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ABSTRACT 
 

Locations of important foraging areas are not well defined for many marine species. 

Unraveling these mysteries is vital to develop conservation strategies for these species, 

many of which are threatened or endangered. Satellite-tracking is a tool that can reveal 

movement patterns at both broad and fine spatial scales, in all marine environments. This 

chapter presents records of the longest duration track of an individual juvenile green 

turtle (434 days) and highest number of tracking days in any juvenile green turtle study 

(5483 tracking days) published to date. In this chapter, we use spatial modeling 

techniques to describe movements and identify foraging areas for juvenile green turtles 

(Chelonia mydas) captured in a developmental habitat in south Texas, USA. Some green 

turtles established residency in the vicinity of their capture and release site, but most used 

a specific habitat feature (i.e., a jettied pass) to travel between the Gulf of Mexico and a 

nearby bay. Still others moved southward within the Gulf of Mexico into Mexican coastal 

waters, likely in response to decreasing water temperatures. These movements to waters 

off the coast of Mexico highlight the importance of international cooperation in 

restoration efforts undertaken on behalf of this imperiled species. 
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INTRODUCTION 
 

The green sea turtle (Chelonia mydas, Linnaeus 1758) (Figures 1a and 1b) is found in 

tropical and subtropical marine and coastal environments. The species migrates extensively 

and occurs in different habitats during successive stages of its life. For the first year of life or 

longer, green turtles are pelagic and passively drift in oceanic currents and gyre systems (Carr 

1980, 1982, Carr & Meylan 1980, Hirth 1997, Musick & Limpus 1997, Witherington et al. 

2012). At roughly 20-40 cm curved carapace length (CCL), juveniles leave the pelagic zone 

and actively recruit to shallow developmental habitats in tropical and temperate zones 

(National Marine Fisheries Service [NMFS] & U.S. Fish and Wildlife Service [USFWS] 

1991, 2007, Hirth et al. 1992, Meylan et al. 2011). Juveniles may enter a series of 

developmental habitats to locate appropriate forage (sea grasses and macroalgae) and thermal 

conditions (Hirth 1997, Musick and Limpus 1997). Generally, pubescent green turtles 

transition into adult foraging habitats and then adults migrate between foraging and nesting 

grounds (Carr et al. 1978, Meylan 1982, Mortimer and Carr 1987, Limpus et al. 1992, Papi et 

al. 1995, Hirth 1997, Seminoff et al. 2008). 

Green turtles are listed as endangered by the International Union for the Conservation of 

Nature (IUCN) (Groombridge 1982) and threatened under the USA Endangered Species Act 

(ESA) in all areas, except for breeding populations in Florida and on the Pacific Coast of 

Mexico, which are listed as endangered (NMFS and USFWS 1991, 2007). Whereas the 

ecology and movements of nesting adult Chelonia mydas are reasonably well studied (e.g. 

Papi et al. 1995, Hays et al. 2000, 2007, Godley et al. 2002, Seminoff et al. 2008, Scott et al. 

2012, Hart et al. 2013, see Godley et al. 2008 for a review), relatively little is known about 

these same aspects for juveniles of this species (but see Godley et al. 2003, Hart and Fujisaki 

2010, McClellan and Read 2009, Gonzales Carmen et al. 2012). Furthermore, although 

juvenile green turtles in the Gulf of Mexico have been the focus of ecological studies for over 

a decade (Shaver 1994, 2000, Coyne 1994, Renaud et al. 1995, Arms 1996, Schmid 1998, 

Hart and Fujisaki 2010, Avens et al. 2012, Howell 2012, Anderson et al. 2013), gaps remain 

in our understanding of green turtle movements and habitat use in the Gulf (see Hazen et al. 

2012). 

Numerous historical accounts substantiate that large numbers of green turtles once 

occupied Texas waters (Hildebrand 1983, Doughty 1984). A green turtle fishery, operating 

almost exclusively within inshore waters (bays, estuaries, and passes) began in Texas during 

the mid-1800s (Hildebrand 1982). Over-fishing and hypothermic stunning during periodic 

freezes are thought to have decimated the population by 1900. Survivorship of green turtles in 

Texas is currently diminished due to several natural (hypothermic stunning) and human-

related (dredging, hook-and-line capture, debris ingestion and entanglement, boat propeller 

collisions, etc.) factors (Shaver 2000). However, the vulnerability of turtles to these threats 

depends on the habitats that they occupy, and their movements and seasonal patterns of 

movement there. Understanding these aspects of their ecology and biology is vital to 

assessing and managing the impacts of these threats on the green turtle population in Texas. 

In Texas, juvenile green turtles are primarily herbivorous (Coyne 1994, Howell 2012) and are 

most numerous in south Texas bays and passes (Shaver 2000). Sea grasses and macroalgae 

are abundant in the south Texas bays (Quammen and Onuf 1993, Lehman 1999, Onuf and 
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Ingold 2007) which are relatively shallow and connected to the Gulf of Mexico by few 

passes. Jetties armor these passes and macroalgae grow on the jetty rocks (Kaldy et al. 1995). 

Based on documentation of large numbers of individuals stranded (washed ashore, alive 

or dead) and captured during netting studies (Coyne 1994, Arms 1996, Shaver 1994, 2000), 

the Lower Laguna Madre, Mansfield Channel, and Brazos Santiago Pass in south Texas 

(Kieslich 1977, Weise and White 1980) are likely among the most important developmental 

habitats for green turtles in the western Gulf of Mexico (Figures 2a and 2b). Transient and 

seasonally-resident juvenile green turtles may use the Mansfield Channel as an intermediate 

developmental habitat between the pelagic habitat and lagoonal feeding pastures as well as a 

route for movement between the Gulf of Mexico and Laguna Madre (Shaver 1994). 

  

 

Figure 1. (a) A juvenile green turtle (Chelonia mydas) in Florida, USA and (b) a juvenile green turtle 

(Chelonia mydas) swimming in the Mansfield Channel, Texas, USA. Photographs (a) taken by Bethany 

Resnick and (b) by the United States National Park Service. 
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Figure 2. (a) The Mansfield Channel, Texas, USA. Photograph provided by the United States National 

Park Service. (b) Map showing the location of the Laguna Madre, Mansfield Channel, and other passes 

in south Texas, USA. 
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We used a combination of satellite tracking and spatial modeling techniques to 

characterize movements, identify and delineate foraging areas, and quantify site-fidelity at 

core-use foraging areas. Satellite technology has been used to investigate the movements of 

sea turtles since the late 1970s (Godley et al. 2008, Hart and Hyrenbach 2009). However, 

most research has focused on adult females and results are not directly applicable to juveniles, 

which do not undertake reproductive migrations between nesting and foraging grounds. Only 

a few studies have been undertaken to investigate movements of juvenile green turtles using 

satellite telemetry (Shaver 2000, Makowski et al. 2006, McClellan and Reed 2009, Hart and 

Fujisaki, 2010, Gonzales Carman et al. 2012). We employed the kernel density estimation 

(KDE) technique to identify core-use zones (Seaman and Powell 1996, Worton 1989); KDE 

has been used widely to assess habitat-use of juvenile and adult sea turtles (e.g., Seminoff et 

al. 2002, Makowsi et al. 2006, Hart and Fujisaki 2010). Because KDE has extensive data 

requirements (e.g., a minimum number of 20 mean daily locations), we also used a minimum 

convex polygon (MCP) tool to delineate habitat-use for turtles whose spatial data did not 

meet KDE requirements. 

Here we used spatial modeling tools to characterize movements and delineate foraging 

areas for juvenile green turtles tracked by satellite telemetry in Texas waters. Our objectives 

were to (1) spatially define foraging areas; (2) characterize foraging areas with respect to 

bathymetry and distance from shore; (3) investigate long-distance and long-term movements; 

and (4) investigate seasonal and annual variations in movements and habitat utilization. We 

sought to determine whether juvenile green turtles remain at the Mansfield Channel year-

round or whether they leave when water temperatures drop, which would help them avoid 

cold temperatures that cause hypothermic stunning (Witherington and Ehrhart 1989), the most 

significant source of green turtle mortality in Texas (Shaver 2000). 

 

 

RESEARCH METHODS 
 

Satellite-Tracking Turtles 
 

We deployed satellite-tags on 30 juvenile green turtles. These backpack style platform 

transmitter terminals (PTTs), (Telonics, Inc., of Mesa, Arizona), included models ST-14 (n = 

3) (16.5 x 9.8 x 3.0 cm), ST-6 (n = 16) (15.0 x 6.5 x 5.0 cm), and two styles of ST-10 (n = 11) 

(ST 10a: 10.0 x 4.8 x 2.0 cm; ST-10b: 13.4 x 4.7 x 1.9 cm). One PTT (7682) was applied to a 

turtle that was found cold stunned on Boca Chica Beach, near the entrance to South Bay, 

Texas, USA (26°02'45"N, 97°11'48"W) on 5 February 1996, and released near the stranding 

location on 9 February 1996. Twenty-nine were applied on turtles that were directed-capture 

entanglement netted (Shaver 1994, 2000) at the base of the north jetty at Mansfield Channel, 

Texas, USA (26
o
33'50"N, 97

o
16'45"W) (Figures 2a and 2b) from April 1995 through 3 

December 1997 (Table 1). Turtles were documented, measured, weighed, individually tagged 

with one passive integrated transponder (PIT) tag and two Inconel flipper tags, and outfitted 

with PTTs using established protocols (NMFS Southeast Fisheries Science Center 2008). 

Turtle movements were monitored via satellite until transmitters were removed or 

transmissions ceased due to transmitter detachment or failure. PTTs were programmed with a 

transmission (duty) cycle of 6 h on/6 h off (n = 22) or 8 h on/52 h off (n = 8) to extend battery 
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life. For each transmission, Argos provided data on latitude and longitude, location quality, 

and number of messages used to calculate location. Additionally, for ST-6 and ST-14 PTTs, 

internal temperature of the PTT housing was reported, with an accuracy of ± 2 °C. 

 

Table 1. Tracking details for juvenile green turtles tagged in Texas, 1995-1997 

 

Tag 

Number 

Size 

(SCL cm) 
Tagging Date 

Last Tracking 

Date (days) 

Days 

Tracked 

No. Filtered 

Locations 

7668 30.6 04/14/1995 07/03/1995 80 21 

7669 35.9 04/14/1995 06/05/1995 52 34 

7667 35.9 05/02/1995 06/01/1995 30 22 

7670 33.4 10/14/1995 10/25/1995 11 7 

7671 37.7 10/14/1995 02/25/1996 134 89 

7673 35.6 11/11/1995 07/11/1996 243 32 

7677 36.3 11/11/1995 01/18/1997 434 241 

7678 39.6 11/11/1995 07/24/1996 256 180 

7680 37.0 11/11/1995 09/13/1996 307 189 

7681 41.2 11/11/1995 11/18/1996 373 3 

7674 40.0 12/01/1995 05/13/1996 164 127 

7676 40.4 12/01/1995 12/09/1995 8 0 

7672 44.2 12/02/1995 01/31/1996 60 34 

7684 34.4 12/02/1995 08/17/1996 259 30 

7683 33.4 12/14/1995 02/29/1996 77 21 

7682 53.3 02/09/1996 09/02/1996 206 282 

7675 36.0 05/17/1996 11/17/1996 184 123 

7698 43.0 07/19/1996 06/11/1997 327 230 

7661 34.1 09/17/1996 05/09/1997 234 7 

7676A 34.6 09/17/1996 01/02/1997 107 5 

7660 33.7 09/25/1996 06/10/1997 258 19 

7683A 32.8 09/25/1996 10/23/1996 28 0 

7671A 35.3 10/11/1996 05/17/1997 218 142 

7672A 33.1 10/11/1996 02/12/1997 124 38 

7674A 35.6 10/11/1996 10/26/1997 380 166 

7662 37.6 10/24/1996 07/04/1997 253 144 

7663 36.2 11/15/1996 06/20/1997 217 243 

7685 48.1 03/05/1997 05/31/1997 87 19 

7675A 47.7 09/17/1997 02/23/1998 159 55 

7677A 41.0 12/03/1997 07/04/1998 213 105 

mean 37.9 

  

182.8 86.9 

SD 5.2 

  

115.9 87.2 

 

 

Determining Habitat-Use for Juvenile Green Turtles 
 

Least-squares location processing of location data was performed by Argos. The accuracy 

of latitude and longitude calculations was dependent on the number of messages received 

from a PTT during a satellite pass and the angle to the satellite from the PTT. Argos assigns 

accuracy estimates of <250 m for location class (LC) 3, 250 to <500m for LC 2, 500 to <1500 

m for LC 1, and >1500 m for LC 0 (CLS 2011). The estimated accuracy is unknown for LCs 

A and B. Satellite location data were filtered to ensure a high level of accuracy. We excluded 
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Z locations and any locations requiring a straight-line speed >5 km/h. We also excluded any 

points that fell on land, were implausibly far away, or were deeper than 100 m (which only 

accounted for 3% [160/4664 points] of unfiltered points). Location classes (LC) 3, 2, 1, 0, A, 

and B were used to reconstruct routes and calculate straight-line and total distances that the 

turtles traveled.  

After generating mean daily locations for each turtle to minimize autocorrelation, we 

performed kernel density estimation (KDE) for each turtle’s filtered points. Kernel density is 

a non-parametric method used to identify one or more areas of disproportionately heavy use 

(i.e. core areas) within a home-range boundary (White and Garrott 1990, Worton 1987, 1989), 

with appropriate weighting of outlying observations. We used the Home-Range Tools for 

ArcGIS extension (Rodgers et al. 2005) and reference bandwidth (href) for each KDE. When 

we observed unequal variance of the x and y coordinates, we rescaled the data to select the 

best bandwidth (following Seaman and Powell 1996, Laver and Kelly 2008). We used 

ArcGIS 9.3 (ESRI 2007) to calculate the in-water area (km
2
) within each kernel density 

contour (50% and 95%) and to plot the data; we used 95% KDEs to represent the overall 

home foraging range, and the 50% KDEs to represent core area of activity at foraging sites 

(Hooge et al. 2001). We also defined the area where individual 50% KDEs overlapped. For 

foraging periods without 20 mean daily locations, we performed minimum convex polygon 

(MCP) analysis (100% of points; Burt 1943, Mohr 1947) using ArcMap 9.3 (ESRI 2007) and 

obtained the in-water area for these. 

We also tested location data for and quantified site-fidelity to in-water foraging locations 

using the Animal Movement Analysis Extension for ArcView 3.2. Using Monte Carlo 

Random Walk simulations (100 replicates), we tested tracks for spatial randomness against 

randomly generated walks (Hooge et al. 2001). We bounded the range for random walks from 

-100 m – 0 m bathymetry to include only the realistic extent of the in-water habitat for our 

animals during the study period. Tracks exhibiting site-fidelity indicate movements that are 

more spatially constrained rather than randomly dispersed (Hooge et al. 2001). 

To describe each foraging site’s characteristics, we calculated the centroid of each MCP 

and 50% KDE. We extracted depths for all centroids and the distance from each to the nearest 

land. For bathymetry, we used the NOAA National Geophysical Data Center (GEODAS) 

ETOPO1, 1 arc-minute global relief model of Earth’s surface (http://www.ngdc.noaa. 

gov/m,gg/geodas/geodas.html; accessed 26 January 2012). 

Any use of trade, product, or firm names in this chapter is for descriptive purposes only 

and does not imply endorsement by the U.S. Government.  

 

 

RESULTS AND DISCUSSION 
 

Tracking Sea Turtles 
 

We deployed most PTTs during the fall (September-November) (n = 17) with decreasing 

numbers deployed during the winter (December-February) (n = 7), spring (March-May) (n = 

5), and summer (June-August) (n = 1), to focus tracking efforts on months with the highest 

probability of documenting long distance movements. The 30 turtles ranged in size from 30.6 

to 53.3 cm SCL (mean ± SD = 37.9 ± 5.2 cm, Table 1) and 3.2 to 27.7 kg mass (mean ± SD 
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=7.7 ± 4.6 kg). In a total of 5483 tracking days, individual turtle tracking durations ranged 

from 8 to 434 d (mean + SD = 182.8 + 115.9 d; Table 1). This includes records of the longest 

duration track of an individual juvenile green turtle (434 days) and highest number of tracking 

days in any juvenile green turtle study (5483 tracking days) published to date.  

 

 

Habitat-Use Areas 
 

Seventeen turtles had at least 20 locations remaining after filtering. Of these, 13 had 

enough mean daily locations for KDE analysis (Figure 3, Table 2), and 11 of these displayed 

site-fidelity (Table 2). The mean size of in-water 50% core-use areas was 332.0 + 353.6 km
2
 

and the mean size of 95% home range areas was 2075.4 + 1567.2 km
2 

(Table 2). We also 

calculated 5 MCPs for turtles with location data not meeting requirements for KDE analysis 

(Figure 4, Table 3); all five turtles displayed site-fidelity and the mean size of their core-use 

areas was 633.0 + 495.4 km
2 

(Table 3). Finally, the 50% and 95 KDEs, 50% KDE intersect 

areas, and MCP centroid locations were concentrated in and around the Mansfield Channel 

(Figures 3 and 4). 

 

Table 2. Kernel density estimate (KDE) results for juvenile green turtles. Results shown 

for all turtles with at least 20 filtered locations. A KDE was run if there were at least 20 

mean daily locations and the points passed the site fidelity test 

 

Tag 

Number 

Mean Daily 

Locations 

Site 

Fidelity 

Site Fidelity 

p-value 

50% KDE Area 

(km
2
) 

95% KDE Area 

(km
2
) 

7662 40 Fail p > 86.1 N/A N/A 

7663 33 Fail p > 93.1 N/A N/A 

7667 17 N/A N/A N/A N/A 

7668 17 N/A N/A N/A N/A 

7669 22 Pass p > 99.0 63.5 491.9 

7671 46 Pass p > 99.0 116.6 1241.4 

7671A 45 Pass p > 99.0 1056.7 4944.4 

7672 15 N/A N/A N/A N/A 

7672A 19 N/A N/A N/A N/A 

7674 23 Pass p > 97.0 966.0 4657.9 

7674A 49 Pass p > 99.0 175.3 1610.0 

7675 69 Pass p > 99.0 51.3 527.4 

7675A 36 Pass p > 99.0 257.9 2047.8 

7677 29 Pass p > 99.0 286.0 1527.3 

7678 28 Pass p > 96.0 364.3 2746.1 

7682 168 Pass p > 99.0 282.0 2629.4 

7698 72 Pass p > 99.0 32.1 406.3 

mean 42.8 

  

332.0 2075.4 

SD 36.5 

  

353.6 1567.2 
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Figure 3. 50%, 95%, and 50% intersect area kernel density estimates (KDE) for foraging areas of 

juvenile green turtles (Chelonia mydas, n = 11) tagged in Texas from 1995-1997. 
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Figure 4. Minimum convex polygon (MCP) foraging areas for juvenile green turtles (Chelonia mydas, n 

= 5) tagged in Texas from 1995-1997. 
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Table 3. Minimum convex polygon (MCP) results for juvenile green turtles. MCP was 

calculated for turtles without a KDE that passed the site fidelity test and had at least 3 

locations in separate areas (non-duplicate locations) 

 

Tag 

Number 
Site Fidelity 

Site Fidelity 

p-value 

MCP Area 

(km
2
) 

7660 Fail p > 53.5 N/A 

7667 Fail p > 42.6 N/A 

7668 Pass p > 99.0 367.1 

7670 Fail p > 90.0 N/A 

7672 Fail p > 29.7 N/A 

7672A Pass p > 99.0 1111.7 

7673 Fail p > 82.2 N/A 

7676A Fail p > 50.5 N/A 

7680 Pass p > 96.0 486.3 

7683 Pass p > 100.0 26.4 

7684 Pass p > 99.0 1173.5 

7685 Fail p > 72.3 N/A 

mean 

  

633.0 

SD 

  

495.4 

 

 

Spatial Configuration of Habitat-Use Areas 
 

Centroids for the 11 KDEs and 5 MCPs (Figure 5, Table 4) were close to land and in 

shallow water. Distances to the nearest land from centroids of 50% KDEs ranged from 0.0 to 

13.0 km (mean + SD = 3.0 + 4.3 km; Table 4). Bathymetry values (i.e., a proxy for water 

depths) at these centroid locations ranged from -21.0 to 0 m (mean + SD = -5.3 + 8.1 m; 

Table 4) at all sites. Distances to the nearest land from centroids of the 5 MCPs ranged from 

0.2 to 14.4 km (mean + SD = 6.7 + 5.1 km; Table 4), and bathymetry values at these locations 

ranged from -23.0 to 0 m (mean + SD = -11.4 + 10.7 m; Table 4). Notably, the centroids for 

the KDEs and MCPs were also clustered in and around the Mansfield Channel (Figure 5), 

further corroborating the importance of this habitat for foraging and transit between the 

Laguna Madre and Gulf of Mexico. 

 

 

Final Locations 
 

To show the final locations received for each turtle, we determined the final locations for 

28 tagged turtles after all filtering (2 turtles had no points remaining after filtering; Figure 6, 

Table 5). Final locations occurred across 11 months of the year and ranged from 1995-1998. 

Nine of the 28 final locations (32%) occurred off the coast of Tamaulipas, Mexico while the 

remaining 19 (68%) were off the coast of Texas, USA.  
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Table 4. Centroid depths and distance to shore for the KDEs and MCPs of juvenile 

green turtles 

 

Tag 

Number 
Centroid Type Depth (m) 

Distance to Shore 

(km) 

7669 KDE -18 9.2 

7671 KDE 0 0.5 

7671A KDE -13 4.0 

7674 KDE 0 0.0 

7674A KDE 0 0.1 

7675 KDE -6 0.5 

7675A KDE 0 0.1 

7677 KDE 0 1.9 

7678 KDE 0 0.6 

7682 KDE 0 3.3 

7698 KDE -21 13.0 

7668 MCP -23 14.4 

7672A MCP -16 5.4 

7680 MCP -18 8.1 

7683 MCP 0 5.5 

7684 MCP 0 0.2 

mean  -7.2 4.2 

SD  9.1 4.8 

 

 

Spatial Movements and Key Habitats 
 

We documented a variety of movements throughout the tracking period. All mapped 

locations for two turtles (7667, 7669) were within 35 km of the Mansfield Channel jetties. 

However, both turtles were only tracked for 1 to 2 months. In contrast, turtles tracked for 

longer time periods dispersed to waters within the Lower Laguna Madre or Gulf of Mexico; 

some dispersed within a few days of being tagged, while others were located in the vicinity of 

the Mansfield Channel for months. Collectively, locations ranged from approximately 21
o
21’ 

N (7674A) to 27
o
43’ N (7663) and 90

o
06’ W (7677) to 97

o
50’ W (7674A). However, the vast 

majority of locations were within a much smaller area centered in south Texas (Figure 6). 

The Mansfield Channel and Brazos Santiago Pass were both used extensively during this 

study. Virtually all tracked turtles were located in the vicinity of the Mansfield Channel on at 

least one occasion after PTT deployment and several were located there several times over a 

period of months. Eight were located at the Brazos Santiago Pass at some time during the 

tracking period; some only a few times, but others numerous times. Turtles at both the 

Mansfield Channel and Brazos Santiago Pass jetties have an abundant food source of 

macroalgae (Coyne 1994, Kaldy et al. 1995, Howell 2012) in proximity to resting sites. 

Juvenile green turtles have been observed resting wedged between rocks at south Texas jetties 

(Shaver unpublished data). Also, sea grasses, another important food source for green turtles, 

are available nearby within the adjoining Laguna Madre (Quammen and Onuf 1993). The 
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Laguna Madre is also considered an important developmental habitat for juveniles (Coyne 

1994, Shaver 1994, 2000, Renaud 1995, Arms 1996). 

Twenty-five of the tracked turtles entered the Laguna Madre. Some moved extensively 

within the Laguna Madre, whereas others made only brief excursions into and out of Laguna 

Madre from the Mansfield Channel and Brazos Santiago Pass, which are the only means of 

ingress and egress in south Texas to this important body of water. All 25 appeared to have 

used the Mansfield Channel as a passageway between the Gulf of Mexico and the Lower 

Laguna Madre. This is the first documentation that juvenile green turtles use the Mansfield 

Channel as a passageway between the Lower Laguna Madre and Gulf of Mexico. However, 

use of the Brazos Santiago Pass as a route of movement between the Lower Laguna Madre 

and Gulf of Mexico was documented previously (Arms 1996). 

 

 

Figure 5. Centroid locations for juvenile green turtles (Chelonia mydas, n = 16) from 50% kernel 

density estimates (KDE) and minimum convex polygon (MCP) foraging areas. 
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Figure 6. Last location (from filtered locations, see methods) for all tagged juvenile green turtles 

(Chelonia mydas, n = 28) tagged in Texas from 1995-1997.  

Tracked turtles moved extensively in the Gulf of Mexico. Sixteen of them traveled more 

than 30 km north of the Mansfield Channel jetties, but fewer locations were received and less 

time was spent north of the Mansfield Channel versus south of it. Twenty of the tracked 

turtles traveled southward into Gulf of Mexico waters off Mexico. Some traveled just a few 

km south of the USA/Mexico border, while others traveled a few hundred km south of the 

border. Nine of the 20 remained south of the USA/Mexico border through the end of the 

tracking period and 11 later traveled northward and re-entered waters off the Texas coast. 
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Results from this study provide the first documentation of juvenile green turtles moving 

between Gulf of Mexico waters off Texas and Mexico. This pattern is supported by records of 

turtles documented in Mexico that had previously been flipper tagged in Texas during 

directed capture netting research or after stranding, rehabilitation, and release, or records in 

Texas of turtles previously tagged in Mexico (Shaver unpublished data). Based on satellite 

tracking results and these flipper tag returns, we know that many juvenile green turtles move 

between Texas and Mexico. In contrast, no green turtles were tracked to Florida during this 

study, and there have been no flipper tag returns for juvenile green turtles between Texas and 

Florida (Shaver unpublished data). Hence, the population of juvenile green turtles in the 

western Gulf of Mexico (off Texas and Tamaulipas, Mexico) may be distinct from the 

population in the eastern Gulf of Mexico (off Florida). Further work with juvenile green 

turtles in other Northern Gulf of Mexico bays and estuaries is needed to confirm our 

hypothesis. 

 

Table 5. Last filtered location for tracked juvenile green turtles. Tag numbers 7676 and 

7683A had no locations remaining after filtering 

 

Tag 

Number 
Date 

Location 

Class 
Latitude Longitude 

7660 06/10/1997 0 26.553 -97.399 

7661 03/11/1997 0 22.953 -97.649 

7662 07/04/1997 B 22.846 -97.572 

7663 06/19/1997 0 24.631 -97.713 

7667 06/01/1995 A 26.591 -97.277 

7668 07/03/1995 3 26.563 -97.279 

7669 06/05/1995 B 26.713 -97.226 

7670 10/25/1995 0 26.572 -97.296 

7671 02/28/1996 1 25.701 -96.716 

7671A 05/15/1997 B 26.092 -97.216 

7672 01/31/1996 3 24.644 -97.653 

7672A 02/12/1997 0 22.706 -97.795 

7673 07/11/1996 0 25.910 -97.135 

7674 05/13/1996 0 26.221 -96.991 

7674A 10/05/1997 0 21.513 -97.269 

7675 11/17/1996 A 26.625 -97.374 

7675A 02/23/1998 B 26.557 -97.397 

7676A 12/19/1996 A 26.190 -97.185 

7677 01/18/1997 0 26.533 -97.401 

7677A 07/04/1998 0 26.561 -97.282 

7678 07/22/1996 A 26.593 -97.415 

7680 09/13/1996 B 26.156 -97.144 

7681 01/26/1996 0 26.394 -96.938 

7682 09/02/1996 0 26.342 -97.285 

7683 02/29/1996 0 26.205 -97.140 

7684 08/17/1996 0 26.411 -97.372 

7685 07/05/1997 0 26.567 -97.269 

7698 06/10/1997 3 25.245 -97.446 
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Seasonal Movements 
 

Turtles displayed a higher degree of site fidelity to the Mansfield Channel area during the 

spring, summer, and fall than during the winter. Virtually all tracked turtles left the Mansfield 

Channel area at some point during the winter; some only left for a few days, while others did 

not return during the tracking period. 

Turtle tracks varied during three winter periods (1995-1996, 1996-1997, and 1997-1998). 

The lowest temperatures recorded by PTTs (as low as 5° C) were recorded during the winter 

of 1995-1996 and movements were more erratic and variable during this winter. Movements 

of the nine turtles from December 1995 through at least January 1996 (Table 1) also varied. 

Although one remained in the vicinity of the Mansfield Channel throughout the winter, all 

others left for a period of time; some entered the Lower Laguna Madre, some Gulf waters off 

the south Texas coast, and some Gulf waters off the coast of Mexico. Four returned to the 

Mansfield Channel after temperatures warmed, but four others did not return during the 

tracking period. In contrast, during the winter 1996-1997, all turtles tracked made more direct 

movements southward after temperatures dropped to 10-15° C. All seven tracked from 

December 1996 through at least January 1997 left USA waters at approximately the same 

time, roughly 12 January 1997, migrated southward along the Gulf coast of Mexico parallel to 

the coastline, and ventured at least 60 km south of the USA/Mexico border; all but two 

remained in waters off the coast of Mexico until transmissions ceased. The only turtle tracked 

from December 1997 through at least January 1998 left the Mansfield Channel area, but 

returned there in April.  

Changes in temperatures have profound impacts on the behavior and survival of sea 

turtles (Read et al. 1996, Davenport 1997, Spotlila et al. 1997). As winter approaches and 

water temperatures drop, many sea turtles emigrate from temperate areas and migrate towards 

warmer tropical waters (Witherington and Ehrhart 1989), thereby reducing their vulnerability 

to cold stunning, which is the most significant cause of juvenile green turtle mortality in 

Texas (Shaver 2000). As water temperatures decrease in south Texas, juvenile green turtles 

may move in search of warmer waters located further offshore or south. During the winter, 

Gulf of Mexico waters are warmer off Mexico than off south Texas (Inoue and Welsh 1997). 

Some green turtles leave south Texas during the winter, while others overwinter there (at least 

in the Lower Laguna Madre) during particular years (Coyne 1994, Shaver 1994, 2000, Arms 

1996). However, those that remain in shallow inshore areas face the threat of hypothermic 

stunning during occasional years when freezing air temperatures occur. More turtles are 

found washed ashore (stranded) as a result of hypothermic stunning than from any other 

factor in Texas (Shaver 2000). Whether green turtles stay or leave is likely dependent on 

temperature parameters and their ability to access to the Gulf of Mexico. Turtles at the passes 

can quickly access deeper, warmer waters, whereas turtles can become trapped in the Laguna 

Madre as water temperatures and their activity levels decrease. Most cold stunned turtles 

recorded in Texas are within the Laguna Madre, where there are only three direct access 

points (passes) to the Gulf of Mexico. 
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Study Implications and Next Steps 
 

After decades of conservation, the green turtle population inhabiting Texas waters is 

showing promising signs of recovery. Based on large increases in the numbers of green turtles 

located stranded and documented by the USA Sea Turtle Stranding and Salvage Network 

(STSSN) (Shaver unpublished data), it is likely that the juvenile green turtle population in 

Texas has grown rapidly in recent years. In February 2011, the STSSN documented more 

than 1,600 green turtles stranded in Texas as a result of hypothermic stunning, in the largest 

hypothermic stunning event recorded in Texas since the STSSN began in 1980. 

Concomitant with this population increase, more individuals inhabiting Texas waters are 

exposed to various threats, including hypothermic stunning. Continued mitigation for and 

response to these threats will help ensure progress towards population recovery. The most 

effective population recovery strategies for threatened and endangered species are based on 

sound science. This study has greatly enhanced understanding of the ecology of juvenile 

green turtles in south Texas and northern Mexico. We used a spatial modeling approach to 

characterize and quantify movements and habitat use to provide the first delineation of 

foraging areas for these imperiled turtles in Texas waters, and movements into Mexican 

waters. Our results illuminate that this population is a shared resource between the USA and 

Mexico; continued population recovery will require continued protection and cooperation 

from both countries. 

The population of green turtles in Texas was once large enough to support a turtle fishing 

and processing industry, but has received relatively little study. More research is needed to 

understand movements and origins of these turtles. Based on a study involving Baysian 

mixed-stock analysis of mitrochondrial DNA haplotypes, we believe that juveniles inhabiting 

Texas waters likely originate in Florida and Mexico, with smaller contributions coming from 

Cuba and Costa Rica (Anderson et al. 2013). However, with on-going advances in molecular 

biology it will soon likely be possible to further pinpoint their origin. With that knowledge we 

will then be able to develop additional collaborations to protect this shared resource at other 

geographical areas used during their life cycle. 

 

 

CONCLUSION 
 

This chapter presents the first published results of satellite tracking of green turtles in 

Texas. Satellite tracking was used to characterize and quantify movement patterns and habitat 

use of juvenile green turtles in Texas and northern Mexico. Green turtles tracked during this 

study established core use foraging areas and home ranges in the Mansfield Channel and 

nearby waters of the Laguna Madre and Gulf of Mexico, validating the importance of these 

areas as developmental habitat for juvenile green turtles. The Mansfield Channel and Brazos 

Santiago passes are vital passageways to and from the Laguna Madre, which is inhabited by a 

large portion of the juvenile green turtle population in Texas. Turtles tracked during this study 

dispersed to a variety of areas in south Texas and Mexico. Thus, restoration efforts for this 

population must protect juvenile green turtles in both countries. Human-related (dredging, 

boating, recreational and commercial fishing, etc.) and natural (hypothermic stunning) threats 

to these turtles vary temporally and spatially; results from this study can be used to evaluate 
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these threats and develop protection strategies. All green turtles tracked during winter months 

dispersed from the Mansfield Channel. During particular years green turtles can safely 

overwinter in the Laguna Madre and adjoining passes, but in other years low temperatures 

can cause hypothermic stunning, which is the most significant threat to juvenile green turtles 

in Texas. Those turtles that do not exit the Lower Laguna Madre through the Mansfield 

Channel or Brazos Santiago Pass during periodic freezes can become trapped and succumb if 

not found and rehabilitated. We recommend further satellite tracking of juvenile green turtles 

in the Gulf of Mexico to enhance understanding and quantification of movements and habitat 

use by this threatened species. 
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