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CHAPTER 1: EVALUATING THE UTILITY OF ARTIFICIAL NESTS: A 

META-ANALYSIS 
 

ABSTRACT 

Although the use of artificial nests is alluring due to the ability to overcome 

logistical hurdles associated with achieving sufficient sample sizes and ease of 

conducting controlled experiments, many ecologists disparage artificial nest studies 

because of inconsistencies between the survival rates of real and artificial nests. Further 

investigation into patterns in inconsistencies between properly designed studies is 

required to determine the utility of artificial nests. Thus, we conducted a meta-analysis to 

examine how broad ecological patterns from theory and methodology influenced the 

difference between real and artificial nest survival. While individual studies may exhibit 

some variation, the diversity in species (n = 128), habitats (n = 5), and locations (34 

countries from 7 continents) of the 245 studies (from 138 peer-reviewed journal articles) 

we incorporated into our meta-analysis create strong support for the predicted pattern of 

slightly lower survival for artificial nests than real nests. In addition, the consistency with 

which the artificial nest survival patterns matched the survival patterns of the real nests 

indicated that artificial nests are useful tools that can improve our understanding of avian 

systems when careful consideration of assumptions is practiced. However, the approach 

used to analyze nest survival appears to influence the patterns of nest survival observed. 

Thus, when comparing the survival of artificial and real nests, researchers should be 

cautious of comparing survival results using different approaches.  

INTRODUCTION 

 Nest predation is the primary cause of reproductive failure for most avian species 

and, therefore, a key component of population dynamics (Ricklefs 1969; Thomas E. 
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Martin 1995). However, understanding causes and patterns of nest predation is often 

difficult due to the logistical issues associated with locating a sufficient number of nests 

within treatment groups to perform statistical analyses (Moore and Robinson 2004). In an 

attempt to overcome the logistical hurdles of nest studies, many researchers use artificial 

nests (Moore and Robinson 2004). Although the use of artificial nests is alluring due to 

the ease of manipulating controlled experiments, many ecologists are wary artificial nest 

studies because of inconsistencies between the survival rates of real and artificial nests 

(Buler and Hamilton 2000; Zanette 2002; Moore and Robinson 2004).   

Some of the inconsistencies between real and artificial nest studies may result 

from poor study design that fails to result in artificial nests that adequately mimic natural 

nests (Moore and Robinson 2004; Major and Kendal 1996). Nest appearance influences 

the likelihood of predators successfully finding nests, suggesting that differences in nest 

construction and egg color could create unintended differences between patterns of real 

and artificial nest survival rates (Thomas E. Martin 1987; Solís and de Lope 1995). 

Similarly, the utility of artificial nests differs by nest predator community (Greene 1997; 

Thompson and Burhans 2004). In areas where snakes are a predominant nest predator, for 

example, inaccurate estimations of predation rates may occur because artificial nests lack 

the scent and heat signatures snakes use to find nests (Greene 1997; Thompson and 

Burhans 2004). Indeed, the reported causes of why real and artificial nests are ‘different’ 

abound in the literature (Moore and Robinson 2004; Major and Kendal 1996), leading 

many researchers to believe that artificial nests do not have utility in understanding 

patterns of nest predation (Faaborg 2004).   
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Although comparing real and artificial nest success may be inappropriate in some 

systems, careful study design and an understanding of the assumptions associated with 

artificial nests may be the key to unlocking the true utility of artificial nests (Moore and 

Robinson 2004). We should consider artificial nests as a tool to study how nest predation 

shapes avian systems rather than actual nest predation (Villard and Part 2004). For 

example, environmental variation in nest predation risk ostensibly favors different 

parental care strategies (Lima 2009; J. J. Fontaine and Martin 2006), but how individuals 

respond to specific environmental conditions also varies (Ghalambor and Martin 2001; 

Weidinger 2002). Some parents may select habitats where risk is low and in doing so 

express behaviors that are more risky (J. J. Fontaine and Martin 2006; J. J. Fontaine and 

Martin 2006), whereas other parents may select habitats that are more risky, but express 

less risky behaviors. Despite clear differences in the inherent environmental risk between 

two habitats, the realized nest predation rates might not differ because parents in both 

environments attempt to optimize the trade-off between the inherent nest predation risk 

present in the environment and the benefit of expressing risky parental care strategies 

(Lima 2009; J. J. Fontaine and Martin 2006; J. J. Fontaine and Martin 2006). Artificial 

nests allow researchers to examine the inherent predation risk associated with a specific 

environmental factor (e.g., nest distance from edge habitat) by eliminating individual 

variation in parental care strategies that may confound the true patterns of environmental 

predation risk (Lima 2009; J. J. Fontaine and Martin 2006).  

We aimed to understand how predation patterns vary between real and artificial 

nests by asking how the consistency of differences in real and artificial nest survival rates 

varies across different systems. By improving our understanding of variation between 
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natural and model systems, we will be able to determine when proxies (such as artificial 

nests) are useful and valid in the pursuit of answering questions that are difficult to 

answer within natural systems. Specifically, we examined whether consistent patterns in 

predation are present across absolute latitude, exposure period, nest size, nest type, nest 

placement, and habitat type by conducting a meta-analysis of artificial nest papers.  

METHODS 

Article Collection  

 We used Google Scholar (Google, Mountain View, CA) to search for articles that 

contained the entire phrase “artificial nest” and either the word “avian” or “bird” within 

the article’s text to return avian specific articles using artificial nests (6,792 search 

results). We then compiled articles that contained artificial avian nests based on 

information in the title and abstract, avoiding articles that focused on artificial nest 

structures created by people for bird use or non-avian study species, and used the citation 

management program Zotero (Roy Rosenweig Center for History and New Media) to 

download articles and store citations (1,167).We then sorted articles based on media type 

(book, journal article, thesis, or report) and the article type (experiment, comment, meta-

analysis, not relevant, or review; see Appendix A for full description of each article type) 

to focus on peer-reviewed articles that possessed experiments with subject matter 

pertaining to artificial nests. To avoid repetition from theses that were later published and 

ensure all articles were peer-reviewed, we limited our meta-analysis to journal articles. 

After we had pooled journal articles that contained an artificial nest experiment, we 

selected articles suitable for our meta-analysis based on the use of artificial nests and real 

nests in experiments rather than artificial nests alone (see Appendix A).  
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Article Assessment 

We assessed 191 articles designated as peer-review journal articles with artificial 

and real nest experiments based on three areas of interest. First, we recorded general 

information (e.g., publication date, journal, years of study, location of the research, etc., 

Appendix B) to summarize trends in artificial nest studies over time. Second, we 

collected data on the methods used (e.g., species studied, nest type, nest placement, type 

of eggs used, exposure period, etc., Appendix C) to examine variation between articles 

and subset experiments with similar nest characteristics and system in our meta-analysis. 

If articles did not include all pertinent nest characteristic information (as was often the 

case with egg length and egg width), we attempted to fill in missing background system 

information using the Birds of North America database to find information on nesting 

characteristics (Rodewald 2015), the “CRC Handbook of Avian Body Masses” to look up 

adult body mass (Dunning Jr 2007), and “The Book of Eggs” along with other peer-

reviewed journal articles to find the egg length and widths (Hauber 2014). Third, we 

recorded the questions addressed, treatments used, and the survival rates reported for both 

artificial and real nests (Appendix D). If an article included results from multiple species, 

nest types, questions, or other variables that were of interest (e.g., types of eggs, habitats, 

distances from edge habitat, etc.) that were separable, multiple data entries were created 

to record the survival results associated with each unique “study”. If studies within 

articles were based on a treatment manipulated by researchers and a control for the 

experiment (e.g., predator removal and non-predator removal plots), only the results from 

the control were included in overall meta-analysis to reduce variation based on unnatural 

conditions. If treatments within studies were separable and not manipulated by 
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researchers, we recorded treatments separately and either analyzed the treatments 

individually to examine the effects of specific treatments on survival differences between 

real and artificial nests (e.g., vegetation density: low versus high) or averaged survival 

across treatments when variables were not of interest (e.g., species of shrub nests were 

placed in). We used Access to record and store our data in a database organized by 

unique IDs specifying the treatment associated with a study within an article for each row 

of data (Microsoft Access 2013, Microsoft Corporation, Redmond, WA). 

Meta-Analysis 

To meet our requirements for inclusion in the meta-analysis, an article had to 

include survival results from both artificial and real nests in comparable forms (138 

articles). We used separate models to analyze the survival patterns of the two survival 

metrics separately, to avoid extraneous variation. The two survival metrics we used were 

apparent nest success (number of nests survived/total number of nests, hereafter ANS, 

110) and daily survival rate (predicted probability of a nest surviving a single day, 

hereafter DSR, 45, Mayfield 1975). We converted daily survival rate to nest survival rate 

(daily survival rate ^ number of incubation days, hereafter NSR, (Mayfield 1975) to 

allow comparisons between patterns in the analyses of apparent nest success and nest 

survival rates.  

We began our analyses by first examining the distribution of our survival and 

methodological data to assess our ability to examine the patterns of real and artificial nest 

survival across variables previously shown to influence nest survival (e.g., absolute 

latitude, (McKinnon et al. 2010; Roper, Sullivan, and Ricklefs 2010; Thomas E. Martin 

1996)). We then created separate real and artificial nest data sets by selecting the survival 
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rates for each to ensure any repeated results were removed (e.g., if a treatment was only 

assigned to artificial nests, then the results from the real nests were repeated in each row 

associated with the study). We then created universal covariates to bring real and 

artificial nest information into the same covariates (we created an exposure covariate that 

was incubation days for real nests and exposure days for artificial nests, Appendix E). 

Once the real and artificial nest data sets possessed the same covariates and a “nest” 

covariate to indicate if results were from real or artificial nests, we combined the data sets 

into separate ANS and NSR data sets, allowing us to analyze the survival of real and 

artificial nests separately within the same model for each survival metric.   

We used generalized linear mixed effects models (glmm, Bates et al. 2015) with a 

binomial logit link to analyze patterns in the survival of real and artificial nests. In each 

model, we included our unique article ID as a random effect to account for data from the 

same article being more similar, and specified whether the data was from real or artificial 

nests using the nest covariate as a fixed effect. We also accounted for variation in 

predation risk associated with differences in lengths of exposure by incorporating the 

number of days nests were exposed into each model as a fixed effect. We then began by 

examining the effects of nest guild against exposure days by incorporating nest type 

groups (e.g., open cup, closed cup, cavity, etc.) and nest placement (e.g., ground, shrub, 

canopy) as fixed effects into two glmm models. After examining nest type and placement 

separately, we subset data to the most common nest type and nest placements to account 

for variation associated with nest guild and reduce the constraints of small sample sizes, 

allowing us to drop nest type and only include nest placement as a fixed effect in the 

remaining models. We then separately examined the fixed effects of absolute latitude, 
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habitat type, nest size (total clutch volume calculated by multiplying egg volume by 

clutch size), and number of nest visits (average number of times researchers visited the 

nest) on the patterns of real and artificial nest survival in a series of eight models, ANS 

and NSR glmm for each covariate of interest. We compared sets of models with additive 

and interactive fixed effects for our nest type, nest placement, absolute latitude, habitat, 

nest size, and nest visits models using AIC to determine the relationships between our 

fixed effects. After selecting our top model, we then created predictive survival plots 

using the predict function from package ‘lme4’ (Bates et al. 2015).  

RESULTS  

Data Collection Summary 

 We downloaded 1,167 out of 6,792 articles returned by our Google Scholar 

search. In total, we had 912 journal articles, of which 562 were experiments and 191 used 

both real and artificial nests. Out of 191 articles that used real and artificial nests, 138 

reported the survival of both real and artificial nests in the same survival metric. After 

separating species, nest placement, nest types, experiments, and treatments into 

individual rows of data, we had a total of 245 studies that resulted in 668 treatments that 

included both real and artificial nest survival results (426 ANS, 270 NSR, and 50 with 

both survival metrics). When we separated out the real and artificial nest survival results 

into individual data sets, averaged treatments that were not of interest, and removed 

repeated data, we had a data frame of 159 and 171 ANS treatments respectively and 80 

and 60 NSR treatments respectively.  
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Article Background Information Summary 

The earliest article in our data base of real and artificial nest articles was from 

1976, but articles using artificial nests did not begin to gain popularity until the late 

1980s, and the use of both real and artificial nests did not become popular until the late 

1990s (Figure 2.1). The majority of the articles had a study length of less than or equal to 

three years (104 out of 138, Figure 2.2). Articles included study locations from 34 

countries and all seven continents (Figure 2.3a), with most occurring in the United States 

of America (USA), Canada, and Australia (46, 14, and 13 respectively, Figure 2.3b). 

Studies were most frequently conducted in forests (93), followed by grassland (81), 

wetland (49), agriculture (7), and urban habitats (6, Figure 2.4).  

In addition to a wide geographical range in study locations, our database of real 

and artificial nest studies included data representing 128 species in 44 families from 10 

orders (Figure 2.5). Most of the species belonged to the Passeriformes (159),  but also 

Charadriiformes (18), Anseriformes (11), and Galliformes (13). Open cup nests were the 

most common artificial nest type used (186 out of 224), and almost all of the artificial 

nests were the same nest type as the species of interest (210 out of 224). Artificial nests 

were most commonly placed in shrubs (104) or on the ground (93).  Few studies placed 

nests in trees (15), such that the frequency of studies decreased as nest height increased 

(Figure 2.6).  

When we examine the type of eggs used in the artificial nests, we see that real 

eggs were used in well over half of the study treatments (111 real only and 65 real and 

fake eggs), whereas artificial nests with only fake eggs were less common (45). Quail 

eggs were the eggs most commonly used (114), followed by chicken (39), finch (16), 
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sparrow (6), and budgie (1) eggs (figure 2.7). Fake eggs were either clay (99) or wax (8, 

figure 2.7).  

Clutch sizes were similar between real and artificial nests with four eggs being the 

most common real nest clutch size (89, figure 2.8a) and three eggs being the most 

common artificial nest clutch size (107, figure 2.8b). When the real and artificial clutch 

sizes were compared directly, we again found that number of eggs in a clutch was similar 

between studies (139 out of 225 studies had a difference less than or equal to one egg, 

figure 2.8c). In addition to possessing similar number of eggs in clutches, real and 

artificial nests also had similar clutch volumes (egg volume multiplied by clutch size). 

When relativized ((artificial – real clutch volume)/real clutch volume) most treatments 

possessed a relative difference less than or equal to 0.5 ml (figure 2.9). When we divide 

the clutch volume (ml) by the adult mass (g) to look at reproductive investment relative 

to adult body size, we see that most of the treatments have an investment of 0.3-0.4 ml/g 

(figure 2.10). 

The most common incubation lengths for real nests were 12 days (53), 14 (28), 13 

(17), 21 (17), 16 (15, figure 2.11a). Whereas for artificial nests the most common number 

of exposure days was 14 (41), 15 (29), and 12 (23), but exposure periods ranged from one 

to 34 days (figure 2.11b). When we directly compare the real incubation period versus the 

artificial exposure period for each study, the most common difference was zero days (95 

out of 230), but again the range was -29 to 17 days difference (figure 2.11c). The 

investigator visitation rates varied widely between real and artificial nests. Real nests 

were primarily visited four or five times during the course of observation (33 and 24 

treatments respectively, figure 2.12a), but artificial nests were often visited by researchers 
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anywhere from two to seven times (38, 32, 40, 36, 18, and 22 treatments respectively, 

figure 2.12b).  

The timing of the measure of success for real nests did vary widely across studies. 

Most of the treatments determined that real nests were successful when the nest hatched 

(104), but many treatments also specified that nests had to fledge nestling to be 

successful (87, figure 2.13). However, some studies were unclear when success was 

determined for real nests (34) and a few chose less standard periods to determine success. 

Some of the outlier treatments chose to observe nests for short periods of time (e.g., after 

three, four, or seven days of observation), but one treatment chose to specify the fourth 

day of incubation as the period when success was measured. 

Questions and Treatment Summary 

 We divided the questions from the studies into six distinct categories based on the 

main objective of the study and treatments. Local habitat characteristics questions were 

the most studied (91), followed by nest characteristics (76), predators (26), real versus 

artificial (22), landscape characteristics (21), and methodology (9). The most common 

local habitat characteristic question treatment groups were associated with microhabitat 

characteristics in the area immediately surrounding nests (23), the density of vegetation 

(17), the distance to edge habitat/habitat patch edge (14), the density of nests (10), and 

whether nests were colonial vs solitary (6). In studies focused on nest characteristic 

questions, popular treatment groups were: the placement of nests (17), the substrate used 

in nest construction (15), the size of eggs (8), the type of egg used in artificial nests (7), 

and the amount of nest cover or concealment (7). The effects of predator removal (10) 

and the type of predators depredating nests (9) were the most common treatment groups 
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for predator questions. Real and artificial nest questions were mostly treatment groups of 

real and artificial nests only (20). The treatment groups of landscape characteristic 

question studies were divided into island vs mainland patches (7), patch size (7), and 

fragmentation treatments (6). Studies investigating methodology questions were mainly 

focused on nest camera versus no nest camera treatments (6).  

Meta-analysis Model Results 

 The sample sizes of complete data lines for our glmm models varied widely from 

17 real nest treatments in the NSR nest visitation model to 128 artificial nest treatments 

in the ANS nest type model (Figure 2.14). The absolute latitude models were the only 

models where AIC selection favored an interaction between our nest covariate and 

covariate of interest. As a result, our absolute latitude predictions for both NSR and ANS 

indicate an increase in survival for real nests as absolute latitude increases whereas 

artificial nests experienced a decrease in survival as absolute latitude increases (Table 

1.1, Figure 2.15). When we examine the predictions for the nest size models we see that 

the real and artificial nests both exhibit increases in predicted NSR as nest size increases, 

with artificial nests consistently having lower survival (Table 1.2, Figure 2.16a). 

Whereas, artificial and real nests exhibit nearly the same predicted ANS and decline in 

survival as nest size increases (Table 1.2, Figure 2.16b). As the number of nest visits by 

investigators increased, the predicted survival of nests decreased for real and artificial 

nests in both NSR and ANS models, with artificial nest survival consistently lower than 

real nest survival (Table 1.3, Figure 2.17). For our analysis of the effects of our 

categorical covariates, we consistently observed a lower predicted survival rate for 

artificial nests versus real nests in NSR and ANS analyses. For habitat type, we found 
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that NSR and ANS models possessed different patterns, but artificial nests consistently 

had lower survival than real nests (Table 1.4, Figure 2.18). When we examine the effects 

of nest type, we see similar trends between NSR and ASN with survival slightly lower for 

artificial nests versus real nests (Table 1.5, Figure 2.19). However, nest placement also 

possessed different patterns for ANS and NSR, but artificial nests still had lower survival 

than real nests (Table 1.6, Figure 2.20).  

DISCUSSION 

Overall, across nearly all of the continuous gradients and within the many 

categorical groups that we examined, predicted survival for artificial nests was lower than 

predicted survival for real nests, but the difference was mostly insignificant. While 

individual studies may exhibit some variation, the diversity in species (n = 128), habitats 

(n = 5), and locations (7 continents and 34 countries) of the studies we incorporated into 

our meta-analysis creates strong support for the pattern of slightly lower predicted 

survival for artificial nests than real nests, which indicates that the pattern applies across 

systems and species. Lower survival for artificial nests aligns with the theory that 

artificial nests have lower survival than real nests due to a lack of parental protection 

(Zanette 2002; Komdeur and Kats 1999; Wilson, Brittingham, and Goodrich 1998; 

Davison and Bollinger 2000).  

In addition to consistently exhibiting lower predicted survival in almost all of our 

models, artificial nests exhibited the same predicted survival pattern as real nests in 

almost all of our models. Again, indicating that artificial nests are a valuable tool that can 

improve our understanding of how predation risk shapes avian systems. For absolute 

latitude, the model where the survival patterns were dissimilar between the real and 
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artificial nests, we can explain opposite patterns in survival with a couple of theories. 

First, life history strategies may be the mechanism behind the opposing survival patterns. 

Where we would predict that parents use more cautious life history strategies and invest 

less into nests (e.g., locations closer to the equator) artificial nests have greater predicted 

survival than real nests, whereas in locations where parents invest heavily in nests and 

possess short life history strategies survival for real nests is greater than artificial nests 

(Thomas E. Martin 1996; Roper, Sullivan, and Ricklefs 2010). Alternatively, the 

specialization of predator communities as absolute latitude decreases may drive the 

observed divergence. As predators become more specialized in lower latitudes, it is likely 

that artificial nests placed by researchers are outside of their niche and therefore are only  

(Schall and Pianka 1978).  

Although we find that artificial nests appear to adequately represent at least nest 

predation risk, we found that the metric used to analyze survival influenced the survival 

trend observed across our covariates of interest. The differences in patterns of predicted 

survival varied unpredictably between the two survival metrics. For nest size, nest type, 

and nest placement the trends in survival were opposite between the NSR and ANS 

survival predictions, whereas absolute latitude, nest visit, and habitat type had similar 

trends for NSR and ANS model predictions. The tendency for variation between NSR 

and ANS trends in predicted survival indicates that comparisons between the two survival 

metrics may lead to misleading results. Articles that compare the survival of real and 

artificial nests in two different survival metrics (e.g., real nests were commonly reported 

in NSR whereas artificial nests were most commonly reported in ANS, Figure 2.14) may 

therefore exhibit unpredictable differences in the survival of real and artificial nests due 
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to inconsistencies based upon the survival metrics used rather than the actual variation in 

survival between the two types of nests.  

  The similarity between artificial and real nest survival that we observed may 

reflect the quality of studies we included in our analysis. We chose to use a paired 

approach where artificial and real nest results were from the same study to reduce 

variation that may result from differences in geographic location, research methods used, 

and other potentially confounding variables. In addition to selecting articles with paired 

data, the studies used were of high quality because investigators appeared to make 

considerable effort to create artificial nests similar to the real nests they imitated. The 

majority of studies used real eggs (176 of 221), mimicked the same nest type (211 of 

225), and placed nests in similar locations (206 of 213). Nest predators form search 

images based on prey appearance and location (Thomas E. Martin 1993; Gendron 1986; 

Dukas and Kamil 2001), thus, ensuring that nests were in similar locations and possessed 

similar appearances could have greatly contributed to the similar survival results we 

observed between real and artificial nests. However, researchers did not always 

concentrate on exposing artificial nests for similar periods (95 of 230), introducing a 

greater amount of variation with the exposure periods for real and artificial nests. In 

addition to variation in exposure days between real and artificial nests, there was also 

variation in when real nests were determined to be successful (104 treatments measured 

success when nests hatched and 87 treatments measured success when nests fledged). 

The survival of incubated eggs and nestlings varies for real nests (Grant et al. 2005; Stake 

2003), so it stands to reason that artificial nests with eggs are an inadequate replications 

of real nests with nestlings. We attempted to counteract this issue by calculating NSR 
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based on the incubation period only, but for some ANS studies survival data for 

incubation exclusively was unavailable.  

 The increase in the number of articles published and improvements in 

accessibility of articles has improved the ability of researchers to conduct meta-analyses 

that allow science to evaluate methods and investigate large-scale questions. However, 

the lack of reporting basic summary statistics and the inconsistency in how survival 

results are reported for nest studies creates many issues for meta-analyses. Researchers 

need to present sample sizes for treatment groups when results are reported. In numerous 

articles, sample sizes were reported in the methods section, but not included in figures 

with multiple treatments, creating uncertainty as to the actual number of nests that were 

included in each group. Also, some articles failed to report background information on 

study species and sampling methods, creating issues with missing data. Consistently 

reporting sample sizes for all treatment groups independently, incubation/exposure 

periods, nest type/placement information, and longitude/latitude of the research location 

would improve the quality of future meta-analyses. In addition to issues with reporting 

background information, inconsistencies in reporting survival in the same metric 

eliminated several articles from inclusion in our meta-analysis. Within a single article 

survival should always be presented in the same metric (particularly when comparisons 

are being made), but to improve the ability of future meta-analyses to be conducted more 

standardized reporting of at least ANS (preferably both ANS and NSR) must occur.  

CONCLUSION 

 Artificial nests consistently exhibited insignificantly lower predicted survival 

rates than real nests, and displayed similar patterns of survival in 10 out of our 12 glmm 
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models, indicating that artificial nests are likely a useful tool for improving our 

understanding of avian systems, if applied correctly. The diversity in species, methods, 

and locations studied supports the conclusion that the pattern of consistent differences in 

real and artificial nest survival that we observed can be applied widely across systems. 

However, the survival metric used to analyze nest survival appears to influence the 

patterns of nest survival observed. Thus, when comparing the survival of artificial and 

real nests, researchers should be cautious of comparing survival results using different 

survival metrics. In the future, more consistent reporting of sample sizes, background 

information, and survival results in similar metrics will improve our ability to do large-

scale comparisons and improve the quality of future meta-analyses. 
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TABLES AND FIGURES 

 

Figure 1. 1 The use of artificial nests became popular in the late 1980s, but the use of real 

and artificial nests in articles did not increase until the late 1990s. Following the increase 

in artificial nest use, articles mentioning artificial nests increased greatly in the 1990s. 

The graph below depicts the three year rolling average of the number of articles 

published each year that either used only artificial nests in experiments (Artificial only), 

used artificial and real nests in experiments (Artificial and real), or mentioned artificial 

nests (Comment).  
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Figure 1. 2 The majority of the articles in our meta-analysis had a study length less than 

or equal to three years (104 out of 138). 
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Figure 1. 3 Articles included locations from all seven continents (a), and 34 countries (b). 

Most of the articles were from the United State of America (USA, 45), but Canada (14), 

Australia (13), New Zealand (6), and Sweden (6) also had more than five articles.  
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Figure 1. 4 Forests and grasslands were the most commonly studied habitat types, 

followed by wetlands. Agriculture and urban habitats were excluded from analyses due to 

limited sample sizes.  
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Figure 1. 5 Studies included 128 species from 44 unique families representing 10 orders. 

The primary orders included: Passeriformes (159), Charadriiformes (18), Anseriformes 

(11), and Galliformes (13). 
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Figure 1. 6 Most artificial nests were placed on the ground or in shrubs, resulting in a 

decrease in frequency as nest height increases.  

 

  



24 
 

 

Figure 1. 7 Quail eggs were the most commonly used egg type in artificial nests. Clay 

eggs were the most common fake egg type used in artificial nests.  
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Figure 1. 8 Real and artificial nests had similar clutch sizes. For real nests, an average 

clutch of four eggs was most common (a), and three eggs were most commonly used in 

artificial nests (b). Within most studies, an absolute difference in clutch size less than or 

equal to one egg was observed (c).  
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Figure 1. 9 When the difference in total volume of the clutch was relativized by the total 

clutch volume of real nests, most treatments possessed a relative difference less than or 

equal to 0.5 ml.   
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Figure 1. 10 Reproductive investment was normally distributed around a mean of 0.4 

ml/g, based on total clutch volume divided by adult body mass.  
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Figure 1. 11 The most common incubation lengths for real nests were 12, 14, 13, 21, and 

16 days (a). Whereas for artificial nests, the most common number of exposure days was 

14, 15, and 12, but exposure periods ranged from one to 34 days (b). When we directly 

compared the real incubation period versus the artificial exposure period for each study, 

the most common difference was zero days, but again the range was -29 to 17 days 

difference (c). 
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Figure 1. 12 Real nests were most commonly visited four or five times by investigators 

(a), whereas artificial nests were commonly visited anywhere from two to seven times 

(b). However, many studies failed to report how many times real nests were visited. 
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Table 1. 6 Coefficient estimates from the nest placement generalized linear mixed effects 

models. The models included nest placement (ground or shrub) as the variable of interest, 

along with nest (whether the survival data was from real or artificial nests) and the 

number of days nests were exposed as fixed effects. When the estimate confidence 

intervals did not overlap zero, we determined that the estimates possessed a statistically 

significant effect on nest survival (either positive or negative base on sign). 

 

 
Estimate SE 

Lower 

95% CI 

Upper 

95% CI 

     

Nest Survival Rate     

Intercept* -1.5408 0.5445 -2.6081 -0.4735 

Exposure days 0.0667 0.2557 -0.4345 0.5679 

Nest(Real)* 1.1001 0.4777 0.1637 2.0365 

Nest placement(Shrub) 0.4953 0.5193 -0.5225 1.5131 
     

Apparent Nest Success     

Intercept -0.0599 0.2658 -0.5808 0.4611 

Exposure days -0.2724 0.1723 -0.6101 0.0652 

Nest(Real) 0.4145 0.3008 -0.1751 1.0040 

Nest placement(Shrub) -0.1775 0.3367 -0.8374 0.4825 

     

*Variables that possess 95% confidence intervals that do not overlap zero. 
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and rank order of posterior probability for each scale. We then selected the best scale 

with the highest explanatory power based on the highest posterior probability 

distribution, highest mean posterior probability without overlapping credible intervals 

with other scales, and lowest average rank. If all three comparisons selected a single 

scale, we concluded that support for that scale was strong. 

After selecting the most informative spatial scale for each landscape variable, we 

ran our mixed effects model with eight treatment intercepts, local vegetation 

characteristics, landscape variables at their selected scales, and included study site as a 

random effect to account for variation between sites. We scaled and centered continuous 

covariates (i.e., local vegetation and landscape variables) so that the variables had 

comparable units. We modeled daily survival of individual 𝑖, 𝜙𝑖𝑡, as a series of Bernoulli 

trials formulated as: 

𝑙𝑜𝑔𝑖𝑡(𝜙𝑖𝑡) =  𝑇1 ∗ 𝛽𝑇1 + . . .  + 𝑇1 ∗ 𝛽𝑇1𝑔𝑟𝑎𝑠𝑠𝑙𝑎𝑛𝑑

∗ (𝑔𝑟𝑎𝑠𝑠𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎)𝑖+ . . . + (𝑒𝑑𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒)𝑖 ∗ 𝛽𝑒𝑑𝑔𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

+ (𝑣𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑖𝑔ℎ𝑡)𝑖 ∗ 𝛽𝑣𝑒𝑔𝑒𝑡𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑖𝑔ℎ𝑡  +  (𝑐𝑜𝑜𝑙 𝑠𝑒𝑎𝑠𝑜𝑛 𝑔𝑟𝑎𝑠𝑠)𝑖

∗ 𝛽𝑐𝑜𝑜𝑙 𝑔𝑟𝑎𝑠𝑠  + (𝑓𝑜𝑟𝑏𝑠)𝑖 ∗ 𝛽𝑓𝑜𝑟𝑏𝑠  + (𝑙𝑖𝑡𝑡𝑒𝑟)𝑖 ∗ 𝛽𝑙𝑖𝑡𝑡𝑒𝑟 + (𝑏𝑎𝑟𝑒 𝑔𝑟𝑜𝑢𝑛𝑑)𝑖

∗ 𝛽𝑏𝑎𝑟𝑒 𝑔𝑟𝑜𝑢𝑛𝑑 + 𝑠𝑖𝑡𝑒𝑖 

Where 𝑇 represented our treatment dummy variable, 𝛽 was a vector of coefficients 

associated with each of our covariates, and 𝑠𝑖𝑡𝑒 was a random effect. We present results 

based on 200,000 MCMC samples of model parameters after 1,000 iterations of burn-in. 

We visually inspected trace plots to confirm convergence. 

 We examined the relationship between each predictor variable and nest survival 

rates by predicting daily survival rates for each treatment group separately across the 
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range of scaled and centered values for each predictor. Because the amount of grassland 

area was hypothesized to be an important predictor of nest survival, and because 

grassland area systematically differed between the patch size treatment groups, for our 

visualizations we hold site-specific grassland area at the patch size treatment group 

means. All other variables were held at the grand-mean. After back transforming the 

predicted daily survival rates for each treatment, we then averaged the mean across 

treatment groups to create a single prediction curve. Once predicted responses were 

calculated, our predictor variables were de-centered and de-scaled to examine the 

relationship across the actual values of our predictor. Furthermore, we examined the 

predicted nest survival rate by taking our predicted daily survival rate to the 23rd power 

(i.e., the average incubation period for bobwhites; Klimstra and Roseberry 1975). 

RESULTS 

We monitored 617 artificial bobwhite nests, 314 during trial 1 and 303 during trial 

2.  A total of 329 nests survived the two 23-day trial (incubation) periods, resulting in 

53% survival including 61.4% in small patches, 45.8% in large patches, 56.1% in high 

density patches, and 42.4% in low density patches. Nest predators recorded at the 

randomly assigned artificial nests included coyotes (Canis latrans, 1), raccoons (Procyon 

lotor, 3), American badgers (Taxidea taxus, 1), striped skunks (Mephitis mephitis, 8), 

opossum (Didelphis virginiana, 1), and small rodents (e.g., Ictidomys tridecemlineatus, 

5).  

The influence of our eight treatment groups varied widely for small patch size 

treatment groups, whereas large patch size treatment groups were consistent. Overall, the 

treatment groups associated with large patch sizes (e.g., low density/large patch/trial 1) 


