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ABSTRACT 

Understanding the spatio-temporal movements of animals is an integral component of wildlife conservation and 
management. Marine turtles are species of conservation concern and satellite telemetry is a primary research tool used 
to study their movements, providing high accuracy location data in near “real time,” thus facilitating rapid identification 
of movements and key habitats. Although it has been recognized that both green (Chelonia mydas) and hawksbill 
(Eretmochelys imbricata) turtles inhabit the waters around Guam and the Commonwealth of the Northern Mariana Islands 
(collectively referred to as the Mariana Archipelago), their distribution and habitat use in the region remains unclear. In 
2013, under an inter-agency agreement between the United States Navy and the National Oceanic and Atmospheric 
Administration (NOAA), NOAA began conducting in-water surveys to record and quantify observations of marine turtles 
around the Mariana Archipelago. When observed, attempts were made to hand-capture turtles and equip them with 
satellite tags in an effort to better understand their spatial ecology. Between 2013 and 2019 (the project is still underway), 
researchers encountered a total of 517 turtles, 111 of which were captured and equipped with satellite tags, including 97 
green turtles and 14 hawksbill turtles. Movements and habitat use were highly neritic for the overwhelming majority of 
turtles, with home range estimates revealing limited movements for both species. Ninety−four (89.5%) of the tracked 
turtles remained within a 1−3 km2 area for the entire life of their tag (average tag retention time = 191 days), 
demonstrating limited movements and high foraging site fidelity. Notwithstanding this perspective, there were three more 
vagile movement patterns observed, including shifts in intra-island foraging areas (n = 7), transitions between inter-island 
foraging areas (n = 2), and a long-range migration departure out the Mariana Archipelago (n = 1). Dive patterns suggest 
that both green and hawksbill turtles spend most of their time in waters shallower than 25 meters. However, it is possible 
that habitat partitioning may exist between the two species, with hawksbill turtles spending more time in deeper waters 
than green turtles, using average depths of 15.3 meters and 10.5 meters, respectively. Spatial analysis of satellite tags has 
demonstrated limited direct overlap of turtles with Navy detonation sites (i.e., Agat Bay Mine Neutralization Site, Piti Point 
Mine Neutralization Site, and Outer Apra Harbor Underwater Detonation Site). However, turtles are spending significant 
amounts of time in and moving through areas within 1−2 km of these sites and additional analyses are needed to better 
evaluate potential overlap. The research detailed in this report provides important insights into the movement ecology of 
green and hawksbill turtles around the Mariana Archipelago and represents the most rigorous individual satellite tracking 
study on these species in the world. 

BACKGROUND 

The United States Navy developed monitoring questions for the Mariana Islands Training and Testing (MITT) study 
area under the Mariana Islands Range Complex Monitoring Plan (MIRCMP), including questions specifically related to 
marine mammals and sea turtles as required under the Marine Mammal Protection Act (MMPA) of 1972 and the 
Endangered Species Act (ESA) of 1973. The MITT study area monitoring questions outline the scope of monitoring the 
Navy will undertake to understand marine mammal and sea turtle distribution and, ultimately, impacts from Navy training 
and testing. The monitoring and analyses outlined in this annual report support the ESA Biological Opinion (BO) received 
by the Navy with respect to the MITT study area in 2015. The overall objective of the MIRCMP is to collect field data that 
will enable the Navy and the National Oceanic and Atmospheric Administration’s (NOAA) National Marine Fisheries Service 
(NMFS) to better understand the distribution and habitat use of sea turtles in Guam and the Commonwealth of the 
Northern Mariana Islands (CNMI) (collectively referred to as the Mariana Archipelago). Data generated via implementation 
of the MIRCMP will be integrated into the Navy-wide Integrated Comprehensive Monitoring Program (ICMP). Of the five 
species of sea turtles associated with the MITT study area, this annual report provides data on the habitat and movements 
of two species; the green (Chelonia mydas) and hawksbill (Eretmochelys imbricata) turtle. Individuals of both species were 
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tagged and satellite-tracked in the nearshore waters of Saipan, Tinian, and Guam by staff from NOAA’s Pacific Islands 
Fisheries Science Center’s Marine Turtle Biology and Assessment Program (PIFSC MTBAP). Juvenile and adult life-stages 
were targeted for tagging and satellite tracking, with juveniles composing the majority of turtles observed, captured and 
equipped with electronic tags. The other three species of sea turtle present in the North Pacific are not generally 
associated with neritic (i.e., nearshore) waters and were not observed during monitoring activities. 

Between 15 August 2013 and 31 October 2019, PIFSC MTBAP spent a total of 47 field days conducting sea turtle 
surveys around the Mariana Archipelago. These surveys were undertaken during a total of nine field expeditions to Guam, 
six expeditions to Saipan and four expeditions to Tinian. During that time researchers have encountered a total of 517 
turtles, 357 of which were observed but not captured, 47 of which were captured but not equipped with satellite tags, 
and 111 of which were equipped with satellite tags. The expeditions have included meetings and collaborative fieldwork 
with numerous local partners, including representatives from Guam Department of Agriculture Division of Aquatic and 
Wildlife Resources (DAWR), CNMI Department of Lands and Natural Resources (DLNR), United States Fish and Wildlife 
Service (USFWS), University of Guam/SeaGrant, Naval Base Guam, and the U.S. Pacific Fleet Environmental Readiness 
Office. 

GUIDING QUESTIONS FROM THE FY13−15 MONITORING PLAN 

• Are there locations of greater cetacean and/or sea turtle concentration around Guam, Saipan, and Tinian? 
• What is the occurrence and habitat use of sea turtles in the MITT study area? 
• What is the exposure of cetaceans and sea turtles to explosives and/or sonar in the MITT study area? 

SUMMARY OF TASKS 

1. Capture and tag sea turtles in the MITT study area and deploy biotelemetry devices. 
2. Process and analyze biotelemetry data and other survey data. 
3. Prepare annual reports. 

PROGRESS ON FIELD RESEARCH 

The most recent field research was conducted during September 01−11, 2019. Drs. Alexander Gaos, Summer 
Martin and Camryn Allen of the PIFSC MTBAP collaborated with local partners to conduct marine turtle surveys and in-
water captures of green and hawksbill turtles. Researchers that participated in one or more days included Kim Trust 
(Deputy Chief for the National Wildlife Refuge System [Pacific Region] with USFWS), Tammy Summers (USFWS Guam 
National Wildlife Refuge Manager and Marianas Trench Marine National Monument Superintendent), Lisa Szutukowski 
(Endangered Species Program Manager for DLNR), among others. Captured turtles were weighed, measured, biopsied, 
tagged (i.e., flipper, passive integrated transponder [PIT], satellite tracking) in an effort to expand our knowledge of the 
population demographics, population structure, and fine-scale habitat use of turtles in the area. Blood samples were also 
collected for two studies: (1) hormone analysis to determine population sex ratios, and (2) metabolite analysis to 
determine nutritional/feeding state. The aforementioned activities were permitted under NMFS ESA10a1A Take permits 
#17022, 15685, and 21260 and NMFS IACUC SWPI2013-05R. Additionally, in Guam, the Division of Aquatic and Wildlife 
Resources (Guam DAWR) biologists were provided with hands-on refresher training by PIFSC MTBAP staff. In both Guam 
and CNMI, local partners continue to engage in this collaborative research effort. Many of these activities are part of a 
larger collaborative effort with PIFSC MTBAP, Guam DAWR, CNMI DLNR, Naval Base Guam, and the U.S. Pacific Fleet 
Environmental Readiness Office. 
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The most recent field expedition consisted of 11 days on Guam and Saipan, including four days of travel, one day 
of logistics planning, and six days of in-water surveys and turtle captures. For the majority of the year, both Guam and 
Saipan experience strong easterly trade winds, which create hazardous boating and monitoring conditions, and these 
conditions have complicated efforts to survey the northern and eastern coasts of these islands. In 2018, MTBAP staff 
planned the survey trip to coincide with months when easterly trade winds occasionally abate (August and September) 
and for the first time were able to conduct research in some of these difficult-to-study areas along the eastern coasts of 
the islands. In 2019, PIFSC MTBAP once again implemented this approach, scheduling our trip for September. The team 
was fortunate to get an excellent weather window, which permitted surveys along the eastern coast of Saipan (e.g., 
Forbidden Island, Lao Lao, and Dandan) and the northern coast of Guam (e.g., Ritidian, Anderson Airforce Base [AAFB], 
Tarague, and Pati Point). Given the unpredictable and often unrelenting nature of the weather around the Marianas, the 
favorable weather during these visits was fortuitous. Indeed, during the 2019 survey trip the weather conditions were 
substantially worse both the day prior to the team’s arrival and the day after departure from the islands. As attempts to 
survey turtles in these areas have been limited, the 2019 surveys and satellite tag deployments provided novel 
opportunities to collect important information in these data deficient areas. Surveying and tagging in multiple locations 
around the perimeters of Guam, Saipan, and Tinian are important for understanding sea turtle occurrence, distribution, 
relative abundance, and habitat use throughout the MITT study area. Due to the isolated nature of the areas surveyed in 
2019, which typically required transit times of 1−2 hours each way, all captured turtles were processed and satellite tagged 
onboard research vessels (i.e., boat-based surveys). Turtles with straight carapace length (SCL) > 45 cm and good body 
condition were equipped with Wildlife Computers SPLASH-297A satellite tags, which have both Fastloc-GPS and Argos 
location capabilities, as well as temperature and depth sensors. Turtles with SCL between 35−45 cm and good body 
condition were equipped with Wildlife Computers SPOT-311A satellite tags, which have Argos location capabilities and 
temperature sensors. 

Over the six field days, the team observed a total of 79 turtles; 21 were captured, 16 were outfitted with Wildlife 
Computers SPLASH satellite transmitters, and one was outfitted with a SPOT-311A satellite transmitter. 

PROGRESS ON DATA ANALYSIS 

Under Interagency Agreement NMFS-PIC-16-008 through NMFS-PIC-18-008 between NOAA and the Navy, data 
collection and analyses were ongoing from 2013 through 2019. The PIFSC MTBAP project staff continue to process satellite 
tracking data as they arrive from Collection and Location by Satellite America (CLS America), which collects and stores the 
Argos satellite information. These data are being organized and analyzed to understand spatial distribution, depth use, 
and temperature profiles for habitat used by tagged turtles.  

The findings presented in this report, which cover research conducted through October 31st, 2019, provide robust 
and essential biogeographical context for understanding the abundance, spatial distribution, and habitat use of sea turtles 
in the MITT study area, as well as preliminary data on the abundance and distribution of other large marine vertebrates 
in the region. Furthermore, these data and analyses have helped to inform the proposed Critical Habitat for the 
Endangered Central West Pacific distinct population segment of green turtle (NMFS and USFWS 2015). They have also 
informed incidental take statements and impact assessments for NOAA Fisheries ESA Section 7 and Biological Opinion 
needs. 

In January 2016, the first manuscript derived from this Navy/NOAA Interagency Agreement was published, “Five 
Decades of Marine Megafauna Surveys from Micronesia” (Martin et al. 2016). The analysis suggested a substantial but 
isolated increase in sea turtles over the last five decades in Guam. Specifically, there was an observed island-wide trend 

http://www.cls.fr/
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in turtle counts from semimonthly aerial surveys (surveys conducted by Guam DAWR). The mean annual population 
growth rate of turtles (primarily green sea turtles) was 8.0% (s.d. = 5.7%) since 1963, and 9.3% (s.d. = 3.5%) since 1989.  

PIFSC MTBAP staff are currently working on the second major manuscript associated with the program and have 
set a target publication date for mid to late 2021. The manuscript, tentatively titled, “Reef-dwelling turtles of the Mariana 
Archipelago: fine-scale habitat use revealed by in-water surveys and GPS telemetry,” will provide further analyses of the 
boat-based surveys and satellite telemetry efforts presented in this study, including in-depth analyses of horizontal, 
vertical, temporal, and temperature-based habit use. The research will encompass the largest sample size for satellite 
tracking of juvenile green and hawksbill turtles included in a single study available to date in the scientific literature.  

 A third manuscript, with a 2022 target date, will focus on producing abundance estimates by integrating the 
survey data from this study with small boat cetacean surveys (Hill et al. 2016) and presence/absence data collected during 
underwater towed-diver coral reef surveys (NOAA data). These survey data and analyses document the widespread 
presence of turtles throughout the Mariana Archipelago, with > 1,700 observations. The synthesis of results from in-water 
surveys, along with data from the first in-water satellite transmitter deployments in this island chain, will advance our 
understanding of the distribution, relative abundance, and habitat use patterns of the juvenile-dominated green and 
hawksbill turtle foraging populations throughout the Mariana Archipelago.  

PROGRESS ON DATA AVAILABILITY 

The supplementary materials list all data available to date. The listed files include (1) all boat survey tracks from 
the 2013−2019 field seasons throughout the MITT study area, (2) all metadata on turtle observations, captures, and 
satellite tag deployments in 2013−2019 (date, location, species, numbers of all tags applied, turtle length measurement, 
etc.), (3) all metadata on cetacean observations for 2016−2019 (date, location, species), (4) time-at-depth histogram data 
from satellite tags deployed in 2014−2019 (raw data are provided as the proportion of time spent at binned depths for 
designated periods of time), (5) time-at-temperature histogram data from satellite tags deployed in 2014−2019 (raw data 
are provided as the proportion of time spent at binned temperatures for designated periods of time), (6) raw Argos 
location data from Wildlife Computers SPLASH and SPOT Satellite tags deployed in 2013−2019 (with a table for 
interpretation of Argos derived locations), and (7) raw GPS location data from Wildlife Computers SPLASH Satellite tags 
(with a table for interpretation of GPS locations) deployed in 2013−2019. The PIFSC MTBAP plans to make the data publicly 
accessible through the Animal Telemetry Network, which will satisfy Public Access to Research Results (PARR) 
requirements for both NOAA and Navy.  

METHODS 

IN-WATER SURVEYS AND CAPTURE 

Small boat surveys were conducted in the nearshore and coastal waters of Guam, Saipan, and Tinian (Figure 1). 
During surveys, the boat team recorded all observations of turtles seen by both the in-water snorkel team and the boat 
team, along with approximate GPS coordinates. We also recorded information on the species, approximate number of 
individuals, and GPS locations of any observed cetaceans to support other guiding questions from the FY13−15 monitoring 
plan. Observed turtles were visually assessed as to the feasibility of capture (e.g., turtle behavior and distance from diver). 
Turtles of all size classes were targeted for capture, either by hand capture while snorkeling or after diving from a slow-
moving boat. Hand captures involved free-diving (2−25 m) to capture turtles resting/foraging in the water column or on 
the substrate. Captured turtles were immediately brought to the surface, lifted into the boat and processed on deck or 
after being brought to shore and placed in turtle holding bins. All research was authorized under the following permits: 
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NMFS ESA10a1A 21260, IACUC Protocol NMFS SWPI 2013-05, and Guam Department of Agriculture Special Permit for 
Scientific Research SC-MPA-19-004. 

All turtles were tagged with two metal (Inconel) self-piercing sea turtle tags or “flipper tags” (Style 681, National 
Band and Tag Company) using the standard technique described in the Marine Turtle Specialist Group Manual on Research 
Techniques (Eckert et al. 1999) and with two Passive Integrated Transponder (PIT) tags—small (14 mm length × 2 mm 
diameter) electromagnetically-coded glass-encased “microchips”—Destron Tx 1406L. All Inconel and PIT tags had unique 
identification numbers. The Inconel flipper tags were attached to the trailing edge of a fore flipper and the PIT tags were 
injected subcutaneously into the rear flippers. Skin samples were obtained for DNA and stable isotope analysis (Dutton et 
al. 1996). Straight carapace length (SCL), curved carapace length (CCL), and turtle mass were measured (when feasible), 
and turtles of appropriate SCL (see Jones et al. 2013) were outfitted with a satellite tag. 

The majority of satellite tags attached to turtles was the SPLASH10-F series Platform Transmitting Terminals (PTT) 
designed by Wildlife Computers. These are data-archiving tags that transmit via the Argos satellite system. In addition to 
Argos-derived location data, the tags also upload sensor data that include GPS derived locations, depth, temperature, light 
level, and wet/dry (based on conductivity). For this study, we used SPLASH10-F tags with a frontal area of approximately 
12cm2; however, there is some size variation in the SPLASH tags due to differences in the battery capacity (and hence 
battery life) of the different versions, with the smaller tags allowing us to apply them to smaller juvenile turtles (minimum 
45 cm SCL). Wildlife Computers SPOT-311A tags were also deployed to track turtles of even younger life-stages (i.e., 35 
cm−45 cm SCL). In contrast to the SPLASH tags, SPOT tags are much smaller (frontal area = 4.79 cm2) and only have the 
capability of collecting data on Argos locations and water temperature. Captured turtles with SCL < 35 cm or that had poor 
body condition or physical abnormalities were not outfitted with a satellite tag. 

Satellite tag attachment followed the drag recommendations of Jones et al. (2011, 2013) and the attachment 
methods as described in Jones et al. 2018. In short, the attachment area on the carapace was lightly sanded to remove 
algae and cleaned with denatured ethanol. A 0.75 cm layer of a two-part epoxy (e.g., Superbond) was used to affix the tag 
to the carapace, and a second putty-type epoxy (J.B. WaterWeld) was form-molded around the tag to protect it from 
damage by reef and rock ledges during the course of normal turtle behavior. This tag attachment technique is widely used 
and works well with reef-dwelling hawksbill and green turtles (Hart et al. 2015). All satellite tags were subsequently 
covered with a layer of anti-fouling paint (Interlux Ulta Micro Extra or Micron66) to inhibit the attachment of algae and 
other growth that can cover sensors and interfere with tag operation.  

MOVEMENT TRACKS, HOME RANGE ESTIMATES AND DIVE BEHAVIOR 

Argos locations, GPS locations, dive depth, dive duration, and temperature data were obtained in raw form over 
the Argos system and processed to produce data ready to analyze. We created tracks for turtles that undertook migrations 
using GPS locations for those equipped with SPLASH tags and Argos locations for those equipped with SPOT tags. For 
calculating migration distances and timing of movements, we used the difference in time and distance of path between 
(i) the last GPS location point (Argos location point for SPOT tags) of a turtle before it began its long-distance movement 
out of an area and (ii) the first GPS location point (Argos location point for SPOT tags) associated with its arrival at the new 
location. 

Home range estimates were generated using GPS locations for the SPLASH tags due to the increased accuracy of 
these location points (over Argos). However, we also generated home range estimates for turtles equipped with SPOT 
tags using Argos locations, omitting the less precise and invalid Argos location classes 0 and Z, respectively (Argos 2008). 
Home ranges and the associated 50% (core home range) and 95% (overall home range) density volume contours were 
generated using kernel interpolation with barriers (KIWB). The KIWB method was selected to calculate home range over 
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traditional kernel density estimation (KDE) due to the ability of KIWB to account for land barriers, which is particularly 
relevant for nearshore marine species as topological features can inadvertently be incorporated into traditional KDE 
analyses (Sprogis et al. 2016). All tracks and density estimates were performed in ArcGIS (ESRI 2012). The data analyses 
remain preliminary as some of the satellite tags are still transmitting. Final analyses will include the full range of GPS data 
for additional home range analysis and KIWB estimates. 

Further details on the KIWB estimates in ArcGIS are given here. The KIWB tool is available within the 
“Geostatistical Analyst” toolbox section of ArcGIS. Prior to performing a KIWB estimate on a set of GPS or Argos points, 
we grouped the data by species and tagging location and filtered out (i) all points that occurred within the first two days 
(i.e., 24 hours) of tag deployment (to account for potentially non-normal behavior), (ii) all points erroneously appearing 
on land, and (iii) all points suggesting a swim speed greater than 5 km per hour. We generated a point density surface with 
a cell size of 10 m as a necessary intermediate step. Then we used the point density surface and an output cell size of 10 
m to construct the KIWB estimate. Using the KIWB estimate, we produced 50% and 95% volume contour polygons to 
describe the core area and overall home range, respectively, for turtles pooled by location. We calculated the area of each 
volume contour polygon (km2) to quantify core area and overall home range and allow for qualitative comparisons across 
sites. The data generated by SPLASH and SPOT tags were analyzed separately due to position accuracy differences 
between the two models. 

Temperature and depth data (SPLASH tags only) were collected every 10 seconds and archived by the 
corresponding tags; these data were then binned across 6-hour periods and sent via satellite transmissions with the Argos 
and GPS (if applicable) location data when the turtle surfaced. Bins are user-defined and give insights into different aspects 
associated with dive behavior, including: 

• Temperature: the proportion of dives spent at each temperature bin. 
• Depth: the proportion of overall dive time spent within each depth bin. 
• Max dive depth: the maximum depth bin reached for each dive.  
• Dive duration: the time duration bin of each dive. 

The temperature, depth, maximum dive depth, and dive duration bins were programmed as follows: 
Temperature:   19, 21, 23, 24, 25, 26, 27, 28, 29, 30, 31, 33, 35, >35 (in degrees Celsius) 
Depth:    0, 2, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 100, >100 (in meters) 
Max Dive Depth:  4, 6, 8, 10, 14, 18, 24, 30, 40, 60, 80, >80 (in meters) 
Dive Duration  (2013−2017): 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40, 50, 60, >60 (in minutes) 

(2018−2019): 1, 5, 10, 20, 30, 40, 50, 60, 75, 90, 105, 120, 150, >150 (in minutes) 
Between 2013 and 2017, we recorded dive durations that lasted longer than the maximum bin (see previous 

reports), so starting in 2018, we adjusted the dive duration to include bins above 60 minutes. The total time a turtle was 
in a depth, temperature, or duration bin was averaged, and the data were represented in a histogram providing an average 
of averages of the life of a tag (transmission days) and across turtles. Several tags deployed at the start of the project 
(green turtles n = 4, hawksbill turtles n = 2) had variable depth bin programs and these data were included when feasible. 
The data were separated by species and we also evaluated potential differences between diurnal and nocturnal time 
periods.  

SAMPLE ARCHIVING AND ANALYSIS 

Tissue samples collected for DNA, stable isotope analysis (SIA), and health assessment were sent to analytical laboratory 
collaborators within NOAA and the National Institute for Standards and Technology (NIST): 
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Genetic and Stable Isotope analyses NOAA, NMFS, Southwest Fisheries Science Center 
8901 La Jolla Shores Drive 
La Jolla, CA 92037 

Biological and Environmental Monitoring and Archival of Sea Turtle Tissues 
National Institute of Standards and Technology  
Hollings Marine Laboratory  
331 Fort Johnson Road  
Charleston, SC  29412 
  



12 

FY2020 Report  
PIFSC Sea turtle tagging in the MITT study area 

RESULTS AND DISCUSSION 

IN-WATER SURVEYS AND TURTLE OBSERVATION, CAPTURE AND PROCESSING 

The following is a synopsis of surveys, captures, and analyses between 2013 and 2019. The survey tracks, satellite 
tags deployed, and additional turtles observed or captured (i.e., not equipped with satellite tags) by location for the field 
seasons are shown in Figure 1. A total of 47 days of boat-based snorkel survey effort were conducted; 24 days in Guam, 
15 days in Saipan, and 8 days in Tinian (Table 1, Appendix Tables A2-A7).  

 

Figure 1. Marine turtle surveys, satellite tag deployment locations, and turtle observations/captures in the MITT study area. Red 
lines on each map are small-boat GPS tracks from sea turtle surveys conducted in the nearshore waters of Saipan, Tinian, and Guam 
in 2013−2019. Yellow stars indicate locations of satellite tag deployments on green and hawksbill turtles captured during surveys. 
Black circles indicate locations where additional turtles were observed/captured. 
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Table 1. Summary of boat-based snorkel surveys and turtle captures from 2013−2019. Data columns from left to right include: 
survey dates, site locations, turtle observations (number of individuals), captures, satellite tag deployments, and cetacean 
observations (number of individuals). CM = green turtle (Chelonia mydas); EI = hawksbill turtle (Eretmochelys imbricata); UN = 
unknown turtle species (either green or hawksbill turtle). Cetacean observations were of spinner dolphins (Stenella longirostris) or 
unknown species.   

 

A total of 517 turtles were encountered during the 2013−2019 surveys (Table 1). Of those encounters, 357 turtles 
were observed but not captured (94 Saipan, 47 Tinian, 216 Guam), 49 turtles were captured but not outfitted with a 
satellite tag (11 Saipan, 18 Tinian, 20 Guam) due to small size, inadequate body condition (e.g., emaciation or a missing 
limb), or study design (e.g., geographic distribution of satellite tags across sites), and 111 turtles were captured and 
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outfitted with satellite tags (38 Saipan, 24 Tinian, 49 Guam) (Table 1). Of the 111 turtles outfitted with satellite tags, 100 
were equipped with SPLASH tags and 11 were equipped with SPOT tags. 

A total of five turtles were tagged and recaptured during the project timeframe, including two green turtles and 
three hawksbills (Table 2). Two of the hawksbills were captured on a total of three occasions. The longest period between 
original capture and most recent capture was 1,037 days. Two additional green turtles that were tagged by a previous in-
water project (Summers et al. 2017) were also recaptured in Saipan in 2013 (60 cm and 63 cm). Of the 357 non-capture 
observations, 258 (72.3%) were identified as green turtles, 19 (5.3%) as hawksbill turtles, and 80 (22.4%) as “unknown” 
species (but either green or hawksbill turtles) (Table 1). Of the 49 turtles captured but released without a SPLASH or SPOT 
tag, 43 (87.8%) were green turtles and 6 (12.2%) were hawksbill turtles (Table 1). For the 111 satellite tags, 97 (87.4%) 
were deployed on green turtles and 14 (12.6%) on hawksbill turtles (Tables 3 to 5). Four of the tags on green turtles and 
two on hawksbills failed within two weeks of deployment and these tags were not included in our analyses. Table 1 
provides a breakdown of observations, captures, and satellite tags by species and location for each year.  

Table 2. Summary of five turtles tagged and recaptured during monitoring efforts between 2013 and 2019, including species, island, 
capture/recapture location, days between captures, SCL (cm) and SCL growth between captures, Weight (kg) and Weight increase 
between captures. 

. 

Details on dates, locations, and species of all satellite tag deployments, turtle captures, and turtle observations 
are provided in Tables 3 to 5, Appendix Tables A1−A6, and as supplementary files. In 2016−2019, cetacean observations 
were also recorded during surveys and transit periods; sightings details are provided in Appendix Table A7. For all captured 
and tagged turtles, measurements and satellite tag identification numbers (i.e., Argos ID) are also provided in Tables 3 to 
5 and Appendix Tables A1−A6. Captured green turtles ranged in SCL from 36.9 cm to 85.6 cm (mean = 53.8, sd = 9.5 cm, n 
= 197) and in mass from 6.4 kg to 76.2 kg (mean = 22.0, sd = 12.5 kg, n = 178). Captured hawksbills ranged in SCL from 
34.4 cm to 72.6 cm (mean = 51.6, sd = 11.5 cm, n = 33) and in mass from 3.6 kg to 48.9 kg (mean = 18.2, sd = 11.9 kg, 
n=31). Five large captured green turtles were determined to be male based on tail length and one was determined to be 
female. All other captured turtles were sub-adults for which sex could not be determined using visual observation and 
morphometric techniques. 
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Table 3. Saipan: summary of 2013−2019 satellite tags by species and tag type, including foraging habitat location, tag deployment 
date, Argos ID number, turtle size (SCL), last Argos signal, tag life as transmission days, tag status (on October 31st, 2019), 50% (i.e., 
core home range) and 95% (overall home range) volume contours (km2) and mean tag life (days). Yellow highlights tags that were 
still transmitting data (“active”).  

 
The size distributions of green and hawksbill turtles captured in this study are typical for turtles throughout the 

Mariana Archipelago. From an analysis of 642 in-water captures from 2006 to 2014, Summers et al. (2017) suggest that 
turtles recruit to the nearshore waters of the Mariana Islands around 34−36 cm SCL and depart to adult foraging and 
nesting grounds around 78−81 cm SCL, remaining in the nearshore waters for an estimated 17 years (13−28 years: 95% 
confidence interval) between recruitment and maturity. All but six turtles captured in this study appeared to be juveniles 
and sub-adults residing in developmental foraging grounds. Our research suggests limited movement and high foraging 
site fidelity during juvenile development. 
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Table 3. Tinian: summary of 2013−2019 satellite tags by species and tag type, including foraging habitat location, tag deployment 
date, Argos ID number, turtle size (SCL), last Argos signal, tag life as transmission days, tag status (on October 31st, 22019), 50% 
(i.e., core home range) and 95% (overall home range) volume contours (km2) and mean tag life (days). Yellow highlights tags that 
were still transmitting data (“active”).  
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Table 5. Guam: summary of 2013−2019 satellite tags by species and tag type, including foraging habitat location, tag deployment 
date, Argos ID number, turtle size (SCL), last Argos signal, tag life as transmission days, tag status (on October 31ST, 2019), 50% (i.e., 
core home range) and 95% (overall home range) volume contours (km2) and mean tag life (days). Yellow highlights tags that were 
still transmitting data (“active”). 
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SATELLITE TAG DEPLOYMENT, TAG LONGEVITY, HORIZONTAL MOVEMENTS AND HOME RANGE 

The KIWB estimates and volume contours in Figures 2 to 9 elucidate the general habitat use, overall foraging home 
range (95% volume contour), and core home range (50% volume contour) for the majority of turtles tagged in each 
location. Of the 111 satellite devices deployed, six were not included in this analysis due to lack of sufficient data, either 
from immediate failure of the tag, less than two days of data collected from the deployment date, or other complications 
associated with attaining location positions. Details on the number, species, and carapace lengths of turtles tagged at each 
site are provided in Tables 3 to 5, along with the longevity (i.e., transmission days), Argos IDs, and current status (e.g., 
active) of the tags. 

 

Figure 2. Habitat use maps for green turtles equipped with SPLASH tags in Saipan. GPS location data were analyzed using a Kernel 
Interpolation with Barriers method. Darker shades of green indicate higher density of GPS location points, with the 50% (core area) 
and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 3 provides additional details on 
individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference.  



19 

FY2020 Report  
PIFSC Sea turtle tagging in the MITT study area 

 

Figure 3. Habitat use maps for hawksbill turtles equipped with SPLASH tags in Saipan. GPS location data were analyzed using a 
Kernel Interpolation with Barriers method. Darker shades of red indicate higher density of GPS location points, with the 50% (core 
area) and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 3 provides additional details 
on individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference. 
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Figure 4. Habitat use maps for green turtles equipped with SPLASH tags in Tinian. GPS location data were analyzed using a Kernel 
Interpolation with Barriers method. Darker shades of green indicate higher density of GPS location points, with the 50% (core area) 
and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 4 provides additional details on 
individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference. 
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Figure 5. Habitat use maps for hawksbill turtles equipped with SPLASH tags in Tinian. GPS location data were analyzed using a 
Kernel Interpolation with Barriers method. Darker shades of red indicate higher density of GPS location points, with the 50% (core 
area) and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 4 provides additional details 
on individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference. 
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Figure 6. Habitat use maps for green turtles equipped with SPLASH tags in Guam. GPS location data were analyzed using a Kernel 
Interpolation with Barriers method. Darker shades of green indicate higher density of GPS location points, with the 50% (core area) 
and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 5 provides additional details on 
individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference.  
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Figure 7. Habitat use maps for hawksbill turtles equipped with SPLASH tags in Guam. GPS location data were analyzed using a Kernel 
Interpolation with Barriers method. Darker shades of red indicate higher density of GPS location points, with the 50% (core area) 
and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 5 provides additional details on 
individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference.  

  



24 

FY2020 Report  
PIFSC Sea turtle tagging in the MITT study area 

Tag longevity, calculated from 111 tags that were no longer transmitting a signal as of 31 October 2019, was similar 
across islands. For green turtles, tags transmitted data for an average of 154 days on Saipan (sd = 142, n = 33 tags), 154 
days on Tinian (sd = 82.1, n = 18 tags), and 146 days on Guam (sd = 85.5, n = 46 tags). For hawksbill turtles, tag life was 
375 days on Saipan (sd = 524.9, n = 5 tags), 572 days on Tinian (sd = 320.6, n = 6 tags), and 394 days on Guam (sd = 464.0, 
n = 3 tags). For the three islands combined, tags lasted an average of 150 days (sd = 105.9, n = 97 tags) on green turtles 
and 464 days (sd = 408.6, n = 15) on hawksbill turtles. Maximum tag life was 721 days for green turtles (Argos ID 131995 
tagged on the northern shore of Saipan at Spotlight; Table 3 and Figure 2) and 1,270 days for hawksbill turtles (Argos ID 
85496 tagged on the west coast of Saipan at Balisa; Table 3 and Figure 3). Hawksbill turtle shells are thicker and more 
keratinized than green turtle shells, which tend to be thinner and oilier; this difference likely contributes to the longer tag 
retention times observed on hawksbill turtles. Fifteen tags were still active and transmitting data on 31 October 2019, all 
of which were deployed in 2019 (Table 3 and Table 5). KIWB estimates revealed limited movements for the overwhelming 
majority of both green and hawksbill turtles in Saipan, Tinian, and Guam (Figures 3, 4, 5, 6, 7, 8, 9 and Tables 3, 4, 5). Of 
the 105 turtles for which we were able to analyze tag data, 94 (89.5%) remained within a 1−3 km2 area for the entire life 
of the tag, demonstrating limited movements and high foraging site fidelity. 

For SPLASH tags, the core home range area (50% KIWB volume contour) was geographically concentrated for both 
green turtles (mean = 0.24 km2, sd = 0.2 km2, range = 0.01–0.79 km2) and hawksbill turtles (mean = 0.18 km2, sd = 0.17 
km2, range = 0.01–0.46 km2) across all islands and sites. Overall home ranges (95% KIWB volume contour) were also similar 
for the two species, with green turtles using an average area of 1.48 km2 (sd = 1.13 km2, range = 0.07−3.76 km2) and 
hawksbill turtles using an average area of 2.48 km2 (sd = 4.22 km2, range = 0.02−12.57 km2). For green turtles, there were 
some subtle inter-island differences in core area, with turtles in Saipan (mean = 0.22 km2; sd = 0.2 km2; range = 0.03−0.49 
km2) and Guam (mean = 0.16 km2, sd = 0.13 km2, range = 0.01−0.37 km2) using potentially smaller core areas than those 
in Tinian (mean = 0.57 km2, sd = 0.19 km2, range = 0.46−1.79 km2). Overall home range (95% KIWB volume contour) of 
green turtles was also smaller on Saipan (mean = 1.45 km2, sd = 1.3 km2, range = 0.07−3.74 km2) and Guam (mean = 1.08 
km2, sd = 0.78 km2, range = 0.19−2.1 km2), compared to on Tinian (mean = 3.09 km2, sd = 0.78 km2, range = 2.24−3.76 
km2).  

Similarly, hawksbill turtles equipped with SPLASH tags in Saipan (mean = 0.09 km2, sd = 0.13 km2, range = 0.01−0.24 
km2) and Guam (mean = 0.15 km2; sd = 0.17 km2; range = 0.01−0.34 km2) used core areas that were potentially smaller 
than those used in Tinian (mean = 0.37 km2, sd = 0.13 km2, range = 0.28−0.46 km2). However, the overall home range of 
hawksbill turtles was smaller on Saipan (mean = 0.73 km2, sd = 1.08 km2, range = 0.02−1.97 km2) and Tinian (mean = 2.20 
km2, sd = 1.36 km2, range = 1.24−3.16 km2), compared to Guam (mean = 4.41 km2, sd = 7.07 km2, range = 0.06−12.57 km2). 
These geographic comparisons will be tested statistically in the final analysis of these data. Additionally, we recognize that 
the home ranges and core use areas reported here are potentially influenced by our groupings of tags and the geographical 
span of deployment locations within a group. We are currently working through these issues using a more robust analysis 
which models each turtle’s movement path and calculates its individual habitat use statistics prior to calculating group 
statistics for a given deployment location. That analysis will be introduced in future reports and publications. 

Not surprisingly, both core and overall home ranges were much larger for green and hawksbill turtles equipped 
with SPOT tags compared to those equipped with SPLASH tags (Figure 8 and Figure 9, Tables 3, 4, 5) due to decreased 
location accuracy of Argos versus GPS locations.  The average core and overall home range areas for green turtles equipped 
with SPOT tags was 4.75 km2 (sd =3.62 km2, range = 1.34–8.54 km2) and 76.88 km2 (sd = 67.05 km2, range = 26.72–153.03 
km2), respectively. The core and overall home range for hawksbill turtles equipped with SPOT tags was 2.16 km2 (sd = 0.16 
km2, range = 2.05–2.27 km2) and 20.98 km2 (sd = 16.77 km2, range = 9.12–32.83 km2), respectively. Despite the decreased 
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accuracy of home ranges calculated from SPOT tags, these tag models are extremely useful to identify the general 
residency areas and important habitats of younger life-stage turtles. 

 

Figure 8. Habitat use maps for green turtles equipped with SPOT tags in Saipan and Guam. Argos location data were analyzed using 
a Kernel Interpolation with Barriers method. Darker shades of green indicate higher density of Argos location points, with the 50% 
(core area) and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 3 and Table 5 provide 
additional details on individual tag deployments. 
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Figure 9. Habitat use maps for hawksbill turtles equipped with SPOT tags in Saipan and Tinian. Argos location data were analyzed 
using a Kernel Interpolation with Barriers method. Darker shades of red indicate higher density of Argos location points, with the 
50% (core area) and 95% (overall home range) volume contours outlined in yellow and blue, respectively. Table 3 and Table 4 
provide additional details on individual tag deployments. Ocean depth contours (isobaths) drawn at every 50 meters are shown for 
reference. 

Although the overwhelming majority (89.5%) of tagged turtles remained relatively sedentary and within a <1 km2 
core area for the entirety of their tracking period, there were three more vagile movement patterns observed, including 
shifts in intra-island foraging areas (movement pattern 1), transitions between inter-island foraging areas (movement 
pattern 2) and a long-range migration departure out of the Mariana Islands (movement pattern 3) (Table 6, Figures 9, 10, 
11).  

Table 4. Details on 10 turtles tracked between 2013−2019 that exhibited movement behavior other than remaining in a single, 1−3 
km2 area foraging area. 
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Shifts in intra-island foraging areas was the most common movement pattern (Figure 10), exhibited by a total of 
seven turtles, all of which were green turtles. This included two turtles on Saipan, two on Tinian, and three on Guam. The 
average straight-line distance travelled between foraging grounds was 19 km (sd = 14.1 km), and ranged from 5 km to 39 
km. The largest green turtle (82.3 cm SCL), a male tagged off Orote Point in Guam in May 2016, moved 39 km north to 
Pati Point before travelling back to Apra Harbor and Orote Point (Argos ID 142752; Figure 9). Given there are known 
nesting sites near both Pati Point (e.g., along Andersen Air Force Base beaches) and Orote Point (e.g., Spanish Steps in 
Apra Harbor), this adult male could have been visiting multiple breeding grounds to encounter females or possibly moving 
between a combination of foraging and breeding sites.  

There were two turtles that exhibited movement pattern 2 (Figure 11), including a small (40.8 cm SCL) green turtle 
(Argos ID 171263) encountered off of the coast of northern Guam. This is one of only four turtles encountered by the 
program that has had an SCL <41.0 cm; turtles of this size class represent recent recruits to neritic habitats after spending 
their first years of life in the pelagic habitat (i.e., the “lost years”). It is likely that turtle 171263 had very recently recruited 
to neritic areas and had still not settled in a fixed foraging habitat, and the 210 km migration north to Saipan represented 
the turtle’s ongoing search for a suitable location to settle. The second turtle that underwent movement pattern 2 was a 
subadult hawksbill measuring 61.7 cm that was tagged in 2013 on Tinian and traveled 233 km south to the southern coast 
of Guam, where it remained for over 2 years (Argos ID 85493; Figure 10). It is possible this turtle underwent some sort of 
ontogenetic habitat shift as it was getting closer to maturity, or that it reached maturity at a smaller size than expected 
and moved to breed. 

Only a single turtle has been recorded departing the Marianas Archipelago (i.e., movement pattern 3), and this 
was a 72.3 cm adult hawksbill (Argos ID 138963) tagged in 2014 on Tinian that migrated east 2,118 km in 74 days to Ant 
Atoll, adjacent to Pohnpei, in the Federated States of Micronesia (Figure 11). The turtle remained in the nearshore waters 
of Ant Atoll for 10 months (Figure 12). This individual was likely making a long-distance breeding migration to a known 
breeding site; however, it is also possible that it was concluding a breeding season near Tinian and returning to Ant Atoll 
to forage.  

Combined, these movements indicate some diversity in nearshore habitat use and movements around the 
Marianas Archipelago and beyond. Omitting turtle 171263 due to the likelihood it was a new recruit to neritic habitats, 
the average size of turtles that undertook one of the three migration patterns was larger (SCL = 61.5 cm, sd = 12.2 cm, 
range = 47.1–82.3 cm) than the SCL of turtles that used only a single foraging area (SCL = 55.7 cm, sd = 9.7 cm, range = 
36.9–84.9 cm). This suggests that movement patterns, residency times, and thus exposure to nearshore threats, likely vary 
throughout an individual’s life, with smaller juvenile turtles potentially spending most of their time in a localized reef area 
and larger turtles potentially undergoing occasional habitat shifts. Mature turtles may also have intermittent periods of 
residency as they move between foraging and breeding grounds.  
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Figure 10. Map depicting the tracks of seven green turtles that undertook intra-island movements (i.e., movement pattern 1) during 
the course of this project. Ocean depth contours (isobaths) drawn at every 50 meters are shown for reference. 
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Figure 11. Map depicting the tracks of two turtles (one green and one hawksbill) that have undertaken inter-island movements 
(i.e., movement pattern 2) during the course of this project. The green turtle (Argos ID 171263) was a recent pelagic recruit and the 
hawksbill turtle (Argos ID 835493) was a subadult. 

 

Figure 12. Map depicting the tracks of an adult hawksbill turtle that departed the Marianas Islands (i.e., movement pattern 3) and 
migrated to Ant Atoll, Pohnpei, FSM, during the course of this project. 
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DIVE BEHAVIOR AND VERTICAL MOVEMENT  

Dive patterns suggest that both green and hawksbill turtles spend most of their time in waters shallower than 25 
m (Figures 13 and 14), and it is possible that habitat partitioning may exist between the two species in the Mariana 
Archipelago. Binned depth data from the tags suggest both species made dives down to 100 m. However, hawksbill turtles 
spent more time in deeper waters than green turtles, with an average depth of 15.3 m compared to 10.5 m, respectively 
(Figure 13), and spending 59.0% of their time in waters <10 m in depth, compared to 65.6% for greens. Additionally, the 
maximum dive depth of hawksbills was substantially deeper than that of green turtles, with averages of 23.1 m compared 
to 13.3 m, respectively (Figure 13).  

 

Figure 13. Proportion of time-at-depth profiles for 84 green turtles (A) and 9 hawksbill turtles (B) in the MITT study area in 
2014−2019. Green turtles resided between the surface and 25 m depth 98.0% of the time, with an average depth of 10.5 m. 
Hawksbill turtles spent more time at deeper depths, with 93.1% of the time spent between the surface and 25 m and an average 
depth of 15.3 m. Histogram bars are time-at-depth averages; error bars represent standard error of the mean. 

 

Figure 14. Maximum dive depth profiles for 84 green turtles (A) and 9 hawksbill turtles (B) in the MITT study area in 2014−2019. 
Green turtles dove to maximum depths of 24 m or less on 95.2% of their dives, with an average maximum depth of 13.3 m. Hawksbill 
turtles performed deeper dives more frequently, with only 70.0% of their dives occurring in the 0 to 24 m depth range, and an 
average of 23.1 m maximum dive depth. Histogram bars are max dive depth averages; error bars represent standard error of the 
mean. 
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Green and hawksbill turtles primarily use waters with temperatures of 28−31 °C, but hawksbill turtles spent more 
time in slightly warmer waters, with 41.0% of their time in waters of 30 °C, compared to green turtles that spent 37.5% of 
their time in waters of 29 °C (Figure 15). In general hawksbill turtles prefer warmer waters than their green turtle 
counterparts and it is likely that hawksbills are actively seeking out slightly warmer waters during the day (Gaos et al. 
2012). 

 
Figure 15. Proportion of time-at-temperature profiles for 84 green turtles (A) and 9 hawksbill turtles (B) in the MITT study area in 
2014−2019. Green turtles spent 37.5% of their time in temperatures of 29 °C, with an average temperature of 29.8 °C. Hawksbill 
turtles spent more time in slightly warmer waters, with 41.0% of their time in temperatures of 30 °C, but had also had an average 
temperature of 29.8 °C. Histogram bars are time-at-temperature averages; error bars represent standard error of the mean. 

Hawksbills tended to have longer dive durations than green turtles, with average dive durations of 47.4 minutes 
compared to 30.8 minutes, respectively (Figure 16). Time-at-depth, time-at-temperature, maximum dive depth, and dive 
duration histograms in Figures 13 to 16 provide detailed breakdowns of these habitat and behavioral variables for each 
species and suggest that hawksbill turtles spend more time at depth and in warmer waters. 

 

Figure 16. Dive duration profiles for 59 green turtles (A) and 7 hawksbill turtles (B) in the MITT study area in 2014−2017. Green 
turtles dove for 60 minutes or less on 90.1% of their dives, with an average dive duration of 30.8 minutes. Hawksbill turtles 
performed longer dives more frequently, with only 69.7% of their dives lasting 60 minutes or less and an average dive duration of 
47.4 minutes. Histogram bars are dive duration averages; error bars represent standard error of the mean. 
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Beginning in 2018, we adjusted our dive duration bins (see Methods) and since that time have been able to get 
increased resolution on the dive duration of 25 green turtles and 2 hawksbill turtles equipped with SPLASH tags. Results 
of the new bin settings further supported longer dive durations by hawksbills, with 18.7% of dives lasting more than one 
hour, compared to 9.0% for green turtles (Figure 17). 

 

Figure 17. Dive duration profiles with increased time resolution beyond 60 minutes for 25 green turtles (A) and 2 hawksbill turtles 
(B) in the MITT study area in 2018 and 2019. Green turtle dives lasted more than one hour only 9.0% of the time, compared to 
18.7% for hawksbill turtles. 

Diel comparisons indicated that green and hawksbill turtles use shallower water depths during nocturnal 
timeframes (10PM–4AM) compared to diurnal timeframes (10AM–4PM) (Figure 18 A−D). Green turtles spent 77.6% of 
their time in waters ≤10 m in depth during the night, compared to 48.3% during the day, while hawksbills spent 77.9% 
compared to 33.3%, respectively. The average depth where green and hawksbill turtles spent the most time during the 
night was 8.7 m and 12.3 m, respectively, compared to 13.2 m and 21.8 m during the day, respectively. Similarly, 85.1% 
of the maximum dive depths for green turtles were to depths of ≤14 m during the night compared to 60.5% during the 
day, while 69.0% of hawksbill dives were to depths of ≤14 m during the night compared 29.7% during the day. The average 
maximum dive depth at night for green turtles and hawksbill turtles was 11.0 m and 16.6 m, respectively, compared to 
15.5 m and 29.5 m during the day, respectively. These findings suggest that green turtles and hawksbills actively forage in 
deeper waters during the day, then settle in shallower waters to rest during the night, with hawksbills using deeper waters 
under both diel time periods. Both species spent time in slightly cooler waters during the day compared to night, although 
the average temperatures between these timeframes were very similar, with 29.8 °C versus 29.6 °C for green turtles, and 
29.9 °C and 29.7 °C for hawksbill turtles, respectively (Figure 18 E−F). Green and hawksbill turtles tend to undertake dives 
of longer duration at night compared to the day. The average dive duration at night for green turtles and hawksbill turtles 
was 32.2 minutes and 52.4 minutes, respectively, compared to 28.9 minutes and 35.5 minutes during the day, respectively 
(Figure 18 G−H). The longer dive durations during the night most likely reflect extended resting bouts during nocturnal 
time periods. 
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Figure 18. Diurnal (10 am–4 pm) versus Nocturnal (10 pm–4 am) depth profiles for 68 green turtles and 7 hawksbills, including time 
at depth (A & B), maximum dive depth (C & D), and time at temperature (E & F), as well as dive duration profiles for 25 green turtles 
and 2 hawksbill turtles (G & H), in the MITT study area in 2014−2019. 
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PROGRESS TOWARDS SUMMARY OF TASKS 

(1) Capture and tag sea turtles in the MITT study area, and deploy biotelemetry devices 

From 2013 through 2019, there were 160 turtles captured (with identification tags applied) and 111 satellite tags 
deployed in the MITT study area. 

(2) Process and analyze biotelemetry data and other survey data 

Kernel interpolation estimates include all tags to date (2013–2019, tags with sufficient data) and all areas of 
capture. Analyses revealed high site fidelity and limited movements for most turtles, although other movement 
patterns were also recorded. Tagging results suggest that movement patterns, residency times, and thus exposure 
to nearshore threats, likely vary throughout an individual’s life. Smaller juvenile turtles potentially settle into 
nearshore habitats after reaching 35 cm SCL, then spend most of their time in a localized reef area, while larger 
turtles (> 60 cm SCL) may undergo ontogenetic habitat shifts or have intermittent periods of residency as they 
move between foraging and breeding grounds. These habitat-use patterns are consistent with previous telemetry 
studies on reef-dwelling green and hawksbill turtles in other locations, yet possibly reveal habitat niches that are 
specific to the region.  

Fifteen tags were still active at the time of data analysis and PIFSC MTBAP staff will conduct additional in-depth 
analysis of satellite tagging data as the program advances. See Figures 2 to 9 and Table 2 for kernel interpolation 
estimates, Figures 10 to 12 for turtle migratory movements, and Figures 13 to 18 for time at depth, maximum 
dive depth, time at temperature and dive duration histograms. 

(3) Prepare annual reports 

Completed annually. 
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PROGRESS TOWARDS GUIDING QUESTIONS FROM THE FY13-15 MONITORING PLAN 

(i) Are there locations of greater cetacean and/or sea turtle concentration around Guam, Saipan, and Tinian? 
Efforts are on-going to answer this question.  

Every field season we expand our survey efforts to new areas of the Mariana Archipelago and encounter turtles 
in most locations around Guam, Saipan, and Tinian. The following areas appear to have high turtle density based 
on the boat-based snorkel survey observations and captures, as well as analysis of aerial survey data from Guam: 
(1) in Guam, the waters inside Apra Harbor near San Luis, Gab Gab, out to Spanish Steps including Dadi and Tipalao 
beaches outside of the harbor, Tumon Bay, Cocos Island, Cocos Lagoon, and Achang Bay (Martin et al. 2016), as 
well as between Pago Bay and Talofofo Bay. Although hawksbills can be found around the island, they comprised 
a much greater proportion of the turtles observed and caught in the area of Double Reef in northwest Guam; (2) 
in Saipan, the area stretching from the Balisa Channel to Managaha Island, as well as Lao Lao Bay and Puntan 
Gloria along the east side of the island, and (3) virtually the entire west coast of Tinian. These areas are primarily 
dominated by patch reef communities where the turtles both forage and rest.  

(ii) What is the occurrence and/or habitat use of sea turtles in areas that the Navy conducts underwater 
detonations? 

Dozens of turtles have been outfitted with satellite tags inside and just outside of Apra Harbor (including capture 
sites at Orote Point, Dadi Beach, and Piti Bomb Holes). From the spatial analysis of the GPS locations and 
movements from these satellite tags shown in Figure 6, we have not seen direct overlap of the turtles and their 
core use or home range areas with the Agat Bay Mine Neutralization Site, Piti Point Mine Neutralization Site, and 
Outer Apra Harbor Underwater Detonation Site. However, turtles are spending significant amounts of time in 
and moving through areas within 1−2 km of these sites, and the lack of overlapping GPS points could be due to 
the relatively low frequency of GPS locations obtained from these tags (often a maximum of one per day). 
Analyses and filtering of Argos location classes (see supplemental materials) may provide more data on daily 
locations. 

ACTIVITIES PLANNED FOR 2020 

We have a minimum of one in-water survey planned for Guam, Saipan, and Tinian for June through November 
(weather dependent) of 2020 to survey new areas or those requiring additional monitoring and satellite tag deployment. 
We will continue our analyses of the satellite data to understand home range, habitat preferences, preferred depths and 
temperature, as well as movement within and outside the archipelago. These analyses will provide the basis of a 
manuscript intended for journal submission in 2021. The research to date has largely focused on in-water surveys and 
expansion to regions/areas throughout the archipelago. Moving into FY21 and beyond, our efforts will build from 
presence/absence to population status and trends and eventually abundance estimates. To get to trends and abundance, 
the PIFSC MTBAP will use data derived from the Navy / NOAA Interagency Agreement as well as Guam DAWR, PIFSC 
Habitat and Living Marine Resources Program, and PIFSC Cetacean Research Program turtle sighting data to gain a more 
robust understanding of the population distribution and abundance. The MTBAP is also incorporating genetic and 
hormone assays to get at regional management units and to understand environmental impacts such as climate change. 
In the coming two years, our research portfolio will include manuscripts (publications and submissions) describing the in-
water and nesting populations, modeling for habitat use, and population abundance. 
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SUPPLEMENTARY MATERIAL 

1. Text file: PACFLEET1_PIFSC_Turtles_Surveys_GPS_BoatTracks_2013-2019.txt 
Includes all boat survey tracks from the 2013-2019 field seasons throughout the MITT study area. 

2. Text file: PACFLEET2_PIFSC_Turtles_Obs_Capts_SatTags_2013-2019.txt 
Includes all metadata on turtle observations, captures, and satellite tag deployments in 2013-2019 (date, location, 
species, numbers of all tags applied, turtle length measurement, etc.). 

3. Text file: PACFLEET3_PIFSC_Cetaceans_Obs_2016-2019.txt 
Includes all metadata on cetacean observations for 2016-2019 (date, location, species).  

4. Text file: PACFLEET4_PIFSC_Turtles_SatTags_Locations_GPS_2013-2019.txt 
Includes raw GPS location data from Wildlife Computers SPLASH Satellite tags. See table below for interpretation 
of GPS locations. 

5. Text file: PACFLEET5_PIFSC_Turtles_SatTags_Locations_ARGOS_2013-2019.txt 
Includes raw Argos location data from Wildlife Computers SPLASH Satellite tags deployed in 2013-2019. See 
table below for interpretation of Argos derived locations.  

6. Text file: PACFLEET6_PIFSC_Turtles_SPOTSatTags_Locations_ARGOS_2013-2019.txt 
Includes raw Argos location data from Wildlife Computers SPLASH Satellite tags deployed in 2013-2019. See 
table below for interpretation of Argos derived locations.  

7. Text file: PACFLEET7_PIFSC_Turtles_SatTags_TimeAtDepth_2014-2019.txt 
Includes time-at-depth histogram data from satellite tags deployed in 2014-2019. Raw data are provided as the 
proportion of time spent at binned depths for designated periods of time.  

8. Text file: PACFLEET8_PIFSC_Turtles_SatTags_TimeAtTemp_2014-2019.txt 
Includes time-at-temperature histogram data from satellite tags deployed in 2014-2019. Raw data are provided 
as the proportion of time spent at binned temperatures for designated periods of time.  

9. Text file: PACFLEET9_PIFSC_Turtles_SatTags_DiveDepth_2014-2019.txt 
Includes dive depth histogram data from satellite tags deployed in 2014-2019. Raw data are provided as the 
number of dives reaching the maximum depth within specified bins for designated periods of time.  

10. Text file: PACFLEET10_PIFSC_Turtles_SatTags_DiveDuration_2014-2019.txt 
Includes dive duration histogram data from satellite tags deployed in 2014-2019. Raw data are provided as the 
number of dives reaching the durations within specified bins for designated periods of time.  
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Argos satellite tag reference table. Provides information describing accuracy of location classes associated with Argos-
derived and Fastloc-GPS-derived locations. 
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APPENDIX 

Table A1. Summary of 2013−2014 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in 
nearshore waters of Guam, Saipan, and Tinian. Data fields from left to right: Survey date, Island, Site location, Longitude, 
Latitude, Type of Event (Obs. = observation only, SatTag = capture with satellite tag deployment, Capt. = capture but no satellite 
tag deployed), Species (CM = green turtle, EI = hawksbill turtle, UN = unknown species, but green or hawksbill turtle), Number of 
individuals, Attachments (instruments), Argos ID (satellite tags), Straight Carapace Length (cm), Mass (kg), Sex (U = unknown, M = 
male), Turtle ID (species, date, location, length), Flipper tag ID (left front flipper), Flipper tag ID (right front flipper), PIT tag 
microchip ID (left hind flipper), PIT tag microchip ID (right hind flipper).  
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Table A2. Summary of 2015 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in Guam, 
Saipan, and Tinian. Data fields as in Table A1. 
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Table A3. Summary of 2016 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in Guam, 
Saipan, and Tinian. Data fields as in Table A1. 
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Table A3 (continued). Summary of 2016 turtle observations, captures, and satellite tag deployments from boat-based snorkel 
surveys in Guam, Saipan, and Tinian. Data fields as in Table A1.  
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Table A4. Summary of 2017 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in Guam, 
Saipan, and Tinian. Data fields as in Table A1. 
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Table A4 (continued). Summary of 2017 turtle observations, captures, and satellite tag deployments from boat-based snorkel 
surveys in Guam, Saipan, and Tinian. Data fields as in Table A1. 
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Table A5. Summary of 2018 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in Guam, 
Saipan, and Tinian. Data fields as in Table A1. 
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Table A6. Summary of 2019 turtle observations, captures, and satellite tag deployments from boat-based snorkel surveys in Guam, 
Saipan, and Tinian. Data fields as in Table A1. 
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Table A7. Summary of 2016-2019 cetacean observations boat-based snorkel surveys in Guam, Saipan, and Tinian. Spinner dolphins 
(Stenella longirostris) and possibly bottlenose dolphins (Tursiops truncatus) were the only species observed. Cetacean observations 
were not recorded in 2013-2015.  
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