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PREFACE 

The eastern wild turkey is an ecologically, economically, and culturally important game 

bird species and has a unique history in Wisconsin, USA. In the late 1800s, wild turkeys were 

extirpated from the state due to unregulated harvest and widespread land use change. After 

several failed reintroduction efforts in the early to mid-1900s, wild turkeys were reestablished in 

southwestern Wisconsin in the 1970s following reintroduction efforts by the Wisconsin 

Department of Natural Resources (WDNR).  This local success helped propel a statewide 

recovery effort via a series of intrastate translocations. As a result, eastern wild turkeys can now 

be observed throughout the state (Wisconsin Department of Natural Resources 2015).  

Over the last decade, states in the southeastern United States have documented declines 

in various metrics of productivity and recruitment, including nesting success and hen success 

(Georgia Department of Natural Resources 2020, Kreh 2020, Martin and Dye 2021, Shields 

2021, South Carolina Department of Natural Resources 2021). Even in the Midwest there is 

concern for the future of the species.  For example, Missouri reported less than one poult-per-hen 

in 2019 as part of their brood observation survey (Tyl 2020).  

Wisconsin has previously monitored wild turkey productivity through the Wild Turkey 

Landowner Brood Survey and the Ten-Week Brood Survey which relied on opportunistic brood 

observations (Dhuey 2012, Rees-Lohr 2019). Both surveys have been discontinued due to 

declining participation leading to a lack of data and reduced confidence in inferences made. 

Turkey production also has been monitored with traditional field-based methods such as flush 

counts and radiotelemetry, but these efforts are limited in spatial and temporal scope. To monitor 

the state’s wild turkey population, methods for collecting robust wild turkey demographic data 

need to be developed to better inform the WDNR’s management decisions.   
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In 2015, Snapshot Wisconsin (SSWI), a community-based science trail camera wildlife 

monitoring project, was developed at the WDNR (Wisconsin Department of Natural Resources 

2022). Initially, SSWI deployed trail cameras in three areas to monitor elk. In the years that 

followed, SSWI enlisted volunteers in select counties to deploy SSWI trail cameras; in 2018 

after successful pilot years, the project launched statewide. Today the project has more than 

1,800 volunteers maintaining more than 2,000 trail cameras on public and private land collecting 

trail camera data year-round. The project is a relatively new endeavor which provided a unique 

opportunity to develop an alternative method for monitoring wild turkey productivity and 

recruitment statewide, across each of the seven turkey management zones, and in different 

vegetative cover types. Furthermore, the program provided a novel opportunity to acquire robust 

estimates of wild turkey reproductive metrics utilizing the program’s existing network of trail 

cameras, community-based scientists, and extensive data collection. 

Since 2019, more than 91,000 Snapshot Wisconsin wild turkey trail camera triggers 

collected from April-August, 2016-2020 have been reviewed and classified. My research goals 

were to utilize SSWI trail camera data to: 

1.) Evaluate the efficacy of using trail camera images to determine wild turkey productivity and 

recruitment, 

2.) Obtain estimates of percentage of successful hens, poult-to-hen ratios, and poults-per-brood, 

and 

3.) Determine the temporal and spatial factors that can be used to predict percentage of 

successful hens, poult-to-hen ratios, and poults-per-brood. 
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ABSTRACT  

The eastern wild turkey (Meleagris gallopavo silvestris) is an economically and 

culturally important upland game bird species in Wisconsin, USA. Once extirpated from the 

state, this species was successfully recovered and can now be found statewide. Wildlife 

managers previously relied on opportunistic brood surveys to monitor wild turkey productivity 

statewide including the Wild Turkey Landowner Brood Survey and the Ten-Week Brood Survey; 

however, both surveys were discontinued due to steep declines in survey effort in recent years. 

Currently, state wildlife managers are exploring the use of Snapshot Wisconsin (SSWI), a 

community-based science wildlife monitoring project, as an alternative method to monitor 

statewide turkey distribution and productivity. SSWI’s existing network of more than 2,000 trail 

cameras is the first trail camera project of this spatial scope to study eastern wild turkeys. We 

reviewed over 91,000 SSWI trail camera triggers of wild turkeys, resulting in >270,000 photos, 

taken from April-August 2016-2020. Photographed turkeys were classified by sex and age class 

(tom, jake, hen, poult) to determine the percentage of successful hens, poult-to-hen ratios, and 

poults-per-brood across time, turkey management zone (TMZ), county, and different land cover 

types. Annual trends observed in these metrics were comparable to those observed in the Ten-

Week Brood Survey. Mixed effect linear modeling was then used to identify temporal and spatial 

covariates that could predict these ratios. Week was the most important temporal covariate for 

percentage of successful hens and poult-to-hen ratios, and month was the most important for 

poults-per-brood. The top mixed effect models for the percentage of successful hens and poults-

per-brood included county and a quadratic effect of the proportion of oak cover. The top model 

for poult-to-hen ratios included TMZ and the proportion of conifer cover. Our research 

demonstrates that SSWI provides a novel technique for monitoring wild turkey productivity and 
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recruitment at spatial and temporal scales that are not practical with traditional field-based 

methods such as flush counts and radio telemetry.  

KEY WORDS  

Eastern wild turkey, Meleagris gallopavo silvestris, productivity, recruitment, Snapshot 

Wisconsin, trail camera, Wisconsin. 

INTRODUCTION  

Eastern wild turkeys (Meleagris gallopavo silvestris) are an ecological, economic, and 

culturally significant game species in Wisconsin, USA. As habitat generalists, wild turkeys are 

found throughout the state in agricultural lands, prairies, and forests, particularly deciduous 

hardwood cover (Dickson 1992).  Although wild turkeys are commonly seen today, this was not 

always the case. In the late 1800s, the eastern wild turkey was considered extirpated from 

Wisconsin due to overharvest compounded with extensive land conversion from forested areas to 

intensive row-crop agriculture. Early attempts to reintroduce the species in the state began in 

1887 and continued throughout the 1950s; however, each attempt was deemed unsuccessful. This 

was primarily due to the reliance on pen-reared game farm turkeys for reintroduction. Having 

learned from earlier reintroduction attempts, the Wisconsin Department of Natural Resources 

(WDNR) released Missouri wild-captured turkeys in southwestern Wisconsin in 1976 and 

throughout the next decade.  This local success resulted in statewide recovery following 

intrastate translocation throughout Wisconsin which began in 1979 (Wisconsin Department of 

Natural Resources 2015).  

In Wisconsin, the population eventually recovered enough to support two harvest 

seasons, one in the fall and one in the spring. The first spring wild turkey season was held in 

1983 and statewide hunting was available in 2006 (Wisconsin Department of Natural Resources 
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2015). Currently, Wisconsin wild turkey hunting is managed via harvest authorizations allocated 

to each of the seven turkey management zones (TMZ). Originally, Wisconsin was divided into a 

46-zone system (Figure 1); although in 2009, the zones were consolidated into seven larger areas 

(TMZs, Figure 2) to provide hunters greater flexibility with respect to hunting location while still 

providing managers the ability to monitor wild turkey populations (Wisconsin Department of 

Natural Resources 2015). Although harvest takes place statewide, greater harvest has historically 

been reported for southern Wisconsin (TMZs 1-3; Wisconsin Department of Natural Resources 

2015). 

In Wisconsin, wildlife managers use hunter-mandated registrations of wild turkeys for 

both the fall and spring harvest seasons to estimate total harvest, hen harvest, age ratios, and 

permit success for the year by TMZ (Wisconsin Department of Natural Resources 2015). These 

metrics provide information that can be used to monitor the population. For example, managers 

use harvest age ratios such as the number of juveniles per hen in the fall harvest as an index of 

production the previous spring, although these ratios can be biased because, in general, hunters 

preferentially harvest gobblers over juveniles, particularly during the spring harvest season 

(Wisconsin Department of Natural Resources 2015). 

Wildlife managers also have relied on the use of radio telemetry, opportunistic brood 

observation surveys, and flush counts to index annual production and to study wild turkey 

reproductive ecology. Reproductive monitoring has provided researchers the ability to estimate 

average clutch size, nesting rate, as well as nesting, hatching, and hen success (Glidden and 

Austin 1975, Everett et al. 1980, Green 1982, Porter et al. 1983, Holbrook et al. 1987, Vander 

Haegen et al. 1988, Roberts et al. 1995, Vangilder and Kurzejeski 1995, Miller et al. 1998, 
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Paisley et al. 1998, Norman et al. 2001, Nguyen et al. 2003, Spohr et al. 2004, Pollentier et al. 

2014).  

Studies also have provided insight about hen and poult survival. Miller et al. (1998) and 

Kane et al. (2007) found that hen survival is important for productivity of a population. Hen 

survival also has been found to be lower in more northern ranges (Niedzielski and Bowman 

2015) and lowest during the spring breeding and brood rearing season which is attributed to the 

increased vulnerability to predation hens face while nesting and ground roosting with poults 

(Pollentier et al. 2014). Poult survival has been found to be the lowest during the first two weeks 

post-hatch and is attributed to increased vulnerability of predation associated with ground 

roosting; survival increases following the development of flight two weeks post hatch (Pollentier 

et al. 2014). Poult survival also has been found to differ between years, age class of hens, and 

cover types (Porter et al. 1983, Vangilder and Kurzejeski 1995, Paisley et al. 1998, Hubbard et 

al. 1999, Pollentier et al. 2014). Pollentier et al. (2014) additionally found that poult survival was 

greater in areas with less than 50% forest cover and suggested that there is likely a difference in 

predation pressure with respect to percent forest cover. Monitoring efforts like these help 

managers understand the vital rates which drive population dynamics and make inferences about 

the status of wild turkey populations (Hubbard et al. 1999, Spears et al. 2007, Pollentier et al. 

2014, Tyl et al. 2020).  

In addition to traditional field-based methods, Wisconsin has historically monitored 

annual wild turkey productivity with two WDNR surveys, the Wild Turkey Landowner Brood 

Survey (LBS) and the Ten-Week Brood Survey (TWBS; Dhuey 2012, Rees-Lohr 2019). The LBS 

was a statewide postcard survey in which landowners were asked to document the number of 

hens and poults observed from June to August. The TWBS was a field-based survey that relied 
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on WDNR staff to document the number of broods they observed while conducting their normal 

field duties (Rees-Lohr 2019). The LBS was discontinued in 2012 and the TWBS in 2019 

because of the decline in participation by both landowners and Department field staff which 

resulted in insufficient data to confidently evaluate trends (Dhuey 2012, Dhuey et al. 2020).  

 In Wisconsin, wild turkey brood observations recorded via the TWBS increased from the 

1980’s through the early 2000s, although in the last decade the trend has stabilized as the number 

of broods seen per observer has fluctuated about a mean annual value (Rees-Lohr 2019). While 

Wisconsin has observed a positive trend in annual brood data associated with population 

recovery, many states, primarily in the southeastern part of the country, have documented 

declines in productivity and recruitment (Georgia Department of Natural Resources 2020, Kreh 

2020, Louisiana Department of Wildlife and Fisheries 2020, Martin and Dye 2021, Shields 2021, 

and South Carolina Department of Natural Resources 2021). Similar declines also have been 

noted in portions of the Midwest, most notably in Missouri. The Missouri Department of 

Conservation’s Wild Turkey Brood Survey reported a decline in the number of poults-per-hen 

from approximately four in the 1980s to one in 2019 (Tyl 2020). Despite declining productivity 

trends, states continue to host wild turkey harvest seasons.  

To maintain Wisconsin’s wild turkey population, it is important for wildlife managers to 

develop new methods for estimating and monitoring wild turkey productivity and recruitment to 

inform management decisions. Previous studies have suggested efforts should focus on 

monitoring poults because wild turkey populations may be most influenced by variation in nest 

success and poult mortality (Vangilder and Kurzejeski 1995, Pollentier et al. 2014). Annual 

variability in wild turkey populations may also be more sensitive to nest success and poult 

survival compared to adult survival (Roberts et al. 1995). Lastly, understanding recruitment 
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helps managers determine sustainable levels of harvest. For example, in southwestern Wisconsin, 

a positive relationship was observed between the number of poults-per-female and the number of 

juveniles observed in the spring harvest (Rolley et al. 1998). 

Since the discontinuation of the TWBS in 2019, Wisconsin has explored the use of 

Snapshot Wisconsin (SSWI) trail cameras to monitor wild turkey productivity and recruitment. 

With the development of technology, trail cameras have been increasingly used in ecological 

studies to determine occupancy, habitat and activity patterns, species richness, distribution, 

population dynamics, and abundance (O’Brien and Kinnaird 2008, O’Connell et al. 2011). In 

contrast to intensive field methods, trail cameras provide researchers the ability to study animals 

normally influenced by the presence of an observer, remotely and at increased temporal and 

spatial scales with relatively minimal field maintenance.  Specific to wild turkeys, trail cameras 

have been used to identify roost sites, and to investigate nest predators and nest parasitism, 

although none have attempted to address statewide productivity and recruitment (Pharris 1980, 

Dreibelbis et al. 2008, Melville et al. 2014, Ruttinger et al. 2014, Brautigam et al. 2016).  

In 2015, Snapshot Wisconsin (SSWI), a community-based science trail camera wildlife 

monitoring project, was developed at the WDNR (Wisconsin Department of Natural Resources 

2022). Initially, SSWI deployed trail cameras in three areas of the state to monitor elk. In the 

years that followed, SSWI enlisted volunteers in select counties to deploy SSWI trail cameras. In 

2018 after successful pilot years, the project launched statewide. Currently, the project has more 

than 2,000 trail cameras located on public and private land statewide, and across different cover 

types. Although not initially developed to exclusively monitor wild turkeys, SSWI provides a 

unique opportunity to develop novel techniques for acquiring robust estimates of wild turkey 

reproductive metrics and to monitor wild turkeys remotely and at larger spatial scales than would 
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be possible with traditional field-based methods. Furthermore, the program’s existing network of 

trail cameras provides the opportunity to monitor turkeys statewide, across TMZs, time, and 

different land cover types. 

Our research objectives were to assess the use of SSWI trail camera data to provide 

estimates of common metrics used to evaluate wild turkey productivity and recruitment including 

the percentage of successful hens, poult-to-hen ratios, and poults-per-brood in Wisconsin by 

year, month, week, and TMZ, and to model the effects of spatial and temporal covariates of 

interest on these metrics from June to August 2016-2020. 

STUDY AREA 

The study was conducted across the state of Wisconsin which is in the north central 

region of the United States and is bordered by Lake Michigan to the east and Lake Superior to 

the north. The southern portion of the state is dominated by agricultural lands while the northern 

half is primarily forested. There are roughly 58,000 km2 of agriculture and 59,000 km2 of forest 

in the state (Kurtz 2018). 

The state’s variation in topography is associated with the “tension zone” that extends 

across the central southeastern part of the state and is defined by the glaciated history of the area 

(Attig et al. 2011). The central region of the state is generally flat and sandy and the southwest 

and west-central regions have some topographic relief (Wisconsin Department of Natural 

Resources 2015). Wisconsin has a continental climate and experiences variation in mean annual 

temperature (4.56 ℃-7.56℃), mean annual precipitation (81.28cm-89.41cm), mean annual 

snowfall (101.35cm-222.0cm), and mean growing season (122-153 days; Wisconsin Department 

of Natural Resources 2015). 
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Figure 1. Figure from the Wisconsin Department of Natural Resources Wild Turkey 
Management Plan published in 2015 displaying the current and past turkey management zones 

in Wisconsin. Colors are associated with the year when different areas of the state began hosting 
spring turkey harvest seasons. 
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Figure 2. Map displaying Wisconsin’s current seven turkey management zones and seventy-two 
counties.  
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METHODS 

The Snapshot Wisconsin project divided the state into a grid of survey blocks using the 

structure of the Public Land Survey System (PLSS) township, section, and range system. Each 

survey block had an average area of nine square miles delineated with quarter-townships. A 

quarter-township is a tract of land which encompasses 2,330ha. Deviation from using quarter-

townships occurred for survey blocks on the edge of Wisconsin. Generally, each survey block 

was limited to the placement of a single Bushnell Trophy trail camera by volunteers on public or 

private property of at least 4.0ha. In some cases, SSWI had more than one trail camera per 

survey block in areas monitoring elk and in Iowa County for a study on Chronic Wasting Disease 

and white-tailed deer predators. SSWI used Bushnell TrophyCam® trail cameras (models 

119636WI, 119836WI, and 119837WI) which were designed with firmware specific to the SSWI 

project. As of 11 October 2021, more than 2,000 survey blocks were active across the state 

(Figure 3). 
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Figure 3. Snapshot Wisconsin trail camera survey block grid system as of October 11 th, 2021. 
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Survey blocks were filled by volunteers on a first come, first serve basis, and enrolled 

into the project monthly. Enrollment was independent of TMZ. If more than one application was 

submitted per block, the receiver of the camera was selected randomly. Selected volunteers 

committed to maintain cameras for a minimum of one year.  

Trail cameras were preset before distribution to volunteers to capture triggers (i.e., a set 

of three photos taken in rapid succession) upon the detection of motion (Figure 4). Furthermore, 

cameras were programmed with a 15-second delay between triggers to reduce the likelihood of 

capturing multiple images of the same individual or group of animals. Volunteers were 

responsible for managing trail camera date and time. Cameras collected data 24 hours a day 

throughout the year.  

When volunteers deployed trail cameras, they were instructed to place them a minimum 

of 91.4 meters from any structure, road, or area used to bait wildlife, and were mounted 0.76–

0.91 meters from the ground on trees or posts, 3.0–4.6 meters from a wildlife trail at a diagonal 

with the lens facing north, if possible (Figure 5). Furthermore, camera lenses were positioned 

parallel to the ground and all immediate vegetation between the camera and wildlife trail 

removed.  

Photo A Photo B Photo C

Figure 4. Example of a Snapshot Wisconsin trail camera trigger, composed of three photos, which captured a 
mixed brood encounter with a fawn. A mixed brood is formed when two or more hens combine their broods. 
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Figure 5. Diagram displaying the proper placement of Snapshot Wisconsin trail cameras. 

Volunteers were required to inspect their trail camera a minimum of once every three 

months to check battery life, replace secure digital memory cards (SD cards) and upload their 

data to MySnapshot, an online website portal which allowed data transfer between community-

based scientists and SSWI. Trail camera volunteers also assisted with initial trigger classification 

and documented the types of species, number of individuals, and whether specific age classes 

were present. Some triggers also were classified by other community scientists online via 

Zooniverse (Zooniverse 2022). For wild turkeys, volunteers reported the number of adults and 

young counted within triggers; a maximum of 6 individuals for each category could be reported.  

Between April and August, 2016-2020, volunteers identified more than 91,000 triggers 

containing wild turkeys. These triggers were isolated for further review by myself and my 

undergraduate research fellow to confirm the volunteer assigned turkey count, and to count more 

than six individuals when necessary. We used the three images within each trigger to identify the 

maximum number of turkeys for each sex and age class (hen, tom, jake, and poult). For example, 

the classification for Figure 4 would be two hens and four poults. We assumed one hen was 

present for triggers with poults present but no hen. This rule was applied to twelve percent of 
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triggers with poults. We were confident in applying this rule because at least one hen was 

involved in the rearing of the brood and likely the hen was nearby but out-of-view of the camera. 

Of the 91,000 triggers reviewed, nearly 6,200 contained poults. We reduced our inter-observer 

error through a rigorous training process which involved myself and my research fellow 

classifying nearly 3,000 triggers (9,000 photos) and comparing our classifications to identify and 

correct discrepancies in count, sex, and age class assignment. 

After photo review, we estimated the percentage of successful hens (Table B1), poult-to-

hen ratios (Table B2), and poults-per-brood (Table B3) for each SSWI camera site and then 

averaged it across camera sites to identify statewide and TMZ-level estimates by month and 

year. We considered the camera site to be our unit of replication. All camera sites which captured 

poults and hens were used to estimate percentage of successful hens and poult-to-hen ratios. 

Only camera sites which captured poults were used to estimate poults-per-brood. We defined the 

percentage of successful hens as the percentage of all hens which successfully reared a brood. 

We defined poult-to-hen ratios as the number of all poults divided by the number of all hens 

regardless of success (where success is defined as the presence of a brood). We defined poults-

per-brood as the average number of poults per successful hen. These metrics are commonly used 

by state wildlife managers as part of seasonal brood observation surveys to evaluate wild turkey 

productivity and recruitment (Backs 2020, Georgia Department of Natural Resources 2020, Kreh 

2020, Louisiana Department of Wildlife and Fisheries 2020, Tyl 2020, Danks 2021, Harms et al. 

2021, Martin and Dye 2021, Meduna 2021, Shields 2021, South Carolina Department of Natural 

Resources 2021). Estimates were calculated using the months of June-August because few 

triggers of poults were captured prior to June and because this was the same timeframe when 

WDNR previously conducted the TWBS (Rees-Lohr 2019).  We additionally calculated these 
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estimates using August-only data because August best reflects the portion of poults that become 

young-of-the-year juveniles in their first fall season (Appendix F).  

LAND COVER CLASSIFICATION 

We identified the proportion of agriculture, grassland, forest, deciduous hardwood, 

conifer, and oak cover within a buffered area around each camera location to determine the effect 

of cover type on the percentage of successful hens, poult-to-hen ratios, and poults-per-brood. The 

forest cover class was an aggregate of all forest cover (i.e., deciduous, coniferous, mixed, 

forested wetland etc.). We used ArcGIS 10.7.1 (Environmental Systems Research Institute, 

Redlands, CA, USA) to create 308-ha buffers around each camera location which represented the 

average home range of female eastern wild turkeys (Porter 1977, Pollentier 2012, Niedzielski 

and Bowman 2016). Wiscland 2.0 land cover data were used to identify the proportion of select 

cover types within the buffered regions (Wisconsin Department of Natural Resources 2016). The 

Wiscland 2.0 dataset provided a detailed land cover database with a 30-meter raster resolution 

and four classification schemes. Overall classification accuracy was 0.728 with specific cover 

type accuracy ranging from 0.537-0.842 (Wisconsin Department of Natural Resources 2016). 

MODELING 

 We estimated the effects of spatial and temporal covariates on the percentage of 

successful hens, poult-to-hen ratios, and poults-per-brood by developing two tiers of mixed 

effect linear models for each metric. We included camera site as a random effect in each of the 

models. We developed a suite of a priori models and conducted our analyses using an iterative 

approach by retaining the best-supported model(s) within a model set (ΔAIC < 2) for use as the 

base model(s) for the subsequent model set (Burnham and Anderson 2002). All modeling was 

done in Program R (R Core Team 2021).  
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 The first tier of models explored the effects of temporal covariates on the percentage of 

successful hens, poult-to-hen ratios, and poults-per-brood. This tier included the following 

models: site, site + week, site + month, and site + year. The second tier of models included the 

top tier one model for each metric and evaluated the effects of TMZ, county, and proportion of 

the following land cover types: agriculture (A), grassland (G), forest (F), deciduous hardwood 

(DH), conifer (C), and oak (O; Table 1). We only assessed single landcover types and quadratic 

relationships as this was largely an exploratory analysis of these spatial variables. 
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Table 1. Second tier of models exploring the effects of spatial covariates on the percentage of 
successful hens, poult-to-hen ratios, and poults-per-brood in Wisconsin June-August 2016-2020. 
Each model was built using the top model from tier one which included the random effect of site 
plus the temporal variable of either week, month, or year. 

Tier Two Modelsa 

County + Tier one 
TMZ + Tier one 
County + A + Tier one 
County + G + Tier one 
County + F + Tier one 
County + DH + Tier one 
County + C + Tier one 
County + O + Tier one 
County + A + A 2 + Tier one 
County + G + G 2 + Tier one 
County + F + F 2 + Tier one 
County + DH + DH 2 + Tier one 
County + C + C2 + Tier one 
County + O + O2 +Tier one 
TMZ + A + Tier one 
TMZ + G + Tier one 
TMZ + F + Tier one 
TMZ + DH + Tier one 
TMZ + C + Tier one 
TMZ + O + Tier one 
TMZ + A + A 2 + Tier one 
TMZ + G + G2 + Tier one 
TMZ + F + F2 + Tier one 
TMZ + DH + DH 2 + Tier one 
TMZ + C + C2 + Tier one 
TMZ + O + O2 +Tier one 

a Oak (O), Deciduous Hardwood (DH), Conifer (C), Forest (F), Agriculture (A), Grassland (G), 
Turkey Management Zone (TMZ) 
 

Following our modeling efforts, we calculated beta coefficients and associated upper and 

lower 95% confidence limits. We then used the predictorEffects function (Fox and Weisberg 

2018) to calculate the predicted estimates for each covariate identified in the top tier two model 

for each metric. When calculating predicted estimates, the selected covariate of interest was 

permitted to vary while the remaining variables in the top tier two models were fixed at their 

mean value. 
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RESULTS 

ANNUAL ESTIMATES 

We observed alternating years of higher and lower mean estimates of percentage of 

successful hens (Table 2), poult-to-hen ratios (Table 3), and poults-per-brood (Table 4) across 

the state by year. We found the percentage of successful hens and poult-to-hen ratio estimates 

varied annually. However, we did not find annual variation in the poults-per-brood estimates. For 

each metric, 2016 had the greatest within-year variability due to having a small number of trail 

cameras as compared with other years.  

Table 2. Annual statewide percentage of successful hens with 95% upper and lower limits in 
Wisconsin from Snapshot Wisconsin trail cameras June-August 2016-2020. 

Year Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 32.75 36.93 22.81 42.70 53 
2017 20.09 30.94 16.40 23.79 269 
2018 23.04 32.48 20.13 25.94 480 
2019 15.15 27.37 13.25 17.04 805 
2020 20.02 31.19 17.56 22.47 619 

 

Table 3. Annual statewide poult-to-hen ratios with 95% upper and lower limits in Wisconsin 
from Snapshot Wisconsin trail cameras June-August 2016-2020. 

Year Poult-to-Hen 
Ratio 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 0.94 1.36 0.57 1.30 53 
2017 0.51 0.92 0.40 0.62 269 
2018 0.69 1.14 0.58 0.79 480 
2019 0.41 0.91 0.35 0.48 805 
2020 0.56 1.12 0.47 0.65 619 
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Table 4. Annual statewide poults-per-brood with 95% upper and lower limits in Wisconsin from 
Snapshot Wisconsin trail cameras June-August 2016-2020. 

Year Poults-per-
Brood 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 2.75 1.35 2.25 3.26 27 
2017 2.53 1.13 2.32 2.75 108 
2018 2.92 1.63 2.70 3.13 219 
2019 2.68 1.79 2.47 2.89 287 
2020 2.86 1.75 2.64 3.07 250 

 

MONTHLY ESTIMATES 

We observed increasing percentage of successful hens (Table 5) and poult-to-hen ratios 

(Table 6), and decreasing poults-per-brood ( 

 

 

Table 7) over the summer months. We found monthly variation across each examined 

metric.  

Table 5. Monthly statewide percentage of successful hens with 95% upper and lower limits in 
Wisconsin from Snapshot Wisconsin trail cameras June-August 2016-2020.   

Month Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

June 6.01 18.72 4.81 7.22 929 
July 20.54 32.01 18.37 22.71 834 

August 27.99 34.71 25.68 30.30 868 
 

Table 6. Monthly statewide poult-to-hen ratios with 95% upper and lower limits in Wisconsin by 
month from Snapshot Wisconsin trail cameras June-August 2016-2020. 

Month Poult-to-Hen 
Ratio 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

June 0.21 0.79 0.16 0.26 929 
July 0.60 1.20 0.51 0.68 834 

August 0.89 1.47 0.79 0.99 868 
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Table 7. Monthly statewide poults-per-brood with 95% upper and lower limits in Wisconsin by 
month from Snapshot Wisconsin trail cameras June-August 2016-2020. 

Month Poults-per-
Brood 

Standard 
Deviation 

Lower  
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

June 3.30 1.93 2.99 3.61 147 
July 2.85 1.86 2.65 3.04 336 

August 2.57 1.47 2.43 2.70 476 
 
TURKEY MANAGEMENT ZONE ESTIMATES 

We found that northern TMZs (4-7) generally had higher percentage of successful hens 

(Table 8) and poult-to-hen estimates (Table 9). There was no clear pattern in poults-per-brood 

estimates (Table 10).  

Table 8. Percentage of successful hens with 95% upper and lower limits by turkey management 
zone (TMZ) in Wisconsin from Snapshot Wisconsin trail cameras June-August 2016-2020.  

TMZ Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 18.53 25.71 16.13 20.93 441 
2 16.92 27.40 12.96 20.88 184 
3 15.53 25.85 12.12 18.94 221 
4 18.99 27.48 14.79 23.18 165 
5 22.19 33.03 15.91 28.48 106 
6 21.10 31.57 16.39 25.82 172 
7 25.69 34.27 18.69 32.69 92 

 

Table 9. Poult-to-hen ratios with 95% upper and lower limits by turkey management zone (TMZ) 
in Wisconsin from Snapshot Wisconsin trail cameras June-August 2016-2020.  
TMZ Poult-to-Hen 

Ratio 
Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 0.46 0.77 0.39 0.53 441 
2 0.42 0.80 0.30 0.53 184 
3 0.42 0.92 0.30 0.55 221 
4 0.53 0.93 0.39 0.67 165 
5 0.75 1.35 0.50 1.01 106 
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6 0.58 1.04 0.43 0.74 172 
7 0.68 1.07 0.46 0.90 92 

 

Table 10. Poults-per-brood with 95% upper and lower limits by turkey management zone (TMZ) 
in Wisconsin from Snapshot Wisconsin trail cameras June-August 2016-2020.  
TMZ Poults-per-

Brood 
Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2.52 1.44 2.33 2.70 225 
2 2.50 1.42 2.18 2.82 78 
3 2.80 1.60 2.47 3.12 93 
4 2.92 1.57 2.57 3.27 76 
5 3.23 2.00 2.66 3.80 48 
6 2.78 1.59 2.41 3.13 76 
7 2.83 1.50 2.40 3.26 47 

MODELING RESULTS 

PERCENTAGE OF SUCCESSFUL HENS 

The top model for tier one included the random effect of site and the fixed effect of week 

(AIC=88888.22, wi =1.0; Table 11). The top model for tier one was used to build tier two models 

(Table 12). 

Table 11. AIC table for tier one mixed effect linear models. Models assessed the effects of 
temporal covariates on the percentage of successful hens determined through the review of 
Snapshot Wisconsin trail camera images June-August 2016-2020. 

  Model statisticsa 

Model structureb K AIC ∆AIC wi LL 
Week + Site 4 88888.22 0.00 1.00 -44440.11 
Month + Site 4 88926.44 38.22 0.00 -44458.22 
Year + Site 7 89535.81 647.59 0.00 -44760.90 
Site 3 89603.18 714.96 0.00 -44798.59 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion (AIC), 
Log-likelihood (LL), and AICc weights (wi). 
bSite was the only random effect considered. 
 

The top model for tier two included the top model from tier one (Week + Site) as well as 

county and the quadratic effect of oak cover (AIC=88554.22, wi =0.83). Models with oak cover 

contained 87% of the total weight. No model with TMZ had any weight (Table 12).  
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Coefficient estimates were calculated for the top tier two model (Table D1). Model 

results indicate that percentage of successful hens increased by 2.05% each week on average 

(95% confidence interval: 1.91-2.20). The coefficient estimates for oak (beta coefficient: -8.12; 

95% confidence interval: -27.55-11.73) and the quadratic effect of oak (beta coefficient: -10.7; 

95% confidence interval: -43.66-22.36) were insignificant; the importance of oak cover is 

additive to the other variables but is weakly related to percentage of successful hen estimates. 

The top model had no positive county coefficient estimates, two negative county coefficient 

estimates (Adams County beta coefficient: -40.77; 95% confidence interval: -49.60- -31.91, 

Washington County beta coefficient: -15.58; 95% confidence interval: -28.44- -2.90) and the 

remaining county coefficient estimates overlapped zero (Table D1).  
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Table 12. AIC table for tier two mixed effect linear models. All models include the top tier one 
model (Week + Site) and assessed the effects of spatial covariates on the percentage of 
successful hens determined through the review of Snapshot Wisconsin trail camera images June-
August 2016-2020. 

   Model statisticsa 

Model structureb K AIC ∆AIC wi LL 

County + O + O2 77 88554.22 0.00 0.83 -44199.46 
County + DH + DH2 77 88558.52 4.30 0.10 -44201.61 
County + O 76 88560.08 5.86 0.04 -44203.41 
County + F + F2 77 88562.23 8.01 0.02 -44203.46 
County + DH 76 88563.87 9.65 0.01 -44205.30 
County + C + C2 77 88565.40 11.18 0.00 -44205.05 
County + G + G2 77 88565.93 11.17 0.00 -44205.32 
County + A + A2 77 88566.44 12.22 0.00 -44205.57 
County + F 76 88566.64 12.42 0.00 -44206.69 
County + A 76 88571.83 17.61 0.00 -44209.28 
County + G 76 88572.68 18.46 0.00 -44209.71 
County + C 76 88573.23 19.01 0.00 -44209.98 
County 75 88576.02 21.80 0.00 -44212.39 
TMZ + C + C2 12 88841.04 286.82 0.00 -44408.50 
TMZ + DH + DH2 12 88841.97 287.75 0.00 -44408.97 
TMZ + G + G2 12 88846.11 291.89 0.00 -44411.04 
TMZ + H 11 88847.94 293.72 0.00 -44412.95 
TMZ + C 11 88848.09 293.87 0.00 -44413.03 
TMZ + O + O2 12 88849.51 295.29 0.00 -44412.74 
TMZ + A + A2 12 88852.27 298.05 0.00 -44414.12 
TMZ + F + F2 12 88852.55 298.33 0.00 -44414.26 
TMZ + O 11 88856.60 302.38 0.00 -44417.29 
TMZ + G 11 88858.17 303.95 0.00 -44418.07 
TMZ + A 11 88861.83 307.61 0.00 -44419.90 
TMZ + F 11 88862.64 308.42 0.00 -44420.30 
TMZ 10 88864.02 309.80 0.00 -44422.00 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion 
(AIC). Log-likelihood (LL), and AICc weights (wi). 
b Oak (O), Deciduous Hardwood (DH), Conifer (C), Forest (F), Agriculture (A), Grassland 
(G), Turkey Management Zone (TMZ) 
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We observed a positive linear relationship between week and predicted percentage of 

successful hens (Figure 6) and found a negative non-linear relationship between the proportion 

of oak cover and predicted percentages of successful hens (Figure 7). The average predicted 

percentage of successful hens by county was 12.89%. 

 

Figure 6. Predicted percentage of successful hens in Wisconsin by week using Snapshot 
Wisconsin trail camera data June-August 2016-2020. The bold line is the line of best fit and the 
light gray area represents the 95% confidence interval. The x-axis scale is based on a 52-week 

calendar. 
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Figure 7. Predicted percentage of successful hens in Wisconsin by proportion of oak cover2 
using Snapshot Wisconsin trail camera data June-August 2016-2020. The bold line is the line of 

best fit and the light gray area represents the 95% confidence interval. 

POULT-TO-HEN RATIO 

The top model for tier one included the random effect of site and the fixed effect of week 

(AIC=27626.14, wi =1.0;Table 13). The top model for tier one was used to build tier two models 

(Table 14). 

Table 13. AIC table for tier one mixed effect linear models. Models assessed the effects of 
temporal covariates on poult-to-hen ratios determined through the review of Snapshot Wisconsin 
trail camera images June-August 2016-2020. 

   Model statisticsa 

Model structureb K AIC ∆AIC wi LL 

Week + Site 4 27626.14 0.00 1.00 -13809.07 
Month + Site 4 27650.05 23.91 0.00 -13821.02 
Year + Site 7 27957.02 330.89 0.00 -13971.51 
Site 3 27976.91 350.77 0.00 -13985.45 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion (AIC), 
Log-likelihood (LL), and AICc weights (wi). 
bSite was the only random effect considered. 
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There was model uncertainty with our tier two modeling effort for poult-to-hen ratios. 

The top model included the top model from tier one (Week + Site), TMZ, and the proportion of 

conifer cover (AIC=27632.88, wi =0.27). Two additional models were within two AIC units 

from the top model. Both models included TMZ and either the quadratic effect of conifer or 

grassland landcover types, respectively. Models with conifer cover represented 73% of the total 

weight. No county models had any weight (Table 14). 

Coefficients were calculated for the top and two competing models (Table D2). We found 

a significant positive coefficient estimate of 0.241 for the proportion of conifer cover in the top 

model (95% confidence interval: 0.07-0.41). Model results also indicate the poult-to-hen ratio 

increased by 0.05 poults-per-hen each week on average (95% confidence interval: 0.05-0.06). 

The top model also had one negative (TMZ 1 coefficient estimate: -1.21; 95% confidence 

interval: -1.38- -1.04), one positive (TMZ 5 coefficient estimate: 0.26; 95% confidence interval: 

0.13-0.40), and five TMZ coefficients which overlapped with zero (Table D2).  
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Table 14. AIC table for tier two mixed effect linear models. All models include the top tier one 
model (Week + Site) and assessed the effects of spatial covariates on poult-to-hen ratios 
determined through the review of Snapshot Wisconsin trail camera images June-August 2016-
2020. 

   Model statisticsa 

Model structureb K AIC ∆AIC wi LL 

TMZ + C 11 27632.88 0.00 0.27 -13805.42 
TMZ + C + C2 12 27633.13 0.25 0.23 -13804.55 
TMZ + G + G2 12 27633.87 0.99 0.16 -13804.92 
TMZ 10 27635.45 2.58 0.07 -13807.72 
TMZ + DH + DH2 12 27635.84 2.97 0.06 -13805.9 
TMZ + DH 11 27636.02 3.14 0.06 -13807.00 
TMZ + G 11 27636.59 3.72 0.04 -13807.28 
TMZ + A + A2 12 27636.73 3.86 0.04 -13806.35 
TMZ + F + F2 12 27637.88 5.00 0.02 -13806.92 
TMZ + O 11 27637.97 5.09 0.02 -13807.97 
TMZ + O + O2 12 27639.18 6.31 0.01 -13807.58 
TMZ + A 11 27639.88 7.00 0.01 -13808.92 
TMZ + F 11 27640.66 7.79 0.01 -13809.32 
County + O 76 27779.06 146.18 0.00 -13812.90 
County  75 27779.38 146.51 0.00 -13814.07 
County + O + O2 77 27780.29 147.41 0.00 -13812.49 
County + F 76 27781.02 148.14 0.00 -13813.87 
County + DH 76 27782.15 149.28 0.00 -13814.44 
County + C + C2 77 27782.17 149.29 0.00 -13813.43 
County + G 76 27782.48 149.60 0.00 -13814.60 
County + G + G2 77 27783.03 150.15 0.00 -13813.86 
County + DH + DH2 77 27783.36 150.48 0.00 -13814.03 
County + A 76 27783.36 150.48 0.00 -13815.05 
County + F + F2 77 27783.56 150.68 0.00 -13814.13 
County + C 76 27783.61 150.74 0.00 -13815.17 
County + A + A2 77 27784.58 151.71 0.00 -13814.64 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion (AIC), 
Log-likelihood (LL), and AICc weights (wi). 
b Oak (O), Deciduous Hardwood (DH), Conifer (C), Forest (F), Agriculture (A), Grassland (G), 
Turkey Management Zone (TMZ) 
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We also observed a positive linear relationship between predicted poult-to-hen ratios, 

week (Figure 8), and proportion of conifer cover (Figure 9). We found that TMZ 5 in 

northeastern Wisconsin had the largest mean predicted poult-to-hen ratio and TMZ 2 in 

southeastern Wisconsin had the lowest mean ratio (Figure 10). 

 

Figure 8. Predicted poult-to-hen ratios in Wisconsin by week using Snapshot Wisconsin trail 
camera data June-August 2016-2020. Predicted values calculated using the top model in Table 

14. The bold line is the line of best fit and the light gray area represents the 95% confidence 
interval. The x-axis scale is based on a 52-week calendar. 
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Figure 9. Predicted poult-to-hen ratios in Wisconsin by proportion of conifer cover using 
Snapshot Wisconsin trail camera data June-August 2016-2020. Predicted values calculated 
using the top model in Table 14. The bold line is the line of best fit and the light gray area 

represents the 95% confidence interval. 

 

Figure 10. Predicted poult-to-hen ratios with 95% confidence intervals in Wisconsin by turkey 
management zone using Snapshot Wisconsin trail camera data June-August 2016-2020. 

Predicted values calculated using the top model in Table 14. 
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POULTS-PER-BROOD 

The top model for tier one included the random effect of site and the fixed effect of 

month (AIC=7440.08, wi =0.85; Table 15). The top model for tier one was used to build tier two 

models (Table 16). 

Table 15. AIC table for tier one mixed effect linear models. Models assessed the effects of 
temporal covariates on poults-per-brood determined through the review of Snapshot Wisconsin 
trail camera images June-August 2016-2020. 
   Model statisticsa 

Model structureb K AIC ∆AIC wi LL 

Month + Site  4 7440.08 0.00 0.85 -3716.03 
Week + Site 4 7443.62 3.54 0.15 -3717.80 
Site  3 7457.26 17.18 0.00 -3725.62 
Year + Site 7 7467.96 27.89 0.00 -3726.95 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion (AIC), 
Log-likelihood (LL), and AICc weights (wi). 
bSite was the only random effect considered. 
 

The top tier two model included the top model from tier one (Month + Site), county, and 

the quadratic effect of the proportion of oak cover (AIC=7417.30, wi =0.42). Models with oak 

cover represented 48% of the total model weight. No model with TMZ had any weight (Table 

16).  

Coefficient estimates were calculated for the top tier two model (Table D3). Model 

results indicate that poults-per-brood estimates decreased by 0.28 poults-per-brood each month 

on average (95% confidence interval: -0.4 - -0.17). The coefficient estimates for oak (coefficient 

estimate: -1.05; 95% confidence interval: -3.14-0.98) and the quadratic effect of oak (coefficient 

estimate:3.38; 95% confidence interval: -0.28-7.06) were insignificant; the importance of oak 

cover is additive to the other variables but is weakly related to poults-per-brood estimates. The 

top model had two positive county coefficient estimates (Adams County coefficient estimate: 

5.43; 95% confidence interval: 4.35-6.65, Waupaca County coefficient estimate: 6.27; 95% 



32 
 

confidence interval: 2.71-9.69), twelve negative (range: -1.74, -0.95), and the remaining county 

coefficient estimates overlapped zero (Table D3).  

Table 16. AIC table for tier two mixed effect linear models. All models include the top tier one 
model (Month + Site) and assessed the effects of spatial covariates on poults-per-brood 
determined through the review of Snapshot Wisconsin trail camera images June-August 2016-
2020. 

   Model statisticsa 

Model structureb K AIC ∆AIC wi LL 
County + O2  75 7417.30 0.00 0.42 -3630.46 
County + DH2 75 7419.63 2.33 0.13 -3631.63 
County + DH 74 7419.81 2.51 0.12 -3632.80 
County + O 74 7421.20 3.91 0.06 -3633.50 
County + G2 75 7421.61 4.31 0.05 -3632.62 
County+C2 75 7421.94 4.64 0.04 -3632.78 
County 73 7422.16 4.87 0.04 -3635.06 
County + A2 75 7422.20 4.90 0.04 -3632.91 
County + C 74 7422.50 5.20 0.03 -3634.15 
County + A 74 7422.85 5.56 0.03 -3634.32 
County + G 74 7423.07 5.77 0.02 -3634.43 
County + F 74 7423.46 6.16 0.02 -3634.63 
County + F2 75 7423.82 6.52 0.02 -3633.72 
TMZ + O2 12 7433.11 15.81 0.00 -3704.47 
TMZ+DH2 12 7435.53 18.23 0.00 -3705.68 
TMZ+F2 12 7436.28 18.98 0.00 -3706.05 
TMZ 10 7436.76 19.47 0.00 -3708.32 
TMZ + F 11 7436.80 19.50 0.00 -3707.33 
TMZ + G2 12 7437.05 19.75 0.00 -3706.44 
TMZ + DH 11 7437.09 19.80 0.00 -3707.47 
TMZ + O 11 7437.37 20.07 0.00 -3707.61 
TMZ + A2 12 7437.40 20.10 0.00 -3706.61 
TMZ + G 11 7438.34 21.04 0.00 -3708.10 
TMZ + A 11 7438.37 21.08 0.00 -3708.12 
TMZ + C2 12 7439.52 22.22 0.00 -3707.67 
TMZ + C 11 7439.64 22.34 0.00 -3708.75 
a Model fit is described by the number of parameters (K), Akaike’s Information Criterion (AIC), 
Log-likelihood (LL), and AICc weights (wi). 
b Oak (O), Deciduous Hardwood (DH), Conifer (C), Forest (F), Agriculture (A), Grassland (G), 
Turkey Management Zone (TMZ) 
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We observed a negative linear relationship between month and predicted poults-per-

brood (Figure 11) and found a positive non-linear relationship between the proportion of oak 

cover and predicted poults-per-brood (Figure 12). The average predicted poults-per-brood by 

county was 2.63 poults-per-brood. 

 

Figure 11. Predicted poults-per-brood by month in Wisconsin using Snapshot Wisconsin trail 
camera data June-August 2016-2020. Predicted values calculated using the top model in Table 
16. The bold line is the line of best fit and the light gray area represents the 95% confidence 
interval. 
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Figure 12. Predicted poults-per-brood in Wisconsin by proportion of oak cover2 using Snapshot 
Wisconsin trail camera data June-August 2016-2020. Predicted values calculated using the top 
model in Table 16. The bold line is the line of best fit and the light gray area represents the 95% 
confidence interval. 

DISCUSSION 

Our research demonstrates that SSWI, with its existing framework, abundance of trail 

camera data, volunteer contribution, and more than 2,000 trail cameras on the landscape, 

provides a novel and viable technique for monitoring wild turkey productivity and recruitment. 

Through the review of five years of SSWI wild turkey trail camera triggers, we estimated the 

percentage of successful hens, poult-to-hen ratios, and poults-per-brood by year, month, and 

TMZ. Additionally, we explored temporal and spatial factors wildlife managers can use to 

predict these metrics and inform management decisions such as establishing harvest 

authorizations and developing and implementing habitat management strategies. 
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ANNUAL ESTIMATES 

The trend in percentage of successful hens, poult-to-hen ratios, and poults-per-brood 

estimates across study years appeared to be stable as the estimates fluctuated about a mean 

annual value. This was consistent with the pattern observed in the last decade by the WDNR’s 

Ten-Week Brood Survey (Rees-Lohr 2018). This stable pattern also was documented in Iowa 

(Harms et al. 2021), whereas declines have been observed in other Midwestern states, including 

Indiana (Backs 2020) and Missouri (Tyl 2020), and more prominently across the southeastern 

U.S. (Georgia Department of Natural Resources 2020, Kreh 2020, Danks 2021, Martin and Dye 

2021, Shields 2021, South Carolina Department of Natural Resources 2021). 

The largest estimated percentage of successful hens was observed in 2016 and the lowest 

in 2019 with a yearly average of 22.21%. Our data support previous traditional field-based 

method research which has suggested that not all hens contribute to production and recruitment 

and that the percentage of contributing hens varies (Byrne et al. 2022 and Pollentier et al. 2014). 

We observed the largest poult-to-hen estimate in 2016 and the lowest in 2019 with a yearly 

average of 0.62 poults-per-hen. The largest poults-per-brood estimate was observed in 2018 and 

the lowest in 2017 with a yearly average of 2.75 poults-per-brood. Overall, we observed less 

annual variability with poults-per-brood compared to percentage of successful hens and poult-to-

hen ratios. 

Our reported poult-to-hen ratios and poults-per-brood estimates were lower than the 2020 

brood observation survey estimates for Kentucky, Tennessee, Indiana, North Carolina, Nebraska, 

South Carolina, and Iowa (poult-to-hen ratio of 1.3-2.4, poults-per-brood estimate of 3.1-8.5; 

Backs 2020, Danks 2020, Kreh 2020, Harms et al. 2021, Meduna 2021, Shields 2021, South 

Carolina Department of Natural Resources 2021). We believe our estimates were lower than 
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other reported estimates because of differences in data collection methods. Although state wild 

turkey brood observation surveys and SSWI rely on opportunistic interactions with broods, 

SSWI relies on wild turkeys encountering a stationary surveyor whereas other brood surveys 

often rely on the observation of broods by mobile surveyors. Furthermore, brood observation 

surveys have been reported to be impacted by observer bias as observers tend to report hens with 

poults more readily than those without. Similarly, one might expect large broods to be more 

readily reported than smaller broods which could result in an overestimation of reproductive 

metrics (Backs 2020) and possibly contribute to declining populations if states are harvesting 

based on inflated estimates of productivity and recruitment. Such observational bias is reduced 

with Snapshot Wisconsin because trail cameras capture triggers when motion is detected 

irrespective of whether there is a single hen or a hen with a brood. Ideally, future projects should 

directly and intentionally compare SSWI to opportunistic brood observation surveys and other 

traditional field-based methods. 

Differences also could be attributed to the variability in how estimates are calculated. For 

example, Meduna (2021) calculated the average brood size by dividing the total number of 

poults by the total number of hens with poults observed during surveys in Nebraska. Backs 

(2020) calculated average brood size in Indiana by averaging the size of all broods encountered 

in the summer and considered brood size to be the summation of all hens and poults observed as 

a group at one time. We calculated average brood size by first, dividing the total number of 

poults by the total number of hens observed in a trigger to get a trigger-level poults-per-brood 

estimate; we then averaged all poults-per-brood values across all triggers for each camera site 

and, lastly, averaged the poults-per-brood values across camera sites to obtain an overall 

statewide estimate as well as for each TMZ.  For poult-to-hen ratios, Meduna (2021) and Backs 
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(2020) obtained estimates by taking the total number of poults observed divided by all hens 

observed during the survey, whereas Kreh (2020) calculated poult-to-hen ratios per report which 

was then averaged. We calculated poult-to-hen ratios by first, dividing the total number of poults 

observed at a camera location by the total number of hens observed, and then averaging the 

camera site poult-to-hen ratios to identify state and TMZ-level estimates.  

MONTHLY ESTIMATES 

We observed a negative trend in poults-per-brood, and positive trends in percentage of 

successful hens and poult-to-hen ratios across study months. Decreasing estimates of poults-per-

brood likely corresponds to poult mortality throughout the season from predation and other 

factors. The positive trend in percentage of successful hens likely corresponds to the increased 

number of hens that hatch and rear broods as the season progresses. Additionally, the positive 

trend is likely tied to changes in detection probability. Early in the season successful hens are 

restricted in their movement on the landscape because their poults are small and have limited 

mobility. As their poults age, they increase in size (Anderson 2011) and movement on the 

landscape (Porter 1980, Chamberlain et al. 2020), and are subsequently more likely to encounter 

and be detected by trail cameras. We believe the observed positive trend in poult-to-hen ratios is 

also related to changes in detection probability of poults throughout the summer months. As 

poults age, they increase in size and mobility and are more likely to encounter and be detected by 

SSWI trail cameras. 

TURKEY MANAGEMENT ZONE ESTIMATES 

We observed variation in the percentage of successful hens, poult-to-hen ratios, and 

poults-per-brood across TMZs. For each metric, northern TMZs (4-7) had larger estimates than 

southern TMZs (1-3). It is possible that northern TMZs have higher productivity to compensate 
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for lower survival associated with density dependence (Hubbard et al. 1999). Differences 

between northern and southern TMZs also could be influenced by hen densities, although this is 

only speculative. The difference also may be related to the northern and southern populations 

being at different stages of population establishment. Wild turkeys were initially introduced to 

southern Wisconsin and then translocated throughout the state. Southern Wisconsin may be at a 

later stage of population growth, and closer to their carrying capacity. Subsequently, turkey 

populations in southern Wisconsin may have a different (i.e., lower) growth rate compared to 

northern Wisconsin.  

MODELING 

Initial reproductive estimate observations motivated us to identify temporal and spatial 

factors which could predict the percentage of successful hens, poult-to-hen ratios, and poults-per-

brood. Our modeling results indicate that week was the best temporal predictor for percentage of 

successful hens and poult-to-hen ratios, and month for poults-per-brood estimates. We believe 

week was the better predictor for percentage of successful hens and poult-to-hen ratios because 

these metrics incorporate all hen data; overall more hen data are collected throughout the season 

and available for analysis compared to poult data. We believe poult-per-brood estimates were 

better predicted by month because the collection of poult data is more limited compared to hen 

data because poults are not as mobile as hens.  

 Similar to our data prior to modeling, we found a negative relationship between poult-

per-brood estimates with month and believe this trend captures summer poult mortality. As the 

season progresses poults die due to a variety of factors including predation. We also observed 

strong positive trends in the percentage of successful hens and poult-to-hen ratios with week and 

believe the relationship is related to increased poult size and movement of broods on the 
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landscape; broods are more likely to encounter and be detected by SSWI trail cameras as the 

season progresses. Research by Porter (1980) and Chamberlain et al. (2020) suggest brood home 

range sizes increase as poults age.  

We also found that the percentage of successful hens and poults-per-brood were best 

predicted by county, and poult-to-hen ratios by TMZ. We believe our results suggest that hen 

success and brood size are being driven by processes occurring on smaller spatial scales likely 

related to site-specific characteristics. Poult-to-hen ratios (i.e., recruitment) on the other hand 

appear to be driven by regional processes or features associated with larger spatial scales such as 

TMZs.  

We additionally observed a positive relationship between the proportion of conifer cover 

and poult-to-hen ratios. This positive relationship differs from previous research which found 

that wild turkeys select for deciduous hardwood cover (Porter 1980, Pack et al. 1980, Metzler 

and Speake 1985, Pollentier et al. 2017) and avoid conifer cover (Pack et al. 1980), although it 

supports recent research by Byrne et al. (2022) which suggests that hens with broods revisit areas 

with increased proportions of open treeless, pine, and pine-hardwood cover types and decreased 

proportions of hardwood cover presumably due to understory structure. 

We also observed a weak slightly negative quadratic relationship between the proportion 

of oak cover and percentage of successful hens and a weak slightly positive quadratic 

relationship with poults-per-brood. We believe these results suggest there might be a tradeoff 

between hen success and average brood size in relation to oak cover; as the proportion of oak 

cover increases, average brood size increases, and the percentage of successful hens decreases. 

We suspect brood size increases related to foraging opportunities whereas the percentage of 

successful hens may decrease because of greater predation pressure, and lower hen survival 
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associated with increased forest cover (Pollentier et al. 2014). It should be noted that it is 

difficult to directly compare our results to previous research because of the differences in spatial 

scale, research scope, and data collection methods. Other research used radio transmitters to 

assess site-specific brood habitat characteristics and habitat selection, whereas our research 

looked at the proportion of land cover within a 308ha buffered area around each SSWI camera 

site.  

Although our research only considered the relationship of percentage of successful hens, 

poult-to-hen ratios, and poults-per-brood with the proportion of various land cover types, future 

research should consider ecological distinctions such as Wisconsin’s ecological landscapes and 

the arrangement and interspersion of cover types (Porter 1980, Metzler and Speake 1985, 

Keegan and Crawford 1997, Vangilder et al. 2001, Porter 2005, Pollentier et al. 2017, Pollentier 

et al. 2021). Future research also could explore stand-specific characteristics such as stand age, 

basal area, visual obstruction, density of shrubs, percent ground cover, average tree diameter, 

stand condition, aspect and slope, and time since disturbance. However, it would be important to 

note how individuals appeared to be using the area (i.e., foraging, loafing, or passing through; 

Pack et al. 1980, Spears et al. 2007, Kilburg et al. 2014, Wood et al. 2019). Furthermore, future 

research should investigate the effect of spatial covariates on wild turkey reproductive metrics 

using August-only data (Appendix F) because August-only data is not biased by the 

overabundance of hens without broods early in the season, although there is high correlation 

between June-August and August-only data annual statewide estimates (Appendix E). 
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CONCLUSION 

In summary, SSWI, although a general wildlife monitoring program, can be used as a 

tool by wildlife managers to monitor wild turkey productivity and recruitment. The program 

provides data at spatial and temporal scales that are not practical with traditional methods and 

optimizes the use of community-based science efforts. In Wisconsin, the volunteer contribution 

to these efforts has been large. Between 2018 and 2020, SSWI volunteers reported an estimated 

63,000 volunteer hours, valued at $28.54/hour, which is equivalent to nearly $1.8 million dollars, 

roughly half the cost to support the project. The project’s potential will continue to grow as 

additional volunteers host trail cameras across the state, and additional years of data are 

collected. Our research is just the beginning of SSWI trail camera-based wildlife studies in 

Wisconsin. 

MANAGEMENT IMPLICATIONS 

We recommend WDNR and SSWI to explore the relationship between estimates of 

percentage of successful hens, poult-to-hen ratios, and poults-per-brood determined from 

classifications of photos made by trained observer(s), as was the case for our research, and those 

identified from volunteer classifications of photos. A strong predictive relationship would 

suggest that WDNR could use volunteer-classified brood data to monitor wild turkey 

productivity and recruitment. Minor adjustments to SSWI’s classification system for wild 

turkeys would be required to allow volunteers the ability to report more than six poults and 

identify wild turkey sex. They also should increase their effort to recruit volunteers to host trail 

cameras. Additional trail cameras on the landscape help ensure SSWI’s ability to calculate robust 

estimates of wild turkey productivity and recruitment. Furthermore, SSWI and WDNR should 

consider where current and future cameras are placed relative to land cover variables to minimize 
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over- or under-sampling. Future research also should evaluate SSWI trail camera detection rates 

for turkeys with a formal methods comparison between SSWI, opportunistic brood observation 

surveys, flush counts, and radio telemetry.  

Due to the variability in estimates between TMZs and that county was part of the top 

model for percentage of successful hens and poults-per-brood, wildlife managers should continue 

to assess and establish harvest authorizations independently by TMZ but should consider using 

county-level data to inform management decisions.  Additionally, managers should consider the 

proportion of conifer and oak cover when managing properties with the goal of supporting wild 

turkey reproduction.   

Lastly, we encourage other states to consider replicating SSWI to monitor wild turkeys 

and wildlife in general. If other states implemented similar programs these efforts could evolve 

into a regional or interstate wild turkey and general wildlife monitoring project (Cove et al. 

2019). 
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APPENDIX 

APPENDIX A. POULT AND EVENT CLASSIFICATION 

POULT CLASSIFICATION 

Classifying poults by age class was considered as part of this research effort. All poults 

observed in SSWI wild turkey poult triggers were counted and placed into three categories based 

on physical characteristics which related to the age of the poult. Categories for this research 

modeled those developed by Anderson et al. (2011) for classifying birds in hand. Class one 

poults (0–1 weeks old) had two wing bars and were covered in natal down. Class two (2-5 weeks 

old) contained poults which were noticeably larger than class one, were not covered in natal 

down, had an average of 3.6 wing bars, and did not yet have black and white barring of the 

primary wing feathers. Class three poults (6-8 weeks old) had no observable white terminal 

bands on covert feathers and had black and white barring on the primary wing feathers. We 

found that classifying poults by age classes was extremely difficult due to a variety of factors 

including orientation and distance of poults relative to the camera. Site vegetation also obstructed 

our ability to observe defining poult characteristics. As a result of these difficulties, we refrained 

from considering poult age class from our analyses to minimize uncertainty in the results. 

EVENT CLASSIFICATION 

We explored applying an event classification structure to our data. Events are used in trail 

camera studies to ensure independence of sampling occasions. For our research, events were 

separated by 30-minute gaps in trigger capture at each camera site. We classified events by 

identifying the maximum number of turkeys for each sex and age class across all triggers 

captured within the event. We found that there was strong positive correlation between trigger-

level and event-level poults-per-brood estimates. Methods described in the body of the thesis 
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negated the need to consider trigger and event classification structures because we averaged the 

percentage of successful hens, poult-to-hen ratios, and poults-per-brood values for each SSWI 

camera location. We considered the SSWI camera location the experimental unit of our research. 

APPENDIX B. CALCULATING METRICS OF IMPORTANCE 

The following tables outline the stepwise process for calculating the percentage of 

successful hens, poult-to-hen ratios, and poults-per-brood estimates. 

Table B1. Steps to calculate the percentage of successful hens using Snapshot Wisconsin trail 
camera data. Hens with broods were considered successful.  

Step 1. Select study year (y), month (m), or TMZ (z) of interest. 
Step 2. For each camera site (s) within the selected study year, month, or TMZ, sum the 

number of successful hens observed across all triggers (t). 
No. of successful henss = sum (successful henst) 

Step 3. For these same camera sites, within the selected study year, month, or TMZ, sum the 
total number of hens (successful and unsuccessful) observed across all triggers.  

No. of total henss = sum (total henst) 
Step 4. For these same camera sites, within the selected study year, month, or TMZ, divide 

the number of successful hens by the total number of hens observed and multiply 
this value by 100. This is the percentage of successful hens for each camera site 
within the selected study year, month, or TMZ. 

Percentage of successful henss = No. of successful henss / No. of total henss * 100  

Step 5. Average all the percentage of successful hen estimates of each camera site within 
the selected study year, month, or TMZ by dividing the percentage of successful 
hens by the number of camera sites (n) to get the percentage of successful hens for 
each study year, month, and TMZ. 

Average percentage of successful hensy = sum (Percentage of successful henss) / n 
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Table B2. Steps to calculate poult-to-hen ratios using Snapshot Wisconsin trail camera data. 

Step 1. Select your study year (y), month (m), or TMZ (z) of interest. 

Step 2. For each camera site (s) within the selected study year, month, or TMZ, sum the 
number of poults observed across all triggers (t). 

No. of poultss = sum (poultst) 

Step 3. For these same camera sites, within the selected study year, month, or TMZ, sum the 
total number of hens (successful and unsuccessful) observed across all triggers. 

No. of total henss = sum (total henst) 
Step 4. For these same camera sites, within the selected study year, month, or TMZ divide 

the number of poults by the total number of hens observed. This is the poult-to-hen 
ratio for each camera site within the selected study year, month, or TMZ. 

 Poult-to-hen ratios = No. of poultss / No. of total henss   

Step 5. Average all the poult-to-hen estimates of each camera site within the selected study 
year, month, or TMZ by dividing the poult-to-hen ratio by the number of camera 
sites (n) to get the poult-to-hen ratio for each study year, month, and TMZ. 

Average Poult-to-hen ratioy = sum (Poult-to-hen ratios) / n 

 

Table B3. Steps to calculate poults-per-brood ratios using Snapshot Wisconsin trail camera 
data. 

Step 1. Select your study year (y), month (m), or TMZ (z) of interest. 

Step 2. For each trigger (t) divide the total number of poults observed by the total number of 
hens observed. This gives you the poults-per-brood by trigger. 

Poults-per-broodt = No. of poultst / No. of henst 

Step 3. For each camera site (s) within the selected study year, month, or TMZ, average the 
poults-per-brood observed across all triggers from that camera site. This gives the 
poults-per-brood by camera site for the selected study year, month, or TMZ. 

Poults-per-broods = sum (Poults-per-broodt) / t 
Step 4. Average all the poults-per-brood estimates of each camera site within the selected 

study year, month, or TMZ by dividing the poults-per-brood estimate by the number 
of camera sites (n) to get the poults-per-brood for each study year, month, and TMZ. 

Average Poults-per-broody = sum (Poults-per-broods) / n 
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APPENDIX C. JUNE-AUGUST ANNUAL TURKEY MANAGEMENT ZONE ESTIMATES  

Table C1. Percentage of successful hens with 95% upper and lower limits in Wisconsin from 
Snapshot Wisconsin trail cameras by turkey management zone (TMZ) June-August 2016-2020. 

TMZ Year Percentage of 
Successful 

Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 27.77 33.98 16.67 38.87 36 
2017 18.11 27.55 12.88 23.33 107 
2018 19.56 28.37 15.58 23.54 195 
2019 14.60 26.31 11.29 17.92 242 
2020 19.43 29.19 15.32 23.53 194 

2  2016 58.33 - - - 1 
2017 22.39 35.32 8.55 36.24 25 
2018 20.17 32.51 11.33 29.00 52 
2019 12.66 24.78 7.97 17.36 107 
2020 14.22 26.19 8.55 19.89 82 

3  2016 43.75 51.54 -6.76 94.26 4 
2017 20.24 32.49 8.61 31.86 30 
2018 17.43 27.01 10.48 24.38 58 
2019 15.08 27.98 10.47 19.68 142 
2020 20.90 30.97 14.95 26.85 104 

4  2016 - - - - 0 
2017 30.09 35.49 15.89 44.29 24 
2018 19.51 29.43 10.81 28.21 44 
2019 19.97 31.57 14.28 25.67 118 
2020 15.31 25.79 9.59 21.03 78 

5  2016 - - - - 0 
2017 27.72 44.12 1.65 53.79 11 
2018 35.80 38.77 21.44 50.16 28 
2019 12.27 22.81 6.93 17.62 70 
2020 25.73 38.00 15.59 35.86 54 

6  2016 42.70 44.08 16.65 68.74 11 
2017 20.30 33.19 10.91 29.69 48 
2018 33.99 39.77 24.74 43.24 71 
2019 12.24 26.39 6.35 18.14 77 
2020 20.96 33.06 12.92 28.99 65 

7  2016 33.33 - - - 1 
2017 18.83 28.47 7.44 30.22 24 
2018 28.41 38.51 15.07 41.76 32 
2019 20.48 31.82 11.58 29.39 49 
2020 31.81 42.04 19.10 44.53 42 
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Table C2. Poult-to-hen ratios with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) June-August 2016-2020. 

TMZ Year Poult-to-Hen 
Ratios 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 0.78 1.30 0.35 1.20 36 
2017 0.45 0.79 0.30 0.60 107 
2018 0.54 0.95 0.41 0.68 195 
2019 0.32 0.67 0.24 0.40 242 
2020 0.53 1.08 0.38 0.68 194 

2  2016 1.00 - - - 1 
2017 0.65 1.09 0.22 1.08 25 
2018 0.48 0.93 0.23 0.73 52 
2019 0.35 0.82 0.19 0.50 107 
2020 0.34 0.76 0.18 0.51 82 

3  2016 1.38 1.89 -0.47 3.22 4 
2017 0.45 0.74 0.19 0.71 30 
2018 0.57 1.02 0.31 0.83 58 
2019 0.39 0.89 0.24 0.53 142 
2020 0.67 1.43 0.40 0.94 104 

4  2016 - - - - 0 
2017 0.66 0.81 0.34 0.98 24 
2018 0.64 1.17 0.30 0.99 44 
2019 0.63 1.23 0.40 0.85 118 
2020 0.40 0.67 0.25 0.54 78 

5  2016 - - - - 0 
2017 1.03 2.03 -0.17 2.24 11 
2018 1.34 1.55 0.76 1.91 28 
2019 0.42 0.92 0.21 0.64 70 
2020 0.81 1.53 0.40 1.22 54 

6  2016 1.25 1.53 0.35 2.15 11 
2017 0.56 1.03 0.27 0.85 48 
2018 1.08 1.51 0.73 1.43 71 
2019 0.41 1.02 0.18 0.63 77 
2020 0.50 0.90 0.29 0.72 65 

7  2016 1.33 - - - 1 
2017 0.42 0.64 0.16 0.68 24 
2018 0.70 1.04 0.34 1.06 32 
2019 0.61 1.07 0.31 0.91 49 
2020 0.87 1.30 0.48 1.27 42 
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Table C3. Poults-per-Brood with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) June-August 2016-2020. 

TMZ Year Poults-per- 
Brood 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 2.51 1.36 1.87 3.16 17 
2017 2.45 1.11 2.13 2.77 46 
2018 2.74 1.62 2.41 3.07 91 
2019 2.19 1.32 1.92 2.47 88 
2020 2.69 1.73 2.32 3.07 83 

2  2016 1.71 - - - 1 
2017 2.63 1.40 1.90 3.36 14 
2018 2.32 1.48 1.67 2.97 20 
2019 2.67 1.91 2.04 3.31 35 
2020 2.55 1.43 2.01 3.09 27 

3  2016 3.38 0.88 2.15 4.60 2 
2017 2.40 0.87 1.88 2.91 11 
2018 3.13 1.81 2.43 3.82 26 
2019 2.61 1.77 2.14 3.08 54 
2020 3.17 1.99 2.58 3.76 44 

4  2016 - - - - 0 
2017 2.21 0.89 1.73 2.69 13 
2018 3.17 1.45 2.46 3.88 16 
2019 3.07 2.06 2.48 3.66 47 
2020 3.09 1.56 2.51 3.66 28 

5  2016 - - - - 0 
2017 3.19 1.01 2.30 4.07 5 
2018 3.65 1.04 3.14 4.16 16 
2019 3.33 2.39 2.33 4.32 22 
2020 3.13 2.12 2.22 4.03 21 

6  2016 3.19 1.50 1.99 4.39 6 
2017 2.80 1.31 2.15 3.44 16 
2018 3.17 1.94 2.54 3.80 36 
2019 2.87 1.58 2.20 3.55 21 
2020 2.65 1.45 2.09 3.20 26 

7  2016 4.00 - - - 1 
2017 2.56 1.04 1.88 3.24 9 
2018 2.72 1.20 2.09 3.35 14 
2019 3.16 1.83 2.36 3.97 20 
2020 2.92 1.94 2.09 3.75 21 
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APPENDIX D. COEFFICIENT SUMMARY TABLES 

Table D1 (pages 58-59). Coefficient estimates with 95% upper and lower limits for the top tier 
two model (Site + Week + County + Oak + Oak2) evaluating the effects of land cover on 
percentages of successful hens in Wisconsin using Snapshot Wisconsin trail camera images 
June-August 2016-2020. 
Covariate Estimate Standard Error Lower Limit Upper Limit 
Week 2.05 0.08 1.91 2.20 
Oak Cover -8.12 10.31 -27.55 11.73 
Oak2 Cover -10.27 17.34 -43.66 22.36 
Adams -40.77 4.62 -49.60 -31.91 
Ashland -7.36 5.83 -18.56 3.73 
Barron -4.30 7.29 -18.42 9.56 
Bayfield -0.19 5.33 -10.38 9.94 
Brown -6.01 8.64 -22.47 10.41 
Buffalo -12.99 7.67 -27.75 1.52 
Burnette -11.55 7.46 -26.05 2.58 
Calumet -3.23 11.07 -24.59 17.53 
Chippewa -8.28 7.56 -22.67 6.18 
Clark -0.37 4.99 -9.92 9.07 
Columbia -10.10 6.37 -22.21 2.04 
Crawford -3.54 5.64 -14.44 7.05 
Dane -4.96 4.63 -13.89 3.72 
Dodge -6.72 5.74 -17.72 4.12 
Door 0.61 6.94 -12.41 13.99 
Douglas -2.07 6.59 -14.63 10.51 
Dunn 5.37 6.35 -6.95 17.20 
Eau Claire 8.80 7.57 -5.64 23.26 
Florence 7.55 9.05 -9.87 24.55 
Fond du Lac -3.83 7.82 -19.07 10.83 
Forest -0.95 7.65 -15.71 13.55 
Grant -8.35 5.25 -18.50 1.49 
Green -6.99 7.24 -20.92 6.55 
Green Lake 2.28 7.05 -11.13 15.65 
Iowa -2.71 4.26 -10.88 5.32 
Iron -3.31 6.02 -14.94 8.00 
Jackson 4.93 4.19 -3.11 12.82 
Jefferson -4.82 7.32 -18.74 9.10 
Juneau -2.62 6.43 -14.87 9.62 
Kenosha -18.50 18.86 -54.99 17.84 
Kewaunee 6.00 10.17 -13.83 25.21 
La Crosse -5.77 7.69 -20.39 8.96 
Lafayette 1.96 8.15 -13.81 17.35 
Langlade 3.43 6.36 -8.79 15.47 
Lincoln -4.68 6.36 -16.92 7.39 
Manitowoc -9.50 5.24 -19.46 0.46 
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Marathon -4.15 4.88 -13.48 5.11 
Marinette 3.96 4.82 -5.23 13.10 
Marquette -8.50 6.52 -21.02 3.84 
Menominee -13.95 16.18 -44.60 16.53 
Milwaukee 3.64 9.29 -14.11 21.29 
Monroe -1.80 5.80 -13.00 9.09 
Oconto 0.44 5.84 -10.88 11.37 
Oneida 2.02 4.96 -7.40 11.49 
Outagamie -13.75 7.26 -27.59 0.06 
Ozaukee -1.45 8.52 -17.94 14.58 
Pepin -14.59 11.99 -37.27 8.08 
Pierce -7.15 7.06 -20.64 6.30 
Polk 2.44 6.87 -10.96 15.29 
Portage -1.52 5.56 -12.19 8.95 
Price -1.37 5.90 -12.66 9.90 
Racine -14.17 9.35 -31.97 3.67 
Richland -6.54 5.46 -16.88 3.87 
Rock -5.64 6.48 -18.03 6.62 
Rusk 0.48 6.27 -11.70 12.23 
Sauk -7.00 4.93 -16.42 2.34 
Sawyer -0.46 4.54 -9.09 8.18 
Shawano -6.30 5.93 -17.62 4.96 
Sheboygan -6.74 6.61 -19.32 5.84 
St. Croix -5.67 5.10 -15.39 3.99 
Taylor -3.40 5.55 -13.99 7.14 
Trempealeau -4.30 6.49 -16.74 7.94 
Vernon -8.31 5.18 -18.27 1.45 
Vilas 9.40 5.45 -1.29 19.54 
Walworth -14.51 8.91 -31.49 2.32 
Washburn 1.11 6.90 -12.11 14.21 
Washington -15.58 6.72 -28.44 -2.90 
Waukesha -0.23 6.12 -11.96 11.36 
Waupaca -6.77 5.16 -16.62 3.02 
Waushara -3.89 6.59 -16.52 8.61 
Winnebago 0.81 11.70 -22.08 22.68 
Wood 2.32 5.57 -8.47 12.76 
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Table D2. Coefficient estimates with 95% upper and lower limits for the top (Site + Week + TMZ 
+ C) and competing tier two models evaluating the effects of land cover on poult-to-hen ratios in 
Wisconsin using Snapshot Wisconsin trail camera images June-August 2016-2020. 

Model 
Descriptiona Covariate Estimate Standard Error Lower Limit Upper Limit 
 Week 0.05 0.00 0.05 0.06 
 TMZ 1 -1.21 0.09 -1.38 -1.04 
 TMZ 2 -0.02 0.06 -0.13 0.08 
 TMZ 3 -0.01 0.05 -0.11 0.09 
TMZ + C TMZ 4 0.08 0.06 -0.03 0.20 
 TMZ 5 0.26 0.07 0.13 0.40 
 TMZ 6 0.08 0.06 -0.04 0.20 
 TMZ 7 0.14 0.08 -0.01 0.29 
 C 0.24 0.09 0.07 0.41 
 Week 0.05 0.00 0.05 0.06 
 TMZ1 -1.20 0.09 -1.37 -1.03 
 TMZ2 -0.02 0.06 -0.13 0.08 
 TMZ3 0.01 0.05 -0.10 0.11 
TMZ + C + C2 TMZ4 0.10 0.06 -0.02 0.21 
 TMZ5 0.29 0.07 0.15 0.43 
 TMZ6 0.10 0.06 -0.02 0.22 
 TMZ7 0.17 0.08 0.01 0.33 
 C -0.12 0.27 -0.65 0.42 
 C2 0.51 0.37 -0.22 1.24 
 Week 0.05 0.00 0.05 0.06 
 TMZ1 -1.10 0.09 -1.28 -0.93 
 TMZ2 -0.03 0.06 -0.14 0.08 
 TMZ3 -0.01 0.05 -0.11 0.09 
TMZ + G + G2 TMZ4 0.08 0.06 -0.03 0.20 
 TMZ5 0.24 0.07 0.10 0.38 
 TMZ6 0.05 0.06 -0.07 0.18 
 TMZ7 0.13 0.08 -0.03 0.28 
 G -0.87 0.36 -1.57 -0.16 
 G2 1.38 0.74 -0.06 2.82 
aTurkey Management Zone (TMZ), Grassland (G), Conifer (C). All models also considered the 
random effect of site and the fixed effect of week. 
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Table D3 (pages 61-62). Coefficient estimates with 95% upper and lower limits for the top tier 
two model (Month + Site + County + Oak + Oak2) evaluating the effects of land cover on poults-
per-brood in Wisconsin using Snapshot Wisconsin trail camera images June-August 2016-2020.  

Covariate Estimate Standard Error Lower Limit Upper Limit 
Month -0.28 0.06 -0.40 -0.17 
Oak Cover -1.05 1.12 -3.14 0.98 
Oak2 Cover 3.38 2.00 -0.28 7.06 
Adams 5.43 0.61 4.35 6.65 
Ashland -0.93 0.72 -2.32 0.37 
Barron 0.06 1.10 -2.10 2.09 
Bayfield -0.67 0.53 -1.69 0.23 
Brown -1.11 0.80 -2.65 0.30 
Buffalo -1.78 1.32 -4.36 0.67 
Burnette -1.13 1.83 -4.67 2.28 
Calumet -1.53 1.42 -4.25 1.05 
Chippewa 0.10 0.87 -1.56 1.67 
Clark -0.07 0.50 -1.04 0.78 
Columbia -0.52 0.76 -1.87 0.90 
Crawford -0.30 0.60 -1.48 0.73 
Dane -0.74 0.47 -1.63 0.07 
Dodge -0.96 0.59 -2.09 0.06 
Door 0.28 0.67 -0.95 1.45 
Douglas -0.70 0.65 -1.97 0.43 
Dunn 0.48 0.58 -0.64 1.50 
Eau Claire 0.04 0.68 -1.29 1.23 
Florence -1.68 0.83 -3.28 -0.22 
Fond du Lac -0.79 0.92 -2.59 0.86 
Forest -0.74 0.75 -2.22 0.57 
Grant -1.74 0.64 -2.99 -0.63 
Green -1.29 0.66 -2.56 -0.14 
Green Lake -0.87 0.61 -2.01 0.22 
Iowa -0.95 0.42 -1.76 -0.23 
Iron -0.21 0.65 -1.46 0.91 
Jackson -0.63 0.41 -1.44 0.06 
Jefferson 0.67 0.76 -0.75 2.04 
Juneau -0.79 0.63 -2.02 0.31 
Kenosha -1.31 1.16 -3.53 0.81 
Kewaunee -1.82 0.84 -3.42 -0.35 
La Crosse -1.09 0.79 -2.67 0.25 
Lafayette 1.16 0.63 -0.08 2.23 
Langlade -1.28 0.75 -2.69 0.07 
Lincoln 0.01 0.55 -1.05 0.95 
Manitowoc -0.18 0.50 -1.13 0.68 
Marathon -0.09 0.48 -1.00 0.74 
Marinette -1.01 1.06 -3.02 0.92 
Marquette -0.60 0.90 -2.29 0.99 
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Menominee -1.30 0.67 -2.60 -0.12 
Milwaukee -0.37 0.61 -1.60 0.65 
Monroe -0.03 0.48 -0.95 0.79 
Oconto -1.91 1.15 -4.12 0.19 
Oneida -0.96 0.94 -2.80 0.72 
Outagamie -0.16 1.15 -2.32 1.88 
Ozaukee -1.39 0.94 -3.19 0.30 
Pepin -1.73 0.91 -3.50 -0.09 
Pierce -0.17 0.54 -1.20 0.76 
Polk -0.87 0.63 -2.07 0.24 
Portage -1.42 0.94 -3.20 0.26 
Price -0.57 0.55 -1.64 0.38 
Racine -0.54 0.71 -1.94 0.70 
Richland -1.08 0.68 -2.37 0.13 
Rock -0.88 0.54 -1.92 0.06 
Rusk -0.18 0.45 -1.06 0.59 
Sauk 0.23 0.67 -1.04 1.41 
Sawyer -1.39 0.63 -2.63 -0.31 
Shawano -0.35 0.49 -1.28 0.50 
Sheboygan -0.29 0.58 -1.41 0.73 
St. Croix -1.36 0.65 -2.63 -0.25 
Taylor -0.76 0.55 -1.79 0.20 
Trempealeau -0.41 0.53 -1.43 0.50 
Vernon -1.81 1.04 -3.81 0.06 
Vilas -1.37 0.75 -2.80 -0.07 
Walworth 0.09 1.33 -2.50 2.54 
Washburn -1.05 0.61 -2.18 0.05 
Washington -1.15 0.56 -2.24 -0.22 
Waukesha -0.39 0.77 -1.90 0.96 
Waupaca 6.27 1.83 2.71 9.69 
Waushara -1.15 0.56 -2.23 -0.18 
Winnebago -0.28 0.06 -0.40 -0.17 
Wood -1.05 1.12 -3.14 0.98 

 

APPENDIX E. CORRELATION 

We calculated the correlation between statewide June through August and August-only 

percentage of successful hens, poult-to-hen ratios, and poults-per-brood (Table E1). We observed 

strong annual correlation between estimates. Correlation between June through August and 

August-only statewide estimates increased when we considered the timeframe when SSWI had 

consistent statewide effort. These data suggest that wildlife managers could choose to focus their 
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attention on reviewing and analyzing August-only data to increase efficiency and reduce the time 

required to calculate the estimates. 

Table E1. Correlation between June through August and August-only calculated statewide 
percentage of successful hens, poult-to-hen ratios, and poults-per-brood from Snapshot 
Wisconsin trail cameras 2016-2020. 2016-2020 shows the correlation values when we 
considered all study years. 2017-2020 shows the correlation values when we considered years 
with statewide distribution. 2018-2020 shows the correlation values when we considered years 
after Snapshot Wisconsin launched statewide. 

Metric 2016-2020 2017-2020 2018-2020 

Percentage of Successful Hens 0.57 0.81 0.99 
Poult-to-Hen Ratio 0.66 0.94 0.99 
Poults-per-Brood 0.73 0.92 0.92 

 

APPENDIX F. AUGUST-ONLY ESTIMATES 

We calculated estimates of the percentage of successful hens, poult-to-hen ratios, and 

poults-per-brood by year and TMZ using August-only data because August best reflects the 

portion of the population which is successfully recruited into the wild turkey population.  

ANNUAL STATEWIDE ESTIMATES 

Table F1. Annual statewide percentage of successful hens with 95% upper and lower limits in 
Wisconsin from Snapshot Wisconsin trail cameras August 2016-2020. 

Year Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 32.77 40.22 19.45 46.10 35 
2017 26.38 35.34 20.96 31.81 163 
2018 36.23 39.43 31.65 40.82 284 
2019 25.65 36.26 22.22 29.09 429 
2020 32.52 38.00 28.42 36.61 331 
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Table F2. Annual statewide poult-to-hen ratios with 95% upper and lower limits in Wisconsin 
from Snapshot Wisconsin trail cameras August 2016-2020. 

Year Poult-to-Hen 
Ratio 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 0.90 1.45 0.42 1.38 35 
2017 0.69 1.14 0.52 0.87 163 
2018 1.03 1.37 0.87 1.19 284 
2019 0.69 1.27 0.57 0.81 429 
2020 0.85 1.30 0.71 0.99 331 

 

Table F3. Annual statewide poults-per-brood with 95% upper and lower limits in Wisconsin 
from Snapshot Wisconsin trail cameras August 2016-2020. 

Year Poults-per-
Brood 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

2016 2.72 1.59 1.92 3.53 15 
2017 2.56 1.25 2.28 2.84 77 
2018 2.79 1.57 2.54 3.03 159 
2019 2.52 1.63 2.28 2.75 185 
2020 2.62 1.59 2.38 2.86 169 

 

TURKEY MANAGEMENT ZONE ESTIMATES 

Table F4. Percentage of successful hens with 95% upper and lower limits in Wisconsin from 
Snapshot Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020. 

TMZ Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 26.55 33.30 22.82 30.28 306 
2 27.43 35.96 21.16 33.71 126 
3 28.40 33.44 22.70 34.11 132 
4 40.18 37.82 32.50 47.87 93 
5 36.12 40.96 26.52 45.71 70 
6 34.95 38.04 27.30 42.60 95 
7 45.08 40.97 33.49 56.66 48 
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Table F5. Poult-to-hen ratios with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020. 

TMZ Poult-to-Hen 
Ratio 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 0.61 0.96 0.50 0.72 306 
2 0.72 1.23 0.51 0.94 126 
3 0.74 1.16 0.54 0.93 132 
4 1.16 1.42 0.87 1.44 93 
5 1.14 1.57 0.78 1.51 70 
6 0.94 1.23 0.69 1.19 95 
7 1.10 1.23 0.75 1.44 48 

 

Table F6. Poults-per-brood with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020. 

TMZ Poults-per-
Brood 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2.27 1.22 2.08 2.46 161 
2 2.51 1.55 2.12 2.90 61 
3 2.59 1.65 2.21 2.98 71 
4 2.84 1.57 2.45 3.23 62 
5 3.11 1.93 2.50 3.73 38 
6 2.71 1.54 2.30 3.11 55 
7 2.61 1.28 2.16 3.05 32 
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ANNUAL TURKEY MANAGEMENT ZONE ESTIMATES 

Table F7. Percentage of successful hens with 95% upper and lower limits in Wisconsin from 
Snapshot Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020. 

TMZ Year Percentage of 
Successful Hens 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 31.34 39.48 16.16 46.52 26 
2017 22.30 32.67 14.59 30.01 69 
2018 30.47 36.29 24.11 36.83 125 
2019 23.72 34.59 18.05 29.39 143 
2020 23.97 31.97 17.70 30.23 100 

2 2016 71.43 - - - 1 
2017 34.43 38.45 14.97 53.88 15 
2018 28.22 38.49 15.47 40.98 35 
2019 20.50 32.70 11.85 29.14 55 
2020 27.44 36.75 17.15 37.73 49 

3 2016 75.00 - - - 1 
2017 20.73 32.54 6.47 34.99 20 
2018 23.47 32.95 11.68 35.26 30 
2019 24.11 35.60 16.31 31.92 80 
2020 37.75 36.48 28.28 47.21 57 

4 2016 - - - - 0 
2017 39.55 40.92 20.09 59.00 17 
2018 51.38 35.87 35.66 67.10 20 
2019 37.02 40.25 26.57 47.47 57 
2020 31.34 38.66 19.78 42.89 43 

5 2016 - - - - 0 
2017 43.75 51.75 -1.61 89.11 5 
2018 56.39 42.80 37.15 75.64 19 
2019 23.85 34.75 12.65 35.05 37 
2020 46.19 46.75 29.46 62.92 30 

6 2016 30.95 48.16 -7.59 69.49 6 
2017 27.12 38.82 12.20 42.04 26 
2018 48.23 43.16 34.85 61.61 40 
2019 14.42 31.10 3.81 25.03 33 
2020 37.45 39.66 23.49 51.41 31 

7 2016 0.00 - - - 1 
2017 21.32 25.01 6.55 36.10 11 
2018 50.73 47.96 26.46 75.00 15 
2019 45.37 45.10 27.33 63.42 24 
2020 46.50 45.87 26.88 66.12 21 
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Table F8. Poult-to-hen ratios with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020 

TMZ Year Poult-to-Hen 
Ratio 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 0.83 1.40 0.29 1.37 26 
2017 0.49 0.76 0.31 0.67 69 
2018 0.86 1.28 0.64 1.08 125 
2019 0.52 1.00 0.36 0.69 143 
2020 0.53 0.93 0.34 0.71 100 

2 2016 1.29 - - - 1 
2017 1.07 1.30 0.41 1.73 15 
2018 0.70 1.15 0.32 1.08 35 
2019 0.58 1.15 0.27 0.88 55 
2020 0.71 1.31 0.35 1.08 49 

3 2016 1.50 - - 1.00 1 
2017 0.52 0.89 0.13 0.92 20 
2018 0.62 0.99 0.27 0.97 30 
2019 0.59 1.13 0.35 0.84 80 
2020 1.11 1.47 0.73 1.49 57 

4 2016 - - - - 0 
2017 0.85 1.15 0.30 1.39 17 
2018 1.59 1.48 0.94 2.24 20 
2019 1.07 1.55 0.67 1.47 57 
2020 0.95 1.39 0.54 1.37 43 

5 2016 - - - - 0 
2017 2.42 3.12 -0.31 5.16 5 
2018 2.07 1.79 1.26 2.87 19 
2019 0.82 1.50 0.34 1.31 37 
2020 1.54 1.77 0.90 2.17 30 

6 2016 1.17 2.04 -0.47 2.80 6 
2017 0.80 1.35 0.28 1.32 26 
2018 1.35 1.54 0.88 1.83 40 
2019 0.51 1.26 0.09 0.94 33 
2020 0.93 1.15 0.53 1.34 31 

7 2016 0.00 - - - 1 
2017 0.54 0.68 0.13 0.94 11 
2018 1.11 1.25 0.48 1.74 15 
2019 1.41 1.81 0.69 2.14 24 
2020 1.02 1.21 0.51 1.54 21 
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Table F9. Poults-per-brood ratios with 95% upper and lower limits in Wisconsin from Snapshot 
Wisconsin trail cameras by turkey management zone (TMZ) August 2016-2020 

TMZ Year Poults-per-
Brood 

Standard 
Deviation 

Lower 
Limit 

Upper 
Limit 

Number of 
Trail Cameras 

1 2016 2.60 1.58 1.67 3.53 11 
2017 2.31 1.06 1.93 2.69 30 
2018 2.76 1.55 2.39 3.12 68 
2019 2.13 1.33 1.79 2.46 60 
2020 2.08 1.12 1.76 2.40 46 

2 2016 1.80 - - - 1 
2017 2.83 1.24 2.02 3.64 9 
2018 2.53 1.66 1.69 3.37 15 
2019 2.47 1.63 1.77 3.17 21 
2020 2.61 1.69 1.90 3.31 22 

3 2016 2.75 - - - 1 
2017 2.55 0.93 1.85 3.24 7 
2018 2.32 1.59 1.48 3.15 14 
2019 2.46 1.48 1.96 2.95 34 
2020 2.92 1.72 2.35 3.49 35 

4 2016 - - - - 0 
2017 2.14 1.12 1.48 2.80 11 
2018 3.18 1.57 2.39 3.98 15 
2019 2.68 1.62 2.12 3.23 33 
2020 3.35 2.12 2.42 4.28 20 

5 2016 - - - - 0 
2017 4.09 2.04 2.10 6.09 4 
2018 3.78 1.07 3.20 4.36 13 
2019 3.13 2.64 1.79 4.47 15 
2020 2.84 1.75 1.99 3.70 16 

6 2016 3.85 2.62 0.22 7.48 2 
2017 2.85 1.62 1.89 3.81 11 
2018 2.80 1.84 2.08 3.52 25 
2019 3.06 1.74 1.86 4.27 8 
2020 2.56 1.43 1.89 3.24 17 

7 2016 - - - - 0 
2017 2.65 0.78 1.96 3.33 5 
2018 2.09 0.82 1.56 2.63 9 
2019 3.05 1.62 2.21 3.90 14 
2020 2.49 1.24 1.81 3.16 13 
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FUTURE DIRECTIONS 

After obtaining my master’s degree I will explore whether SSWI volunteer reported 

brood data can be used to monitor wild turkey productivity and recruitment as opposed to hiring 

an expert.  

I’d also like to increase SSWI’s community-based science efforts by creating an expert 

SSWI trigger review team which would consist of wildlife/natural resource students from the 

University of Wisconsin Stevens Point and other student chapters of The Wildlife Society. I 

believe students could apply their work as part of a capstone project or independent study credits. 

Students would acquire experience reviewing trail camera data and analyzing data which would 

provide mutual benefits for students and SSWI. If such a team were created, it would remove the 

need for SSIW/WDNR to hire additional staff to review trail camera imagery. The benefits to 

students involved include: 1) improving animal identification skills, 2) continued motivation and 

engagement in wildlife monitoring, 3) experience collaborating, 4) expansion of their 

professional network, and 5) resume development that could help secure jobs in the future. 

My final interest is to explore the use of audio data to monitor wild turkeys and other 

important vocal wildlife species throughout the state. During the summer of 2020, I deployed 

Wildlife acoustic audio recording devices at nine SSWI trail camera sites in Waupaca County, 

WI to determine whether audio recording devices or SSWI trail cameras better detected male 

wild turkeys during the months of May and June. We discovered that audio devices detected 

gobbling male wild turkeys better than SSWI trail cameras did. This investigation of methods led 

me to believe that wildlife monitoring in Wisconsin could be enhanced by using audio recording 

devices.  
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With assistance and partnership with the University of Wisconsin- Stevens Point, the 

WDNR, and SSWI, I would like to explore the development and implementation of audio 

recording devices throughout the state at each SSWI trail camera site. This will enhance our 

ability to detect and interpret wildlife interactions and behavior beyond the limitations of trail 

cameras which often miss species such as migratory birds, inconspicuous but vocal mammals, 

and toads and frogs. This also would provide the opportunity for Wisconsin to supply sound data 

to future soundscape ecology research exploring the interactions between biological, 

anthropogenic, and geophonic sounds.  

The proposed project would be named Wild Voices of Wisconsin. Challenges the project 

would encounter include data storage limitations, training software to automatically detect and 

identify wildlife, and lastly rallying community-based science interest in sound data which may 

not be perceived as engaging as reviewing wildlife imagery. Although challenges exist, Wild 

Voices of Wisconsin would revolutionize statewide wildlife monitoring and provide an inclusive 

opportunity for individuals with visual impairment to partake in wildlife monitoring efforts. 


