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ABSTRACT 

Management strategies are needed to reduce the rate at 

which brown-headed cowbirds (Molothrus ater) parasitize 

their hosts. I investigated whether vegetation management 

could be used to reduce parasitism by seeking differences in 

nest-site microhabitats of hosts in a riparian area of 

central Arizona. During 1993 and 1994, I quantified 

vegetation characteristics in 0.04 ha plots centered on 128 

nests of 4 commonly parasitized species and 4 infrequently 

parasitized species. I compared characteristics between (1) 

parasitized and unparasitized nests of common hosts, and (2) 

nests of common and infrequent hosts. Factors associated 

with outcome of parasitism were vegetation volume at nest, 

size of nest substrate, distance from nest to visual 

obstruction below nest, and presence of large trees near the 

nest. Whether nests belonged to common hosts or infrequent 

hosts was best predicted by nest height. My results 

indicate riparian areas should be managed for large trees 

and numerous shrubs when the goal is to reduce parasitism. 
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INTRODUCTION 

Brown-headed cowbirds (Molothrus ater) are among the 1% 

of bird species categorized as brood parasites (Hamilton and 

Orians 1965). They lay their eggs in the nests of other 

birds (termed hosts) and relinquish all parental obligations 

to them. Several of the behavioral and physiological 

adaptations cowbirds have to ensure their young survive to 

independence cause a reduction in host reproductive success. 

Consequently, some host species have undergone population 

declines that are at least partly due to parasitism 

(Mayfield 1977, Franzreb 1990). 

Current Cowbird Control Techniques 

A few management strategies have been developed to 

minimize the potential impact of cowbirds on their hosts. 

Trapping and shooting can be done on or near host breeding 

grounds to reduce the number of cowbirds (Kelly and DeCapita 

1982, Robinson et al. 1993). Alternatively, or in addition, 

host nests can be located, providing wildlife managers with 

2 options: (1) monitor and remove cowbird eggs from the 

nests, or (2) place artificial cowbird eggs in them, which 

act as a deterrent to subsequent parasitism (Ortega et al. 

1994). These programs have the greatest potential when used 

to aid the recovery of federally-listed threatened or 

endangered species (Robinson et al. 1993, Ortega et al. 
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1994). Because these strategies need to be repeated 

annually, have high costs, are labor-intensive, and have a 

restricted area of effectiveness, they may not be feasible 

for widespread use. 

Habitat Considerations 

Another approach to cowbird control could be via habitat 

management. Following Morrison et al. (1992:11), I define 

habitat as an area with the combination of resources (such 

as breeding and feeding sites) and environmental conditions 

that allows individuals of a species to survive and 

reproduce. Unlike most passerines, the resources required 

for cowbirds to breed and forage may be separated by long 

distances (e.g., 7 km; Dufty 1982, Rothstein et al. 1984). 

Therefore, it is useful to clarify cowbird habitat as 

breeding habitat or foraging habitat. Foraging habitat 

typically includes lands occupied by livestock and 

agricultural crops, whereas breeding habitat occurs where 

host densities are higher (e.g., forested areas). 

One way to control the effects of cowbirds on host 

communities would be to reduce the quality of cowbird 

breeding habitat, as measured by the proportion of nests 

that are vulnerable to parasitism. If a link existed 

between the vegetation surrounding available nests (i.e., 

nest-site microhabitat) and rates of parasitism, vegetation 
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could be manipulated to reduce the number of nests being 

parasitized. 

Within their breeding habitat, cowbirds show strong 

preference for edges (e.g., forest-meadow interfaces and 

perimeters of clearcuts). Brittingham and Temple (1983) 

showed that nests within 35 m of small (0.01-0.2 ha) 

openings were parasitized more frequently than those that 

were further away. In addition, they found that the 

parasitism rate increased as the size of the opening 

increased. 

The relationship between edge and rates of parasitism is 

important for land managers to consider, especially in areas 

where forest fragmentation is still occurring. Managers can 

try to minimize the extent, rate, or location of further 

fragmentation in effort to minimize the risk that new areas 

will experience an increase in parasitism. However, this 

strategy will not work in areas that are, by nature, edges. 

Riparian zones of the southwestern United States are one 

example. These areas consist of narrow strips of vegetation 

that are characterized by a more diverse structure and 

assemblage of plant species than the surrounding, more 

xeric, environments. In the Southwest, they support among 

the highest density of breeding birds anywhere in the 

country (Carothers 1974, Mills et al. 1991). Because the 

rate of parasitism is positively correlated with the density 
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of breeding birds (McGeen 1972, Gates and Gysel 1978), 

parasitism in riparian communities can cause significant 

declines in avian productivity (Rosenberg et al. 1991). 

Riparian-associated hosts are also threatened by loss of 

habitat; riparian areas, which are naturally restricted to a 

small portion of the total land base, have been reduced in 

extent and structural complexity over the past century 

(Commission on the Arizona Environment 1988) . Additionally, 

these hosts are at increased risk of parasitism because 

their riparian habitats are often in close proximity to 

cowbird feeding sites (e.g., areas of livestock 

concentration; Szaro 1989). However, because riparian zones 

have the potential to provide a source of emigrants to areas 

where bird density is low or declining, they are perhaps the 

most important vegetation communities to maintain at high 

levels of productivity (Airola 1986). Therefore, studies 

that refine breeding habitat preferences of the brown-headed 

cowbird should be initiated within riparian areas. 

Host Use and Responses 

To be most effective in managing cowbird habitat, it is 

important to understand the complexity of host use by the 

parasite. Most of the 220 known hosts of the brown-headed 

cowbird belong to the order Passeriformes (Friedmann and 

Kiff 1985). Of the 140 species known to fledge cowbird 
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young, only one, the mourning dove (Zenaida macroura), is 

not a passerine. The majority of hosts are similar in size 

or smaller than the cowbird, and build open-cup nests 

(Friedmann 1929, Friedmann and Kiff 1985). Although not all 

hosts fit this description, those that do are generally the 

ones that sustain the greatest losses from parasitism 

(Brittingham and Temple 1983). 

Brood parasitism by this cowbird has never been shown to 

be advantageous to any of its hosts (Rothstein 1975). At a 

minimum, parasitism will have no effect on a hosts 

reproductive success. More freguently, however, partial or 

complete brood reduction will occur. Therefore, the 

differential success between parasitized and unparasitized 

nests should result in a strong selection pressure for hosts 

to develop responses that would minimize their losses caused 

by cowbirds (Rothstein 1975). 

Rejecter Species.—Egg ejection is the most common host 

response to brood parasitism (Rothstein 1975). The other 

forms of rejection behavior (nest desertion, egg burial, and 

egg bruising) are seen much less frequently, but may still 

result in a lowered nesting success (Clark and Robertson 

1981, Petit 1991). All 43 passerine species that Rothstein 

(1975) tested for rejection behavior fell into 1 of 2 

groups: those with a rejection rate of at least 88% (8 



13 

species), and those with a rejection rate less than 42% (35 

species). Rothstein termed these two groups rejecters and 

accepters, respectively. Although no clear patterns 

emerged, rejecters typically differ from accepters by having 

large beaks and large, conspicuous nests. Natural rates of 

parasitism are difficult to determine for rejecter species, 

because the evidence might be removed before the contents of 

the nest can be observed. However, because these species 

exhibit high rejection rates, their reproductive success is 

not greatly altered by parasitism. 

Common and Infrequent Hosts.—It is the accepters that 

are, as a group, the most affected by cowbirds. However, 

parasitism rates among the accepters are highly variable, 

and indicate that factors other than egg rejection can 

influence the impact cowbirds have on a species. I used the 

natural patterns of variations in parasitism rates to divide 

the accepters into 2 groups: common hosts and infrequent 

hosts. Common hosts are those species that are frequently 

parasitized in most of their range. Infrequent hosts are 

species that are rarely parasitized in large portions of 

their range, despite their apparent suitability or tolerance 

as hosts. By these definitions, infrequent hosts can 

include species that are rarely parasitized in the western 

U.S., even if they are more commonly parasitized in the east 
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(or visa versa). By studying these 2 groups, researchers 

might gain additional insight into what features make a 

potential host susceptible to parasitism. With this 

knowledge, managers could discover a way to lessen the 

impact cowbirds have on common hosts, most desirably for 

those species or populations undergoing population declines 

due to parasitism. 

Although common and infrequent hosts both vary in the 

rates at which they are parasitized, it is unlikely that a 

single species of either type can be classified as both an 

accepter and a rejecter. Because Rothstein (1975) did not 

find significant geographic variations in a species1 

response to cowbird eggs, species that exhibit high 

acceptance rates in at least some of their populations can 

be considered true accepters even if response experiments 

have not been performed (Friedmann et al. 1977). 

Southern and Southern (1980) suggested that geographical 

variations in parasitism rates within a species could be due 

to differences in habitat, and to corresponding changes in 

the diversity and composition of available hosts. Other 

explanations for why accepters experience varying levels of 

parasitism include: (1) vigorous nest defense by the hosts, 

especially among colonial breeders (Robertson and Norman 

1977); (2) conclusion of most of the host's breeding season 

before onset of the cowbird's breeding season (Middleton 
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1977, Finch 1983a); (3) only partial overlap between the 

ranges of the host species and the cowbird (Friedmann et al. 

1977); and (4) use of cavity nests by the host. 

Additionally, because not all species have been tested for 

rejection behavior, it is possible that the observed rates 

of parasitism misrepresent the true rate, and that at least 

some infrequent hosts are in fact rejecters. 

Nest Concealment 

The variations in parasitism rates within both types of 

accepters might also be attributable to something more 

manipulatable by managers, such as differences in nest-site 

microhabitat. Brown-headed cowbirds predominantly find 

nests by observing the activities of breeding birds (e.g., 

nest building; Norman and Robertson 1975), and to a lesser 

extent, by searching through vegetation for established 

nests (Lowther 1979). Because both of these methods require 

visual cues to be effective, they could be affected by the 

structure of surrounding vegetation. One way for this to 

occur is by the concealment provided by vegetation. For 

example, a cowbird may be less able to follow a host to her 

nest if the vegetation provides barriers to line-of-sight. 

Also, a nest may be harder to see if it is closely 

surrounded by vegetation, either within the nest substrate, 

or within a certain radius from the nest. 
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A female cowbird can lay up to 4 0 eggs per breeding 

season (Scott and Ankney 1980). By laying so many eggs, she 

increases the probability that at least some of her young 

survive to fledging. It is possible that the quantity of 

nests she locates is more important than the quality. 

Therefore, cowbirds might maximize their chance for locating 

a sufficient number of nests by parasitizing only those 

nests that require a minimum amount of energy to locate; 

that is, nests that are not well concealed. 

The argument might also be made that cowbirds could 

select nests that are well concealed. By concealing their 

nests, birds may be attempting to minimize (1) the risk of 

parasitism, (2) the risk of predation (Martin and Roper 

1988), or (3) exposure to adverse climate (Finch 1983b). 

Because each of these factors exhibits a different selection 

pressure on a species, 1 of them may be more important than 

the others, and have more of an influence on where the bird 

places its nest. If the most effective way to place a nest 

differs among the factors, a bird that is primarily 

concerned with placing its nest in response to 1 of the 

factors will have to compromise placement in regard to the 

other 2 factors. Therefore, a bird's nest might not be 

concealed from cowbirds even though it is concealed in other 

ways. Because cowbirds also try to maximize their own 

fitness, they might select host nests that are concealed 



from predators or weather. Rothstein (1990) contends that 

even though parasitism is often less frequent than 

predation, it may exert a similar selection pressure on 

nesting birds. Although the most effective form of 

concealment is not necessarily the same for predation as 

parasitism, they may share similar features, especially if 

the main predator is visually oriented as is the cowbird. 

Nest concealment can be measured in several ways. One 

technique is to record the percent of nest visible to the 

observer from a standardized distance (e.g., 1 m from the 

nest; Briskie et al. 1990), or from nearby trees and shrubs. 

In support of this, Anderson and Storer (1976) found that 

Kirtland's warbler (Dendroica kirtlandii) nests were more 

likely to be parasitized if they were close to a snag. The 

snags provided perch sites for cowbirds, which were limited 

in the open, young stands of jack pine (Pinus banksiana) 

preferred by the warblers. Similarly, Freeman et al. (1990) 

found that cowbirds were more efficient at finding nests in 

marshes with a high density of trees around the perimeter 

than marshes with lower densities of trees. 

Visibility studies could be complimented with other 

measurements of concealment, such as the spatial 

arrangement, volume, and density of vegetation around a 

nest. For example, Martin and Roper (1988) found that as 

the number of small firs adjacent to hermit thrush (Catharus 
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guttatus) nests increased, minimum side cover increased and 

predation rates decreased. Although Finch (1989) found the 

opposite relationship between densely-foliated habitats and 

predation rates of nesting house wrens (Troglodytes aedon), 

her study supports the idea that the density and spatial 

arrangement of nest-site vegetation may be important 

measures of concealment and habitat structure. Her 

hypothesis that dense habitats conceal predators from 

nesting birds, and provide them with access routes (i.e., 

ladders) to nests, gives us additional insight into the 

complexity of the relationships between microhabitat 

structure and nest success. 

Objectives 

I examined nest-site microhabitat characteristics for 4 

common host species and 4 infrequent host species to 

determine if vegetative composition and structure influenced 

the susceptibility of a nest to parasitism by brown-headed 

cowbirds. My specific objectives were to: 

1. Determine rates of parasitism for all 8 host species. 

2. Determine if differences existed between nest-site 

microhabitat of parasitized and unparasitized nests of 

common hosts. 

3. Determine if differences existed between nest-site 

microhabitat of the common hosts and the infrequent 



hosts. 

Develop recommendations for habitat management that 

could minimize the impact cowbirds have on avian 

communities in Southwestern riparian vegetation. 
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STUDY AREA 

The study was conducted along Walnut and Apache creeks, 

Yavapai County, Arizona. Approximately 50 ha of public 

(Prescott National Forest) and private (K4 and Box L 

ranches) lands were included. The elevation ranged from 

1530 m to 1580 m. The eastern boundary of the study area 

was approximately 1.25 km upstream from where the bridge on 

County Road 5 passes over Walnut Creek, at the Prescott 

National Forest boundary. The study area extended upstream 

approximately 2.0 km to the confluence of Walnut and Apache 

creeks, where it then separated and formed two distinct 

branches. The area between the 2 creeks was not included in 

the study due to its lack of riparian vegetation. The 

Walnut Creek branch of the study area terminated 

approximately 1.5 km upstream from the confluence of the two 

creeks, at a spillway. The Apache Creek branch terminated 

4.0 km upstream from the Walnut-Apache creek confluence at 

the eastern edge of Apache Creek Wilderness Area. These 

boundaries were chosen for their ease of relocation. 

Vegetation in the study area typically consisted of 

0.5-5.0 ha patches of riparian woodlands separated by grassy 

openings or strips of willow (Bonpland willow [Salix 

bonplandiana], arroyo willow [S. lasiolepus], and coyote 

willow [S. exigua]). Following Szaro's (1989) 

classification scheme, most patches fit into community type 
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(1) Acer negundo-mixed broadleaf, (2) Populus fremontii, or 

(3) Juglans major; Acer negundo-mixed broadleaf was the most 

extensive type present. Overstory species were boxelder 

(Acer negundo), Fremont cottonwood (Populus fremontii), 

velvet ash (Fraxinus pennsylvanica), Arizona walnut (Juglans 

major), and Bonpland willow. Midstory components included 

New Mexican locust (Robinia neomexicana), netleaf hackberry 

(Celtis reticulata), common choke cherry (Prunus 

virginianus) and alligator and Utah juniper (Juniperus 

deppeana and J. osteosperma, respectively). Common shrubs 

were squawbush (Rhus trilobata), canyon grape (Vitis 

arizonica), Arizona rose (Rosa arizonica), desert olive 

(Forestiera neomexicana), wax currant (Ribes inebrians), and 

golden currant (Ribes aureum). Cheatgrass (Bromus 

tectorum), yellow sweetclover (Melilotus officinalis), and 

sedges (Carex spp.) were the most common herbaceous species. 

Pinyon (Pinus edulis)-juniper (J. osteosperma) woodlands 

were found adjacent to the riparian zones, with turbinella 

oak (Quercus turbinella), squawbush, and pointleaf manzanita 

(Arctostaphylos pungens) being the most common shrubs, and 

blue and sideoats grama (Bouteloua gracilis and B. 

curtipendula) as the most common herbaceous plants. Common 

and scientific names follow Elmore (1976) for trees and 

shrubs, Gould (1988) for grasses, and USDA Forest Service 

(1978) for all other herbaceous plants. 
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The creeks were similar in their geology and hydrology, 

and are discussed as one area. The gradient was 

approximately 1%. Floodplain and channel substrates are 

commonly gravelly to cobbly sand, creating a low potential 

for herbaceous plants (R. Stein, Soil Scientist, Prescott 

National Forest, pers. commun.). The floodplain narrowed 

with distance upstream, which appeared to be correlated with 

decreasing cottonwoods and increasing sedges. Average width 

of the surface water was approximately 1 m. Surface flow 

was intermittent, with some portions drying when 

precipitation did not replenish the water table. 

Mean annual precipitation recorded at Walnut Creek 

Station (approximately 50 m downstream from the confluence 

of the two creeks) between 1956 and 1993 was 37.9 cm, with 

approximately 40% occurring during the monsoons (Jul - Sep), 

and 30% January through March. Precipitation was not 

consistently recorded in 1994, and therefore is not 

presented here. Temperature data have only been recorded 

during the summer of 1993; the mean high in June through 

August was 32.3° C, and the mean low was 27.4° C. Although 

winter temperatures have not been recorded at Walnut Creek 

Station, mean minimum and maximum temperatures from December 

through February in the nearby town of Prescott, which is at 

similar elevation, are -5.9° C and 11.1° C, respectively 

(Prescott Chamber of Commerce, unpubl. data). 
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Eighty-five species of resident, breeding, migrating, 

and wintering birds have been observed near Walnut Creek 

Station (D. Rudolph, Walnut Creek Station Manager, Prescott 

National Forest, unpubl. data; this study). I observed two 

species of brood parasites within the study area: the dwarf 

race of the brown-headed cowbird (M. a. obscurus), and the 

bronzed cowbird (M. aeneus). 



METHODS 

Species Studied 

In 1993 and 1994, I searched for nests of 4 common host 

species and 4 infrequent host species that (1) are known 

brown-headed cowbird hosts (Friedmann and Kiff 1985), (2) 

are not known to reject cowbird eggs, (3) are open-cup 

nesters, and (4) breed during the same period that cowbirds 

do. The common hosts were solitary vireo (Vireo 

solitarius), yellow warbler (Dendroica petechia), yellow-

breasted chat (Icteria virens), and blue grosbeak (Guiraca 

caerulea). The infrequent hosts were western wood-pewee 

(Contopus sordidulus), black-headed grosbeak (Pheucticus 

melanocephalus), house finch (Carpodacus mexicanus), and 

rufous-sided towhee (Pipilo erythrophthalmus). 

Five species (western wood-pewee, solitary vireo, 

yellow-breasted chat, black-headed grosbeak, and blue 

grosbeak) have never been experimentally parasitized, so 

their response to cowbird eggs is not known. However, 

species with observed parasitism rates >20% (i.e., 

acceptance rate >20%) in any portion of their range can be 

assumed to be accepters, since Rothstein (197 5) did not find 

any rejecters with acceptance rates that high (Friedmann et 

al. 1977). Friedmann et al. (1977) indicated that the 

vireo, chat, and blue grosbeak can be considered accepters 

by this criterion. 
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The wood-pewee and black-headed grosbeak, though not 

without a number of records to indicate their status as 

cowbird hosts, do not have sufficient data to exclude them 

as rejecters. For this study, I assumed that these species 

are accepters, but I looked for evidence of rejection so 

that they could be dropped from the study if my assumption 

was proved invalid. To maximize my chances of detecting 

rejection by burial, I inspected nests (after they became 

inactive) of all species for buried eggs. This also served 

to raise the probability that all nests were correctly 

classified as parasitized or unparasitized. To maximize the 

probability that rejection by abandonment was detected, I 

conducted intensive searches through vegetation as 1 method 

for locating nests. Because the most effective way to find 

nests is by locating and following females (Ralph et al. 

1993), I concentrated on searching through vegetation mainly 

during late mornings and early afternoons, when bird 

activity was lowest. Without experimentally parasitizing 

nests, I was unlikely to detect rejection by ejection. 

However, because the wood-pewee has a small body size, beak, 

and nest, it probably does not eject cowbird eggs (Rothstein 

1975). Therefore, in the absence of data suggesting either 

of the other 2 types of rejection behavior were exhibited, 

it is unlikely that this species is a rejector. The 

black-headed grosbeak has a higher probability of being a 
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rejecter (i.e., has a larger body and beak), but I included 

it in this study because they were common within my study 

area, their nests were low enough for me observe, and 

because I hoped to provide more information on this species 

in its role as a host. To minimize the risk of obtaining 

biased results due to an invalid assumption of acceptance by 

this species, I conducted 2 sets of analyses where the 

infrequent hosts were involved: 1 with the black-headed 

grosbeak, and 1 without. 

Parasitism Rates 

I located nests by watching potential hosts (Ralph et 

al. 1993) and by conducting intensive searches through 

vegetation. I identified distinct stands of vegetation to 

serve as relocatable units to be searched. Stand 

designations were also used to ensure that all areas were 

searched thoroughly and within a predictable and repeatable 

time frame. The stands were visually identified on the 

basis of species composition (e.g., Cottonwood stands and 

mixed broadleaf stands), structure (e.g., stands with willow 

shrubs and no overstory), or some other characteristic 

feature. Areas between stands that contained no (or 

scattered) shrubs and trees were not searched on a regular 

basis unless breeding bird activity was observed there. 

Nest searches were conducted from May through July 
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to correspond with the egg-laying period of cowbirds (Best 

1978). I revisited each stand approximately every 10-12 

days, equalling 5-7 visits per stand. I usually began 

searching for nests within 1 hr of sunrise, and concluded 

within 1 hr of sunset. 

To achieve objectives 1 and 2, nests were included in my 

sample only if they could be classified with a high degree 

of certainty as parasitized or unparasitized. Nests were 

classified as unparasitized only if they contained (1) a 

full or complete clutch of host eggs and no cowbird eggs, or 

(2) a full brood of host young and no cowbird young or eggs. 

I considered a clutch to be full or complete when the number 

of eggs did not increase for 2 consecutive days, or when the 

number of eggs in the nest was greater than or equal to the 

mean clutch size for that species as given by Ehrlich et al. 

(1988). Because cowbirds normally deposit their egg(s) 

while a host is still in the laying stage (Clark and 

Robertson 1981), these criteria ensure with high probability 

that, in nests that failed during the laying or incubation 

stage, parasitism would have already occurred if it was 

going to. I considered a brood to be full if the brood size 

was greater than or equal to the mean clutch size. 

I classified nests as parasitized if they contained at 

least one cowbird egg or chick, regardless of what stage the 

nest was in when discovered, and regardless of whether the 
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nest had been abandoned by the host. 

To achieve objective 3, I included (1) nests used to 

achieve objectives 1 and 2; (2) nests that contained less 

than a complete clutch or brood; and (3) completed, inactive 

nests (i.e., no sign of host activity) that appeared to have 

been built in the same year that they were discovered. To 

identify which species built the inactive nests, I visually 

compared the type and color of nest material, the size and 

shape of the nest, and placement of the nest within the nest 

substrate with active nests for which species identity was 

known. 

The number of visits a nest received after it was 

discovered depended upon what stage the nest was in and 

whether the nest was parasitized. I monitored each nest 

only until I could determine if it met or could meet the 

criteria listed to achieve objectives 1 and 2. Until that 

determination could be made, I checked each nest, at 

minimum, every other day. 

Relative Abundances 

In the event that vegetation characteristics were found 

to be associated with parasitism rates, I needed to be 

fairly certain that difference in host abundance was not the 

true mechanism for differential host use. To determine 

relative abundances, I conducted 5 minute point counts 



2 9  

(Ralph et al. 1993) at 15 points spaced 300 m apart. 

Because I was unfamiliar with some of the hosts' songs 

during my first field season, point counts were conducted 

only during 1994. I randomly chose the Walnut Creek branch 

of the study area to receive points along the entire length, 

with the first point established at a randomly chosen 

distance of 150-200 m from the eastern boundary of the study 

area, and the last point no closer than 150 m from the 

western boundary of the study area. Thus, I established 11 

points along Walnut creek. I established the remaining 4 

points along Apache Creek, with the first point placed at a 

randomly chosen distance of 150-200 m from the point where 

the distance between Walnut and Apache creeks was 

approximately 150 m. All points were placed along a 

randomly chosen bank. Each point was surveyed every 10-12 

days, on 2 or 3, 13 or 14, and 24 or 25, June. At each 

point, and for each of the 8 species I studied, I recorded 

the sex (unknown, male, or female), method of identification 

(call, song, or visual), flock size (if applicable), and 

distance band of detection (<50 m, 50-100 m, >100 m, or 

fly-over) of all birds detected. 

Habitat Characteristics 

At each nest site, I established a 0.04 ha circular 

plot (centered on the ground under the nest) by stretching a 
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tape measure out to 11.3 m in each of the cardinal 

directions. By defining the plot in this fashion, there 

were four transects (along the tape measure) and four 

quadrants (between the transects). Within each plot, the 

following variables were estimated: 

1. Vegetation volume. A vertical profile of vegetation 

volume was measured at 9 sampling points per nest: 1 at 

the nest, and 2 per transect (1 at the mid-point, and 1 

at the edge of the plot). A 6-m pole was painted in 

decimeter increments such that each meter layer had the 

same sequence of colors. Thus, the pole could be used 

to estimate distances and heights to the nearest 

decimeter. I held the pole perpendicular to the ground 

at each of the sampling points. For each meter of the 

pole, I recorded the number of decimeters (i.e., number 

of hits) that had woody vegetation within a radius of 1 

dm from the pole. The plant species responsible for 

each hit was also recorded. I raised the pole above my 

head to measure vegetation from 6-8 m, and volume 

measurements above 8 m were estimated by visualizing 

further extensions of the pole. The volume measurements 

were post-stratified to create biologically meaningful 

variables for data analysis (Appendix A). 

2. Distance to and height of the nearest shrub (woody 

vegetation >1 m tall and <3 cm dbh), sapling (woody 
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vegetation >1 m tall and 3 cm < dbh <8 cm) and tree 

(woody vegetation >1 m tall and >8 cm dbh) in each of 

the four quadrants. Distances were measured with a tape 

measure. Heights, if <8 m, were measured with the same 

pole I used to measure vegetation volume. If heights 

were >8 m, I estimated them with a clinometer or by 

visual estimation. I used mean heights and distances in 

data analysis. 

Diameter at breast height (dbh) size class, as measured 

by a forester's tape, of all standing trees. Saplings 

were included in the lowest size class. The classes 

were 3-23 cm, 23-69 cm, and >69 cm. 

Shrub density at breast height. I estimated this by 

counting the number of woody stems <3 cm dbh that 

intersected my body and outstretched arms at breast 

height as I walked along each transect. I counted stems 

only if they were the main stem or stems that branched 

from the main stem below breast height. 

Percent ground cover and canopy cover. I estimated 

these by sighting through an ocular tube made from an 8 

cm section of PVC pipe with cross hairs at one end. I 

sighted up (for canopy cover) and down (for ground 

cover) through the tube at five equidistant points along 

each of the 4 transects. For each plot, I recorded the 

percentage of points that contained green vegetation at 



the intersection of the cross hairs. I included 

vegetation above my head as canopy cover, and vegetation 

below waist height as ground cover. 

6. Average, minimum, and maximum canopy height within the 

0.04 ha plot. I used a clinometer or visual estimation 

to obtain these estimates. I obtained the average 

canopy height by measuring the uppermost foliage level 

of several trees, and averaging these heights. 

7. Plant dispersion index for ground (herbaceous vegetation 

<1 m tall) and shrub strata plants. The categories of 

the index were visually estimated as even matrix (more 

or less randomly dispersed), irregular or uneven 

(indistinct clumps), small clumps or rows, or large 

clumps or rows. 

8. Dominant ground cover life forms. I ranked each group 

with the life form having the highest percent ground 

cover listed first. The life forms were (1) grasses and 

sedges, (2) forbs, (3) woody vegetation < 1 m tall, (4) 

litter, slash and logs, (4) rocks, and (5) bare ground. 

9. Nest substrate type (i.e., tree, shrub, or ground), 

species (if substrate type was ground, overhanging shrub 

or tree species was recorded), and dbh size class (if 

tree). 

10. Distance to and size of nearest opening (<10% canopy 

cover and <10% ground cover of shrubs). I measured 
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distances with a tape measure. I defined size by 

visually estimating 2 classes for the opening; 1 for the 

average length (larger dimension) of the opening, and 1 

for the average width (smaller dimension) of the 

opening. The classes were <10 m, 10-25 m, 25-50 m, 50-

100 m, or >100 m. 

11. Percentage class of nest visible from the nearest tree 

and shrub in each quadrant, and from the end of each 

transect. Percentages were visually estimated from eye 

level. The classes were 0%, 1-25%, 26-50%, 51-75%, and 

76-100%. I used the means of the 3 groups in data 

analysis. 

12. Position of the nest within the nest substrate. For 

each nest, I measured its height above the ground, 

distance to trunk (if in tree; distance was 0 if nest 

was in a shrub), distance to the edge of the substrate 

along the 4 transects, and total height of the nest 

substrate. I also recorded the distance to where >50% 

of the nest was visually obstructed by vegetation 

directly above and below the nest. I measured heights 

with the vegetation volume pole if they were <8 m high; 

otherwise, I visually estimated them. All distances 

were measured with a tape measure. 
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To measure vegetation volume, I integrated the 

techniques of Noon (1981) and Mills et al. (1991). The pole 

method followed methods outlined in Mills et al. (1991), but 

the placement and number of volume measurements more closely 

followed Noon (1981). Noon (1981) recommended taking volume 

samples at the end of each transect (n = 4), and I added 5 

samples. Techniques 2-8 follow Noon (1981). 

Data Analysis 

All data were analyzed without regard to year of 

collection, because sample sizes were too small in 1993 to 

permit valid analyses. 

Parasitism Rates.—I performed frequency calculations 

(number of parasitized nests / total number of nests) for 

individual species to meet objective 1. To determine 

relative abundances of hosts, I ranked the species in 

descending order of mean detections per point-count visit. 

Detections per visit were obtained by summing all detections 

over all points, with the exception that I only included 

detections that were observed within 100 m of the point. I 

used 100 m as the cut-off because I felt this was the 

maximum distance I could use to ensure that I was only 

sampling birds within the study area. Detections of both 

sexes (and of unknown sex) were included in the analyses, 
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because the sexes within some species were not dimorphic or 

dichromatic, or did not give distinctive calls. 

To determine if rates of parasitism were correlated with 

host abundance, I used a 2-tailed Spearman's rank test 

(Milton 1992). Ranks of abundance were compared with the 

ranks of percent parasitism, which were also ranked in 

descending order. Tied scores were assigned the average 

group rank. 

Habitat Characteristics.—I used the logistic regression 

procedure of the SPSS statistical program to meet objectives 

2 and 3 (SPSS Inc. 1992). Logistic regression was 

appropriate because no assumption of normality was required, 

it accommodated categorical and continuous data, and it is 

intended for use with data sets where the outcome 

(dependent) variable has only 2 possible values (Hosmer and 

Lemeshow 1989) . To achieve objective 2, I used presence or 

absence of parasitism as the dependent variable; I refer to 

the resulting model as the parasitism model. To achieve 

objective 3, I used host type (common or infrequent) as the 

dependent variable; I call the resulting model the host type 

model. 

I used forward stepwise variable selection, with 

identical independent variables, to build both models. The 

score statistic was used to determine variable entry, and 
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the likelihood ratio statistic to determine variable 

removal. The host type model was built with an entry 

P-value of 0.05, and a removal P-value of 0.10. The same 

set of P-values did not identify any significant variables 

when they were applied to the parasitism model; therefore, 

this model was built with an entry P-value of 0.10, and a 

removal P-value of 0.11. Hosmer and Lemeshow (1989:108) 

suggest that entry and removal P-values for forward stepwise 

variable selection in logistic regression may need to be as 

high as 0.20 and 0.25, respectively. This is because 

P-values in stepwise selection procedures are not the same 

as those used in the traditional hypothesis testing context, 

but instead are indicators of relative importance among 

variables. The most statistically important variable at any 

step is the one that produces the greatest change in the 

log-likelihood relative to a model not containing the 

variable (Hosmer and Lemeshow 1989: 106-111). I used the 

lower sets of P-values because they resulted in models with 

an overall classification rate above 70%, no outlying cases 

with studentized residuals >2.00, and a small number of 

variables. Models with few variables are more likely to be 

numerically stable, less dependent on the observed data, and 

are more easily generalized than models with many variables 

(Hosmer and Lemeshow 1989:83). 

Of the 128 total nests, 12 had data missing for 1 or 
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more variables, because 12 nests were either partially or 

completely missing from the nest substrate by the time I 

measured the plots. Although some remnants were visible in 

11 cases, I did not record visibility data for any of the 12 

nests. For the 1 nest where no remnants were visible, I was 

also unable to record other variables that described where 

the nest was relative to the nest substrate it was in. 

All analyses were conducted with and without missing 

cases (nests) and missing variables. The parasitism data 

subset had 5 cases with missing values. However, only 1 

case had missing values once the visibility variables were 

excluded. Identical significant variables resulted for each 

preliminary parasitism model, regardless if all cases but 

not all variables were used, or if all variables but not all 

cases were used. As would be expected, the coefficients 

varied slightly between these models. Because no visibility 

variables were significant in either of the preliminary 

models, I built the final model without consideration of 

those variables so that all cases could be used in analyses. 

However, because the variable distance to obstruction below 

nest was missing from 1 case, but was significant in both 

models, I excluded the case from consideration so I could 

use the variable. In other words, the final parasitism 

model presented here was the result of analysis excluding 

all data on visibility, and excluding the case with the 
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other missing values. The final host type model was based 

on all nests and all variables, because the single 

significant variable identified in preliminary analyses did 

not have missing values in any cases, and because analyses 

without black-headed grosbeak data did not yield different 

variables. 

All continuous variables were initially modeled assuming 

a linear relationship to the dependent variable. This 

assumption is common at the variable selection stage, and is 

compatible with determining the significance of the 

variables (Hosmer and Lameshow 1989:89). However, once a 

variable is identified as being important, the correct 

parametric relationship (scale) must be determined and 

adjusted for. The first step in determining the correct 

scale for each variable is to create a new categorical 

variable based on the quartiles of the original variable. 

The design variables are then used in the multivariate model 

in place of the original variable, with the lowest quartile 

used as the reference group. The reference category, by 

definition, is always assigned a coefficient of 0, and is 

the group to which all other groups are compared. The 

coefficient represents the change in the log odds of the 

dependent variable for a change of one unit in the 

independent variable. Therefore, if the estimated 

coefficients of the remaining 3 design variables show a 
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linear increase or decrease from 0, then the correct scale 

is linear. In my parasitism data set, the variables 

distance to obstruction below nest and vegetation volume at 

nest were found to be linear. The variable representing the 

number of large trees had a binary scale, because the number 

of large trees on all plots was always either 0 (83% of 

observations), 1 (12% of observations), or 3 (5% of 

observations), which indicates that the most meaningful 

categorization of the variable would be presence or absence 

of large trees on the plot (Hosmer and Lameshow 1989:98). 

In the host type model, the variable nest height was also 

found to be binary, but for a different reason. Here, the 

coefficients for the categories based on the highest 2 

quartiles (i.e., highest 50% of nests, or nests >3 m) were 

negative, indicating they were inversely associated with 

common hosts (i.e., they had decreased "risk" of belonging 

to a common host). The coefficient representing the second 

quartile was small but positive, indicating that quartile of 

nests was more similar to nests of the reference category 

than to those of the highest quartiles. The next step, 

then, was to create a dichotomous variable for nest height, 

and use that in the final host type model. 

I used several methods to assess the fit of my final 

models. One was to examine the classification rate of 

observed versus predicted outcomes (SPSS 1989:8). Here, a 
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correct classification >50% indicates the model is better at 

predicting the outcome of the dependent variable than I 

could do by chance alone. I also assessed fit of the models 

via a goodness of fit test that compared the observed 

outcome of parasitism or host type to the probabilities 

predicted by the models (SPSS 1989:10). This method is 

similar to the classification method just mentioned, but is 

probably a better indicator of fit because it retains exact 

probabilities of predicted outcomes rather than 

dichotomizing predictions (i.e., P <0.50 and P > 0.50), as 

is done in classification tables. Another way I assessed 

fit was to examine the model chi-square (SPSS 1989:11). 

This tests the null hypothesis that the coefficients for all 

of the terms in the model, except the constant, are 0. 

In addition to knowing how well the 2 final models fit 

the data of all the species as a group, it is also useful to 

know how applicable the models are to the individual 

species. Due to limitations of SPSS, I could not fit the 

data of a single species to the coefficients in the final 

models. However, I was able to build new parasitism models 

using the same variables in the final model for each 

species. In other words, the species models contained the 

same variables, but the coefficients and odds ratios were 

slightly different from each other and those characteristic 

of the final model. I could not do this with the host type 
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data set, because, by design, each species could have only 1 

possible value for host type: common or infrequent. 

Therefore, single-species analyses would result in complete 

separation of the outcome variable; the problem associated 

with this is discussed in the paragraph below. 

Hosmer and Lameshow (1989:126-133) identified and 

provided diagnostics for 3 situations in which numerical 

problems can arise in logistic regression: (1) a zero cell 

count in contingency tables of categorical variables, (2) 

complete separation of outcome groups by one or more 

covariates, and (3) collinearities among covariates. All 3 

problems will be manifested in extremely large estimated 

standard errors. I was able to verify that collinearities 

were not a problem by obtaining a correlation matrix of the 

parameter estimates; here, a Pearson correlation coefficient 

of |rj > 0.50 would indicate at least a moderate (and 

unacceptable) correlation between 2 variables (Milton 1992). 

To interpret the final models, I examined the odds ratio 

of each variable, which mathematically, is the inverse 

natural logarithm of the corresponding slope coefficient. 

The odds ratio indicates how much more (or less) likely it 

is for the outcome (i.e., parasitism or common host type) to 

be present for a 1 unit change in the independent variable. 

The variable distance to obstruction below nest required 

further analysis, as was partly indicated by the large 
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confidence interval of the estimated odds ratios. From each 

nest, the distance was measured to the point where 

vegetation provided 50% obscurement, except where there was 

not enough vegetation to meet this criterion. Where there 

was not enough vegetation, I recorded the distance from the 

nest to the ground, even though for all practical purposes, 

there was no concealment. My purpose was to minimize the 

number of cases excluded from analysis due to missing values 

in the covariate. To clarify the relationship between 

parasitism and the distance to obstruction below nests, I 

performed a 2 X 2 contingency table analysis with the 

obstruction type coded as vegetation or ground. 
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RESULTS 

Parasitism Rates 

All common hosts experienced a parasitism rate of at 

least 40% (Table 1). No infrequent hosts were parasitized 

(Table 2). I found 5 nests that were abandoned before (or 

at maximum, 1 day after) I found them. All belonged to 

common hosts, and 4 of them were parasitized: 1 yellow 

warbler, 2 solitary vireo, and 1 blue grosbeak. All of the 

parasitized nests contained 1 cowbird egg, and in addition, 

the grosbeak nest contained a host egg. The unparasitized 

nest contained 1 chat egg. No nests of either host type 

contained buried cowbird eggs, nor showed evidence that 

cowbird eggs had been removed (i.e., none had cowbird eggs 

that mysteriously disappeared). 

Table 1. Sample size of parasitized (No. par), unparasitized 
(No. unpar) , and unknown parasitized (No. unk) nests, 
parasitism rate (% nests parasitized; % par), and total 
sample size for all common host species. Species are 
solitary vireo (SOVI), yellow warbler (YEWA), 
yellow-breasted chat (YBCH) , and blue grosbeak (BLGR). 

Species No. par No. unpar % par No. unk Total 

SOVI 13 9 59.1 7 29 

YEWA 4 6 40.0 2 12 

YBCH 10 15 40.0 6 31 

BLGR 6 4 60.0 2 12 

Total 33 34 49.3 17 84 
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Table 2. Sample size of parasitized (No. par), unparasitized 
(No. unpar), and unknown parasitized (No. unk) nests, 
parasitism rate (% nests parasitized; % par), and total 
sample size for all infrequent host species. Species are 
western wood-pewee (WWPE), black-headed grosbeak (BHGR), 
house finch (HOFI), and rufous-sided towhee (RSTO). 

Species No.par No. unpar % par No. unk Total 

WWPE 0 12 0 9 21 

BHGR 0 6 0 0 6 

HOFI 0 4 0 6 10 

RSTO 0 4 0 3 7 

Total 0 26 0 18 44 

In addition to the 93 parasitized and unparasitized 

nests (of both host types combined) presented above, I was 

also able to determine outcome of parasitism for 22 mourning 

dove, 1 ash-throated flycatcher (Myiarchus cinerascens), 1 

Say's phoebe (Sayornis saya), 1 black phoebe (Sayornis 

nigricans), 1 western bluebird (Sialia mexicana), 4 American 

robin (Turdus migratorius), 1 northern mockingbird (Mimus 

polyqlottos), 2 phainopepla (Phainopepla nitens), 4 chipping 

sparrow (Spizella passerina), and 1 red-winged blackbird 

(Agelaius phoeniceus) nests. Of these, only the chipping 

sparrow was parasitized (2/4 nests). With the exception of 

the robin and mockingbird, which are known ejecters of 

cowbird eggs (Rothstein 1975, Friedmann and Kiff 1985), I 

should have been able to detect parasitism if it had 
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occurred. 

In 1993, I observed 1 instance of parasitism by the 

bronzed cowbird. The nest belonged to a hooded oriole 

(Icterus cucullatus), and contained 4 oriole eggs in 

addition to the sole cowbird egg. All eggs hatched, but I 

did not follow the fate of the young. This was the only 

evidence I saw of bronzed cowbirds during either year of my 

study, and to the best of my knowledge, is the first 

recorded instance of their presence in northern Yavapai 

County. 

Ranks of species by relative rate of parasitism showed 

no predictable pattern in relation to their ranks of 

relative abundance (Table 3). There was no correlation 

between the 2 variables (P = 0.374, r = -0.15). 

Table 3. Species ranks in descending order of relative 
abundance and relative rate of parasitism. Species are blue 
grosbeak (BLGR), solitary vireo (SOVI), yellow-breasted chat 
(YBCH), yellow warbler (YEWA), western wood-pewee (WWPE), 
house finch (HOFI), and rufous-sided towhee (RSTO). 

Species 

Rank BLGR SOVI YBCH YEWA WWPE HOFI RSTO 

Parasitism 1 2 3.5 3.5 5.5 5.5 7 

Abundance 6 5 3 14 7 2 



Habitat Characteristics 

Parasitized vs. Unparasitized Nests.—Four variables 

were included in the final fitted logistic regression model 

of the parasitism data set (Table 4). Inspection of the 

odds ratio for the variable obstruction below nest indicates 

that parasitism was likely to occur 1.5 times as often at 

nests with obstructing vegetation 1 m below them than at 

nests where obstructing vegetation was immediately 

underneath them (Table 5). The odds ratio of vegetation 

volume at nest is <1, reflecting that as the volume 

increased, chances of parasitism decreased (Table 5). The 

inverse of the volume odds ratio (1 / 0.52 = 1.92) shows 

that nests with only 1 mJ of vegetation in a vertical 

cylinder around the nest were nearly twice as likely to be 

parasitized than nests with 2 m3 of vegetation. 

Interpretation of the categorical variables is slightly 

modified, since a reference category is involved. The odds 

ratio for the presence of large trees was 0.17, the inverse 

of which indicates that nests with at least 1 large dbh tree 

within 11.3 m from them were 6 times less likely to be 

parasitized than nests where no large trees were nearby. 

The reference category for nest substrate dbh is small trees 

(3-23 cm dbh). Therefore, the effect of nests in shrubs and 

mid-sized trees are compared to the effect of nests in small 

trees. Nests in shrubs and mid-sized dbh trees were 5 and 
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15 times less likely to be parasitized than nests in small 

trees, respectively. There is no category for large trees 

because no common host nests were in large trees. 

Table 4. Description of variables included in the fitted 
parasitism logistic regression model. 

Variable Name Variable Description 

Nest substrate Dbh size class of nest substrate; shrub = 
dbh <3 cm, small trees = 3-23 cm, mid-sized 

trees = 23-69 cm 

Large trees Presence or absence of large dbh (>69 cm) 
trees on plot 

Volume at nest Vegetation volume (m3) at nest 

Obstruction Distance between nest and vegetation that 
below nest obstructs >50% of nest 
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Table 5. Logistic coefficient (P), standard error, odds 
ratio (*P) , and 95% confidence interval of odds ratio for 
variables in parasitism model. 

Variable P S.E. ¥ 95% CI ¥ 

Obstruction below (m) 0 .426 0.332 1 .53 

o
 

00 o
 2 .93 

Volume at nest (m3) -0 .648 0.263 0 .52 0.31, 0 

OO 00 

Trees >69 cm dbh 
present 

-1 .768 0.872 0 .17 0.03, 0 .94 

Nest substrate dbh 
(3-23 cm) 

24-69 cm -2 .716 1.005 0 .07 

i—1 o
 
o
 0 .47 

< 3 cm -1 .614 0.720 0 .20 0.05, 0 .82 

Constant 2 .143 0.912 

The forward stepwise selection process also indicated a 

fifth variable might be important: vegetation volume 11.3 m 

from nest. However, when this variable was dichotomized to 

conform to the correct scale, it resulted in a model that 

was considerably weaker in predictive power than the final 

model presented here (68% correct classification versus 

73%). Because comparisons of predicted and observed 

outcomes is 1 way of assessing the fit of a model, I opted 

for the model without the variable. 

All methods I used to assess fit of the parasitism model 

indicate that the model fits the data well. All of the 

coefficients in the model were different from 0 (P = 0.0012, 

X2 = 20.034, df = 5). Predicted probabilities of parasitism 
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were not different than the observed values (P = 0.4 6, X2 = 

60.357, df = 60). The overall classification rates of the 

final model (Table 6) and the individual species models 

(Table 7) were above 70%. An inspection of the estimated 

standard errors does not reveal any numerical problems 

(Table 5). The largest correlation coefficient had an 

absolute value of r = 0.37. 

Table 6. Number of parasitized and unparasitized nests 
classified correctly by parasitism model. 

PREDICTED CORRECT 

OBSERVED Parasitized Unparasitized 

Parasitized 25 8 75.8% 

Unparasitized 10 23 69.7% 

Overall 72.7% 

Table 7. Percent of nests classified correctly by species 
models containing the same variables as the final parasitism 
model. Species are blue grosbeak (BLGR), solitary vireo 
(SOVI) , yellow-breasted chat (YBCH), and yellow warbler 
(YEWA) . 

% of Nests Correctly Classified' 

Species Unparasitized Parasitized Overall 

BLGR 100.0 100.0 100.0 

SOVI 77.8 69.2 72.7 

YBCH 80.0 60.0 72.0 

YEWA 100.0 75.0 88.9 
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In my additional analysis on the variable distance to 

obstruction below nest, I found there was an association 

between parasitism and the type of concealment below the 

nests (P = 0.048, X- = 3.91, df = 1). Parasitized nests had 

concealment by vegetation less frequently than was expected, 

and unparasitized nests had vegetative concealment more 

frequently than expected (Table 8). 

Table 8. Number of nests observed and 
expected to be (in parentheses) parasitized, 
classified by type of obstruction below nest. 

Obstruction Type 

Parasitism Ground Vegetation 

No 11 (15) 22 (18) 

Yes 19 (15) 14 (18) 

Common vs. Infrequent Hosts.--The best fitting model of 

the host type data set involved only 1 variable (Table 9). 

The height of nest above ground level is a dichotomous 

variable; the reference category is nests <3 m above ground. 

Therefore, interpretation of the odds ratio is that nests >3 

m above ground were 1/0.13 = 7.7 times less likely to be 

parasitized than nests that were <3 m above ground. 

The overall correct classification of observed versus 

predicted host types was approximately 75% (Table 10). 
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Predicted probabilities of host type were not different from 

observed values (j? = 0. 43, X2 = 127 . 98, df = 126). The 

coefficient of the nest height variable was different from 0 

(P <0.0001, X2 = 27.34, df = 1). 

Table 9. Logistic coefficient (0), standard error, odds 
ratio (4*) , and 95% confidence interval of odds ratio for 
the variable in the host type model. 

Variable P S.E. 95% CI V 

Nest height (m) -2.074 0.426 0.13 0.05, 0.29 

Constant 1.713 0.328 

Although other significant variables were identified 

through the forward stepwise selection process, they did not 

improve the classification rate enough to justify their 

inclusion in the final model. More specifically, the common 

host and overall classifications (88.6% and 79.3%, 

respectively) were higher than the single variable model, 

but the correct classification of infrequent host nests 

(61.9%) showed a large decrease. 



Table 10. Number of infrequent and common host nests 
classified correctly by host type model. 
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PREDICTED CORRECT 

OBSERVED Infrequent Common 

Infrequent 33 11 75.0% 

Common 23 61 72.6% 

Overall 73.4% 

For descriptive purposes, summary statistics are given 

for several habitat characteristics of each of the common 

and infrequent hosts (Appendix B). 
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DISCUSSION 

Parasitism Rates 

All observed parasitism rates were within the ranges 

reported in the literature (as summarized by Friedmann 1963, 

Friedmann et al. 1977, and Friedmann and Kiff 1985). For 

documentary purposes, I have provided an in-depth discussion 

of how my findings relate to those of other studies 

(Appendix C). 

Habitat Characteristics 

Parasitized vs. Unparasitized Nests.—Three of the 4 

variables in the parasitism model are directly related to 

conditions at the nest: vegetation volume at nest, distance 

to obstruction below nest, and dbh of nest substrate. The 

first variable indicates that as the amount of vegetation 

increased, the chance that a nest was parasitized decreased. 

Although the same method was used to obtain volume 

measurements at 5.65 m and 11.3 m from the nests, those 

variables were not statistically important. This reiterates 

the point that only the volume immediately around the nests 

were associated with parasitism rates. 

The second nest variable provides insight as to how the 

arrangement of vegetation at the nest affected the frequency 

of parasitism. When I combine the results that (1) nests 

with a shorter distance to an obstruction below were less 
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likely to be parasitized than those with a longer distance, 

and (2) vegetation usually provided the obstruction below 

those nests that were not parasitized but not to those which 

were parasitized, I can infer that the amount of vegetation 

below the nest did influence whether a nest was parasitized. 

It is now clearer that both the amount and the arrangement 

of vegetation around nests were important in determining the 

rate of parasitism. It is also interesting to note that 

both the volume and obstruction measurements were indices of 

the vertical profile of vegetation around the nests. I did 

not measure a horizontal equivalent of either (i.e., 

horizontal measurements at the same height as the nest). 

Measurements that did provide some index of horizontal 

volume and arrangement of vegetation (i.e., distance to 

nearest tree and shrub, distance to main stem and edges of 

nest substrate, dispersion index for ground and shrub strata 

plants, distance to and size of nearest opening, and shrub 

density) were not statistically significant. 

The third variable, dbh of nest substrate, also provides 

insight into how conditions around the nest influenced the 

rate of parasitism. Nests in small dbh trees were at far 

greater risk of parasitism than those in larger trees. 

Although a significant correlation was not revealed in the 

correlation matrix (r = 0.37), it seems realistic that 

smaller dbh trees, on average, will have less volume than 



larger trees. Almost 50% (9/22) of the parasitized nests in 

small dbh trees were in saplings (3 cm < dbh <8 cm), which 

could be expected to have low volumes; typical saplings on 

my study area had an upright (not bushy) growth form, but 

did not necessarily grow in a straight line above the nest, 

as was obtained in my measurements of vegetation volume. 

Additionally, they had few lateral branches, and were 

usually less than 3 m tall. All of these factors could 

result in low vegetation volumes. The idea that vegetation 

volume at a nest might be associated with the size of the 

nest substrate is also supported by the odds ratio of the 

design variable for nests in shrubs. Nests in shrubs were 

not as likely to be parasitized as were nests in small dbh 

trees, but they were at increased risk relative to nests in 

larger trees. Again, it seems logical that shrubs would 

typically have less volume than mid-sized trees due to the 

shorter growth form of shrubs. It can also be reasoned that 

shrubs could have slightly more volume, as I measured it, 

than small trees. This would be most apparent with 

saplings, because of their lower number of leaved stems. 

Although I did not test any mechanisms as to why the 

amount and arrangement of vegetation immediately around a 

nest would affect the likelihood of parasitism, it could be 

that these factors provided some type of camouflage or 

concealment to the nest. Large trees, high vegetation 



volume, and vegetation close under the nest all were 

associated with unparasitized nests. It seems reasonable 

that these factors could have inhibited the cowbirds' 

ability to detect nests. 

Concealment and nest selection by brown-headed 

cowbirds have been investigated with several hosts. Nice 

(1937) and Smith (1981) found that parasitized song sparrow 

(Meleospiza melodia) nests were less concealed from human 

view than those that were not parasitized. Anderson and 

Storer (1976) found no relationship at Kirtland's warbler 

nests, although they did not specify how they measured 

concealment. In a between-species comparison, Briskie et 

al. (1990) observed that yellow warblers experienced 

parasitism more frequently than did least flycatchers 

(Empidonax minimus), even though the warbler nests were less 

visible to researchers 1 m away than were the flycatcher 

nests. However, the warblers did not defend their nests as 

vigorously from cowbirds as did the flycatchers, and their 

nests were lower and more common. These latter factors may 

have been more important in determining parasitism rates 

between species than was nest concealment. 

In each of these studies (except Anderson and Storer 

197 6, for which a method was not explained), concealment was 

measured by estimating the percent of nest visible to the 

researcher from a specific distance. I also measured 
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concealment in this fashion. However, my "visibility" 

variables were not identified as differentiating parasitized 

from unparasitized nests. I offer the following reasons why 

concealment could be important despite the absence of 

visibility variables in the final parasitism model. The 

visibility measurements were biased in the following ways: 

(1) they were always taken from my eye level (approximately 

1.7 m above ground); (2) I always knew approximately where 

to look for the nest; (3) I always knew what the nest looked 

like (e.g., color and shape of the nest); and (4) the 

horizontal position of the points where the measurements 

were taken from were predetermined, and did not necessarily 

reflect where a cowbird might be looking from. The second 

and third biases almost certainly negated any effect of 

camouflage. By camouflage, I am referring to the effect 

that the pattern of surrounding vegetation could have on 

breaking up the conspicuousness of a nest. Because I knew 

where and what to look for, it is probable that I was able 

to see the nests more clearly than if I had not known these 

details. Although cowbirds likely have a better search 

image (i.e., what to look for) than me, it is less likely 

that they would know specifically where to look. Even if 

they were able to watch a potential host moving around, a 

well camouflaged nest might be difficult to detect after the 

host stopped moving, especially if the cowbird lost site of 
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her before she stopped moving. 

These results suggest that maintenance of large trees 

and abundant shrubs may be effective toward reducing rates 

of parasitism. However, this model should be tested in 

other riparian areas to verify that the parameters found to 

be important at Walnut Creek apply to other areas. 

Site-specific studies should involve measuring the variables 

presented here as well as any others that could potentially 

be important. If possible, more than 1 species should be 

studied, and the hosts chosen should meet the criteria 

discussed above (i.e., small passerines with open cup 

nests). By repeating this process in several areas, 

managers will increase their understanding of 

host-parasite-vegetation relationships, and be able to make 

more effective management decisions. 

Common vs. Infrequent Hosts.—The host type model 

indicated that nest height was the key microhabitat feature 

that distinguished nests of common and infrequent hosts. 

Briskie et al. (1990) observed the same phenomena in their 

study of least flycatchers (an infrequent host) and yellow 

warblers. They suggested that nest height represented a 

nest-detection curve for cowbirds. This is supported by 

Norman and Robertson (1975), who observed that cowbirds 

often searched for nests from the ground. 



The host type model reinforces the findings of the 

parasitism model. Because nests can only be placed high if 

tall trees are available, it is important that large trees 

are present in riparian areas. Even though nest height was 

not identified in the parasitism model as being a good 

predictor of parasitism status, it does not preclude that 

possibility. Because I was unable to check the contents of 

most nests above 7 m, those nests were not included in the 

sample used to build the parasitism model. Therefore, my 

study was not effective in determining the relationship 

between nest height and parasitism of common hosts. In 

addition, it does not provide data adequate to determine if 

infrequent hosts would be more susceptible to parasitism if 

they were forced to build their nests within 7 m of the 

ground. Briskie et al. (1990), who were able to check 

contents of nests up to 12 m high, did observe decreased 

parasitism with increased nest height for both the least 

flycatcher and the yellow warbler. If it is assumed that 

their results (which were obtained in a riparian area of 

Manitoba, Canada) can be applied in the southwestern United 

States, there is a strong argument in favor of maintaining 

large trees here. Even if this assumption is not made, 

managers should still be conservative in their treatment 

of infrequent hosts, and assume that hosts could 

experience higher levels of parasitism if they were forced 
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to build their nests lower than what I observed. 

My sample of infrequent hosts is strongly influenced 

by nests of the western wood-pewee; almost 50% of all 

infrequent host nests belonged to this species. Therefore, 

the host type model is influenced by wood-peewees (which had 

the highest nests of all species), more than any other 

infrequent hosts. 
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MANAGEMENT RECOMMENDATIONS 

Both the parasitism and host type models indicate that 

management for mid-sized and large trees could be effective 

toward reducing parasitism rates in riparian areas of the 

southwest. In addition, shrubs should be distributed 

throughout the understory. Possible ways to achieve these 

goals are to plant seedlings in areas where regeneration is 

not occurring naturally, prohibit overgrazing by livestock, 

restrict the area trampled by humans in high-use recreation 

zones, and eliminate the cutting of trees for development 

and fuelwood. Also, because lowered water tables can cause 

stress in plants, which can lead to disease and death 

(Platts et al. 1985), efforts should be made to minimize 

water diversion and ground water pumping. Proper management 

of watersheds is also important, because their soil 

infiltration properties influence water tables, and can 

lessen the severity of floods, which can result in fewer 

losses of large trees during high volume flood events 

(Groeneveld and Griepentrog 1985). 

This study and others (e.g., Anderson and Storer 1976, 

Brittingham and Temple 1983) support the concept that 

vegetation management may be viable in reducing rates of 

parasitism. Vegetation management, when used in conjunction 

with sound land-use practices and other forms of cowbird 

control, may prove to be effective in protecting vulnerable 
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hosts from parasitism and other detrimental impacts. 

Therefore, researchers should continue in the pursuit of 

knowledge about the complex interactions involving cowbirds 

and their hosts. 
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APPENDIX A. Post-stratified vegetation volume variables 
used in logistic regression analysis. 

Variable Name Variable Description 

Nest volume Number of hits at nest sample point 

Midpoint volume Number of hits 5.65 m from nest 

Endpoint volume Number of hits at sample points 11.3 m 
from nest 

Understory volume Number of hits 0-3 m above ground at 
nest, midpoints, and endpoints 

Midstory volume Number of hits 3-9 m above ground at 
nest, midpoints, and endpoints 

Overstory volume Number of hits >9 m above ground at 
nest, midpoints, and endpoints 

Cottonwood volume Number of hits by cottonwoods at nest, 
midpoints, and endpoints 

Box elder volume Number of hits by box elder at nest, 
midpoints, and endpoints 

Ash volume Number of hits by ash at nest, 
midpoints, and endpoints 

Walnut volume Number of hits by walnut at nest, 
midpoints, and endpoints 

Willow volume Number of hits by all willow species at 
nest, midpoints, and endpoints 

Vine volume Number of hits by all vines at nest, 
midpoints, and endpoints 

1-stem shrub volume Number of hits by shrubs having only 1 
stem at nest, midpoints, and endpoints 

2-stem shrub volume Number of hits by shrubs having >1 stem 
at nest, midpoints, and endpoints 

Total volume Total number of hits on each plot 



APPENDIX B. Summary statistics of selected nest-site 

microhabitat characteristics for each host species studied 

Species are black-headed grosbeak (BHGR), blue grosbeak 

(BLGR), house finch (HOFI), rufous-sided towhee(RSTO), 

solitary vireo (SOVI), western wood-pewee (WWPE), 

yellow-breasted chat (YBCH), and yellow warbler (YEWA). 

Number Nest Nest Plant Canopy 

of Height Height Cover 

Nests (m) (m) (%) 

Species x SD x SD x SD 

BHGR 6 2.9 0.4 5.0 0.4 44 6 

BLGR 12 1.9 0.8 3.9 1.9 45 23 

HOFI 10 6.1 4.0 10.7 3.6 51 17 

RSTO 7 1.8 1.4 7.5 6.5 41 24 

SOVI 29 3.1 2.3 9.2 3.7 58 17 

WWPE 21 7.6 3.4 10.8 3.3 58 17 

YBCH 31 1.2 0.7 2.9 2.2 57 21 

YEWA 12 6.6 1.5 9.0 2.7 60 21 
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APPENDIX C. Discussion on parasitism rates observed along 
Walnut and Apache creeks. 

Friedmann (1963), Friedmann et al. (1977), and 

Friedmann and Kiff (1985) summarized all records of brood 

parasitism by brown-headed cowbirds that they were aware 

of. Unfortunately, they often reported the number of 

parasitized nests without reference to the total number of 

nests. Therefore, rates of parasitism were sometimes 

difficult to extrapolate. Their accounts of parasitism, 

which have some overlap, were obtained from depositories of 

nest record cards, museums containing egg collections, and 

published literature. The purpose of their summaries was 

to provide a comprehensive, central source of information 

on host use by the parasitic cowbirds; when known, this 

information was given at the subspecies level for both 

hosts and cowbirds. Unless otherwise noted, all subsequent 

information on historical host use was obtained from these 

3 sources. 

Infrequent Hosts 

For each subspecies of infrequent hosts that I studied 

(C. sordidulus veliei, C. mexicanus frontalis, P. 

erythrophthalmus montanus, and P. melanocephalus 

melanocephalus; American Ornithologists' Union 1983), there 

is at least 1 record that parasitism has occurred by the 
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dwarf race of the brown-headed cowbird. In other words, 

based on historical records, it was possible that I would 

find any of my infrequent hosts to be parasitized. 

However, the fact that I did not observe parasitism was not 

unexpected. With all host subspecies combined, the wood-

pewee had less than 10 recorded instances of parasitism, 

and the house finch and towhee each had less than 30. 

Information on the exact number of parasitized black-headed 

grosbeak nests is unclear, but this species is evidently 

parasitized more frequently than the other 3 infrequent 

hosts. However, there are only 2 known instances of 

parasitism by the dwarf cowbird. 

Common Hosts 

The race of the solitary vireo that occurs along 

Walnut Creek (V. solitarius plumbeus) was reported to have 

only 18 cases of parasitism. However, more recent research 

(Marvil and Cruz 1989) found this subspecies experienced a 

high rate of parasitism (49%) that was similar to what I 

observed. This demonstrates the importance of monitoring 

parasitism for all species of potential hosts; without 

these 2 recent studies, the impact of cowbirds on solitary 

vireos may have been overlooked in this portion of the 

host's range. 

As previously mentioned, the yellow warbler has 
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numerous records of being parasitized, and rates of 

parasitism vary widely. My observations fall within the 

known range of rates. More notable, however, is that I did 

not observe any buried cowbird eggs in yellow warbler 

nests. This is not a unique finding, but it is interesting 

because I was unable to find conclusive information as to 

why some populations bury cowbird eggs whereas others do 

not. Briskie et al. (1992) found that experimentally-

parasitized warblers that were not sympatric with cowbirds 

did not exhibit burial behavior, whereas those that were 

sympatric did. Although my study was not designed to 

address this topic, it does point out, from a behavioral 

and evolutionary standpoint, the need for further 

investigation. 

The frequencies at which yellow-breasted chats and 

blue grosbeaks were parasitized within my study area are 

also consistent with those reported in the literature. 

However, these 2 species stood out among the other common 

hosts in that their eggs were slightly larger than cowbird 

eggs. Although it is known that dwarf cowbird eggs are 

smaller than those of the other 2 races, I know of no 

studies that have quantified the ramifications of this as 

it relates to host reproductive success. The smaller egg 

size might be important because a commonly cited advantage 

cowbirds have over their hosts is their larger eggs 
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(Hofslund 1957, Petit 1991). Although I did not 

specifically and consistently monitor nests for 

reproductive outcome, I did observe that of the 4 chat 

nests where one or more cowbirds hatched, none fledged 

cowbirds, but all fledged at least 1 chat. Additionally, 

in 2 of those 4 nests, the sole cowbird chick died within a 

few days before fledging was expected to occur, indicating 

any competitive ability cowbird nestlings initially had was 

not maintained long enough to result in fledging. In 1 

nest, the cowbird chick died and was removed before the 

sibling chat chick fledged; in the other nest, the cowbird 

died in the nest after the chat had fledged. Inspection of 

the latter cowbird within 24 hours of its death revealed 

that it had 4 large maggots on its neck. The maggots were 

probably present before the chick died, and could have been 

the cause of death (C. D. Johnson, Entomologist, Northern 

Arizona University, pers. comm.). 

Because I did not monitor host reproductive success, I 

cannot state whether cowbirds are a threat to the breeding 

birds along Walnut Creek. Although many studies have shown 

significant decreases in host productivity where parasitism 

rates are as high as the ones in my study area (Sedgwick 

and Knopf 1988, Kelly and DeCapita 1982), Robinson et al. 

(1993) stated that other factors must be known before 

assumptions are made. Predation rates, abandonment rates, 
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incubation period, and length of breeding season all cause 

variation in the levels of brood parasitism that species 

can tolerate. Therefore, it may not be valid to use rates 

of parasitism to determine impact to hosts. 
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