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Abstract

I examined the co-evolutionary interaction between the parasitic Brown-headed

Cowbird (Molothrus ater) and eight grassland host species that nest in south-central

Saskatchewan. My objectives were to (1) examine whether the perceived similarities

between cowbird eggs and grassland passerine eggs represented a form of egg mimicry

evolved to impede egg discrimination; and (2) assess the method of ejection used by each

host and determine whether the rounded shape or thickened shell of cowbird eggs

constrained grasp or puncture ejection. To evaluate tolerance and ejection capacities,

each species was experimentally parasitized with mimetic-cowbird eggs and non-

mimetic-blue eggs. Sprague' s Pipits (Anthus spr ague ii),V.rf ., Sparrows (P o o e c et es

gramineus), Savannah Sparrows (Passerculus sandwichensis), Baird's Spa:rows

(Ammodramus bairdii),and Chestnut-collared Longspurs (Calcarius ornatus) accepted

all cowbird eggs, but ejected a proportion of blue eggs (betweengYoto 20o/o ejected);

Vy'estern Meadowlarks (Sturnella neglecta),however, ejected an intermediate number of

cowbird eggs (67%o ejected) and consistently ejected blue eggs (92Yo ejected). The

preferential ejection of non-mimetic eggs over cowbird eggs suggested that the similarity

in appearance between cowbird eggs and the eggs of these species impeded their

discrimination. Similarly, failed ejection of several blue eggs by each species, as well as

the damage that occurred to some host eggs during ejection attempts suggested that the

morphology of cowbird eggs constrained ejection behaviour. Because both grasp and

puncture ejection were indicated, both the sizelshape and thickness of cowbird eggshells

appeared to hamper ejection attempts, although my results \¡/ere more supportive of the

former. Therefore, this study supports the evolutionary equilibrium hypothesis as the
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reason for acceptance (or partial acceptance) ofcowbird parasitism by these grassland

passerines. By contrast, acceptance of all mimetic and non-mimetic eggs by Horned

Larks (Eremophila alpestris) and Lark Buntings (Calamospiza melanocorys) suggested

that neither species had evolved ejection behaviour and implied that their tolerance can

be attributed to evolutionary lag.

Because of the perceived similarity between cowbird eggs and grassland passerine

eggs, I also quantitatively compared cowbird egg shape, maculation, and colour to the

eggs of seven of eight grassland passerines. My objectives were to establish whether

cowbirds could evolve a generalized egg appearance that mimics the eggs of multiple

grassland hosts and determine which parameters might be involved. Cowbird eggs

differed on average in one or more parameters when compared directly to the eggs of all

seven species, but matched perfectly to the mean ground colour, maculation colour, and

total density of maculation for the entire grassland passerine community. Furthermore,

88% of cowbird eggs were indiscriminate from at least one grassland passerine egg in all

three parameters, with between 8o/o and 48Yo of the cowbirds eggs being indiscemible

from the eggs of all seven species. Thus, my results showed that cowbird eggs in south-

central Saskatchewan are capable of mimicking the colour and maculation density of

most grassland passerine eggs in this region. Cowbirds eggs were, however, significantly

more rounded, less tapered, and more evenly maculated than the eggs of this grassland

passerine community. These parameters, therefore, appear not to have evolved to match

the eggs ofgrassland passerines.
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General Introduction

The Brown-headed C owbird (Mo I o t hr u s at e r ; her eafter cowbird) cunently

parasitizes approximately 160 species in a range that encompasses much of North

America (Lowther 1993; Figure 1). Historically, however, cowbirds were restricted to

the open habitat of the Great Plains and Great Basin and acquired their present

distribution during the last two centuries (Friedmarn 1929, Mayfield 1965a, Lowther

1993, Rothstein 1994; Figure 1). Thus, birds nesting in the cowbird's historic range have

been parasitized for thousands ofyears longerthan species that occupy regions recently

invaded by cowbirds (Friedmann 7929, Mayfield 7965a, Lowther 1977, Robertson and

Norman 1977, Hosoi and Rothstein 2000, Peer and Sealy 2004a). Because of the

negative impact of cowbirds on host reproductive success, grassland passerines, as

historic hosts, have been presumed to be intolerant of cowbird parasitism (Mayfield

I965a, Rothstein 1975a, Hosoi and Rothstein 2000, Rothstein 2001, Peer and Sealy

2004a). Nevertheless, observations and experiments suggest that most grassland

passerines accept cowbird eggs and offspring (Hill 1976, Elliott l9TS,Zimmerman 1983,

Hill and Sealy 1994, Huntley 1997, Sealy 1999, Peer et aI.2000, Davis and Sealy 1998,

2000; Davis et aI.2002, Davis 2003, Peer and Sealy 2004a; Appendix I). This raises the

question: why do grassland passerines tolerate parasitism despite having served as hosts

for several millennia?

The evolutionary lag hypothesis posits that ejection evolves if the required time,

selective pressure, and mutations have occurred (Rothstein I975b,1990; Davies and

Brooke I989a, Sealy 1996). This idea follows from the suspected genetic basis for

ejection and its proposed expression through two alleles, i.e., acceptor and rejector alleles
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Historic distributionr Current distribution2

Figure 1. Hypothesized historic and current breeding ranges of the Brown-headed

Cowbird. Maps modified from Mayfield (1965a)r and Lowther (1993)2.
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(Rothstein 1990, Takasu et al. 1993). In other words, grassland species may tolerate

parasitism if the rejector allele has not evolved or spread throughout their populations

(Rothstein 1975a,1990). By contrast, the evolutionary equilibrium hypothesis states that,

even if egg ejection behaviour is present, acceptance may prevail if the cost of ejection

exceeds that of acceptance (Rohwer and Spaw 1988, Lotem and Nakamura i998). This

is especially true if parasites have counter-evolved adaptations that constrain the

identification or removal of their eggs (Brooke and Davies 1988, Davies and Brooke

1988, l989a,b; Rohwer and Spaw 1988, Lotem et al. 1995, Lotem and Nakamura 1998,

Sealy et aI.2002). Grassland passerines may, therefore, accept cowbird eggs because the

accidental removal or damage of their own eggs reduces the benef,rts of egg ejection (Peer

et al. 2000, Davis et aL.2002).

Recently, however, Peer et al. (2000) and Davis et al. (2002) discovered several

grassland species that had difficulty discriminating cowbird eggs from their own clutch.

Their research demonstrated that some grassland passerines possess the genetic

requirements for ejection and suggested that egg mimicry might have evolved in

cowbirds to counter intolerant behaviour by grassland passerines (see also Lowther 1977,

Elliott 7977,Payne 1977, Rothstein 1990). Consequently, Peer et al. (2000) and Davis et

al. (2002) proposed that grassland passerines accept cowbird eggs according to the

evolutionary equilibrium hypothesis. Egg mimicry is supported because the colour and

maculation of cowbirds eggs generally resembles that of most grassland passerine's eggs

(Lowther 1977,Elliott t977, Peer et al.2000, Davis et aL.2002). Moreover cowbirds

and grassland passerines have interacted for thousands of years, which may have allowed

the required co-evolutionary race to develop (Peer et al.2000, Davis et aL.2002).
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My aim, therefore, was to examine further the possibility that the tolerance

reported in grassland passerines is linked to the evolution of cowbird egg mimicry in

response to the development of egg ejection. In Chapter 1, I quantif,red the reactions of

several grassland passerines to mimetic, cowbird eggs and non-mimetic, blue eggs. My

goals were to determine how common egg discrimination is among grassland passerines

and to evaluate whether the appearance of cowbird eggs impedes egg discrimination (see

Appendix I). Hence, my goal was to determine whether evolutionary equilibrium or

evolutionary lag accounts for the tolerance reported in grassland passerines. In Chapter

2, I quantified the similarities between cowbird eggs and grassland passerine eggs and

statistically determined how strongly they resemblé each other in colour, maculation and

shape. This was necessary because all previous evaluations of the appearance of cowbird

eggs and grassland passerine eggs were based on subjective comparisons using human

observers (Elliott 1977,Lowther 1977, Peer and Sealy 2004a). My goal was to determine

whether cowbird eggs could effectively mimic the eggs of several host species

simultaneously.
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Chapter 1. Have Grassland Passerines Evolved Egg Discrimination

and Ejection?

Introduction

Hosts of the parasitic Brown-headed Cowbird may be classified as rejectors and

acceptors of cowbird eggs on the basis of whether they have evolved egg discrimination

and egg ejection (Rothstein 1975a, c; Peer and Sealy 2004a, b). Egg discrimination

involves learning the appearance of one's o\iln eggs as they are laid and permits the

detection of a foreign egg that differs visually from the host's clutch (Rothstein 1974,

r975b,1978,1982a; Lotem et al. 1992,1995; sealy and Basin 1995, underwood and

Sealy 2002). Egg ejection, on the other hand, is the removal of an unwanted egg by

grasping its girth, i.e., grasp ejection, or puncturing its shell and carrying the egg out or

removing it piecemeal, i.e., puncture ejection (Rothstein 1977, Sealy and Neudorf 7995,

Sealy 1996, Underwood and Sealy 2002). Because cowbird parasitism often lowers the

hatching and fledging success of host young (Lorenzana and Sealy 1999), the ability to

discriminate and remove cowbird eggs may greatly benefit species that are frequently

parasitized (Payne 1977, Rothstein 1990, Underwood and Sealy 2002).

Grassland passerines are interesting hosts because they have bred in sympatry

with cowbirds for thousands of years (Friedmann l929,Mayfreld 1965a, Rothstein

1975a,1994; Peer and Sealy 2004a). They also presently occupy the region ofhighest

cowbird breeding abundance (Van Velzen1972, Lowther 1993), may be frequently

parasitized (Appendix I), and often produce fewer young when parasitized (Elliott 1978,

Zimmerman 1983, Davis and Sealy 2000, Davis 2003). In theory, each of these factors in

combination has selected for rejection in this host assemblage (Mayf,reld 7965a,Rothstein
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1975a, Lowther 1977, Robertson andNorman 1977,Peer etaL.2000, Davis etal.2002).

Nevertheless, of the 20 species regularly listed as grassland passerines (Mengel 1970,

Kantrud and Kologiski 1983, Knopf 1988,1994; McNicholl 1988, Peterjohn and Sauer

1999), only Sage Thrashers (Oreoscoptes montanus), Eastern Meadowlarks (Sturnella

magna), and Westem Meadowlarks (5. neglecta) are known to eject cowbird eggs (Rich

and Rothstein 1985, Peer et aL.2000; Appendix I). In fact, the acceptance of

experimentally added cowbird eggs by several grassland passerines (Hill and Sealy 1994,

Huntley 1997 , Sealy 1999, Peer et al. 2000, Davis et aL.2002; Appendix I) and the many

observations of cowbirds fledging from naturally parasitized nests (Mayfield 1965a, Hill

7976, Elliott 1978, Davis and Sealy 1998, 2000; Davis 2003) suggest that most tolerate

parasitism.

Recent experiments have revealed, however, that several grassland species

remove highly divergent foreign eggs despite accepting cowbird eggs (Peer et aL.2000,

Davis et al.2002). For example, Peer et al. (2000) found that vesper sparrows

(Pooecetes gramineus), Lark Sparrows (Chondestes grammacøs), and Grasshopper

Sparrows (Ammodramus savannarum) ejected undersized cowbird eggs and undersized

immaculate blue eggs, whereas they accepted normal cowbird eggs. Similarly, Davis et

al. (2002) reported that Chestnut-collared Longspurs (Calcarius ornatus) accepted all

cowbird eggs, but ejected several immaculate blue eggs of the same size. Because the

selective removal of any foreign egg tends to occur only where egg discrimination and

ejection have evolved (Davies and Brooke 1989a, Strausberger and Burhans 2001,

Underwood and Sealy 2002), these responses imply the existence of ejection behaviour.

These responses also parallel the plasticity in ejection behaviour demonstrated by hosts
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parasitized by Common Cuckoo (Cuculus canorus) and other brood parasites where

adaptations such as egg mimicry are known to occur (Victoria 1972,Brooke and Davies

i988, Davies and Brooke 1989a, b, 1991; Moksnes r99Z,Lotem etal. 1995, Lotem and

Nakamura 1998). Accordingly, Peer et al. (2000) and Davis et al. (2002) proposed that

grassland passerines accept cowbird parasitism because of the counter evolution of

adaptations that constrain egg discrimination or removal, i.e., evolutionary equilibrium.

This differs from most cowbird hosts, which are believed to tolerate parasitism because

they have not yet acquired the necessary requirements for ejection due to evolutionary lag

(Rothstein 197 5b, 1 990).

In particular, the ejection of non-mimetic foreign eggs, but not cowbird eggs,

suggests that the appearance of the latter hinders egg discrimination (Peer et al. 2000,

Davis et aL.2002; see also Burhans and Freeman 1997). Cowbird eggs generally

resemble the colour and maculation of most grassland passerine eggs, which could

represent a generalized form of egg mimicry (Elliott 1977,Lowther 1977,Payne 1977,

Rothstein 1990, Peer et aI.2000, Davis et aL.2002; Chapter 2). Eggmimicry forces

acceptance by increasing the cost of ejection, as a species is more likely to mistakenly

eject its own eggs (Brooke and Davies 1988, Davies and Brooke 1989a, b,7991; Lotem

et al. 1995, Underwood and Sealy 2002). On the other hand, the ejection of undersized

cowbird eggs, but not cowbird eggs of normal dimensions, suggests that cowbird egg

morphology also may constrain ejection (Peer et al. 2000). Cowbirds lay eggs that are

rounder and with thicker shells than those of related, non-parasitic species (Spaw and

Rohwer 1987, Rahn et al. 1988, Picman 1989, Brooker and Brooker 1991, Mermozand

Ornelas 2004), which could impede grasp and puncture ejection, respectively.
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Nevertheless, the method of ejection preferred by grassland passerines has not been fully

assessed, even though both grasp and puncture ejection have been suggested in the past

(Peer et aI.2000, Davis et aL.2002).

The first objective of this chapter was to test the tolerance of eight species in

south-central Saskatchewan to cowbird parasitism and determine whether they have

evolved egg discrimination and ejection. The host species were Horned Lark

(Eremophila alpestrís), Sprague's Pipit (Anthus spragueií), Vesper Sparrow, Lark

Bunting (Calamospiza melanocorys), Savannah Sparrow (Passerculus sandwichensis),

Baird's Sparrow (Ammodramus bairdü), Chestnut-collared Longspur, and Westem

Meadowlark. Horned Larks, Sprague's Pipits, Savarurah Sparrows, and Baird's Sparrows

have never been experimentally parasitized and their tolerance and egg discrimination

capacities were unknown. For the other species, experiments have determined that Lark

Buntings accept cowbird eggs (Huntley 1997, Sealy 1999), Vesper Sparrows and

Chestnut-collared Longspurs accept cowbird eggs, but occasionally eject non-mimetic

eggs (Peer et al. 2000, Davis et aL.2002), and V/estern Meadowlarks regularly eject both

cowbird and non-mimetic eggs (Peer et al. 2000). Nevertheless, additional tests are

required for the latter species because only a few nests were tested in each study (see

Huntley 1997, Sealy 1999, Peer et al. 2000, Davis et aL.2002). Moreover, Vesper

Sparrows and Western Meadowlarks have been tested only in Illinois and may react

differently in other regions, i.e., geographic variation in host response (Peer et al. 2000).

Western Meadowlarks, for example, have been suggested to tolerate cowbird eggs in

Saskatchewan (Davis 2003) despite their clear expression of ejection behaviour in Illinois

(Peer et al. 2000).
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The second objective of this chapter was to determine whether the appearance of

cowbird eggs constrains egg discrimination in these eight grassland hosts. I hypothesized

that if cowbird egg mimicry has evolved, cowbird eggs would be accepted, but non-

mimetic eggs would be ejected. This is because non-mimetic eggs are more readily

ejected with fewer recognition errors (Underwood and Sealy 2002). Conversely, if

cowbird eggs were not effective mimics, both cowbird and non-mimetic eggs would be

ejected, whereas if grassland passerines have not evolved egg discrimination, both

cowbird and non-mimetic eggs would be accepted. Because the rounder and thicker shell

of cowbird eggs may also influence ejection, my third objective was to examine the

method of ejection used by each species, i.e., grasp or puncture ejection. This was done

using solid model and real eggs of the mimetic and non-mimetic treatments listed above.

I hypothesizedthat if these species grasp ejected, both model and real eggs would be

ejected and any difficulties in egg removal could be associated with the size and shape of

cowbird eggs (Rohwer and Spaw 1988). Alternatively, if hosts puncture ejected, an

increased reaction toward real eggs would occur because solid model eggs cannot be

punctured. Accordingly, my constraints in the ejection of cowbird eggs would be

attributed to the thickness of their shell (Picman 1989, Rohwer et al. 1989).

Methods

Nest Location and Monitoring

Field work was conducted in south-central Saskatchewan from 7 }i'4ay to 1 July

2001 and 9 May to l5 July 2002. Sites were 60 km south of Regina within a 100-km2

area centred about the abandoned town of Dummer (49'50', 104o 49') within the rural
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municipalities of Scott (No. 98), Caledonia (No. 99), and Elmsthorpe Q.Jo. 100). This

region is situated at the northem extent of the Great Plains and consists of mixed-grass

prairie, as well as cultivated fields (see Davis 2003 for a fuller description). Sites

included privately owned fields of native prairie, Alfalfa (Medicago sativa), fallow,

stubble, and Crested Wheat Grass (Agropyron cristatum). Many field types were

required because grassland passerines breed at different abundances in the native and

cultivated habitats that now characterize the Great Plains (Davis and Duncan 1999).

Eighteen sites (6 alfalfa,3 crested wheat, 1 fallow, 7 native prairie, and I stubble) that

ranged in size from less than 0.5 ha to over 500 ha were used for this study; 10 of the I 8

sites were used in both 2001 and,2002. To reduce the likelihood of testing the same

individual during both field seasons, different regions of the fields were used in the

second year, or if the same region was searched, a different suit of species was targeted

during 2002than in 2001, e.g., early-nesting Chestnut-collared Longspurs versus later-

nesting Savannah Sparrows and Baird's Sparrows.

Nests were found primarily with a "dragging rope" pulled over the ground to

flush incubating adults and pinpoint the nest's location (Davis and Sealy 2000, Davis et

aI.2002, Davis 2003). Some nests also were found while inspecting other nests, while

walking to and from our vehicle, and through the generous participation of my Uncle

Corn and his care while cultivating. The dragging apparatus was 25 m of nylon rope with

soup c¿uìs attached every 0.5 m using 30 cm of aluminium wire; a 4.5-kg weight was

attached at both ends of the rope to keep it flat against the ground as it was pulled through

the grass (Davis et al.2002, Davis 2003). Dragging occurred daily, weather permitting,

between 07:30 and2l:00 (CST), although searching was usually restricted to between
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08:00 and 12:00 and 14:00 and 17:00. Each site was searched for a portion of or all of its

area (approximately 65hato 130 ha) during one day or on consecutive days (2 - 5 days

total). Nests under construction and those containing eggs were marked and recorded.

Location was indicated by two pin flags placed 5 m on either side of the nest in a straight

line with an object on the horizon such as a grain elevator or house (O'Grady 1996, Davis

2003). Nests were then inspected every 1-3 days, weather and road conditions

permitting, until hatching or failure.

Experimental Parasitism

Two types of experimental eggs were used to parasitize nests. The first group

comprised real cowbird eggs and model eggs painted to resemble cowbird eggs (Figure

2). The second group consisted of both real cowbird eggs and model eggs painted

immaculate blue (Figure 2). Thus, four egg treatments were used: real cowbird eggs,

model cowbird eggs, real blue eggs, and model blue eggs (Figure 2). Real cowbird eggs

were collected from naturally parasitized nests of Red-winged Blackbirds (Agelaius

phoeniceus) and Brewer's Blackbirds (Euphagus cyancephalzs) and stored at

approximately 5 "C for up to 5 days until they were used in an experiment. Model eggs

were made of plaster-of-Paris following Rothstein's (1910) protocol and were 20.84 mm

+ 0.04 x 16.97 mm * 0.03 (n : 101), which approximated the dimensions of real cowbird

eggs (21.45 mm x 76.42 mm, n: 127; Lowther 1993); however, they were slightly

heavier on average Q.aO g + 0.03, n: 101 vs.3.72 g, r: 181; Lowther 1993). Acrylic

paints were used to create the colours of the two aforementioned egg groups. A

combination of 1 part wicker white, % parr. medium gray, and % part burnt umber were
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used to simulate the off- white to slightly brown ground colour of cowbird eggs. The

reddish-brown maculation consisted of I part bumt umber and 1 part wicker white,

whereas the gray maculation was composed of 1 part medium gray and 1 part wicker

white (Davis et al.2002); both were then sprayed on the surface of the egg with a

toothbrush to simulate a typical cowbird egg (Davis et aL.2002). The solid blue ground

colour part cerulean blue, 1 part light blue violet, and% part lavender sachet

(Davis et aI.2002). Once painted, all eggs received one coat of lacquer to waterproof

them and give them a realistic shine.

Cowbird egg treatments were considered mimetic in appearance to the eggs of

Homed Larks, Sprague's Pipits, Vesper Sparrows, Savannah Sparrows, Baird's

Sparrows, Chestnut-collared Longspurs, and Western Meadowlarks (Baicich and

Harrison 1997;Figures 2 and 3) and the immaculate blue eggs treatments were non-

mimetic. By contrast, cowbird egg treatments differed in both colour and maculation

from the immaculate light blue eggs of Lark Buntings and, therefore, were considered

non-mimetic and the blue eggs mimetic (Baicich and HarrisonlggT; Figures 2 and3).

Only clutches found during laying or early incubation (days 0 through 7-8) were

experimentally parasitized, eachrandomly receiving one of the four egg treatments.

Treatments were left in nests for a five-day test period and inspected on days 1, 2,4, and

5. Experimental eggs were deemed accepted if they remained undamaged in active nests

for five days; they were considered rejected if they disappeared from an otherwise active

nest (successful ejection) or were damaged but remained in the active nest (attempted

ejection). A five-day test period was deemed sufficient, as most rejections occur within 2

days and rarely after 5 days and, therefore, it is generally agreed that an undamaged egg





26

present after five days has been accepted (Rothstein 1975b,1976,I982a, b; Finch 1982,

Rich and Rothstein 1985, Sealy 1996, Burhans and Freeman 1997). If accepted, the

experimental egg was removed following the five-day test period and all nests, regardless

of experimental outcome, were monitored until hatching or failure. On 16 occasions, the

experimental egg was removed after 4 days due to errors in estimating the hatching date.

However, these did not affect the overall results and were included in the final analyses.

All ejected eggs were searched for within a 5-m radius of the nest and, if found,

the distance from the nest rim was recorded. Any host eggs damaged or missing

following an ejection event were also noted. No significant bias has been attributed to

the use of model eggs and any reactions targeting model eggs were assumed to be

realistic responses (Hill and Sealy 1994, Peer et al. 2000). Model eggs were cleaned after

each experiment with a dilute alcohol solution and re-used; real cowbird eggs were never

used more than once. Although cowbirds occasionally remove one or more host eggs in

association with parasitism (Sealy 1992), this has been shown not to affect the acceptance

or rejection of cowbird eggs by hosts (Rothstein 1975a, Moksnes and Røskaft 1987,

Sealy 1992). Therefore, no host eggs were removed during experiments. All nests that

were naturally parasitized when discovered also received experimental eggs. This was

important because ignoring nests already parasitized may exclude individuals prone to

acceptance, thus biasing the sample toward individuals more likely to reject.

Statistical Analyses

The Log-Likelihood Ratio was employed to compare the frequency of ejection

between species and between egg types within a particular species. This test was selected
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over the Fisher Exact Test because it performs well with expected values less than five

(Zar 1996). All tests used alpha: 0.05. To maintain suitable sample sizes for species

where few nests were expected, Sprague's Pipits and Horned Larks each received only

model cowbird and blue eggs, whereas Lark Buntings received only real eggs of each

treatment. Therefore, all comparisons of host reaction to model and real eggs excluded

these species.

Results

Natural cowbird parasitism was recorded in all species and ranged from 5.2Yo to

30.Ùyo, with a pooled frequency of 15.4%o for the entire community for both years (Table

l). Of the 282 experiments performed, 55 (I9.5%) failed before a response could be

determined and 1l (3.9%) were excluded because their fates could not be ascertained. Of

the216 (76.6%) successful experiments,34 (15.7%o) resulted in ejection and 182 (54.3%)

in acceptance of the experimental egg.

Host Reaction to Cowbird Eggs

Sprague's Pipits, Vesper Sparrows, Lark Buntings, Baird's Sparrows, and

Chestnut-collared Longspurs accepted all cowbird eggs (Table 2), whereas Homed Larks

and Savannah Spanows each ejected one cowbird egg (Table 2). The Horned Lark

ejected the cowbird egg between 2 and 3 days after addition and the egg was recovered

without visible damage 3 cm from the nest rim; the Savannah Sparrow ejected the

cowbird egg between 4 and 5 days and the egg was not recovered. westem

Meadowlarks, by contrast, accepted only 4 of 12 (33.3%) cowbird egg treatments for the
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Table 1. Frequency of natural cowbird parasitism on each species during 2001 and

2002.

Species Percent of nests parasitized (n)

Homed Lark

Sprague's Pipit

Vesper Sparrow

Lark Bunting

Savannah Sparrow

Baird's Sparrow

Chestnut-collared Longspur

Western Meadowlark

30.0 (10)

1s.8 (1e)

20.0 (40)

2s.0 (8)

27.7 (47)

1s.7 (70)

s.2 (e6)

14.7 (34)

ts.4 (324)
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Table 2. Frequency of ejection of experimentally added cowbird eggs and blue eggs.

Frequency ofEjection u

Species
P-value

(cowbird vs. blue)
Cowbird Blue

Horned Lark

Sprague's Pipit

Vesper Sparrow

Lark Bunting

Savannah Sparrow

Baird's Sparrow

Chestnut-collared Longspur

Vy'estern Meadowlark

zs.o Ø)b

0.0 (8)

0.0 (15)

0.0 (s)

7.T (rÐb

0.0 (26)

0.0 (26)

66.7 (12)

0.0 (2)

16.7 (6)

20.0 (1s)

0.0 (3)

13.3 (1s)

1e.0 (21)

e.4 (32)

gt.t (12)

0.1 80

0.034+

0.581

0.009*

0.054

0.t21

*Signif,rcant difference at alpha: 0.05.

uNumber of nests experimentally parasitized in parentheses.

bBoth ejection events were considered suspect given the timing of each event (see

discussion).
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entire test period and ejected the other I cowbird eggs within 48 hours (Table 2). The

frequency of ejection recorded in Western Meadowlarks was significantly higher than

that of Sprague's Pipits (G : I 1.644, P : 0.01), Vesper Sparrows (G : I 7 .359,P :

0.000), Savannah Sparrows (G : 1 1.060, P : 0.001), Baird's Sparrows (G :23-837,P :

0.000), and Chestnut-collared Longspurs (G : 23.837 ,P :0.000). The frequency of

ejection between Westem Meadowlarks and both Lark Buntings and Homed Larks could

not be statistically tested due to low sample sizes (Table 2).

Host Reaction to Blue Eggs

Horned Larks and Lark Buntings accepted all blue egg treatments (Table 2),

whereas Sprague's Pipits, Vesper Sparrows, Savannah Sparrows, Baird's Sparrows, and

Chestnut-colla¡ed Longspurs ejected a small proportion of blue eggs (Table 2). The

frequencies of ejection varied insignificantly among these five hosts (G : 1.455, P

:0.834; Table 2) and most ejection attempts either failed to remove the blue egg (53.8%

of ejections - 7113) or resulted in the ejected egg lying near the nest rim (15.4% of

ejections - 2ll3; Table 3). Failed ejection attempts, whereby the paint on the blue egg

was scratched but the egg itself inevitably remained in the active nests for 5 days, were

restricted to Vesper Sparrows, Savannah Sparrows, Baird's Sparrows, and Chestnut-

collared Longspurs (Table 3). Sprague's Pipits, Savannah Sparrows, and Chestnut-

collared Longspurs ejected or attempted to eject all eggs within 48 hours, whereas Vesper

Sparrows ejected I of 3 and Baird's Sparrows ejected I of 4 blue eggs between 2 and 5

days2 and 3 days, respectively. By contrast, Westem Meadowlarks ejected 11 of 12

(9IJ%) blue eggs within 48 hours, none of which was recovered near the nest (Table 2



Table 3' Number of model blue eggs and real blue eggs ejected and the number of successful versus failed ejection events for

each egg type.

Species

Sprague's Pipit

Vesper Sparrow

Savannah Sparrow

Baird's Sparrow

Chestnut-collared Longspur

Western Meadowlark

Total l%) ^ 
No'

Successu

Model Blue Eggs Ejected

116 (t6.1) 1"

l/e (11.1) 1

0/8 (0.0) 0

2n4 (r4.3) 0

0/21 (0.0) 0

10/11 (90.9) 10

uEjections resulting in the eggs being completely removed from the nest cup.

bEjection 
attempts where visible damage had been inflicted on the egg, but the egg remained in the active nest.

"Egg was recovered 15 cm from the nest rim.

dOne intact egg was found 20 cmfrom the nest rim; the other was not recovered.

No.
Failedb

No.
Total (%) 

succ"rr"

Real Blue Eggs Ejected

2t3 (66.7)

2t7 (28.6)

2t7 (28.6)

3tr1 (27.3)

1/1 (100.0)

2

0

0

No.
Failedb

1

2d

1

I

1

0

(¡)
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and 3). The frequency at which Westem Meadowlarks ejected blue eggs significantly

exceeded the levels exhibited by Sprague's Pipits (G:10.624, P:0.001), Vesper

Sparrows (G:15.497, P:0.000), Savannah Sparrows (G:18.729, P:0.000), Baird's

Sparrows (G :18.140, P : 0.000), and Chestnut-collared Longspurs (G : 28.247 , P =

0.000; Table 2). One Savannah Sparrow egg went missing during the ejection of a blue

egg (0.50 eggs/ejection) and a total of three Western Meadowlark eggs went missing

during two separate ejections of blue eggs (0.27 eggs/ejection); no other conclusive egg

loss was noted among the four remaining species that ejected blue eggs.

Host Reaction to Cowbird Eggs versus Blue Eggs

Vesper Sparrows and Baird's Sparrows accepted a significantly greater proportion

of cowbird eggs added to their nests than blue eggs (G:4.493, P : 0.034 and G: 6.910,

P : 0.009, respectively; Table 2). A similar trend was observed for Sprague's Pipits (G

:1.7 98, P : 0. 1 80), Savannah Sparrows (G : 0.305, P : 0.58 1), Chestnut-collared

Longspurs (G:3.701, P : 0.054; Table 2), and Western Meadowlarks (G: 2.403,P :

0.I2I; Table 2), however, these differences were not significant (Table 2).

Host Reaction to Real versus Model Blue Eggs and the Method of Ejection

Chestnut-collared Longspurs ejected (or attempted to eject) significantly more

real blue eggs than model blue eggs (G:7.021, P :0.008) with a similar, non-significant

trend in Vesper Sparrows (G: 1.780, P : 0.182), Savannah Spanows (G: 3.404,P :

0.065), and Baird's Sparrows (G: 0.591 ,P :0.442; Table 3). However, most real blue

eggs (5 of 9 - 55.6%) that elicited ejection attempts remained in the nest with minor
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damage and only one blue egg located in a Savannah Spa:row nest showed any sign of

being punctured (Table 3). Horned Larks, Sprague's Pipits, Vesper Sparrows, and

Western Meadowlarks demonstrated a capacity for grasp ejection by ejecting one or more

solid plaster eggs (Table 3). Likewise, the recovery of an intact real blue egg following

its ejection from a Chestnut-collared Longspur nest also implied grasp ejection.

Discussion

Tolerance of Cowbird Parasitism

Only Western Meadowlarks were intolerant of experimental parasitism, whereas

the other seven species tolerated the addition of cowbird eggs (Table 2). The latter group

includes Homed Larks and Savannah Sparrows, even though both species appeared to

eject a single cowbird egg (Table 2). However, each species took several days before

responding (2 - 3 days and 4-5 days, respectively), whereas most cowbird eggs are

ejected within the first 48 hows (Rothstein I975b,1976,1982a, b; Finch 1982, Rich and

Rothstein 1985, Sealy 1996, Burhans and Freeman 1997). Moreover, the frequencies of

ejection for both species were below that of Western Meadowlarks and that recorded for

most other rejector species (Table 2; see Peer and Sealy 2004a). Considering the timing

and rarity of both events, it is possible that neither response was an act of intolerance.

Both partial predation and egg removal by cowbirds, for example, have been associated

with the disappearance of experimental cowbird eggs in the past (Burhans and Freeman

lgg7, Sealy lggg,Peer et al. 2000). However, as neither nest was naturally parasitized

and only the Savannah Sparrow nest was depredated, and only after several days, a

specific reason could not ascertained.
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The acceptance of experimental cowbird eggs by Homed Larks, Sprague's Pipits,

Vesper Sparrows, Lark Buntings, Savannah Sparrows, Baird's Sparrows, and Chestnut-

collared Longspurs support the claim that most grassland passerines tolerate cowbird

parasitism (Hill1976, Elliott 1978, Hosoi and Rothstein 2000, Peer et aL.2000, Davis et

aL.2002; Table 2). This is indicated mostly by the responses of Homed Larks, Sprague's

Pipits, Savannah Sparrows, and Baird's Sparrows. These species had not previously been

experimentally parasitized and, therefore, their acceptance increases the number of

acceptor grassland passerines to 11 from 7 of the 20 commonly listed grassland hosts

(Appendix I). Vesper Sparrows, Lark Buntings, and Chestnut-collared Longspurs, on the

other hand, have previously been shown to tolerate cowbird parasitism (Huntley 1997,

Sealy 1999,Peer et al. 2000, Davis et aL.2002; Appendix I). Thus, their tolerance during

this study only confirms previous experimental evidence. Nonetheless, because Vesper

Sparrows had been tested only in lllinois, their response during the present study extends

knowledge of this species' tolerance into another population (Peer et al. 2000). This was

not the case for Lark Buntings and Chestnut-collared Longspurs, as Sealy (1999) and

Davis et al. (2002), respectively, already had demonstrated their acceptance of

experimental cowbirds eggs in Saskatchewan.

Likewise, the intolerance recorded for Vy'estern Meadowlarks confirms their status

as one of three rejector grassland passerines (Hergenrader 1962,HiIl I976, Rich and

Rothstein 1985, Peer et al. 2000; Table 2 and Appendix I). This contradicts, however,

what has been observed with regard to the natural parasitism on this species in the

Canadian Prairies and Northem United States. In these regions, Vy'estern Meadowlarks

are recorded to be extensively parasitized (43% in Manitoba, Davis and Sealy 2000;47%
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in North Dakota, Koford et al. 2000; 30%o in Montana, Jones et aL.2002;250/o in

Saskatchewan, Davis 2003) and are known to fledge a significant portion of cowbird eggs

(17yo, Davis and Sealy 2002; l9Yo,Davis2003), whereas all indications of rejection

behaviour have been limited to the southern United States Q.üebraska in Hergenrader

1962; Kansas in Hill 1976 arñ Elliott 1978; Illinois in Peer et al. 2000). To explain this

discrepancy, Peer et al. (2000) and Davis (2003) suggested that'Western Meadowlarks

exhibited geographic variation in their responses to parasitism and, therefore, tolerated

parasitism in northern portions of their. range. Clearly though, the ejection of 670/o of

experimentally added cowbird eggs by Western Meadowlarks during this study does not

support the idea of geographic variation (Table 2).

Nonetheless,l5Yo of Western Meadowlark nests in the present study were

recorded as naturally parasitized (Table 1). Thus, the question remains: how can a

species that ejects cowbird eggs be observed frequently parasitized? I suggest that this

occurs because Western Meadowlarks are intermediate rejectors and, by definition, do

not eject all cowbird eggs added to their nests (Peer and Sealy 2004a; Table 2). V/estem

Meadowlarks accepted one-third of all cowbird eggs (Table 2) and Peer et al. (2000)

reported that approximately one-quarter of cowbird egg were accepted during their

experiments. This differs from most rejector species, in which all or nearly all cowbird

eggs are ejected (Rothstein I975a, Scott 1977, Sealy and Basin 1995, Sealy and Neudorf

1995, Peer and Sealy 2004a). For that reason an observer could record natural parasitism

in Western Meadowlarks if they were heavily parasitized. However, other northem

Western Meadowlark populations need to be parasitized experimentally to confirm this

idea.
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Egg Discrimination in Grassland Passerines

The acceptance of blue eggs by Horned Larks implies that egg discrimination has

not evolved (Table 2). Blue eggs were non-mimetic to Horned Lark eggs and should

have elicited a response if ejection behaviour was present (Figures 2 and 3). However,

only two nests were tested with blue eggs and many more experiments are required

before any definitive conclusions can be made, especially considering that a single

cowbird egg had disappeared from one nest (Table 2). The absence of any response to

non-mimetic eggs, however, supports my suggestion that the removal of a single cowbird

egg by Horned Larks was not an attempt at ejection. This is because one would not

expect a greater reaction towards mimetic eggs compared to non-mimetic eggs (Table 2).

Similarly, the acceptance of all egg treatments by Lark Buntings can be

considered concrete evidence that egg discrimination has not evolved (Table 2). Lark

Buntings eggs differ from most grassland passerine eggs in that they are immaculate blue

and were, therefore, more similar in appearance to the blue eggs than cowbird eggs

(Figwes 2 and 3). The dissimilarity in colour and maculation between Lark Bunting eggs

and cowbird eggs would have made the latter easily identifiable even with a crude level

of discrimination (Figure 2 and 3). Therefore, even though only five nests were

experimentally parasitized with cowbird eggs during this study, the tolerance

demonstrated by Lark Buntings during multiple investigations strongly suggests that egg

discrimination has not evolved (Huntley 1997, Sealy 1999).

By contrast, the ejection of both cowbird and blue eggs by Western Meadowlarks

undoubtedly indicates the presence of egg discrimination (Table 2). Likewise, some

level of recognition is implied by the ejection of one or more blue eggs by Sprague's
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Pipits, Vesper Sparrows, Savannah Sparrows, Baird's Sparrows, and Chestnut-collared

Longspurs (Table 2). Egg discrimination is implicit in these reactions because the

ejection of any foreign egg necessitates that a species knows the appearance of its own

eggs (Rothstein1974,1975b,7978,1982a; Lotem eta1.1992,1995; sealyandBasin

1995, Underwood and Sealy 2002). In other words, birds simply do not eject discordant

eggs, but selectively remove foreign eggs that differ visually from their own clutch

(Rothstein 1974, r975b,1978,1982a). Moreover, all but two of the blue eggs were

removed within 48 hours. Thus, the responses of all f,rve hos.ts were consistent with

ejection behaviour (Rothstein 1975b,I976,1982a, b; Finch 1982, Rich and Rothstein

1985, sealy 1996, Burhans and Freeman 1997). Although, because Sprague's pipits

ejected only one blue egg, additional tests are required to ensure that this reaction was

valid (Table 2).

Furthermore, the low level of discrimination observed in Sprague's Pipits, Vesper

Sparrows, Savannah Sparrows, Baird's Sparrows, and Chestnut-collared Longspurs

appears to have evolved in response to cowbird parasitism. Egg discrimination develops

only in the context of inter- and intra-specific brood parasitism, colonial nesting, or nest

usurpation (Peer and Bollinger 1997, Underwood and Sealy 2002, Peer and Sealy 2004b).

However, none of the five species that expressed low levels of egg discrimination nest

colonially or usurp nests (Wheelright and Rising 1993, Beason 1995, Hill and Gould

1997, Robbins and Dale 1999, Shane 2000, Green et aI.2002, Jones and Comely 2002)

and only Savannah Sparrows are known to use intraspecific parasitism (Yom-Tov 2001).

Intraspecific parasitism would also not likely produce the low level of egg recognition

observed, as an exquisite level of discrimination is required to identify a conspecific egg
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(Brown and Sherman 1989, Sealy and Basin l995,Lorenzanaand Sealy 2002, Peer and

Sealy 2004a). Thus, of the possible reasons to evolve egg discrimination, only

interspecific brood parasitism applies universally to each species and only cowbird

parasitism accounts for the level of discrimination observed.

Evolutionary Lag versus Evolutionary Equilibrium

Lark Buntings, and possibly Horned Larks, appear to tolerate cowbird parasitism

because of a lag in the evolution of ejection behaviour, i.e., evolutionary lag hypothesis

(Rothstein 1975a,1990). Evolutionary lag typically has been associated with species that

have only been parasitizedby cowbirds during the last 200 years following the cowbird's

range expansion (Rothstein I975a,1990). Thus, a lack of egg discrimination in Horned

Larks and Lark Buntings seems counter intuitive to their status as historic hosts. I

assumed that their long interaction with cowbirds and the frequency at which they are

parasitized (Hill 1976, Sealy l999,Davis and Sealy 2002; Appendix I) would have

selected for ejection behaviour in each species. Nevertheless, the evolution of ejection

behaviour depends not only on the selective pressure and length ofexposure, but the

acquisition of the rejector allele (Rothstein 1975a,1990; Takasu et al. 1993). In other

words, without the appropriate mutations, egg discrimination may never evolve.

By contrast, the evolutionary equilibrium hypothesis better explains the

acceptance of cowbird eggs by Sprague's Pipits, Vesper Sparrows, Savannah Sparrows,

Baird's Sparrows, and Chestnut-collared Longspurs and the partial acceptance observed

in Western Meadowlarks (Table 2). The presence of egg recognition, for example,

excludes the evolutionary lag hypothesis as this indicates that the genetic requirements
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for ejection have evolved (Peer et aL.2000, Davis et a\.2002). Moreover, the preferential

ejection of non-mimetic eggs implies that these grassland passerines alter their response

depending on the ease at which a foreign egg can be identified. Such plasticity is the

hallmark of the evolutionary equilibrium hypothesis, whereby a host's response depends

on the cost incurred by acceptance and rejection (Davies and Brooke 1988, l989a,b;

Moksnes l992,Lotem et al. 7995, Lotem and Nakamura 1998). Furthermore, it emulates

the responses of hosts parasitized by the Common Cuckoo. Cuckoo eggs mimic those of

specific.host species and "force" these hosts to accept parasitism because they are more

likely to err and eject their own eggs (Brooke and Davies 1988, Davies and Brooke

1989a,b, 1991; Moksnes l,gg2,Lotem et al. 7995,Davies et al. 1996,Lotem and

Nakamura 1998). As such, any intolerance by these hosts has been relegated to highly

non-mimetic cuckoo eggs (Brooke and Davies 1988, Davies and Brooke 1989a, Davies et

al. 1996, Moksnes l992,Lotem et al. 1995). Considering this with reference to the

responses of all six grassland passerines to non-mimetic eggs, I conclude that the similar

appearance of cowbird eggs constrains discrimination and that cowbird egg mimicry has

evolved to counter egg ejection (see Peer et aL.2000, Davis et aL.2002).

Nevertheless, acceptance of cowbird eggs by all six species cannot be attributed

solely to egg mimicry, as each species also expressed difficulty with removing non-

mimetic eggs. Baird's sparrows and vesper sparrows, for example, were the only

species that ejected blue eggs at a significantly higher frequency than cowbird eggs and

only Western Meadowlarks ejected more blue eggs than they accepted (Table 2). One

would expect that, if the appearance of cowbird eggs was the only obstacle, all non-

mimetic eggs would have been ejected. Moreover, Sprague's Pipits, Vesper Sparrows,
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Savannah Sparrows, Baird's Sparrows, and Chestnut-collared Longspurs failed to remove

most non-mimetic eggs from their nests or left the ejected eggs in close proximity to the

nest rim (Table 3). This mirrors Davis et al.'s (2002) experiments, in which most

ejection attempts by Chestnut-collared Longspurs ended in failure and supports Peer et

al.'s (2000) finding that non-mimetic eggs are more likely to be ejected if they are of

smaller dimensions than cowbird eggs. Thus, because of inability of these grassland

passerines to physically eject cowbird eggs, I suggest that they also accept cowbird

parasitism because of the increased risk of damaging their own eggs (Rohwer and Spaw

1988, Picman 1989, Rohwer et al. 1989). This is supported by the fact that I recorded

egg loss in both Western Meadowlarks and Savannah Sparrows following the ejection of

one or more non-mimetic eggs.

The exact reason why each species had difficulty ejecting foreign eggs depends,

however, on the method of ejection used. Picman (1989) and Rohwer et al. (1989)

proposed that the thicker shells of cowbird eggs hindered puncture ejection, whereas

Rohwer and Spaw (1988) suggested that the rounded shape prevented hosts from grasp

ejection. Vesper Sparrows, Savannah Sparrows, Baird's Sparrows, and Chestnut-collared

Longspurs ejected more real eggs than model eggs (Table 3), which implied the use of

puncture-ejection. Yet, only 3 (of 9) ejections involved the actual removal of the real

blue egg a significant distance from the nest and only one of the recovered eggs showed

signs of punctures (Table 3). Moreover, grasp ejection would have been required for

Sprague's Pipits, Vesper Sparrows, and Vy'estern Meadowlarks to successfully eject the

solid plaster blue eggs and for the recovery of an intact real blue egg ejected from a

Chestnut-collared Longspur nest (Table 3). Thus, my results are more supportive of
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grasp ejection and suggest that, in addition to egg mimicry, it is the size and shape of

cowbird eggs that constrains egg ejection. Although, the influence that a thicker cowbird

eggs shell has on puncture ejection cannot be ruled out definitively.
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Chapter 2. Comparison of Brown-headed Cowbird Eggs and

Grassland Passerine Eggs

Introduction

Previous investigations have shown that obligate brood parasites possess several

adaptations that counter intolerant behaviour by host species (Rothstein and Robinson

1998, Sealy et aL.2002). In particular, the evolution of egg mimicry by parasites is

regarded as the most common response to the evolution of host egg discrimination and

ejection (Brooke and Davies 1988, Davies and Brooke 1988, 1989a,b,199r; Huguchi

1998, Moksnes 1992, Underwood and Sealy 2002). Egg mimicry evolves because the

ejection of unlike eggs provides a selective advantage to parasitic eggs that match the

clutch in which they were laid (Davies and Brooke 1988, l99l; Marchetti et al. 1998,

Underwood and Sealy 2002, Soler et al. 2003). In theory, as hosts refine their egg

discrimination abilities over subsequent generations, the degree of similarity will

gradually escalate through a co-evolutionary race (Davies and Brooke 1988, 1989a, b,

l99l; Moknes et al. 1990, Underwood and Sealy 2002). The evolutionary equilibrium

hypothesis states that whenever the level of mimicry exceeds the egg discrimination

ability of a species, a host will not be able to recognize the parasitic egg from its clutch

without accidentally ejecting its own eggs (Davies and Brooke 1989a,1991; Lotem et al.

1995, Davies et al. 7996, Underwood and Sealy 2002, Peer and Sealy 2004b). The host

species then choose to accept the parasite's eggs because the risk associated with

removing them outweighs the benefits of ejection (Davies and Brooke 1988, 1989a, b;

Moksnes I992,Lotem et al. 1995, Lotem and Nakamura 1998).
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First identified nearly a century ago in the Common Cuckoo (Wyllie 1981, Davies

and Brooke 1988), egg mimicry has since been documented or suspected in several

parasitic systems (Hoy and Ottow 1964, Smith 1968, Payne 1977, Gochfeld l979,Fraga

1983, 1985; Rothstein 1990, Fleischer and Smith I992,Davies 2001, Lorenzana and

Sealy 2002, Underwood and Sealy 2002, Soler et aL.2003). However, the Brown-headed

Cowbird of North America has been largely exempt from such speculations (Rothstein

1990, Sealy et aL.2002, Mermoz and Ornelas 2004). Rothstein (2001) argued that, given

the pool of potential hosts parasitized by cowbirds (Lowther 1993), it would be more

beneficial for cowbirds to avoid species that possess egg discrimination than to enter a

costly co-evolutionary race (also see Rothstein lgJSa,Nakamura 1990, Sealy and Basin

1995, Peer and Bollinger 1997, Rothstein et al. 2002). Moreover, cowbirds often have

been described as generalists with regard to their host selection (Friedmann 1963,

Mayfield 1965b, Rothstein 1990) with individual female cowbirds parasitizing multiple

species (Fleischer 1985, Alderson etal.1999; but see Walkinshaw 1949,McGreen and

McGreen 1968). Therefore, some have suggested that cowbird egg mimicry would be

unlikely to evolve considering the variability in egg appearance each female cowbird

could encounter when parasitizing several species (Rothstein I974,2001).

Nevertheless, cowbird egg mimicry has been proposed to explain the acceptance

of cowbird eggs by grassland passerines that eject non-mimetic eggs (Peer et aL.2000,

Davis et aL.2002; also see Elliott 1977,Lowther 1977). Most grassland passerines lay

eggs that are similar to each other in ground and maculation colour and in the density and

distribution of their maculation (Rothstein 7975a, 1990; Lowther 1977,Ellioft 1977,

Payne 7977, Baicich and Harrison 1997, Peer et aL.2000, Davis et aL.2002, Peer and
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Sealy 2004a). This uniformity may have facilitated the evolution of a generalized

cowbird egg appeffance that matches the eggs of many grassland passerines (Peer et al.

2000, Davis et aL.2002; see also Burhans and Freeman 1997; Chapter 1). This is possible

because, unlike most host species, grassland passerines have nested in sympatry with

cowbirds long enough for the required co-evolutionaÍy race to have run its course (Peer et

aI.2000, Davis et al.2002). Moreover, cowbirds were historically restricted to fewer

potential host species and, therefore, would have been more likely to enter a co-

evolutìonary race with their historic hosts (Robertson and Norman 1977).

To date no study has directly investigated whether cowbird eggs mimic grassland

passerine eggs. Previous studies have correlated cowbird egg morphology with grassland

passerine body size (Elliott 1976, Lowther 1977) and subjectively compared cowbird egg

size, colour and maculation with the eggs of a few grassland passerines (Peer and Sealy

2004a). However, no fully quantitative assessment of their egg appearance has been

conducted. Thus, my goal was to examine the perceived similarity between cowbird eggs

and grassland passerine eggs and determine how well the colour, maculation, and shape

of cowbird eggs approximates that of seven grassland species nesting in south-central

Saskatchewan. The species chosen were Horned Larks, Sprague's Pipits, Vesper

Sparrows, savannah sparrows, Baird's Sparrows, Chestnut-collared Longspurs, and

Westem Meadowlarks. Lark Buntings also nested in this area, but were excluded from

this investigation because their eggs are immaculate blue and clearly differ from cowbird

eggs (Baicich and Harrison 1997; see Chapter 1).

The eggs of these seven grassland species resemble the whitish-brown ground

colour, reddish-brown and grey maculation of cowbird eggs, as well as the overall
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density of maculation and tendency for marks on cowbird eggs to be denser on the blunt

end of the egg (Peer et aL.2000, Davis et aL.2002, Peer and Sealy 2004a; Figure 4).

However, each of these species lays characteristic eggs that are, on direct comparison,

distinguishable from cowbird eggs to a human observer (see Baicich and Harrison 1997;

Figure 4). Cowbird eggs also are rounder than eggs of these seven species (Figure 4; see

also Picman 1989, Brooker and Brooker 1991, Memorez and omelas 2004). Thus, I

hypothesized that, if generalized egg mimicry has evolved, cowbird eggs would not

resemble the eggs of any one species perfectly; instead.a more consistent overlap would

be achieved by averaging the colour and maculation of the eggs from all seven species.

In other words, cowbird eggs would match the community-wide variation rather than the

eggs of each individual species. Moreover, because cowbird eggs are rounder, I

predicted that the lowest degree of overlap between cowbird eggs and those of these

grassland passerines would be obtained by comparing shape; alternatively, the highest

degree of overlap would be obtained through colour and maculation.

Methods

Photographing Eggs

The morphology and appearance of cowbird eggs and grassland passerine eggs

were quantified using photographs taken in the field. Photographs were taken throughout

7 May to 1 July 2001 and 9 May to 15 July 2002 at the same sites described in Chapter l.

All eggs were photographed using a 35-mm Pentax automatic focus camera and 100-

speed colour Kodak film for increased resolution (Fleischer and Smith 1992).

Photographs of complete clutches were desired unless this was not possible because of
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partial predation, cowbird parasitism, or if eggs were broken when handled. Pictures

were typically taken one day following the discovery of the nest or following the

completion of the clutch. Cowbird eggs were photographed whenever a nest was

naturally parasitized and were included within the photograph of the host's eggs.

During each photograph, all of the eggs in a nest were temporarily placed in an

egg box, which measured approximately 20 cm by 50 cm and had foam mat on the

bottom with six indentations that held the eggs in place (Figure 5). Three colow chips

(red, green, and blue) each with three shades of their corresponding colour Qight,

medium, and dark) were placed on the mat and included in the photograph (Fleischer and

Smith 1992,Ylllafaerte and Negro 1998; Figure 5). The egg box was then placed in a

portable hood and a camera stand was inserted into the ground with the camera facing

downward in the stand towards the box (Figure 6); ahood was used to the cover the

camera and egg box to exclude outside lighting (Figure 7). The camera was kept at

approximately 1 m above the eggs by always inserting the stand into the ground at the

same depth. All films were developed as 4 x 6 coloured prints with a matte finish to

decrease glare. In 2001, photographs were developed throughout the field season. ln

2002, however, all photographs were developed on the same day to reduce the variation

in colour, contrast, and brightness caused by developing at different times. Prints were

then scanned with a flatbed scanner at 300 dpi for digital analysis.

Measurement of Egg Parameters

Six egg parameters were measured and were divided into three categories: shape

(degree of sphericity and taperedness), maculation (density and distribution of markings),
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and colour (ground and maculation). To enhance the accuracy of measurements, eggs

were isolated from their respective photographs using the magic wand tool offered by the

Photoshop 4.0. Once removed, two additional images of each egg were made to assist

measurement: an 8-bit gray scale and an inverted black and white image.

Shape was measured using the Northem Eclipse 6.0 program and the gray scale

images of each egg. This program was used because it can measure the morphology of

eggs in less time, with less error, and with a lowered potential for egg damage than could

be measured by a gauge in the field (see Redor.rdo and Arias-de-Reyna 2002). Gray

images were used because this program is better able to select and measure images in a

gray scale than in a colorned scale. The degree of sphericity was the ratio of width to

lenglh and provided a measure of elongation (Figure 8; Fleischer 1985). A perfect circle

has a degree of sphericity equal to 1.0 and an egg was considered more elongated as this

number decreased. Length was the distance through the centre of the egg between the

pointed and blunt ends and width was the longest distance perpendicular to the length

(Figure 8). The degree of taperedness was the ratio of the egg's width atYqthe length

from the blunt end divided by its width at%the length from the pointed end (Fleischer

1985; Figure 8). The more tapered an egg, the smaller its width at the pointed end

compared to the blunt end; a perfectly elliptical egg would have a degree of taperedness

equal to 1.0 and the degree of taperedness would increase as this number decreased.

Maculation was measured using the inverted black and white images of each egg.

Markings were highlighted as bright white spots, leaving the ground colour of the egg

black (Figure 9); the Northern Eclipse progr¿rm was then able to measure the size of each

highlighted area. The proportion of maculation on the blunt and pointed ends of each egg
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was measured by centering a20 x 30-pixel rectangular, selection boxYo the distance from

the pointed end and Yo the distance from the blunt end of each egg and measuring the

proportion of area covered in white as compared to black (Figure 9; modified from

Fleischer 1985). The density of maculation was calculated as the percent total area

covered in maculation for both the blunt and pointed ends of each egg on a scale of 0 to

100, i.e., percent x 100 (Figure 9). The distribution of maculation was calculated as

percent of the total density of maculation occupying only the blunt end, i.e., blunt end

maculation divided by total maculation multiplied by 100 (Figure 9). Eggs with evenly

distributed maculation had values close to 50 and these values increased as the proportion

of maculation located on the blunt end of the eggs increased.

Ground colour and the colour of maculation \ilere measured from the colour

images of each egg using the RGB program (Villafuerte and Negro 1998). Using Adobe

Photoshop, three samples of ground colour were captured, i.e., three squares 10 x 10

pixels, along the length of the egg, avoiding the area of brightness caused by the glare of

the camera's flash (Figure 10). In the case of maculation, 3 to 6 spots or scrawls were

sampled (Figure 10). All selected areas were then transferred into the RGB program,

which calculated the red, green, and blue value of each pixel on a scale of 0 b 256

(Villafuerte and Negro 1998). From this, the average red, green, and blue values were

assigned to the background colour and colour of maculation for each species' egg.

Preliminary analyses revealed that, for all species' eggs, the proportion of red, green, and

blue was highly correlated to each other in both ground and maculation colour,

respectively. Thus, because they were not independent, the amounts of red, green, and

blue for both maculation and ground colour were summed together; this new value
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represented the darkness or lightness of the colour on a scale of 0 to 768, with an egg's

colour becoming darker as this number decreases. This was possible because the ground

colour and maculation colour of each species eggs examined tended to be brown,

differing only in the intensity of colour, which would be seen as lightening or darkening.

Had different colours, i.e., blue, pink, etc., been abundant on the eggs, the correlation

between red, green, and blue would have been lower or absent.

To ensure a consistent measure of colour all photographs were taken with the

same brand of film and, in 2002, all were developed at the same.time (see above).

Secondly, the hooded photography box controlled lighting by excluding all outside

sources, so that the sole source of illumination came from the flash. This was important

because it has been shown that artificial lighting reduces colour variation (Gochfeld

1979,Yillafuerte and Negro 1998). Lastly, the degree to which the shade of each colour

varied within a photograph due to minor differences in illumination, development, and

film was determined. This was done by measuring the discrepancy between observed

and theoretical values for the three shades of each colour chip (see above). A correction

factor could then be computed that represented how much red, green, and blue was added

or subtracted to the photograph during its exposure and development (Villafuerte and

Negro 1998). This correction factor was calculated for each photograph by averaging the

differences between theoretical and observed values for all three shades of each colour.

Statistical Analyses

Univariate similarities in sphericity, taperedness, density and distribution of

maculation, and ground and maculation colour between cowbird eggs and the eggs of
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each grassland passerine were assessed using the independent sample t-test (Zar 1996).

The mean of all six parameters for the eggs of each species were calculated using a single

egg selected randomly from each clutch. This was done because eggs within nests are

more uniform in appearance and morphology than that of eggs occurring in different

nests (Victoria1972, Brown and Sherman 1989). Consequently, the inclusion of all eggs

from each nest could have been interpreted as pseudoreplication and would have resulted

in an artificial lowering of population variance (Zar 1996). However, because of the low

number of Homed Larks eggs measured, all eggs from all nests were analyzed for this

species to obtain a suitable sample size. Horned Lark eggs may have, therefore,

demonstrated a greater level of discrimination for all analyses due to pseudoreplication

(Zar 1996). Because a female cowbird may lay more than one egg per nest, cowbird eggs

in a single nest that were similar in appearance were deemed to have come from the same

female (McGreen and McGreen 1968, Dufty 1983, Fleischer 1985, Alderson et al. 1999).

Therefore, to be conservative and prevent pseudoreplication only one of these cowbird

eggs was selected for analysis (Zar 1996).

Pooling all grassland passerine eggs together and comparing cowbird eggs to the

'typical grassland passerine egg' from south-central Saskatchewan allowed assessment of

the resemblance between cowbird eggs and that the eggs from this community. To

ensure that all species were represented equally when pooled, the total number of eggs

for each species was reduced to 15 by randomly eliminating additional eggs. Each subset

was then combined to determine the parameters of the typical grassland passerine egg.

All reductions were repeated twice and the results were compared to ensure that no bias

occurred during the initial reduction. It should be noted that because only 14 Sprague's
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Pipits eggs were available for comparison, the average of all 14 eggs was inserted to

make up the missing value (Zar 1996). Once all values were calculated, Discriminant

Function Analysis (DFA) was used to determine the maximum and minimum level of

discrimination possible between cowbird eggs and the typical grassland passerine egg

using the parameters measured: sphericity, taperedness, density and distribution of

maculation, and ground and maculation colour (Manly 1986). Initially, comparisons

were limited to the categories of shape (sphericity and taperedness), maculation (density

and distribution of maculation), and colour (ground and maculation colour). However, if

discrimination was observed in any of these categories, an ANovA was used to

determine which parameter or parameters created the difference (Manly 1986). Based on

these latter analyses, all six parameters were recombined to acquire the correct collection

of parameters that maximized and minimized the discrimination between cowbird eggs

and the typical grassland passerine egg.

For mimicry to exist, however, it had to be shown that the minimum

discrimination parameters on cowbird eggs were in close enough approximation to

overlap with that of the individual grassland passerine eggs. More importantly, for

generalized mimicry to occur, cowbird eggs had to overlap with the eggs of all seven

species. As such, the predicted group membership function following a DFA was used to

assess the proximity of cowbird eggs to grassland passerines eggs using those parameters

that were most similar among cowbird eggs and the typical grassland passerine egg, i.e.,

minimum discrimination parameters. The function works by attempting to re-assign each

egg blindly to its correct species, listing the portion of eggs for each species that were

misclassified as being the eggs of all other species (Manly 1986). Accordingly, the
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portion of misclassification between two species' eggs indicated their proximity and,

therefore, represented the degree of overlap between their eggs. To fully assess mimicry,

this analysis was conducted on two scales: (1) how well each species' eggs matched all

others by calculating the frequency of misclassification that occurred when the eggs of all

eight species were compared simultaneously; and (2) the frequency of misclassification

that occurred when cowbird eggs were compared to the eggs of individual species.

Differences in the frequency of misclassification between minimum and maximum

discrimination parameters and between species were assessed using the Chi-square Test.

Interestingly, because the same data used in the initial DFA were used in the predicted

group membership there was a tendency for greater discrimination (Manly 1936). Thus,

this analysis was deemed to be conservative, as it was more likely to separate species

than place them together. For all analyses, statistical signif,rcance was set at alpha:

0.05.

Results

Cowbird Eggs versus Eggs of Individual Grassland Passerines

Cowbird eggs differed significantly in their degree of sphericity (t> 2.249,P <

0.018 for all species) and in their total density of maculation from the eggs of each

species (t> 2.504, P < 0.014 for all species; Table 4). They were, however, identical in

taperedness to sprague's Pipit eggs (t :1.224,P :0.226 vs. t ) 2.515, p < 0.014 for all

others), in the maculation distribution and ground colour to Vesper Sparrow and

Chestnut-collaredLongspureggs(t:0.487,P:0.628andt:0.409,p:0.I74andt:

1.372, P: 0.684 and t:0.136, P : 0.892, respectively vs. t > 2.3I3,p < 0.023 for all



Table 4. Mean (t SE) parameter values for the eggs of all seven grassland species and the Brown-headed Cowbird.

Species (n)

Horned Lark (30)t

Sprague's Pipit (14)

Vesper Spanow (21)

Savannah Sparrow (34)

Baird's Spanow (37)

Chestnut-collared Longspur (40)

We stern Meadowlark (24)

Sphericity

74.8 + 0.6*

78.9 + 9.7*

77.4 + 0.9*

79.1 + 0.7x

77.9 + 0.6*

79.7 + 0.5*

77.8 + 0.6*

Taperedness

929 + 0.4*

93.5 + 1.1

92.3 + 0.6*

91.8 + 0.7x

91.3 + 0.6*

93.1 + 0.5*

92.4 + 0.9*

Brown-headed Cowbird (50)

% Density of % Distribution
maculation of maculation

*Significant at P : 0.050.

lAll 
eggs from all nests were used to calculate these parameters.

55.4 + 2.4*

44.6 + 5.4*

18.3 + 2.6*

40.3 + 3.9*

20.2 + 2.2*

78.2 + 2.2*

4.5 + 0.9*

83.7 + 2.3+

83.0 + 3.9*

67;0 !7.3

81.7 + 0.6

Ground
colour

409.1 + 8.9*

378.9 + 14.1*

448.4 + 9.2

422.6 + t2.4*

501.6 + 6.7*

455.1 + 8.9

605.1 + 10.4*

94.6 + 0.4

78.5 + 2.9*

84.3 + 2.5*

58.4 + 4.2

77.2 + 5.3*

Maculation
colour

381.2 + 7.4

348.0 + 9.0

367 .0 + 13.1

321.2 + 10.0*

395.8 + g.g*

364.2 + 8.0

437.8 + 16.3*

28.7 + 2.2 64.3 + t.9 453.6 + 7.2 362.1+ 6.4

o\
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others for both parameters), and in the maculation colour to Homed Lark, Sprague's

Pipit, Vesper Sparrow, and Chestnut-collared Longspur eggs (t : 1.9I2, P: 0.060, t:

1 . 1 56, P : 0.252, t : 0.379, P : 0.7 06, and t : 0.207, P : 0.836, respectively vs. t >

3.772, P < 0.002 for all others; Table 4). Thus, no similarities were observed between

cowbird eggs and those of Savannah Sparrows, Baird's Sparrows, and western

Meadowlarks (Table 4).

Cowbird Eggs versus the 'Typical Egg' for this Grassland Passerine Community

Cowbird eggs \ /ere indiscriminate in colour (ground and maculation) from the

typical grassland passerine egg (DFA, X2 : 1.176, df : 2,P :0.555; Table 5), but they

were easily discemable in shape (sphericity and taperedness; DFA ,X2:34.232, df :2,p

< 0.001) and maculation (density and distribution; DFA, X2: 14.962, df :2,P :0.001).

Differences in shape occurred because cowbird eggs were both more spherical and less

tapered than the typical grassland passerine egg (Table 5). Dissimilarities in overall

maculation, however, resulted exclusively from cowbird eggs being far more evenly

maculated than the typical grassland passerine egg, whereas no difference in the total

density of maculation was observed between the two groups (Table 5). Therefore,

minimum discrimination between cowbird eggs and the typical grassland passerine eggs

was obtained through a combination of the total density of maculation, ground colour,

and maculation colour (DFA, x2 : 7.388, df : 3, P: 0.708; Appendix II). Altematively,

maximum discrimination was achieved using the distribution of maculation, sphericity,

and taperedness (DFA,X2 :44.989,df :3, P < 0.001; Appendix III).
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Table 5: Mean (t SE) parameter values and univariate comparisons of all grassland

passerine eggs pooled, i.e., the typical grassland passerine egg for the community, and

cowbird eggs.

Parameter Cowbird eggs
(s0)

Grassland passerine
eggs (105) P-value

Degree of sphericity

Degree of taperedness

Distribution of maculation

Density of Maculation

Ground colour

Maculation colour

81.71 + 0.58

94.57 + 0.36

64.28 + 1.87

28.66 + 2.39

453.57 + 7.17

362.07 + 6.37

78.33 + 0.34

92.90 + 0.31

76.73 + 1.97

28.45 + 2.t7

464.79 + 8.40

372.64 + 6.20

0.000

0.002

0.000

0.9s4

0.39s

0.292



63

Overlap between Cowbird Eggs and Grassland Passerines Eggs using Minimum

Discrimination Parameters

When the eggs of all eight species were compared simultaneously to each other

using minimum discrimination parameters (maculation density, ground colour,

maculation colour), 88% (44/50) of cowbird eggs were mistakenly classified as one or

more grassland passerine eggs (Table 6). By contrast, the frequency that grassland

passerine eggs were misclassified as other grassland passerine eggs or as cowbird eggs

ranged between 4.2o/o and70.0yo, which was significantly less than the frequency that

cowbird eggs were misclassified (X2 > 4.500, P < 0.034; Table 6). Therefore, on the

basis of maculation density and colour, cowbird eggs were overlapped more with

grassland passerine eggs than grassland passerine eggs did with each other.

When compared to each species individually using minimum discrimination

parameters, the frequency with which cowbird eggs were misclassified as specific

grassland passerine eggs ranged between 8.0o/o and 48.8% (Table 7). Therefore, all seven

species overlapped with cowbird eggs in maculation density and ground and maculation

colour (Table 7). The proportion of cowbird eggs misclassified did not differ

significantly among Sprague's Pipit, vesper sparrow, savannah Sparrow, Baird's

Sparrow, and Chestnut-collared Longspur eggs (28o/o to 48%o;X2 : 6.002, P : 0.199).

However, a substantially lower proportion of cowbird eggs was misclassified as Westem

Meadowlark eggs (8%) than all five species listed above (Xt > 6.775,P < 0.009 for all

species) and as Homed Lark eggs (I4%) than Vesper Sparrow, Savannah Sparrow, and

chestnut-collared Longspur eggs (x2 > 7.848,P < 0.006 for alr species, x2 <2.g54,p >

0.086 for others).
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Table 6. Proportion of cowbird eggs and grassland passerine eggs misclassified when

compared simultaneously using minimum discrimination parameters (ground colour,

maculation colour, and density of maculation).

Species (n) Percent misclassification

Homed Lark (30)

Sprague's Pipit (1a)

Vesper Spanow (21)

Savannah Spa:row (34)

Baird's Spanow (37)

Chestnut-collared Longspur (40)

Western Meadowlark (24)

24.3

s0.0

s7.t

64.7

48.6

70.0

4.2

Brown-headed Cowbird (50) 88.0
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Table 7. Proportion of cowbird eggs misclassified as the eggs of individual grassland

passerines using minimum discrimination parameters (ground colour, maculation colour,

and density of maculation).

Species
Percent Misclassification of 50

cowbird eggs

Horned Lark

Sprague's Pipit

Vesper Sparrow

Savannah Sparrow

Baird's Sparrow

Chestnut-collared Longspur

Westem Meadowlark

14.0 (7)

28.0 (r4)

38.0 (1e)

36.0 (18)

28.0 (14)

48.0 (24)

8.0 (4)
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Discussion

Assessment of Cowbird Eggs and Grassland Passerine Eggs

The resemblance in colour and maculation between cowbird eggs and grassland

passerine eggs has been suggested to represent a form of mimicry, evolved to impede

discrimination by intolerant grassland passerines (Elliot 7977,Lowfher 1977, Peer et al.

2000, Davis et aL.2002; Chapter 1). However, enough variation was present that cowbird

eggs did not resemble those of any one species perfectly in all four parameters for colour

and maculation. ln fact, only 8 of the 28 comparisons involving ground and maculation

colour and maculation density and distribution resulted in a match between cowbird eggs

and grassland passerine eggs (Table 4). Vesper Sparrow and Chestnut-collared Longspur

eggs were identical in 3 of 4 parameters and were, therefore, most similar in appearance

to cowbird eggs (Table 4). Sprague's Pipit and Horned Lark eggs, on the other hand,

matched only one parameter and Savannah Sparrow, Baird's Sparrow, and'westem

Meadowlark eggs differed completely from cowbird eggs in all four parameters of colour

and maculation (Table 4). Therefore, if cowbird egg mimicry has developed, it differs

from the egg mimicry suggested for parasitic cuckoos (Davies and Brooke 1988, 1989a,

b, l99l; Moknes et al. 1990, Underwood and Sealy 2002). In these situations, the

resemblance can be on such a scale that cuckoo eggs are nearly impossible to identiff

among the host's clutch (Alvarez et al. 7976, Rothstein 1990, Moksnes and Røskaft 1995,

Davies 2001).

Interestingly, Peer and Sealy (200aQ had rated Western Meadowlark eggs as

highly similar to cowbird eggs in both colour and maculation, whereas they perceived

Vesper Sparrows eggs to differ from cowbird eggs in the colour of their maculation. This
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differs greatly from my assessment. I found Vesper Sparrow eggs to be identical in

maculation colour to cowbird eggs, whereas Westem Meadowlark eggs were the most

distinct of the seven species examined (see above; Table 4). I suspect these differences

arise because Peer and Sealy (200aa) compared eggs on a subjective scale using human

observers. Although, this type of comparison requires less time and has been the

standard method to compare egg appearance (Brooke and Davies 1988, Moksnes and

Røskaft 1995,Davies et al. 1996), human observers may not be able to incorporate fully

the population-wide variance that occurs in egg appearance. Moreover, human observers

may not be able to compare some parameters in isolation of each other. For example, it

is extremely difficult to assess the density of maculation independent of its distribution,

which, in this study, had a profound affect on the outcome (see below). Consequently,

the discrepancies observed between this study and that of Peer and Sealy (2004a)

emphasizes the benefits of assessing egg appearance quantitatively.

General Resemblance between cowbird Eggs and Grassland Passerine Eggs

Although cowbird eggs did not specifically match grassland passerine eggs, a

general resemblance between these eggs was observed (Table 5). In particular, cowbird

eggs were indistinguishable from the typical grassland passerine egg in ground colour,

maculation colour, and total density of maculation, i.e., minimum discrimination

parameters (Table 5 and Appendix II). In other words, cowbird egg appearance was

centrally located among the range of colour and maculation densities that exists across

the eggs of all seven species (see Appendix II). This is consistent with the type of

mimicry one would predict for a parasite that demonstrates little to no host selection
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(Fleischer 1985, Alderson et al 1999). In this situation, any evolved resemblance would

have to reflect the sum total of selective pressrrres provided by all intolerant species

parasitized within a community, unless host specialization occurred (Rothstein I974,

2001 ; Rothstein et al. 2002).

Cowbird eggs were, however, more spherical, less tapered, and more evenly

maculated than the typical grassland passerine egg (Table 5 and Appendix III). This

suggests that these parameters have not evolved to resemble the eggs of this grassland

passerine community, i.e., maximum discrimination parameters. For maculation

distribution this was an unexpected result, as past workers suggested that cowbird eggs

matched all parameters of colour and maculation on grassland passerine eggs (Elliot

1977,Lowther 1977, Peer et al. 2000, Davis et aL.2002). The lack of central tendency in

egg shape, on the other hand, coincides with several investigations that have

demonstrated cowbirds eggs to be rounder than host eggs (Picman 1989, Brooker and

Brooker 1991, Memorez and Ornelas 2004). Blankespoor et al. (1982) proposed the

rounder shape increased the structural strength of cowbird eggs and prevented damage

during their deposition in a host's nest. Rohwer and Spaw (19SS) and Picman (1989),

however, argued that the rounded shape functioned to constrain the physical ejection of

cowbird eggs by intolerant hosts. Thus, it may not have been possible for cowbirds to

match the elongated and tapered shape of grassland passerine eggs without sacrificing the

structural strength of their eggs (see Memorez and Ornelas 2004).

Altematively, the lack of central tendency in the shape and maculation

distribution of cowbird eggs may simply reflect the parameters used by grassland

passerines to discriminate cowbird eggs. An effective mimicry necessitates that a
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parasite evolve an egg that resembles those parameters used by host species to

discriminate the parasitic egg (Rothstein 1982a, Brooke and Davies 1988, Davies and

Brooke 1988, I989a,b, L991; Huguchi 1998, Moksnes i992, Underwood and Sealy

2002). For example, Rothstein (1982a) found that Gray catbirds (Dumetella

carolinensis) were more responsive to changes in colour than maculation and American

Robins (Turdus migratorius) were more sensitive to colour than size. Such differences

would provide different selective pressures on cowbird eggs and direct which parameters

would be mimicked.. Accordingly, the shape and distribution of maculation for eggs laid

by cowbirds in the Great Plains may not have been selected against because grassland

passerines discriminate foreign eggs on basis of colour and density of maculation (see

Peer et aL.2000, Davis et aL.2002).

Mimicry of Grassland Passerine Eggs using Minimum Discrimination Parameters

The effectiveness of mimicry depends, however, on the degree of overlap that can

be accomplished, not just the relative similarities between eggs (see Brooke and Davies

1988, Davies and Brooke 1988, 1989a,b,7991; Huguchi 1998, Moksnes 1992). I found

thatSSo/o of cowbird eggs could not be accurately discriminated from among all grassland

passerine eggs using minimum discrimination parameters (Table 6). Therefore, I of

every I .1 cowbird eggs statistically matched the colour and maculation density of at least

one grassland passerine egg. More importantly, between 8%o and 48% of cowbird eggs

could not be discriminated when compared separately to the eggs of each species. This,

by definition, fulfills the requirements of generalized egg mimicry (Peer et aL.2000,

Davis et aI.2002). It suggests that this cowbird population has incorporated enough of
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the variance observed in the eggs of all seven grassland passerines that a small proportion

of cowbird eggs will match those of any clutch in which they are laid. As an example of

the success cowbirds can have in matching their eggs, Appendix IV outlines some of the

remarkable similarities I observed between cowbird and grassland passerine eggs in

naturally parasitized nests.

The proportion of overlap, however, varied significantly between some species, in

that Western Meadowlarks (8%) and Horned Larks (I4%) showed fewer

misclassifications than Sprague's Pipits, Vesper Sparrows, Savannah.sparrows, Baird's

Sparrows, and Chestnut-collared Longspurs (28%to 48%o;Table 7). For westem

Meadowlarks this corresponds with their intolerance of cowbird parasitism (Peer et al.

2000; Chapter 1) and suggests that ejection may be more coÍtmon because cowbird eggs

resemble their eggs less. By contrast, Sprague's Pipits, Vesper Sparrows, Savannah

Sparrows, Baird's Sparrows, and Chestnut-collared Longspurs have been shown to accept

cowbird eggs and are only capable of ejecting highly non-mimetic eggs (Peer et al. 2000,

Davis etal.2002; Chapter 1). The exact reason for the lowered degree of overlap

between Homed Lark and cowbirds eggs is unclear (Hill 1976; Chapter 1). Although, it

is possible that it is simply a by-product of using all eggs from all nests, which reduces

the population variance for each parameter, making it more likely that Horned Larks eggs

would be discriminated (see Methods: Statistical Analyses; Zar 1996).

Generalized Egg Mimicry versus Nest Predation

What is to say, however, that the overlap in colour and maculation density is a

coincidence rather than a specific adaptation evolved to impede discrimination? For
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example, the need to conceal eggs in the nesting habitat from depredation is believed to

be the primary force directing the evolution of egg appearance (Swynerton I9I6,Lack

1958, Mason and Rothstein 1987, Underwood and Sealy 2002). Because cowbirds

evolved along side grassland passerines in the Great Plains, it is possible that the same

selective forces controlling the evolution of colour and maculation density in grassland

passerine eggs would have selected for the same pattern in cowbird eggs (Hanison 1968,

Mason and Rothstein i987).

Nevertheless, this seems unlikely considering how well cowbird eggs resembled

grassland passerine eggs compared to how well grassland passerine eggs resembled each

other. Grassland passerine eggs overlapped with each other at frequenciesbetween 4.2o/o

and7UYo, which was significantly less than that for cowbird eggs (88%; Table 6). One

would expect that, if the resemblance between grassland passerine eggs was a

coincidence of nesting in the same habitat, the degree of overlap would be random and

any one species could exhibit the highest degree of overlap. The fact that cowbirds had

the highest degree of overlap of the eight species strongly suggests that the colour and

maculation density of their eggs evolved specifically to match those of other species.

Thus, my results are more supportive of a cowbird egg appearance that has evolved to

mimic the eggs of multiple grassland species than as a side effect of the selective

pressures provided by nest depredation.
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Appendix I. Summary of.known information on the interaction between cowbirds and the 20 commonly listed grassland passerines.

Horned Lark
(Er emop hil a alp e s tr i s)

Sage Thrasher
(Or e o s c opt e s mo nt anus)

Sprague's Pipit
(Anthus spragueii)

Dickcissel
(Spiza americana)

Green-tailed Towhee
(Pipilo chlorus)

Cassin's Sparrow
(,4imophila cassinii)

Vesper Sparrow
(Poocetes gramineus)

Brewer's Sparrow
(Spizella breweri)

Clay-colored Spanow
(5. pallida)

Lark Bunting
(C al amo s piza mel anc o ry s)

Species
Frequency of Cowbird n _,_ _,- - - % Eiection
parasitism(%) fledging Kesponse 

cowbird eggsr

0 - 45 Yes Acceptor? Unknown

0

0-18

13 -95

0

No

Yes

Yes

Unknown

Unknown

Yes

Yes

Yes

Yes

0 -25

0-67

0-52

0-90

0-100

Rejector

Acceptor?

Acceptor

Unknown

Unknown

Acceptor

Unknown

Acceptor

Acceptor

oá Ejection non-
mimetic eggsl

100 (10)

Unknown

11 (e)

Unknown

Unknown

0 (7)

Unknown

0 (48)

20 (s)

Unknown

Unknown

Unknown

100 (3)

Unknown

Unknown

7s (4)

Unknown

Unknown

Unknown

Reference2

8,12, 19,49

37,39, 40

2,4,14,28,4I

10, 16,32,34,35,49,56

7

9

12, 14, 19,25,34, 35, 42, 46,
49,54

I,39, 43

r1,12,14,2I,26,35,55

4, 19,22,44,45, 52

oo(Jl



Appendix I. (Continued)

Lark Sparrow
(C ho nde s t e s gr ammacus)

Savannah Sparrow
(P as s er culus s andw ichens is)

Baird's Sparrow
(Ammodramus bairdii)

Grasshopper Sparrow
(A. savannarum)

Henslow's Sparrow
(A. henslowii)

Chestnut-collared Longspur
(Calcarius ornatus)

McCowan Longspur
(C. mccowanii)

Eastem Meadowlark
(Sturnella magna)

Westem Meadowlark
(5. neglecta)

Bobolink
(D o I ichonyx o ryz iv oru s)

Species
Frequency of

Parasitism

19-82

0-37

6-37

0-50

0-8

0 -23

0

I -70

0-47

0-s0

Cowbird
Fledging

Yes

Yes

Yes

Yes

Yes
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Acceptor

Acceptor?

Acceptor?

Acceptor
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Acceptor
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Rejector

Rejector
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% Ejection
Cowbird Eggrt

0 (4)
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Unknown

0 (10)

Unknown

0 (23)

Unknown

2e (31)

78 (18)

Unknown

% Ejection Non-
mimetic eggsl

Yes
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Yes

Yes

Yes

40 (s)

Unknown

Unknown

36 (22)

Unknown

4t (22)

Unknown

40 (10)

r 00 (e)

Unknown

Reference2

19,31,34,5r

2,4,6,12, 14,23, 50, 54

2,3,4,15,16

4, I0, Ig, 33, 34, 35, 36, 54
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2,5, 14,20,47

8,29, 30

10, 13,33,34,35

2, 4, 14, 19,23,24,27 , 34

4, 14, I9,23,29,33
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t Numb"r of nests experimentally parasitzed in parenthesis.

t References: 1 - Beirmann, G. C., W. B. McGillivary, and K. E. Nordin. 1987. J Field Ornithol. 58: 350-354; 2 - Davis, S. K.
2003- Wilson Bull. 115: 119-130; 3 - Davis, S. K. and S. G. Sealy. 1998. Wilson Bull. ll0:262-270; 4 - Davis, S. K. and S. G.
Sealy. 2000. Pages 220-228 inBcology and Management of Cowbirds and Their Hosts; 5 - Davis, S. K., D. R. Klippenstine, and R.
M. Brigham. 2002. Auk 119:556-560; 6 - Dixon,C.L. 1978. Auk 95:235-246; 7 -Dobbs, R. C., P. R. Marrin, urrd T. E. Martin.
1998. BNA no. 368; I - DuBois, A. D. 1935. Condor 37:56-72; 9 - Dunning, J. 8., J. R. Richard, K. Bowers, J. R. Sherman, J.
Suter,andC.E.Bock. 1999. BNA no.47l;10-Elliott,P.F. 1978. Auk95:161-167; ll-Fox,G.A. 1961. AukTB:220-224;
12 - Friedmann, H., L. F. Kiff, and S. I. Rothstein . 1977 . Smithsonian Contr. to Zool.235: I-75; 13 - Goertz, J. W. 1977. hk 94:
385-389; 14 - Granfors, D. 4., P. J.Pietz, L. A. Joyal. 2001. Auk ll8 765-769; 15 - Green, M. T., P. E. Lowther. S. L. Jones, S. K.
Davis, and B. C. Dale. 2002. BNA: 638; 16 - Hergenrader, G. L. 1962. Auk 79: 85-88; 17 - Herkert, J. R., p. D. Vickery, and D.
E.Kroodsma.2002. BNAno.672; l8-Hicks,L.E. 1934. Auk51:385-386; 19-Hill,R.A. 1976. WilsonBull.SS:555-565; 20
- Hill, D. P' and L. K. Gould. 1997. BNA no. 288; 2l - Hill, D. P. and S. G. Sealy. 1994. Anim. Behav. 48: 1063-1070: 22 -
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