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ABSTRACT:


Purpose and Objectives of Proposed Research

This study is intended to determine the abundance and short-term movement of the diamondback terrapins in West Galveston Bay.  Little research has been performed on the abundance of the Texas diamondback terrapins.  During 2008, we conducted limited research on the short-term movement of terrapin within the North and South Deer Island complex.  Radio telemetry data has generated preliminary data that suggests the terrapin exhibit considerable site fidelity.  Establishing data on the population numbers of this animal is important to determine its threat of local extinction.  It is essential to know if Texas diamondback terrapins have sufficient numbers to withstand many of the environmental disturbances facing this subspecies.  Populations of diamondback terrapins are thought to be sensitive to local extirpations.  It is believed that terrapins stay in the same general area throughout their lives and rarely travel to nearby creeks.  This study will determine the range of the male and female Texas diamondback terrapin in Galveston bay and help ascertain whether these turtles are likely to rebound in the event of local extirpation.  

Background

Diamondback terrapins are the only species of turtle that lives solely in brackish water and may be in danger of local extirpation and perhaps large scale extinction.  Diamondback terrapins are found from the waters of Cape Cod, MA to the Gulf of Mexico as far south as Corpus Christi, TX.  Scientists currently recognize seven subspecies of this reptile, differing mostly in coloring and markings.  As illustrated by their names, diamondback terrapins have diamond shaped markings on their shell and various black shaped designs on their soft, pale bodies.  In contrast to other marine turtles, diamondbacks are relatively small.  The males’ carapace extends up to five inches while the females’ carapace has been found to be as large as nine inches (Bossero & Draud 2004).  
Coastal development is eliminating terrapin habitat and nesting areas.  Female diamondback terrapins return to the same areas to nest every year.  Unnatural structures such as bulkheads or fencing can prevent them from reaching their desired location.  These man-made barriers can also affect water levels leading to inundation and drowning of the embryos (Hogan 2002). Many female terrapins are also killed while crossing coastal roads in an attempt to lay their eggs (Bossero & Draud 2004).  Many estuaries in which diamondback terrapins are found have degraded water quality that may effect their survival indirectly (Garber 1990).  Reductions in the prey species and in the habitat areas of diamondback terrapin have cited as major causes of their decline.  Hatchlings and juvenile mortality can be high due to predation by crows, gulls, eagles, rats and raccoons.  A 2000 study of a New York wildlife refuge revealed that raccoons depredated 93% of diamondback terrapin nests.  Commercial crab traps also account for a large number of terrapin deaths.  As the terrapins enter the traps to eat the bait, they become unable to escape and soon drown (Garber 1990).  Certain states are beginning to notice the devastating effect that these traps can have on terrapins.  New Jersey law requires that all commercial crab traps deployed in a water body less than 150 feet wide at low tide or in a man-made lagoon include terrapin turtle excluder devices (NJ Fish and Game 1998).  

The depletion of the diamondback can have detrimental consequences to the entire coastal ecosystem.  These small reptiles are actually top-level predators, which control and sustain healthy, effective estuarine food webs.  Their diet consists of bivalves, snails, crustaceans, fish and crabs.  Further reductions in terrapin populations could increase the amount of primary consumers, which could have a disastrous effect on the native vegetation.  The terrapin hatchlings are also a vital food source for many birds and native animals along the coast (Bossero & Draud 2004).  Along with the losses from habitat degradation and predation, terrapins are at a disadvantage in terms of reproduction rate.  A female breeds only every four years and doesn’t reach sexual maturity until the age of six (Texas Parks & Wildlife Department 2007).      
With all of these threats to their existence, the diamondback terrapin has become a concern for many biologists and citizens of this country.  There is little to no information available about the natural population numbers of diamondback terrapins throughout the United States (Tucker et al. 2001).  Due to their small numbers, several states now provide protection status for the diamondback terrapin.  The Texas diamondback terrapin is of particular concern in this area. During the April 2007 TPWD Commission meeting, a proposal for no-take of diamondback terrapins was approved.  Although these regulations provide protection to terrapins from illegal and legal harvest, it does not address accidental bycatch in crab traps.
Little information has been gathered on the numbers or health of local Texas populations.  In 1984, fisherman, commercial crab trappers, biologists, and game wardens were surveyed to determine sightings of the Texas diamondback terrapin.  In 1997, 109 Texas diamondback terrapins were caught near Corpus Christi, Texas.  One hundred and thirty five Texas diamondback terrapins were captured at South Deer Island, Galveston, Texas during another study conducted from April 2001 to May 2002 (Hogan 2002).  Due to the small number of terrapins caught in these studies, population and range estimates have not been conducted.  This research will provide data on Texas diamondback terrapin population numbers, home ranges, habitat preference, and seasonal movements in West and East Bay, Galveston.  This analysis will focus on North Deer Islands. However, we also plan to investigate the Rollover Pass region if funding is sufficient. This site was not investigated in the previous studies.   USFWS refuge staff have observed terrapin in this area.
Field investigations of diamondback terrapin populations on North and South Deer Island in Galveston Bay were conducted during 2008 under partial support of a previous FRSF award that was matched by funding from the Houston Zoo and USFWS.  Each individual terrapin has been marked and injected with a Passive Integrated Transponder (PIT) tag to distinguish it from the other terrapins.   A smaller number (4) were tagged using radio and acoustic tags using externally attached transmitters.  Recapture rates were recorded. A total of 111 terrapin have been caught and marked on the two islands between November 16, 2007 and March 3, 2009.  In addition, 9 of the 111 terrapin have been recaptured during this time period.  Due to additional funding the project will continue through fall 2009 at least. Based on preliminary radio telemetry and acoustic data that was collected, terrapin exhibit considerable site fidelity.  We are requesting funding to purchase additional acoustic receivers that can be used to obtain more spatial data on terrapin movement and habitat use.
Procedures/General Work Plan

In order to determine the population size of the diamondback terrapins in West Bay, we propose to continue a mark-recapture study augmented by combined acoustic and radio tracking.  The methods outlined below were successfully used during 2008 portion of our study.  Terrapins will be collected again in 2009 by a combination of methods including shallow-water terrapin traps that do not harm the terrapin.  A standard number of traps ranging from 10-20 traps will be deployed in shallow water around the Deer Island region in West Bay and if resources are available in marsh areas near Rollover Pass.  The population size will be estimated by marking individual terrapins, noting there location with GPS, releasing them, and recapturing them at a later date.  Each terrapin that is trapped will be individually marked to distinguish it from the others.  Clipping a piece of the carapace in a different spot on each terrapin will attain external marks allowing visual identification.  Passive Integrated Transponder (PIT) tags purchased and also provided by Texas Parks and Wildlife Department and Houston Zoo will also provide a source of individual identification for the terrapin.  PIT tags will be injected under the terrapin’s skin to provide permanent identification for each individual (Gibbons & Andrews 2004).  During initial capture and subsequent captures the weight, length and sex of terrapins will be determined.
In subsequent collections the terrapins will be scanned and identified by their personal alphanumeric code.  After allowing the terrapins to join the overall population for several days, a second sample will be collected from the general population a week or two later.  This process will be repeated over the course of the research period.  In summary, individuals will be marked and released during each sampling period.  In addition, after the first sampling period, all individuals captured will be examined for tags.  We will utilize the Jolly-Seber mark-recapture method to estimate population density in West Bay.  This technique takes into account the continuously changing size of the terrapin population as a result of birth, death, immigration, and emigration.  An important component of this method is incorporation of the date of capture.  With this information, as each individual is marked, data can be gathered simultaneously on population size and terrapin movements (Krebs 1999).  This method has been successful in the past in determining population and management plans for other species of turtles (Mitro 2003).  When terrapins are collected they will also be measured, weighed and examined to determine critical demographic data including age, sex, size and short term growth rates.

External acoustic tags and stationary receivers will also be used to assist in the identification of home ranges, migration patterns, dispersal, habitat use and mating behavior of the diamondback terrapin in West Bay (Garton et al. 2001).   Portable acoustic transmitters will be attached to up to 25 terrapins per location.  The location of each tagged terrapin can then be determined.  Every individual terrapin will have its own unique frequency in order to discern it from the others.   The stationary acoustic receiver will be used to determine movement into and out of known locations to determine migration rates from North and South Deer Islands in West Bay.  This tracking will occur continuously and will provide additional critical information on distances traveled, mating behavior, preferred habitat, home ranges and nesting sites.  If funding and in-kinds services from the Houston Zoo are sufficient we also plan to deploy additional mobile acoustic receivers and/or radio-receivers to conduct active tracking of a sub-sample of terrapins.   This manual tracking coupled with the stationary receivers will provide intensive coverage to completely monitor both short-term and long-term movement patterns and habitat use.
Small automated continuous monitoring temperature probes will be deployed at both sites in the water and near nesting beaches to evaluate possible thermal preferences of terrapin and links to annual activity.  In addition, water temperature, salinity, turbidity, and weather conditions will be measured during each day of monitoring.  Habitat measurements at nesting beaches will include sediment type, distance to water/vegetation, vegetation type, latitude/longitude. Our proposal covers only the West Bay area near Deer Islands.  

Data Analysis

Data collected from each terrapin will be entered into ArcGIS, Minitab® statistical software, and the EcoMeth software package. This will allow us to graph and analyze the spatial patterns in terrapin abundance, demographics and movement at each site. Positions of terrapin tagged with acoustic tags and “recaptured” by stationary and manual receivers will be plotted using GPS and entered into the ArcGIS and/or ArcView 3.3 program.  We will use the “Animal Movement” extension to estimate home ranges and other spatial statistics associated with terrapin movement (http://www.absc.usgs.gov/glba/gistools/).  
The Jolly-Seber mark-recapture method allows measurements of open populations.  This technique takes into account the continuously changing size of the terrapin population as a result of birth, death, immigration, and emigration.  An important component of this method is classifying the date that the terrapins are captured.  With this information, as each individual is marked, data can be gathered simultaneously on population size and terrapin movements (Krebs 1999).  The size of the terrapin population will be determined by the ratio of the size of the marked population to the proportion of animals marked.  This method has been successful in the past in determining population and management plans for other species of turtles (Mitro 2003).  The Jolly-Seber analysis will be run on the EcoMeth software package.

Dissemination/Use of Results

Findings produced by this study will be presented to regional professional conferences.   Finally, data generated from this study will help address the several Galveston Bay Estuary Program, U.S. Fish and Wildlife and Texas Parks and Wildlife research needs. Furthermore, this project would also support and enhance data collection activities as identified under the Galveston Bay Regional Monitoring Program.  This study will provide information to the Texas Parks and Wildlife Department as they develop ecosystems based fishery management plans and regulations.   

We expect the graduate student and/or principal investigator to present the findings of this project at a regional professional conference dealing with wildlife and fisheries conservation.  In addition, EIH-UHCL would also like to jointly list the final report in PDF format on our web site.  
Significance of the Request

The U.S. Fish and Wildlife Service, City of Houston Zoo and Moody Gardens are providing additional man-power (6 staff people) to assist in field collections and training of terrapin handling techniques.  The Houston Zoo is also providing terrapin traps for the West Bay study part of this project. The U.S. Fish and Wildlife Service has provided up to $17K for purchase of pit tags and student salaries. Our request is focused on obtaining additional acoustic receivers and tags to expand on this basic survey by allowing us to obtain real-time data on terrapin movement. 
Funding provided by the Faculty Research and Support Fund would enable me to purchase the acoustic receivers and software package to efficiently analyze physical movement of terrapin during periods on non-manual tracking to determine if terrapin have left the study area. Currently, I possess or will possess the other equipment needed to complete this project.  Funding this study will enable us to develop the minimal infrastructure necessary to compete for and pursue additional funding from Texas Sea Grant and State Wildlife Grants from TPWD when future request for proposals are issued.  Finally the instruments and software would support my teaching program and will be used extensively in the curriculum of various field oriented ecology and fisheries courses taught in the School of Science and Computer Engineering.  Knowledge on the use of telemetry methods and analyses is considered basic required knowledge skills in most environmental/fisheries programs.
Duration of the Request/Time Frame

Funding would be used to procure necessary VEMCO acoustic receivers and associated software to analyze terrapin movement during April 2009 through November 2009.     

Equipment/Facilities

The principal investigator will be using the Fisheries/Aquatic laboratory located at the University of Houston Clear Lake.  We will also be using the EIH boat to transport students and the investigator and to deploy collection gear.   Our primary need to accomplish this project is the acoustic receivers to analyze terrapin movement.  
Budget Summary and Justification
VEMCO acoustic monitors - $1,500.00 X 3 = $4,500.00
Acoustic Tags = up to 4 = $350.00 each = $1,400 

Weighing Scale and supplies = $100.00
Total Requested:  $6,000.00
With the exception of the VEMCO acoustic monitors and transmitters, the remaining items including (1) boats, (1) net, (2) water quality meters, (1) GIS support, (200) PIT tags, (10) radio-telemetry tags and 10 additional acoustic tags will be funded through a separate grants from the USFWS, Houston Zoo and my PI account. The approximate value of this additional support including fiscal and in-kind services is $25K.  My students will conduct most field data collection and data compilation and analysis. Additional students may also take an individual study course at the undergraduate/graduate level and provide additional field and laboratory support.  Houston Zoo and Moody Garden employees also plan to assist.
Support from Program/School

I am requesting support to purchase 3 additional VEMCO acoustic receivers and 4 tags for analysis of diamondback terrapin movement.   The salary of the principal investigator, George Guillen, will be paid for by the Environmental Institute of Houston.  Dr. Guillen will provide the additional supplies and equipment (boats, nets, water quality meters, acoustic tags, GIS equipment, GPS equipment, PIT tags, scales etc).  If full funding cannot be provided the PI would consider a lower level of funding.  However, we feel that ratio of external funding leveraged by FRSF would be very high and hope the committee looks favorably on this application.  

Appended Materials


See attached curriculum vitae of principal investigator.

This study is intended to determine the abundance and short-term movement of the diamondback terrapins in West Galveston Bay.  Establishing data on the population numbers of this animal is important to determine its threat of local extinction.  It is essential to know if Texas diamondback terrapins have sufficient numbers to withstand many of the environmental disturbances facing this subspecies.  Populations of diamondback terrapins are thought to be sensitive to local extirpations.  Little research has been performed on the abundance of the Texas diamondback terrapins.  During 2008, we conducted limited research on the short-term movement of terrapin within the North and South Deer Island complex.  Radio-telemetry data has generated preliminary data that suggests the terrapin exhibit considerable site fidelity.  A total of 111 terrapin have been caught and marked on the two islands between November 16, 2007 and March 3, 2009.  In addition, 9 of the 111 terrapin have been recaptured during this time period.  Due to additional external funding the project will continue through fall 2009 at least.  Based on preliminary radio telemetry and acoustic data that was collected during 2008, terrapin exhibit considerable site fidelity.  We are requesting additional FRSF funding to purchase more acoustic receivers that will complement our basic monitoring program. These additional acoustic receivers and tags will be used to obtain comprehensive spatial data on movement and habitat use.  The incorporation of these receivers into our existing network will allow us to definitely evaluate population dynamics and movement of terrapin in West Bay.  In addition, we plan to utilize these receivers and tags at future study sites along the coast.











