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Globally Endangered Sea Turtles of the Palmyra Atoll National Wildlife Refuge: 

A Focus on Scientific Analysis

Eugenia Naro-Maciel, Katherine Holmes, Peter J. Ersts, Katherine McFadden, Nora Bynum and Eleanor Sterling 

Overview 

Little is known about sea turtles and their habitats at the remote Palmyra Atoll National Wildlife Refuge (PANWR) in the Central Pacific. This lack of knowledge may hinder management and conservation efforts. To help provide students with insights into protection strategies, in this exercise, they will make suggestions for designing a comprehensive research program on globally endangered sea turtles of the Palmyra Atoll National Wildlife Refuge. They will then use existing survey data to answer questions about the relative abundance of endangered sea turtles along the atoll and critically analyze their results. Finally, students will carry out research to devise their own methods for studying sea turtles at the PANWR.

Learning objectives

1) To guide students through the process of scientific inquiry using sea turtles of the PANWR as an interesting example.

2) To comprehend the essentials of sea turtle population biology at the Palmyra Atoll National Wildlife Refuge.

3) To serve as an introduction to survey and other research methods.

4) To develop critical thinking skills by carrying out a comprehensive analysis of sea turtle research at Palmyra Atoll.

Suggested procedure

Students should first read over the Introduction, which provides important background information for answering the questions. They will then be asked to make suggestions for designing a research program to investigate sea turtles of the PANWR, starting with devising questions. In a group discussion, these questions can be organized into overarching themes, such as: “Distribution and abundance of sea turtles at the PANWR” and “Ecological interactions, habitat associations, and feeding ecology” (additional themes are given below). Next, students are asked to formulate objectives based on these questions and themes, and to provide a justification of why meeting these objectives is important to science and conservation. Students will then be requested to focus, as an example, on results from the first field surveys carried out by the Exercise authors and collaborators at Palmyra. They will be asked to critically evaluate these data, make qualified inferences, and consider limitations. Then, with reference to data collected from 2005-2007, they will be requested to make suggestions for improving data collection on distribution and abundance of sea turtles at the PANWR. Finally, students will consider the following research questions currently being investigated about sea turtles at Palmyra: a) diet; b) health; c) local movements at the refuge; and d) migratory connections to other sites outside of the Refuge. Students can choose one of these areas and carry out library research to devise methods they would use if they were carrying out the research. They are then asked to report their findings by writing two to three paragraphs.

Exercise solutions

Note: The degree of detail in the answers can vary with the student’s background and level of education, ranging from very specific to more general remarks.

A) Asking questions about sea turtle research at Palmyra Atoll

Why study sea turtles at Palmyra? Based on the information above, can you formulate three scientific or management/conservation questions that can be addressed through research at the PANWR? In a group or as part of a classroom discussion, organize the various questions raised by your class into overarching research themes.

Note: If students are interested in focusing on researching questions necessary in order to develop a management plan for Palmyra, they may wish to look over the Ascension Island management plan for guidance (available at: http://www.seaturtle.org/mtrg/projects/ascension/mplan.shtml). 

Sea turtle population biology at the Palmyra Atoll National Wildlife Refuge

Distribution and abundance of sea turtles

· How abundant are green and hawksbill sea turtles at Palmyra?

· Do any other sea turtle species occur at the Refuge?

· What is the sex ratio of sea turtle populations at the PANWR?

· Are sea turtles of all major post-pelagic stages (juvenile, subadult, adult) found at Palmyra?

· Where do sea turtles occur throughout the atoll and surrounding waters?

· Is sea turtle distribution at the PANWR random? 

· Is site fidelity observed, and how large are sea turtle home ranges at Palmyra?

· Are the deeper waters outside the atoll primarily adult habitats?

· Is the atoll itself primarily a developmental habitat composed largely of juvenile sea turtles?

· How long do individual sea turtles remain at Palmyra?

· Is there temporal variation in sea turtle distribution and abundance? 

Ecological interactions, habitat associations, and feeding ecology

· Where are the major sea turtle feeding, resting, and (rare) breeding grounds at Palmyra? 

· What are the biological and physical characteristics of the areas utilized by sea turtles at the PANWR? 

· Are sea turtles associated with particular habitats?

· How do sea turtles interact with their living and non-living environments?

· Is sea turtle distribution linked to habitat type, food abundance, shelter or other factors? 

· Is the diet of green sea turtles at Palmyra composed of diverse algal, as well as non-algal, items?

· What do hawksbill sea turtles eat at Palmyra?

· Is there differentiation in habitat use by size class or species?  

· What ecological roles do sea turtles play at Palmyra – do they function as predators, prey, nutrient transporters, etc? 

Health and threats

· Are sea turtles at Palmyra relatively healthy?

· Are sea turtles emaciated or apparently well fed?

· Are there additional signs of illness, such as visible tumors or parasites?

· Is there evidence of shark predation, such as missing limbs?

· Is there any evidence of interaction with fisheries or other anthropogenic threats?

· Are threats to sea turtles at Palmyra primarily from non-human sources?

Migratory connections of Palmyra sea turtles

· To what populations are sea turtles of the PANWR connected?

· Are these populations located in highly threatened or protected areas?

· Are genetic results consistent with those from satellite tracking and tag data?

· Do connectivity patterns differ among species?

· Is international collaboration necessary to manage these populations?

Conservation applications

· What are projected effects of potential lagoon restoration plans on sea turtles?

· How does the biological data inform a conservation and management action plan for sea turtles at the PANWR?

· How can the research be actively applied to effective education and outreach initiatives?

B) Identifying objectives for sea turtle research at the PANWR

Next, please identify three to five priority objectives for sea turtle research at the PANWR. Include a justification of why meeting each objective is important to science or conservation. 

Objectives

Overall goals may include undertaking priority research that will inform the management of sea turtles and their ecosystems at the Palmyra Atoll National Wildlife Refuge and contribute to broader sea turtle recovery and ecosystem management aims. Students may consider investigating the population biology and connectivity of sea turtles at Palmyra. They may focus on: 

1) Distribution and abundance: determining movements along the atoll and with regard to Wildlife Refuge boundaries, investigating home range, residence time, site fidelity, relative abundance, habitat utilization, and demographic characteristics over time; 

2) Ecological interactions and feeding ecology: identifying major dietary components, foraging patterns, and ecological associations and roles; 

3) Health: investigating the health status of sea turtles at Palmyra Atoll; 

4) Threats: assessing overall threats to sea turtles and their habitats at Palmyra, including interaction with fisheries and natural predation; 

5) Connectivity: determining relationships between sea turtles found at Palmyra Atoll and other breeding and foraging groups; and 

6) Conservation applications: considering effects of potential lagoon restoration plans on sea turtles, formulating a formal conservation and management action plan, and implementing education, dissemination, and outreach initiatives.

Justification

Sea turtle conservation research at Palmyra will provide ecological information critically necessary for recovery and for an ecosystem approach to management at the PANWR, and can form the basis of a sea turtle management plan there. The research addresses priority federal actions needed for green and hawksbill sea turtle recovery by: identifying and protecting important feeding grounds; determining distribution, abundance, and statuses; and characterizing population relationships using genetic analysis. This program will contribute to USFWS goals for the PANWR by providing scientific research necessary for appropriately managing and protecting endangered and threatened species and their ecosystems along the atoll. Palmyra sea turtle research will provide vital information on the endangered and threatened sea turtles that visit Palmyra Atoll. Furthermore, because sea turtles are flagship species, their conservation can also protect their habitats and ecosystems. Additionally, sea turtles can serve as ecosystem indicator species if their ecological patterns, distribution, and abundance reflect the health and availability of resources throughout an ecosystem. Lastly, the project’s educational and outreach initiatives inform the public.

C) Methods and results: a focus on sea turtle surveys at Palmyra Atoll

To help provide insights into conservation and management, students will use data from the first survey to investigate the abundance of endangered sea turtles along the atoll. The coordinates of sea turtle sightings were recorded in this survey using Global Positioning System (GPS) technology and overlaid with satellite images to investigate ecological interactions. Below are the results of this survey, which took place in August 2005. Students will use these data to reply to the following questions. For each question, they are asked to also consider what might be some limitations to using only survey data to determine this information.

1) What species appears to be most common along the atoll? 

Green sea turtles were observed most frequently, and hawksbills were seen to a lesser extent (Figures 4, 5). However, since the turtles were not captured during the initial survey, species identification was not certain. In later capture-based research, all turtles captured were green sea turtles.

2) Are sea turtles found randomly throughout the atoll? If not, identify areas where sea turtles are most commonly seen. 

Turtles were not observed randomly throughout the atoll. They were most commonly seen along the southern flats (Figure 4). However, this conclusion is based on a single survey, and additional surveys would be necessary to confirm, along with use of mark-recapture and other tracking methods. 

3) Assuming the data are correct, what might be some explanations to account for their distribution?

Plausible factors that could contribute to differences in distribution include diet (the location of the algae, an important food source; Figure 6), shelter, tidal variation (Figure 7), and/or energy expenditure. However, when interpreting Figure 6, it is important that students consider that the algal information is just opportunistic data, and that presence of the turtles in this area does not necessarily imply a preference.

4) Identify strengths and weaknesses of the survey method of assessing turtle distribution.

Although these surveys provided insight into sea turtle occurrence along the atoll, the researchers emphasize methodological limitations. These include the likelihood of double counting - since turtles were not individually tagged or otherwise identifiable, the same turtle may have been counted more than once. Some sightings did include more than one individual, resulting in problems with double counting. Other factors include the short length of survey periods and uneven temporal sampling. These figures do not correct for sampling effort; for example, in the very first survey, the North flats may have been under-surveyed (Figure 8). Turtles within the deeper waters of the lagoons and holes may not have been seen or counted. Visibility may affect results; for example, fewer turtles may be recorded if surveys are carried out on low visibility days. At low tide, surveys of most flats are not feasible as the water is too shallow, and sightings may reflect the location of surveyors at particular times rather than being representative. The algal surveys were opportunistic, thus, some areas of algal occurrence may not be included here. 

5) How would you carry out future surveys to improve the quality of conclusions drawn from these data?

Increase the number of surveys to sample throughout the year. Equalize survey effort by following the same transects across surveys. Standardize instructions to avoid variation in results among researchers. Use mark-recapture and other tracking methods to estimate distribution and abundance more reliably.

Algal surveys: These data are limited to one survey period along a single part of the atoll, and further investigation into sea turtles and their habitats and Palmyra is necessary for their effective conservation and management. In the future, it would be of interest to conduct a survey directed specifically at recording algal occurrence. 

6) Now look at the results of additional surveys. Do they confirm the conclusions based on the first survey? Are these data sufficient to estimate distribution and relative abundance of sea turtles along the atoll? Based on these data, design three testable hypotheses for future studies investigating distribution and abundance.

Sea turtles were observed year-round in PANWR waters (Figure 10). In all surveys, sea turtles were encountered throughout the waters surrounding the atoll, but were most frequently observed on the southern flats (Figure 11). Plausible factors that could contribute to differences in distribution include diet, shelter, tidal variation, and/or energy expenditure. However, as discussed above, there are methodological limitations that could bias the interpretation of these survey data, such as the likelihood of double counting, which could inflate population estimates, the effects of visibility conditions and tides, and the short length of the survey periods, causing these surveys to be insufficient for reliably inferring patterns of distribution and abundance. Therefore, mark-recapture and tracking studies, along with additional surveys, are required to generate usable estimates. 

Hypotheses that could be tested with future studies include:

1. Total turtle abundance at Palmyra will range in the hundreds.

2. Sea turtle abundance will not significantly differ from year to year.

3. Green sea turtles are the most abundant species found at Palmyra, with hawksbills present to a lesser extent. 

4. Sea turtle spatial distribution along the atoll will not be random, and may be linked to diet or shelter availability.

5. Medium sized turtles will be the dominant size class found along the flats at Palmyra, although larger turtles may be found more often in deeper waters outside the atoll. 

6. Sea turtle density will correlate with specific sites where food resources exist.

7. Green sea turtles forage on a wide variety of algal species, and possibly tunicates and other non-algal prey.

8. At Palmyra, sea turtles play ecological roles mainly as predators, but also as prey for organisms such as sharks, and as nutrient transporters.

9. Sea turtle density will at times correlate with specific sites where they can safely rest or forage.

10. The threats to sea turtles at Palmyra will primarily be from predation, although they may face other threats when leaving the atoll on their migrations.

D) Developing methods for sea turtle research

Now, consider the following research questions currently being investigated at Palmyra: a) diet; b) health and demography; c) local movements at the refuge; d) migratory connections to other sites outside the Refuge. Choose one of these areas, and carry out library research to identify methods you would use if you were carrying out the research. Report your findings by writing two to three paragraphs in a format suitable for publication in a journal article.

Solution

First sea turtles would be captured, then examined and measured for health and demographic studies. Individuals would be tagged with flipper and PIT tags for population assessment and connectivity research. Tissue (blood, skin, carapace) sampling would be carried out to investigate: diet, through stable isotope analyses; connectivity, using genetic analysis; and health. Lavage would be carried out for feeding ecology assessment, with collection of fecal material from the environment and/or from captured turtles. Tracking devices would be affixed to the turtles for migration/ movement studies. Digital photographs would be taken for documentation, identification, and archival purposes. Sea turtles would then be carefully released, with subsequent tracking of turtles outfitted with tracking devices.

More details on the methods are found below:

Sea turtle capture. Researchers use either hand captures or nets to catch sea turtles at sites where they were previously frequently observed. Hand-capture and tangle nets have been successfully employed to study green turtles in coastal waters of the Hawaiian Islands (Balazs, 1975; 1982b; 1985), and tangle nets have been widely used for green and hawksbill turtles in habitat similar to the proposed capture sites (Balazs, 1980). Dip nets are frequently used for example along the southeastern seaboard of the United States. Small boats may also be used.

Sea turtle handling and care. Captured turtles are temporarily held for tagging, examination, measurements, sampling, photography, and in some cases, lavage, fecal collection, and deployment of tracking devices. All turtles are released upon completion of these activities. This process is carried out by at least two persons, with care to avoid stress or injury to the turtle. Persons handling each turtle will usually wear disposable latex gloves and will discard them between animals. The site of any sampling procedure is disinfected, and sterile disposable tools are used whenever possible. Any non-disposable tools are sterilized and disinfected between animals. All surfaces are cleaned and disinfected between turtles. 

Visual/health examination. Turtles are visually examined to determine species, gender (if apparent), and health aspects. All turtles are visually examined for evidence of lesions, fibropapilloma tumors, emaciation, epibiont or ectoparasite load, missing limbs, skin and carapace abnormalities, or other health related issues. Fibropapillomatosis is a serious health threat especially to green sea turtles worldwide (Herbst and Jacobson, 2003), and the other factors can be indicative of ill health or, in the case of missing limbs, predation or fisheries interactions. Sick individuals in particular should be kept separate from others. 

Body Measurements. Measurements of turtles will consist primarily of curved carapace length (CCL), using a flexible measuring tape, although straight carapace length (SCL) may also be measured for comparison using standard calipers. Straight-line head width is measured from the widest point; tail length is measured from the tip of the tail to the posterior rigid edge of the plastron. Body weight is measured using a digital scale. 

Tagging. All turtles are examined for existing tags (conventional and Passive Integrated Transponder - PIT- tags) before applying new ones. If existing tags are found, the tag identification numbers are recorded and reported. All previously unmarked turtles will receive two flipper tags, one on each front flipper, and PIT tag in the hind flippers. Multiple tags minimize the probability of complete tag loss. 

Sampling:

Blood. Blood samples are obtained for multiple purposes: 1) stable carbon and nitrogen isotopic analysis for feeding ecology studies; 2) genetic analysis to research connectivity; and 3) health assessment (blood counts and chemistries, parasites). The samples collected may also be tested for additional health-related factors, including ecotoxicology sampling. Blood samples will not exceed the total volume allowed by federal permits. Sterile techniques are used at all times. 

Carapace. For feeding ecology studies, carapace samples are taken from the central part of the dorsal and marginal scutes, as described in Revellas et al. (2007). Prior to sampling, the carapace should be disinfected with Betadine. A new razor blade for each individual should be used to obtain the carapace sample (1-2 mm). To explore ecological interactions, algae and other organisms affixed on the carapace are sampled when possible, then identified and analyzed. 

Skin/tissue. For genetic and feeding ecology studies, sterile, disposable 3-5 mm AcuPunch biopsy tools (Acuderm Inc.) are used to obtain a skin sample about 3-5 mm in diameter from each individual turtle following standard procedures (Dutton, 1996). Samples for genetic analysis can be stored in ethanol or lysis buffer. 

Lavage. Sample food components for the dietary component are collected using lavage. A thin stainless steel pry bar, cleaned prior to insertion with ethanol, is used to separate the maxilla and mandible. Pry bars have a rounded and smooth in shape in order to avoid damaging the mouth cavity. The pry bar is then pressed downward towards the palate in an attempt to provide pressure, which will cause the turtle to voluntarily open its mouth. A standard veterinary mouth gag is then inserted at the anterior end of the mouth. One flexible clear plastic tube, 2.0 mm wall thickness (12 mm-20 mm internal diameter x 1.5 m), is inserted into the esophagus. This will serve as the retrieval tube that carries the displaced stomach contents into a mesh collection bag. After the tip of the retrieval tube has been lubricated with vegetable oil or glycerin, it is gently inserted into the esophagus. Water is delivered through the injection tube using a hand-operated bilge pump. The lavage is deemed successful once food particles are seen traveling out of the mouth and into a collection bag. After food samples are collected, the use of the bilge pump is ceased and water and food are then allowed to drain until all flow has stopped. The tube is removed and the gag removed thereafter; the head should be elevated to allow for drainage of any remaining water towards the esophagus. Great care should be taken at every step to ensure the turtle’s safety.

Fecal collection. If possible, scat samples are collected from the turtle using a fecal loop, or opportunistically from the water when observed floating. Samples are examined for gastrointestinal parasites using flotation and sedimentation. For dietary analysis, scat samples are analyzed and used as complementary independent measurements to substantiate or further constrain interpretations of the isotopic evidence. Prey items in each scat are identified using a dissecting microscope. 

Tracking devices:
Satellite/GPS tracking.  Transmitters are programmed, activated, and coated with recommended protective, antibiofouling substances to prolong transmission life. Researchers will use tags appropriate to the size of the animals and ensure their comfort and safety. Each turtle selected for satellite deployment is contained in individual cushioned plastic tubs, or on a tire or padded cushion, with great care to avoid stress or injury. The carapace is carefully prepared at the site of satellite attachment to facilitate adhesion of the transmitter. The tag will then be affixed on the second vertebral scute following standard protocols. The transmitter is secured onto the carapace using the strongest and safest adhesive materials available, along with protective materials. After the adhesive materials have dried, extraneous matter is removed. This procedure may take on average 1.5 – 2 hours, and the turtles are then released carefully as described below. Tags may remain on the animals for about six months to one year, although this period can vary greatly. 

Acoustic and radio transmitters. Acoustic (sonic), radio, or combined acoustic/radio transmitters are attached to sea turtles not previously tracked using standard methods. Tags are not attached unless they weigh less than 5% of the turtle’s body weight. 

Photography. Before release, scaled digital photographs of the turtle (head, body) are taken as vouchers, to document species, size, and gender if applicable, and to record morphological features that may help identify each individual, any anomalies, and health factors such as tumors. 

Release. Turtles are released where they were captured, when there is no apparent risk of interaction with vessels. During release, turtles are lowered as close to the water’s surface as possible to prevent potential injuries. All releases from boats take place only when the motor is off. All newly released turtles are observed by researchers who record observations on the turtle’s apparent ability to swim and dive in a normal manner. 

Additional resources 

· Palmyra Atoll National Wildlife Refuge: https://www.fws.gov/refuge/palmyra_atoll/ 

· Palmyra Atoll Research Consortium: http://www.palmyraresearch.org/about/what-is-parc
· Sea Turtle Research at Palmyra: https://www.amnh.org/our-research/center-for-biodiversity-conservation/research-and-conservation/biodiversity-exploration-and-monitoring/sea-turtles-of-palmyra-atoll  

· See real sea turtle satellite tracks worldwide, download sea turtle images, and learn about sea turtles: http://www.seaturtle.org 
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