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Abstract

Gopher Tortoise populations in the state of Florida are losing more and more of their habitats to development and construction projects. My proposal hopes to eliminate this by identifying palpable translocation sites and techniques that better facilitate the needs of the tortoise. Such techniques to be experimented with include bermming construction out of different soil consistencies as well as variances in mound shapes and sizes. Once these questions are answered gopher tortoise, as well as other burrowing tortoise species will be able to be better situated to a habitat that will benefit that organism’s well being. 
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Introduction 

Throughout the South-Eastern United States, the burrowing Gopher Tortoise (Gopherus polyphemus) has established itself as a charismatic tenant (Baskaran et al, 2006). Within these regions the tortoise likes to inhabit “upland ecosystems characterized by sandy soils, pine forests and herbaceous understory” (Jones & Dorr, 2004). More specifically the tortoise does well in the “sandy ridges and slopes of longleaf pine clay hills” where the vegetation and the sand consistency do well to support gopher tortoise populations (Jose, Jokela & Miller, 2006). 

 Adequately named an ecosystem engineer, the gopher tortoise is “an organism that physically alters the abiotic environment” an invaluable service to the local fauna (Kinlaw & Grasmueck, 2011). It does this by burrowing into the soft sand and creating intricate labyrinths of tunnels that can exceed 3 meters (9.8 feet) of depth and 14.5 meters of length (48 feet) (Jose, Jokela & Miller, 2006). In one case study, more than 300 other organisms used these tunnels as a habitat in some shape or form (Kinlaw & Grasmueck, 2011). Through this commensal relationship the tortoise has been classified a keystone species, or a species “whose activities govern the well-being of many other species” (Simberloff, 1998). 
Unfortunately, gopher tortoise habitats run headlong into land development projects, as more and more people move to the south (Parker, 2010). According to one observer “the single most significant loss of habitat is intensive land use, particularly housing projects, industrial centers, corporate agriculture and forestry, strip-mining and sand extraction” (Wahlquist, 2011). Because of this, the tortoise has been classified by the United States Fish and Wildlife Service as “threatened whenever found west of the Mobile and Tombigbee Rivers in Mississippi, Alabama and Louisiana”, which includes the entirety of Florida (Florida Fish and Wildlife Conservation Committee, 2007). Conservationalists and biologists have responded with a myriad of techniques to try and allay extinction fears, with relocation being the most practical option.

The concept of translocation is simple; peaceably remove a species population from an impacted area to a less impacted one. “Relocations (another term for translocation) are a commonly used, popular, and potentially powerful tool for the conservation of bio-diversity” (Fischer & Lindenmayer, 2000). However, the newly located area is not always perfect for, if it was, tortoises would already be present there. Therefore artificial habitats, specifically mounds and berms, must be created to further facilitate the new arrivals. These habitats would optimally be composed of sandy, easily dug through soil, as this is what most tortoises are familiar with (Jose, Jokela & Miller, 2006). However the experimental design of the project hopes to find different soil types and arrangements that would satiate this requirement, to further broaden the potential locations in which to place a tortoise population.  
This study aspires to unearth the best possible option for creating an artificial mound. By testing various soil and sand types and consistencies and assessing which of them the tortoises are most attracted to, a new standard will be set in ensuring that relocated gopher tortoises will flourish wherever they are moved. 

Research Objectives 

By utilizing various berm construction techniques, such as different soil types and consistencies as well as the mound’s shape and size I hope to establish a perennial habitat construction method that best facilitates the needs of the Gopher tortoise. Another objective of the experiment is to see if common soil types found around the South Eastern U. S. could be used to the same measure as an already known successful soil type, so as to create more opportunities for habitat construction in places that might have been overlooked prior to this knowledge being unearthed, so to speak. 

Methods 

Study Design
I will require the necessary permits to work with a U.S. Fish and Wildlife Service classified threatened organism (Florida Fish and Wildlife Conservation Committee, 2007). I will also obtain approval from Florida Gulf Coast University’s Institutional Animal Care and Use Committee (IACUC). 

Tortoise translocations ideally place the recently moved organism in a habitat that is similar to the one they were moved from (Field et al, 2007). A good location that could facilitate such a movement would be among the uplands of the northwestern panhandle of Florida (Gopher Tortoise Council, 2006). Specifically the Nokuse Plantation, a private conservation initiative, which sits on 48,000 acres of land, 27,000 of which have been set aside for gopher tortoise populations (Nokuse Plantation, 2007). 
Within the region, a plot of land would be set aside and have a pen constructed for the experiment, making sure to fit the necessary spatial dimensions, twelve acres, so as to facilitate the rooming requirements of the tortoise (Jose, Jokela & Miller, 2006). Surrounding the pen will be a three-foot high heavy gauge wire chain link fence that will have another foot of fence buried underground to prevent the tortoises from burrowing under (U.S. Department of Transportation, 2003). Within the pen, two fences will run vertically across, essentially cutting the pen into thirds. These will be used to facilitate the three groups that will be used in the experiment. Pen three will then be halved horizontally, not by a physical barrier but rather by a division of the two different kinds of soil, thus splitting them into side A and B. One side will contain a sandy soil, the other a soil found in a Pine Flatwoods ecosystem (see Figure 2). 

Forty-two tortoises, thirty-two adults and ten juveniles, will be selected for translocation from a recently perturbed area to the test site (Field et al, 2007). Prior to be tested, the initial weights and lengths of the tortoises will be collected. The burrows on site will also be measured by in terms height, length and depth. Each tortoise will then be screened for the various upper respiratory tract diseases (URTDs) that can proliferate among tortoise populations (Wendland et al, 2007). The subjects will then be sedated, have a tracking device attached to their carapace and put into suitable carriers for the lengthy transportation time (Field et al, 2007). 
The tortoises will then be broken up into three treatment groups, with fourteen evenly distributed in each group. Group one will be dispersed into Pen one, an area covered in loose soil that has a high sand content to a depth of twelve feet. This terrain type is regularly found in an upland habitat, where gopher tortoises are usually found (Baskaran et al, 2006). This will serve as the control group. Group two will be placed into Pen two which will contain the slightly less sandy, acidic soil that is found in a Pine Flatwoods habitat, also to a depth of twelve feet. Because the Pine Flatwoods ecosystem covers 70% of Florida’s terrestrial space, it would be prudent to see if the tortoises, and their burrowing lifestyles, can function in such an easily accessible area (Jose, Jokela & Miller, 2006). The final group will be placed in Pen three, an area that would contain both kinds of soil so as to better purport the findings of the other two groups. 

Data Collection

After release an observer will come to the compound once a week to check on the progress of each tortoise and its burrowing endeavors. These tortoises will be located by their tags and then undergo burrow measurements. After a six month period the weights and lengths of each tortoise will be taken and compared to the previous data taken. The burrows will also be re measured in terms of depth and length. 
Data Analysis
By comparing the weights and lengths of the tortoises and the heights, lengths and depths of their burrows, an observer will be able to determine if whether or not the soil choice was logical. If a tortoise had been successful in its burrowing endeavors, than the soil choice can be seen as a possible inclusion in future translocation sites. This data can be further verified by the statistical method Analysis of Variance, ANOVA, specifically its first model, Fixed-Effects, in which multiple experiments are administered to a group to see if the response values change (Christensen, 2002). 
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Fig 1. The designated area in which the experiment would take place.
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Fig 2. An example of the pen to be used in the experiment.
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