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Introduction
White-tailed deer (Odocoileus virginianus; hereafter, deer) are a common species found at Sequoyah National Wildlife Refuge (hereafter, the Refuge) and are managed with hunting.  Deer can have drastic impacts on vegetation (Côté et al. 2004), and become serious hazards on roadways when populations are not controlled (Doerr et al. 2001).  Because deer management occurs at a localized scale (i.e., refuge by refuge), reliable estimates of population sizes and sex and age ratios are necessary to set hunt quotas and track deer population trends over time.  Accurate population estimates are imperative when management strategies are subject to public scrutiny (Weckel et al. 2011).

The most widely-used deer survey techniques, including spotlight counts (Roberts et al. 2006, Collier et al. 2007, Collier et al. 2012), deer pellet counts (Brinkman et al. 2013), road-based distance sampling (Sheat et al. 2011), and forward-looking infrared surveys (Kissell and Nimmo 2011) have been criticized in recent years for being biased (Beaver et al. 2014). Road-based distance surveys using either spotlights, forward-looking infrared surveys, or visual detections may be biased because habitat near roads may not be representative of overall habitat (Beaver et al. 2014).  If corrected for detection differences by habitat, aerial visual surveys or vertical-looking infrared imaging may provide unbiased estimates but the cost of these surveys may be prohibitive.  One alternative is the method of Jacobson et al. (1997), which uses infrared camera traps. Because the camera traps can be placed either randomly or uniformly throughout the study area, camera traps do not have the same bias as road-based surveys. The method uses the ratio of adult males, who can be individually identified by variations in antler branching, to the ratio of does and fawns to estimate population size.  The Jacobson method has held up relatively well to more rigorous statistical handling of camera trap data (Curtis et al. 2009, Watts et al. 2008) and has performed favorably in comparison to other techniques, such as helicopter surveys (Koerth 1997) and spot-light counts (Roberts et al. 2006). However, recent work has revealed potential drawbacks. First, Jacobson et al. (1997) explains that his technique is premised on accurately counting the number of branched-antlered bucks in the area as identified through photographs. However, study duration and camera density have both been shown to impact the number of individual branched antlered males (IBAM) identified (Koerth et al. 1997, McKinnley et al. 2006). Both studies suggest that sampling intensity, either over space or time, were insufficient to capture all unique individuals. This is particularly problematic because a small negative bias in the number of bucks is multiplied through the analysis resulting in a larger underestimate of total population size. Furthermore, accepting a minimum count ignores valuable information on the sampling process that is used to generate confidence intervals around the branched-antlered male count. Second, using raw photographic occurrences to estimate demographic parameters may be biased owing to a failure to account for differences in detection rates among bucks, does, and fawns. Weckel et al. (2011) suggested standardizing photographic success by a naive measure of detection probability to account for inherent difference in detectability among the sex and age classes and to generate more conservative estimates of demographic ratios. One downside of more a rigorous analysis of camera survey data is that the greater analytical complexity requires the use of statistical software.  

Our objective was to develop a rigorous deer monitoring program to be used by managers to assess current deer populations. Specifically, we required a deer monitoring program that would provide 1) a minimum estimate of the number of deer using the Refuge during the survey period, 2) an index of the number of deer at the Refuge that can be compared among years to estimate trends, provided the estimates are generated using the same camera densities and study durations/timing, and 3) a way to determine sex and age ratios. During late September to early October of 2015, we conducted deer surveys using remote motion-sensing cameras.  The purpose of the survey was to evaluate deer populations on the Refuge to help guide refuge management actions for deer herd and habitat management.  Deer population (e.g., abundance and age-sex class ratio) data will then be used to determine if the timing, duration, number of permits, and sex and age of deer harvested via the Refuge’s hunt program are having the desired effect on local populations.  Deer population targets on the Refuge should support a population that is low enough to reduce detrimental impacts to the landscape through over browsing, minimize depredation of local crops, and reduce deer-vehicle collisions while providing the public with adequate viewing and hunt opportunities.

Methods

Survey Area

Sequoyah NWR manages approximately 20,800 acres, within the former floodplain of the Arkansas and Canadian River systems in Eastern Oklahoma. Within this large river system, topography and alluvial processes have resulted in a diverse array of habitats. Historically, these areas were part of a dynamic floodplain corridor containing mobile scroll bar deposits (within what is often referred to as bottomland), as well as a higher, less mobile, and less frequently flooded Holocene Surface (also referred to as a terrace).  Following the flooding of Robert S. Kerr Reservoir by the U.S. Army Corps of Engineers in 1970, habitat management at SNWR has been restricted to the floodplain terrace and wetland management is dependent upon precipitation events and mechanically pumping water from the Arkansas River.  Today, Refuge lands are a mixture of bottomland hardwood forest, floodplain forest, and riverfront/low-swale floodplain forest.

Sampling design

Camera traps were used to estimate abundance of white-tailed deer populations using identifiable individuals and demographic ratios (Jacobson et al. 1997, Roberts et al. 2006, Watts et al. 2008, Curtis et al. 2009, McCoy et al. 2011), which require that a subset of the population is either marked or can be identified as unique individuals by natural marks or patterns (e.g., pelage, antler configuration).  In Oklahoma, deer home range sizes varied from 83 to 979 hectares (ha) based on vegetation type, habitat management (Ockenfels 1980, Nelson 1984, Soper 1992), and season (Soper 1992).  Jacobson et al. (1997) used a camera density of 1/65 ha and simulated lower densities by systematically removing camera data to simulate camera densities of 1/130 and 1/260 ha.  They found a camera density of 1 camera/130 ha was sufficient, but accuracy improved as coverage increased.  McKinley et al. (2006) used a camera density of 1 camera station / 61 ha in south-central OK and 41 and 81 ha in Mississippi to determine the effect of camera density on population estimates and found similar results.  We selected a camera density of 1 camera / 65 ha and created a grid of 65 ha cells in a Geographic Information System with the Create Fishnet Tool in ArcToolbox (ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Environmental Systems Research Institute; Figure 1). We then selected grid cells where the majority of land was in Refuge ownership and further excluded any grid cells that lacked access due to prolonged flooding.  We then placed points in the center of each selected 65 ha grid to represent one camera station.  We placed one camera station at a game trail or area of high deer use near the center point (< 200 meters) when possible.  Camera stations were moved to the closest suitable areas when the center point fell in farm fields, rivers, or flooded areas.  We placed cameras in high-use areas to ensure adequate photographic samples (Watts et al. 2008). 

We selected a target survey period of 14 days.  This survey length was selected, because it was used to produce reliable and consistent population estimates for white-tailed deer in other study areas (Curtis et al. 2009, Watts et al. 2008).  We chose a late-summer to early-fall time frame for sampling to ensure adult males had sufficient antler growth to improve identification of individual bucks, to avoid rutting patterns, and to avoid disturbance and mortality from hunters.  Due to the configuration of the Refuge and the possibility that deer could be moving from bottomland to upland habitats (Ockenfels 1980), we cannot assume our population is geographically closed and therefore, we did not use our abundance estimates to estimate deer density on the Refuge.  As such, our abundance estimate should be viewed as the number of deer using the Refuge during the study period. 

Field-Study

Each waypoint was uploaded onto a hand-held Global Positioning System (GPS) by using Minnesota’s Department of Natural Resources’ GPS software (DNR GPS, http://www.dnr.state.mn.us/mis/gis/DNRGPS/DNRGPS.html; Product use does not imply endorsement).  Before installing cameras, we approached each point and located a utilized deer trail within 200 m, or nearest suitable area, of the selected point.  We then mounted cameras approximately 0.5m - 0.75m off the ground on a tree directly facing a trail.  We planned camera placement to maximize potential of capturing frontal views of deer.  Waypoints were marked on the GPS with a new name and record on the data sheet with the date and any notes.  Waypoint names included Refuge initials, location, and year (ex: SQ115).  We used Bushnell Trophy Cam HD, model 119437 infrared motion cameras (http://bushnell.eu/eu/produits/all/trail-cameras/trophy-cam-hd/119437/; Product use does not imply endorsement).  Camera settings were as follows: Mode: Camera, Image Size: 8M Pixel, Image Format: Full Screen, Capture Number: 3 Photo, LED Control: High, Sensor Level: Auto, Time Stamp: On.  Camera names were changed to reflect camera number.  We used 8 new AA batteries and an 8GB SD card for each camera.  

Photo Management

After completion of the study, we imported each SD card onto a flash drive.  Photos from each card were entered into an individual folder labeled: Refuge_WhiteTailedDeer_Year_Waypoint. (Ex: Sequoyah_WhiteTailedDeer_2015_115).  Each camera folder had two subfolders, one labeled “White-tailed deer” and the other labeled “Other.”  Every photo on each camera was sorted by putting all deer photos in the “White-tailed deer” folder and all other animal photos in the “Other” folder.  If a deer was seen in the same photo as a non-deer animal, they were inserted into both folders.  All other photos were deleted.  We considered any camera that did not have any photos of deer, but did capture photos of other wildlife or people, as a good set and included them in the study.  We excluded cameras without photos of any animal or person to eliminate trap success bias from camera malfunction or poor quality set.



Deer Identification

Deer were identified and placed into appropriate categories of individual branch-antlered male (IBAM), spike-antlered male (Spike), doe, fawn, or unknown.  If a spike, doe, fawn, or unidentified deer entered the frame from the same side the previous deer left within 5 minutes, it was counted as the same deer and therefore the same occurrence, unless it was obvious that they were not the same deer.  We evaluated photos of branched-antlered males to identify individuals; branch-antlered males that we could not identify to the individual level were marked as unidentified-branched antlered males.  We identified individual branched antlered males mostly from their antlers along with other body characteristics.  Observers looked at the number of antler points, size, and irregularities on the rack, along with the color around the eyes, sway back, shoulders, hips, age, and overall body characteristics to identify individuals.  We created new folders for each IBAM that we labeled to reflect the refuge name, study year, and buck number (ex: SQ_2015_Buck1).  If more than one identifiable buck was in a photo, we placed a copy into each buck’s folder.  When the primary observer was unable to identify IBAM, we used one or two other observers for the final determination.  If none of the observers were able to confidently relate a photo to an IBAM, we placed it in the unknown male category.  We then recorded the total numbers of IBAMs for each study.

Data analysis

We evaluated both the Jacobson et al. (1997) and Weckel et al. (2011) camera survey estimation techniques at Sequoyah National Wildlife Refuge.  The number of IBAM and the ratio of the raw number of photographic occurrences (RPO) for those males to the remaining demographic classes (i.e., spike-antlered males, does, and fawns) is used to estimate abundance using the Jacobson et al. (1997) method whereas the Weckel et al. (2011) estimate uses an adjusted metric (Standardized photographic occurrences; SPO) of photographic occurrences, that standardizes the number of photos per sex and age class by the number of nights with at least one photo for that sex or age class. Weckel et al. (2011) used the SPO to account for differences in detectability, the idea being that some classes of deer (e.g. does) may be more active or more likely to linger at the cameras and thus record multiple photos of the same animal. We sampled with replacement because individuals were not removed from the population once observed, thus could be observed or ‘captured’ >1 per sampling occasion, which we defined as 1 24-hour period.  Surveys occurred prior to the rut to reduce the amount of variability in behavior among deer that may affect the capture probabilities between sex-age classes. We calculated trap success for each demographic group by summing the number of nights with > 1 animal of the demographic group photographed divided by the total trap nights.

We used the shiny package (shiny: Web Application Framework for R, 2013, R package version 0.8.0) in Program R, Version 3.0.1 (R Development Core Team, 2013) to develop a user friendly, web-based application (https://lehnen.shinyapps.io/Deer) to estimate population abundances for camera survey data (Jacobson et al. 1997, Weckel et al. 2011). The shiny application bootstraps the data, treating each camera as a sample and selecting with replacement to generate new data sets, to calculate 95 % confidence intervals (CIs) for both the Jacobson et al. (1997) and Weckel et al. (2011) estimates. We calculated trap nights from the day the camera was set and ended on the day it was removed with each full day (i.e., 24 hours) considered 1 trap night.  We considered any days when cameras were set and removed as a half day. For example, if the camera was set for 15 days, total number of trap nights was 14, since days 1 and 15 were considered half-days.  We placed the deer data into an Excel workbook template renamed to reflect survey year, refuge, survey, and number of IBAM observed (ex: 2015_Sequoyah_23IBAM_Camera summary.csv).  Each occurrence of deer was entered into the appropriate date and camera within the spreadsheet.  For each camera and day, we tallied the number and sex and age classes of deer captured, (IBAM [Nba], unidentified buck [Unba], spike-antlered male [Nsa], doe [Nd], fawn [Nf], or unknown [Unkn]) along with photo numbers or range of photos for reference.  After all data was entered, we removed unnecessary columns, saved the file as a comma separated value (.csv) file format so that it could be processed by the online application (Table 1).  We entered the number of IBAM observed during the study and set the number of bootstraps to 10,000.  Significant differences were determined by comparison of confidence intervals (i.e. if the confidence intervals of the two values in question exhibited any amount of overlapped then no significant difference was found).






[image: ]Figure 1. Map of white-tailed deer camera survey locations at Sequoyah NWR, 2015.

Table 1.  Example of a partial file (.csv) used for online analysis application of camera survey data of white-tailed deer (Odocoileus virginianus) from Sequoyah NWR. Nba = no. individual branch-antlered males, Unba = no. unknown branch-antlered males, Nsa = no. spike-antlered males, Nb = no. all bucks [Nba+Unba+Nsa], Nd = no. does, Nf = no. fawns; all values in these categories are number of occurrences. 


	Date
	Camera
	Nba
	Unba
	Nsa
	Nb
	Nd
	Nf
	Trap.nights

	8/17/2015
	1
	1
	0
	1
	2
	2
	1
	13.5

	8/18/2015
	2
	0
	0
	0
	0
	1
	0
	14

	8/19/2015
	2
	0
	1
	0
	1
	0
	0
	14

	8/20/2015
	2
	0
	0
	0
	0
	2
	0
	14

	8/21/2015
	3A
	0
	0
	0
	0
	1
	1
	8.5



Results

2015 Results

We set 19 camera stations and analyzed data from 17 of the 19 cameras set in 2015, dropping 1 camera due to malfunction and one camera due to theft (Camera 39, Shelby Bottom unit).  We conducted camera surveys from September 11 – September 30, 2015, with cameras set for either 12 (n = 3), 16 (n = 10), or 19 (n = 4) trap nights for a total of 272 trap nights.  We identified 30 IBAM during the entire survey period.  In terms of number of observations by sex and age class, we tallied  we tallied 30 total observations of the 30 IBAM, 17 observations of spike-antlered males, 155 observations of does, 24 observations of fawns, and 2 observations of unknown branched antlered males.  We found a significant difference between RPO and SPO for spike-antlered males for the full survey period (Appendix 1). We found no significant differences between the Jacobson and Weckel methods for all sex and age classes (Appendix 2).

Discussion 

[bookmark: _GoBack]Differences between population estimates produced by both methods are likely due to differences between raw photographic occurrences and calculations of standardized photographic occurrences (Schmidt 2014). Failure to account for differences in observation rates between demographic groups, particularly does and fawns, are likely to produce biased population estimates. Therefore, without knowing true population size or an independent abundance estimate, we cannot determine the magnitude of bias. After assessing each method, published literature, anecdotal observations, and harvest reports, accurate estimates are likely between the high estimate produced by the Jacobson et al. (1997) method and the conservative estimate of the Weckel et al. (2011) method (M. Weckel, personal communication).  This suggests managers and biologists should continue to analyze survey data with both population estimators.  








Management Implications

Population estimates and demographic ratios determined from camera surveys can provide baseline information for harvest recommendations.  When camera survey estimates of doe to buck ratios reach levels of concern, we suggest altering harvest strategies to aid in restoration to a healthier sex ratio.  Keyser et al. (2006) suggested sex ratios of deer are typically stable and self-adjusting when density is at healthy levels.  However, relative densities greater than 70% with ratios higher than 3.5:1 (Adult Female: Adult Male) suggest over harvest of males with potential to cause negative impacts to deer populations via declining recruitment (Keyser et al. 2006).    In addition, a low fawn to doe ratio (≤ 0.5) suggests limited resources or high predation; both of which could be addressed with management techniques. Even though the estimated doe to fawn ratio is lower than suggested, the confidence interval for that estimate indicates local deer populations could be within suggested parameters and potentially as high as 0.8.  If future surveys show further declines in fawn to doe ratios then we suggest management actions be taken to restore the local deer population to a healthier age class ratio.  
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Appendix 1. Mean raw photographic occurrences (RPO; number of deer observed/camera) of white-tailed deer (Odocoileus virginianus) observed at Sequoyah National Wildlife Refuge, 2015. Mean standardized photographic occurrences (SPO; number of photos per unit of trap success) and 95% CI of white-tailed observed at Sequoyah National Wildlife Refuge, 2015. The survey period was from September 11 – September 30, 2015. IBAM = individual branch-antlered male, Spikes = spike-antlered male, All males = IBAM + Spikes + Unknown branch-antlered males. 

	Estimator
	RPO
	SPO

	Survey Period
	Full
	Full

	IBAM
	1.8
	2.5 (1.7 - 3.7)

	Spikes
	1
	1.6 (1.1 - 2.3)

	All Males
	2.9
	3.0 (1.8 - 4.4)

	Does
	9.1
	8.8 (5.8 - 12.9)

	Fawns
	3.1
	3.3 (1.7 - 6.2)



Appendix 2. Abundance estimates (95% CI) of white-tailed deer (Odocoileus virginianus) and sex-age class ratios for two estimators (Jacobson et al. 1997, Weckel et al. 2011) used to analyze camera survey data at Sequoyah National Wildlife Refuge, 2015. Estimates were calculated for the full survey period, September 11 – September 30, 2015. IBAM = individual branch-antlered male, Spikes = spike-antlered male, All males = IBAM + Spikes
	Estimator
	Jacobson
	Weckel

	 
	 
	 

	Spike:IBAM
	0.6 (0.3 - 1.0)
	0.6 (0.4 - 1.1)

	
	
	

	Spikes
	17
	18.9 (11.1 - 32.1)

	
	
	

	All Males
	47.0 (39.5 - 60.0)
	48.9 (41.1 - 62.1)

	
	
	

	Does
	149.3 (83.7 - 287.1)
	148.8 (80.1 - 280.0)

	
	
	

	Doe:All Male
	3.1 (1.9 - 5.8)
	3.0 (1.7 - 5.5)

	
	
	

	Fawn:Doe
	0.3 (0.2 - 0.6)
	0.4 (0.2 - 0.8)

	
	
	

	Fawns
	49.6 (24.9 - 74.5)
	54.2 (19.7 - 150.1)

	
	
	

	Total Deer
	244.8 (170.0 - 405.0)
	259.1 (172.8 - 415.2)
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