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Abstract  

The status of the endangered Bahama Nuthatch (Sitta insularis) as an independent species 

is being debated. The Bahama Nuthatch currently is listed as a subspecies of the Brown-headed 

Nuthatch (Sitta pusilla), even though the two differ in morphology, song, genetic characteristics, 

and range. According to the biological species concept, if two populations of the same species 

are unable to vocally recognize one another, then the two populations would not be able to 

interbreed, inferring two distinct species. Birds generally react more aggressively to 

vocalizations of conspecifics, or of the same species, than those of non-predatory heterospecifics, 

or of a different species, because two members of one species are in closer competition for 

mates, resources, and territories.  In this study, I used a call-response occupancy survey at St. 

Marks National Wildlife Refuge to determine if using playback increased detection probabilities 

of Brown-headed Nuthatches. I observed responses to broadcasted vocalizations of conspecifics 

and phylogenetic relatives, the Bahama Nuthatch and the Pygmy Nuthatch (Sitta pygmaea), as 

well as a House Wren (Troglodytes aedon) to determine whether Brown-headed Nuthatches were 

responsive to any broadcasted vocalization, whether heterospecific or conspecific. I broadcasted 

these different vocalizations at repeated sampling points from October to March and noted 

response frequencies. I found that Brown-headed Nuthatches responded to recordings of their 

own calls 65% of the time.  They responded less consistently, 25%, to vocalizations of both the 

Bahama and Pygmy Nuthatch, and 13% to House Wrens. The Brown-headed Nuthatches’ 

significantly lower response to vocalizations of the Bahama Nuthatch, the lack of range overlap, 

and differences in life history traits and genetic characteristics all are inconsistent with the 

biological species concept and provide evidence to merit the legitimacy of Sitta insularis as a 

distinct species. 

 

Introduction 

 

 Monitoring natural populations is a critical aspect of wildlife biology that establishes a 

species’ status, range, and in turn, guides proper management strategies. The most effective 

method for monitoring is species dependent and identifying the most suitable method is 

necessary for accurate population estimates. Many strategies fail to account for variability in 

detectability and spatial variation (Martin et al 2007). The ability to detect a species at a given 

site is dependent on conditions such as user bias and weather. Non-detection of a species at an 

occupied site is a false absence (USGS 2015). Site occupancy addresses the issue of detectability 

and is a well-utilized method to monitor population distribution and abundance. Survey of site 

occupancy relies on repeated data recorded from several sites and assesses detectability by 

analyzing the probability of detecting a species. Monitoring occupancy over time can expose 

changes in species status over different areas (Bailey et. al. 2013). Occupancy surveys are often 

used in place of more expensive population estimating systems, such as mark-recapture, as they 

are cost-effective and time efficient (Wilson and Schmidt 2015). 

One goal of this study is to use a patch occupancy design to assess the responses of 

Brown-headed Nuthatches to conspecific and heterospecific vocalizations to determine 



presence/absence. Using species-specific playback vocalizations with avifauna can increases 

probability of detection to approximately 90% when sites are visited three 3 times (Cox 2015). 

The focus here was to determine how the chances of detecting nuthatches varied when 

conspecific and heterospecific vocalizations were used at each sampling location. Occupancy 

was held constant by using only the sampling locations where nuthatches were detected (18/20 

locations). Variation in detection was then assessed by playing vocalizations of Brown-headed 

Nuthatches, Pygmy Nuthatches, Bahama Nuthatches, and House Wrens three times at each 

sample location. Occupancy models are appropriate for Brown-headed Nuthatches, as they are a 

non-migratory species, have low average dispersal distances, and occupy territories year-round 

(Cox and Slater 2007). Implementing consistent occupancy studies on an annual basis can show 

important changes in species densities and habitat preferences over time (Bailey et. al. 2013). 

The Brown-headed Nuthatch is a small passerine songbird endemic to southern U.S. 

pinelands and is a species of conservation concern throughout most of its range (Cox and 

Widener 2008).  They spend a majority of their time foraging in the top third of pine trees, 

making short flights between trees and eat mainly insects and seeds. Tool usage has been 

documented in both adults and juveniles, in which the bird will use a piece of bark to expose 

insects hidden in trees (Gray et. al. 2016). They search for food by “creeping and climbing in all 

directions” (Stevenson and Anderson 1994). They are also primary cavity nesters, excavating 

cavities subsequently used by a host of other species (Blanc and Walters 2008). Brown-headed 

Nuthatches are cooperative breeders, a mating system in which nonbreeding helpers assist 

dominant breeders in raising young. Adults typically maintain long-term pair bonds and about 

20% of groups contain a male helper, usually related to at least one of the breeding parents (Cox 

and Slater 2007). 

The Bahama Nuthatch is a genetically distinct evolutionary lineage of the Brown-headed 

Nuthatch, occurring only in the Caribbean pine forests of Grand Bahama Island (Lloyd et. al.). 

The Bahama Nuthatch split from the Brown-headed Nuthatch 685,000 years ago and displays 

morphological and vocal differences (Lloyd et. al. 2009), as shown in Figure 1. The Bahama 

Nuthatch has both shorter wings and a longer bill. In addition, the two have different annual 

cycle dates, with Brown-headed Nuthatches breeding from early March to late May and Bahama 

Nuthatches breeding from early November to late May (Hayes et. Al., 2004.) In the late1970’s 

and 1980’s Bahama Nuthatches were considered fairly common according to researcher John 

Emlen. But by 1993, Smith and Smith conducted population surveys and noted a 90% population 

decline since 1969 (Hayes et. al., 2004.) After sparse eBird reports, the Missouri Botanical 

Gardens conducted a population survey in early January 2018 and did not find any nuthatches 

(Reid 2018).  



 
Figure 1: Differences in bill length of Brown-headed Nuthatches (left) and Bahama 

Nuthatches (right). Source: (Hayes et al., 2004) 

 

Recent research has suggested that the Bahama Nuthatch is a distinct taxon and has been 

advocated to receive higher research priority with regard to its declining status (Lloyd et. al. 

2009). The IUCN (International Union for the Conservation of Nature) Red List of Threatened 

Species does recognize Sitta Insularis as a distinct species and classifies it as endangered with 

the justification “…because it has a very small population found on only one island and the 

population size is likely declining as a result of habitat loss and invasive species” (BirdLife 

International 2017). However, the American Ornithologists’ Union, now the American 

Ornithological Society has not accepted the proposed change due to “insufficient or conflicting 

information” (Banks et. al. 2006). Discrepancy among different agencies could inhabit critical 

research and conservation efforts.  

The second goal of this study is to use an occupancy survey to assess the biological 

species concept by observing Brown-headed Nuthatch responses to conspecifics and 

heterospecifics. By observing responses to different vocal stimuli, we can determine aggression 

amongst conspecifics and heterospecifics. Though somewhat ambiguous and varied, the 

biological species concept, which defines interbreeding populations, is classically defined in 

three parts; (1) geographic contiguity amongst ranges, (2) phenetic similarity of populations, and 

(3) an ability to interbreed (Sokal and Crovello 1970). By using occupancy, I observed responses 

of Brown-headed Nuthatches to related taxa, the Pygmy Nuthatch, a subspecies, the Bahama 

Nuthatch, and a distantly related songbird, the House Wren. Increased territorial responses of 

Brown-headed Nuthatches to Bahama Nuthatch vocalizations, relative to more distantly related 

Pygmy Nuthatches or an unrelated control (House Wrens) would suggest that the birds perceive 

these calls as coming from a conspecific competitor, particularly if response levels are similar to 

those elicited by Brown-headed Nuthatch calls. Conversely, if Brown-headed Nuthatches react to 

Bahama Nuthatch vocalizations at a similar level as they do the Pygmy Nuthatch and House 

Wren stimuli, this would suggest they react to Bahama Nuthatches as heterospecifics and 

therefore would likely not interbreed, which is inconsistent with the biological species concept. 

In this study, we examined the ability of the Brown-headed Nuthatch to recognize the 

vocalizations of conspecifics, two congeneric species, and a less closely related songbird. A 

diminished response could suggest an inability to interbreed based on vocal recognition. How 

different must vocalizations or songs be to prevent interbreeding amongst related taxa? 



A Bahama Nuthatch population survey conducted in 2004 used transect lines and 

playback calls of continental Brown-headed Nuthatches to increase detectability. Researchers at 

the time were unaware that vocalizations of Bahama Nuthatches had diverged into a ‘warble’ 

call, which was distinct from the call of the mainland population.  Once they realized this, they 

employed the Bahama Nuthatch call, which significantly increased responses. (Hayes et al, 

2004). This is evidence that Bahama Nuthatches do not respond vigorously to calls of Brown-

headed Nuthatches. My study was to test the hypothesis that the reverse would also be true.  

The two main goals of this study were to (1) test a call-response occupancy survey that 

would increase predictability of Brown-headed Nuthatch detection (2) to use responses of 

Brown-headed Nuthatches to evaluate a key component of the biological species concept that is 

relevant for the legitimacy of the Bahama Nuthatch as a separate species. Using an occupancy 

survey to observe Brown-headed Nuthatch responses to phylogenetic related members can give 

us an idea of the nature of aggression between related and unrelated taxa.  The vigor of these 

responses can be a determinant that aids our understanding of how nuthatches perceive the 

stimulus.  

 

Methods  

 

This study was conducted in the Wakulla unit of St. Marks National Wildlife Refuge, 

along dirt roads in flat wood pine habitat, as shown in figure 2. A total of 20 sampling points, 

each at least 0.3 miles apart were established, as shown in the figure below. The distance used 

(ca. 500 m) is nearly three times the diameter of a typical nuthatch territory (7.1 hectares) 

(Stanton et. al. 2015) and ensures the sampling would focus on unique individuals. 

  

 
Figure 2: Sampling Points in the Wakulla unit of St. Marks National Wildlife Refuge.  

 

 



The following method was adapted from a protocol used to assess a range-wide Painted 

Bunting (Passerina ciris) point-count survey in Florida. Playback was conducted using a Sharkk 

Mini Bluetooth Speaker that contained four total pre-loaded vocalization soundtracks, each 

lasting three minutes: Brown-headed Nuthatch, Pygmy Nuthatch, Bahama Nuthatch, and House 

Wren, which served as a control. These vocalizations were pre-recorded and downloaded by 

various users on www.xeno-canto.org and www.macaulaylibrary.org, public domains offering 

free bird vocalizations. Using the program Audacity 2.2.2 (Audacity(R) software is copyright (c) 

1999-2016 Audacity Team.), vocalizations from each species were edited by taking 45 seconds 

of vocalizations from a recording, cutting it, and using that 45 seconds in the sequence below.  

 

 10 seconds of silence, allowing for set up of MP3 device 

 45 seconds of nuthatch (or wren) vocalizations 

 15 seconds of silence 

 45 seconds of nuthatch (or wren) vocalizations 

 15 seconds of silence 

 45 seconds of nuthatch (or wren) vocalizations 

 

Each sampling period lasted 3 minutes and used a single exemplar of the species’ typical 

song. The silent intervals allowed for detection of birds responding to the playback. Birds were 

recorded as present when they flew in or vocally responded to playback. Latency to respond was 

noted as time to when the bird was initially heard or seen during the sampling period.   

Each point was visited 12 times between October and March and each point received 

each playback type three times. The playback types were consistent. For example, the same exact 

Brown-headed Nuthatch recording was used repeatedly over the sampling periods. Vocalizations 

(n=4) were rotated such that each sampling point did not receive the same type of vocalization 

type twice in a row and no two adjacent points received the same vocalization in a single day. 

Since the sampling occurred on two stretches of road, there were four main points that either 

began or ended the sampling period. Points in between the points on the road ends were always 

sampled in the middle. A single point would receive a single vocalization in one sampling 

period, which occurred on a weekly to bi-weekly basis. Points were rotated so that one point that 

was sampled first during one day was sampled last the following data collection period.  

Other pertinent information included sky and wind conditions at the sampling point, as 

these are factors that may have implications on predictability. Wind was noted on a scale from 0-

6 as follows: 0= no wind, 1= faint, 2= slow, 3= moderate, 5=gusty, and 6=stiff. Sky conditions 

were scored from 1-3 as follows: 1= clear, 2= partly cloudy, 3= overcast.  

The aggression/approach response for each individual was recorded according to a 

categorical scale (1-4). Level 1 birds did not show substantial behavioral changes in response to 

the playback and continued foraging or completing other activities, such as preening. They may 

have called back to the playback, but were ultimately uninterested. A Level 2 bird called back 

and displayed visual aggression signs, such as a wren display (the bird will hunch down, raise its 

tail, and flutter its wings), but remained high in the treetops. A Level 3 bird showed the same 

aggressions as Level 2 and descended to the lower half of the tree, approaching the playback. A 

Level 4 bird showed the same vocal and visual signs of aggressions, but furthermore swooped at 

the speaker or flew back above the playback and landed on the bole of the tree.  

Statistical analyses were completed using program Presence 12.7, developed by the 

United States Geologic Survey (USGS), which estimates detection probabilities, patch 

occupancy rates, and related parameters (USGS 2015). Each factor that affects the predictability 



of detecting a bird in a given sampling point is turned into a ‘model’. The model that most 

affects predictability is the best-fitting model. In this study, I chose the five main factors 

affecting sampling points, which was the playback type (this includes each type of vocalization, 

so this model examined how using playback in general affects detection), wind conditions, day 

order (the order in which the sampling points were observed, which varied each visit), sky 

conditions, and the winter solstice (whether the observation fell before or after the winter 

solstice). 

 

Results 

 

Occupancy Design Results 

 

 

Table 1: Presence Models Output. The Model is the specified variable being analyzed. The AIC 

(Akaike’s Information Criterion) is a statistical measure that ranks models in of the strength of 

their relationship with a response variable and parsimony.  The smallest values a better fit 

between the response variable and the parameter considered; simple models containing a single 

parameter are favored over more complex models containing multiple variables. ΔAIC is the 

relative difference between AIC values between each model and the top ranking model, 

displayed at the top. AIC wgt (weight) is a measure of support of the ‘best model’. Model Lik 

(likelihood) is the ratio of each models weight over the model weight of the top ranked model. 

no. Par. is the number of parameters in each model. 

 

Model AIC ΔAIC AIC wgt Model Lik no. Par. 

Playback Type 265.7 0.00 1 1 2 

Wind Conditions 283.34 17.66 0 0 2 

Day Order 283.46 17.77 0 0 2 

1 group, constant P 286.55 20.86 0 0 2 

Sky Conditions 287.96 22.27 0 0 2 

Winter Solstice 300.23 34.54 0 0 2 

 

Table 1 above shows the output of different models in the software Presence. Sampling 

points 9 and 25 were omitted from the analysis as no nuthatches were detected at either of these 

points in any visit because I was interested in assessing detection probabilities at locations 

known to contain Brown-headed Nuthatches. The ranking of models represents the relative 

importance of individual variables in detection probability. The 1 group, Constant P model, 

(often referred to as the naive model) row 4, Table 1 is a predefined model set by Presence and 

assumes that each point has the same occupancy probability and detection probability for all 12 

visits.  

Model comparisons revealed strongest support for using playback in increasing Brown-

headed Nuthatch detection. The wind, sky, order, and winter solstice models all had substantially 

higher AIC scores and therefore occupancy was not environmentally influenced in this study. 

 

Playback Response Results 

 



 
Figure 3: Percent of Brown-headed Nuthatch Responses to Individual Species-Specific Playback 

Type 

 

Figure 3 above shows the percentage of responses to individual playback types. Of the 

240 total points samples (20 points over 12 visits), study birds responded on average 32.5% of 

the time. They responded to vocalizations of their own species 65% of the time, to Bahama 

Nuthatches 25% of the time, to Pygmy Nuthatches 26% of the time, and to House Wren calls 

13% of the time.  These responses occurred at any point during the sampling period and include 

birds that were seen or heard.  

 

Table 2: Descriptive Statistics of Independent Treatments. N is the total number of visits to each 

of the 20 sites. ∑x is the total number of responses for each playback type over the 12 visits to 

the string of 20 sites. The mean is the average number of responses per visit. ∑x2 is the sum of 

squares. Variance is the sample variance, the variation of observations in a single sample. Std. 

Dev. is standard deviation and Std. Err. is standard error.   

 

Playback Type 

 Brown-headed 

Nuthatch 

Bahama 

Nuthatch 

Pygmy 

Nuthatch 

 

House Wren 

 

Total 

N 12 12 12 12 48 

∑x 39 15 16 8 79 

Mean 3.25 1.25 1.33 0.667 1.65 

∑x2 152 29 36 14 231 

Variance 1.69 0.932 1.33 0.788 2.15 

Std. Dev. 1.30 0.965 1.15 0.888 1.47 

Std. Err. 0.376 0.279 0.333 0.256 0.212 

      

 

Table 3: One-Way Repeated Sample ANOVA (Analysis of Variance) of Independent 

Treatments. The SS is the sum of squares. V is the degree of freedom. MS is the mean square. F-

stat is the F-statistic and p is the p-value.  
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Source SS v MS F p 

Treatment (between groups) 48.73 3 16.24 13.68 1.937e-06 

Error 52.25 44 1.1875   

Total 100.97 47    

 

Table 4: Tukey HSD (Honest Significant Difference) Results. Treatment Pair refers to the two 

playback types being compared. A is the Brown-headed Nuthatch, B is the Bahama Nuthatch, C 

is the Pygmy Nuthatch, and D is the House Wren. 

 

Treatments Pair Tukey HSD Q 

Statistic 

Tukey HSD p-value Tukey HSD inference 

A vs B 6.6227 0.0010053 ** p<0.01 

A vs C 6.3578 0.0010053 ** p<0.01 

A vs D 8.4770 0.0010053 ** p<0.01 

B vs C 0.2649 0.8999947 insignificant 

B vs D 1.8543 0.5546695 insignificant 

C vs D 2.1193 0.4484576 insignificant 

 

 Table 3 shows the significance of the different treatments (type of playback) and 

responses. Input data were the number of responses to each type of call (Table 2, ∑x). Because 

the p-value is <0.05, the data is statistically significantly different. Table 4 shows the 

significance between number of responses of each playback type relative to one another. The 

response to Brown-headed Nuthatches is clearly significantly different compared to responses to 

other playback types. Responses to Bahama Nuthatch, Pygmy Nuthatch, and House Wren are 

statistically not different compared to one another. This means that compared to responses to 

their own calls, they do not recognize the calls of the other birds in the study as conspecifics.  

 

Table 5: Aggression/Approach Scores assigned to responses to playback. The numbers below 

each species corresponds to the number of individuals in each score category.  

 

                                     Type of Playback 

Aggression/Approach Score1 Brown-headed 

Nuthatch 

Bahama 

Nuthatch 

Pygmy 

Nuthatch 
House Wren 

                                                Number of Individuals displaying Max Response 

1 13 11 16 7 

2 12 2 0 1 

3 10 2 0 0 

4 4 0 0 0 
1A description of these scores is outlined in the methods section 
2Only the maximum aggression/approach score was used in each sampling period where a bird responded. 

For example, if two nuthatches responded to a Bahama Nuthatch vocalization, one displaying a level 1 

response and one displaying a level 2 response, only the level 2 bird was noted here. 

 

 Brown-headed Nuthatches had the widest range and highest aggression/approach scores 

and were the only playback type to elicit a level 4-response. The vigor of responses decreases as 

you move farther down the phylogenetic line.  It is important to note that the observations 



occurred during late October to early-March, so post-fledgling season was not accounted for in 

this study.  

 

Discussion 

One goal of this study was to use an occupancy design to assess Brown-headed Nuthatch 

responses to different songbird vocalizations. The vocalizations assessed included conspecific 

vocalizations, a sister taxon recognized as a separate species (Pygmy Nuthatches), the debatable 

Bahama Nuthatch subspecies, and a House Wren, which is only distantly related and was used to 

determine whether or not nuthatches were simply responding to anything being broadcasted. My 

hypothesis that using a call-response occupancy survey would increase detection was supported. 

Broadcasting conspecific vocalizations increased detection, as Brown-headed Nuthatches most 

frequently and most vigorously responded to their own calls. The second goal was to use the 

occupancy method to evaluate the third part of the biological species concept, which states that 

populations must be able to interbreed, in meriting the legitimacy of the Bahama Nuthatch as a 

distinct species. In using these specific playbacks, I wanted to determine whether or not Brown-

headed Nuthatches were able to recognize vocalizations of Bahama Nuthatches, which are being 

proposed by current research as a distinct species. I hypothesized that if Brown-headed 

Nuthatches recognized Bahama vocalizations as much or less than Pygmy vocalizations, then 

there is a behavioral barrier to stipulations of the biological species concept. The relationship 

between Bahama and Brown-headed Nuthatches is inconsistent with all parts of the biological 

species concept. There is not range overlap, they are genetically dissimilar, and this study 

indicates that two would not interbreed, suggesting that the Bahama Nuthatch is a distinct 

species. One main purpose in differentiating these species is the status of the Bahama Nuthatch 

as a distinct species could merit more funding for research and conservation efforts, as they are 

critically endangered, with only a few hundred to a few thousand individuals left (Lloyd and 

Slater 2009), and likely even fewer in recent years.  

I found that using a call-response occupancy method for monitoring can help increase 

detection probability. Quantification of site occupancy method of monitoring can account for 

density changes after habitat restoration, habitat disturbances, or natural disasters. More detailed 

information on habitat requirements may show limiting factors, which would aid parameters for 

management strategies. My results suggest that occupancy surveys using conspecific playback 

with Brown-headed Nuthatches are an effective way to generate population estimates, and thus 

may be an effective part of management strategies for the Bahama Nuthatch as well. 

One limitation of the occupancy method is that it is inherently contingent with pseudo 

replication, in this case, broadcasting the same recording repeatedly. By using the same 

exemplar, all treatable parameters are kept the same, which is important in occupancy, but does 

classify as simple pseudo replication. A consequence of pseudo replication is that statistics 

cannot separate variability due to treatment from variability due to experimental units because 

only one exemplar from each species was used (Hurlbert 1984). In order to avoid pseudo 

replication, more exemplars from each species would need to be added to the survey and 

broadcasted the same number of times as the original vocalizations were. Unfortunately, that was 

not possible in this study as there is only a single recording of the Bahama Warbler’s typical 

song. Ideally, using multiple vocal exemplars would negate the consequences of pseudo 

replication.  

Some percent of responses to House Wrens could be due to the eavesdropping nature of 

birds. Red-breasted Nuthatches were found to have the ability to gain insightful knowledge from 

the mobbing calls of Black-capped Chickadees, whose alarm calls carry distinct information 



about the size and danger of predators (Templeton and Greene 2007). It is possible that in this 

study, the vocalizations broadcasted contained discrete information, eliciting responses from the 

Brown-headed Nuthatches.  

Behavioral studies in evaluating the legitimacy of a species vs. subspecies classification 

are important because differences in songs and vocalizations could inhibit recognition amongst 

two populations, hindering gene flow. Further studies should include a greater number of vocal 

exemplars of phylogenetic families as well as a greater number of vocal exemplars of 

heterospecifics to investigate the likelihood of eavesdropping or some other social event that 

may be taking place.  

The results of this study show that while Brown-Headed Nuthatches are most likely to 

respond to vocalizations of their own species, they respond significantly less so to vocalizations 

of other family members in Sittidae. They also respond most vigorously toward conspecific 

vocalizations and aggression/approach scores decreased as phylogenetic relation decreased. 

Since the Pygmy Nuthatch is a close phylogenetic relative of the Brown-headed Nuthatch, it is 

significant that the number of responses from Brown-headed Nuthatches is not significantly 

different for both Pygmy and Bahama Nuthatches. Based on this study and on previous works, 

the Bahama Nuthatch seems to be at least as distinct as the Pygmy Nuthatch in comparison to the 

Brown-headed Nuthatch. The results are consistent with genetic analyses, which revealed 

significant genetic differences of haplotypes between S. pusilla and S. insularis (Lloyd et al 

2009).  

In conclusion, this study is consistent with the hypothesis that (1) using conspecific 

playback vocalizations for Brown-headed Nuthatches increases probability of detection and (2) 

based on Brown-headed Nuthatch responses to Bahama Nuthatches and other studies, the 

Bahama Nuthatch deserves merit as a distinct nuthatch species and that conservation efforts be 

imposed immediately in order to preserve the small number that may be left on the island, which 

faces threats from, commercial logging, storms, and invasive species. Due to extreme decline in 

their numbers, I also propose that a population survey be conducted as soon as possible to 

determine the current status and gage efforts more appropriately.  
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