Similar to burials within the context of cowbird parasitism, these 

records may be explained by PCR or premature laying of the builder. 

Bunal has been observed in rnany contexts, such as the example above of the 

Purple Martin (Brown 1983). The Zebra Finch (Poephiln gzi~tczio) is well known for 

burying its own eggs in captivity when nesting materials are not removed from cages 

afier nest building is complete (Martin 1984). In other species, the b u d  and uncovenng 

of eggs is believed to reduce predation or to aid in the thermoregulation of the eggs (e.g. 

Welty 1975, Keller 1989, Hohn 1993). In Europe, female Penduline Tits (Remi- 

pettddiiiris) sometimes bury their eggs to hide their fertile period from their mate and 

uncover them after the mate desens or during the late egg-laying period (Valera el al. 

1997). Intraspecific burials have also been recorded in the Red-headed Woodpecker 

(Melmerpes eryrhrocephalrrs; Nicholson 1 927), Great-homed Owl (Brlbo virgi,~ia~ais; 

Goelitz 193 1 ), and American Coot (Fzilicn nnrerzcatta; Richter 1926). The occurrence of 



intraspecific burial in Amencan Coots is interesting because this species is known to 

parasitize conspecifics (Lyon 1992). 

Overall, the frequency of egg burial by North American passenne species is low. 

compared to that in the Yellow Warbler, and is observed more frequently in the context 

of cowbird parasitism (82% of records). To explain the majority of these burials, eggs 

may have simply been laid too early (by the cowbird and perhaps also of the builder such 

as in the absence of a cowbird egg), and nest building was continued, burying the 

premature egg(s) in the nest. 



CHAPTER 2 

STRUCTURE OF YELLOW WARBLER NESTS 

As defined in the last chapter, burial is the addition of nesting material to cover, 

fully or partially, the entire nest and its contents. There has been much debate whether 

burial is an antiparasitic adaptation (Friedmann 1929; Rothstein 1975, Clark and 

Robertson 198 1; Burgham and Picman 1989; Sealy 1995, see Chapter 1). There have, 

however, been few attempts to explain why this behaviour occurs rnost frequently in 

Yellow Warblers. 

In 19 10, Hemck proposed that burial occurs when the normal cycle of nest 

buildinç lias been disturbed. Friedmann (1 929:N2) summarized Herrick: 

"[Herrick] found that if the cycle was disturbed at any point, the birds 

would go back one stage in the cycle and start from that point. Thus, 

if the egg-Iaying stage was disturbed by some cause, the birds would 

go back one stage, Le., to nest-building. They would build a new nest 

and then resume egg-laying. In the case of yellow warblers, the egg- 

laying is disturbed by the introduction of a Cowbird's egg, and, 

according to the above idea, the Warbler should desert (as many birds 

do), and build another nest. However, reasons Hemck, the yellow 

warbler is so attached to its nesting site that it does not want to leave. 

At the same tirne instinct prompts it to build another nest. There is a 

struggle between two instinctive forces, the one tending to hold the 

bird to the nesting-site, the other trying to drag it away and build a 



new nest. The contest is a fairly even one, and the outcome not 

predictable in any one case. The presence of eggs of its own in the 

nest strengthens the attachment of the bird to the nest site and nest, 

and it is this instinct that wins in the majority of the cases. The new 

floor, covering the parasitic eggs, is to be interpreted as comparable to 

a new nest, such as the consequence of the cyclical instinct would 

dernand, but placed directly in or on the old one, due to the strong site 

attachment." 

The phenornenon described above, commonly observed in the nest building of 

social insects. is termed stigmergy (Downing and Jeanne 1988). Stigmerg is the 

ongoing construction of nests that is regulated by previous construction. Thus. nest 

building is a series of steps with transitions between each step that depend on the builder 

perceiving cues from previous constniction. The characteristics of the nest dictate how 

construction proceeds, and the cues regulating construction come fi-om the present or 

imrnediately preceding step (Downing and Jeanne 1988). The main difference in the 

stigmergy and Herrick's hypothesis is that the stages of nest building are not dissected 

into steps and repeated (such as building a nest base then a cup, etc.), but are rather 

descnbed as whole reproductive behaviours (stages), such as nest building, eçg laying, 

and incubation. Hemck referred, therefore, to the reproductive cycle as a whole rather 

than to one behaviour, in this case, nest building. Nevertheless, the ideas are similar 

Following Hemck's explanation, burial in Yellow Warblers may be described as the 

dismption of the nest-building stage, by a perturbation such as brood parasitism. This 

disturbance causes the femaie YelIow Warbler to redo the last step in the reproductive 

cycle, which according to Hemck, is building a new nest at the original nest site. 



More recently, Rothstein (1975) hypothesized that the Yellow Warbler's burial 

behaviour is a result of the use of sirnilar materials throughout ail pans of the nest and is 

not a behaviour specifically elicited by the presence of a cowbird egg. He wrote 

(1 975:256): 

"Possibly some hosts use nesting materiais that make it difficult for 

cowbirds to determine when a nest is nearly cornpleted and this, rather 

than a direct response to cowbird eggs, may represent an actual 

antiparasitic adaptation. It may be no coincidence that the yellow 

warbler, the species most noted for burying cowbird eggs, often builds 

an unusual nest with similar material used for both the nest fiame and 

the nest lining." 

According to Rothstein (1975). burial is not a rejection behaviour (i.e., like 

ejection and nest desenion), because it is not directed towards the presence of a cowbird 

esç  but to the whole nest. Hoviever, it would function as an antiparasitic adaptation if 

the female cowbird is tricked into layinç prematurely and the Yellow Warbler finishes 

nest building resulting in an egg being embedded (buried) within the liner. 

Nest structure has been descnbed for many species. For example. in captivity. the 

Canary (Serimis ccziznria) builds nests of two discrete layers, an outer layer of grass and 

an inner feather-rich layer (Kem and Bushra 1980). The Goldcrest (Regrtlirs regirhs) 

also builds a two-layered nest with a thick base of rnosses and lichens, and a solid inner 

lining of feathers (Haftom 1978). Willow Flycatchers and Prairie Warblers each build 

nests with three layers (Nolan 1978, McCabe 1991). The three-layered nest consists of 

an outer shell, or nest base, a nest body (or padding, Nolan 1978), and finaily a liner. 

Each layer is distinct and fonned with different materials. 



Although the nesting materials used by Yellow Warblers are well documented 

(see Table l), their nest structure has been poorly descnbed. Bigglestone (1 9 13) and 

Hamson (1979) reponed that Yellow Warbler nests are two layered, with the foundation 

consisting of intenvoven plant fibres, and the lining of soft plant down mixed with hair. 

Rothstein (1975) and Clark and Robertson (1 98 1) did not note the total number of 

layers, however, they mentioned a M e  and lining, and lining and cup, respectively. 

As Rothstein (1 975) su~gests, the lack of differentiation between nest liner and 

frame in Yellow Warblers nests may indicate that its nest is unusual and may have 

evolved under the pressures of cowbird parasitism. 1 dissected a sample of nests to 

determine the number of layers within. Following Rothstein's (1 975) hypothesis, I tested 

that female Yellow Warblers create visual homogeneity throughout the nest so that a 

cowbird c a ~ o t  correctly determine when the nest is complete and, hence, may parasitize 

the nest prematurely. Thus, female Yellow Warblers are predicted to select similar 

materials for the nest liner and frame to achieve visual homogeneity throughout the nest. 

Furihermore, as burial would result in the female warbler finishing her nest and burying 

the parasitic egg within the liner, the burial layer is predicted to be visually and 

structurally the same (materials and color) as the layer pnor to burial. This second 

prediction is examined by dissecting and determining the structure of Yellow Warbler 

nests with buned cowbird eggs. 



METHODS 

Field Work 

Field work was conducted in 1995 and 1996 at the University of Manitoba Field 

Station at Delta Marsh, Manitoba. Yeilow Warbler nests were sought daily on the 

forested dune ridge. Nests were checked every second day to ensure that the nest was 

promptly collected after use (deserted, depredated, young fledged). Ali nests ( n = 1 16) 

collected in the 1995 and 1996 were located in the willow cornmunity (south side of 

ridge) to ensure that the vegetation available to building females was similar. Three nests 

with buried eggs were collected during 1995 while no burial nests were found in 1996. 

To augment the sample size, 24 nests with buned eggs were collected from Delta Marsh 

from 1978 to 1994 by K. A. Hobson, D. G. WMaster, and S.G. Sealy. AI nests were 

stored in plastic or paper bags until examined. 

Nest Dissection 

Al1 nests (n=140) were dried at 80' C in brown paper bags until no change in 

mass occurred after two consecutive measurements separated by 24 hours. The drkd 

nests were carefully cut in half with scissors. Stratification of layers was visible by 

colour, texture, and position (see Figures 1-5). I determined layer colour by using 

Smithe (1974) colour charts which has a designated name and arbitary value for each 

colour. Most non-buriai nests had three layers, which were termed base, fiame and liner 

(Figures 1 and 4A), whereas some nests were distinctly two-layered (base and liner; 

Figures 2 and 4B). Burial nests were more complex with as many as six layers (three 

layers above the buried egg and three below). The layers above the buned egç were 



FIGURE 1. Photograph of one-half of a Yellow Warbler nest showing three layes  (see 

Figure 4A for the separation of the layers). 





FIGURE 2. Photograph of one-hdf of a Yellow Warbler nest showing two layers (see 

Figure 4B for the separation of the layes). 





FIGURE 3. Photograph of a burieci cowbird egg between the original and top nest (see 

Figure 5 for separation of layers). 





FIGURE 4. Line drawing indicating the layen of a three-layered nest from Figure 1 (A) 

and the two-layered nest h m  Figure 2 (B). 



B. ,-Nest cup 



FIGURE 5. Line drawing of a YelIow Warbler burial nest showing the buried cowbird 

egg (CI3 egg) and the separation of the layers (from Figure 3). 



Nest cup 

Top Liner 

Top Frame 

Top Base 

Lher 

Frame 

Base 



referred to as the top (top-base, top-frame and top-liner), whereas the lower layers were 

referred to as the original nest (base, fkme and Liner) (Figures 3 and 5 ) .  One-half of the 

nest was used as a reference and the measurements were taken (see Figure 6 for 

explmation of measurements), and colour was determined for each layer (colour follows 

Smithe 1974). The other half was teased apan layer by layer and each piece of material 

within was separated and classified according to groups (see below). After separation of 

the whole layer, groupings for each layer were collectively weighed, to the nearest 0.05 

g. Groupings that weighed less than 0.05 g were designated a set mass of 0.02 g, 

indicating that it was present in that layer. 

Al1 the material within the nests fell into one of six groups: nettleshops (Urtica 

diozcn, Hicn~iiliis lz~i,pIzis respectively), grass fibres (species not identified), White-tailed 

deer (Odocoileirs virgi,rinniis) hair, feat hers, fniit s (mostly Poprilits deltoides, 

Tarmnczrm officcit~ale, Saliv spp. and 7jphn spp.) and other. Other materiais inciuded 

Red Fox (~Nlpes wrlpes) hair, duff (crystalline panicles from feather sheaths of the young 

birds). invertebrates (mostly Order Diptera and occasionally chironomids and spider 

webs), excrement, man-made materials (fishing line, window screening, toilet paper, 

string, plastic), rootlets, wild cucumber (Ecii~ocysris Iobatn) tendrils, woodhark. red- 

coloured hops, moss hyphae, egg shell bits, leaves and three pieces of unknown material 

that were found in three nests. Red-coloured hops were separated fiom nettleshops on 

the basis of the distinct reddish colour of the fibres (compared to a silvery-grey colour of 

the nettles/hops category). Invertebrates, duff and excrement were later removed from 

the "other" category because they were not matenals that were selected by the nest 

builder during nest construction. The exception was spider webs within the invertebrate 



FIGURE 6. Dimensions of a Yellow Warbler nest. 





category. Yellow Warblers collea the webs and place them on the outside of the nest 

and around the surrounding support branches of the nest sbrub (pers. obs.). 

Nevertheless, spider webs were included in the invertebrate category in which the 

majority of the invertebrates were of the Order Diptera. Note that most plant materials 

found within the nest were from the previous year. Leaves (classified under "other"), 

some h i t s  (Popniirs deltoides and Salk ssp.) and green grass fibres (found in only 2 

non-burial nests) were the only plant materials that had been produced in the present 

growing season. 

Statistical Anrlysis 

Nesting materials were converted to a proportion of the half nest to compensate 

for differences in nest mass and errors in cutting the nest in half As the data were in 

proportions, they were transformed by takinç the arcsine of the square-rooted 

proportions and expressing the data in degrees. To ensure that the data were normally 

distributed with equal variances, K-S Lillifores and Levene7s Test were employed, 

respectively (SPSS 1 994). 

P Statistic 

To analyse data that required the multi-sample cornparison between two groups, 

a two-sample T-' statistic (muhivariate t-test) was used. It tests the nul1 hypothesis of 

equivalence of two mean vectors and is performed by refemng to the standard F- 

distribution with the appropriate degrees of fieedom. This test was used to determine if 

there was a difference in nesting material (nettleshops, grass, deer hair, feathers, fniits, 



and other) between 1995 and 1996 nests. A hvo-sample ~2 statistic was then used 

separately on 1995 and 1996 data to determine if there was a difference in the proportion 

of nest materials (nettles/hops, gras,  deer hair, feathers, fmits, and other) between three- 

and two-layered nests. 

As nest size is not expressed as a proportion, it was not arcsine transformed. 

Instead it was found to be skewed. and hence, a log transformation (log+l) was induced 

to make the data normally distributed with equal variances (K-S Lillifores test and 

Levene's Test for Equality of Variances, SPSS 1994). Then a two-sarnple T~ statistic 

was performed on the data to determine if there was a size difference (used bottom, side 

and rim. see Figure 6 )  between two- and three-layered nests for both 1995 and 1996 

nests as well as to determine if their was a size difference betti-een nests built in 1995 

and 1996. 

Canonical Variates Analysis 

For data that required the multi-sample cornparisons with more than 2 groups. 

the Canonical Variates Analpis (multivariate analogue ANOVA) was used. It 

fùnctions by testing the nul1 hypothesis of the equivalence of more than two mean 

vectors by extracting ordination axes that serve to maximally discriminate the groups. 

These axes can thus be tested to determine whether the groups differ by refemng to the 

chi-square distribution. The variables are displayed as vectors which then gives their 

relative importance in the discrimination space (Podani 1991). The three-layers nests of 

1995 and 1996 were analyzed separately to determine whether there was a significant 

difference between each Iayer (liner, frarne and base) according to the proportion of 



materials found within the nest (Syntau 5.02 Scientia Publishing, Budapest). Burial 

nests were also analyzed using the Canonical Variate Analysis, again to determine if the 

six nest layers were significantly different according to the proportion of material found 

within each layer (Syntax 5.02 Scientia Publishing, Budapest). 

Students t-test 

Nest mass \vas not arcsine transformed. It was, however, found to be skewed 

and thus log transformed (log+l) in order to rnake the data normally distributed with 

equal variances (K-S Lillifores test and Levene's Test for Equality of Variances, SPSS 

1994). A srudents t-test (SPSS 1994) \vas performed on nest mass to determine if their 

was a difference in two- and three- layered nests in 1995 and 1996 nests as well as if 

there was a difference in mass between nests built in 1995 and 1996. 



RESULTS 

Of the 140 Yellow WarbIer nests dissected, 1 13 were non-burial nests and the 

remaining 27 were burial nests. Seventy-seven percent of the non-bunal nests consisted 

of three Iayers (Figure l), a base, fiame acd liner (Figure 4A). The rernaining 23% were 

two-layered nests, al1 of which appeared to be rnissing the fiame (Figures 2 and 4B). 

Yearly Differences 

Significant differences in size and proportion of materials were detected between 

nests built in 1995 and 1996. See Appendix 5 for results and discussion of this section. 

Nest Structure: Two- versus Three-layered Nests 

Non-burial nests that were dissected had either two or three layers (Figures 1 and 

2, respectively). There was a significant difference in the proportion of nesting materials 

between two- and three-layered nests in 1995 (F = 6.197, p < 0.0 1 )  but not in 1996 (F = 

1.545, p = 0.376). In 1995, two-layered nests had a lower proportion of 

grass (main component of the fiame) and a higher proportion of nettles (main component 

of the base) compared to the three-layered nests (Figure 7). Also, fmits were used more 

frequently in the two-layered nests (Figure 7). Appendix 3 and 4 lists the proportions of 

materials used to create Figures 7 and 8. 

Two-layered nests were significantly smaller in size than three-layered nests in 

1995 (F  = 6.478, P < 0.001) and 1996 (F = 3.459 , P = 0.048), with the base 

contnbuting to most of the difference (Figure 8). Nest mass was siçnificar,tIy lower in 

the two-layered than the three-layered nests in 1995 ( r  = -2.33, df=63, P = 0.023), but 



FIGURE 7. Cornparison of the proportion of nesting materials in 1995 (A) between 

three- (n = 51) and two-layered (n = 14) nests, and in 1996 (B) between three- (n = 36) 

and two-layered (n = 12) nests. Note that the left and right axis are of different scale. 

Boxplot represents median. 25' and 7s8 percentiles. whiskers extend to the highest and 

lowest values, excluding outliers (O) and extreme values (*). 
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FIGURE 8. Cornparison of nest size in 1995 (A) between three- (n = 51) and two- 

layered (n = 14) nests and in 1996 (B) between t h e -  (n = 36) and two-layered (n 

= 12) nests. See Figure 7 for explanation of size. Boxplot represents median. 25& 

and 79' percentiles, whisken extend to the highest and lowest values, excluding 

outliers (O) and extreme values (*). 
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this difference was not detected in 1996 ( t = -1.01, df = 46, P > 0.05) (Figure 9). 

Three-layered Nests 

Canonical Variate halysis (Figure 10) illustrates that the relative proportion of 

nesting material in each layer produces distinct layers (non-overlapping 95% confidence 

circles around each mean). In both 1995 and 1996, the liner contains a significantly 

greater mass of feathers, h i t s  and deer hair compared to the M e  and base. In 1996. 

there was a higher proponion of other materials in the liner, whereas in 1995, other 

materials contributed more to the base than the liner. The frame contained a greater rnass 

of grass in both years, whereas the base contained mostly nettles. In 1995, however, the 

base also contained a greater proponion of other matenals. Eighty-three percent and 

92% of the variation in 1995 and 1996, respectively, can be explained by the trend 

observed in the first axis (Le., relative proponion of nettles/hops; Tables 4 and 5, Figure 

1 O). 

Although materials were intenvoven throughout the whole nest, the layers were 

easily distinguished by colour, texture and materials (Figres 1, 2 and 1 0). The erey 

colour of the base is attributable to the high proportion ofnettles and hops (Figures 1 O 

and 1 1). Nettles and hops had two colour values, depending on how tom the fibres 

were. That is, wide pieces were glaucous and finer pieces were smoke grey (Smithe 

1974). The fiame consisted mainly of grass and appeared more brown than the other 

two layers (the majority of the frames had a colour value around 30, brown; Figure 1 1). 

This is because the fibres are browner than any of the other materials found. Seed 

pappus and trichorne colour were the most obvious paris of the h i t  within the nest and 



FIGURE 9. Cornparison of nest mass in two- (n = 14) and three-layered (n = 51) nests 

built in 1995 and in two- (n = 12) and three-layered (n = 36) nests built in 1996. 

Note that nest mass is based on one-half nests. Boxplot represents median, 25& 

and 75& percentiles, whisken extend to the highest and lowest values, excluding 

outliers (O) and extreme values (*). 





FIGURE 10. Canonical Variate Analysis of 1995 (A; n = 51) and 1996 (B; n = 36) 

three-layered Yellow Warbler nests displaying the separation of the nest layers 

(base, frame and liner) attributable to the six different nesting materials 

(represented by arrows). Circles represent 95% confidence intervals around the 

mean of each layer. Sample point symbols represent the liner (O), h e  (*) and 

base (*). 
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TABLE 4. Canonical Variate Analysis: eigenvalue (EX), canonical correlation (C.C.) 

and chi-square values of the fint two axes for 5 1 three-layered Yellow Warbler nests 

collected in 1995 with six variables (nest groupings) and three groups (nest layers). 

E.V. E.V. as % C.C. C hi-square d f P 



TABLE 5. Canonical Variate Analysis: eigenvalue (E. V.), canonical correlation (C.C. ) 

and chi-square vdues of the first two axes for 36 three-layered Yellow Warbler nests 

collected in 1996 with six variables (nest groupings) and three groups (nest layers). 

Axis E.V. E.V. as % C.C. C hi-square d f P 



FIGURE 11. Colour values (Smithe 1974) for each layer of the 87 the-layered Yellow 

Warbler nests (1995 and 1996 data combined). 
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had the colour buff, crearn (Smithe 1974), or white (Figure 13). Many of the nest liners 

appeared olive-brown due to the high proportion of cattail seeds (Typhn Iatvolia). Other 

nest liners were whitish grey due to the high number of poplar (Popirlirs deltoides) and 

dandelion (Taraxaczrm oficimzle) h i t s  as well as deer hair (Figure 13). Feathers were 

discrete (not as fiequent as the other four materials and were visually different fiom the 

more weavable materizls) and rarely contributed to the definition of the layers. 

Mass of haif-nests for 1 995 and 1996 ranged fiom 1 .86 g to 5.84 g for both years (mean 

* S.D.; 3.02 I 0.73 and 3 S O  * 0.99 g for 1995 and 1996, respectively; Table 6). Of the 

total nest mass, the base had the greatest mass (1 -52 + 0.63 g, 1.95 - 0.87 g; 1995 and 

1996 respectively), followed by the frame (1995, 0.98 10.56; 1996, 0.98 * 0.46) and 

liner (0.53 * 10.22, 0.54 * 0.32) (Table 6 ) .  In both 1995 and 1996, the nest bottom \vas 

the thickest portion of the nest with a mean depth of 3.59 and 3.68 cm, respectively 

(Table 6). The nest side and rim were a third of the size of the nest base. The nest side 

averaged 1.47 cm in 1 995 and 1 27 cm in 1996, whereas the rim averaged 1 -05 cm in 

1995 and 0.90 cm in 1996 (Tables 6). 

Burial Nests 

As in the non-burial nests, the number of nest layen vaned among the bunal 

nests. Many (4 1%) of the nests had six layers, three layers below the buried eg&) 

and three layers above (Figures 3 and 5, Table 7). In six-layered nests, the three layers of 

both the original nest and upper three layers coincided with the base, fiame and liner 

observed in the non-burial nests. Ten bunal nests consisted of five layers and usually 

lacked the top liner or top fiame. Six nests lacked two layers, which was either the base 



TABLE 6. Mean (f S.D.) of the mass (g) and size (cm) of thme-layered 1995 (n = 51) 

and 1996 nests (n = 36). 

Variable 

Whole Nest 

1995 

1996 

Liner 

1995 

1996 

Frame 

1995 

1996 

Base 

1995 

1996 
- - ppp 

' See Figure 6 for explanation of measurements. 

Mass for half nest 



TABLE 7. Feanires of the 27 burial nests. Sarnple sizes are in parentheses. 

Nest Features % of Nests 

6 - layers 41 (1 1) 

5 - layers 

4 - layers 

No layers missing 

Top - liner missing 

Top - Frame missing 

Top - base missing 

Liner rnissing 

Frame missing 

Base missing 

Total 100 (27) 

1 cowbird egg buried 63 (17) 

2 cowbird eggs buried 4 (1)  

1 to 3 Yellow Warbler egss buried with 1 cowbird egg 32 (9") 

Total 100 (27) 

" Six nests had one, two nests had two and one nest had three Yellow Warbler eggs 

buried along with one cowbird egg. 



or fiame of either the top or bonom nest (Table 7). Despite the missing layers. the burial 

nests are usually almost twice the size in the bottom measurement and double the mass of 

non-burial nests (non-burial: Table 6; burial: Table 8). 

Canonical Variate Analysis on burial nests (Figure 12) shows the material 

composition of each of the six layers. The liners (top and original) had similar proportion 

of materials (such as fiuits and deer hair) as indicated by the overlapping 95% C I .  The 

top and original frarnes were similar in mass of grass (overlapping 95% Cl). Also. both 

bases were composed predominantly of nettleshops and other materials and some 

feathers. However, the top base had significantly more other materials and feathers, and 

significantly less nettleslhops than the original base (non-overlapping 95% C.I.; Figure 

14). Seventy-four percent of the variation within the data (Le., amount of fruits and 

amount of nettles in the layers) can be explained by the trend observed on the first 

canonical axis, whereas 24% can be explained by the second avis (Table 9). Thus, the 

first two avis were significant (Table 9) and the remaining three axis were insignificant. 

Both the top and original nest were ofsirnilar colour for each layer (Figure 13)  

and these layers were sirnilar in composition to the non-burial nests (Figures I I ) .  



TABLE 8. Mean (f S.D.) of the mass (g) and size (cm) of 27 Yellow Warbler burial 

nests with six layen. Sarnple sizes are in parentheses. 

Whole Nest (27) 

Top Nest (27) 

Top-Liner 

Top-Frame 

Top-Base 

Bottom Nest (27) 

Liner 

B ase 

not applicable 

0.81 f 0.41 

0.47 f 0.26 

(21) 

0.30 I 0.24 

(18) 

0.41 * 0.2 1 

(18) 

1.24 f 0.47 

0.50 I 0.27 

(28) 

0.46 * 0.26 

(20) 

0.51 f 0.26 

(23) 

not applicable 

0.79 * 0.50 

0.30 i 0.23 

(9) 

0.45 i 0.37 

(17) 

0.69f 0.41 

(17) 

0.78 f 0.47 

0.36 f 0.17 

(W 

0.45 * 0.29 

(1 7) 

0.52 I 0.37 

(19) 
-- 

' See Figure 6 for explanation of nest size. 

b Mass for half nest 



RGURE 12. Canonical Variate Analysis of 2'7 Yellow Warbler burial nests exhibiting 

the separation of the six nest Iayers amibutable to the six nesting materials 

(represented by arrows). Circles represent 95% confidence intemals around the 

mean of each layer. Sample point symbols represent the liner (O), frame (*), base 

(A), top-liner (+), top frarne (-) and top base ( O ) .  
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TABLE 9. Canonical Variate Analysis: eigenvalue (E. V.) , canonical correlation (C. C .) 

and chi-square values of the first two axes for 27 burial Yellow Warbler with six 

variables (nest groupings) and six groups (nest layers). 

Auis E.V. E.V. as % C.C. Chi-square df P 



FIGURE 13. Colour values (Smithe 1974) for the six layers of the 27 YeUow Warbler 

burial nests. 
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DISCUSSION 

Nest Structure: Two- versus Three-layered Nests 

Generally, Yellow Warblers at Delta Marsh built nests with three distinct layers, 

but 23% of the time two-layered nests were built. Three-layered nests had a distinct 

base, frame and liner. The liner was cornposed mainly of deer hair, feathers and fruits. 

The frame was composed mainly of grass, while the base was constructed primarily of 

nettles. 

Materials used to build two-layered nests were similar to those used for rhree- 

layered nests. However, two-layered nests did not have a fiame. Consistent with this 

observation, three-layered nests had a significantly higher proportion of grass than the 

two-layered nests. Nolan (1  978) also observed the occasional absence of the middle 

layer in nests of the Prairie Warbler. 

Three-layered nests were also larger (especially in the bottom) and heavier than 

two-layered nests. Observations also indicated that three-layer nests were generally more 

V-shaped than the two-layered nests that were relatively more U-shaped (see Figures 2 

and 3) Differences in nest shape and number of layers may be a result of nest site 

selection. Nests in forks of willow are generally very deep and much base (nettleshops 

was used, however, in 1996, deer hair was aiso used) is required to bnng the bottorn of 

the nest cup to an acceptable width, resulting in a V-shaped nest. Conversely, U-shaped 

nests are found in sites that tend to be shallower and wider, allowing a nest cup to be 

built with a flatter bottom. However, the increase use of grass in V-shaped nests (Le., 

three-layered nest requires Frame) is not clear. The Fan-shaped Warbler (Cisticola 

jitncidis), fine sternmed grasses are reported to suppon the nest (Ueda 1984). It is has 



been observed that grass provides rigidity in Yellow Warbler nests, especially in the tim. 

However, the need for V-shaped nests to have additional support of a frame is unclear 

because it presumably can rely on surrounding branches to maintain the nest shape. Nest 

site seleaion rnay predict the type of nest built by the Yellow Warbler and, hence, explain 

the dichotomy of nest shape and number of layers observed in this study. 

Three-Iryered and Burial Nests 

Rothstein (1975) hypothesized that the Yellow Warbler builds homogeneous 

nests with similar material used in the nest liner and frame to fool cowbirds into iaying 

prematurely. However, nest dissections showed that although the same materials were 

used to build the three layers, the amounts of these materials differed significantly among 

layers. These differences resulted in significant visual and textural differences. Thus, the 

first prediction is not supported because visual homogeneity within the nest was not 

observed. Because cowbirds search visually for host nests mobertson and Norman 

1977). they may actually be able to use these visual and textural differences as cues to 

determine whether the nest is at an appropnate stage for laying (Le.. does the nest have a 

liner). 

The second prediction of Rothstein's hypothesis states that burial is a result of 

premature parasitism and the female Yellow Warbler simply hunes the parasitic egg in 

the process of nest completion. Evidence corn the dissection of 27 burial nests does not 

support this second prediction, because a whole new nest is built, not simply the liner 

being extended to bury the egg(s). 

Premature egg laying (i.e., as the second prediction states) may explain one of the 



buried cowbird eggs observed. When this nest was dissected, it was discovered that two 

eggs were buried. One cowbird egg was between the original and top nest, as expected, 

however, another cowbird egg was suspended in the top frame indicating that the egg 

was laid before the second nest was finished. Although the second prediction was not 

supported (100% of the burial nests had a nest built upon another), premature laying may 

nevertheless account for a few burials observed in Yellow Warblers. 

Cowbird laying observations also challenge Rothstein's hypothesis. For exarnple, 

over half (59%) of the cowbird eggs are laid afler clutch initiation (Sealy 1992), 

indicating that many cowbirds are not "tricked into laying early. Secondly, burial often 

occurs when the parasitic egg is laid after clutch initiation. Sealy (1995) reported that 

34% of al1 burials recorded occurred after the Yellow Warbler initiated her clutch. This 

indicates that the eggs were not laid prematurely, as nest building (as defined in Chapter 

1) is tenninated by the presence of the first warbler egg. Optimally, the cowbird should 

lay its egg on or after LD2 to decrease the risk of burial, yet lay early enough so that its 

eggs hatch at an appropriate time (McMaster and Sealy 1998). Rothstein (1975) did not 

address the timing of cowbird laying, or when Yellow Warblers bury. However, the 

similarity between nest liner and fiame could still play a role in promoting early laying by 

cowbirds. 

In the literature, burials have been used to descnbe many cases of eggs being 

covered over and surrounded by nesting materials resulting in the egg not being properly 

incubated. However, it appears that burials c m  be described in two ways: tme burials 

and embedded eggs. Tme egg burials, as seen in most Yellow Warbler burials, involve a 

second nest being buiit over the original nest, thus covering the contents of the original 



nest (Le., host andor parasitic eggs). This type of burial may be observed rarely in other 

species (see Chapter 1). Conversely, embedded eggs appear to be the result of the eeg(s) 

being laid prematurely, and the nest builder simply finishes nest building, resulting in the 

eggs being partialiy or completely buried within the nest. Embedded cowbird eggs 

appear to be the main type of burial observed in other species (see Chapter 1) and as 

mentioned above, rnay be occasionally observed in Yellow Warbler nests. Finally, 

because the cowbird could lay prematurely at any time dunng nest building, embedded 

eggs should be found within any layer of the nest, but, most comrnonly within the liner 

with the egg being covered over with lining matenals. 

Based on the lack support for the predictions, the hypothesis as stated is rejected. 

Thus, Herrick's (1910) theory can be fùrther exarnined. Unlike Rothstein's theory, in 

which burial occurs while the nest is being finished, Herrick states that the nest is finished 

and bunal is a result of Yellow Warbler laying cycle being disturbed by the presence o fa  

foreign egs. 

As tme burials are defined as nests built upon the original nest covering its 

contents, Herrick's (1 9 10) hypothesis for explaining bunal behaviour appears to have 

some merit. He suggested that if the breeding cycle is disturbed at the egg-laying stage, 

(for example, by the introduction of a cowbird egg), the warbler should desert and build 

another nest. The building of another nest, he clairned, would be upon the old nest 

because the "fear" of the disturbance is not enough to change nest sites. 

Desertion originally was defined as the act of Ieaving the nest and nest site to 

build elsewhere, a behaviour observed in Yellow Warblers and other Brown-headed 

Cowbird acceptor species (Rothstein 1975, Clark and Robertson 198 1). However, tme 



burials appear also to be a f o m  of nest desertion. When parasitized, the female Yellow 

Warbler must first decide whether to accept or reject the nest. Ifrejecting the nest, then 

she can either build at the original site (bury the eggs) or build at a new site (traditional 

definition of nest desertion). Thus, true burials appear to be a form of nest desertion, not 

nest-site desertion. 

Hemck (in Friedmann 1929) did not realize that burials invotved the building of a 

whole new nest. Instead, he stated that the building of a new floor over the parasitic 

eggs should be interpreted as a new nest. Results fiom the present study, however, 

reveal that a new nest is built, not just a floor. Also, certain aspects in Hemck's 

hypothesis are suspect. For example, if parasitism occurs upon the completion of eçg 

laying according to Herrick's hypothesis, the Yellow Warbler should retum to egg- 

laying. 

Herrick ( I  9 IO) also reasoned that Yellow Warblers rebuild at the sarne nest site 

because the attachrnent to the site is strong. Thus, the "fear" that Hemck descnbed to 

cause the Yellow Warbler to desert the nest in the first place is not always strong enough 

to re-build at a new site. This resulted in bunals. However, a strong site attachrnent may 

be better explained if there are advantages to staying at the old nest site rather than 

rnoving to a new site. The advantages of re-building at the original site versus a new site 

are that 1) there is no need to find new nest site, 2) it requires less time and energy to 

bury, and 3) the chance of being re-parasitized is reduced (see Chapter 1). 

Despite these advantages, burial still may be costly because more energy 

apparently is required to bury than previously believed. If burials were simply additions 

to the liner, then its mass would be only about 0.1 g, which is the average mass of a nest 



liner (Table 6 and 7). However, bunals result in a whole new nest, adding approximately 

1.5 g of additional matenal (Table 9). Although top nests are stmcturally similar to the 

bottom nests, the mass of these layers are sometimes less. Table 9 shows that the 

average nest base is almost double in depth compared with the top-base (0.55 vs. 1.08 

cm), resulting in the top nest being generdly 1igh:er than the original nest (2.6 vs. 1.5 g, 

respectively). Thus the original nest seems to fùnction as a platform, which requires 

relatively less material to support the new nest. With this platform, presumably less 

energy is required to build a tme burial than to build at another site. Nthough using 

material fiorn the old nest may considerably decrease the amount of energy required to 

build at a new site this option is not open to burying Yellow Warblers. 

Rothstein (1975) stated that if burials are adaptive only in the contex? of brood 

parasitism, like egg ejection, it could be considered as an anti-parasitic behaviour. 

Depredation causes many species to desert their nests. It may be costly for a bird to re- 

nest in the same location after being depredated, because if the nest is highly visible to 

one predator, it may be to many others (Sonemd 1985), or to the same individual who 

already knows where the nest is. Conversely, in the context of cowbird parasitism, it is 

presumably of greater benefit to build a new nest at the same location (see above 

advantages). This indicates that building at the original nest site has no adaptive value 

other than in the context of brood parasitism and, according to Rothstein's (1 975) 

criteria, it would follow that burial is an anti-parasite adaptation. 

The effectiveness of burial (Le., re-nest at the same nest site) may be related to 

cowbird biology. Cowbirds find and later parasitize nests at the appropriate time (Payne 

1973). Female cowbirds do this by watching potential hosts fiom elevated perches 



(Friedmann 1929, Hann 194 1, Payne 1973). An enlarged hippocampus, the area of the 

brain responsible for location memory, allows them to remember where these nests are at 

a later date (Sheny et al. 1993). Despite these adaptations, the action of a Yellow 

Warbler burying does not stimulate the female cowbird to re-parasitize the nest, as 

reflected in the lower frequencies of parasitism at burial nests (Sealy 1995). This may be 

due to selection pressures against cowbirds to lay only one egg per nest site. For 

example, if a cowbird lays two eggs in a nest then her young would compete directly with 

one another resulting in lower sunival rates for the young. Aso. small host nests may be 

too crowded with more than one cowbird egg resulting in poor incubation. Finally, by 

spreading the eggs over many nests, the probability of al1 egss being depredated 

decreases. At Delta Marsh, multiple parasitism in YelIow Warbler nests are uncornmon 

(about IO%, Sealy 1993, and occur when the nest is situated between two female 

cowbird egg-laying ranges, resulting in one egg being laid by each female (Aiderson et al. 

unpubl. data). 

In Yellow Warblers, nest desenion, including both true burials and traditional nest 

re-location, is oniy observed in approximately 63% of the total nests parasitized (Sealy 

1995). As true burial decreases the cosrs of cowbird parasitisrn, presumably it would be 

seen at a fi-equency closer to 100%. That burial does not occur more often indicates that 

nest desertion is not always the optimal solution to cowbird parasitism, even though 

acceptance is believed to be counter-productive (Hill and Sealy 1994). Two hypotheses 

attempt to explain the acceptance of cowbird parasitism, the equilibrium hypothesis 

(Rowher and Spaw 1988) and evolutionary lag (Rothstein 1975, 1990). 

The equilibrium hypothesis proposes that accepting a parasitic egg may be the 



best of a bad situation for small cowbird hosts because nest desertion is the only 

alternative. Rowher and Spaw (1988) assert thar nest desertion carries not only the cost 

of re-nesting but also costs associated with delayed breeding, thus accepting parasitism 

may be a less costly strategy. With Yellow Warblers, the acceptance of the cowbird egg 

may be the best solution after LD2 and later in the season also (Clark and Robenson 

198 1, Sealy 1995). This could be justified with the high costs of nest desertion 

(including re-building) that is coupled with the decreased cost of parasitism when the nest 

is parasitized later in the egg-laying stage (Weatherhead 1989) 

The evolutionary lag hypothesis proposes that acceptor species have not yet 

evolved anti-parasit ic defences (Rothstein 1 975, IWO). Rot hstein predicts that given the 

strong selection pressure of cowbird parasitism, once a defence appears in a population, 

it would spread quickly. That Yellow Warblers reject nests with cowbird eçgs at a 

higher rate than most acceptor species, the effectiveness of burial is indicated. However. 

as it does not occur at 100% of parasitized nests, other factors are clearly involved. 

Overall, true burial is a unique behaviour that is only observed in Yellow 

Warblers. Whet ber it is an anti-parastic behaviour is still debat able, but, it is interesting 

to note that burial is not the only interesting behaviour that Yellow Warblers display in 

the context of cowbird parasitism. Studies show that female Yellow Warblers do 

recognize feniale cowbirds as a unique threat by responding differently to cowbirds than 

to nest predators (Hobson and Sealy 1898, Gill and Sealy 1996). Female Yellow 

Warblers utter "seet" calls and perform nest-protection behaviour, which are only 

associated with the presence of a female cowbird (Hobson and Sealy 1989, Gill and Sealy 

1996). Because the Yellow Warblers is the only warbler that has a distinct cd1 and nest- 



protection behaviour in response to cowbirds (Gill pers. corn), this recognition may help 

explain why burial is unique to Yellow Warblers. 



SUMMARY 

The Yellow Warbler (Dendroica petechia) has received much attention for its 

habit of burying the eggs of the parasitic Brown-headed Cowbird (Molothrzrs ater). 

Although other species are known to bury eggs (especially cowbird eggs), the fiequency 

has never been compiled. A review of the literature confirms that burial in other 

passenne species is rare and in most cases only involves the burial of cowbird egg(s). 

This suggests that the parasitic egg \vas laid prematurely in these nests and was simply 

buried as nest construction a a s  completed. Few explmations have been put forth to 

describe the high frequency of burial obsemed in Yellow Warblers. The most recent 

\vas Rothstein's (1975) suggestion that buna1 is due to the Yellow Warbler building a 

nest with similar nest frame and liner so that the cowbird cannot determine when the 

nest is ready and parasitizes the nest prematurely. To test whether the Yellow Warbler 

builds a nest with similar frame and liner and to determine also whether burial involves 

only material of the liner, the structure of non-burial and burial nests was examined. Al1 

dissected Yellow Warblers nests had distinct Iayers that could be distinguished by 

colour and materials. Approsimately three- quarten of the non-burial nests were three- 

Iayered structures (base, frame and liner). whereas the remaining nests rvere hvo-layered 

(base and liner). B U ~  nests were commonly sis-layered structures, three layers below 

the parasitic egg and three above. nie three-layers above the cowbird egg mimicked the 

Layers below, which indicates that a complete nest was built upon the original nest. In 

order to bury, Yellow Warblers must first desert the contents of the original nest, not the 

nest site, and then build upon the original nest. Results from this study indicate that 

burials c m  be categorized into two distinct groups: tme burials and embedded eggs. 



Tme burial involves the building of a nest over the original nest and its contents (eggs) 

and appears to be restricted to Yellow Warblers. Convenely, embedded egg(s) seem to 

be the type of burial found in other species. In the majonty of these cases the buried 

egg(s) usually only a cowbird egg, is found within the top nest layer. indicating that 

these egg(s) were laid prematurely. 
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APPENDIX 1.  Daily mean temperatures and total precipitation for the 23-year mean 

(1 967- 1990), 1994, 1995 and 1996 (eom Environment Canada). Weather data 

from 1994 were included because the majority of the plant materials used to build 

1995 nests grew in 1994. 





APPENDIX 2. Proportion (f S.D.) of nesting materials found in the 1995 (n = 51) and 

1996 (n = 36) tluee-Iayered Yellow Warbler nests. 

Nesting Materialsa 

Nettles / Grass Deer hair Feathers Fruits Other 

Hops 

Whole Nest 

1995 0.58 k 0.11 0.25 i 0.11 0.03 I0 .02 0.03 iO.03 0.08 iO.06 

1996 0.56 i 0.15 0.28 k 0.13 0.05 f 0.04 0.04 i 0.04 0.05 f 0.05 

Liner 

1995 0.02 * 0.02 0.06 2 0.05 0.02 i 0.01 0.02 k 0.03 0.06 1: 0.05 

1996 0-5610.15 0.28k0.13 0.05*0.04 0.04I0.04 0.05I0.05 

Frarne 

1995 0.13 10.13 0.15 î 0.09 0.01 k 0.01 0.01 k 0.01 0.02 k 0.02 

1996 0.09 * 0.06 0.16 k 0.09 0.01 1 0.01 0.01 i 0.01 0.01 k 0.01 

Base 

1995 0.43 i 0.16 0.04 k 0.03 0.01 I0 .01  0.01 i 0.01 0.01 k 0.01 

1996 0.45 10.16 0.06 4 0.05 0.01 I0.03 0.01 k 0.02 0.01 _+ 0.01 

Proportion for half nest. 



APPENDIX 3. Proportion & S.D.) of nesting materials found in the 1995 (n = 14) and 

1996 (n = 12) two-Iayered Yellow Warbler nests. 

Nesting Materialsa 

Nettles / Grass Deer hair Feathers Fruits Other 

Hops 

Whole N a t  

1995 0.64 i 0-14 0.16 f 0.06 0.04 * 0.03 0.01 i 0.02 0.13 i 0.1 1 0.02 i 0.03 

1996 0.62 f 0.1 1 0.22 f 0.1 1 0.03 f 0.02 0.04 f 0.05 0.07 f 0.06 0.Olf 0.01 

Liner 

1995 0.05 f 0.05 0.09 f 0.04 0.03 f 0.03 0.01 f 0.01 0.10 f 0.09 0.01 k 0.01 

1996 0.04 I0.04 0.09I 0.06 0.02 * 0.01 0.03 k 0.04 0.05 k 0.05 0.01k 0.01 

Base 

1995 0.59 f 0.1 1 0.06 I 0.04 0.01 * 0.01 0.01 k 0.01 0.03 i 0.04 0.02 t 0.03 

1996 0.58 f 0.11 0.13 f 0.11 0.01 f 0.01 0.01 f 0.01 0.01 f 0.02 0.01f 0.01 

a Proportion for haif nest. 





APPENDIX 5. Results and Discussion of yearly differences between nests built in 1995 

and 1996. 

RESULTS 

There was a significant difference in the total proportion of materials used to 

constxuct nests between 1995 and 1996 (F = 3.853, P = 0.003). This difference was 

primarily due to the higher proportion of h i t s  in the nesting matends in 1995 compared 

to 1996 (Figure 14). Also, the proportion of feathers, deer hair, grass and nettles was 

higher in 1995 compared to 1 996 (Figure 14). 

Nest dimensions were not significantly different between years (F = 0.872, P = 

0.964 Figure 15A). However. 1995 nests were significantly lighter than 1996 nests ( t  = 

-2.84. df = 11 1. P = 0.0005; Figure 15B). 

DISCUSSION 

Nests built in 1995 and 1996 differed significantly in their mass and propodon 

of matenals. This difference may have k e n  due to the weather and/or the availabili ty of 

certain nesting materials beween the two years. 

When seeking for nesting matends, birds are believed to be opportunistic, 

however, they prefer certain matenals when available (such as wool and animal hair, 

Kem and van Riper 1984, Pettingiil 1985). At Delta Marsh. animal hair appears to be a 

preferred material. especiaiiy when readily available. In the winter and spring of 1996. 

lower than average temperatures and higher than average precipitation (snow) (see 

Appendix l), may have resulted in high deer mortality. In the study area 



FIGURE 14. Cornparison of the proportion of materials in nests built in 1995 (n = 65) 

and 1996 (n = 48). Note that the Ieft and right axes are of different scale. 

Boxplot represents median, 25" and 7sQ percentiles. whisken extend to the 

highest and lowest values, excluding outliers (O) and extreme values (*). 





FIGURE 15. Comparison of nest size (A) and mass (B) of nests collected in 1995 (n = 

65) and 1996 (n = 48). Note that nest mass is based on one-half nest. See Figure 6 

for explmation of size. Boxplot represents median. 25" and 75' percentiles. 

whiskers extend to the highesr and lowest values. excluding outliers (O) and 

extrerne values (*). 





(approximately 5-km strip), three deer carcasses were found. This created an abundance 

of deer hair that was not seen in 1995, and was readily utilized by nesting Yellow 

Warblers. 

Animal hair is also preferentially used by in other species. Welty (1975) noted 

that at the tum of the century, the Chipping Sparrow (Spizeila pnsseri~in) was known an< 

the Hairbird because it used generous amounts of horse hair in constmcting its nest. 

However, with the gradua1 disappearance of the horse from rural areas. the Chipping 

Sparrow has substituted fine srasses for the nest lining. Reed (1926) also noted an 

extreme example of preferential use of animal hair. He observed a Tufled Titmouse 

(Porrrs bicolor) plucking hair from the back of a live groundhog while the bird's mate sat 

close by with a bill already full of hair. 

Differences in temperature have also been reported to alter the use of certain 

matenals and change the shape and size of nests. Among three races of White-crowned 

Sparrow (Zomrrichiiz lerrcoph~s). nest size increased, extemal appearance changed and 

more insulative materials were used as climatic conditions became cooler (Kem 1984). 

Carolina Wrens (n>l3-orhor11s lrrdo~~iciminrs) also use lishter and smaller nesting matenals 

as the breeding season becomes warmer (Ramsay 1994). The Prairie Warbler has been 

reported to adapt its nest size according to seasonai temperature changes (Nolan 1978). 

In this study, a yearly difference in nest size was not observed, however, the proportion 

of materials and hence mass did differ significantly between years. Of the entire nest, 

proportionally more fiuits were used in 1995 than 1996 (0.08 and 0.05, respectively), 

while more deer hair was used more in 1996 than 1 995 (0.05 and 0.03, respectively). 

The mass difference between these two materials (deer hair heavier and the wind borne 



h i t s  of cattails and willow lighter) could have accounted for the significant difference 

between years. In conjunction with readily available deer hair, spnng temperatures in 

1996 were cooler than average (Appendix 1). This may have induced the Yellow 

Warblers to seek and utilize a higher proportion of warmer nesting matenals. In warmer 

spnng and surnmers (such as in 1995, Appendix 1). dong with the unavailability of 

animal hair, lighter matenals such as b i t s ,  appear to be readily substituted. 
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