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Project Summary: 
 
The Cache River Joint Venture Partnership (JVP; the Illinois Department of Natural Resources, The 
Nature Conservancy in Illinois, and the United States Fish and Wildlife Service) formed in 1991 in an 
effort to conserve and restore some 60,000 acres of bottomland forest habitat in the Cache River 
watershed of southern Illinois. During the past 19 years, the JVP has successfully acquired and re-forested 
over 20,000 acres of non-forested land. With the backing of the JVP, scientists from the Illinois Natural 
History Survey collected baseline data during 1993-1995 documenting breeding bird densities, breeding 
bird diversity, and nesting success of various species of bird prior to most of this land-use conversion. 
These conservation activities should result in increased nesting success and increased densities for many 
bottomland forest birds. We now have the unique opportunity to document how the restoration of 
bottomland forests (acquiring and “reforesting” non-forested land) has affected the diversity, abundance, 
and nesting success of Neotropical migratory birds breeding within a bottomland forest ecosystem.  
 
This grant funded data collection during the multi-year project designed to meet several objectives 
including 1) determine the response of the breeding bird community to bottomland reforestation, 2) 
measure the success of the restoration efforts of conservation partners (IDNR, TNC, USFWS), and 3) 
provide results that are directly applicable to conservation plans and restoration efforts in other 
bottomland forest ecosystems. 
 
This research represents the merging of scientific research with conservation in action and continues the 
partnership between the Illinois Natural History Survey (INHS) and the members of the Cache River JVP. 
The research proposed here will expand our knowledge and increase our ability to effectively and 
efficiently restore and manage bottomland forests. This research will ultimately provide guidelines to 
promote restoration and management practices that will provide the greatest benefit to Neotropical 
migratory birds residing in bottomland forest ecosystems, and will factor prominently in land 
conservation plans and land acquisition priorities. Also, the conservation issues being addressed and the 
results of this research have broad application and will assist with other bottomland forest restoration 
efforts in the Midwest and throughout the United States. 
 
We include the project justification and objectives, and provide a summary of the highlights of what was 
accomplished during the project period. We are continuing to enter and analyze data from our bird 
surveys (point counts) and our nest searching and monitoring efforts (from both the period 1993-1995 and 
2010-2012), and we will update IDNR with the results of new and additional analyses as we complete 
them. The size and scope of this database are such that we anticipate the publication of several 
manuscripts from it in the next 3 years and will send copies of those to IDNR as they become available. 
 



Project Justification:  
 
Neotropical migratory birds face continued threats resulting from the fragmentation and degradation of 
natural habitats. Research during the past 20 years has increased our understanding of the negative effects 
of habitat fragmentation (increased brood parasitism by cowbirds and increased nest predation) on 
migratory songbirds breeding in temperate bottomland forests, and land acquisition/conservation efforts 
that “unfragment” forests are possibly the best solution to restore or improve bottomland forest 
ecosystems. 
 
In 1991, the Cache River JVP formed in an effort to conserve and restore (through land acquisition and 
reforestation) bottomland forest habitat in the Cache River watershed in Illinois. During 1993-1995, prior 
to most land acquisition and reforestation, we collected nesting data from seven focal sites within the 
Cache River watershed and obtained information on rates of nest predation and cowbird parasitism from 
nearly 2,000 nests (species include the Prothonotary Warbler, Kentucky Warbler, Louisiana Waterthrush, 
Acadian Flycatcher, Wood Thrush, Indigo Bunting, and Northern Cardinal). During that same period, we 
conducted point counts in >30 tracts of bottomland forest (at least 10 points per tract) throughout the 
watershed and documented bird abundance and diversity. Since then, over 20,000 acres of non-forested 
land have been acquired by the JVP and are in different stages of succession (1-20 years post-agriculture). 
 
We have now completed the third year of a 3-year follow-up study to determine whether or not rates of 
nest predation and cowbird parasitism have decreased relative to the amount of restoration that has 
occurred. Point-count locations were revisited to determine the current abundance and diversity of 
breeding birds and to determine cowbird-to-host ratios (this ratio has been shown to be a good index of 
the community-wide rate of cowbird parasitism). This current data will allow us to compare changes in 
nesting success, bird abundance and bird diversity to changes in habitat configuration that are a direct 
result of the restoration efforts of the JVP. Data analyses are preliminary at this point, and there will be 
many additional results and publications that will be added to this report as they are completed.  
The importance of the IDNR SWG to these efforts will be recognized in all publications resulting from 
this vast dataset and copies of these publications will be given to IDNR as they become available. 
 
Too often the effects (i.e. success) of conservation/restoration efforts are not measured in terms of 
responses of the biota to the specific conservation actions. The research conducted here was designed to 
evaluate the success to date of conservation actions that should benefit birds breeding in bottomland 
forests. That evaluation will involve determining how changes in land-use in the Cache River watershed 
during the past 20 years, which are a direct result of land acquisition and restoration activities, affect bird 
diversity, bird densities, and nesting success. Therefore the success of this research and monitoring 
project will be measured in terms of our ability to have collected the necessary census and nesting data 
that will allow us to determine the benefits of bottomland forest restoration for these breeding birds. 
Results from this research will ultimately provide guidelines to promote restoration and management 
practices that will provide the greatest benefit to birds breeding in bottomland forest ecosystems. Also, the 
questions being addressed and the results of this research have broad application and will assist with other 
bottomland forest restoration efforts throughout the U.S. 
 
 



Project Objectives: 
 
By comparing current conditions to the preliminary data gathered during 1993-1995, we will: 
 

1) Test the prediction that rates of nest predation and cowbird parasitism have decreased more in 
areas where there has been land acquisition and bottomland forest restoration than where there has 
been little restoration activity. This information will be critical to identifying where “source” 
habitats exist and will aid in prioritizing land acquisition. 
 

2) Survey restoration plots that vary in age (e.g. 1-4, 5-9, 10-14, and 15-20 years post-agriculture) 
during year 3 to document how the bird community changes in the restored areas (and the 
adjacent forest) as these agricultural fields transition to grassland, shrubland, and eventually to 
mature forest. This will provide important information to land managers at other sites who are 
managing for particular successional stages and their associated bird communities. 

 
3) Use radio telemetry and genetic analyses to better understand how cowbirds use the landscape in 

the Cache River watershed, to document daily patterns of  habitat use and parasitism activities of 
adult female cowbirds, and to gain a better understanding of how long juvenile cowbirds remain 
with their host parents and the process by which they disperse away from the forest to join other 
cowbirds. 

 
4) Determine the effects and success of restoration efforts in the Cache River watershed to date, and 

provide information critical to the continued conservation efforts of the JVP and other bottomland 
forest restoration projects throughout the U.S. This completed research will result in several peer-
reviewed manuscripts that will provide information that will further the science of restoration 
ecology and be useful to both local and regional ecosystem management efforts. 

 
Cache River Bird Research Summary 

The most important breeding bird data collected from the Cache River watershed during the past 3 years 
is that associated with the finding and monitoring of bird nests to document rates of nest predation and 
cowbird parasitism, to determine how successfully birds are able to breed in the Cache River watershed, 
and to compare this nesting success to that of birds nesting on the same study sites in the early 1990s prior 
to the bulk of the land acquisition and reforestation that has taken place during the past 20 years. These 
data are costly and time consuming to collect but provide the best direct test of whether conditions for 
breeding birds have improved as a result of all of the reforestation efforts accomplished by the JVP. 
Collectively, the 1,000 nests of various species found during 2010-2012 along with the 1,200 found 
during 1993-1995 will be plotted in a GIS program and we are working to estimate habitat characteristics 
(e.g. distance to edge, edge density, forest cover within varying distances) for analyses of the effects of 
changes in land-use configuration (in association with restoration) on rates of nest predation and cowbird 
parasitism.  

Cowbird Parasitism: Qualitatively, the pattern documented during 2010-2011 of relatively low rates of 
cowbird parasitism in those study sites surrounded by mostly restored (i.e. reforested) land remained 
consistent through 2012 supporting the conclusion that reforestation in the Cache has significantly 
reduced the problem of cowbird parasitism. These results are a shining example of how “unfragmenting” 
forests within a floodplain can have the predicted effect of reducing rates of cowbird parasitism for 
several species of migratory songbird that serve as hosts to cowbirds. Cowbird parasitism has dropped 
markedly in the study sites since the period 1993-1995 (see Figs. 1 and 2). For Acadian Flycatchers, the 
species with the most nesting data, overall rates of cowbird parasitism are now half what they were (38% 



during 1993-1995 vs. 19% during 2010-2012; Fig. 1). Averaging across the other 6 species of hosts we 
have data for, overall rates of cowbird parasitism are less than half what they once were (53% during 
1993-1995 vs. 22% during 2010-2012; Fig. 2) The likely reasons for this decrease in cowbird parasitism 
in association with bottomland forest restoration (acquiring agricultural land and converting in back to 
bottomland forest) include the potential for 1) the restoration to increase the commuting distance of 
female cowbirds that now have to fly farther away from their forest breeding areas to find suitable feeding 
areas and 2) the absorbing of some cowbird eggs by the many cowbird hosts now occupying the early 
successional stages of restored bottomlands adjacent to the original mature bottomland forest (see “birds 
associated with forest successional stages” section below). 

Nest Predation: A preliminary assessment of the data used to determine rates of nest predation for 
Acadian Flycatchers and the other 6 main species monitored was also completed. The overall rate of nest 
predation for Acadian Flycatchers was 7% lower during 2010-2012 (51%) compared to 1993-1995 (58%) 
and was lower on 3 of 5 study sites (Fig. 3). The overall rate of nest predation for the other 6 species 
(averaged across species) was 12% lower during 2010-2012 (52%) compared to 1993-1995 (64%) and 
was lower on 4 of 5 study sites (Fig. 4). Similar to, but not as dramatic as, the result with cowbird 
parasitism, these changes are likely a result of land acquisition and reforestation that has occurred to more 
and less of an extent in proximity to the various study sites. We are aware that there are several types of 
nest predators in bottomland forests including a variety of mammals, birds, and snakes, and each predator 
may respond differently to the land conversion occuring in the Cache River watershed. That rates of nest 
predation overall are tending to be lower is promising and suggests that the decrease in the amount of 
agricultural matrix and “edge” habitat in the watershed may be playing a role. Our goal is to now 
determine quantitatively how the changes in landuse that have occurred between the early period (1993-
1995) and the present have affected the rates of both nest predation and cowbird parasitism.  

Birds Associated with Forest Successional Stages: The presence and abundance of birds in 5 categories 
(agriculture and 4 successional stages; 1-4, 5-9, 10-14, and 15-20 years after agriculture transitioning into 
bottomland forest) followed a predictable trajectory. There were relatively few bird species present in 
corn and soybean fields, and then bird diversity increased dramatically and topped out in the categories of 
5-9 and 10-14 years after agriculture before decreasing somewhat as the shrubland became a young forest 
(Fig. 5). It is typical for the shrubland bird community to be more diverse than that of birds breeding in 
young forests. Usually by the time the bottomland forest reaches 30-40 years of age, the bird diversity 
starts to increase again (as more forest bird species move in) and should surpass the bird diversity seen in 
the shrubland habitat as the forest matures beyond 40 years of age (often > 60 species breeding in mature 
forests). The composition of the birds breeding in the categories of succession changed quite dramatically 
as the agricultural field reverted back to grassland, shrubland and eventually to young forest habitat (Figs. 
6-7). Figures 8-12 highlight the abundance of each individual species that was detected in any of the 
surveys conducted, and these figures are grouped by general categories that include birds associated most 
with agriculture (Fig. 8), grassland (Fig. 9), early shrubland (Fig. 10), late shrubland (Fig. 11), and young 
forest (Fig. 12).  

One of many highlights of this data was the relatively high abundance of some conservation priority 
species (shrubland birds) in the 5-9 and 10-14 years after agriculture categories including Bell’s Vireo, 
Yellow-breasted Chat, Brown Thrasher, Gray Catbird and Prairie Warbler. Another interesting and 
important result was that the Brown-headed Cowbirds were present in 4 of the 5 categories. In the 
agriculture, they were present because they were foraging on the ground in the soybean and corn fields. In 
the other categories, they were present because they were looking for nests (of hosts) to parasitize. Where 
there once was agriculture adjacent to our mature forest study sites, there is now a lot of land that is at 
various successional stages reverting to forest. It is very likely that the relatively rich host communities 
present in this successional habitat (following the acquisition and conversion of agricultural land) now 



adjacent to our mature forest study sites is absorbing some of the cowbird parasitism that would have 
otherwise been in the mature forest. This provides one possible explanation for why the rates of cowbird 
parasitism have dropped in the mature forest sites over time (comparing the 1993-1995 period with the 
2010-2012 period; Figs. 1-2), particularly for those forests that now have a lot of successional habitat 
surrounding them compared to the early 1990s. 

Cowbird Telemetry and Genetics: Telemetry 2011: Radio transmitters (1.4 g) were attached to 5 adult 
Brown-headed Cowbird females captured within putative breeding areas, located in two forested wetlands 
(Hickory Bottoms in the Cypress Creek NWR and Main Tract in the Cache River SNA). Each female was 
observed 1 to 5 times a week throughout the life of the transmitter (~ 10 weeks). During the morning 
hours, each individual female cowbird was predictably located within their respective forest “territories” 
(~ 6 ha in size) in the vicinity of their initial capture location. Females departed the forested wetlands at 
variable times during the afternoon hours (~2-5 pm). When located out of the forest, females were 
typically found foraging within agriculture fields and grass lawns adjacent to houses (0.5 – 1.5 km from 
their respective breeding territories in the forest). Most females observed in agriculture were found 
foraging in unplanted fields and recently planted soybeans. However, as the water levels dropped within 
the swamps during late June and early July, females were occasionally observed foraging on the exposed 
mudflats of drained swamps within the forest near their respective breeding areas. 

We placed transmitters (0.9 g) on 10 juvenile cowbirds prior to fledging from Prothonotary Warbler 
nestboxes (early June - early July). We attempted to detect any interaction between adult female cowbirds 
and juvenile cowbirds by attaching transmitters on juvenile cowbirds that fledged from a nestbox located 
within the “territory” of a radio-tracked adult female cowbird. Of the 10 juveniles, 5 were preyed upon 
within the first two days after fledging and 1 died of unknown causes 2 weeks after fledging. Juveniles 
became independent from their host (warbler) parents 20-25 days after fledging (n = 4). Each juvenile 
found after dispersing (n = 3), was located in small cowbird flocks foraging in grass lawns (n = 2) or 
recently planted soybean (n = 1). Juveniles dispersed 0.5-0.8 km from their respective nestboxes. We 
failed to locate one juvenile after it apparently dispersed form the forest. Although adult females were 
often observed within close proximity of juvenile cowbird fledglings, it remains unclear if female 
cowbirds lead juvenile cowbirds out of the forest to foraging areas. 

Telemetry 2012: Radio transmitters (1.4 g) were attached to 8 adult Brown-headed Cowbird females 
captured within breeding areas in two forested swamps within Cypress Creek NWR. One female was 
known to have fledged from a Prothonotary Warbler nestbox 150m away in the previous year indicating 
that cowbirds can return as adults to parasitize the very host that served as their foster parent in the 
previous year. During the morning hours, each individual female cowbird was predictably located within 
their respective forest “territories” (~ 6.5 ha) near their initial capture location. Females departed the 
forested swamps at variable times during the afternoon hours (~2-5 pm). When located, females were 
typically found foraging within agriculture fields, grass lawns adjacent to houses and two different cattle 
pastures (0.5 – 1.5 km from respective territories). Female cowbirds did not necessarily follow a simple 
“forest in the morning and pasture in the afternoon” schedule. Many of the female cowbirds, particularly 
if their forest breeding area was close to a suitable feeding area, would commute back and forth several 
times daily over the course of the entire day.  

In 2012 we also attached transmitters (0.9 g) to 13 juvenile cowbirds prior to fledging from Prothonotary 
Warbler nestboxes (late May - early July). Only 4 of the 13 juveniles (30%) survived to independence 
from the host. Juveniles were typically preyed on within the first 2 days after fledging, and if they 
survived past those two days, became independent from their host parents 20-25 days later. Juvenile 
survival both before and after fledging was lower in 2012 compared to 2011. The extreme drought 
conditions appeared to have decreased the food supply as many nestling songbirds died at various stages 



throughout the nesting cycle. Many nestboxes were also preyed on by large avian predators. These same 
predators may have been responsible for the increased predation rates during the post-fledging period. 

The Automated Radio Telemetry System (ARTS) was successful in detecting the presence/absence of 
both adult female cowbirds and juveniles within the main study site (Hickory Bottoms). Detailed activity 
patterns revealed interesting patterns for both adults and juvenile cowbirds. On numerous occasions, 
female cowbirds were detected flying near the site, and occasionally within the site between midnight and 
4 am. As the juvenile cowbirds neared independence from the host, each juvenile was detected leaving 
their respective host parents and forest patch just before dusk, only to return to the care of the host the 
following morning. This behavior was carried out for over 5 days for each individual. Although the 
reason for this behavior is currently unclear, it likely plays a role in the development of juvenile cowbirds 
and may aid in their ability to disperse from their host and ultimately find and join cowbird flocks. 
Without the ARTS system, it is unlikely we would have been able to document the nocturnal patterns 
observed for either the juvenile or adult cowbirds. 

Cowbird Genetics: Female Brown-headed Cowbirds tend to be cryptic in forested habitat while searching 
for hosts to parasitize. Therefore, traditional methods of catching and re-sighting individuals in the 
habitats cowbirds use has limited utility in understanding how many individuals are present in a particular 
habitat patch, how large their home ranges are, and how many and which types of hosts individuals 
female cowbirds are using. In the past several decades, microsatellite markers have been developed for 
brown-headed cowbirds to help elucidate these behaviors. We took DNA samples from brown-headed 
cowbird adults ranging in particular forest patches, cowbird juveniles being raised by various hosts, and 
from cowbird eggs/embryos from known hosts (primarily Prothonotary Warblers) throughout the Cache 
Watershed in southern Illinois in order to determine how many female cowbirds occupy forest patches of 
different sizes and in varying proximity to restoration. With these data, we will be able to 1) identify the 
mothers of juvenile and egg/embryo cowbirds if the adult female was genetically sampled; 2) reconstruct 
sibling groups in forest patches and reconstruct maternal genotypes if they have not been sampled; and 3) 
determine whether the same female cowbird was responsible for cases of multiple parasitism in a single 
nest. In the end, through genetic analyses, we will have a good estimate of the number of female cowbirds 
operating in a particular forest patch, we will know their approximate egg-laying range and whether 
multiple females overlap in those ranges, and we will know whether multiple parasitism events (more 
than one cowbird egg in a single nest) are from the same or different females. We should also be able to 
use the genetic data to determine whether particular female cowbirds are present across several years and 
whether any of the cowbird offspring produced return close to their natal area. 

DNA was extracted from all blood samples using Qiagen® DNeasy tissue kits (Qiagen Inc., Valencia, 
CA, USA). We identified nine microsatellite loci by screening published primer sequences from Brown-
headed Cowbirds (Table 1). We optimized primers for ideal PCR conditions. Forward primers were 
labeled with either FAM, NED or HEX 5’-flourescent labels for genotyping. PCR reactions were 
performed in 12-tube strips using a Bio-Rad® thermal cycler. Each 15-µl reaction contained at least 50 ng 
genomic DNA, 0.24 µM of each primer, 800 µM dNTPs, 1x PCR buffer, 0.5 U of Taq polymerase 
(5Prime, Hauppauge, NY, USA), and a primer-specific MgCl2 concentration (0.5 to 2.5 mM ). Fragment 
sizes for all PCR products were analyzed by the Keck Biotechnology Core Lab at the University of 
Illinois using an ABI 3730 (Applied Biosystems Inc., Foster City, CA, USA). Fragment data were sized 
and scored using using GENEMAPPER software (Applied Biosystems Inc.).  
 
We collected over 3000 DNA samples from cowbirds throughout the study. Each primer was tested on a 
set of adult and juvenile brown-headed cowbirds from the Cache Watershed (n = 126) sampled from 2009 
through 2012 to assess allelic diversity, test for Hardy-Weinberg equilibrium, the frequency of null alleles 
and linkage disequilibrium. Allelic diversity ranged from 6 to 28 alleles (Table 1) and no locus deviated 



significantly from Hardy-Weinberg equilibrium nor did any loci show evidence of linkage disequilibrium. 
The frequency of null alleles ranged from 0.01 to 0.16, with the majority of loci having a low frequency 
of nulls (< 0.05). The one exception was Mau20, which had a high frequency of nulls and will not be 
useful in maternity analyses. Preliminary results from the identified markers indicate that we have good 
statistical power to identify the mothers of cowbird offspring (Table 1, combined Pfirst_parent  exclusion 
probability = 0.9995). Genotyping is currently underway and will be completed by May 2014. Once all of 
the genotypes are compiled, we will be able to begin analyses on female ranging and laying behavior in 
the Cache River Watershed. 

 
 
Table 1. Summary statistics of nine microsatellite loci that will be used to determine maternity in brown-
headed cowbirds; n, number of individuals genotyped; NA, number of alleles; HO, observed 
heterozygosity; HE, expected heterozygosity, PFirst_Parent, probability of first-parent exclusion, PSecond_Parent, 
probability of second parent exclusion with a known first parent 
 

Locus n Na 

Allele 
size 

range Heto HetE Pfirst parent Psecond parent  

Estimated 
frequency 

of null 
alleles 

CB12 126 28 188-256 0.992 0.912 0.309 0.183 -0.0461 

CB15 126 16 238-324 0.897 0.898 0.351 0.212 -0.0022 

MAU10 126 8 158-174 0.691 0.653 0.751 0.573 -0.0315 

MAU20 126 11 121-157 0.635 0.887 0.384 0.236 +0.1604 

MAU25 126 26 117-177 0.905 0.933 0.251 0.144 +0.0132 

MAU29 126 20 128-174 0.952 0.862 0.462 0.274 -0.0555 

MAU101 126 18 141-189 0.810 0.830 0.500 0.331 +0.0106 

MAU102 126 6 167-179 0.397 0.412 0.908 0.757 +0.0269 

MAU104 126 16 137-176 0.865 0.896 0.356 0.216 +0.0156 
Combined 
Exclusion 

Probability 

0.9995 0.9999 

 

The flood of 2011: The record flood of 2011 delayed by 2-3 weeks the nesting of many species 
(particularly Prothonotary Warblers and Kentucky Warblers) in the bottomland forests of the Cache River 
watershed. Once the flood waters receded, the Prothonotary Warblers quickly began nesting and by mid-
summer had reached densities similar to previous years. Favorable nesting conditions for the warblers (i.e. 
deep water beneath nests keeping away predators [raccoons] and abundant food [insects]) extended into 
early August (2 weeks later than usual) leading to overall reproductive output similar to previous years. 
The habitat of species nesting on or near the ground (e.g. Kentucky Warblers) was inundated and 
subsequently so altered that only in late June and July were there any Kentucky Warbler nests built in the 
floodplain forests of the Cache. In this regard, there was only a small percentage (e.g. 10-15%) of the 
typical number of pairs of Kentucky Warblers nesting in the floodplain forests. While the short-term 
effects of the flood on Kentucky Warblers were negative, the scouring of vast areas of the understory 
should lead to excellent nesting habitat (dense ground cover) for Kentucky Warblers during subsequent 
breeding seasons. 



The Drought of 2012: We conducted an initial assessment of the 2012 Prothonotary Warbler data to 
determine if there was an effect of the 2012 drought on productivity (number of warblers fledged from 
nest boxes) in this species. We compiled data from 12 study sites, each monitored similarly during 2010-
2012. We compared the average productivity of 2010-2011 to that of 2012 for each site. Across all 12 
study sites, we found that the number of warblers fledged in 2012 was on average 32% lower than in the 
previous two years (2010-2011). Productivity of the warblers was lower in 2012 on all 12 study sites 
(range = 9% to 73% lower). We are now trying to determine how the drought caused this decline (e.g. 
increased nestling starvation, reduced renesting by females, shortened breeding season, food limitation, a 
combination of these things, etc.). 

 

We are now working towards mining the rich breeding bird database from the Cache River watershed 
with the goal of publishing several manuscripts. To reiterate, the Illinois Department of Natural Resources 
will be acknowledged for their important role in this research in any and all publications that result, and 
we will send copies of all manuscripts to IDNR when they are published.  

Some of the data collected during the course of this grant were used in the completion of 2 Master’s 
theses (one thesis is attached to the end of this report, and a paper published from the other thesis is also 
attached). The abstracts of each provide the essence of the results, and the details are given in the bodies 
of the thesis and manuscript, respectively.  



 

Figure 1. Rates of cowbird parasitism for Acadian Flycatchers nesting in the Cache River watershed 
during 1993-1995 and 2010-2012. Rates for each site are averaged across years. Values for total nests 
within each time period (+1SE) are averaged across sites. Total number of nests during each time period 
given inside of bars in the “Total” category. Hickory Bottoms site has had the least reforestation adjacent 
to it. 
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Figure 2. Rates of cowbird parasitism for other cowbird hosts nesting in the Cache River watershed 
during 1993-1995 and 2010-2012. Other hosts include Wood Thrush, Kentucky Warbler, Northern 
Cardinal, Indigo Bunting, Prothonotary Warbler, and White-eyed Vireo. Rates for each site are averaged 
across years. Values for total nests within each time period (+1SE) are averaged across sites. Total 
number of nests during each time period given inside of bars in the “Total” category. Hickory Bottoms site 
has had the least reforestation adjacent to it. 
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Figure 3. Rates of nest predation for Acadian Flycatchers nesting in the Cache River watershed during 
1993-1995 and 2010-2012. Rates for each site are averaged across years. Values for total nests within 
each time period (+1SE) are averaged across sites. Total number of nests during each time period given 
inside of bars in the “Total” category. Hickory Bottoms site has had the least reforestation adjacent to it. 
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Figure 4. Rates of nest predation for other songbirds nesting in the Cache River watershed during 1993-
1995 and 2010-2012. Other songbirds include Wood Thrush, Kentucky Warbler, Northern Cardinal, 
Indigo Bunting, Prothonotary Warbler, and White-eyed Vireo. Rates for each site are averaged across 
years. Values for total nests within each time period (+1SE) are averaged across sites. Total number of 
nests during each time period given inside of bars in the “Total” category. Hickory Bottoms site has had 
the least reforestation adjacent to it. 
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Figure 5. A measure of breeding bird diversity (mean species +1SE per survey point) compared among 5 
categories across a forest succession gradient. Data based on surveys (100-m fixed radius point counts) 
done at 20 locations in each category during 2012 in the Cache River Watershed.    
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ABSTRACT	  
	  
	   Brown-‐headed	  cowbirds	  (Molothrus	  ater)	  rely	  solely	  on	  hosts	  to	  raise	  their	  young.	  

Although	  cowbirds	  parasitize	  200+	  species,	  recent	  evidence	  suggests	  that	  females	  avoid	  

unsuitable	  hosts	  that	  either	  reject	  parasitic	  eggs	  or	  provide	  incompatible	  parental	  care.	  

Female	  cowbirds	  may	  be	  able	  to	  improve	  their	  own	  reproductive	  success	  with	  information	  

pertaining	  to	  the	  fledging	  success	  of	  cowbird	  or	  host	  offspring.	  This,	  in	  turn,	  could	  influence	  

the	  laying	  decisions	  and	  host	  choices	  of	  cowbirds	  in	  subsequent	  years.	  To	  determine	  

whether	  host	  reproductive	  success	  and/or	  cowbird	  reproductive	  success	  in	  the	  previous	  

year	  affect	  the	  likelihood	  of	  cowbird	  parasitism,	  we	  examined	  nesting	  data	  for	  a	  highly	  

suitable	  host,	  the	  prothonotary	  warbler	  (Protonotaria	  citrea).	  We	  recorded	  parasitism	  

status	  (yes	  or	  no),	  number	  of	  cowbird	  eggs,	  and	  the	  number	  of	  host	  and	  cowbird	  fledglings	  

for	  3848	  warbler	  nests	  from	  1994-‐2010	  in	  southern	  Illinois.	  Data	  were	  analyzed	  using	  a	  

generalized	  linear	  mixed	  model	  (GLMM)	  with	  binomial	  distribution.	  We	  accounted	  for	  

variation	  in	  site,	  nest	  box,	  identity	  of	  female	  warbler,	  and	  year	  in	  our	  analysis	  as	  random	  

effects	  and	  included	  month	  and	  the	  parasitism	  rate	  in	  the	  previous	  year	  as	  covariates.	  From	  

one	  year	  to	  the	  next,	  the	  probability	  of	  parasitism	  for	  a	  given	  site	  increased	  with	  cowbird	  

reproductive	  success	  and	  tended	  to	  decrease	  with	  prothonotary	  warbler	  reproductive	  

success	  even	  after	  controlling	  for	  the	  ambient	  rate	  of	  parasitism	  in	  the	  previous	  breeding	  

season.	  This	  is	  the	  first	  study	  to	  suggest	  that	  the	  fledging	  success	  of	  cowbirds	  increases	  

future	  host	  use	  by	  female	  cowbirds.	  	  
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INTRODUCTION	  
	  
	   Obligate	  avian	  brood	  parasites	  evade	  nest	  building,	  egg	  incubation,	  and	  offspring	  

provisioning	  by	  laying	  eggs	  in	  the	  nests	  of	  other	  species.	  This	  behavior	  is	  costly	  for	  the	  host	  

species	  whose	  reproductive	  output	  is	  diminished	  (Rothstein	  1990;	  Robinson	  et	  al.	  1995;	  

Ortega	  1998;	  Lorenzana	  and	  Sealy	  1999;	  Hoover	  2003c).	  Interestingly,	  the	  reproductive	  

success	  of	  brood	  parasites	  varies	  greatly	  and	  depends	  on	  the	  host	  species	  parasitized	  

(Brooke	  and	  Davies	  1987;	  Soler	  et	  al.	  1995;	  Scott	  and	  Lemon	  1996;	  Rutila	  et	  al.	  2002;	  

Mermoz	  and	  Reboreda	  2003;	  Grim	  et	  al.	  2011;	  Trnka	  et	  al.	  2012).	  While	  the	  parental	  

investment	  of	  brood	  parasites	  is	  assumed	  to	  cease	  once	  the	  egg	  is	  laid,	  evidence	  of	  parasitic	  

females	  monitoring	  the	  fate	  of	  their	  reproductive	  effort	  is	  accumulating	  (Soler	  et	  al.	  1995;	  

Arcese	  et	  al.	  1996;	  Hoover	  and	  Robinson	  2007).	  Females	  may	  therefore	  collect	  information	  

that	  influences	  their	  future	  parasitism	  decisions.	  	  

The	  ability	  of	  brood	  parasites	  to	  track	  their	  own	  reproductive	  output	  could	  increase	  

individual	  fitness	  if	  they	  learn	  to	  specialize	  on	  high	  quality	  hosts.	  The	  screaming	  cowbird	  

(Molothrus	  rufoaxillarius),	  a	  host	  specialist,	  is	  thought	  to	  preferentially	  parasitize	  the	  bay-‐

winged	  cowbird	  (Agelaioides	  badius)	  because	  this	  host	  provides	  higher	  reproductive	  

success	  than	  alternative	  hosts	  within	  the	  community	  (De	  Marsico	  and	  Reboreda	  2008).	  The	  

brown-‐headed	  cowbird	  (M.	  ater)	  is	  an	  extreme	  host	  generalist	  that	  parasitizes	  a	  suite	  of	  

hosts	  within	  diverse	  avian	  communities	  in	  many	  habitats	  throughout	  North	  America	  

(Lowther	  1993;	  Robinson	  et	  al.	  1993;	  Davies	  2010).	  These	  potential	  hosts	  differ	  

considerably	  in	  their	  response	  to	  cowbird	  eggs	  and	  in	  their	  ability	  to	  raise	  cowbird	  

offspring	  (Mason	  1986;	  Wiley	  1988),	  setting	  the	  stage	  for	  selection	  favoring	  individual	  

female	  brown-‐headed	  cowbirds	  that	  use	  hosts	  of	  higher	  quality	  in	  the	  community.	  
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The	  quality	  of	  potential	  hosts	  of	  brown-‐headed	  cowbirds	  (cowbirds	  hereafter)	  

largely	  depends	  on	  the	  likelihood	  that	  a	  particular	  host	  species	  can	  recognize	  and	  reject	  

parasitic	  eggs,	  or	  is	  in	  some	  way	  incompatible	  with	  raising	  a	  parasitic	  egg/chick.	  Rejecters	  

may	  thwart	  raising	  parasitic	  young	  by	  means	  of	  egg	  ejection,	  nest	  desertion,	  or	  egg	  burial	  

(Rothstein	  1975).	  Also,	  the	  incubation	  period,	  nestling	  diet,	  and	  nestling	  size	  of	  many	  host	  

species	  is	  incompatible	  with	  that	  needed	  to	  successfully	  rear	  cowbird	  offspring	  (Middleton	  

1977).	  Evidence	  of	  cowbirds	  avoiding	  incompatible	  hosts	  through	  non-‐random	  host	  use	  

has	  been	  documented	  in	  several	  populations	  (Alderson	  et	  al.	  1999;	  Hahn	  et	  al.	  1999;	  

Woolfenden	  et	  al.	  2004;	  Strausberger	  and	  Ashley	  2005).	  During	  the	  breeding	  season	  and	  

across	  years,	  cowbirds	  preferentially	  laid	  eggs	  in	  the	  nests	  of	  dickcissels	  (Spiza	  americana),	  

a	  species	  that	  successfully	  fledges	  cowbird	  young,	  over	  other	  available	  hosts	  at	  Konza	  

Prairie	  Biological	  Station	  (Rivers	  et	  al.	  2010).	  Cowbirds	  have	  also	  been	  shown	  to	  select	  

higher	  quality	  individuals	  within	  a	  single	  host	  population	  in	  order	  to	  maximize	  their	  

reproductive	  output	  (Grant	  and	  Sealy	  2002).	  While	  cowbirds	  may	  be	  very	  general	  in	  their	  

use	  of	  hosts	  over	  their	  geographic	  distribution,	  some	  cowbird	  populations	  and/or	  

individual	  females	  could	  focus	  on	  relatively	  few	  host	  species	  depending	  on	  which	  hosts	  are	  

best	  at	  raising	  parasitic	  young.	  

Microsatellite	  DNA	  markers	  have	  confirmed	  the	  presence	  of	  host	  specialization	  

among	  some	  individual	  females	  within	  cowbird	  populations	  (Alderson	  et	  al.	  1999;	  

Woolfenden	  et	  al.	  2003;	  Strausberger	  and	  Ashley	  2005).	  Radio	  telemetry	  and	  genetic	  

studies	  also	  indicate	  high	  breeding	  site	  and	  home	  range	  (primary	  egg-‐laying	  area)	  fidelity	  

between	  years	  (Dufty	  1982;	  Hahn	  et	  al.	  1999).	  Cowbird	  females	  also	  monitor	  host	  nest	  

contents	  both	  before	  and	  after	  parasitism	  to	  time	  the	  laying	  of	  eggs	  and	  ensure	  their	  
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acceptance	  by	  the	  host	  (Hoover	  and	  Robinson	  2007).	  Evidence	  of	  host	  preference,	  in	  

combination	  with	  host	  nest	  monitoring	  and	  site	  fidelity	  within	  cowbird	  populations,	  

suggests	  cowbirds	  could	  use	  their	  own	  reproductive	  experience	  or	  that	  of	  their	  hosts	  to	  

improve	  future	  breeding	  decisions.	  

In	  this	  study,	  we	  used	  a	  long-‐term	  nesting	  dataset	  from	  a	  highly	  suitable	  host	  to	  

investigate	  factors	  influencing	  cowbird	  parasitism	  at	  the	  population	  level	  across	  years.	  As	  a	  

high	  quality	  host,	  the	  prothonotary	  warbler	  (Protonotaria	  citrea;	  warbler	  hereafter)	  

accepts	  cowbird	  eggs	  and	  has	  an	  incubation	  period	  ideal	  for	  cowbird	  eggs	  (approximately	  

12	  days)	  (Petit	  1999).	  Cowbird	  young	  are	  competitive	  for	  provisioned	  food	  because	  they	  

are	  larger	  than	  warbler	  young	  throughout	  the	  nestling	  and	  fledgling	  stage.	  Warbler	  young	  

are	  fed	  an	  insectivorous	  diet	  by	  both	  parents	  (Hoover	  and	  Reetz	  2006),	  which	  is	  compatible	  

with	  the	  diet	  required	  to	  raise	  cowbird	  young.	  Nest	  predation	  is	  the	  main	  factor	  limiting	  the	  

warblers’	  reproductive	  output	  (Hoover	  2003a)	  and	  reduces	  the	  success	  of	  warbler	  and	  

cowbird	  eggs/chicks	  similarly	  (Hoover	  2003c).	  Extensive	  predator	  proofing	  of	  warbler	  nest	  

boxes	  on	  some	  sites	  in	  some	  years	  has	  created	  considerable	  variation	  in	  rates	  of	  nest	  

predation	  for	  warblers	  over	  time	  (Hoover	  2003a).	  However,	  annual	  and	  spatial	  variation	  in	  

food	  availability	  and	  nest	  ectoparasites	  (i.e.	  blowflies,	  genus	  Protocalliphora)	  within	  

warbler	  nests	  has	  sometimes	  uncoupled	  the	  probability	  of	  host	  and	  cowbird	  young	  

surviving	  until	  fledging	  (W.	  Schelsky,	  personal	  communication).	  Cowbird	  reproductive	  

output	  has	  also	  varied	  with	  the	  intentional	  removal	  of	  parasitic	  eggs	  from	  some	  warbler	  

nest	  boxes	  in	  some	  years	  as	  the	  result	  of	  concurrent	  studies	  within	  the	  study	  system.	  With	  

this	  unique	  dataset,	  we	  test	  whether	  the	  reproductive	  output	  of	  warblers	  and/or	  cowbirds	  



	  

	   	   4	  

on	  a	  site	  during	  a	  breeding	  season	  subsequently	  influences	  the	  probability	  of	  cowbird	  

parasitism	  in	  the	  following	  year.	  	  	  

To	  determine	  whether	  host	  or	  parasite	  reproductive	  output	  in	  one	  year	  

subsequently	  influences	  the	  rate	  of	  cowbird	  parasitism	  in	  the	  following	  year	  we	  controlled	  

for	  year,	  month,	  site,	  nest	  box,	  and	  warbler	  female	  identity	  in	  the	  season	  of	  the	  parasitism	  

event,	  and	  the	  rate	  of	  parasitism	  on	  a	  site	  in	  the	  previous	  year.	  Because	  cowbirds	  may	  be	  

responding	  to	  current	  and/or	  past	  conditions	  when	  selecting	  hosts	  to	  parasitize,	  warbler	  

density	  on	  a	  site	  in	  the	  current	  year	  and	  the	  average	  warbler	  and	  cowbird	  reproductive	  

output	  from	  a	  given	  site	  in	  the	  previous	  year	  were	  used	  as	  predictors	  of	  the	  probability	  of	  

parasitism.	  We	  included	  warbler	  density	  because	  in	  some	  studies	  host	  density	  influenced	  

rates	  of	  brood	  parasitism	  (Barber	  and	  Martin	  1997;	  Woolfenden	  et	  al.	  2004;	  Stokke	  et	  al.	  

2007).	  Because	  fledging	  of	  cowbirds	  is	  a	  better	  indicator	  of	  host	  quality	  than	  fledging	  of	  

host	  offspring,	  we	  hypothesized	  that	  female	  cowbirds	  are	  monitoring	  and	  responding	  to	  

cowbird	  fledging	  success	  rather	  than	  the	  fledging	  success	  of	  the	  host	  to	  improve	  parasitism	  

decisions	  in	  future	  breeding	  seasons.	  Therefore,	  we	  predicted	  that	  as	  more	  cowbird	  young	  

fledge	  per	  warbler	  nest	  on	  a	  site,	  the	  following	  year’s	  rate	  of	  cowbird	  parasitism	  for	  

warblers	  on	  that	  site	  should	  increase,	  whereas	  the	  number	  of	  warbler	  fledglings	  per	  

nesting	  attempt	  on	  a	  site	  should	  have	  relatively	  little	  influence	  on	  the	  rate	  of	  future	  

cowbird	  parasitism.	  	  	  
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METHODS	  

Study	  site	  and	  species	  

	   The	  study	  was	  conducted	  over	  a	  17-‐year	  period	  (1994	  to	  2010)	  in	  the	  Cache	  River	  

Watershed	  in	  southern	  Illinois,	  United	  States.	  The	  Cache	  River	  meanders	  176	  km	  to	  the	  

Ohio	  River	  through	  91%	  of	  the	  state’s	  forested	  wetland	  and	  swamp	  habitat.	  Study	  sites	  

were	  located	  in	  agriculturally	  fragmented	  patches	  of	  forested	  sloughs	  and	  floodplains	  with	  

bald	  cypress	  (Taxodium	  distichum)	  and	  tupelo	  (Nyssa	  aquatica)	  swamps,	  within	  a	  192-‐km2	  

portion	  of	  the	  watershed.	  	  	  

Agricultural	  development	  and	  timber	  harvesting	  in	  the	  Cache	  during	  the	  1900s	  

provided	  ideal	  foraging	  locations	  for	  brown-‐headed	  cowbird	  populations	  expanding	  east	  

into	  the	  Midwest	  (Robinson	  et	  al.	  1999).	  During	  the	  breeding	  season,	  female	  cowbirds	  

travel	  daily	  from	  feeding	  areas	  in	  mowed	  grasses,	  pastures,	  and	  row-‐crop	  agriculture	  to	  

breeding	  sites	  in	  bottomland	  forests	  where	  they	  parasitize	  the	  nests	  of	  a	  variety	  of	  host	  

species.	  One	  such	  host,	  the	  prothonotary	  warbler,	  is	  a	  Neotropical	  migratory	  songbird	  that	  

is	  territorial	  and	  socially	  monogamous	  (Petit	  1999).	  These	  warblers	  nest	  in	  secondary	  

cavities	  within	  forested	  wetlands	  and	  swamps	  and	  their	  use	  of	  nest	  boxes	  provides	  easy	  

access	  to	  nests	  for	  monitoring	  cowbird	  parasitism	  status	  and	  nesting	  success.	  Despite	  a	  

high	  rate	  of	  cowbird	  parasitism,	  the	  warblers	  are	  typically	  double-‐brooded	  and	  often	  

capable	  of	  raising	  both	  cowbird	  and	  host	  nestlings	  in	  each	  nesting	  attempt	  (Hoover	  2003c;	  

Hoover	  and	  Robinson	  2007).	  The	  warblers	  are	  a	  relatively	  high	  quality	  host	  compared	  to	  

the	  other	  12	  host	  species	  that	  are	  commonly	  parasitized	  by	  cowbirds	  within	  the	  study	  area	  

(J.	  Hoover,	  personal	  communication)	  and	  can	  raise	  up	  to	  three	  cowbird	  young	  in	  one	  

nesting	  attempt	  (Hoover	  2003b).	  
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Data	  collection	  

Each	  year	  we	  set	  up	  and	  monitored	  approximately	  1000	  warbler	  nest	  boxes	  across	  

21	  sites	  (individual	  patches	  of	  suitable	  breeding	  habitat	  for	  warblers	  separated	  by	  more	  

than	  1	  km	  of	  non-‐suitable	  habitat).	  	  Nest	  boxes	  were	  made	  from	  modified	  1.9	  L	  beverage	  

cartons	  (Fleming	  and	  Petit	  1986)	  and	  placed	  on	  trees	  about	  1.7	  m	  above	  the	  ground	  in	  

suitable	  habitat.	  Nest	  boxes	  were	  spaced	  an	  average	  of	  50	  m	  apart,	  and	  openings	  in	  boxes	  

were	  made	  to	  be	  the	  average	  diameter	  (44	  mm)	  of	  warbler	  nests	  in	  natural	  cavities	  

allowing	  cowbird	  access	  to	  each	  nest.	  Study	  sites	  where	  the	  opening	  size	  of	  nest	  boxes	  was	  

reduced	  to	  exclude	  parasitism	  by	  cowbirds	  were	  not	  included	  in	  our	  analyses.	  From	  1999	  

to	  2010,	  we	  removed	  an	  estimated	  20-‐100%	  of	  cowbird	  eggs	  from	  approximately	  two	  

thirds	  of	  study	  sites	  each	  year.	  We	  monitored	  boxes	  every	  3-‐5	  days	  from	  late	  April	  to	  early	  

August	  1994-‐2010.	  The	  status	  of	  each	  nesting	  attempt	  was	  recorded,	  including	  the	  number	  

of	  warbler	  and	  cowbird	  eggs,	  nestlings,	  and	  fledglings	  as	  well	  as	  the	  number	  of	  cowbird	  

eggs	  that	  were	  removed.	  We	  considered	  nestlings	  to	  have	  fledged	  if	  they	  reached	  10-‐11	  

days	  of	  age	  and	  the	  nest	  was	  empty	  and	  intact	  on	  the	  subsequent	  visit.	  Additional evidence 

of fledging included the presence of trampled droppings in the nest, alarm calls from adults, and 

observations of appropriately-aged fledglings in the territory. The	  fate	  of	  each	  nesting	  attempt	  

was	  known	  and	  recorded	  throughout	  each	  breeding	  season.	  	  	  	  	  

Statistical	  analyses	  

	   The	  probability	  of	  cowbird	  parasitism,	  a	  binary	  response	  variable,	  was	  analyzed	  

using	  a	  generalized	  linear	  mixed	  model	  (GLMM)	  with	  Laplace	  approximation	  of	  the	  log	  

likelihood	  (Bolker	  et	  al.	  2009)	  and	  an	  identity	  link	  function	  (GLIMMIX;	  SAS	  9.2).	  To	  account	  

for	  variation	  associated	  with	  year,	  site,	  nest	  box	  identity,	  and	  female	  warbler	  identity,	  we	  
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included	  each	  as	  a	  random	  variable.	  For	  female	  warbler	  identity,	  we	  included	  a	  subset	  of	  

nests	  where	  the	  female	  warbler	  identity	  was	  unknown	  (21%	  of	  all	  nesting	  attempts).	  These	  

nests	  were	  always	  those	  that	  failed	  or	  were	  abandoned	  early	  in	  the	  nesting	  cycle	  and	  

eliminating	  these	  from	  our	  dataset	  would	  have	  significantly	  reduced	  the	  variation	  in	  both	  

the	  cowbird	  and	  host	  reproductive	  success	  variables.	  We	  also	  included	  month	  (April-‐July)	  

as	  a	  categorical	  variable	  to	  account	  for	  the	  seasonal	  decline	  in	  cowbird	  parasitism	  known	  to	  

occur	  in	  our	  study	  system	  (Hoover	  et	  al.	  2006).	  In	  order	  to	  control	  for	  landscape-‐level	  

effects	  of	  cowbird	  parasitism	  in	  our	  analyses,	  such	  that	  high	  parasitism	  in	  one	  year	  leads	  to	  

high	  or	  higher	  parasitism	  in	  the	  next	  because	  of	  the	  configuration	  of	  forest	  habitat	  and	  

cowbird	  foraging	  areas	  (Goguen	  and	  Matthews	  2000;	  Hoover	  and	  Hauber	  2007),	  we	  

included	  the	  ambient	  parasitism	  rate	  from	  each	  site	  from	  the	  previous	  year	  (number	  of	  

warbler	  nests	  parasitized/number	  of	  warbler	  nesting	  attempts	  per	  site).	  We	  included	  

warbler	  density	  (number	  of	  females/hectare/site)	  to	  investigate	  if	  a	  current	  condition	  such	  

as	  the	  density	  of	  a	  quality	  host	  predicts	  the	  probability	  of	  cowbird	  parasitism	  in	  the	  same	  

year.	  Cowbird	  egg	  removal	  in	  the	  previous	  year	  (cowbird	  eggs	  removed/cowbird	  eggs	  

laid/site)	  was	  included	  in	  our	  analyses	  because	  the	  removal	  of	  a	  portion	  of	  the	  parasitic	  

eggs	  on	  certain	  sites	  in	  some	  years	  may	  influence	  future	  parasitism	  rates	  by	  altering	  the	  

reproductive	  output	  of	  both	  cowbirds	  and	  warblers.	  Finally,	  to	  test	  whether	  host	  or	  

cowbird	  reproductive	  success	  best	  predicted	  cowbird	  parasitism	  in	  the	  subsequent	  year,	  

we	  included	  warbler	  reproductive	  success	  for	  the	  previous	  year	  (number	  of	  warblers	  

fledged/number	  of	  warbler	  nesting	  attempts/site),	  and	  cowbird	  reproductive	  success	  for	  

the	  previous	  year	  (number	  of	  cowbirds	  fledged/number	  of	  warbler	  nesting	  attempts/site).	  	  	  
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We	  used	  Akaike’s	  information	  criterion,	  corrected	  for	  small	  sample	  size	  (AICC),	  to	  

identify	  the	  model	  that	  best	  explained	  cowbird	  parasitism	  rates	  for	  the	  prothonotary	  

warbler	  (Burnham	  and	  Anderson	  2002).	  We	  assembled	  a	  set	  of	  a	  priori	  candidate	  models	  

based	  on	  our	  hypotheses	  and	  analyzed	  them	  using	  SAS	  9.2	  (SAS	  Institute,	  Inc.,	  Cary,	  NC,	  

USA).	  Each	  model	  included	  month	  to	  control	  for	  the	  seasonal	  decline	  in	  parasitism	  and	  

ambient	  rate	  of	  parasitism	  in	  the	  previous	  year	  to	  control	  for	  landscape-‐level	  effects	  on	  

parasitism.	  We	  did	  not	  include	  correlated	  explanatory	  variables	  (r	  >0.50)	  in	  the	  same	  

model	  to	  reduce	  any	  effects	  of	  collinearity	  among	  variables.	  The	  only	  variables	  to	  violate	  

this	  assumption	  were	  cowbird	  egg	  removal	  and	  cowbird	  reproductive	  success	  both	  from	  

the	  previous	  year	  (r	  =	  0.51).	  In	  this	  case	  we	  moved	  forward	  with	  cowbird	  reproductive	  

success	  from	  the	  previous	  year	  in	  our	  a	  priori	  models	  because	  this	  variable	  encapsulated	  

the	  variation	  associated	  with	  cowbird	  egg	  removal	  and	  all	  other	  ecological	  factors	  that	  

contribute	  to	  cowbird	  reproductive	  success.	  In	  addition,	  we	  removed	  cowbird	  eggs	  only	  

during	  a	  subset	  of	  all	  of	  the	  years	  included	  in	  our	  analyses.	  The	  models	  were	  ranked	  in	  

order	  of	  their	  AICC	  values,	  with	  the	  highest	  explanatory	  value	  given	  to	  models	  with	  the	  

lowest	  AICC	  values	  and	  highest	  Akaike	  weight	  (wi).	  To	  determine	  whether	  cowbird	  egg	  

removal	  or	  cowbird	  reproductive	  success	  from	  the	  previous	  year	  better	  explained	  

parasitism	  rates	  we	  compared	  the	  top	  ranked	  model	  that	  contained	  cowbird	  reproductive	  

success	  to	  the	  same	  model	  replacing	  cowbird	  success	  with	  cowbird	  egg	  removal.	  Parameter	  

estimates,	  standard	  errors,	  and	  95%	  CI	  are	  based	  on	  model	  averages.	  All	  descriptive	  

variables	  are	  presented	  as	  means	  ±	  SD	  unless	  otherwise	  indicated.	  	  

We	  also	  investigated	  whether	  there	  was	  any	  indication	  that	  female	  cowbirds	  

focused	  their	  current	  parasitism	  on	  particular	  female	  warblers	  or	  nest	  boxes	  for	  those	  nest	  
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boxes	  that	  successfully	  fledged	  a	  cowbird	  in	  the	  previous	  year.	  To	  determine	  this	  we	  used	  a	  

reduced	  dataset	  to	  compare	  parasitism	  status	  (yes,	  no)	  among	  three	  categories	  of	  nests	  for	  

first	  nesting	  attempts	  within	  a	  given	  year.	  These	  categories	  of	  nests	  were:	  1)	  same	  female	  

warbler	  in	  same	  nest	  box	  as	  the	  previous	  year,	  2)	  same	  female	  using	  a	  different	  nest	  box	  

than	  the	  previous	  year	  but	  still	  in	  the	  study	  site,	  and	  3)	  new	  female	  in	  a	  nest	  box	  that	  had	  

fledged	  a	  cowbird	  in	  the	  previous	  year.	  If	  female	  cowbirds	  focused	  on	  particular	  female	  

warblers	  that	  had	  successfully	  raised	  a	  cowbird	  in	  the	  previous	  year,	  then	  categories	  1	  and	  

2	  should	  have	  higher	  rates	  of	  parasitism	  than	  category	  3.	  If	  instead	  female	  cowbirds	  

focused	  on	  particular	  nest	  boxes	  that	  had	  fledged	  a	  cowbird	  in	  the	  previous	  year,	  then	  

categories	  2	  and	  3	  should	  have	  higher	  rates	  of	  parasitism	  than	  category	  1.	  We	  used	  a	  chi-‐

square	  test	  to	  compare	  the	  frequency	  of	  parasitism	  among	  the	  three	  categories	  of	  nests.	  
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RESULTS	  

	   Of	  the	  3848	  warbler	  nests	  included	  in	  our	  analyses,	  2240	  (58%)	  were	  parasitized	  by	  

brown-‐headed	  cowbirds.	  Parasitized	  warbler	  nests	  received	  an	  average	  of	  1.73	  ±	  0.52	  

cowbird	  eggs,	  with	  0.24	  ±	  0.25	  cowbird	  young	  fledging	  from	  parasitized	  nests.	  Overall,	  39%	  

of	  warbler	  nesting	  attempts	  successfully	  fledged	  cowbird	  and/or	  host	  young	  between	  1994	  

and	  2010.	  Female	  cowbirds	  laid	  3885	  eggs	  in	  warbler	  nests,	  of	  which	  18%	  survived	  to	  

fledge.	  	  

The	  top	  ranked	  model	  predicting	  the	  probability	  of	  parasitism	  for	  prothonotary	  

warblers	  included	  month	  (M),	  parasitism	  rate	  in	  the	  previous	  year	  (PPR),	  warbler	  

reproductive	  success	  in	  the	  previous	  year	  (PWS),	  and	  cowbird	  reproductive	  success	  in	  the	  

previous	  year	  (PCS)(Model	  1;	  Table	  1).	  The	  sum	  of	  weights	  (wi)	  for	  all	  models	  that	  included	  

cowbird	  reproductive	  success	  in	  the	  previous	  year	  was	  0.80	  indicating	  that	  this	  variable	  

was	  one	  of	  the	  most	  important	  ones	  tested	  (Table	  2).	  Month	  was	  included	  in	  all	  the	  models	  

and	  the	  probability	  of	  parasitism	  decreased	  seasonally	  from	  92%	  in	  April	  to	  11%	  in	  July	  

(Figure	  1).	  The	  rate	  of	  parasitism	  in	  the	  previous	  year	  was	  also	  included	  in	  all	  the	  models	  

and	  as	  expected	  was	  positively	  correlated	  with	  parasitism	  in	  the	  current	  year	  (Figure	  2).	  

Cowbird	  parasitism	  of	  warblers	  increased	  with	  an	  increase	  in	  cowbird	  fledging	  success	  in	  

the	  previous	  year,	  and	  ranged	  from	  51%	  when	  there	  was	  little	  or	  no	  cowbird	  fledging	  

success	  the	  previous	  year	  to	  70%	  when	  cowbird	  fledging	  success	  the	  previous	  year	  was	  

high	  (nearly	  one	  cowbird	  fledged	  per	  nesting	  attempt;	  Figure	  3).	  	  

Warbler	  reproductive	  output	  (PWS)	  was	  included	  in	  two	  of	  the	  top	  three	  models	  

and	  therefore,	  may	  be	  an	  important	  predictor	  of	  parasitism	  rate	  (wi	  =	  0.68).	  In	  contrast	  to	  

cowbird	  reproductive	  success,	  warbler	  reproductive	  success	  was	  negatively	  related	  to	  the	  
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probability	  of	  parasitism	  and	  the	  model	  averaged	  95%	  CI	  of	  the	  β	  estimate	  overlapped	  

zero.	  This	  suggests	  that	  PWS	  may	  have	  little	  overall	  influence	  on	  parasitism	  rates.	  Although	  

warbler	  density	  (wi	  =	  0.30)	  was	  included	  in	  the	  second	  top	  model	  (Model	  2;	  Table	  1),	  the	  

∆AICc	  =	  1.67	  and	  model	  averaged	  95%	  CI	  of	  the	  β	  estimates	  bounded	  zero,	  indicating	  that	  

warbler	  density	  added	  little	  to	  explain	  variation	  in	  the	  data	  given	  the	  other	  variables	  tested.	  

Because	  cowbird	  egg	  removal	  was	  correlated	  with	  cowbird	  reproductive	  success	  (r	  =	  0.51),	  

we	  substituted	  cowbird	  egg	  removal	  into	  the	  top-‐ranked	  model.	  This	  model	  was	  not	  well	  

supported	  and	  the	  removal	  of	  cowbird	  eggs	  did	  a	  poorer	  job	  than	  cowbird	  reproductive	  

success	  to	  explain	  variation	  in	  the	  probability	  of	  parasitism	  as	  it	  was	  ranked	  lower	  than	  the	  

top	  model	  (∆AICc	  =	  0.22)	  and	  the	  95%	  CI	  of	  the	  β	  estimates	  bounded	  zero	  (UCL	  =	  0.140,	  

LCL	  =	  -‐0.818).	  The	  analysis	  of	  female	  warblers	  and	  nest	  boxes	  that	  fledged	  a	  cowbird	  in	  the	  

previous	  year	  and	  their	  parasitism	  status	  in	  the	  subsequent	  year	  indicated	  no	  significant	  

difference	  in	  parasitism	  status	  among	  the	  three	  categories	  of	  nesting	  attempts	  (X2	  =	  0.715,	  

n=	  915,	  d.f.	  =	  2,	  p	  =	  0.699;	  Category	  1	  =	  61%,	  Category	  2	  =	  57%,	  Category	  3	  rate	  =	  59%).	  
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DISCUSSION	  

	   The	  probability	  of	  parasitism	  for	  prothonotary	  warblers	  increased	  with	  cowbird	  

reproductive	  success	  in	  the	  previous	  year,	  even	  after	  controlling	  for	  other	  factors	  (previous	  

parasitism	  rate	  and	  month)	  known	  to	  be	  important	  in	  our	  study	  system.	  This	  result	  

suggests	  that	  host	  use	  by	  cowbird	  females	  is	  not	  merely	  a	  function	  of	  forest	  fragmentation	  

and	  landscape	  use	  by	  cowbirds,	  but	  rather	  that	  female	  cowbirds	  may	  attempt	  to	  maximize	  

reproductive	  success	  through	  active	  host	  choice.	  However,	  it	  is	  unclear	  if	  the	  observed	  

correlation	  between	  cowbird	  reproductive	  success	  in	  one	  year	  and	  parasitism	  rate	  in	  the	  

next	  is	  the	  result	  of	  adult	  cowbird	  females	  using	  breeding	  information	  from	  one	  year	  to	  

make	  future	  breeding	  decisions	  or,	  alternatively,	  the	  local	  recruitment	  of	  cowbird	  offspring.	  	  

Female	  cowbirds	  may	  draw	  upon	  their	  own	  breeding	  experience	  or	  that	  of	  other	  

cowbird	  females	  to	  make	  future	  host-‐use	  decisions	  because	  the	  fitness	  of	  brood	  parasites	  

depends	  on	  the	  ability	  of	  the	  host	  to	  rear	  parasitic	  young.	  By	  using	  their	  own	  reproductive	  

success	  (i.e.	  private	  information),	  the	  success	  of	  conspecifics	  (i.e.	  public	  information),	  or	  

both,	  females	  could	  potentially	  increase	  their	  reproductive	  output	  across	  years	  by	  targeting	  

productive	  sites	  and	  hosts.	  The	  use	  of	  private	  and	  public	  information	  in	  future	  breeding	  

decisions	  has	  been	  widely	  investigated	  in	  non-‐parasitic	  passerines	  (Doligez	  et	  al.	  2002;	  

Hoover	  2003a;	  Danchin	  et	  al.	  2004),	  but	  data	  are	  limited	  for	  brood	  parasitic	  species.	  The	  

use	  of	  private	  information	  could	  lead	  to	  greater	  host	  specificity	  within	  individual	  females	  as	  

they	  hone	  their	  ability	  to	  choose	  host	  species	  that	  are	  better	  able	  to	  fledge	  parasitic	  young	  

during	  several	  consecutive	  breeding	  seasons.	  Furthermore,	  females	  could	  collect	  public	  

information	  regarding	  the	  breeding	  habitat,	  nest	  type,	  or	  other	  natural	  history	  

characteristics	  of	  hosts	  that	  successfully	  rear	  cowbird	  offspring	  (Mahler	  et	  al.	  2007).	  This	  
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may	  lead	  to	  the	  immigration	  of	  adult	  female	  cowbirds	  into	  habitat	  patches	  where	  warblers	  

are	  breeding,	  thereby	  increasing	  the	  number	  of	  cowbirds	  and,	  consequently,	  the	  

probability	  of	  parasitism	  for	  warblers.	  	  	  	  	  

Parasitism	  of	  warblers	  may	  increase	  with	  cowbird	  fledging	  success	  in	  the	  previous	  

year	  because	  juvenile	  cowbirds	  may	  be	  site	  or	  host	  faithful	  and	  return	  to	  their	  natal	  

location	  and/or	  host	  species	  to	  breed	  in	  subsequent	  years.	  Therefore,	  local	  recruitment	  of	  

cowbird	  offspring	  alone	  could	  account	  for	  the	  rise	  in	  parasitism	  with	  increasing	  cowbird	  

reproductive	  success.	  Juveniles	  may	  preferentially	  parasitize	  the	  species	  that	  raised	  them	  

by	  imprinting	  on	  the	  host	  species	  itself	  (Brooke	  and	  Davies	  1987;	  Payne	  and	  Payne	  1998;	  

Payne	  et	  al.	  2000),	  on	  the	  nest	  characteristics	  of	  that	  species	  (Kattan	  1997;	  Mahler	  et	  al.	  

2007),	  or	  on	  the	  habitat	  it	  was	  raised	  in	  (Teuschl	  et	  al.	  1998).	  A	  cavity	  nesting	  passerine,	  

the	  prothonotary	  warbler	  could	  offer	  cowbirds	  a	  unique	  nestling	  experience	  and	  search	  

image	  compared	  to	  other	  available	  species	  in	  the	  host	  community.	  However,	  while	  adult	  

brood	  parasites	  display	  both	  seasonal	  (Soler	  et	  al.	  1995;	  Hoover	  and	  Robinson	  2007;	  

Langmore	  et	  al.	  2007)	  and	  between-‐year	  (Dufty	  1982;	  Raim	  2000)	  breeding	  site	  fidelity,	  

natal	  philopatry	  for	  cowbirds	  is	  considered	  rare	  (Alderson	  et	  al.	  1999;	  Hauber	  et	  al.	  2012).	  

Therefore,	  the	  observed	  increase	  in	  the	  probability	  of	  parasitism	  with	  cowbird	  

reproductive	  success	  is	  not	  likely	  explained	  by	  the	  local	  recruitment	  of	  cowbird	  offspring	  

alone.	  In	  fact,	  only	  1	  (<<1%)	  of	  the	  approximately	  610	  cowbird	  nestlings	  that	  were	  banded	  

and	  fledged	  from	  prothonotary	  warbler	  nest	  boxes	  in	  our	  study	  system	  has	  been	  captured	  

in	  a	  later	  breeding	  season	  (M.	  McKim-‐Louder,	  personal	  communication),	  suggesting	  that	  

local	  recruitment	  for	  cowbird	  juveniles	  in	  our	  system	  is	  rare	  and	  not	  the	  cause	  of	  our	  

observed	  increase	  in	  the	  rate	  of	  cowbird	  parasitism.	  	  



	  

	   	   14	  

One	  might	  expect	  cowbirds	  generally	  to	  parasitize	  hosts	  that	  experience	  low	  rates	  of	  

nest	  predation	  and	  high	  fledging	  success	  of	  host	  young,	  particularly	  if	  cowbirds	  are	  able	  to	  

assess	  that	  the	  presence	  of	  many	  host	  fledglings	  on	  a	  site	  is	  a	  function	  of	  low	  rates	  of	  nest	  

predation.	  Low	  rates	  of	  nest	  predation	  associated	  with	  these	  hosts	  could	  lead	  to	  reduced	  

cowbird	  nestling	  mortality	  and	  aid	  in	  bolstering	  existing	  cowbird	  populations.	  Conversely,	  

our	  results	  indicate	  that	  warbler	  reproductive	  output	  is	  not	  a	  good	  predictor	  of	  cowbird	  

parasitism	  in	  the	  subsequent	  breeding	  season.	  This	  suggests	  that,	  in	  our	  system,	  the	  

fledging	  of	  host	  young	  is	  not	  the	  best	  information	  used	  in	  host	  selection	  by	  female	  

cowbirds;	  however,	  it	  may	  be	  useful	  for	  cowbirds	  in	  some	  habitats	  with	  exceedingly	  high	  

rates	  of	  nest	  predation	  for	  most	  host	  species	  (Winfree	  et	  al.	  2006).	  	  

Warbler	  density	  in	  the	  current	  year	  was	  examined	  as	  a	  potential	  predictor	  of	  

cowbird	  parasitism	  to	  investigate	  if	  female	  cowbirds	  parasitize	  warblers	  based	  on	  their	  

availability	  (Woolfenden	  et	  al.	  2004),	  instead	  of	  their	  ability	  to	  fledge	  cowbird	  young.	  While	  

warbler	  density	  was	  not	  a	  good	  predictor	  of	  parasitism	  and	  had	  little	  influence	  in	  our	  study	  

system,	  evidence	  exists	  for	  common	  cuckoos	  (Cuculus	  canorus)	  (Stokke	  et	  al.	  2007)	  and	  

Horsfield’s	  bronze	  cuckoos	  (Chrysococcyx	  basalis)	  (Brooker	  and	  Brooker	  2003),	  both	  host	  

specialists.	  In	  both	  cases,	  cuckoos	  avoid	  specific	  host	  populations	  with	  host	  densities	  below	  

a	  certain	  threshold.	  Alternatively,	  for	  generalist	  parasites,	  landscape	  features	  can	  override	  

the	  effects	  of	  host	  density.	  In	  plumbeous	  vireos	  (Vireo	  plumbeus),	  for	  example,	  brown-‐

headed	  cowbird	  parasitism	  was	  related	  to	  proximity	  to	  parasite	  feeding	  areas	  but	  not	  to	  

host	  density	  (Goguen	  and	  Mathews	  2000).	  Woolfenden	  et	  al.	  (2004)	  reported	  that	  host	  

density	  was	  a	  predictor	  of	  parasitism	  by	  cowbirds	  for	  yellow	  warblers	  (Dendroica	  petechia)	  

and	  red-‐winged	  blackbirds	  (Agelaius	  phoenecius),	  but	  was	  not	  a	  factor	  for	  the	  most	  
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frequently	  parasitized	  and	  highest	  value	  host,	  the	  song	  sparrow	  (Melospiza	  melodia).	  The	  

influence	  of	  host	  density	  on	  patterns	  of	  parasitism	  may	  vary	  depending	  on	  the	  host	  

specificity	  of	  the	  brood	  parasite	  and/or	  the	  quality	  of	  the	  host	  species	  parasitized.	  The	  rate	  

of	  cowbird	  parasitism	  for	  prothonotary	  warblers	  could	  fluctuate	  in	  response	  to	  changes	  in	  

the	  availability	  of	  alternative	  hosts,	  but	  we	  did	  not	  measure	  changes	  in	  the	  densities	  or	  

rates	  of	  cowbird	  parasitism	  of	  other	  hosts	  during	  the	  course	  of	  this	  study.	  Nevertheless,	  it	  is	  

difficult	  to	  imagine	  how	  the	  availability	  of	  alternative	  hosts	  in	  the	  current	  year	  could	  

fluctuate	  in	  parallel	  with	  cowbird	  reproductive	  success	  in	  a	  way	  that	  would	  undermine	  the	  

effect	  of	  PCS	  on	  cowbird	  parasitism	  of	  the	  warblers.	  

Our	  results	  suggest	  that	  the	  rate	  of	  parasitism	  for	  a	  high	  quality	  host	  was	  best	  

predicted	  by	  brown-‐headed	  cowbird	  reproductive	  success	  in	  the	  previous	  year.	  This	  

implies	  cowbird	  females	  are	  likely	  monitoring	  cowbird	  reproductive	  output	  to	  make	  future	  

breeding	  decisions.	  One	  or	  a	  combination	  of	  factors	  may	  result	  in	  the	  increased	  rate	  of	  

parasitism	  for	  warblers	  observed	  during	  this	  study,	  and	  it	  remains	  to	  be	  determined	  

whether	  this	  pattern	  is	  being	  driven	  more	  by	  greater	  host	  specificity	  among	  local	  cowbird	  

females	  returning	  to	  the	  same	  breeding	  areas	  across	  years,	  the	  immigration	  of	  adult	  female	  

cowbirds	  into	  warbler	  breeding	  areas,	  or	  local	  recruitment	  of	  cowbird	  offspring	  produced	  

by	  the	  warblers.	  Female	  cowbirds	  do	  not	  preferentially	  parasitize	  particular	  female	  

warblers	  or	  nest	  boxes	  that	  fledged	  a	  cowbird	  in	  the	  previous	  year.	  This	  result	  suggests	  

that	  cowbird	  females	  in	  our	  study	  system	  are	  not	  necessarily	  tracking	  individual	  female	  

warblers	  or	  nest	  boxes	  across	  years,	  but	  may	  be	  tracking	  cowbird	  production	  by	  this	  host	  

species	  at	  the	  scale	  of	  female	  cowbird	  egg-‐laying	  ranges	  within	  a	  study	  site	  (which	  

encompass	  several	  warbler	  territories)	  or	  the	  entire	  study	  site.	  Female	  cowbirds	  likely	  are	  
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using	  some	  combination	  of	  private	  and	  public	  information,	  associated	  with	  their	  and	  other	  

female	  cowbird’s	  success	  with	  this	  particular	  host,	  to	  modify	  their	  egg-‐laying	  decisions	  and	  

host	  specificity	  from	  one	  breeding	  season	  to	  the	  next.	  	  

	  Evidence	  of	  a	  generalist	  brood	  parasite	  using	  breeding	  information	  across	  years	  to	  

enhance	  reproductive	  output	  provides	  new	  insights	  into	  the	  evolution	  of	  host	  specificity	  in	  

obligate	  brood	  parasites.	  Efforts	  to	  manage	  parasite	  populations	  for	  threatened	  or	  

endangered	  host	  species	  could	  possibly	  reduce	  the	  fledging	  success	  of	  parasitic	  young	  to	  

curb	  parasitism	  attempts	  in	  subsequent	  years;	  however,	  this	  should	  be	  used	  with	  caution	  

because	  new	  individuals	  can	  immigrate	  into	  and	  continually	  replace	  the	  experienced	  

cowbird	  population.	  Future	  experimental	  research	  involving	  genetic	  analyses	  should	  help	  

to	  determine	  the	  roles	  of	  private	  and	  public	  information	  in	  female	  cowbird	  host-‐use	  

decisions	  and	  whether	  increases	  in	  parasitism	  are	  associated	  with	  repeated	  parasitism	  

from	  known	  individuals	  versus	  an	  influx	  of	  new	  or	  young	  cowbird	  females.	  	  
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TABLES	  AND	  FIGURES	  

Table	  1.	  Model	  selection	  to	  estimate	  probability	  of	  parasitism	  of	  prothonotary	  warblers,	  Protonotaria	  

citrea,	  by	  brown-‐headed	  cowbirds,	  Molothrus	  ater,	  in	  southern	  Illinois,	  USA,	  1994-‐2010.	  

No.	   Model	   AICC	   ΔAICC	   wi	   K	   -‐2LL	  

1	   M+PPR+PWS+PCS	  	   4196.84	   0.00	   0.40	   9	   3780.77	  

2	   M+PPR+PWS+PCS+Wdensity	   4198.51	   1.67	   0.18	   10	   3778.28	  

3	   M+PPR+PCS	   4198.72	   1.88	   0.16	   8	   3770.41	  

4	   M+PPR	   4200.26	   3.42	   0.07	   7	   3779.78	  

5	   M+PPR+PWS	   4200.39	   3.55	   0.07	   8	   3770.29	  

6	   M+PPR+PCS+Wdensity	   4200.73	   3.89	   0.06	   9	   3773.06	  

7	   M+PPR+PWS+Wdensity	   4201.74	   4.90	   0.03	   9	   3776.34	  

8	   M+PPR+Wdensity	   4202.15	   5.31	   0.03	   8	   3771.04	  

M,	  month	  incubation	  of	  nesting	  attempt	  initiated	  (April-‐July);	  PPR,	  ambient	  rate	  of	  parasitism	  per	  site	  in	  
previous	  year;	  PWS,	  number	  of	  warblers	  fledge	  per	  warbler	  nesting	  attempt	  per	  site	  in	  the	  previous	  
year;	  PCS,	  number	  of	  cowbirds	  fledged	  per	  warbler	  nesting	  attempt	  per	  site	  in	  the	  previous	  year;	  
Wdensity,	  density	  of	  warblers	  in	  a	  given	  site	  in	  the	  current	  year;	  AICC,	  Akaike’s	  information	  criterion	  
corrected	  for	  small	  sample	  size;	  Δi=AICC(i)	  -‐	  AICC(min);	  wi	  ,	  Akaike	  weight;	  K,	  number	  of	  explanatory	  
parameters	  in	  the	  model;	  -‐2LL,	  -‐2	  log-‐likelihood.	  
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Table	  2.	  Average	  parameter	  estimates	  with	  standard	  errors	  and	  parameter	  likelihood	  are	  shown	  for	  all	  
models.	  	  

No.	   Int	   M	   PPR	   PWS	   PCS	   Wdensity	  

1	  
8.003	  
(0.521)	  	  

-‐1.525	  
(0.078)	  

1.233	  
(0.380)	  

-‐0.174	  
(0.087)	  

1.319	  
(0.553)	  

	  

2	  
7.944	  
(0.531)	  

-‐1.527	  
(0.078)	  

1.202	  
(0.384)	  

-‐0.188	  
(0.091)	  

1.287	  
(0.556)	  

0.051	  
(0.088)	  

3	  
7.667	  
(0.493)	  

-‐1.530	  
(0.078)	  

1.577	  
(0.341)	  

	  
1.020	  
(0.540)	  

	  

4	  
7.787	  
(0.496)	  

-‐1.531	  
(0.078)	  

1.694	  
(0.338)	  

	   	   	  

5	  
8.036	  
(0.530)	  

-‐1.528	  
(0.078)	  

1.486	  
(0.369)	  

-‐0.116	  
(0.084)	  

	   	  

6	  
7.666	  
(0.513)	  

-‐1.530	  
(0.078)	  

1.577	  
(0.341)	  

	  
1.019	  
(0.548)	  

0.001	  
(0.084)	  

7	  
7.925	  
(0.539)	  

-‐1.530	  
(0.078)	  

1.434	  
(0.375)	  

-‐0.139	  
(0.089)	  

	  
	  0.072	  
(0.089)	  

8	  
7.735	  
(0.519)	  

-‐1.532	  
(0.078)	  

1.690	  
(0.338)	  

	   	  
0.029	  
(0.084)	  

Model	  Averaged	  Parameter	  Estimates	  

β	   7.83	   -‐1.53	   1.37	   -‐0.17	   1.23	   -‐0.04	  

β	  LCL	   6.86	   -‐1.68	   0.57	   -‐0.35	   0.12	   -‐0.13	  

β	  UCL	   8.79	   -‐1.37	   2.17	   0.01	   2.34	   0.23	  

Sum	  of	  wi	   	   	   	   0.68	   0.80	   0.30	  

Int,	  intercept;	  M,	  month;	  PPR,	  ambient	  rate	  of	  parasitism	  per	  site	  in	  previous	  year;	  PWS,	  number	  of	  
warblers	  fledged	  per	  warbler	  nesting	  attempt	  per	  site	  in	  the	  previous	  year;	  PCS,	  number	  of	  cowbirds	  
fledged	  per	  warbler	  nesting	  attempt	  per	  site	  in	  the	  previous	  year;	  Wdensity,	  density	  of	  warblers	  in	  a	  
given	  site	  in	  the	  current	  year;	  Sum	  of	  wi,	  sum	  of	  Akaike	  weight.	  
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Figure	  1.	  Model	  averaged	  mean	  with	  95%	  CI	  probability	  of	  parasitism	  by	  brown-‐headed	  cowbirds	  
for	  prothonotary	  warblers	  by	  month,	  1994-‐2010.	  
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Figure	  2.	  Model	  averaged	  mean	  with	  95%	  CI	  probability	  of	  parasitism	  by	  brown-‐headed	  cowbirds	  
in	  year	  (t)	  for	  prothonotary	  warblers	  based	  on	  ambient	  parasitism	  in	  previous	  year	  (t-‐1),	  1994-‐
2010.	  
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Figure	  3.	  Model	  averaged	  mean	  with	  95%	  CI	  probability	  of	  parasitism	  by	  brown-‐headed	  cowbirds	  
in	  year	  (t)	  for	  prothonotary	  warblers	  based	  on	  cowbird	  reproductive	  success	  in	  previous	  year	  (t-‐1),	  
1994-‐2010.	  
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Juvenile Survival in a Neotropical Migratory Songbird Is
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Abstract

Attempts to estimate and identify factors influencing first-year survival in passerines, survival between fledging and the first
reproductive attempt (i.e. juvenile survival), have largely been confounded by natal dispersal, particularly in long-distance
migratory passerines. We studied Prothonotary Warblers (Protonotaria citrea) breeding in nest boxes to estimate first-year
survival while accounting for biases related to dispersal that are common in mark-recapture studies. The natal dispersal
distribution (median = 1420 m; n = 429) and a distance-dependent recruitment rate, which controls for effects of study site
configuration, both indicated a pattern of short-distance natal dispersal. This pattern was consistent with results of a
systematic survey for birds returning outside the nest box study sites (up to 30 km in all directions) within a majority (81%)
of total available bottomland forest habitat, further suggesting that permanent emigration outside of the study system was
rare. We used multistate mark-recapture modeling to estimate first-year survival and incorporated factors thought to
influence survival while accounting for the potential confounding effects of dispersal on recapture probabilities for warblers
that fledged during 2004–2009 (n = 6093). Overall, the average first-year survival for warblers reared without cowbird
nestmates was 0.11 (95% CI = 0.09–0.13), decreased with fledging date (0.22 early to 0.03 late) and averaged 40% lower for
warblers reared with a brood parasite nestmate. First-year survival was less than half of the rate thought to represent
population replacement in migratory passerines (,0.30). This very low rate suggests that surviving the first year of life for
many Neotropical migratory species is even more difficult than previously thought, forcing us to rethink estimates used in
population models.
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Introduction

Quantifying age-specific survival is necessary to identify factors

affecting population growth and to model population dynamics. As

juvenile survival is often thought to be lower and more variable

than adult survival, estimating the mortality rate of juveniles can

provide insights into reproductive tradeoffs and the evolution of

life histories [1–3]. For birds, survival between fledging and

reproduction (i.e. first-year survival in passerines) is an important

life stage considered influential to population growth [4–6], yet it

remains a ‘‘black box’’ of avian demography [2] because of the

challenges associated with studying survival.

High mortality rates soon after fledging [7,8] and natal dispersal

typically confound efforts to accurately quantify first-year survival

[9]. For many bird species, small body size prevents using radio-

telemetry technology to estimate annual survival. Instead, mark-

recapture methods are used to estimate survival of small avian

species while accounting for imperfect detection [10]. However,

one limitation of mark-recapture methods for estimating first-year

survival is that there is no way to differentiate between permanent

emigration and mortality [9]. As natal dispersal may lead to

considerable rates of permanent emigration, particularly from

study systems limited in size, first-year survival estimates are

thought to be biased low.

The effects of natal dispersal on survival estimates may be

particularly evident in migratory passerines, which annually fly

vast distances between breeding and non-breeding locations. For

example, typically ,7% of migratory passerine nestlings banded

in one year are resighted or recaptured within study populations in

subsequent breeding seasons [11]. Based on the assumption that

adult survival is approximately 0.60 for migratory passerines

(reviewed in [12]), population modelers have generally used

theoretical rates thought to represent population replacement,

such as one-half of adult survival or ,0.30 [13,14]. Why then do

studies commonly find local recruitment lower than the expected

0.30 value?

The natal dispersal distances (i.e. straight-line distance between

fledging and first breeding locations) of migratory songbirds are

thought to be greater than that of their non-migratory counter-

parts [15,16], which may result in the increased probability of

permanent emigration and reduced recruitment into their

populations of origin. However, determining natal dispersal

distances in migratory passerines has been difficult because of

limitations in sample and study system sizes, and a general pattern

of decreasing resight or recapture probabilities of dispersers with
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increasing distance, particularly when study areas are surrounded

by vast available habitat [17]. Therefore, it remains unclear

whether low juvenile return rates are caused by low survival or

permanent emigration.

Incorporating the effects of dispersal into study design and

statistical methodology is necessary to increase the accuracy of

juvenile survival estimates [9,18]. Likewise, accounting for

dispersal is necessary to effectively investigate factors influencing

first-year survival. One approach for dealing with the potential

influence of dispersal on recapture probability is multistate

modeling. This extension of the Cormack-Jolly-Seber model

estimates the state-specific (e.g. location, reproductive status,

behavior) probability of survival, recapture, and the likelihood of

switching between states (transition probability) [19]. Because the

detectability of an individual may vary as a function of numerous

factors (e.g. time, age, gender, location), multistate modeling is a

useful tool to account for potential biases generated by state-

dependent recapture probabilities and uncertainty in state identity

for occasions when the individual is not observed.

We estimated first-year survival of a Neotropical migratory

passerine, the Prothonotary Warbler (Protonotaria citrea). First, using

a long-term (1995–2010) breeding population we determined the

distribution of natal dispersal distances. A distance-dependent

recruitment rate was compiled to reduce confounds of nest box

configuration on dispersal distances [20]. Further, to determine

whether natal dispersal distances calculated from our study were a

result of limitations associated with the size of the study system, we

expanded the search for banded recruits by systematically

searching outside the nest box study area (30 km in all directions)

during 2008 and 2009. The habitat specificity of this species

allowed us to systematically survey for dispersers within a majority

of suitable breeding habitat. Then, by defining natal dispersal

distances as states in a multistate framework, we studied several

factors that may affect first-year survival while simultaneously

controlling for the potential effects of natal dispersal distance on

recapture probabilities. We examined whether recapture proba-

bilities were influenced by natal dispersal distances, predicting that

recapture probabilities would decrease with dispersal distance.

Next, while accounting for potential effects of natal dispersal

distances on resight or recapture probabilities, we included

variables thought to influence survival rates: effects of season

(fledging date), brood parasitism status (reared with or without a

cowbird nestmate), nestling body condition, and brood size, to

determine an overall first-year survival rate estimate for individuals

in our study population.

Methods

Study area and species
The 4,875 km2 study area was located in southern Illinois and

western Kentucky, U.S.A., and was divided into three regions: nest

box sites, core, and outside-core areas (Figure 1) (see descriptions

below). Prothonotary Warblers are long-distance migrants that

winter in the Neotropics and breed in the eastern portion of the

United States. These warblers are cavity nesters that breed almost

exclusively near or over water within forested wetlands [21], and

breed from late April to early August in our study area.

Prothonotary Warblers readily use nest boxes when available

and are commonly parasitized by an obligate brood parasite, the

Brown-headed Cowbird (Molothrus ater) [22,23].

Data collection
During 1995–2010, we monitored approximately 1500 nest

boxes distributed among 20–25 sites within an approximately 18

by 12 km area. Typically less than half of the nest boxes were used

in a given year, suggesting that nest sites were not limiting. Within

each site, we placed nest boxes 40–50 m apart within appropriate

habitat. Nest boxes were attached to trees, placed 1.7 m above

ground and had 44-mm-diameter openings, similar to the

attributes of natural cavities used by warblers in this study system

[24]. From 1999–2010, a majority of the nest boxes were removed

from trees and attached to greased conduit poles to reduce nest

predation. We monitored nest boxes every 3–6 days throughout

the breeding season and recorded the number of warbler and

cowbird eggs and nestlings present each visit. Prior to fledging (age

5–8 days), we banded each nestling’s right leg with a uniquely

numbered aluminum U.S. Geological Survey band, and measured

mass (60.25 g) and tarsus length (60.5 mm). We assumed

nestlings fledged if they reached 10–11 days of age and the nest

was empty and intact. Additional evidence of fledging included the

presence of trampled droppings in the nest, alarm calls from

adults, and observations of appropriately aged fledglings in the

territory. Nestlings that did not survive to fledge were not used in

analyses.

We identified banded recruits, individuals banded as nestlings

that returned to breed in a subsequent year, as those individuals

having a single aluminum band on the right leg. Once captured,

we determined the origin of each banded recruit and determined

their dispersal distance by measuring the straight-line distance

between natal nest box and first recapture location. Nest boxes

and recapture locations were recorded with a global positioning

system (GPS) unit or identified on topographic maps, accurate to

approximately 25 m. Male recruits were captured using audio

playback with a decoy placed next to a mist-net and female

recruits were captured by placing a small plastic bag over the nest

box opening while they were incubating. We marked all banded

recruits and other breeding adults with unique combinations of

colored leg bands. We assigned adults to active nests based on

territorial behavior and their presence at individual nest boxes;

each year we knew the identity of .95% of the adults on each nest

box study site.

Systematic survey for banded recruits off nest box study

sites. In addition to the information collected from the nest box

study sites, we conducted a systematic survey between 15 May and

4 July in 2008 and 2009 to locate banded recruits of all ages

outside of the nest box study sites. We defined the core survey area

as all suitable breeding habitat located in the areas between nest

box sites and within a 5-km buffer surrounding the nest box sites

(Figure 1). Suitable breeding habitat located from 5 km to 30 km

surrounding the core survey area was defined as outside-core

(Figure 1). We used our knowledge of the region, topographic

maps, aerial photography, and landcover data from Illinois State

Geological Survey (www.isgs.uiuc.edu) and Kentucky Geography

Network (kygeonet.ky.gov) to locate suitable breeding habitat

within each survey area. We used ArcMap 9.1 (ESRI 2005) to

estimate the proportion of total suitable habitat (km2) surveyed.

In each of the two years, we broadcasted male songs to survey

for banded recruits within appropriate breeding habitat. At

approximately 75-m intervals throughout appropriate habitat,

songs were played for one minute or until an individual

approached and was identified. We used binoculars to observe

the legs of responsive adults to determine if they were banded. We

noted the location of other nearby Prothonotary Warblers (e.g.

singing males and chipping females) to reduce the chance of re-

counting unbanded adults. Because females are less responsive to

playback, we attempted to locate and determine the banding status

of females first when pairs responded to playback. Individuals with

a single aluminum band were designated as banded recruits and
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were subsequently captured. We placed a single yellow color-band

on the left leg of banded recruits captured outside of the nest box

study sites to eliminate the chance of double-counting individuals

within the same survey. Banded recruits captured in the previous

year, as identified by the single-yellow-plastic and aluminum band

combination, were noted during the 2009 systematic surveys. In

each of the two years of systematic surveys, we calculated the

proportion of banded recruits within the surveyed breeding

population for both the core and outside-core areas. Any one-

year-old banded recruits recaptured during the systematic surveys

were included in analyses of natal dispersal distances.

Detection probabilities of systematic survey. Our sys-

tematic survey could be biased if the probability of locating

banded recruits varies with increased distance from the nest box

area. To test for this bias, we used the systematic survey playback

protocol to conduct repeated surveys at six sites (core: n = 3;

outside-core: n = 3) in 2009. The survey sites were similar in size

(*30 ha) and number of adults detected (*15), and were all

separated by .1 km. We returned to each site on three occasions

separated by at least one week. Using program MARK [25], we

used occupancy modeling [26] to determine if detection proba-

bility varied between survey areas.

Distance-dependent recruitment rate
The distances between study sites and number of birds

produced (and banded) per site can bias the natal dispersal

distribution [27]. A distance-dependent recruitment rate (DDRR)

compares the number of recruits relative to the number banded

within that distance class, thereby limiting the effects of the

configuration and productivity of the study sites on the resulting

distribution of natal dispersal distances [20]. To calculate the

DDRR we used the methods outlined in [20]. For each banded

recruit, we determined the numbers of nestlings banded during the

fledging year of the recruit for several distance categories relative

to the fledging location of the recruit (in 2 km classes). When

combined for all recruits, we calculated the average number of

nestlings banded for each distance class. The observed number of

recruits was then divided by the number of nestlings banded in the

Figure 1. The entire study area depicting suitable habitat (light gray) determined by landcover data (Illinois State Geological
Survey; Kentucky Geography Network) aerial photography and extensive surveys throughout the region. Black patches within core
survey area indicate nest box study sites located in the Cache River watershed and dotted lines depict state boundaries.
doi:10.1371/journal.pone.0056059.g001
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relative distance class to create the annual DDRR, or number of

recruits observed for each nestling banded in the relevant distance

class. Annual DDRRs were averaged and weighted by the number

of recruits per year and are presented with standard errors.

Because we were interested in corroborating the distribution of

natal dispersal distances within the nest box study sites, only one-

year-old banded recruits that returned to a nest box were used in

this analysis.

Multistate mark-recapture analysis
We estimated first-year survival for warblers that fledged during

2004–2009 in the Cache River watershed nest box study sites.

Nestlings that fledged prior to 2004 lacked measurements of

nestling condition (see model covariates) and were not included in

the survival analysis. To account for the possibility that recapture

probability declines with increasing natal dispersal distance, we

used multistate mark-recapture models [19] to incorporate the

transition of individuals from fledging to one of four distance

categories (,2 km, 2–4 km, 4–6 km, and .6 km) in a subsequent

breeding season. Like typical Cormack-Jolly-Seber models, mul-

tistate mark-recapture allows for the estimation of survival

probability (W) that accounts for imperfect resight/recapture

probability (p). However, these models provide the added flexibility

of incorporating discrete states, accounting for transitions among

states (Y), uncertainty in state membership for occasions when an

individual was not observed, and estimates of survival probability

and resight/recapture probability that are specific to each state. In

our case, we used distance categories as discrete states. In each

individual encounter history, we classified observations as one of

six states: state 1 was the initial marking prior to fledgling; states 2–

5 included local recruitment into one of four dispersal distance

categories; and state 6 was an ‘absorbing state’ representing

individuals resighted or recaptured in breeding seasons after their

initial recapture occasion. For example, an encounter history of

0126600 indicates the nestling was initially marked in 2005,

recaptured ,2 km from the nest in which it was banded (i.e. state

2) in 2006, and relocated again in 2007 and 2008. Individuals were

constrained to transition from state 1 (fledgling) to one of the four

distances categories (states 2–5), and to state 6 thereafter. There

were no transitions among distance categories (states 2–5), to state

1, or out of state 6. We focused on resight/recapture, transition,

and survival probabilities during the first year by using two age

classes, first-year and adult, using a time-since-marking approach.

Model selection and goodness-of-fit. To minimize the

number of models we considered, we used a three-step approach.

First, we evaluated models that varied transition probability while

maintaining age-dependent survival probability (i.e., first-year vs.

adult), and age- and state-dependent resight/recapture probabil-

ities. Using the top-ranked transition probability structure and age-

dependent survival probability, we considered models that varied

resight/recapture probabilities. In the final step, the best transition

and resight/recapture probability structures were used while

evaluating models that varied in survival probability. We assessed

the goodness-of-fit (GOF) of our models using program U-CARE

[28]. We performed multistate mark-recapture analyses in

program MARK [25] and used SAS (SAS version 9.2; SAS

Institute 2008) for all other analyses. Model selection was based on

Akaike’s Information Criterion adjusted for small sample sizes and

overdispersion (QAICC) and we used model averaging to account

for model-selection uncertainty and to present parameter estimates

[29].

Model covariates. We evaluated the influence of four

variables on survival probabilities: the number of warbler nestlings

reared within the brood (range 1–6), presence of a cowbird

nestmate (yes or no), fledging date (ordinal date), body condition,

and an interaction between parasitism status and fledging date.

We used residuals from a regression of body mass and tarsus

length as an index of nestling body condition [30]. We projected

the fledging date of each individual by estimating the nestling age

during banding and assumed fledging at 10 days old [21]. We

were unable to determine the sex of nestlings at the time of

banding and thus excluded sex from the survival analysis.

Variables were not highly correlated (|r|,0.70). Explanatory

variables were considered important if their 95% confidence

interval excluded zero. To ensure covariate effects were not

generated by variation in detectability, we explored models

incorporating the same variables as covariates for resight/

recapture probability. We present all parameter estimates with

+1 standard error (SE) and survival estimates are derived from

model averaging.

This study was carried out in strict accordance with the

recommendations in the Guidelines to the Use of Wild Birds in

Research (Available: http://www.nmnh.si.edu/BIRDNET). Re-

search was approved by the University of Illinois Institutional

Animal Care and Use Committee (Permit Numbers: 04092 and

10173), the U.S. Fish and Wildlife Service (Permit Number:

MB815400-0), and the U.S. Geological Survey (Banding Permit

Number: 06507).

Results

Natal dispersal distance distribution
Of the 9,289 nestlings banded prior to fledging during 1995–

2009, 429 one-year-old banded recruits were captured and 250

banded recruits were first captured when they were two years old

or older (total = 679, 7.3%). The median natal dispersal distance of

one-year-old banded recruits (n = 429) did not differ between the

sexes (U-test, z = 0.78, d.f. = 1, P = 0.43; Figure 2A), therefore we

pooled across sex to derive the distribution of natal dispersal

distances. The overall median dispersal distance was 1.42 km and

the distribution of all natal dispersal distances was skewed and

leptokurtic (skewness = 2.68; kurtosis = 9.00). Similarly, the mean

DDRR was greatest within the ,2 km distance class (0.14), and

decreased with increasing distances (Figure 2B) reflecting a pattern

of short-distance natal dispersal (see Figure 1d in [20]). If the

pattern of natal dispersal was in fact random or long-distance in

this population, the DDRR would have been either a flat or

negatively-skewed curve, respectively, across distance classes.

Systematic survey for banded recruits off nest box study
sites

Approximately 89% of all resighted banded recruits located off

the nest box study sites during 2008 and 2009 (n = 75) were

recaptured and identified. Although a greater amount of suitable

habitat occupies the outside-core (25.5 km2) versus core survey

areas (9.65 km2), we surveyed approximately 81% of suitable

habitat and there was no significant difference in the proportion of

suitable habit surveyed between each survey area (x2 = 0.33,

d.f. = 1, P = 0.56). More adults were examined in the outside core

(2008, n = 717; 2009, n = 968) than within the core survey area

(2008, n = 477; 2009, n = 473). The proportion of surveyed adult

warblers that were banded recruits was significantly greater within

the core survey area (10%) than the outside-core area (0.1%)

(x2 = 156.80, d.f. = 1, P,0.001). We failed to detect a significant

year effect on the proportion of observed banded recruits in either

survey area (core; x2 = 1.43, d.f. = 1, P = 0.23, outside-core;

x2 = 2.70, d.f. = 1, P = 0.10). Only two banded recruits were

detected in the outside-core survey area; both individuals were

Juvenile Survival in a Migratory Passerine
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observed separately *5.25 km from the nearest nest box study

site. Within the core survey area, more males (2008, n = 400; 2009,

n = 407) were observed than females (2008, n = 77; 2009, n = 66),

yet the proportion of surveyed birds that were banded recruits did

not differ between the sexes (males = 10.7%, females = 10.4%,

x2 = 0.10, d.f. = 1, P = 0.75).

Detection probabilities of systematic survey. Our best

supported occupancy model indicated that the detection proba-

bility of banded recruits averaged 0.89 (95% C.I. = 0.49–0.98) and

did not differ between the core and outside-core survey areas.

Furthermore, the relatively high estimate of detection probability

of banded recruits (0.89) supports a single visit to each patch of

suitable habitat was sufficient to locate most banded recruits and to

allow for comparisons between core and non-core areas.

First-year survival
We analyzed the encounter histories of 6,093 individuals

banded as nestlings (2004–2009), of which, 418 individuals were

recaptured in a subsequent year. Although we were unable to

determine sex prior to fledging, similar numbers of males (n = 212)

and females (n = 206) were recaptured. The test for GOF indicated

some lack of fit between the data and the JollyMove (JMV) model

(x2 = 23.44, d.f. = 14, P = 0.05). This lack of fit was caused by

lower numbers of resights or recaptures in the following year

(x2 = 16.05, d.f. = 3, P = 0.001) which was confirmed by running

the GOF test while suppressing the first encounter for each

individual (x2 = 7.03, d.f. = 12, P = 0.86). Consequently, we

proceeded with fitting models with a time-since-marking structure

that incorporated different survival and resight/recapture proba-

bilities between the first and subsequent recapture periods. To

reduce potential effects of overdispersion, we incorporated an

estimated variance inflation factor (ĉ = 1.67) based on the sum of

Figure 2. The distribution of natal dispersal distances for one-year-old Prothonotary Warblers in southern Illinois, fledging during
1995–2009 and recaptured on nest box study sites and within the systematic survey area. (A) The observed natal dispersal distance
distribution for 222 female (black) and 207 male (gray) and (B) the distribution of observed natal dispersal distances relative to the number banded in
that distance class (DDRR). Mean weighted DDRR and SEs for individuals banded prior to fledging are presented.
doi:10.1371/journal.pone.0056059.g002
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the GOF tests in U-CARE (calculated as x2 divided by the degrees

of freedom).

Transition probabilities. Models with a two-stage structure

(State 1RStates 2–5, and States 2–5RState 6) had much greater

support than the constant model (D QAICC = 139.62). There was

little support for annual variation in transition probabilities (D
QAICC = 5.87). The transition model with the greatest support

(wi = 0.99) incorporated variation from state 1 to each distance-

specific state (2–5), while the transitions between states 2–5 to the

‘absorbing’ state 6 were held constant (Table S1). Transition

probabilities decreased dramatically with distance, with the highest

probability of local recruitment within the ,2 km distance

category (0.68+0.02; Figure S1). This transition structure was

used in subsequent modeling of recapture probabilities and

survival rates (Table S1).

Recapture probabilities. Contrary to expectations, recap-

ture probabilities from this study did not decrease with increasing

dispersal distance. In a model that included variation in first-year

recapture probabilities among distance categories (page,dist), recap-

ture probabilities declined slightly from the first distance category

(,2 km; 0.45+0.03) to the second (2–4 km; 0.36+0.07), but

increased within state 3 (4–6 km; 0.53+0.14). Because distance-

related first-year recapture probabilities were not supported

(wi,0.01), we only used models incorporating annual variation

for subsequent analyses (Table S2). The top-ranked recapture

model incorporated an effect of year on first-year recapture

probabilities and constant probability for ages .1 year old

(wi = 0.98; Table S2). Recapture probability for first-year warblers

varied between 0.56 (+0.06) and 0.28 (+0.05) among years.

Survival probabilities. Incorporating the top-ranked tran-

sition and recapture structures, models that included two age-

classes in survival probability estimates were better supported than

a constant model (DQAICC = 39.88). Annual variation in first-year

survival probability was not supported when compared to the age-

class model (Table 1). Thus, individual covariates were applied to

a two age-class model that included time-constant survival

probability estimates.

First-year survival estimates varied as a function of fledging date

and parasitism status (Table 1). The top ranked model (Model 8;

Table 1), included similar linear trends for the effect of fledging

date on individuals reared with a cowbird nestmate (BHCO) and

without (noBHCO). Overall, all models ,10 DQAICC included

fledging date, and model averaged estimates of first-year survival

declined with increasing fledging dates both for individuals reared

with and without a cowbird nestmate (Figure 3). Similarly, while

holding other covariates at mean observed values, model averaged

survival estimates were nearly 2 times greater for individuals

reared without cowbirds (0.11+0.01) than reared with a cowbird

nestmate (0.06+0.01) (Figure 3). An interaction between the

effects of fledging date and cowbird parasitism on first-year

survival were marginally supported. The model fit was slightly

improved by removing the effect of date for group BHCO

(Table 1; Models 10 and 11) and the predicted model-averaged

estimates indicated that first-year survival decreased with fledging

date less sharply for individuals reared with a cowbird nestmate

(BHCO) than those without (noBHCO) (Figure 3).

Variation in nestling body condition (cond) was only marginally

supported to influence first-year survival. Despite a model

incorporating condition having nearly equal support to the top-

Table 1. Model selection to estimate first-year apparent survival for Prothonotary Warblers, Protonotaria citrea, in southern Illinois,
USA, fledging during 2004–2009.

No. W QAICC DQAICC wi K

Models without effect of cowbird parasitism on first-year apparent survival

1 Wdate 4265.01 5.48 0.01 15

2 Wdatezcond 4265.44 5.91 0.01 16

3 Wdatezhost# 4266.34 6.81 0.00 16

4 Whost# 4296.37 36.84 0.00 15

5 W 4299.40 39.88 0.00 14

6 Wcond 4299.62 40.01 0.00 15

7 Wyear 4303.56 44.04 0.00 19

Modeling the effect of cowbird parasitism on first-year apparent survival

8 W noBHCO~BHCOð Þzdate 4259.53 0.00 0.23 16

9 W noBHCO~BHCOð Þzdatezcond 4259.99 0.47 0.18 17

10 W noBHCOzdateð Þ= BHCOð Þ 4260.13 0.60 0.17 16

11 W noBHCOzdateð Þ= BHCOð Þ½ �zcond 4260.50 0.97 0.14 17

12 W noBHCOzdateð Þ= BHCOzdateð Þ 4261.30 1.78 0.09 17

13 W noBHCOzdate=ð BHCOzdateð Þ½ �zcond 4261.74 2.22 0.07 18

14 W noBHCO~BHCOð Þzdatezcondzhost# 4261.92 2.39 0.07 18

15 W noBHCO~BHCOð Þ 4297.73 38.21 0.00 15

16 W noBHCO~BHCOð Þzyear 4306.83 47.30 0.00 24

W, apparent survival; QAICC, quasi-likelihood Akaike’s information criterion corrected for small sample size; wi, Akaike’s model weights; K, number of parameters; date,
ordinal fledging date; BHCO, reared with cowbird nestmate; noBHCO, absence of cowbird nestmate; cond, nestling body condition; host#, number of warbler nestmates
within brood; = , indicates no interaction between terms; ?, indicates an interaction between terms; year, annual variation; (.), indicates a constant for parameter.
doi:10.1371/journal.pone.0056059.t001
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ranked model (Model 9; DQAICC = 0.47), the 95% CI overlapped

zero (bcond = 0.09, 95% CI: 20.05 to 0.23) and the model

including this covariate alone (Model 6) was not supported. The

effect of number of warblers within the brood (host#) on first-year

survival was unimportant (bhost# = 0.01, 95% CI: 20.14 to 0.16).

When the survival covariate structures were interchanged with the

recapture probabilities, QAICC decreased by .2, suggesting that

variation in survival estimates was not being driven by the effects

of explanatory variables on recapture probabilities.

Discussion

In lieu of reliable estimates of first-year survival, population

modelers have used theoretical values thought to represent

adequate population-level replacement rates, such as one-half of

adult survival, or ,0.30 ([13,14] reviewed by [12]). In contrast, we

found both the mean (0.11+0.01) and maximum (early fledged;

0.22+0.03) first-year survival estimates for non-parasitized

Prothonotary Warblers to be much less than the expected rate

of first-year survival for a migratory passerine.

The Cache River nest box study system provided a rare

opportunity to investigate natal dispersal and ultimately first-year

survival for a migratory passerine, as the nest boxes allowed for a

large sample size and the habitat specificity of the warblers

enabled us to focus our search for banded recruits. While exciting

new statistical methods are being developed to account for the rate

of permanent emigration [9,31], the multistate mark-recapture

modeling allowed for variable resight/recapture probabilities as a

function of distance and minimized the traditional biases inherent

to these types of studies. Our systematic surveys for natal dispersal

events outside of the nest box study system, distribution of natal

dispersal distances, and the distance-dependent recruitment rate

all suggested that permanent emigration was relatively rare in our

study system. Survival would be underestimated if long-distance

natal dispersal (i.e. outside of systematic survey area) were

common in this population. However, Winkler et al. [32]

summarized data from one of the largest study areas and sample

sizes for a Neotropical migrant to date and also found that long-

distance natal dispersal occurs rarely (1.3% of observed dispersal

events at 50–200 km) while the majority of first-year Tree

Swallows (Tachycineta bicolor) returned to breed within 10 km

(median = 2.8 km) of their natal origin. Although Prothonotary

Warblers dispersing (i.e. permanently emigrating) off the nest box

sites were detected in our systematic surveys, survival estimates

and resight/recapture probabilities during the years of systematic

surveys did not increase. Even though apparent survival estimates

always represent a minimum value for the true estimate, we

believe that by accounting for dispersal and using multistate mark-

recapture models that incorporate factors influencing survival and

resight/recapture probability, including distance, we calculated

robust estimates of first-year survival.

For populations with low juvenile survival, relatively high adult

survival or fecundity would be required to maintain population

stability. As adults tend to disperse between years after experienc-

ing nesting failure, adult survival estimates in migratory passerines

(i.e. 0.60) would likely be increased with the incorporation of

reproductive performance [18]. For example, experimental

manipulations of reproductive success randomly assigned to

Prothonotary Warblers led to the discovery that adult return rates

in double-brooded individuals is approximately 0.80 [33]. As a

Figure 3. The relationship between fledge date (ordinal fledging date 136 = 15 May) and first-year survival for Prothonotary
Warblers. Model averaged estimates (mean + 1SE) of warblers reared with Brown-headed Cowbirds (grey line) and in the absence of cowbirds
(black line) in southern Illinois, USA, fledging during 2004–2009 are presented. All other variables were held at mean observed values.
doi:10.1371/journal.pone.0056059.g003
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return rate is a minimum estimate of survival, adult survival for

Prothonotary Warblers is likely greater than 0.80 and low juvenile

survival (i.e. 0.11) may be offset by very high adult survival. Using

these survival rates (0.11 for juveniles and 0.80 for adults) and a

simple population model [l= adult survival+(fecundity6juvenile

survival)], a fecundity value of 1.82 would be necessary to achieve

population stability (i.e. l= 1.00). Indeed, during our many years

of working in this study system, fecundity values have often met or

exceeded the value necessary for populations to maintain

themselves in the watershed [24,34,35]. In addition, the relatively

short median natal dispersal distances (e.g. ,2 km) we observed

strongly suggests that local conservation and habitat management

efforts to increase nesting success of this species will have positive

effects on local breeding populations.

Juvenile survival estimates in migratory species are exceedingly

rare, but a few studies have projected first-year survival estimates

by combining post-fledging survival rates with survival estimates

documented within the breeding and non-breeding areas [36] and

also reported values well below 0.30: between 0.18 and 0.24 (Lark

Bunting, Calamospiza melanocorys) [8]; and between 0.15 and 0.18

(Black-throated Blue Warbler, Setophaga caerulescens [37]). While

relatively low juvenile survival may be representative of many

migratory songbird populations, other recent estimates have

indicated that juvenile survival is variable and may reflect

differences in life history traits [1,3,38,39]. For example, juvenile

survival estimates in two aerial insectivores were more than twice

as high as the estimate found for Prothonotary Warblers (Purple

Martin, Progne subis = 0.27 [40]; Eastern Kingbird, Tyrannus

tyrannus = 0.29 [41]) and may reflect differences in how these

species experience the first weeks of the post-fledging period.

Purple Martins are fully capable of extended flight when they

fledge and spend much of the time foraging while in flight [40],

and Eastern Kingbirds can sustain short flights during the early

part of the post-fledging period [42]; in each case resulting in very

low post-fledging mortality rates. In contrast, recently-fledged

Prothonotary Warblers are poor flyers, not very mobile, and still

highly dependent on their parents, possibly making them more

vulnerable to predators during this period. Our estimate of low

juvenile survival (i.e. 0.11) in Prothonotary Warblers may not be

generalizable to all migratory passerines, but may represent what

juvenile survival is in other forest-dwelling Neotropical migrants.

Additional studies that combine intensive efforts to locate returned

juveniles over a large area with new and emerging modeling and

analysis techniques to generate estimates of juvenile survival in

other species will clarify whether our value of 0.11 is more an

exception or a general rule.

Considerable variation in first-year survival rates were observed

with the inclusion of biotic factors into our survival models. The

probability of first-year apparent survival was on average 40%

lower for those reared with a parasitic cowbird nestmate than for

those reared with only host nestmates. Despite fledging from the

nest, the inability of host young to adequately compete with brood

parasites for food during the nestling stage [43,44] may increase

the probability of mortality post fledging. However, our measure-

ments of body condition for nestlings did not appear to explain the

observed decrease in survival, regardless of parasitism status.

There may be other negative effects of cowbirds not measured in

this study (e.g. reduced immune function [45]) that reduce survival

rates for individuals reared with cowbird nestmates. In addition,

brood parasites likely continue to disproportionally procure

resources during the post-fledging period, potentially reducing

body condition further and thereby reducing survival prior to

independence for hosts [46,47]. Competition for food between

host and parasitic fledglings could leave host fledglings in a

weakened condition and less able to escape from predators or

cause them to increase their begging only to attract more

predators [48].

The probability of first-year survival decreasing with later

fledging dates (i.e. a seasonal effect) has been reported in

populations of resident species (reviewed in [49]), and recently in

migratory passerines [40,50]. First-year survival estimates for non-

parasitized warblers decreased from 0.22 (+0.02) to 0.03 (+0.03)

for fledge dates across the breeding season, with a substantial

reduction during the first month (0.12). Parental quality and

seasonal variation in ecological factors (e.g. food limitation,

parasites, predation), two common hypotheses explaining tempo-

ral variation in reproductive performance [49], may also explain

why first-year survival rates decreased with later fledging dates. In

migratory birds, adults of ‘high quality’ are thought to arrive on

the breeding grounds earlier and subsequently initiate breeding

prior to individuals of ‘lower’ quality [51]. However, the parental

quality hypothesis alone fails to explain the dramatic decline in

first-year survival with increasing fledging dates found in this

study. A majority (.65%) of the adult females fledging offspring

late in the season were known to have also bred earlier (April and

May) within the same year. If it were simply parental quality

driving the seasonal decline, first-year survival probabilities in late-

fledged birds would likely be much greater because most ‘high

quality’ individuals (i.e. early breeding birds) bred a second time.

As a substantial portion of first-year mortality likely occurs during

the post-fledging stage (reviewed in [12]), the influence of food

availability [8] or intensity of predation [48] may increase as the

breeding season progresses, thus reducing survival of fledglings

prior to migration. Finally, lacking the ability to use previous

migratory movements for navigation, juveniles may incur a greater

risk of mortality during fall migration than adults [39]. Individuals

that fledge earlier in the breeding season may benefit from having

additional time to adequately prepare for migration (e.g. fat

reserves), thereby increasing the probability of successfully

reaching the wintering grounds [50].

The very low juvenile survival found in this population suggests

that mortality rates during the first year of life for many

Neotropical migrants are potentially greater than previously

thought. Brood parasitism and timing of reproduction are

important effects on first-year survival and, subsequently, provide

insights into potential areas of vulnerability in populations of

conservation concern. Estimates used in past population models

(e.g. one-half of adult survival) are unlikely to reflect first-year

survival for all migratory passerine populations, and future

population models should incorporate a range of first-year and

adult survival rates. Furthermore, current estimates of adult

survival in migratory songbirds are likely biased low and future

research should incorporate reproductive success into survival

models to account for permanent emigration after reproductive

failure [17]. In study systems where banded recruits cannot be

searched for systematically, juvenile survival could be estimated by

incorporating the dispersal distribution within a mathematical

framework to determine the rate of permanent emigration [8,30].

Increasing the accuracy of age-specific survival estimates is

necessary to enhance our understanding of population dynamics,

tradeoffs in reproduction and the evolution of avian life histories.
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