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ABSTRACT  

Atlantic Stingrays Dasyatis sabina are ecosystem engineers and benthic predators 

inhabiting coastal waters along the eastern coast of the United States. These stingrays are 

seasonal residents of the Herb River near Savannah, Georgia. The purpose of this study 

was to determine differences in habitat utilization and temperature preferences between 

sexes across a 14-month study. Stingrays were surgically implanted with acoustic 

transmitters and a mean percent usage of receiver location was calculated, then mapped. 

Both male and female Atlantic Stingrays were present in all months of the study 

(67.5±32.51% and 79.6±28.45% of d, respectively). A few female stingrays had 

temperatures that were 1-6°C warmer than other stingrays for brief periods during 

reproductive months. It is possible that female stingrays are exhibiting maternal 

thermophily but only during brief periods of time. There is suggested evidence of the 

Atlantic Stingray exhibiting maternal thermophily in a natural setting on a fine scale. 
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CHAPTER 1: 

A REVIEW OF THE ATLANTIC STINGRAY DASYATIS SABINA 
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INTRODUCTION 

 

Identifying a suitable habitat for foraging, predator protection, and reproductive 

success is usually selected by the sex that expends the most energy in offspring rearing 

(Steffe et al., 1989). For many organisms, females tend to be larger in mass than their 

male counterparts (Blancknhorn, 2005) partly because they spend more energy for the 

development of offspring. The female selection of a habitat is determined by the 

availability of resources to ensure survival of offspring, as well as efficient protection 

from predators. Sexually mature females tend to be a limiting resource to males (Steffe et 

al., 1989) and it is possible that males are drawn to a particular habitat because of the 

availability of females. Since females often contribute the most to offspring rearing, 

males usually compete more for reproductive rights and are usually associated with more 

pronounced secondary characteristics or sexual display (Steffe et al., 1989). Individual 

sexes may select different habitats due to sexual display or coloration (Steffe et al., 

1989), although some environments may limit the ability for these characteristics to be 

displayed. In pipefish, females tend to exhibit a sexual display to attract a mate (Steffe et 

al., 1989). In one study, the habitat selection of two pipefish species (Stigmatopora nigra 

and Stigmatopora argus) was driven by female sexual selection with females occupying 

areas in which their sexual displays to males could be better observed (Steffe et al., 

1989). Females may be displaced to a less desirable habitat due to female competition, 

and males tended to prefer long seagrass habitat to short seagrass (Steffe et al., 1989). 

The selection of less desirable habitats could lead to a lower survival rate of offspring 

(Orians and Wittenberger, 1991). However, it is possible for habitats worth exploring to 
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be unsuitable for settlement or the probability of successful breeding may decrease over 

time or as suitable habitats become occupied sooner (Orians and Wittenberger, 1991).  

Regardless of how a habitat is selected, the organisms inhabiting an area can leave 

lasting impacts as ecosystem engineers. Ecosystem engineers are organisms that alter the 

environment by modifying the abiotic environment in which they live as well as 

impacting the availability of resources for other species either directly or indirectly (Jones 

et al., 1994). Although all organisms impact their immediate surroundings, ecosystem 

engineers can leave a lasting impact on the ecosystem (Reichman and Seabloom, 2002) 

by creating, modifying, and maintaining habitats (Jones et al., 1994). For example, 

beavers Castor spp. cut down trees to create damns that can have lasting effects on the 

hydrology of a particular area by creating wetlands that can remain for years (Jones et al., 

1994). The construction of dams by beavers can provide benefits for some individuals by 

creating a new habitat to colonize, but negatively impacting others by changing the 

habitat type to something unsuitable for other species not regularly in wetlands. For 

example, the American Alligator Alligator mississippiensis wallow in the soft substrate of 

the Florida Everglades and other swampy marshes creating and maintaining small ponds 

or “alligator holes” (Campbell and Mazzotti, 2001). Fish and other organisms utilize 

these holes in drought seasons and provide an ample food source for the resident alligator 

(Campbell and Mazzotti, 2001). Even if the individual impacts are smaller there can still 

be lasting effects on the ecosystem (Jones et al., 1994). The fiddler crab Uca pugnax digs 

burrows in the sediment that can increase primary production of Spartina alterniflora 

along the East Coast of North America (Bertness, 1985). Ecosystem engineers can be 

localized in one particular area or found in a wider geographical scale depending on their 
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range. Therefore, identifying the population density and the spatial distribution of 

ecosystem engineers will help determine how impacts may affect areas over time or 

space (Jones et al., 1994). 

 

 Dasyatid stingrays are ecosystem engineers because they create sediment 

depressions while feeding by flapping their fins (Cook, 1994). Feeding pits are primarily 

created during ebbing tides in Georgia (Howard et al., 1977). These feeding pits are 

typically on estuarine sand bars and tidal flats and can measure up to 1 m in diameter 

depending on the size of the organism (Howard et al., 1977). The Atlantic Stingray 

Dasyatis sabina can form 0.13 pits per m2 per day (Reidenauer and Thistle, 1981) and 

can vary across time and season with at least 0.02 pit per m2 observed in October and 

0.47 pit per m2 in July (Ebanks, 2005). These feeding pits can disrupt 16-19% of the 

surface area of an intertidal creek during summer months (Cross and Curran, 2004). The 

Atlantic Stingray alters the environment in which it lives by creating these feeding pits 

and thus altering the benthic substrate (Cook, 1994) as well as reducing the number of 

meiofaunal organisms (Cross and Curran, 2000). Meiofaunal communities disturbed by 

feeding pit formation can take 24-168 h to recover (Sherman, 1983; Cross and Curran, 

2004). Feeding pit formation and resulting disturbances may affect the diets of other 

organisms that depend on the benthic meiofauna as a food source on a daily or seasonal 

scale.  

 The diet of dasyatid stingrays is composed of commercially important blue crab 

Callinectes sapidus (Howard et al., 1977) and shrimps (Funicelli, 1975) as well as many 

other organisms, including bony fish, cephalopods, polychaetes, and other crustaceans 

(Funicelli, 1975). These stingrays are also classified as opportunistic predators (Howard 
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et al., 1977). The diet of some dasyatid species overlap with fish of commercial and 

recreational value, such as juvenile pompano Trachinotus spp. and Red Drum Sciaenops 

ocellatus (Cook, 1994). The utilization of shallow-water habitats provide increased 

foraging opportunities for these stingrays (Teaf, 1980) as incoming tides make smaller 

creeks more available and competitors may not be able to easily enter these areas.  

 Several shark species prey on dasyatid stingrays, including the Atlantic Sharpnose 

Shark Rhizoprionodon terraenovae, the Blacktip Shark Carcharhinus limbatus, the Bull 

Shark Carcharhinus leucas, the Lemon Shark Negaprion brevirostris, the Dusky Shark 

Carcharhinus obscurus and the Hammerhead Shark Sphyrna spp. (Funicelli, 1975; 

Snelson and Williams, 1981; Lewis, 1982; Gelsleichter et al., 1999; Hoffmeyer and 

Parsons, 2003). Shallow-water areas provide protection from predators (Fangue and 

Bennett, 2003) such as large sharks (Vaudo, 2011). Some stingrays can be found in 

waters as shallow as 15 cm (Snelson et al., 1988), and Aguiar et al. (2009) found that 

juvenile stingrays in Brazil buried themselves in the sand to hide from predators.  

The Atlantic Stingray, the Bluntnose Stingray Dasyatis sayi, and the Southern 

Stingray Dasyatis americana can be found in coastal habitats along the eastern coast of 

the United States and throughout the Gulf of Mexico (Dahlberg, 1972; Snelson et al., 

1989; McEachron and de Carvalho, 2002; Wallman and Bennett, 2006). However, the 

habitat range of the Bluntnose and Southern Stingray extends to Brazil and the Antilles 

(Snelson et al., 1989; McEachron and de Carvalho, 2002). The Atlantic Stingray has the 

broadest temperature range of the three species at 12-33°C (Lewis, 1982) and has 

survived even wider temperatures between 7-35.1°C in a laboratory setting (Fangue and 

Bennett, 2003). The temperature range for the Bluntnose Stingray collected within the 
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Indian River Lagoon in Florida is between 12.5-32.5°C (Snelson et al., 1989), and that 

range of temperature overlaps with the thermal preference of the Atlantic Stingray. The 

Southern Stingray has a more narrow temperature tolerance range at 15.4-30.3°C 

(McEachran and de Carvalho, 2002). All three species are tolerant of overlapping water 

temperatures and inhabit similar areas indicating that these stingrays may be found within 

the same place at the same time, such as observed within Georgia estuaries (pers. obs.). 

These stingray species also have varying ranges in salinity tolerances but there is overlap. 

For example, the Atlantic Stingray was found within waters ranging from < 9 ppt to 35 

ppt (Howard et al, 1977), although there is an entire fresh water population in the St. 

Johns River in Florida (Johnson and Snelson, 1996). The Bluntnose Stingray is able to 

tolerate higher salinities than the Atlantic Stingray although there is some similarity at 

25-43 ppt (Snelson et al., 1989). Additionally, the Southern Stingray has been observed 

in waters with an even higher salinity range from 28.5-36.2 ppt (McEachran and de 

Carvalho, 2002).  

Dasyatid stingrays are viviparous elasmobranchs. Female Atlantic Stingrays reach 

maturity at approximately 22-24 cm disk width (DW), and males reach maturity at 

approximately 20.5-21.5 cm DW (Lewis, 1982). Male Atlantic Stingrays develop 

sharpened dentition during reproductive months (Kajiura and Tricas, 1996), which 

enables them to bite and hold onto females during copulation (Kajiura et al., 2000). The 

presence of bite wounds on the pectoral fins of female Atlantic Stingrays can be used as a 

proxy measure of reproductive activity (Kajiura et al., 2000). The mating period for 

Atlantic Stingrays in Florida occurs from August to April, and is the longest recorded for 

elasmobranchs (Lewis, 1982; Snelson et al., 1988; Tricas et al., 2000). In various studies 
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conducted in Florida, male Atlantic Stingrays have active testes from September-March 

(Lewis, 1982), and the gonadosomatic index peaks in November (Johnson and Snelson, 

1996). The majority of mating activity observed in Florida estuaries occurred in March 

(Snelson et al., 1988), and female Atlantic Stingrays begin ovulating in late March or 

April (Lewis, 1982; Snelson et al., 1988; Tricas et al., 2000). The Southern Stingray in 

the Grand Cayman Islands may exhibit polyandry, as one female was observed 

consecutively copulating with 2 males (Chapman et al., 2003). Engaging in this behavior 

could result in broods having multiple paternities (Chapman et al., 2003). When observed 

in captivity the Southern Stingray has a 4.5-7.5 month gestation period (Henningsen, 

2000). However the Atlantic Stingray has a shorter 3-4 month gestation period (Lewis, 

1982), as observed in a natural setting. The Atlantic Stingray is the smallest of the 

dasyatid rays (Dahlberg, 1972) with a maximum size of 61 cm DW (McEachran and de 

Carvalho, 2002) and this species can give birth to 1-4 pups (Lewis, 1982; Snelson et al., 

1988). Females between 22.7-39.0 cm DW can give birth to broods of 1.6-2.2 per female 

(Lewis, 1982). The Bluntnose Stingray (maximum size of 100 cm DW) can produce a 

higher number of offspring at 1-6 pups per brood (Snelson et al., 1989; McEachran and 

de Carvalho, 2002). The larger Southern Stingray (maximum size 150 cm DW) can give 

birth to broods of 3-5 pups in a natural habitat (McEachran and de Carvalho, 2002), and 

as many as 10 pups per brood when in captivity (Henningsen, 2000). Broods of the 

Atlantic, Bluntnose, and Southern stingrays typically follow a 1:1 sex ratio (Lewis, 1982, 

Snelson et al., 1989; Henningsen, 2000; Henningsen and Leaf, 2010).  

Sex ratios for captured Atlantic Stingray adults may differ from the 1:1 sex ratio 

at birth and may be skewed according time of year. Snelson et al. (1988) collected 
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stingrays in all months of the year with a 1:1 sex ratio but observed seasonal changes in 

the capture ratios. Significantly more male stingrays were captured in winter and spring 

than female stingrays with ratios of 3.1:1 and 1.6:1, respectively (Snelson et al., 1988). 

However, there were significantly fewer males collected in summer than females with a 

ratio of 1:2, but there was no difference observed in the number of male or female 

stingrays collected in the fall (Snelson et al., 1988). There were fewer male Atlantic 

Stingrays collected than females in the Herb River and Romerly Marsh Creek near 

Savannah, Georgia with ratios of 1:5 and 1:2.3, respectively (Brinton, 2015; Ramsden, 

2015), although sampling was not consistent across all months.  

Fish and other ectotherms may exhibit behavioral thermoregulation (Matern et al., 

2000), which provides biological benefits for these organisms. The use of warmer waters 

may enhance temperature-dependent physiological processes in the Atlantic Stingray 

such as reproduction (Fangue and Bennett, 2003). By selecting waters that are 1°C 

warmer, the gestation period for stingrays could be shortened by up to 10 d when 

assuming a Q10 temperature coefficient ratio of 2 (Wallman and Bennett, 2006). If 

gestation time is shortened, females can replenish energy reserves that were used while 

pupping before food becomes scarce during the winter (Wallman and Bennett, 2006). The 

pups would also benefit from a longer time to forage as well as potentially be born at a 

larger size (Wallman and Bennett, 2006). Pregnant Round Stingrays Urobatis halleri also 

exhibited a strong association between habitat selection and warm-water areas in the 

Anaheim Bay estuary in California, where they utilized warm-water areas while gestating 

(Jirik and Lowe, 2012). Additionally, female Leopard Sharks Triakis semifasciata in 

California were observed utilizing shallow, warm-water areas that increased their internal 
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body temperatures by an average of 1ºC (Hight and Lowe, 2007). This behavior exhibited 

by the leopard sharks could increase their metabolic rate by up to 8% while in the warm-

water areas (Hight and Lowe, 2007). The warm water would decrease time for nutrient 

absorption in these sharks and increase evacuation. However, female Atlantic Stingrays 

utilized cooler waters post-feeding by up to 1.2°C in a laboratory setting (Wallman and 

Bennett, 2006). Cooler temperatures decrease evacuation rates, which increases the time 

for nutrient absorption (Di Santo and Bennett, 2011). Warm-water habitats do not provide 

any biological benefits for male stingrays and mature male stingrays may avoid warmer 

habitats such as observed with male Round Stingrays in the Anaheim Bay estuary in 

California due to females being less receptive (Jirik and Lowe, 2012). Identifying the 

areas in which organisms migrate into seasonally for reproduction purposes can provide a 

better understanding of behavioral thermoregulation and movement patterns in 

elasmobranch fishes. 

Acoustic telemetry is an effective way to monitor the movement patterns of 

marine organisms. Acoustic tagging is a reliable technique for collecting continuous 

long-term data on the movements of a single fish (Urquhart and Stewart, 1993). 

Transmitter tags attached to an organism produce a unique signal, and the presence of 

that fish is then recorded on a receiver device (Urquhart and Stewart, 1993; Mathies et 

al., 2014). The turbidity of coastal Georgia waters renders observation by video or 

photograph difficult, thereby making the use of acoustic telemetry essential. This method 

has proven effective in the tracking of various fishes on a short and long-term scale. 

Acoustic telemetry has been used to study the tidal movements and seasonal residency of 

the Atlantic Stingray in the Savannah River estuary in Georgia (Brinton, 2015; Ramsden, 
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2015). Although environmental factors and anthropogenic activities may interfere with 

the precision of acoustic telemetry (Mathies et al., 2014), it is still a reliable method to 

observe presence and movements of individual organisms.  

The Atlantic Stingray is the most abundant stingray species found in nearshore 

waters, estuaries, and sounds on the coast of Georgia (Howard et al., 1977), and the most 

eurythermic elasmobranch (Fangue and Bennett, 2003). This species moves inshore into 

shallow habitats from spring through fall and offshore into deeper habitats during the 

winter (Sage et al., 1972; Snelson et al., 1988; Ramsden, 2015). This stingray generally 

moves with the tides (Teaf, 1980) and is able to enter into shallow areas that are not 

available at lower tidal stages (Brinton, 2015). The Atlantic Stingray forages in sand and 

sand-seagrass subhabitats (Bradley, 1996). The residency patterns of elasmobranch fishes 

that utilize warm-water areas along the coastline can be affected by coastal development 

(Jirik and Lowe, 2012), in that some inter-coastal habitat may be destroyed by further 

developing the coastlines. Furthermore, identifying stingray movement patterns can help 

predict the impacts of feeding pits created by stingrays that affect the benthic substrate 

and the organisms within the sediments (Jones, 1994; Curran and Cross, 2008). The 

Savannah River estuary is the northernmost documented region in which the Atlantic 

Stingray is a year-round resident (Ramsden, 2015). The current study was conducted 

within the Herb River, a creek system that branches from the Savannah River system. 

The Atlantic stingray was determined to be a seasonal resident of the Herb River, as 

stingrays were present for > 50% of days in all seasons except winter (Ramsden et al., 

2016). Additionally, tidal and diel movements of the Atlantic stingray were previously 

assessed within the Herb River (Brinton, 2015). However, Brinton (2015) and Ramsden 
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(2015) did not assess differences across sexes. Therefore, this region is ideal for assessing 

habitat utilization and potential behavioral thermoregulation across sexes. The purpose of 

the present study was to determine the differences in habitat utilization and temperature 

preferences between male and female Atlantic Stingrays Dasyatis sabina through the use 

of acoustic telemetry in the Herb River System near Savannah, Georgia. 
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CHAPTER 2: 

DIFFERENCES IN HABITAT UTILIZATION AND TEMPERATURE 

PREFRENCE BETWEEN MALE AND FEMAL ATLANTIC STINGRAYS DASYATIS 

SABINA IN THE HERB RIVER NEAR SAVANNAH, GEORGIA 
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ABSTRACT  

Atlantic Stingrays Dasyatis sabina are ecosystem engineers and opportunistic 

benthic predators found in coastal waters long the East Coast of the United States. They 

can tolerate wide ranges in salinity and temperature and are year-round residents of the 

Savannah River estuary in Georgia. The purpose of this study was to determine 

differences in habitat utilization and temperature preferences between male and female 

Atlantic Stingrays. Twenty-two stingrays were caught from April-June 2015 via longline 

and surgically implanted with Vemco acoustic transmitters. Data were downloaded 

monthly from acoustic receivers placed in various stream orders within the creek system, 

with 1st order streams being the smallest and 5th order the largest. Mean percent usage of 

receiver location was calculated and then mapped using ArcMap. The major finding of 

this study was that both male and female Atlantic Stingrays were present within the Herb 

River in all months of the study (67.5±32.51% and 79.6±28.45% of d, respectively). 

There were a few locations for which there were differences in utilization between males 

and females, which may be evidence of partial sexual segregation. There were no 

significant differences between temperatures of stingrays and bottom water, even when 

assessed by month, stream order, and sex. A few female stingrays had temperatures that 

were 1-6°C warmer than other stingrays in several months of the study. The use of warm 

waters by elasmobranchs may reduce gestation time significantly (maternal thermophily). 

There is slight evidence suggesting that Atlantic Stingrays may be exhibiting this 

behavior within the Herb River. 
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INTRODUCTION 

 The selection of suitable habitat by an organism is needed to ensure reproductive 

success across many taxa (Whitham, 1980; Orians and Wittenberger, 1991) and 

individuals that select less suitable habitats will have fewer offspring that survive than 

those that select more suitable environments (Orians and Wittenberger, 1991). Habitat 

selection can be influenced by several abiotic factors. Time allowed for selection (Orians 

and Wittenberger, 1991), tidal stage (Brinton, 2015), temperature (Sims, 2003), and 

proximity to other suitable habitats (Rhodes et al., 2005) can influence habitat selection 

as more favorable habitats may become occupied sooner (Orians and Wittenberger, 

1991). Many biotic factors, including prey availability, the presence of predators (Sims, 

2003), and competitors (Orians and Wittenberger, 1991; Sims, 2003), can also influence 

an organism’s habitat choice.  

Habitat selection can also vary by sex. Sexual segregation has been reported for 

many groups, including cetaceans (Brown et al., 1995) and pinnipeds (Wolf et al., 2005; 

Breed et al., 2006). Fish such as syngnathids, or pipefish (Steffe et al., 1989), and gadids, 

or cod (Morgan and Trippel, 1996), also exhibit sexual segregation. A difference in 

habitat selection by sex is also common among elasmobranchs (Klimley, 1987; Bres, 

1993). Sexual segregation can occur on a fine scale within confined environments, such 

as that observed with the Lesser Spotted Dogfish Scyliorhinus canicula in Lough Hyne in 

Ireland (Sims et al., 2001). For example, female dogfish utilized shallow cave areas 

during the day and deeper waters at night, usually in the North Basin, while male dogfish 

utilized deeper waters during the day and shallower waters to feed at dusk in the South 

Basin (Sims et al., 2001). The Shortfin Mako Shark Isurus oxyrinchus in the southeast 



 
 

19 

 

Pacific Ocean was sexually segregated along a “line in the sea” (Mucientes et al., 2009). 

Males were caught more in the western area of the study, and females in the eastern 

region, although there was some mixing near the center of the study area (Mucientes et 

al., 2009). White Sharks Carcharodon carcharias in the Neptune Islands of South 

Australia were sexually segregated, with males present more than females in all months 

except for April and May (Robbins, 2007). It was hypothesized that females only 

returned to the area when temperatures were elevated, which could increase growth rates 

of young (Robbins, 2007).  

Sexual segregation in elasmobranchs can be related to reproduction (Klimley, 

1987; Sims et al., 2001). Female Scalloped Hammerhead Sharks Sphyrna lewini move 

offshore sooner than males to feed on energy-rich prey in order to increase growth rate 

and obtain a larger size at maturity, thus increasing fitness (Klimley, 1987). Round 

Stingrays Urobatis halleri in the Anaheim Bay estuary in California also exhibit sexual 

segregation, with pregnant females utilizing warm-water areas more often than males 

(Jirik and Lowe, 2012). The female Round Stingrays may be exhibiting maternal 

thermophily by utilizing these warmer waters (Jirik and Lowe, 2012). As a result, females 

could potentially reduce the length of the gestation period as observed with dasyatid 

stingrays in a laboratory setting (Wallman and Bennett, 2006). 

The Atlantic Stingray Dasyatis sabina is an elasmobranch that may exhibit 

maternal thermophily. Warmer waters may facilitate temperature-dependent 

physiological processes in the Atlantic Stingray such as reproduction (Fangue and 

Bennett, 2003). However, male and female Atlantic Stingrays utilized cooler waters post-

feeding by up to 1.2°C in a laboratory setting when exposed to temperatures ranging from 
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24-30°C (Wallman and Bennett, 2006). Males did not exhibit a preference for any 

temperature during the laboratory study, but pregnant females utilized waters that were 

up to 1°C warmer (Wallman and Bennett, 2006), which may have indicated that sexual 

segregation could occur during the time that females are pregnant. There is also some 

field evidence of thermophily for the Round Stingray Urobatis halleri (Jirik and Lowe, 

2012). Pregnant individuals were more abundant than males in the warm water basin 

within the Anaheim Bay estuary, which was up to 2.6°C warmer than other areas within 

the estuary during summer months (Jirik and Lowe, 2012). It was determined that the 

gestation for Atlantic Stingrays could be shortened by up to 10 d if stingrays utilized 

water that was  1°C warmer (Wallman and Bennett, 2006). If gestation time is shortened, 

females would have more time to replenish energy reserves that were used while pupping 

before food becomes scarce during the winter (Wallman and Bennett, 2006). The 

neonates would also benefit from a longer time to forage and thus increase the chances of 

survival during their first winter (Wallman and Bennett, 2006).  

The Atlantic Stingray is one of the most eurythermic elasmobranchs (Fangue and 

Bennett, 2003) and the most abundant stingray species found in nearshore waters on the 

coast of Georgia (Howard et al., 1977). This species moves inshore into shallow habitats 

from spring through fall and offshore into deeper habitats during the winter (Sage et al., 

1972; Snelson et al., 1988; Ramsden et al., 2016). Movements of the Atlantic Stingray 

are tidally influenced (Teaf, 1980; Brinton, 2015), and this stingray is able to enter into 

shallow areas that are not available at lower tidal stages (Brinton, 2015). The Atlantic 

Stingray commonly forages in substrates that are comprised of sand and sand-seagrass 

(Bradley, 1996). The utilization of shallow-water habitats provides increased foraging 
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opportunities for these stingrays (Teaf, 1980) as incoming tides facilitates accessibility of 

smaller creeks (Brinton, 2015). It is possible that reproductive activity and predator/prey 

abundances influence the movements of the Atlantic Stingray, as these factors are known 

to influence the movements of many other fish species (Grubbs and Kraus, 2010). 

These stingrays are ecosystem engineers. Ecosystem engineers are organisms that 

alter their surroundings by modifying the abiotic environment in which they live as well 

as impacting the availability of resources for other species either directly or indirectly 

(Jones et al., 1994). Although many organisms impact their immediate surroundings, 

ecosystem engineers can leave a lasting impact on the ecosystem (Reichman and 

Seabloom, 2002) by creating, modifying, and maintaining habitats (Jones et al., 1994). 

The Atlantic Stingray alters the environment in which it lives by creating sediment 

depressions while feeding by flapping its fins thus altering the benthic substrate (Cook, 

1994). Feeding pits are primarily created during ebbing tides in Georgia and are typically 

formed on estuarine sand bars and tidal flats (Howard et al., 1977). These pits can 

measure up to 1 m in diameter (Howard et al., 1977) depending on the size of the 

organism. Frequency of feeding pit creation can vary by location. For example, in a Gulf 

Coast study stingrays formed 5-8 feeding pits per day along transects in a 60 m2 sample 

site in September and October (Reidenauer and Thistle, 1981). However, only 1 pit was 

observed per transect (60 m2) in October at a South Carolina study site (Ebanks, 2005). 

The occurrence of feeding pits can also vary by time of year. Cross and Curran (2004) 

found 39.0-53.7 feeding pits within 60 m2 area in South Carolina estuaries from mid-June 

through July, and Ebanks (2005) found 28 pits in July. This was much higher than the 

number of pits observed by Ebanks (2005) in October and Reidenauer and Thistle (1981) 
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in September and October. The formation of feeding pits by stingrays can reduce the 

number of meiofaunal organisms in a tidal creek (Cross and Curran, 2000). Meiofaunal 

communities disturbed by the construction of feeding pits can take 48-168 h to recover 

(Sherman, 1983; Cross and Curran, 2004; Curran and Cross, 2008). These pits can 

disrupt 16-19% of the surface area of an intertidal creek during summer months (Cross 

and Curran, 2004). Feeding-pit formation and the resulting disturbances may affect the 

diets of other organisms that depend on the benthic meiofauna as a food source either 

daily or on a seasonal scale.  

 The Atlantic Stingray is an opportunistic predator and feeds on commercially 

important blue crab Callinectes sapidus (Howard et al., 1977) and shrimps (Funicelli, 

1975) as well as many other organisms, including polychaetes, cephalopods, other 

crustaceans, and bony fish (Funicelli, 1975). The diet of the Atlantic stingray overlaps 

with juvenile pompano Trachinotus spp. and Red Drum Sciaenops ocellatus, which are of 

commercial and/or recreational fishing value (Cook, 1994).  

 The Atlantic Stingray is prey to several species of sharks including the Atlantic 

Sharpnose Shark Rhizoprionodon terraenovae, the Blacktip Shark Carcharhinus 

limbatus, and the Hammerhead Shark Sphyrna spp. (Lewis, 1982; Hoffmeyer and 

Parsons, 2003). Shallow-water areas utilized by some stingray species can provide 

protection from such predators (Vaudo, 2011). Some stingrays can be found in waters as 

shallow as 15 cm (Snelson et al., 1988), and Aguiar et al. (2009) found that juvenile 

Southern Stingrays in Brazil buried themselves in the sand to hide from predators such as 

sharks.  
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There are several technologies used to identify the movement patterns of marine 

organisms, including sharks and rays. Acoustic telemetry is an effective way to track 

organisms in an underwater study area. Acoustic tagging is a reliable technique for 

collecting continuous long-term data on the movements of a single fish (Urquhart and 

Stewart, 1993). Transmitter tags attached to an organism produce a unique signal and the 

presence of that fish is then recorded on a receiver device (Urquhart and Stewart, 1993; 

Mathies et al., 2014). The turbidity of coastal Georgia waters renders observation by 

video or photograph difficult, thereby making the use of acoustic telemetry essential. This 

has been a successful method to track various fishes on a short- and long-term scale. 

Acoustic telemetry has been used to study the tidal movements and seasonal residency of 

the Atlantic Stingray in the Savannah River estuary in Georgia (Brinton, 2015; Ramsden 

et al., 2016). Although environmental factors and anthropogenic activities may interfere 

with the transmission of signals from tags to receivers (Mathies et al., 2014), acoustic 

telemetry it is still a reliable method to observe presence or absence of an organism.  

The Savannah River estuary is ideal for assessing habitat utilization and potential 

differences in behavioral thermoregulation across sexes of the Atlantic Stingray. The 

Savannah River estuary is roughly the mid-point between the northernmost and 

southernmost range of the Atlantic Stingray (Ramsden et al., 2016). The Herb River 

system is comprised of smaller tributaries and is part of the Savannah River estuary. 

There is a population of Atlantic Stingrays within the Herb River that are considered only 

a seasonal resident of the Herb River, although some individuals were present within the 

creek system year-round (Ramsden et al., 2016). Studies have also been conducted within 

the Herb River to determine movement patters of the Atlantic Stingray, in which it was 
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determined that individuals moved in and out of smaller tributaries with the tides 

(Brinton, 2015). However, studies conducted by Brinton (2015) and Ramsden et al. 

(2016) did not assess differences across sexes.  

Male and female stingrays may utilize a habitat at different times due to 

temperature preferences, especially females during reproductive months. Identifying the 

areas in which organisms exhibit maternal thermophily can provide a better 

understanding of behavioral thermoregulation and movement patterns in elasmobranch 

fishes. Furthermore, identifying patterns of habitat selection based on temperature can 

help predict the impacts of bioturbation though creation of feeding pits and thus the role 

of stingrays as ecosystem engineers. Therefore, the purpose of the present study was to 

determine the differences in habitat utilization and temperature preferences between male 

and female Atlantic Stingrays Dasyatis sabina through the use of acoustic telemetry in 

the Herb River System near Savannah, Georgia. 

 

HYPOTHESES 

H01: There is no difference between the habitat utilization of male and female Atlantic 

Stingrays Dasyatis sabina  

 

Ha1: There is a difference in the habitat utilization of male and female Atlantic Stingray 

Dasyatis sabina  
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H02: There is no difference in the water temperatures occupied by male and female 

Atlantic Stingrays Dasyatis sabina  

 

Ha2: There is a difference in the water temperatures occupied by male and female Atlantic 

Stingray Dasyatis sabina  

 

 

MATERIALS AND METHODS 

Study Site 

This study was conducted on the coast of Savannah, Georgia within the Herb 

River system, which is approximately 7.5 km in length from the mouth (32°1’17.18”N, 

81°1’87.86”W) to the northernmost tributary (32°1'22.16"N, 81° 3'10.84"W) (Figure 1). 

The Herb River is influenced by a 3 m tidal range and is bordered primarily by the 

smooth cordgrass Spartina alterniflora. The bottom structure is comprised predominantly 

of mud and sand flats, with occasional beds of the eastern oyster Crassostrea virginica. 

The creek system consists of different sized tributaries branching from the main channel. 

All unbranched tributaries were classified as 1st order streams, as per Horton (1945). 

Streams were designated as the next higher order when 2 of the same order converged 

(Horton, 1945). Within the present study site, stream orders ranged from 1st to 5th order, 

with the 5th order streams being the largest tributary of the Herb River (Figure 1).  

 

Fishing and Surgery 

 

  Fishing effort was conducted from 8 April-26 June 2015. All specimens were 

caught via longline, using 14-16 hooks per line baited with frozen squid. The overall 

catch per unit effort (CPUE) was calculated by dividing the number of individuals caught 
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by the total number of hooks deployed during the fishing efforts (n=2380 hooks). A 

monthly CPUE was calculated by dividing the number of individuals caught per month 

by the number of hooks deployed in the respective month. Temperature, dissolved 

oxygen, and salinity were measured using a handheld YSI device, and GPS coordinates 

were taken after the full line was deployed. Lines were retrieved after being deployed for 

15 to 30 min.  

A total of 226 fish were caught, and dasyatid stingrays accounted for 75.7% of the 

total fish caught. Atlantic Stingrays were the most common fish caught with a total of 

146 (CPUE of 0.0613 fish per hook). Fewer male Atlantic Stingrays were caught than 

females, at a ratio of 1:2.3.  

Twenty-two Atlantic Stingrays (12 males, 10 females) were surgically implanted 

with Vemco passive acoustic transmitter tags during 2015 (Table 1). Prior to implanting 

the tags, the disk width of each stingray was measured to the nearest 0.1 cm and wet 

weight was measured to the nearest 0.01 kg. Mass was measured to ensure that 

transmitter tags were ≤ 2% of the mass of the individual stingrays. The stingrays were 

placed back into the water on a holding line alongside the boat after measurements were 

taken and while the surgery tools were prepared and sterilized with 70% ethanol. The 

stingrays were then removed from the water and placed on their dorsal side on a surgery 

tray. The tails, including barbs, were sheathed in a PVC pipe for the safety of the 

researchers. The surgery site was cleaned with an iodine swab and an incision was made 

in the left edge of the abdomen, to avoid the spiral valve, where a transmitter tag was 

inserted. After the tag was inserted, the incision was stitched using monofilament 

dissolvable sutures and a small external anchor tag with an identification number was 
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placed on the right dorsal side of the stingray. Surgery times were generally less than 5 

min. Following surgery, the stingray was placed back into the water on the holding line 

until independent movement resumed. Stingrays were released within 100 m of the initial 

capture location generally after 5-15 min.  

 

Passive tracking 

A total of 22 Atlantic Stingrays were tagged with passive acoustic transmitter tags 

to assess habitat utilization by sex. Twelve stingrays were implanted with either V9 (0.9 

g) or V16 (17.3 g) standard tracking tags (2 females, 10 males) (Table 1). An additional 

10 stingrays were implanted with V16T (37 g) temperature sensing tags (8 females, 2 

males) to assess potential temperature preferences by sex or observe maternal 

thermophily by females. All passive tracking tags transmitted a signal every 30-90 s and 

were recorded by a receiver if within the detection range of a transmission. Each signal 

transmits the tag identification number, time of day, and water temperature in which 

stingrays with temperature tags were located.  

 

Receiver array 

Ten Vemco VR2W passive acoustic receivers were deployed throughout the Herb 

River (Table 2; Figure 1) in various stream orders (Horton, 1945). All receivers were 

anchored in the marsh using methods described by Smith (2012). A rope was attached to 

an anchor block buried into the mud on the marsh bank (Smith, 2012). The other end of 

the rope was attached to an eyebolt on a second block. Each rope was long enough for 

receivers to be placed in the middle of the designated creek as to ensure the largest 
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possible detection range (Smith, 2012). Receivers were attached to a PVC pipe using zip-

ties, and the pipe was cemented into the second block (Figure 2). A nylon pantyhose was 

placed over each receiver to reduce biofouling, and receiver arrays were cleaned during 

each maintenance event. Receivers in the Herb River were placed in various stream 

orders ranging from 1st order to 5th order. There were 2 or more of each stream order 

within the study site, but only one 4th order stream. Receivers were placed in 2 of each 

available stream order. Data from stingrays used in previous studies in a nearby creek 

system, Romerly Marsh Creek, were not utilized in the current study. Monthly downloads 

were performed on all receivers and routine maintenance including removal of biofouling 

and battery replacement was conducted as needed (Table 3).  

 

Presence Data Analysis 

The effect of month, sex, stream order, and individual receiver on the presence of 

stingrays was analyzed using the ANOVA procedure in SAS v. 9.3 to assess differences. 

A Tukey’s Multiple Range Test was used to determine between which months, stream 

orders, or individual receivers there were differences in stingray presence. Presence of 

individual stingrays was defined by a successful detection on a given day within the 

receiver array. A residency index for individual stingrays present within the receiver 

array was calculated using adaptations from Ramsden et al. (2016) and Vianna et al. 

(2013): 

Monthly presence =
days detected in array

days of the month
×100 

The presence of a stingray was calculated for each day the stingray was at liberty 

in a month, as per Ramsden et al. (2016). Calculating the presence of each stingray in a 
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given month was used instead of the number of detections of a stingray as it is more 

possible that detection numbers could be lower due to interference from abiotic factors 

such as weather (Mathies et al., 2014) or biotic factors such as snapping shrimp (Cotton, 

2010). These methods are similar to those utilized by Ramsden et al. (2016). The percent 

of time individuals were present within the Herb River in a given month was averaged 

across all stingrays as well as by sex, and differences between months were assessed 

using the ANOVA and Tukey’s Multiple Range Test. All statistical analyses were 

considered significant at α=0.05 level. None of the data was transformed before analysis.  

 

Habitat Utilization Data Analysis 

The usage of each stream order or receiver for each stingray was calculated per 

day using a modification of the monthly residence index used by Ramsden et al. (2016) 

as per their modification of Vianna et al. (2013):  

Percent usage index =
days detected at a station

days at liberty during the month
×100 

 

A two-tailed T-test was used to determine significance between male and female usage of 

a surrounding receiver area. A mean was calculated by averaging only the individual 

stingrays that were detected at a particular receiver in a given month. Basemaps provided 

by the National Hydrography Dataset produced by the United States Geological Survey 

were used within ArcMap 10.2 Geographic Information Systems (GIS) for the current 

study area. The mean usage of an area by male and female stingrays were mapped using 

ArcMap 10.2 to determine differences in utilization by sex.  



 
 

30 

 

The percent usage of a stream order was determined by calculating a mean 

percentage from only the stingrays present at receivers within each stream order. For 

instance, if only 2 male stingrays were present at receiver #8 located in a 4th order stream 

for 15% of d and 10% of d, respectively, then the utilization of that stream order by male 

stingrays would be 12.5% of d. For all other stream orders utilization was averaged for 

the 2 or 3 receivers across duplicate stream orders, except 4th order. To help elucidate 

stream order fidelity, the maximum percent presence for any individual was analyzed. 

For example, if a stingray was found to be at any receiver in a given stream order 100% 

of d, then usage for that stream order was 100%, regardless of any of the other receiver 

values for any stingray in that particular stream order. This analysis may overestimate 

utilization because a given stingray could be present at multiple receivers 100% of d, and 

therefore multiple stream orders 100% of d within a given month.  

 

Temperature recording 

 

The data transmitted from the V16T temperature tags that were implanted into 10 

stingrays (8 females, 2 males) were used to determine if there was a difference in 

temperature preference or habitat utilization between males and females. The signal 

produced by these tags relayed temperature data to receivers when a stingray swam 

within detection range. Signals were transmitted every 30-90 s. A post-hoc power 

analysis was used to determine the appropriate sample size needed to achieve a power 

level of 0.80 on a monthly scale. 

Two receivers in 3rd order streams were outfitted with a Vemco MINILOG-II-T 

temperature logger in 2013 (Figure 1) that recorded bottom-water temperature every 2 
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min. An additional 3 receivers were outfitted with temperature loggers in December 

2015. One temperature logger was placed within a 1st order stream, a 2nd order stream, 

and in a 5th order stream. Data from bottom-water temperature loggers in those stream 

orders were compared to determine differences in temperature across the study site. 

The reproductive months studied in 2015 (April-August) and 2016 (April-June) 

were analyzed in finer detail to determine if there were differences in temperatures 

between individual female stingrays and the creek temperature where they were located. 

These months will be referred to as “reproductive months” associated with the respective 

years as this was when maternal thermophily would likely be observed as per Lewis 

(1982). 

 

Temperature Data Analysis 

Statistical comparisons between the overall temperatures recorded from individual 

male and female stingrays with V16T temperature tags and overall temperatures recorded 

by the stationary bottom-water temperature loggers were analyzed using a one-way 

analysis of variance (ANOVA). A Tukey’s Multiple Range Test (MRT) was used to 

determine significance between mean temperatures of stingrays by sex, month, and 

across all months within the sample period. Mean daily temperatures of female stingrays 

implanted with V16T temperature tags were plotted to determine differences in 

temperature across individuals during reproductive months in 2015 and 2016. This was 

used to identify times of potential maternal thermophily. Daily maximum temperatures of 

all stingrays implanted with V16T temperature sensor tags were compared to identify 
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time of day, tidal stage, and receiver number or stream order in which stingrays were 

experiencing the warmest temperature on a given day.  

 

Range Test 

A range test was conducted to determine the farthest distance that transmitters 

could be detected by receivers in each stream order at each tidal stage. Vemco V16 

control tags were used to conduct the range test. Interference from tag to receiver can 

occur through anthropogenic noise (Mathies et al., 2014), as well as noise from 

organisms such as snapping shrimp (Cotton, 2010). Therefore, control tags were utilized 

to identify reliable detection ranges and interoperate any unusual animal behavior as 

suggested by Payne et al. (2010). Five Vemco control transmitters that signaled every 

180 s were attached to a 600 m rope weighed down with half cinderblocks. Transmitters 

on the range test were placed at approximately 25 m, 50 m, 100 m, 300 m, 400 m, and 

500 m from the receiver being tested. Floats were attached to the line where transmitters 

were located to keep the transmitters suspended within the water column. The range test 

was set in one creek per stream order for at least 4 d in order to get repeated data sets for 

each diel and tidal stage.  

 

Range Test Data Analysis 

 A general linear model was run in R for the range test to compare the effect of 

distance on total successful transmissions detected at a receiver. This was completed at 

different tidal stages as well as within different stream orders as per Brinton (2015). A 

reliable detection range was defined as the range at which 50% of detections were 
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successfully recorded (Bertelsen and Hornbeck, 2009; Carroll, 2010; Smith, 2012; 

Mathies et al., 2014; Brinton, 2015).  

 

Range Test Results 

 There was a significant effect of distance from the receiver (p < 0.001) and stream 

order (p < 0.001) on the percentage of detections that were successfully recorded by the 

receivers (Figure 3). In general, detection distance increased as stream order increased. 

There were no detections from the transmitters set at 300 and 400 m at any tidal stage 

when the range test was conducted within 1st, 2nd, and 3rd order streams, as the distance 

appeared too great based on the creek geomorphology. However, detection frequency 

from transmitter tags at 25 m, 50 m, and 100 m ranged from 75-100% in those stream 

orders. Within a 5th order stream, detections from the control tags at 300 m and 400 m 

were successfully recorded 75% and 50% of the time, respectively. This may be due to 

the creeks being straighter and wider compared to the smaller tributaries. There was a 

problem with the range test within the 4th order stream as the transmitter tag lines became 

tangled and displaced from the original deployment location. This resulted in a 75% 

detection frequency at the 1st, 3rd, 4th, and 5th transmitter tags set on the line (Figure 3d). 

However, an average percentage was taken using the 3rd and 5th stream order recordings 

to interpolate the 4th order stream detections. There was no effect of diel period (p ≥ 0.05) 

on the percentage of detections that were successfully recorded by the receivers. 
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RESULTS 

Stingray presence 

 Over the course of the 14 month study, male and female Atlantic Stingrays were 

present within the Herb River 67.5±32.51% and 79.6±28.45% of d, respectively. The 

mean presence of all stingrays tended to be highest in September and November 2015 

(87.9±23.95% of d, and 95.8±27.03% of d, respectively) (Table 4, Figure 4a) although 

these months were only significantly different from presence in January and February 

2016 (p=0.001) (Table 5). There was a sharp decrease in the number of stingrays present 

within the Herb River from January to February 2016, with 10 stingrays present in 

January and only 3 in February (Table 5, Figure 4a). This decrease was followed by a 

sharp increase in the number of stingrays present in March 2016 (n=15) (Figure 3a). Of 

the 22 stingrays tagged, there was a significant difference (p=0.0007) in size (DW) 

between the sexes, with males (n=12) being smaller (27.7±2.1 cm) than females (n= 10) 

(31.0±3.2 cm).   

There was a significant difference between the presence of male and female 

stingrays in only 2 months, May 2015 (p=0.0375) and February 2016 (p < 0.0001). Males 

were present significantly less (49.8±32.73% and 3.2±0.00% of d, respectively) than 

females (80.2±24.60% and 9.7±0.00% of d, respectively) in those months (Figure 3a). 

Male stingrays tended to be present within the creek system less (3.2-95.6% of d) than 

females (9.7-97.1% of d) throughout the study (Figures 4b, 4c) but the difference was not 

significant. Males were present for less than 50% of d in 3 months of the study, May 

2015 and January and February 2016 (Tables 4, 5). Females were present for less than 

50% of d in January and February 2016 (Tables 4, 5). There was no significant difference 
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in the percent presence of male stingrays across all months of the study (Figure 3b). In 

contrast, there were significant differences in the percent presence of females across 

months. The percent presence of females was lower (p=0.001) in February 2016 

(9.7±0.00% of d) than in April, July-September, November, and December 2015 (Figure 

3c).  

Although there was no significant difference (p=0.073), male stingrays tended to 

be detected at fewer receivers than female stingrays (Table 6). Males (n=7) were detected 

at 3.1±1.34 receivers, with a range of 1.0-6.1 receivers across the study period (Table 6). 

Females (n=9) were detected at 3.8±0.81 receivers, with a range of 2.0-5.0 receivers 

across the study period (Table 6). All stingrays that left the receiver array were last 

detected at Receiver 10, which is a gateway into the Herb River. Stingrays tended to be 

detected at a high number of receivers (n=4.3-4.9) in months that they began to travel out 

of the array (November-December), and the month in which stingrays returned to the 

array (n=5.6) (March) (Table 6). For example, male stingray 27585 was detected at 9 

receivers in November 2015, only 4 in December 2015, and even fewer (n=2) in January 

2016 before leaving the array (Table 6). This stingray returned to the receiver array in 

March 2016 and was detected at 9 receivers. A similar pattern was observed for female 

stingray 11976. This stingray was detected at 6 receivers in December 2015 and only 2 in 

January 2016 before leaving the array in February 2016 (Table 6). It returned to the 

receiver array in March 2016 and was detected at 9 receivers (Table 6). 

 There was a significant effect of stream order on percent utilization for both male 

and female stingrays (Figure 4). Male stingrays utilized 3rd order streams significantly 

more (p < 0.0001) (33.1±33.14% of d) than 1st order streams (19.6±16.63% of d). Female 
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stingrays utilized 3rd order streams significantly more (p < 0.0001) (50.0±34.42% of d) 

than 1st, 2nd, and 5th order streams (12.6-30.7% of d) (Figure 5).  

Stream order fidelity varied throughout the study for both male and female 

stingrays, as indicated by differences in maximum percent presence within each stream 

order and tended to be highest in 3rd order streams. For males, maximum utilization of 3rd 

order streams was 100.0% of d for a total of 6 months (Figure 6). Male stingrays utilized 

2nd order streams a maximum of 100.0% of d in 5 months (Figure 6). For 3 months in 

2015, at least 1 male stingray was present 100.0% of d in 5th order streams. (Figures 6d, 

6e, 6f). Male stingrays only utilized 4th order streams 100.0% of d in 1 month (Figure 6c). 

Lastly, the maximum percent presence in 1st order streams ranged from 0.0-74.2% of d 

across the study period, which was the lowest compared to all other stream orders (0.0-

100.0% of d) (Figure 6). For females, at least 1 individual was present within 3rd order 

streams 100.0% of the time in 7 months, and utilized the 4th order stream 100.0% of the 

time in 3 months (Figure 6). Female stingrays utilized 2nd order streams a maximum of 

100.0% of d in November 2015 (Figure 6h). Lastly, the maximum percent presence in 1st 

and 5th order streams ranged from 3.0-90.3% of d, which were the lowest when compared 

to all other stream orders across the study period (Figure 6). There was some overlap in 

when male and females utilized certain stream orders. For example, male and female 

stingrays utilized 3rd order streams 100.0% of d at the same time in more months than 

other stream orders (May 2015 and again in September-December 2015). Additionally, 

male and female stingrays were both within 4th order streams 100.0% of d in June 2015. 

 For 4 of the 10 receivers there were a few months during which there was a 

significant difference between male and female presence (p=0.01-0.03) (Figure 7). 
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Differences in male and female presence occurred in 3 instances within 3rd order streams, 

and only once for both a 2nd and 4th order streams. At Receiver 4, located within a 3rd 

order stream at the Savannah State University dock, males were present significantly 

more than females (p=0.03) during September 2015 (Figure 7f), at 85.6±16.44% and 

28.6±48.80% of d, respectively. There was a significant difference (p=0.01-0.03) in the 

presence of male and female stingrays at Receiver 5, located in a 3rd order stream. Males 

were present a lower percentage of time than females at this receiver in April, June-

August, November, and December 2015, as well as March 2016 (Figure 7). However, 

males were present more than females at Receiver 5 in January 2015 (Figure 7j). Males 

were present for more days than females (p=0.03) in October 2015 at Receiver 8 (Figure 

7g), located in a 4th order stream. Males were present at this receiver for 54.5±9.19% of 

d, while females were present for only 7.3±7.51% of d. At Receiver 7, located in a 2nd 

order stream near the middle of the creek system, there was a significant difference 

(p=0.03) in presence between sexes in July 2015 (Figures 7d). Males were only present 

for 5.8±4.24% of d, while females were present at this receiver for 46.5±28.24% of d. 

None of the receivers for which there was a significant difference observed was a 

gateway receiver into the Herb River. There were no significant differences in presence at 

any receiver in May 2015 or April-June 2016.  

 

Temperature 

 The mean water temperature of the creek system over the course of the entire 

study was 23.1±6.10°C with a range of 7.3-34.1°C. The mean creek temperature did not 

vary much across stream orders. The greatest difference in temperature was observed 
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between 1st (30.5±1.01°C ) and 5th order streams (29.3±1.16°C) in June 2016 (Table 7). 

The biggest difference in temperature across stream orders in April and May 2016 was 

only 0.4°C (Table 7). For the stream orders that had bottom-water temperature sensors 

(all but 4th order), there were no significant differences in overall temperature for the 

entire study (Figure 8). Therefore, the mean water temperature recorded in 3rd order 

streams was used as a proxy for the entire creek system as there were 2 temperature 

sensors located in this stream order in comparison to only 1 temperature sensor in the 1st, 

2nd, and 5th stream orders. Mean hourly temperatures were calculated from the data 

recorded by the 2 bottom-water temperature sensors in 3rd order stream (Figure 9a). The 

mean hourly temperatures for reproductive months in 2015 (Figure 9b) and 2016 (Figure 

9c) were examined in finer detail to compare to mean daily temperatures of female 

stingrays. Mean hourly temperatures of all stream orders were not significantly different 

during the 2016 reproductive months (April-June). 

 Mean monthly temperatures of individual stingrays and the mean monthly creek 

temperature were also calculated to observe when female stingray temperatures were ≥ 

1°C higher, which was determined to be the temperature difference that pregnant female 

Atlantic Stingrays preferred compared to males and non-pregnant females by Wallman 

and Bennett (2006). The mean temperature of the creek system during the reproductive 

months in 2015 was 28.2±3.14°C (Table 8). Temperature of female stingrays during the 

2015 reproductive months ranged from 22.1-36.6°C (Table 8) with a mean of 

29.6±2.10°C. Although there were no significant differences, there were a few months 

(April, May, and July 2015) in which temperatures of an individual female stingray was ≥ 

1°C warmer than the mean 3rd order stream water temperature (Table 9). For example, 
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Stingrays 11976 and 11981 were detected at temperatures that were ≥ 1°C warmer than 

other female and male stingrays in May, June, and July 2015 (Figure 10a).  

Overall mean temperature of the creek system during the reproductive months in 

2016 was 24.9±3.65°C (Table 8). The temperature of female stingrays with temperature 

sensor tags ranged from 17.1-34.4°C with a mean of 24.2±2.97°C (Table 8). Only 4 

stingrays (1 male, 3 female) were detected in 1st and 2nd order streams during these 

months. Although there were no significant differences, some female stingrays had 

temperatures that were ≥1°C warmer water than the mean 3rd order stream temperature in 

May and June 2016. For example, female stingray 11976 had a mean temperature of 

26.0±1.92°C, which was about 1°C warmer than the mean creek temperature in May 

2016 (25.1±1.07°C) (Table 10). Additionally, female stingray 11980 had a mean 

temperature of 31.7±0.34°C, which was also ≥ 1°C warmer than the mean creek 

temperature (29.6±1.48°C) in June 2016. There were no differences in temperatures 

observed in April 2016 (Table 10). When mean daily temperatures for all female 

stingrays with temperature sensor tags were plotted for the 2016 reproductive months, 

one stingray (11985) exhibited higher temperatures when compared to all other female 

stingrays (Figure 10b). These higher peaks occurred mostly in May 2016 and were up to 

29.3°C, which was > 4°C warmer than the mean creek temperature (25.1±1.07°C), and 

nearly 2-3°C warmer than other female stingrays. This may be evidence of maternal 

thermophily.  

In July 2015 there were days in which female stingrays were detected at a 

maximum temperature that was 4.7-5.9°C warmer than other stingrays present within the 

array. The differences in temperature that were ≥ 4.7°C occurred across all tidal stages; 
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however, one more event occurred at low tide. Additionally, of all the 9 times for which 

there was a difference of ≥ 4°C between stingrays, 6 were at night. The depth of the 

stingrays were unknown and could be a possible explanation for when maximum 

temperatures occurred. For example, female stingray 11976 was detected at temperatures 

4.9°C warmer than the maximum temperature recorded for female stingray 11980 on the 

same day and same receiver (Table 11). Additionally, female stingray 11977 was 

detected at a maximum temperature that was 5.8°C warmer than the maximum 

temperature of male stingray 11979 in the same day (Table 11). Female stingray 11977 

was detected at a maximum temperature that was 4.7°C warmer than the maximum 

temperature of female 11980 during the same day (Table 11). Female stingray 11985 had 

a maximum temperature that was 5.5°C warmer than the maximum temperature of 

stingray 11980 in the same day (Table 11). However, there was no clear pattern of time 

of day or tidal stage for when stingrays were being detected at a maximum daily 

temperature. For example, Stingray 11977 had a temperature that was 5.8°C warmer than 

other stingrays during a high tide at 05:29. These warmer temperatures occurred in 

almost all these stingrays despite them having been in a 3rd or 4th order stream and 

continuously detected in that stream order for ≥ 6 h beforehand. Only 1 of these stingray 

migrated from a 1st order stream hours before being detected within a 3rd order stream at 

the respective maximum temperature (Table 11). This may be evidence of maternal 

thermophily on a finer scale. 

Data from 7 July 2015 were selected as an example for temperature preferences 

on an hourly scale to determine if stingrays that migrated from a presumably warmer 1st 

order stream to a 3rd order stream would potentially cool to the same temperature of the 
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deeper and cooler creek. However, there was no temperature sensor deployed within a 1st 

order stream in 2015. Female stingray 11976 was detected in a 1st order stream with a 

temperature of 30.6°C before moving to a 3rd order stream between 14:00-16:00 at high 

tide at which time the temperature was 30.3±0.26°C. After this stingray migrated into a 

3rd order stream, its temperature ranged from 32.2-32.6°C, which was ≥ 2°C warmer than 

the mean temperature recorded by the bottom-water temperature sensor in the same 

stream order at the same time of day.  

Data from 29 May 2016 were selected as an example for temperature preferences 

on an hourly scale to determine if stingrays that migrated from a presumably warmer 1st 

order stream to a 3rd order stream would then cool to the same temperature of the creek. 

Female stingray 11976 was detected in a 1st order stream before moving to a 3rd order 

stream (Figure 11). The mean temperature of the 1st order stream during that time was 

25.32±0.10°C. Although the depth of the stingray is unknown, the temperature of the 

stingray remained nearly 1°C warmer (25.7-25.9°C) than the temperature recorded by the 

bottom-water temperature logger in the 3rd order stream (24.8-25.3°C) (Figure 11). This 

was during a flooding tide between 12:00-15:00, when the presumably cooler water 

would be moving into the area. This may be evidence of maternal thermophily on an 

hourly scale.  

There was no significant difference between temperatures recorded by male 

stingrays and females stingrays during the reproductive months, although only 2 males 

and 8 females were implanted with temperature sensor tags. The power in the present 

study was analyzed using a post-hoc test. The present study had a power of only 0.32 and 
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a sample size of 68 individuals (34 males and 34 females) would be needed to obtain a 

power of 0.80. 

 

Catch  

 There was a significant difference in the number of males and females caught, but 

only in June 2015 when the number of male stingrays caught was lower (n=9) than the 

number of female stingrays (n=53) (Table 12). In April, the number of males caught was 

higher (n=30) than that for females (n=18), though the difference was not significant. In 

May, there was no significant difference in catch between sexes, but the catch for males 

(n=10) was lower than that for females (n=26). The overall sex ratio of males to females 

caught during the 2015 fishing effort was 1:2. This ratio changed monthly from 1:0.6 in 

April 2015 to 1:5.9 in June 2015. The sex ratio for Atlantic Stingrays caught in May 2014 

and May 2015 were both biased towards females with ratios of 1:1.2 and 1:2.6, 

respectively, and the ratio of female stingrays caught doubled. A similar trend was 

observed between the sex ratios in June 2014 and June 2015 in which the sex ratio was 

also dominated by females (1:3.4 and 1:5.9, respectively), and the ratio of female 

stingrays caught also doubled in 2015 (Table 12). These were the only 2 months that had 

> 1 fish in each sex in multiple years from 2013-2015.  

A total of 2,380 hooks were deployed during fishing efforts from 8 April-26 June 

2015. In April 2015, 670 hooks were deployed, and total number of Atlantic Stingrays 

caught was 48 individuals (Table 13). In May, a total of 739 hooks were deployed, and 

total number of Atlantic Stingrays caught was only 36 individuals. There was an increase 

in the number of hooks deployed in June (971), and catch of Atlantic Stingrays was 62 
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individuals. The total number of empty hooks across the entire fishing effort was 2,154 

hooks.  

Overall, elasmobranch fishes made up 94.1% of the total catch from 8 April-26 

June 2015 (Table 14). The Atlantic Stingray (n=146) comprised 64.6% of all the fish 

caught during the 2015 fishing effort (Table 14). The Atlantic Sharpnose Shark 

Rhizoprionodon terraenovae was caught in the second highest quantities making up 

12.8% of the total catch. The Southern Stingray Dasyatis americana, sea robin Prionotus 

spp. and Gafftopsail Catfish Bagre marinus each made up only 0.4% of the total catch as 

only one of each species was collected (Table 14). One individual shark was 

unidentifiable.  

 

 

DISCUSSION 

The major finding of this study was that both male and female Atlantic Stingrays 

were present within the Herb River in all 14 months of the study (67.5±32.51% and 

79.6±28.45% of d, respectively). Female stingrays were present significantly more than 

males only in May 2015 and February 2016. Stingrays were present for > 50% of d in all 

months except for in January and February 2016 (45.5±20.31% of d and 7.5±3.72% of d, 

respectively) and can be considered monthly residents of the Herb River as defined by 

Vianna et al. (2003). Of the 10 stingrays present in the Herb River in January 2016, only 

3 stingrays (1 male, 2 females) remained for part of February 2016 but were subsequently 

detected within a separate receiver array south of the Herb River. These 3 stingrays 

returned to the Herb River in late February 2016. The Herb River system is part of the 
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Savannah River estuary, and the movement of stingrays out of the Herb River in colder 

months is similar to migration patterns reported in the literature (Ramsden et al., 2016). 

Although Atlantic Stingrays were present year-round within the Savannah River estuary, 

they still can only be considered seasonal residents of the Herb River (Ramsden et al., 

2016). In Florida lagoons, Atlantic Stingrays were collected in all months of the year but 

they were not as easily located in winter months (Snelson et al., 1988). Stingrays in the 

present study were detected by only a mean of 3.2±1.94 receivers over the course of the 

study. In January 2016, stingrays were detected at a mean of 2.2±0.98 receivers 

indicating that they were moving around less than average when compared to the number 

of receivers they were detected by in November and December (4.9±2.15 and 4.3±1.22 

receivers, respectively). The last receiver that stingrays were detected at in was Receiver 

10, which is a gateway into the Herb River. It is possible that stingrays that left the 

receiver array in colder months traveled farther south but remained within the Savannah 

River system. Ramsden et al. (2016) found that some stingrays were detected within 

creeks < 20 km south of where they were originally tagged (Ramsden et al., 2016) but 

were still in the Savannah River estuary. In March 2016 stingrays were detected by 

5.6±2.44 receivers. This high number indicated that as stingrays returned to the Herb 

River from possible winter grounds within the Savannah River estuary, and they traveled 

upstream and were therefore detected by a high number of receivers.  

Female stingrays tended to be present within the creek system more often 

(79.6±28.45% of d) than male stingrays (67.5±32.51% of d) although the difference was 

not significant. There was no significant difference in number of receivers that male and 

female stingrays were detected. However, in 9 out of the 14 months of the present study 
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female stingrays were detected at a higher mean number of receivers than males, despite 

the same number of male and female stingrays being present. This indicates that females 

are moving around the creek system more and therefore being detected at a greater 

number of receivers. Overall females were detected at a mean of 3.8±0.81 receivers and 

males were only detected at 3.1±1.34 receivers. For example, female stingrays were 

detected at a mean of 0.6-1.9 more receivers than male stingrays in May-September 2015. 

Females may need to actively seek food more often than males to provide nutrients to any 

young they might be carrying and to restore energy reserves for the next reproductive 

season as described by Fangue and Bennett (2003). Atlantic Stingrays typically give birth 

from mid-June to mid-August (Lewis, 1982) and may be searching for a prime habitat 

within the creek in which to give birth. Habitat-selection behavior has been observed for 

two pipefish species (Stigmatopora nigra and Stigmatopora argus), with habitat selection 

being driven by females (Steffe et al., 1989). Female pipefish were observed inhabiting 

areas in which their sexual displays to males could be more visible, and smaller or less 

aggressive females were displaced to a less desirable habitat due to competition (Steffe et 

al., 1989). The selection of less desirable habitats could lead to a lower survival rate of 

offspring (Orians and Wittenberger, 1991). Female Scalloped Hammerhead Sharks travel 

offshore to feed on energy-rich prey sooner than males, thus increasing growth rate 

resulting in a larger size at maturity (Klimley, 1987).  Although male and female Atlantic 

Stingrays were present within the current study in all months, the few differences in 

location of males and females could be related to female selection of optimal birthing 

habitat. For instance, the differences in utilization of specific receivers occurred 3 times 

across various months within 3rd order streams. Females were present more than males at 
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only 1 receiver within a 3rd order stream, but across multiple months. Some of those 

months (April and June) correlated with warm water temperatures in which it was 

hypothesized by Wallman and Bennett (2006) that stingrays would experience maternal 

thermophily (> 26.1°C). Males were present more than females at 2 different receivers 

within 3rd order streams in 2 separate months. Additional differences in presence between 

male and female stingrays occurred once in a 2nd order stream, with females being 

present more than males, and once within the 4th order stream, with males being present 

more than females.  

Male stingrays utilized 3rd order streams (33.1±33.14% of d) significantly more 

than 1st order streams (19.6±16.63% of d) across the study period. Additionally, the 

utilization of 3rd order streams by females (50.0±34.42% of d) was significantly higher 

than 1st, 2nd, and 5th order streams (12.6-30.7% of d). This was similar to findings by 

Brinton (2015) in that Atlantic Stingrays utilized 3rd order streams more than any other 

stream order, although he did not assess these differences by sex. The utilization of 3rd 

order streams in the present study was only greater than some of the other orders. The 

fact that water is retained through each tidal stage within 3rd order streams in the Herb 

River (Brinton, 2015) could be a potential reason why the utilization of this stream order 

was high. Atlantic Stingrays typically feed on tidal flats (Howard et al., 1977; Bradley, 

1996), which are present within this part of the creek system (pers. obs.). At lower tidal 

stages, stingrays may be able to utilize these streams without the threat of predators that 

cannot enter into the shallow depths. Additionally, stingray movements are tidally 

influenced. They move into smaller, shallower stream orders during a flooding and high 

tide, and migrate back out into wider and deeper stream orders with the ebbing and low 
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tides (Brinton, 2015). There was a tendency for both male and female stingrays to utilize 

3rd order streams more than some of the other stream orders in the present study. 

However, there was no significant difference between the utilization of stream orders by 

sex.  

In 2015 and 2016, temperatures during reproductive months did not vary 

significantly between male (29.3±4.85°C and 24.8±5.01°C, respectively) and female 

stingrays (29.6±2.10°C and 24.2±2.97°C, respectively) that were tagged with temperature 

sensor tags, but males tended to utilize areas with slightly cooler water temperatures. Jirik 

and Lowe (2012) found that male Round Stingrays avoided warm-water habitats that 

were utilized by female stingrays, potentially because the females were not receptive to 

pre-copulatory behaviors. Wallman and Bennett (2006) found that males and females 

would select waters 1.2ºC cooler after feeding in a laboratory setting. Di Santo and 

Bennett (2011) suggested that male stingrays may prefer cooler waters that may allow for 

slower evacuation rates, resulting in increased nutrient absorption. 

Although there was no significant difference in temperature preferences of male 

and female stingrays within the present study, there was a suggestion of maternal 

thermophily. Female stingrays were observed at temperatures that were warmer than 

male stingrays for brief periods during reproductive months in both 2015 and 2016. For 

example, the monthly mean temperature of female stingrays in April 2015 was 1.0-3.3°C 

warmer than the mean temperature of male stingrays (21.1±1.07°C).  A similar trend was 

observed in May 2015 with female temperature being up to 3.1°C warmer than the mean 

male temperature (23.6±1.62°C). In 2016, female stingray temperatures in April were 

0.3-1.1°C warmer than the male mean temperature (20.8±1.58°C). Although the 
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difference in temperature between sexes was not significant, the suggestion of maternal 

thermophily reported in the present study was similar to findings from a laboratory study 

by Wallman and Bennett (2006). In their laboratory study, pregnant stingrays preferred 

waters that were ≥ 1°C warmer than non-pregnant females and males when exposed to 

temperatures ranging from 24-30°C over a 24-h period. In May and June 2016, the mean 

temperature in each stream order was already equal to or warmer (25.6-30.5°C) than 

preferred temperature range (25.5-26.5°C) that pregnant stingrays selected in the 

laboratory study by Wallman and Bennett (2006). This may be one reason why further 

evidence of thermophily was not seen since fish may have already been exposed to 

thermophilic conditions. Additionally, the consistent presence of males within the Herb 

River may indicate that they have followed the females to a prime habitat in which to 

forage and seek refuge from predators.  

There was no way to determine if captured females in the current study were 

pregnant. Ultrasonic equipment was not available, nor were fish sacrificed. However, 

there was some evidence that they could have been pregnant as all of the tagged females 

were equal to or larger than the size of maturity and many exhibited bite marks. These 

mating wounds can be a proxy for reproductive activity (Kajiura et al., 2000) but not a 

guarantee of pregnancy. Additionally, one untagged female aborted 2 embryos 

prematurely in June 2015, likely due to stress.  

Some fish had higher temperatures for brief periods (days or hours). There were 

instances in which the differences between the maximum temperatures of 2 stingrays 

were 4-6ºC in a single day but did not occur at the exact same time. Surprisingly, this 

typically occurred at night in 3rd and 4th order streams, and at all tidal stages. It is also 
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possible that there was not enough variance in temperature across stream orders for these 

stingrays to seek out warmer areas as temperatures during reproductive months ranged 

from 16.4-32.6 ºC. In reproductive months in 2016, the mean water temperature in a 1st 

order stream was 24.6±4.99°C, and the mean for the 2nd order stream was 25.7±4.54°C. 

The mean water temperature in 3rd order streams was 24.8±4.49°C, and in 5th order 

streams the mean water temperature was 25.3±4.51°C.  In a laboratory setting 

temperatures ranged from 24-30°C to correlate to summer field conditions in Florida 

(Wallman and Bennett, 2006). In another study, the mean monthly temperatures from the 

St. Joseph’s Bay in Florida, where stingrays were collected for another laboratory study, 

ranged from 22-31.6°C from April-August, with a maximum temperature of 35.3°C in 

July (Fangue and Bennett, 2003). In the present study, temperatures of the Herb River 

ranged from 16.4-32.6°C in the reproductive months. Temperatures in the present study 

were warmer than those in the published studies. The Herb River system is a smaller and 

shallower creek system within the Savannah River estuary with little difference in 

temperature across stream orders as the greatest difference in temperature was observed 

between 1st (30.5±1.01) and 5th order streams (29.3±1.16°C) in June 2015 with only a 

1.2°C difference. Additionally, the Savannah River estuary is the northernmost area in 

which the Atlantic Stingray is a year-round resident. Thermophily may not be observed in 

Florida study areas as the waters are already warm enough as well. However, studies 

conducted north of the Savannah River estuary may provide stronger evidence of 

maternal thermophily for this species. However, there were still instances of stingray 

temperatures that were ≥ 1°C warmer than other stingrays and the creek system. For 

example, female stingray 11985 in May 2016 may exemplify some evidence of maternal 
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thermophily. This stingray had a temperature as high as 29.3°C on various dates in May 

2016, which was > 4°C warmer than the mean creek temperature (25.1±1.07°C). The 

sharp increases of temperature exhibited by this stingray were also 2-3°C warmer than 

temperatures recorded by other stingrays on a given day in similar stream orders.  

To determine the appropriate sample size needed to identify trends in temperature 

difference between sexes, a post-hoc power analysis was conducted. A sample size of 68 

stingrays (34 male and 34 females) would be needed for the 0.80 power necessary to 

accurately determine a statistical significance in temperature between the two sexes 

across a 14-month study. However, if means of temperatures recorded by male and 

female stingrays in only the reproductive months were used, then a sample size of 280 

fish would be needed. The sample size for temperature analysis in the current study 

consisted of only 2 males and 8 females that were implanted with temperature sensor 

tags. However, even with the low sample size, this study provides a unique investigation 

of possible thermoregulatory behaviors in the field.  It would be ideal to conduct a similar 

study with not only temperature sensor tags, but pressure tags to indicate where stingrays 

may be within the water column. Pressure tags could provide a better insight into whether 

high temperature were the result of female stingrays being near the surface of the water to 

stay warmer than males while pregnant.  

 Sexual segregation of Atlantic Stingrays within the Herb River may occur but 

only for brief periods of time. The number of male stingrays caught decreased over the 

monthly fishing effort (8 April-26 June 2015), while number of female stingrays caught 

increased over the fishing effort. A seasonal difference in catch of male and female 

Atlantic Stingrays has been reported in a previous study by Snelson et al. (1988). In the 
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present study, fishing was usually restricted to areas with the greatest success rate, 

typically in 3rd and 4th order streams. If female stingrays are selecting 3rd order streams 

more than some other stream orders, then perhaps male presence would also be high 

within these streams during the 7-month period (August-April) when mating occurs. This 

tended to be true as the overall percentage of time males were present,  was greater than 

50% of d in all months except in May 2015 and January and February 2016. This is 

despite the fact that the number of males present did not change. Male and female 

Atlantic Stingrays exhibit some sexual segregation, as indicated by the change in 

individuals caught across months, as well as changes in utilization of different receivers. 

Male and female dogfish were segregated in their habitat use of a small confined area 

(Sims et al., 2001). For example, female dogfish utilized shallow cave areas in the North 

Basin during the day and deeper waters at night, while male dogfish remained in deeper 

waters in the South Basin during the day and shallower waters to feed at dusk (Sims et 

al., 2001). In the current study, the Atlantic Stingray was present in all months of the year 

within the Herb River. Males utilized 3rd order streams more than 1st order streams and 

females utilized 3rd order streams more than 1st, 2nd, and 5th order streams. Of the 7 males 

and 7 females present, most of the females used all stream orders except 1st order (n=4). 

However, the female stingrays in 5th order streams only utilized those areas for brief 

periods of time when compared to the utilization of 3rd order streams.  Fewer males (n=4) 

were found in 1st and 2nd orders compared to the 5-7 that utilized 3rd-5th order streams.  

There were some months in which male and female stingrays utilized the same stream 

orders 100% of d, and some months in which utilization of stream orders were dominated 

by one sex. For example, males but not females, were observed in 1st order streams in 
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April 2015, December 2015, and January 2016. The fact that stingrays are found in these 

small areas with limited accessibility and a reduced receiver detection radius emphasizes 

a preference for these stream orders.  

There were also differences in the utilization of certain receiver areas by males 

and females over the course of the study. For example, female stingrays utilized Receiver 

5, located in a 3rd order stream, significantly more than males in April, June-August, 

November, and December 2015, as well as March 2016. June-August are times that 

female stingrays may be giving birth and may either be seeking out warm water refuges 

or avoiding male stingrays. Other receivers for which there were significant differences 

in presence of male and female stingrays were also located within a 2nd, 3rd and 4th order 

streams but in different months (July, September, and October 2015, respectively). It 

could be assumed that the high presence of females in July 2015 in a 2nd order stream 

could be evidence of females seeking out warmer waters or shallower habitats in which 

females could give birth and young could potentially be protected from predators. In both 

September and October 2015, males were present more at certain receivers than females. 

This may be due to males actively searching for a mate in specific areas, and thus being 

detected by the same receiver on more consecutive days. Females tended to be detected 

by more receivers (3.8±0.81) than males (3.1±1.34) and thus may be moving around the 

entire creek system more. 

 It is possible that female stingrays were already exhibiting maternal thermophily 

within the Herb River because the temperatures were warm enough for this to occur. 

Additionally, there were still brief periods of time at which various female stingrays were 

detected within waters 1-6°C warmer than other stingrays in several months of the study. 
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This may be the first evidence of the Atlantic Stingray exhibiting this behavior in a 

natural setting on a fine scale. Differences in maximum daily temperatures of stingrays 

on particular dates, although not at the same time, were ≥ 4-6°C higher between 

individual stingrays and occurred at all tidal stages. However, of the 9 times for which 

the ≥ 4°C difference in temperature was observed, 6 were unexpectedly at night, although 

the position of the stingray in the water column is unknown. It would have been expected 

to observe the largest differences in temperatures during the day and at low tides, but 

neither of these occurred. Identifying the utilization of areas by male and female stingrays 

may be beneficial in determining sexual segregation behaviors. Females may utilize 

certain areas at specific times of the year, such as while pupping. By selecting these 

areas, females may be segregating themselves from male stingrays. It is possible that 

sexual segregation due to maternal thermophily occurs within the Herb River for briefer 

periods of time. The segregation between sexes in the present study is similar to 

observations made by Jirik and Lowe (2012) on Round Stingrays in California. The 

pregnant Round Stingrays utilized a warm water basin during reproductive months and 

males were rarely observed utilizing that area (Jirik and Lowe, 2012). Similarly in the 

present study, female Atlantic Stingrays utilized specific receivers, especially in 3rd order 

streams, more than males at certain times of the year, especially during times at which 

females are likely to be pregnant.  

In conclusion, differences in location of male and female stingrays could 

influence their role as an ecosystem engineer, particularly in 3rd order streams where they 

were often observed. An increase in bioturbation by Atlantic Stingrays would alter the 

benthic substrate, reducing food sources for competing organisms and displacing 
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meiofaunal organisms. Additionally, the identification of short-term areas of high 

utilization, such as warm-water areas, may provide more insight into any 

thermoregulatory behaviors exhibited by these stingrays. The consistent presence of 

Atlantic Stingrays within the Herb River may indicate that these stingrays have already 

identified this area as an optimal habitat for various reasons: 1) an abundance of food; 2) 

refuge from predators; and 3) a warm-water habitat during reproductive months that may 

aid in the thermoregulatory behavior of pregnant Atlantic Stingrays. The Savannah River 

estuary is the northern limit of where this species can be found year-round (Ramsden et 

al., 2016), and any studies conducted north of the present study site may yield different 

results, regardless of sample size, as a greater temperature variance is more likely to be 

observed. If this species of stingray is exhibiting maternal thermophily in the northern 

regions of its habitat range, it would be important to identify the areas that are warm 

enough for this to occur. In doing so, it is possible to identify pupping grounds for these 

stingrays and identify the resources available to them in those particular habitats. 

Additionally, identifying movements of stingrays in northern habitats can further develop 

an understanding for the spatial and seasonal scale at which this stingray species may 

migrate to particular areas based on temperature. In the present study, stingrays briefly 

left the Herb River, but remained within the Savannah River estuary when temperatures 

dropped during winter months traveling only a short distance. However, when stingrays 

returned to the Herb River, the water temperature was already increasing and became 

warmer during reproductive months than the preferred temperatures reported in a 

laboratory setting. This may indicate that stingrays are preferentially selecting the Herb 

River as an ideal habitat for reproduction and gestation. In more northern habitats, it is 
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possible that stingrays would travel farther away or for an extended period to find a 

suitable temperature during the cold versus warm months. The Savannah River estuary is 

the northernmost documented area of Atlantic Stingray year-round residency, and their 

movements out of smaller tributaries of the estuary in winter months only last about 1 

month. Identifying latitudinal differences in movement patterns can aid in long-term 

management of this species, or identify occurrences of outcompeting commercially 

important organisms. Additionally, in the present study, both male and female stingrays 

are utilizing the same area at the same time but with some segregation. Other studies of 

elasmobranchs have reported on sexual segregation with respect to reproduction 

(Klimley, 1987; Sims et al., 2001; Robbins, 2007; Jirik and Lowe, 2012). The stingrays in 

the present study did overlap in areas of use. However, there were specific months in 

which the sexes stingrays utilized areas differently, suggesting that a spatial segregation 

may occur but on a finer scale within the study site. This study presents an insight into 

how stingray behavior changes across various temporal, thermal, and spatial scales. It 

would be beneficial to utilize methods in this study, as well as employ the use of pressure 

sensor tags to identify vertical movements in the water column, to further investigate 

maternal thermophily of this species as well as other elasmobranchs. 
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Table 1. Atlantic Stingrays Dasyatis sabina caught and tagged within the Herb River near 

Savannah, GA between 8 April-26 June 2015 including sex, tag identification number, 

transmitter type, external tag number, and body measurements ± 1 SD. Mass is the wet 

weight measured for each fish. A “T” after the tag model indicates that the tag is 

temperature sensing. An asterisk (*) next to the tag type indicates that the tag is a 

continuous, active tracking tag. 

 

Date Tagged Sex Tag ID Tag Type External Tag # DW (cm) Mass (kg) 

4/8/2015 F 11985 V16T 98 31.2 1.37 

4/8/2015 F 11982 V16T 99 24.1 1.80 

4/8/2015 F 11983 V16T 2 30.9 1.45 

4/8/2015 M 27587 V16 100 28.1 1.35 

4/8/2015 M 27585 V16 1 31.2 1.92 

4/9/2015 M 27584 V16 3 30.2 1.37 

4/9/2015 M 54kHz V16* 4 27.3 1.38 

4/15/2015 M 27582 V16 6 26.6 1.20 

4/15/2015 M 27581 V16 8 24.4 1.19 

4/15/2015 M 11984 V16T 5 29.2 1.48 

4/22/2015 F 11981 V16T 10 35.2 1.77 

4/28/2015 F 11980 V16T 11 29.5 1.21 

4/29/2015 F 11978 V16T 12 32.2 1.47 

4/29/2015 F 11977 V16T 15 32.9 1.54 

4/29/2015 F 11976 V16T 17 34.5 1.98 

4/29/2015 M 18447 V9 16 25.3 0.69 

5/08/2015 M 18449 V9 18 26.0 0.72 

5/22/2015 M 27576 V16 20 29.0 1.08 

5/22/2015 M 18448 V9 21 26.2 0.84 

6/11/2015 M 27574 V16 24 29.4 1.07 

6/22/2015 M 60kHz V13T*  23 25.0 0.68 

6/26/2015 F 27578 V16 78 29.0 1.15 

6/26/2015 F 27577 V16 81 30.2 1.35 

6/26/2015 M 11979 V16T 79 29.4 1.13 

    Male average: 27.7±2.1 1.15±0.35 

    Female average: 31.0±3.2 1.51±0.27 

    Overall average: 29.4±2.7 1.33±0.31 

 

  

 

  



 
 

62 

 

Table 2. List of Vemco VR2W receivers deployed in the Herb River near Savannah, 

Georgia. Receivers are marked by a station ID number 1-10 in ascending order from 

smallest stream order to largest. An asterisk (*) indicates a receiver with a bottom-water 

temperature logger attached. 

 

Receiver Identification 

Number Station ID Stream Order 

 101114* 1 1 

104339 2 1 

101402 3 2 

 109325* 4 3 

 108337* 5 3 

109327 6 3 

 104342* 7 2 

121157 8 4 

 109324* 9 5 

125372 10 5 
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Table 3. List of receiver download and servicing dates within the Herb River from 

January 2015-July 2016. A double dash (--) indicates that no downloads were completed. 

 

 
Herb River 

1/16/2015 

2/20/2015 

3/20/2015 

4/21/2015 

5/18/2015 

6/22/2015 

7/20/2015 

8/28/2015 

9/29/2015 

10/23/2015 

11/21/2015 

12/18/2015 

01/21/2016 

02/26/2016 

03/25/2016 

4/26/2016 

5/11/2016 

6/17/2016 

7/15/2016 
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Table 4. Mean monthly presence of Atlantic Stingrays Dasyatis sabina within the Herb River receiver array from April-December 

2015. ND indicates that there is no data for a given month as the stingray may not have been tagged. Overall means (±1 SD) are listed 

below as well as by sex. 

  

Stingray Sex DW Apr May Jun Jul Aug Sep Oct Nov Dec 

11985 F 31.2 73.9 93.6 100.0 93.6 100.0 100.0 90.3 100.0 100.0 

11982 F 24.1 91.3 100.0 100.0 96.8 61.3 100.0 100.0 100.0 100.0 

11983 F 30.9 30.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

11981 F 35.2 100.0 61.3 83.3 80.7 67.7 83.3 54.8 96.7 96.8 

11980 F 29.5 100.0 80.5 23.3 96.8 100.0 100.0 100.0 100.0 100.0 

11978 F 32.2 100.0 45.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

11977 F 32.9 100.0 83.9 100.0 80.7 67.7 100.0 100.0 90.0 100.0 

11976 F 34.5 100.0 96.8 96.7 100.0 100.0 100.0 100.0 100.0 32.3 

27578 F 29.0 ND ND 40.0 100.0 100.0 100.0 3.2 0.0 0.0 

27577 F 30.2 ND ND 40.0 71.0 0.0 0.0 0.0 0.0 0.0 

11979 M 29.4 ND ND 100.0 83.9 48.4 16.7 48.4 80.0 77.4 

11984 M 29.2 68.8 48.4 23.3 48.4 29.0 63.3 77.4 100.0 80.7 

27574 M 29.4 ND ND 85.0 100.0 100.0 100.0 12.9 0.0 0.0 

27576 M 29.0 ND 100.0 100.0 64.5 41.9 100.0 100.0 100.0 100.0 

18448 M 26.2 ND 72.7 0.0 64.5 0.0 0.0 0.0 0.0 0.0 

18449 M 26.0 ND ND 100.0 0.0 0.0 0.0 0.0 0.0 0.0 

18447 M 25.3 ND ND ND 0.0 0.0 0.0 0.0 0.0 0.0 

27581 M 24.4 100.0 12.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

27582 M 26.6 50.0 45.2 10.0 87.1 61.3 96.7 96.8 93.3 19.4 

27584 M 30.2 68.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

27585 M 31.2 60.9 19.4 10.0 12.9 9.7 70.0 93.6 86.7 90.3 

27587 M 28.1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 22.6 

Overall: 
  

81.5±24.79 68.6±30.20 70.1±36.21 80.2±23.50 70.8±30.33 87.6±23.95 77.0±38.18 95.8±27.03 73.1±36.30 

Female:   87.0±24.60 80.2±20.18 72.9±32.73 89.9±10.96 85.3±18.25 97.1±7.56 78.3±37.00 96.11±4.91 87.6±28.74 

Male:   74.6±20.78 49.8±32.7 67.3±41.48 70.6±29.13 55.8±34.23 78.1±31.20 75.6±33.26 95.6±±5.84 58.6±39.58 
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Table 5. Mean monthly presence of Atlantic Stingrays Dasyatis sabina within the Herb River receiver array from January-June 2016.  

Overall means (±1 SD) are listed below as well as by sex. 

Stingray Sex DW Jan Feb Mar Apr May Jun 

11985 F 31.2 29.0 0.0 29.0 61.3 100.0 100.0 

11982 F 24.1 74.2 0.0 54.8 93.6 100.0 100.0 

11983 F 30.9 0.0 0.0 0.0 0.0 0.0 0.0 

11981 F 35.2 35.5 9.7 83.9 41.9 58.1 86.7 

11980 F 29.5 67.7 9.7 96.8 93.6 100.0 30.0 

11978 F 32.2 0.0 0.0 0.0 0.0 0.0 0.0 

11977 F 32.9 61.3 0.0 90.3 90.3 100.0 100.0 

11976 F 34.5 29.0 0.0 90.3 90.3 100.0 100.0 

27578 F 29.0 0.0 0.0 6.5 29.0 6.5 13.3 

27577 F 30.2 0.0 0.0 0.0 0.0 0.0 0.0 

11979 M 29.4 38.7 0.0 80.7 45.2 22.6 0.0 

11984 M 29.2 25.8 0.0 93.6 93.6 100.0 100.0 

27574 M 29.4 0.0 0.0 51.6 71.0 61.3 0.0 

27576 M 29.0 71.0 0.0 58.1 93.6 100.0 100.0 

18448 M 26.2 0.0 0.0 0.0 0.0 0.0 0.0 

18449 M 26.0 0.0 0.0 0.0 0.0 0.0 0.0 

18447 M 25.3 0.0 0.0 0.0 0.0 0.0 0.0 

27581 M 24.4 0.0 0.0 9.7 6.5 0.0 0.0 

27582 M 26.6 0.0 0.0 51.6 93.6 80.6 43.3 

27584 M 30.2 0.0 0.0 0.0 0.0 0.0 0.0 

27585 M 31.2 38.7 0.0 87.1 54.8 16.1 10.0 

27587 M 28.1 3.2 3.2 93.6 87.1 100.0 96.7 

Overall:   45.5±20.31 7.5±3.72 65.2±30.83 69.7±28.43 74.7±35.54 73.3±37.39 

Female:   47.3±22.41 9.7±0.00 64.5±35.29 71.4±27.27 80.7±36.26 75.7±37.55 

Male:   42.7±19.60 3.2±0.00 61.8±28.70 68.2±31.20 68.7±36.58 70.0±41.30 
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Table 6. Number of receivers in which individual Atlantic Stingrays Dasyatis sabina were detected at each month within the Herb 

River near Savannah, Georgia from April 215-June 2016. Detections of the first fish began 8 April 2015 and stingrays are presently 

being detecting within the receiver array. A mean (±1 SD) of receivers in which stingrays were detected at is listed for all stingrays as 

well as by sex. Overall means are in bold.  

Ray Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Mean 

Female                 

11985 5 3 3 3 3 4 4 4 4 2 0 5 2 3 3  

11982 6 6 4 4 4 3 3 5 3 2 0 5 3 2 2  

11981 1 2 2 2 3 2 2 3 3 2 5 3 5 5 2  

11980 3 5 2 3 3 5 3 6 5 2 5 5 5 4 3  

11978 5 6               

11977 2 4 4 4 4 4 4 4 4 2 0 5 2 3 3  

11976 2 6 7 9 4 4 3 5 6 2 0 9 6 6 7  

27578 ND ND 1 3 5 4 3 0 0 0 0 3 2 2 2  

27577 ND ND 1 4             

                 

Male                 

27587 3 3 5 5 5 3 3 5 6 1 1 9 3 4 5  

27585 4 5 4 1 3 5 3 9 4 2 0 9 5 3 2  

27582 2 2 3 2 2 1 2 7 6 0 0 7 0 3 3  

27581 5 3               

11984 5 5 1 1 1 5 8 7 4 2 0 8 8 7 1  

27576 ND 1 1 2 4 2 3 3 3 5 0 5 2 2 2  

18448 ND 2 2 2             
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27574 ND ND 2 2 1 1 2 0 0 0 0 2 1 1 0  

11979 ND ND 1 2 1 1 1 1 3 2 0 3 2 2 0  

Mean 

±SD 

3.6± 

1.62 

3.8± 

1.72 

2.7± 

1.75 

3.1± 

1.95 

3.1± 

1.38 

3.1± 

1.51 

3.1± 

1.61 

4.9± 

2.15 

4.3± 

1.22 

2.2± 

0.98 

3.7± 

2.31 

5.6± 

2.44 

3.5± 

2.07 

3.4± 

1.69 

3.0± 

1.67 
3.2± 

1.94 

Female 

±SD 

3.4± 

1.90 

4.6± 

1.62 

3.0± 

2.00 

4.0± 

2.14 

3.7± 

0.76 

3.7± 

0.95 

3.1± 

0.69 

4.5± 

1.05 

4.2± 

1.17 

2.0± 

0.00 

5.0± 

0.00 

5.0± 

2.00 

3.6± 

1.72 

3.4± 

1.51 

3.3± 

1.86 
3.8± 

0.81 

Male 

±SD 

3.8± 

1.30 

3.0± 

1.53 

2.4± 

1.51 

2.1± 

1.25 

2.4± 

1.62 

2.6± 

1.81 

3.1± 

2.27 

5.3± 

2.94 

4.3± 

1.37 

2.4± 

1.52 

1.0± 

0.00 

6.1± 

2.85 

3.5± 

2.59 

3.1± 

1.95 

2.6± 

1.51 
3.1± 

1.34 
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Table 7. Mean water temperature recorded by bottom-water temperature loggers in 

stream orders 1-5, not including 4th order, during reproductive months in 2016 (April-

June).  

  2016 repro months 1st order 2nd order 3rd order 5th order 

April 21.3±1.98 21.5±2.35 21.4±2.32 21.1±2.15 

May 25.7±1.12 26.0±1.12 25.9±1.18 25.6±1.11 

June 30.5±1.01 29.6±1.08 29.4±1.20 29.3±1.16 

Overall  24.6±4.99 25.7±4.54 24.8±4.49 25.3±4.51 
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Table 8. Mean creek temperature from 3rd order stream bottom-water temperature sensors 

and mean temperatures recorded by female Atlantic Stingrays Dasyatis sabina (±1 SD) 

during the reproductive months in 2015 (April-August) and 2016 (April-June) within the 

Herb River near Savannah, Georgia.  

 

 

 

 

 

 

 

Year  Mean (°C) Range (°C) 

2015 Creek 28.2±3.14 20.8-32.5 

2015 Female Stingrays 29.6±2.10 22.1-36.6 

2015 Male Stingrays 29.3±4.85 21.1-33.9 

    

2016 Creek 24.9±3.65 16.4-32.6 

2016 Female Stingrays 24.2±2.97 17.1-34.4 

2016 Male Stingrays 24.8±5.01 18.3-31.5 
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Table 9. Mean temperature of Atlantic Stingrays Dasyatis sabina that were present in 1st, and 2nd order streams during reproductive 

months in 2015 (April-August). The mean (±1 SD) bottom-water temperature of 3rd order streams per month is listed under individual 

months. ND indicates that there is no data for a given month. Temperature in bold indicate stingray temperatures that were ≥ 1°C 

warmer than the mean 3rd order stream temperatures.  

 
  April  May    June     July     Aug  

Stingray Sex Temp (°C)  Temp (°C) Temp (°C) Temp (°C) Temp (°C) 

11976 F 22.1±2.26  24.8±2.33 29.8±3.06 31.6±2.62 30.6±2.44 

11977 F ND  25.2±3.85 30.9±3.17 30.8±3.85 29.6±0.74 

11978 F ND  24.8±2.37 ND ND ND 

11980 F 23.0±3.33  25.0±2.96 ND ND 30.9±4.20 

11981 F ND  ND ND ND ND 

11982 F 24.4±5.08  ND ND 30.9±1.00 30.1±0.30 

11983 F 23.3±2.80  26.7±4.73 30.0±0.61 ND ND 

11985 F 23.2±1.32  25.5±2.95 28.6±2.92 29.7±4.07 29.2±2.71 

11984 M 21.1±1.07  23.6±1.62 ND ND ND 

11979 M ND  ND ND ND ND 

        

Stream  23.3±0.08  25.1±1.07 30.1±0.56 30.6±0.05 30.2±0.03 
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Table 10. Mean temperature of Atlantic Stingrays Dasyatis sabina that were present in 

1st, and 2nd order streams for reproductive months in 2016 (April-June). The mean (±1 

SD) bottom-water temperature of 3rd order streams per month is listed under individual 

months. Temperature in bold indicate stingray temperatures that were ≥ 1°C warmer than 

the mean 3rd order stream temperatures. 

 
  April May    June  

Stingray Sex Temp (°C) Temp (°C) Temp (°C) 

11976 F 21.1±2.70 26.0±1.92 29.5±1.70 

11980 F 21.9±3.37 24.7±1.52 31.7±0.34 

11981 F 19.7±1.07 24.1±5.59 -- 

11984 M 20.8±1.58 26.0±2.23 -- 

     

Stream  23.3±0.08 25.1±1.07 29.6±1.48  
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Table 11. The maximum daily temperatures of Atlantic Stingrays Dasyatis sabina within the Herb River near Savannah, Georgia. All 

stingrays are female except for stingray 11979. Table indicates the receiver number, time of transmission (24 h), maximum 

temperature, tidal stage, and stream order in which the receiver is located. If stingrays migrated from a previous location within a 6-h 

period it was noted under the column headed “Previous stream order.” If a stingray did not migrate from a previous location within 

that time frame it is represented by a double dash (--). 

  Date Ray Receiver Order Time 

Temp 

(°C) Temp Change Tide 

Previous 

Stream Order 

7/8/2015 11976 4 3 22:51 35.3 4.9 Low  1 @ 16:29 

 11980 4 3 02:37 30.4  Flood  -- 

         

7/10/2015 11977 6 3 05:29 34.5 5.8 High  -- 

 11979 8 4 08:36/21:01 28.7  Ebb/Low -- 

         

7/11/2015 11977 6 3 11:34 35.3 4.7 Ebb  -- 

 11980 4 3 04:06 30.6  High  -- 

         

7/17/2015 11985 8 4 04:46 36.6 5.5 Low  -- 

 11980 4 3 20:59 31.1  Flood  -- 
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Table 12. Individual male and female Atlantic Stingrays Dasyatis sabina caught by month from 2013-2015 including average mass 

and disk width ±1 SD. Atlantic Stingrays were caught within the Herb River and Romerly Marsh Creek near Savannah, Georgia. 

Totals for males and females caught during 2015 fishing efforts, as well as overall sex ratio for that year are listed at the bottom of the 

table in bold.  

 

  Male   Female   

 

Date #  Mass (kg) DW (cm) # Mass (kg) DW (cm) 

Sex  

ratio 

2013        

April   1 0.30±0.00 23.00±0.00 1 3.00±0.00 40.00±0.00 1:1 

May  0 0.00±0.00 0.00±0.00 4 1.57±0.51 33.38±3.59 0:4 

June    1 0.81±0.00 26.00±0.00 3 0.76±0.00 25.73±0.87 1:3 

July    2 0.63±0.00 23.35±0.21 3 1.34±0.48 30.13±3.00   1:1.5 

August  0 0.00±0.00 0.00±0.00 2 1.79±1.51 34.15±12.94 0:2 

September  1 0.73±0.00 24.80±0.00 7 1.48±0.78 30.86±5.60 1:7 

October 0 0.00±0.00 0.00±0.00 2 2.02±0.13 34.65±0.49 0:2 

December  2 1.02±0.16 27.45±1.48 1 0.97±0.00 27.80±0.00 2:1 

2014         1:3.3 

April   1 0.66±0.00 24.00±0.00 2 1.47±0.51 31.75±4.45 1:2 

May    5 0.59±0.20 27.16±8.11 6 1.03±0.34 27.50±3.25   1:1.2 

June    5 0.89±1.23 24.24±2.75 17 1.05±0.35 27.95±4.12   1:3.4 

July    0 0.00±0.00 0.00±0.00 6 1.72±1.23 30.15±5.27 0:6 

August  0 0.00±0.00 0.00±0.00 2 1.33±0.39 0.00±0.00 0:2 

September  1 0.73±0.00 24.80±0.00 7 1.48±0.78 30.86±5.60 1:7 

October  0 0.00±0.00 0.00±0.00 2 0.00±0.00 1.10±0.00 0:2 

2015       
  1:3.5 

April  30 1.02±0.32 25.48±0.89 18 0.92±0.24 27.21±3.89   1:0.6 

May    10 0.75±0.30 25.71±1.92 26 0.98±0.53 23.38±13.35   1:2.6 

June    9 0.67±0.58 17.47±12.24 53 1.42±0.78 27.43±1.71   1:5.9 

2015 Total: 49   97   1:2 
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Table 13. Total number of elasmobranchs caught by month from 8 April-26 June 2015. 

Fishing efforts were conducted within the Herb River near Savannah, Georgia. Number 

under each month indicates the number of hooks set per month. ND indicates no data for 

the given month.  

 

Species 

April 

(n=670) 

May 

(n=739) 

June 

(n=971) 

Atlantic Stingray Dasyatis sabina 48 36 62 

Bluntnose Stingray Dasyatis sayi ND 4 20 

Southern Stingray Dasyatis americana ND 1 ND 

Atlantic Sharpnose Shark Rhizoprionodon terraenovae ND ND 12 

Bonnethead Sphyrna tiburo 1 5 6 
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Table 14. Species caught during fishing efforts that took place 8 April-26 June 2015 in 

the Herb River near Savannah, Georgia. Species common name, scientific name, total 

catch of individual species, percent of total catch (of 226 fish), and number of No catch is 

also reported as the number of empty hooks  

 

Species Catch 
% of 

catch 

Stingrays   

Atlantic Stingray (Dasyatis sabina) 146 64.6 

Bluntnose Stingray (Dasyatis sayi) 24 10.6 

Southern Stingray (Dasyatis americana) 1 0.4 

   

Sharks   

Atlantic Sharpnose Shark (Rhizoprionodon terraenovae) 29 12.8 

Bonnethead (Sphyrna tiburo) 12 5.3 

Unknown spp.  1 0.4 

   

Other fish   

Kingfish (Menticirrhus spp.) 11 4.9 

Sea Robin (Prionotus spp.) 1 0.4 

Gafftopsail Catfish (Bagre marinus) 1 0.4 

 

No Catch 2154 
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Figure 1. Map of the passive acoustic receiver (Vemco VR2W) array deployed in the Herb River near Savannah, Georgia to detect 

Atlantic Stingrays Dasyatis sabina tagged with acoustic transmitters. Receivers are marked by a station ID number 1-10 in ascending 

order from smallest stream order to largest (1-5). The receivers with bottom-water temperature loggers are identified by a black arrow. 

Source (Basemap): National Hydrography Dataset. Projection: Universal Transverse Mercator.
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Figure 2. Diagram of the system used to deploy Vemco VR2W acoustic receivers to 

track Atlantic Stingrays Dasyatis sabina in the Herb River system near Savannah, 

Georgia as per Smith (2012) and Ramsden (2015). Not drawn to scale. 
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Figure 3. The effect of distance from the receiver on the percent of detections 

successfully recorded by Vemco VR2W data-logging receivers by creek order from the 

smallest a) First-Order Stream to the largest e) Fifth-Order Stream. Range tests were 

conducted in the Herb River tidal creek system near Savannah, GA from February to 

March 2015 with transmitters at fixed distances from a receiver. Transmitter locations 

shifted during the range test in the fourth order stream, represented by a star (    ) and 

consequently the data for this order are skewed and an average for detection range in 3rd 

and 5th order streams was used. 
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Figure 4. Percent presence (± 1 SD) of Atlantic Stingrays Dasyatis sabina in the Herb 

River near Savannah, Georgia from April 2015-June 2016. Numbers in parentheses next 

to months represent the total number of stingrays within the array per month. a) Overall 

stingray presence, an asterisk (*) indicates a significant difference in presence between 

males and females in a month, b) male stingray presence, and c) female stingray 

presence. Differences in capital letters above error bars indicate significant differences 

(p=0.006) in presence of all stingrays and males. Differences in lowercase letters above 

error bars indicate significant differences (p=0.006) in presence by females.  
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Figure 5. Mean percent presence (±1 SD) of Atlantic Stingrays Dasyatis sabina in 

individual stream orders within the Herb River near Savannah, Georgia from April 2015-

June 2016. A) Differences in capital letters above black error bars indicate significant 

differences (p < 0.0001) in utilization of stream orders by males. B) Differences in 

lowercase letters above white error bars indicate significant differences (p < 0.0001) in 

utilization of stream orders by females.   
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Figure 6. Maximum percent presence in stream orders by male (black) and female (white) 

Atlantic Stingrays Dasyatis sabina in the Herb River near Savannah, Georgia. Figures a-

o) April 2015-June 2016. Stream orders are listed from smallest to largest (1st-5th).
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Figure 7. Maps of stingray usage in the Herb River near Savannah, Georgia from a-o) April 2015-June 2016. Blue colored marks 

represent the percentage of days male Atlantic Stingrays were detected by receivers. Pink colored marks represent the percentage of 

day female Atlantic Stingrays were detected by receivers. An “X” indicates 0 detections at the corresponding receiver. The presence 

was normalize by number of stingrays present at receivers and thus there can be a different number of stingrays represented at each 

receiver. Source (Basemap): National Hydrography Dataset. Projection: NAD 1983. Percent usage S. Webb 2015. 
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Figure 8. Mean daily water temperature from Vemco MINILOG-II-T bottom-water 

temperature sensors deployed within the Herb River near Savannah, Georgia. 

Temperature was recorded every 2 min and a mean was taken for each day. There were 2 

temperature sensors deployed in 3rd order streams and only 1 sensor in a 1st, 2nd, and 5th 

order stream.  
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Figure 9. Mean hourly water temperatures recorded by Vemco MINILOG-II-T bottom-

water temperature sensors in 3rd order streams within the Herb River near Savannah, 

Georgia. The portion of time highlighted by the blue box in a) is expanded in is b). The 

portion of time highlighted by the red box in a) is expanded in c). Both figures b) and c) 

include months in which behavioral thermoregulation were most likely to occur in 2015 

and 2016, respectively. 
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Figure 10. Mean daily water temperature in which individual female Atlantic Stingrays Dasyatis sabina were detected from a) 8 April-

31 August 2015 and b) 1 April-30 June 2016. These months were selected as the months in which maternal thermophily would most 

likely occur, or “reproductive months.” Stingrays represented by black lines indicate possible maternal thermophily as various “peaks” 

in temperature were ≥ 1°C warmer than other stingray temperatures.  Stingrays represented by blue lines indicate male stingrays.
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Figure 11. Temperature recorded by Atlantic Stingray 11976 and the bottom-water 

temperature sensor in a 3rd order stream. Temperature was plotted by detections within 

the time frame of 12:00-15:00 on 29 May 2016 to determine if this stingray was 

exhibiting maternal thermophily.  
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Coastal Residents, Stingray Style: Selecting the Best Intertidal Creeks for Seasonal Living  

Graphing and calculating percentages are integral skills in a STEM curriculum. Teaching 

students how to create graphs allows them to identify numerical trends and express results in a 

clear and concise manner. In this activity, students will remain engaged in the lesson by moving 

around the room and then work together to generate their own data. Students will act like 

stingrays and determine the costs and benefits of selecting different habitats. The skills honed in 

the activity will enable students to compare actual stingray data with in-class data and express 

the results graphically. This activity aligns with Ocean Literacy Principles, Common Core 

Standards, and National Science Education Standards. The Next Generation Science Standard of 

including the analysis and interpretation of data to provide evidence for the effects of resource 

availability on organisms in an ecosystem is also incorporated.  

Keywords: graphing, percentages, stingrays, habitat utilization, acoustic telemetry, estuaries, 

NGSS 
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Introduction 

Many marine organisms utilize different parts of their habitat based on various 

environmental factors, such as tides. For example, stingrays may utilize shallow tidal creeks 

during high tides when water is flowing into these areas, making them easier to access. Stingrays 

may then move to larger, deeper creeks when the water is flowing out of the smaller creeks. 

Similarly, students may utilize different classrooms in a school based on scheduled periods. 

Students may be able to get to their classrooms faster between periods if they move with the 

migration of the other students. Sometimes the schedule of a school day will be reorganized due 

to special events, just as tidal changes do not occur at the same time every day. Tidal creeks are 

part of estuaries (See Definitions). In coastal Georgia they are influenced by a 3-m tidal range; 

therefore, some creeks may only be accessible at high tide.  

In Savannah, Georgia, Atlantic Stingrays Dasyatis sabina utilize different parts of their 

habitat during different tidal stages (Brinton 2015). These stingrays utilize the flow of tides (Teaf 

1980; Brinton 2015) to reduce energy costs when moving in the creeks (Teaf 1980). Stingrays 

migrate out of these shallow creeks as the tide flows out. Due to a 3-m tidal range shallow creeks 

may dry up at low tide and are not suitable habitats for 24-h use (Brinton 2015). Shallow creeks 

may not be accessible to predators that are too large to enter and therefore provide protection for 

stingrays (Vaudo 2011). These areas may also have a greater abundance of nekton (Hettler 

1989), such as small fish, which could be food items. However, because these creeks do not 

always have water, stingrays must move to other creeks that might still have some food while 

providing some protection from predators. 

Scientists can determine the movement patterns of many marine organisms through the 

use of telemetry or “tracking” tools. Telemetry allows researchers to track marine organisms 
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using a tag and receiver. The tag “pings” and the location of the organism is recorded by a 

stationary receiver. The use of telemetry has enabled us to understand the role of tidal stage and 

season on the location and movement of Atlantic Stingrays within Georgia estuaries (Brinton 

2015; Ramsden et al. 2016). Acoustic, as opposed to satellite, telemetry is needed to study fish 

such as stingrays because they tend to stay within the water column and almost never break the 

surface. Animals like dolphins, turtles, and some sharks can be tracked with satellite tags 

because at least some part of their bodies will come out of the water, which is when the tag will 

send a signal to a satellite and researchers can retrieve the data from a computer. The 

organization OCEARCH uses both acoustic and satellite telemetry to track the movements of 

large sharks around the globe (www.ocearch.org).  

Telemetry data were collected in 2015 for a graduate research study to identify the 

presence of male and female Atlantic Stingrays in a creek system in Georgia. The study site was 

within the Herb River near Savannah, Georgia, and will be used as a comparison for the 

classroom data collected by students in this activity. The data collected in this study were used to 

compare habitat utilization between male and female Atlantic Stingray within Georgia coastal 

waters. The Herb River has a variety of smaller branching rivers or creeks from the main 

channel. These creeks range in size, width, and depth. The shallower creeks may dry out at lower 

tides, making them unsuitable habitat for continuous 24-h use. The larger creeks become 

shallower with an outgoing tide, but generally maintain enough water for stingrays to enter 

during all tidal cycles (Brinton 2015).  

The purpose of this activity is to teach students about the costs and benefits of selecting 

different marine habitats. Each student will represent an individual stingray and will be provided 

several opportunities to select an area in the classroom labeled as a specific creek depth: 1 m, 3 
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m, 5 m, and 7 m. These depths represent varying creek orders (See Definitions) within the 

example creek system. Students will be actively engaged as they must move around the room to 

“select” a stingray habitat. They will collect data as a class, calculate, and then graph percent 

presence of male and female stingrays utilizing each creek depth in the classroom. The ability to 

calculate percentages and graph numerical data are useful skills in STEM curriculum. This 

activity is enhanced by comparing these results to those collected in the Herb River.   

 This activity is geared towards the 8th grade level and modifications are provided for 

higher or lower grades.  

 This activity should take 1 to 1.5 class periods to complete or about 1.5 h.  

Definitions 

 Estuary: A semi-enclosed coastal body of water that is tidally influenced by water from 

the ocean and diluted with fresh water from rivers and other land drainage (Perillo 1995) 

 Tidal creeks: small creeks or rivulets within an estuary that vary in depth depending on 

tidal stage 

 Ebb tide: The tidal stage at which water is flowing back out to the ocean before low tide 

 Nekton: organisms that can swim against the current of the water 

 Creek order: Branching streams from a main channel that vary in size and depth and can 

be classified numerically as per Horton (1945). The smallest creeks are designated 1st 

order creeks.  

Relationship to Standards 

Next Generation Science Standards (NGSS Lead States 2013):  

MS-LS2-1. Analyze and interpret data to provide evidence for the effects of resource availability 
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on organisms and populations of organisms in an ecosystem. [Clarification Statement: Emphasis 

is on cause and effect relationships between resources and the growth of individual organisms 

and the numbers of organisms in ecosystems during periods of abundant and scarce resources.] 

Science and Engineering Practices: MS-LS2-1: Analyze and interpret data to provide evidence 

for phenomena.  

Disciplinary Core Ideas: MS-LS2-1: Organisms, and populations of organisms, are dependent on 

their environmental interactions both with other living things and with non-living factors 

Crosscutting Concepts: MS-LS2-1: Cause and effect relationships may be used to predict 

phenomena in natural or designed systems 

Common Core Standards Connections (NGSS Lead States 2013)  

Mathematics 

 MP.2 Reason abstractly and quantitatively  

 MP.4 Model with mathematics 

National Science Education Standards (National Research Council 1996)  

Science as Inquiry 

  Abilities necessary to do scientific inquiry 

 Understanding about Scientific Inquiry 

Life Science 

 Characteristics of organisms 

  Organisms and environments 
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Ocean Literacy Principles (National Marine Educators Association 2013)  

Principle 5: The Ocean Supports a Great Diversity of Life and Ecosystems 

5E. The Ocean provides a vast living space with diverse and unique ecosystems from the 

surface through the water column and down to, and below, the seafloor. Most of the 

living space on Earth is in the ocean. 

Principle 7: The Ocean is Largely Unexplored 

7D. New technologies, sensors, and tools are expanding our ability to explore the ocean. 

Scientists are relying more and more on satellites, drifters, buoys, subsea observatories, 

and unmanned submersibles. 

Guidelines for Safety 

Students should not run or push each other out of the way when selecting a creek depth within 

the classroom, as more than one student is allowed in each creek depth. The areas in the 

classroom that are designated as different creek depths should remain clear of clutter or 

obstructions so that students do not trip. Doors and other exits should not be blocked. 

Materials (per student): 

 One copy of the “Property Packet” that includes the “Real Estate Assessment” and 

“Assessment and Critical Thinking Questions” 

 Pencils 

 Colored pencils or crayons 

 One calculator 

Materials (for teachers): 
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 4 sheets of paper 

 Tape 

Preparation Time for Teachers (15 minutes) 

 Approximately 10 minutes is needed to draw or print numbers on paper to indicate 

various creek depths: 1 m depth, 3 m depth, 5 m depth, and 7 m depth 

 Use tape to place the labeled paper around the classroom (approximately 5 minutes)  

Procedure 

Part I 

1. Instruct students to get up and move to a creek depth of their choice before any initial 

information is given. This should take no more than 2 minutes. This will be “Round 1.” 

2. Record how many male and female “stingrays” selected each creek depth on the board 

(Figure 1).  

3. Have each student record the creek depth he/she utilized during “Round 1” in the space 

provided for question 1 under the “Real Estate Assessment” portion of the “Property 

Packet.” 

 

4. Once students have recorded their selection from “Round 1,” take approximately 5 

minutes to explain to them that shallow creeks may reduce the risk of predation and may 

provide increased feeding opportunities. However, deeper creeks could have more space, 

but also more predators and competitors  
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5. Instruct students to reselect a creek (Figure 2) while keeping the information given in 

mind. Record the results of “Round 2” on the board. 

 

6. Have each student record the creek depth he/she utilized during “Round 2” in the space 

provided for question 1 under the “Real Estate Assessment” portion of the “Property 

Packet.” 

 

7. Explain to students that the creek system is influenced by a 3 m tide, meaning that the 

shallower creeks may dry up at low tide while the deeper creeks retain water (i.e., with a 3 

m tidal range, creeks that are 1 and 3 m deep will be completely dry at low tides. A 5 m 

deep creek will be reduced to a 2 m deep creek and a 7 m creek will be reduced to a 4 m 

deep creek at low tides). However, there is still the risk of predators in deeper creeks.  

 

8. Allow students to reselect a creek depth one last time based on the new information and 

record the results accordingly on the board. This will be “Round 3.”  

 

9. Have each student record the creek depth he/she utilized during “Round 3” in the space 

provided for question 1 under the “Real Estate Assessment” portion of the “Property 

Packet.” 

 

Part II 

10. Instruct students to use the classroom data recorded on the board to answer the remaining 

questions under the “Real Estate Assessment” portion of the “Property Packet” (Figure 3). 
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11. Have students complete the “Assessment and Critical Thinking Questions” portion of the 

“Property Packet” for homework. Alternately, students can complete these questions 

during class if time allows (Figure 4).  

 

12. Discuss trends in the second class period after students have completed the “Property 

Packet.” Examples of completed packets are provided in Figures 5 and 6.  

Discussion 

 In this activity, students calculated percentages and graphed numerical data, two skills 

that are very important in the STEM curriculum. Students excelled in creating the bar graphs and 

enjoyed using data collected by real scientists. One teacher indicated that this activity was a 

helpful way to have students practice percentages, as students can have difficulty with this skill. 

Students enjoyed the physical participation in this activity when they were allowed to move from 

their seats to “select” different “habitats” within the classroom and teachers noted the benefit of 

such active engagement. “Coastal Residents, Stingray Style” is a fun way to integrate both math 

and science into a lesson, thus making this activity suitable for teaching multiple core subjects.  

Extensions 

Teachers could incorporate more information related to the technology standard into this 

math and science activity by having students conduct research on a marine organism they would 

like to track and determine what type of tracking method would be best for their animal. Students 

could visit a library or use computers, tablets, and/or smartphones to gather information and then 

prepare a short report. Students could also prepare PowerPoint presentations on their selected 
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animal and share them with the class. A group discussion could follow about how the 

technologies differed for the various organisms selected by students.  
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Property Packet (100 pts)           Name___________________ 

The “Real Estate Assessment” portion of this packet accounts for 40 of 100 total possible points. The “Assessment and Critical 

Thinking Questions” are worth 60 of 100 possible points. 

Real Estate Assessment 

1. Fill in the tributary you used in: Round 1________ Round 2________ Round 3_________ (5 pts) 

 

2. Use the data on the board and equations below to calculate the percentage (%) of male and female stingrays that selected each creek 

depth in the classroom during each round (1-3) and the total percentage of stingrays present at each creek depth. Enter the 

percentages into the following table (15 pts).  

a. # male stingrays at a creek depth÷ # total stingrays × 100 = % of male stingrays at a creek depth 

 

b. # female stingrays at a creek depth÷ # total stingrays × 100 = % of female stingrays at a creek depth 

 

c. % of male stingrays at a creek depth + % of female stingrays at a creek depth= total % of stingrays at a creek depth  

Creek  1 m depth 3 m depth 5 m depth 7 m depth 

 Male Female Total Male Female Total Male Female Total Male Female Total 

Round 1             

Round 2             

Round 3             
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3. Use the percentages you recorded in the table on the previous page to make bar graphs below. There should be 1 bar for males and 1 

bar for females per creek depth in each round. Use a different color to indicate male and female stingray presence (20 pts). See 

“Scientist Data” graph for an example using actual data. 
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Assessment and Critical Thinking Questions  

Use the classroom data you recorded on the previous page, “Real Estate Assessment,” and/or the 

“Scientist Data” on the following page to answer questions 1-5 below or on a sheet of paper. 

1. How did your selection of creek depths differ for each round? Why? (6 pts) 

 

2. Use the data in the table on the previous page. Which creek depth was utilized most in the 

classroom in (2 pts each): 

a. Round 1:__________  b. Round 2:__________  c. Round 3:__________ 

 

3. Was there a difference in creek usage between each round? Why or why not? (6 pts) 

 

 

4. What creek depth/s was utilized the most in the “Scientist Data.” Which was utilized the 

least? (6 pts) 

 

 

5. Was the classroom data similar to or different from the “Scientist Data?” How was it 

similar or different? (6 pts) 

 

For questions 6-8 below, use the knowledge you have learned in this lesson about the habitat 

requirements of the Atlantic Stingray and its foraging habits to answer the questions. Use facts to 

back up your explanations. (10 points each) 

6. Was there a difference between male and female usage of a creek in the classroom data? 

In the “Scientist Data?” Why do you think there were or were not differences?  

 

 

7. What creek depth would a stingray be more likely to utilize during high tide? Why? 

 

8. What creek depth would a stingray be more likely to utilize during ebb tide? Why?
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Scientist Data 

 

Mean percent presence of a creek depth by Atlantic Stingray Dasyatis sabina within the Herb River near Savannah, Georgia in 2015. 

Creek orders are listed as depths to better compare with student classroom data.  
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Figure 1. Example of how the teacher should set up the board for data recording.  
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Figure 2. Students selecting a creek with a 1 m depth during “Round 2” of activity.  
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a)   

b)  

Figure 3. Students working a) together and b) independently to calculate percentages 

before graphing results on to the “Real Estate Assessment.”  
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Figure 4. Students discussing “Assessment and Critical Thinking Questions” together 

after completing graphs on the “Real Estate Assessment” portion of the Property Packet.  
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Figure 5. Example of students filling out table with appropriate percentages.  
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a)   b)  

Figure 6. Examples of student graphs using a) different color, and b) shading, to 

differentiate between male and female percent presence in their bar graphs.  
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