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BACKGROUND 

 

Turkeys are a valuable public trust resource in North Carolina.  They are beloved by 

hunters and non-hunters alike.  In recent years, more than 60,000 hunters pursued turkeys 

each spring and annually harvested more than 15,000 birds.   The North Carolina Wildlife 

Resources Commission (NCWRC) seeks to emphasize spring gobbler hunting, allow the 

population to grow in numbers and distribution, and to satisfy turkey hunters to the extent 

possible.   

The NCWRC’s regulatory management of wild turkeys in NC takes into account many 

factors, including turkey ecology, hunter density, turkey population density, habitat and 

landscape attributes, and hunting traditions.  Principal among these factors is the need for an 

understanding of turkey reproductive ecology.   There are several facets to reproductive 

ecology, including gobbling activity, egg laying, incubation, nest predation, and nesting success 

rates.  Gobbling activity, and patterns of gobbling activity through the spring, attracts the 

interest and attention of turkey hunters.  The timing of gobbling activity, the timing of the 

spring turkey season, hunter success, and hunter satisfaction are all intertwined.  As such, an 

understanding of gobbling chronology is paramount to successful turkey management.     

 Science-based gobbling chronology data in North Carolina have been lacking.  

Furthermore, the chronology of gobbling activity may vary across the state.   It is generally 

recognized that gobbling activity varies with respect to latitude in North America, with gobbling 

occurring earlier in southern latitudes.  In some cases, peak gobbling activity may vary by as 

much as two weeks within individual states (Palumbo 2010).  Gobbling activity is generally 

thought to follow a bimodal pattern, with peaks at two specific times during spring.  Peaks are 

expected to occur before the primary breeding period (prior to hens being receptive to 

breeding) and again after that period (when hens are incubating nests).  However, this pattern, 



and presumably other aspects of reproductive behavior, may not always occur (Miller et al. 

1997).  Therefore, in this project we sought to collect gobbling chronology data, specific to 

North Carolina, to make better informed regulatory decisions about turkey management.   

Specifically, this project served to identify patterns in gobbling activity in two parts of 

North Carolina while also assessing methodology/equipment to learn how to efficiently identify 

patterns of gobbling activity in all parts of North Carolina in future years (Rempel et al. 2013). 

The study was conducted in two parts of the state (extreme southeast and extreme northwest) 

where factors thought to influence timing of gobbling are most different. 

 

 

OBJECTIVES 

 

This project had three specific objectives: 

1. Determine the best methods for using acoustic recorders to research gobbling chronology 

in North Carolina  

 

2. Use acoustic recorders to collect baseline gobbling chronology data in southeastern North 

Carolina. 

 

3. Use acoustic recorders to collect baseline gobbling chronology data in the mountains of 

northwestern North Carolina 

 

 

 

METHODS 

 

Equipment 

We purchased and deployed 50 Song Meter SM3 Acoustic Recorders (Wildlife Acoustics, Inc., 

Maynard, MA 01754).  We purchased and evaluated two different data processing software programs:  

Song Scope V4 (Wildlife Acoustics, Inc., Maynard, MA 01754) and RavenPro Version 1.4 (The Cornell Lab 



of Ornithology, Ithaca, NY 14850).  After evaluating both programs, we processed our data via the 

RavenPro software.   

 

Site Selection 

We deployed the acoustic recorders on large properties that had high numbers of turkeys and 

relatively little or no hunting pressure (Table 1, Fig. 1).   Sites included North Carolina State Parks and 

Natural Areas as well as several privately owned properties.  We selected locations on the properties 

that we expected to be frequently used by turkeys.  Recorders were housed in security boxes and bolted 

to trees. 

 

Table 1.  Distribution of acoustic recorders in Northwestern and Southeastern North 
Carolina, March 1 through May 31, 2016.   

County Number of Acoustic Recorders Number of Properties 

Alleghany 4 2 

Ashe 10 4 

Stokes 3 1 

Surry 4 2 

Watauga 2 1 

Wilkes 2 2 

Northwestern Total 25 12 

Bladen 8 4 

Brunswick 3 1 

Columbus 14 6 

Southeastern Total 25 11 

   

 

 



Figure 1.  General locations of acoustic recorders, March 1 – May 31, 2016.   
 

 

Sampling Period and Recording Time 

Our primary period of interest was March 1st through May 31st, 2016.  Field biologists deployed 

the acoustic recorders in February, 2016.  Each recorder was visited in mid-April to replenish SDHC cards 

and replace batteries.  Recorders were removed from field locations in June, 2016.  The recorders were 

programmed to record 5 hours each day beginning 1 hour before sunrise in each region.   

 

Data Processing 

In May, 2016, we hired 3 full-time temporary employees to process and analyze data from the 

acoustic recorders from May 23 through August 31, 2016.   These employees, along with Chris Kreh 

(Upland Game Bird Biologist) and Allison Medford (Wildlife Diversity Biologist), handled all aspects of 

processing and analyzing the data.  They evaluated software options, backed up files to external hard 

drives, manually tallied the number of gobbles on a subset of the recordings, developed/evaluated 

procedures for automatically detecting gobbles on the recordings, processed all files from the acoustic 

recorders that were collected between March 1 - May 31, 2016, and prepared appropriate notes and 

spreadsheets as needed.  The bulk of data processing was accomplished using Band Limited Energy 

Detectors in RavenPro 1.4 software.   

 

 

 



RESULTS 

 

Hours Recorded 

Overall performance of the acoustic recorders was very good and we recorded a total of 22,105 

hours from March 1 - May 31, 2016 (Table 2).  Individual recorder performance (Appendix) varied, with 

thirty-six units recording 5 hours every day of this time period (i.e., full coverage).  Fourteen units 

recorded less than full coverage due to malfunctions with data storage, battery life, or delayed 

deployment dates.     

  



Table 2.  Location, hours recorded, and number of gobbles detected by acoustic recorders, 
March 1 – May 31, 2016.

 
 

Acoustic 

Recorder 

Number Region County Property

Hours 

Recorded

Number of 

Gobbles 

Detected

SM304671 NW Wilkes Stone Mountain State Park (Horse Trailer Parking Area) 460 0

SM304668 NW Stokes Hanging Rock State Park (Drain Fields) 450 1

SM304495 NW Watauga Elk Knob State Park (Summit Trailhead) 460 3

SM304662 NW Ashe Mt. Jefferson State Natural Area 460 3

SM304664 NW Alleghany Stone Mountain State Park (Traffic Island) 460 6

SM304667 NW Stokes Hanging Rock State Park (Camp Sertoma) 450 11

SM304666 NW Stokes Hanging Rock State Park (Reservoir) 450 12

SM304652 NW Ashe New River State Park (Oliver Tract #2) 460 34

SM304650 NW Ashe NCDA Upper Mountain Research Station 460 37

SM304657 NW Ashe Pond Mountain (Loflin Tract #1) 460 40

SM304659 NW Ashe Pond Mountain (Braun Tract Near Gap) 460 40

SM304475 NW Ashe New River State Park (Wagoner Rd #2) 460 43

SM304663 NW Wilkes Private Property 450 45

SM304656 NW Surry Camp Raven Knob (Endicott Springs) 460 62

SM304670 NW Ashe Pond Mountain (Braun Tract Cemetery) 460 73

SM304489 NW Surry Pilot Mountain State Park (River Section) 455 95

SM304669 NW Alleghany Stone Mountain State Park (Ranger Residence) 455 108

SM304661 NW Ashe New River State Park (Wagoner Rd #1) 460 158

SM304655 NW Surry Camp Raven Knob (Weather Station) 460 159

SM304665 NW Watauga Elk Knob State Park (Elk Horn Gap) 460 164

SM304653 NW Alleghany New River State Park (Alleghany Access Area #1) 460 182

SM304658 NW Ashe Pond Mountain (Loflin Tract #2) 460 188

SM304660 NW Surry Pilot Mountain State Park (Shoals Rd) 460 349

SM304654 NW Alleghany New River State Park (Alleghany Access Area #2) 460 988

SM304651 NW Ashe New River State Park (Oliver Tract #1) 460 1,862

Northwest Region Subtotal 11,450 4,663

SM304625 SE Columbus Private Property 460 1

SM304641 SE Columbus L. Waccamaw State Park (Pine Woods Trail) 330 16

SM304626 SE Bladen Elkton Rod and Gun Club (Slades Swamp) 275 48

SM304642 SE Columbus L. Waccamaw State Park (Dam Fire Line) 460 98

SM304643 SE Columbus L. Waccamaw State Park (Dam Trail) 460 123

SM304623 SE Columbus Private Property 460 126

SM304638 SE Bladen Elkton Rod and Gun Club (Runway Field) 460 158

SM304634 SE Brunswick Private Property 460 214

SM304622 SE Bladen Corporate CURE Farm 305 219

SM304624 SE Columbus Private Property 460 228

SM304647 SE Columbus Private Property 330 228

SM304636 SE Bladen Private Property 460 253

SM304627 SE Columbus Private Property 435 278

SM304628 SE Columbus Private Property 285 336

SM304630 SE Bladen Private Property 445 394

SM304644 SE Columbus L. Waccamaw State Park (Behind Residence) 460 402

SM304629 SE Bladen Private Property 460 410

SM304635 SE Brunswick Private Property 460 588

SM304645 SE Columbus Private Property 460 629

SM304631 SE Bladen Private Property 460 786

SM304640 SE Bladen Elkton Rod and Gun Club (New Ground Field) 460 864

SM304632 SE Brunswick Private Property 460 915

SM304648 SE Columbus Private Property 430 955

SM304646 SE Columbus Private Property 460 996

SM304637 SE Columbus Private Property 460 1,607

Southeast Region Subtotal 10,655 10,872

 Grand Total 22,105 15,535



 

Data Processed 

We processed 22,105 hours of data that were recorded from March 1 - May 31, 2016.  Efficiency 

of our data processing improved greatly after initial steps of training and learning to use RavenPro 

software (Table 3). 

 

Table 3.  Efficiency of data processing efforts, 2016. 

Time Period 
Work Time by 

Data Processing 
Employees 

Purpose 
Number of Recorders 

and Hours of Data 
Processed 

Approximate Data 
Processing Rate 

May 23 – July 6 88 Days 
Training and 

Testing 
Software 

1 Acoustic Recorder 
with 460 Hours of Data 

5 hours of acoustic 
recordings/day 

July 7 – August 31 124 Days Processing Data 
49 Acoustic Recorders 
with 21,645 Hours of 

Data 

175 hours of 
acoustic 

recordings/day 

 
 

 

Accuracy of Automated Detection 

We determined the number of gobbles in our data largely with automated detection procedures 

in RavenPro software.  We set specific parameters for the procedures which the software then used to 

identify sound events in the data that might be turkey gobbles.  We then evaluated each of these events 

to determine whether or not they were truly gobbles.  Thus, automated detection procedures invariably 

missed some gobbles (false negatives) and also misidentified some sound events that are not gobbles 

(false positives).  Though somewhat time consuming, false positives were removed by our procedures of 

manually checking all potential gobbles identified by the software.   

To better understand the number of false negatives (i.e., missed gobbles) we manually 

identified gobbles in a subset of our data.  We manually processed a total of 62 hours of data spread 

across 3 recorders.  Manual procedures essentially involved listening and looking at the entire time 

period and tallying the number of gobbles that could be identified.  We compared the results of 

manually processing this 62 hours of data with results from automated detection procedures of the 

same 62 hours of data.  With manual procedures we identified 2,988 gobbles.  Automated detection 

procedures identified 887 sound events as were potential gobbles, with 539 of these being verified as 



actual gobbles (348 sound events were crows, woodpeckers, or various other sounds).  Thus, our 

automated procedures detected 18% of the total gobbles that occurred in this subset.  In general, the 

software tended to miss faint gobbles (presumably from turkeys that were farther away) and sound 

events when multiple turkeys gobbled simultaneously.       

 

Number of Gobbles 

In total, we identified 15,535 gobbles through automated detection procedures from the 50 

acoustic recorders from March 1 - May 31.  The automated detection procedures identified another 

107,016 sound events that we determined were not gobbles.  The number of gobbles detected by 

individual recorders ranged from zero to 1,862 gobbles (Table 1).  Average number of gobbles detected 

per recorder was 311 gobbles (SE 58.4).    The fact that considerably more gobbles were detected in the 

southeast region (10,872) than in the northwest region (4,663) was likely due to higher numbers of 

turkeys on the selected properties rather than capabilities of the equipment.    

 

Gobbling Activity by Time of Day 

Gobbles were identified as to the time (i.e., specific minute) within the daily recording period in 

which they occurred.    A distinct peak of gobbling activity occurred approximately 15 minutes before 

sunrise (Fig 2).  Eighty-five percent of all gobbles occurred in the first 2.5 hours of the daily recording 

period. 

 



 
Figure 2.  Gobbling activity by time of day, March 1 – May 31, 2016. 
 

 

Gobbling Chronology 

Gobbles were identified by the date on which they occurred.   When examining patterns in 

gobbling chronology we wanted to consider only data from units that functioned flawlessly throughout 

the entire spring season and that were not located too close to another recorder.  Thus, we censored all 

data from nine acoustic recorders that either had substantial periods of malfunction mid-season 

(SM304622, SM304626, SM304627, SM304628, SM304641, SM304647, and SM304648) or were too 

close to other acoustic recorders to be certain that some individual gobbles were not double-counted 

(SM304638 and SM304646).  All nine of these recorders were in the southeast region.  After censoring, 

we were left with 7,638 gobbles from 16 recorders in the southeast region. In total we detected 4,663 

gobbles from the 25 acoustic recorders in the northwest region and none were censored.  However, one 

recorder (SM304671) in the northwestern region did not detect any gobbles and so is not tallied in the 

figures below.  SM304671 functioned properly and the lack of gobbles detected is likely due to a lack of 

turkeys in its specific area.   



Gobbles were detected nearly every day of the survey period from March 1 - May 31 in both 

regions (Figs. 3-5).   Substantial amounts of gobbling activity occurred throughout the entire survey 

period before, during, and after the time when turkey hunting season occurred, though it is important 

to recognize that these data came from properties that received little or no turkey hunting pressure.     

   

 

Figure 3.  Number of gobbles detected statewide and examined for patterns of gobbling chronology by 
date, March 1 – May 31, 2016.   
 



 
Figure 4.  Number of gobbles detected and examined for patterns of gobbling chronology in the 
northwest region by date, March 1 – May 31, 2016. 
 

   



 

 
Figure 5.  Number of gobbles detected and examined for patterns of gobbling chronology in the 
southeast region by date, March 1 – May 31, 2016. 
 

  



The high level of day to day variation in gobbling activity made it necessary to pool our data.  

Specifically, we pooled the data into 14 time periods, roughly corresponding to weeks, for further 

consideration of gobbling chronology patterns (Table 3).  “Weeks” were defined such that they aligned 

with the weeks of turkey season in April and May.  Within each week we considered the daily average 

number of gobbles detected each day.   

 
Table 3. Weekly time periods used in examining patterns of gobbling chronology. 

Week Dates Notes 

1 March 1 – 4, 2016 partial week 

2 March 5 – 11, 2016  

3 March 12 – 18, 2016  

4 March 19 – 25, 2016  

5 March 26 – April 1, 2016  

6 April 2 – 8, 2016  

7 April 9 – 15, 2016  

8 April 16 – 22, 2016  

9 April 23 – 29, 2016  

10 April 30 – May 7, 2016 
8 days; includes last Saturday of 

turkey hunting season 

11 May 8 – 14, 2016  

12 May 15 – 21, 2016  

13 May 22 – 28, 2016  

14 May 29 – 31 partial week 

 

We statistically examined the weekly patterns in gobbling activity (Figs. 6-8) to see if the peaks 

in gobbling activity conformed to the bimodal pattern we expected.  We used Hartigans diptest to check 

for unimodality and found highly significant results for statewide and regional patterns (P = 2.2-16).  We 

tested for a mixture of distributions with a Likelihood Ratio Test and found highly significant results at 

statewide and regional levels as well (P = 0).  From these statistical tests we concluded that gobbling 

activity is at least bimodal and that gobbling activity differs between weeks.  Additional statistical 

investigation is needed to before making final conclusions, but this examination generally supports our 

understanding of turkey breeding behavior and spring gobbling chronology.   



 

 
Figure 6.  Average number of gobbles detected and examined for patterns of gobbling chronology 
statewide by week, March 1 -  May 31, 2016. 
 

 



 
Figure 7.  Average number of gobbles detected and examined for patterns of gobbling chronology in the 
northwest region by week, March 1 -  May 31, 2016. 
 
 
 
 



 
Figure 8.  Average number of gobbles detected and examined for patterns of gobbling chronology in the 
southeast region by week, March 1 -  May 31, 2016. 

 

 

 

FISCAL CONSIDERATIONS 

 

We spent $112,386.29 in the course of this project from October 1, 2015 - December 31, 2016.  

This included expenditures for hours worked, miles driven, and equipment purchased. The largest 

expenditure was $52,200 for the 50 acoustic recorders and security boxes.   The second largest 

expenditure was $24,439.36 for data processing (1,696 hours), which we accomplished using 3 full-time 

temporary employees.  Permanent agency employees worked 975.5 hours ($25,700.91).  The use of 

acoustic recorders and software for automated detection makes this type of project feasible.  If we were 

to collect the same amount of data with traditional techniques (i.e. biologists and technicians in the field 

daily listening for gobbling turkeys) the cost would likely exceed $1,500,000.   

 

 

 



 

CONCLUSIONS 

 

We are very encouraged by the results of our gobbling chronology project in 2016.  Acoustic 

recorders appear to be a cost effective way to assess gobbling chronology patterns.   A tremendous 

amount of data can be collected and analyzed with relatively little effort and can provide accurate 

insight even though the data processing is not perfect.  We feel that the automated detection 

procedures are capable of accurately identifying patterns in gobbling chronology, despite the fact that 

many gobbles are not gleaned from the data.  Some of the initial costs (equipment purchase and 

developing software procedures) were high in 2016, but will not carry over into the future.  The patterns 

we observed in gobbling chronology this year are informative, but should be interpreted cautiously as 

there may be considerable variation from year to year.   The gobbling patterns we observed did seem to 

follow the pattern we expected, exhibiting distinct peaks and lulls in activity which appear to align with 

changes in breeding season behavior.  We observed a wide range in the number of gobbles detected by 

individual recorders, which we feel was chiefly due to the number of gobblers present on the various 

properties, and to a lesser degree, the decision on exactly where to deploy recorders on each property.  

Also, our observations demonstrated that 2016 gobbling patterns recorded in the southeastern region 

did not appear to be earlier than those recorded in the northwestern region.  It should be noted that our 

data were collected on properties where turkeys experience very little or no hunting pressure.  Patterns 

that hunters observe on heavily hunted properties may vary considerably from these results.   

Therefore, we recommend this gobbling chronology project be continued for several more 

years.  Specifically, we recommend continuing to collect, process, and analyze data for another two to 

five years to better define gobbling chronology and account for year to year variation.  We recommend 

that our 50 acoustic recorders be deployed on unhunted properties across the state in the spring of 

2017, with five or six recorders in each of our nine NCWRC districts.  Ideally, recorders should only be 

deployed on properties with high turkey populations and where site-specific knowledge (from NCWRC 

staff, landowners, or others) can be used in choosing the exact location on the property.   Furthermore, 

we recognize that understanding hunting’s effect on gobbling patterns is extremely important and 

recommend that recorders be deployed on hunted properties in future years once sufficient information 

is obtained from unhunted properties. 

Our efforts this year lead us to conclude that gobbling chronology information collected with 

acoustic recorders can be extremely useful when making regulatory decisions.  We recognize that our 



data are fairly limited at this point and urge caution in making conclusions at this time.  However, we 

believe that continuing this work will ultimately provide a strong foundation for wild turkey regulatory 

management.  
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Appendix.  Results of individual acoustic recorders. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX.  Results of individual acoustic recorders. 
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Appendix.  Results of individual acoustic recorders. 
 

 
 

 

 


