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Abstract - Tetronarce occidentalis (Western Atlantic Torpedo) is a demersal to semi-pelagic batoid, 
distributed broadly from Nova Scotia to Venezuela, for which data is limited throughout its range. A 
single individual was captured in the New York Bight and opportunistically tracked through nearshore 
waters for 2 years using passive acoustic telemetry. The individual showed rapid extensive move-
ments (>250 km) and exhibited continuous use of coastal New York and New Jersey waters during 
late spring in 2012 and 2013. Observed movements were consistent with captures from fisheries-
independent trawl surveys. These observations illustrate that the waters of the Mid-Atlantic Bight 
may offer important seasonal habitat for Atlantic torpedo rays, providing a preliminary assessment 
of local movement dynamics.

 Introduction. Tetronarce occidentalis (Storer) (Western Atlantic Torpedo) is a medium-
sized batoid, that typically inhabits epi-and mesopelagic depths of continental shelves 
from shallow waters to ~800 m in depth (Bigelow et al. 2002). Recent work has resurrected 
T. occidentalis as a valid species, distinct from the eastern Atlantic species, T. nobiliana 
Bonaparte (Atlantic Torpedo; Last et al. 2016). Much of our understanding of the species’ 
biology, therefore, is within the context of its association in a pan-Atlantic T. nobiliana. 
Generally, the species of Atlantic torpedo ray display ontogenetic shifts in core habitat 
associations in which juveniles inhabit neritic, soft-bottomed systems or coral reefs, and 
adults are typically pelagic and can migrate significant distances throughout their range 
(Notarbartolo di Sciara et al. 2009). In addition, like other electric rays in the order Torp-
dediniformes, they are distinguished among batoids in possessing large electric organs that 
are capable of producing up to 60 volts of electricity to stun and ambush prey (Bennett et 
al. 1961, Bigleow et al. 2002). This electric organ combined with a large protrusible mouth 
allows them to ambush and consume a variety of large-bodied prey items, which includes 
Merluccius bilinearis (Mitchill) (Silver Hake), flounders, and smaller elasmobranchs 
(Bigelow et al. 2002, Bowman 2000). Additionally, the organ has important implications 
for locomotion, as it displaces the pectoral fins, such that swimming in electric rays is 
achieved primarily by axial undulation of the body and caudal fin (Wilga and Lauder 2004) 
and not pectoral-based locomotion as in stingrays and skates (Martinez et al. 2016).
 The Western Atlantic Torpedo displays a broad geographic range throughout the western 
Atlantic Ocean, with individuals typically found within tropical to temperate latitude bands 
(Notarbartolo di Sciara et al. 2009, Stehmann and Bürkel 1984). Despite its broad distribu-
tion, there exists extremely limited knowledge of the life history and broader ecology of 
the Western Atlantic Torpedo, although fisheries-independent survey data in the closely 
related Atlantic Torpedo from the Mediterranean Sea show relatively low abundance and a 
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patchy distribution (Baino et al. 2001). Within the United States, the Western Atlantic Tor-
pedo displays a broad, but similarly sparse distribution from Nova Scotia to Cape Hatteras 
(Bigelow et al. 2002). While data are generally scarce, early observations have suggested 
that individuals were once relatively abundant during the early 1800s in regions like the 
Gulf of Maine (Bigelow et al. 2002). Recent and historical captures appear to be primar-
ily incidental from the Gulf of Maine through North Carolina (Bowman 2000; Briggs and 
Waldman 2002; Collette and Hartel 1988; Fowler 1922, 1952; Malek et al. 2014; O’Connell 
et al. 2014; Ross et al. 2015; Schwartz 2010). As for many demersal species inhabiting the 
continental shelf of North America, concern has grown over the health of Western Atlantic 
Torpedo populations due to rapid intensification of coastal commercial fisheries and other 
possible anthropogenic threats, like offshore energy development.
 Inquiry into batoid movements is lacking relative to other related groups of fishes, such 
as sharks (Flowers et al. 2016, Vaudo and Heithaus 2012, White et al. 2014). However, it 
is of growing importance to establish home-range estimates, dispersal capabilities, and 
vulnerability to fisheries, for the implementation of contemporary management and conser-
vation strategies (Siskey et al. 2018). Early work suggested that extensive movements were 
uncommon in many batoids, but emerging evidence from tracking technologies and chemi-
cal tracer analyses have suggested that complex and long-distance movements are more 
common than previously believed (Farrugia et al. 2016, Flowers et al. 2016, Frisk 2010, 
Frisk et al. 2019, Kneebone et al. 2020, Shipley et al. 2018). Despite a recent emergence 
of studies focusing on movement estimates for batoids (Flowers et al. 2016 and references 
therein), data remains relatively scarce, hindering efficient management of their popula-
tions in a fisheries context (Siskey et al. 2018). This study documents the first movement 
data gathered from a single Western Atlantic Torpedo monitored within the center of its 
geographic range in the Northwest Atlantic. 
 Methods. In 2012, during a scientific trawl survey targeting Acipenser oxyrinchus 
Mitchill (Atlantic Sturgeon; see Dunton et al. 2010) a single Western Atlantic Torpedo 
(female; total length [TL] = 119 cm) was opportunistically captured off the coast of Rocka-
ways, NY (Fig. 1B) and surgically implanted with a V16-4H acoustic transmitter (69 kHz; 
high-power output = 158 dB re 1 lPa at 1 m; random transmitter delay = 50–130 s [1834-d 
tag life]; Vemco, Bedford, NS, Canada). During this time, an array of acoustic receivers 
(n = 122, VR2W, 69 kHz; Vemco) was deployed and maintained by researchers from Stony 
Brook University along the coast of the mid-Atlantic from Delaware Bay to Montauk, NY. 
The array consisted of a series of 9 coastal gates at Atlantic City, Barnegat, Shark River, 
Sandy Hook, Rockaway, Jones Beach, Fire Island, Shinnecock, and Montauk comprising 
strings of 8–26 individual acoustic receivers perpendicular to the coastline which extended 
from 0.5 to 9 km from shore (Fig. 1; for further details, see Frisk et al. 2019, Melnychuk 
et al. 2017). We downloaded data from receivers throughout the battery life of the tag. We 
calculated the minimum rate of movement (ROM) as the linear direct distance between 2 
relocations at different arrays divided by the total number of hours between subsequent 
relocations between receiver gates. These ROM calculations assume the shortest linear 
distance between detections at individual receivers and does not take into account the 
tortuosity of animal movements, periods of delayed movements for rest or foraging, or 
movement out of and back into the detection arrays. Additionally, to account for the influ-
ence of receiver detection range on ROM, we gave each receiver a fixed 600-m detection 
radius that was based on range tests (Melnychuk et al. 2017). 
 Results. Between May 2012 and May 2013, a total of 174 unique detections were re-
corded on 6 acoustic gates along the coast of New York and New Jersey (Fig. 1, Table 1). 
Post-release, the individual moved south into New Jersey waters before returning to Long 
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Island and transitioning east along the coast and through Montauk, NY. (Table 2, Fig.2). 
The fish showed repeated patterns of habitat use in both years, displaying similar movement 
pathways along the southern coastline of Long Island, NY. Between May and June 2012, 

Figure 1. (A) Array of Vemco acoustic receivers’ deployed and maintained by Stony Brook University 
along the coast of the mid-Atlantic from Delaware Bay to Montauk, NY, used to monitor (B) a cap-
tured female Tetronarce occidentalis (Western Atlantic Torpedo; TL = 119 cm) surgically implanted 
with a Vemco V16-4H acoustic tag. The array consisted of a series of 9 coastal gates with the total 
number of receivers at each location in parenthesis. Receivers were perpendicular to the coastline 
which extended from 0.5 to 9 km from shore. Bathymetry is noted as increasingly dark grey lines from 
10 m, 20 m, and 30 m (inshore to offshore). 

Table 1. Number of acoustic detections of an individual Tetronarce occidentalis (Western Atlantic Tor-
pedo) by location and year. The number of unique stations/receivers that the individual was detected 
at is included in parentheses. For example, there were 36 detections at 2 receivers by Fire Island.
 
Location 2012 2013 Total detections

Rockaway     7 (1)  7
Jones Beach  16 (2) 16
Fire Island   36 (2)   6 (1) 42
Shinnecock  32 (1) 32
Montauk   12 (1) 18 (3) 30
Shark River   63 (3)  63

Total 118 56 174
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the tagged individual moved between 4 gates, (Rockaways, Shark River, Fire Island, and 
Montauk), but was not detected during its return movements (Table 2, Fig. 2). In May of 
2013, the same individual was observed undergoing similar movements and was detected 

Table 2. Summary of movement events of an individual acoustic tagged Tetronarce occidentalis 
(Western Atlantic Torpedo) along the coast of New York and New Jersey, based on detection from 
acoustic receivers. Elapsed time = total elapsed time between movement. Gate = coastal gate where 
detection occurred. Rate = rate of movement.
  
  Elapsed  Movement between Distance Rate
Year Date  time (days) Gate locations moved (km)  (km/hr)

2012 5/21/2012 - Rockaway Tagging Location 0.00 0.00
 5/29/2012 8.30 Shark River Rockaway to Shark River 34.03 0.16
 6/7/2012 7.97 Fire Island  Shark River to Fire Island 76.70 0.39
  6/13/2012 5.50 Montauk Fire Island to Montauk 119.95 0.90
2013 5/6/2013 - Shinnecock 1st detection site in 2013 0.00 0.00
 5/8/2013 1.92 Fire Island  Shinnecock to Fire Island 49.29 1.04
 5/9/2013 1.09 Jones Beach  Fire Island to Jones Beach 26.83 0.97
 5/29/2013 19.24 Montauk Jones Beach to Montauk 148.53 0.32

Figure 2. Summary of directional movement patterns of acoustically tagged Tetronarce occidentalis 
(Western Atlantic Torpedo) detected by deployed acoustic arrays (Fig. 1) for (A) 2012 and (B) 2013. 
Star in 2012 indicates tagging location. 
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on 4 gates along the southern coast of New York (Shinnecock, Fire Island, Jones Beach, 
and Montauk) (Table 2, Fig. 2). The individual was first detected near Shinnecock, NY, in 
May before swimming west towards its original tagging location, and then back east past 
Montauk point. Rate of movement between receiver gates varied between 0.16 and 1.04 km 
hr-1 (mean = 0.63 ± 0.38 SD; Table 2) 
 Discussion. To our knowledge, this is the first study to document movement rates and 
behaviors of the Western Atlantic Torpedo. Analysis of acoustic detections highlighted that 
the individual performed repeated extensive movements (>250 km from west to east) along 
the south coast of Long Island, NY. By having receiver gates in close proximity to each 
other, the estimation of movement rates was achieved, with the fastest estimation of 1.04 
km/hr. While the New York Bight represents the central locality within the species’ range in 
the Northwest Atlantic (Bigelow et al. 2002), there is little information on any aspect of its 
life history in the region (e.g., habitat use, demographic structure, etc). Fowler (1922, 1952) 
reported the collection of 2 individuals in Southern New Jersey (Seaside Park, Corsons In-
let), which is supported by the animal’s movement into Northern New Jersey immediately 
post-tagging. However, in more recent efforts through an extensive fisheries-independent 
sampling program (NJ Ocean Stock Assessment Program) conducted through the New Jer-
sey Division of Fish and Wildlife, not a single specimen has been captured over its entire 
history, from 1988 to 2020 (G. Hinks, New Jersey Department of Environmental Protec-
tions, Galloway, NJ, pers. comm.), which indicates either the timing of the trawl surveys 
misses when these animals occupy New Jersey waters or that they rarely occur there. This is 
a random depth-stratified survey (0–10 m , 10–20 m, 20–30 m ), employing a benthic otter 
trawl and operates along the entire coast of New Jersey every January, April, June, August, 
and October. If the timing of movements observed in this study are indicative of broader use 
of these habitats by Western Atlantic Torpedo (Fig. 2), it is possible that the typically mid- 
to late June survey just misses the species moving through the region. Briggs and Waldman 
(2002) report that the New York Department of Environmental Conservation staff have seen 
“many” individuals in the surf-zone and inshore oceanic waters off the south shore of Long 

Figure 3. (A) Individual captures of Tetronarce occidentalis (Western Atlantic Torpedo; 
dots) from 2005 to 2007 in a random stratified trawl survey off of Long Island, NY. Depth 
contours are shown (light linw = 10 m, medium linw = 20 m, and dark linw = 30 m). (B) 
Individual trawls are shown for the entire survey (here, only the 30-m depth contour is 
provided).
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Island. Catches from a random-stratified trawl program in NY, modeled after the NJDEP 
survey (see Dunton et al. 2010 for additional survey details), in the state waters along the 
coast of Long Island during 2005–2007 support these observations, with 14 individuals 
captured over the duration of the survey (min–max = 56–140 cm TL; mean TL =100 cm ± 
35.5 S.D.; mean weight = 25.50 kg ± 16.5 S.D.): 12 individuals in June, 1 in August, and 1 
in May; (Fig. 3). While the survey sampled equally among 10 m, 20 m, and 30 m, the aver-
age depth Western Atlantic Torpedos were captured in was 13.4 m. Both the New Jersey and 
New York trawls operated using similar gear and survey design and in recent years using the 
same vessel, and wre conducted within the same overall habitat of medium- to fine-sized 
sand (Williams and Duane 1974). This survey-based information (captured every year from 
2005 to 2007 in random-stratified trawling), combined with acoustic telemetry data, point 
to the south shore of Long Island as a region of at least intermittent seasonal use by Western 
Atlantic Torpedoes during the spring, and possibly even a migratory corridor northward, 
although further information is needed to confirm this. Trawl and acoustic data both sup-
port repeated use of eastern Long Island waters during the spring (May–June), which are 
months associated with high commercial fishing activity that has associated bycatch of ben-
thic species such as Atlantic Sturgeon (Dunton et al. 2015) and could also impact Western 
Atlantic Torpedo. Another potential negative impact to Western Atlantic Torpedoes is that 
the region along the coast of Long Island is a proposed cable landing for offshore wind-
energy development, and while the effects of electromagnetic fields of cables vary with 
species (Taormina et al. 2018), behavioral responses in elasmobranchs (Leucoraja erinacea 
(Mitchill) [Little Skate]) have been observed experimentally in this region (Hutchinson et 
al. 2018).
 The opportunistic tagging of this understudied batoid species highlights the value of 
acoustic telemetry to provide information about habitat use, especially when interactions 
with traditional fisheries survey approaches are rare. This documented movement data 
acquired through acoustic telemetry, even from a single individual, provides a baseline 
for conservation efforts identifying key areas of nearshore habitat use. Therefore, greater 
effort should focus on marking additional Western Atlantic Torpedoes with a variety of 
electronic tags, such as pop-up archival transmitting tags, which are not limited to fixed 
locations of acoustic receivers, and can be used to geolocate positions to increase our 
understanding on habitat utilization as well as offshore and coastal movements. Further 
efforts might benefit from using environmental DNA (eDNA) to increase spatial and 
temporal coverage by supplementing traditional fisheries techniques, as well as sampling 
areas where trawling surveys are limited (e.g. surf zone, artificial reefs). As in other rare 
and highly exploited taxa, a variety of approaches will be needed to improve our under-
standing of the incidence and abundance of Western Atlantic Torpedoes (Simpfendorfer et 
al. 2016, Stoeckle et al. 2020). 
 Acknowledgments. Funding for the acoustic array deployment and maintenance was provided by 
research grants to monitor Atlantic Sturgeon through the US Fish and Wildlife Service State Wildlife 
Grant and a NOAA Species Recovery Grant Program NA07NMF4550320 under Memoranda of Un-
derstandings with the New York Department of Environmental Conservation. We would like to thank 
the generous feedback provide by anonymous reviewers that significantly improved this publication. 
We also would like to thank M. Wiggins, J. Zacharias, and S. O’Leary for assistance on trawls and 
maintaining acoustic receivers; B. Pfeiffer (Island Diving) and N. Stark (Soggy Bottom Diving) for 
underwater acoustic receiver maintenance; K. McKown for project support; and captains S. Cluett, D. 
Bowman, and C. Harter, and the rest of the R/V Seawolf crew. All fishing activities were conducted 
under approved New York Department of Environmental License to collect or possess – scientific 
collections permit #1333. Institutional animal research was conducted under approved Stony Brook 
University IACUC #1781. 



N13

Northeastern Naturalist Notes2021 Vol. 28, No. 2
K.J. Dunton, K. Sparta, M.G. Frisk, C.M. Martinez, and O.N. Shipley

Literature Cited

Baino R, F. Serena, S. Ragonese, J. Rey, and P. Rinelli. 2001. Catch composition and abundance of 
elasmobranchs based on the MEDITS program. Rapport de la Commission Internationale pour 
l’Exploration Scientifique de la Mer Méditerranée 36:234.

Bennett, M.V. M. Wurzel, and H. Grundfest. 1961. The electrophysiology of electric organs of marine 
electric fishes: I. Properties of electroplaques of Torpedo nobiliana. Journal of General Physiol-
ogy, 44:757–804.

Bigelow, A. F. W.C. Schroeder, B.B. Collette, G. Klein-MacPhee, and H.B.Bigelow. 2002. Bigelow and 
Schroeder's Fishes of the Gulf of Maine. Smithsonian Institution Press, Washington, DC. 882 pp.

Bowman, R.E. 2000. Food of northwest Atlantic fishes and two common species of squid. NOAA 
Technical Memorandum NMFS-NE-155. National Marine Fisheries Service, Northeast Fisheries 
Science Center, Woods Hole, MA. 154 pp.

Briggs, P.T., and J.R. Waldman. 2002. Annotated list of fishes reported from the marine waters of New 
York. Northeastern Naturalist 9:47–80.

Collette, B.B., and K.E. Hartel. 1988. An annotated list of the fishes of Massachusetts Bay. NOAA 
Technical Memorandum NMFS-F/NEC-S1. Northeast Fisheries Science Center, Woods Hole, 
MA. 80 pp.

Dunton, K.J. A. Jordaan, K.A. McKown, D.O. Conover , L.A. Bonacci, and M.G. Frisk. 2010. Abun-
dance and distribution of Atlantic Sturgeon (Acipenser oxyrinchus) within the Northwest Atlantic 
Ocean, determined from five fishery-independent surveys. Fishery Bulletin 108:450–465.

Dunton, K.J. A. Jordaan, D.O. Conover, K.A. McKown, L.A. Bonacci, and M.G. Frisk. 2015. Marine 
distribution and habitat use of Atlantic Sturgeon in New York lead to fisheries interactions and 
bycatch. Marine and Coastal Fisheries 7:18–32.

Farrugia, T. J. K.J. Goldman, C. Tribuzio, and A.C. Seitz. 2016. First use of satellite tags to examine 
movement and habitat use of Big Skates, Beringraja binoculata, in the Gulf of Alaska. Marine 
Ecology Progress Series 556:209–221.

Flowers, K. I. M.J. Ajemian, K. Bassos-Hull, K.A. Feldheim, R.E. Hueter, Y.P. Papastamatiou, and 
D.D. Chapman. 2016. A review of batoid philopatry, with implications for future research and 
population management. Marine Ecology Progress Series 562:251–261.

Fowler, H.W. 1922. Records of fishes for the eastern and southern United States. Proceedings of the 
Academy of Natural Sciences of Philadelphia 74:1–27.

Fowler, H.W. 1952. A list of the fishes of New Jersey, with off-shore species. Proceedings of the 
Academy of Natural Sciences of Philadelphia 104:89–151.

Frisk, M.G. 2010. Life-history strategies of batoids. Pp. 283–318, In J.C. Carrier, J.A. Musick and 
M.R Heithaus (Eds.). Sharks and their Relatives II: Biodiversity, Adaptive Physiology, and Con-
servation. CRC Press, Boca Raton, FL. 746 pp.

Frisk, M. G. O.N. Shipley, C.M. Martinez, K.A. McKown, J. Zacharias, and K.J. Dunton. 2019. First 
observations of long-distance migration in a large skate species, Leucoraja ocellata: Implications 
for population connectivity, ecosystem dynamics, and management. Marine and Coastal Fisheries 
11:202–212.

Hutchison, Z. L., P. Sigray, H. He, A.B. Gill, J. King, and C. Gibson. 2018. Electromagnetic Field 
(EMF) Impacts on Elasmobranch (shark, rays, and skates) and American Lobster movement and 
migration from direct current cables. US Department of the Interior, Bureau of Ocean Energy 
Management. OCS Study BOEM 2018-003. Sterling, VA. 254 pp.

Kneebone, J. , J. Sulikowski, R. Knotek, W.D. McElroy, B. Gervelis, T. Curtis, J. Jurek, and J. Man-
delman. 2020. Using conventional and pop-up satellite transmitting tags to assess the horizontal 
movements and habitat use of Thorny Skate (Amblyraja radiata) in the Gulf of Maine. ICES 
Journal of Marine Science 77(7–8):2790–2803.

Last, P., M.R. de Carvalho, S. Corrigan, G.J.P. Naylor, B. Séret, and L. Yang. 2016. The Rays of the 
World project: An explanation of nomenclatural decisions. Pp.1–10, In P. Last, W.T. White, M.R. 
de Carvalho, B. Séret, M.F.W. Stehmann, G.J.P. Naylor, and J.D. McEarchran (Eds.). Rays of the 
World. CSIRO Publishing, Melbourne, Australia. 800 pp.



Northeastern Naturalist Notes2021 Vol. 28, No. 2

N14

K.J. Dunton, K. Sparta, M.G. Frisk, C.M. Martinez, and O.N. Shipley

Malek, A.J., J.S. Collie, and J. Gartland. 2014. Fine-scale spatial patterns in the demersal fish and 
invertebrate community in a northwest Atlantic ecosystem. Estuarine, Coastal, and Shelf Science 
147:1–10.

Martinez, C.M., F.J. Rohlf, and M.G. Frisk. 2016. Re-evaluation of batoid pectoral morphology 
reveals novel patterns of diversity among major lineages. Journal of Morphology 277:482–493.

Melnychuk, M.C,. K.J. Dunton, A. Jordaan, K.A. McKown, and M.G. Frisk. 2017. Informing con-
servation strategies for the endangered Atlantic Sturgeon using acoustic telemetry and multi-state 
mark–recapture models. Journal of Applied Ecology 54:914–925.

Notarbartolo di Sciara, G., F. Serena, N. Ungaro, F. Ferretti, H.A. Holtzhausen, and M.J. Smale. 2009. 
Torpedo nobiliana. In IUCN Red List of Threatened Species, version 2012.2. Current version 
available online at https://www.iucnredlist.org. Accessed 11 November 2018.

O’Connell, C.P., P. He, J. Joyce, E.M. Stroud, and P.H. Rice. 2014. Effects of the SMART (selective 
magnetic and repellent-treated) hook on Spiny Dogfish catch in a longline experiment in the Gulf 
of Maine. Ocean and Coastal Management 97:38–43.

Ross, S.W. M. Rhode, and A.M. Quattrini. 2015. Demersal fish distribution and habitat use within 
and near Baltimore and Norfolk canyons, US middle Atlantic slope. Deep Sea Research Part I: 
Oceanographic Research Papers 103:137–154.

Schwartz, F.J. 2010. Angel sharks, numbfishes, electric rays, and guitar fishes of North Carolina. 
Journal of the North Carolina Academy of Science 126:135–137.

Shipley, O.N., J.A. Olin, M. Power, R.M. Cerrato, and M.G. Frisk. 2018. Questioning early assump-
tions of trophic behavior in a broadly ranging marine predator guild. Ecography 42:1037–1049.

Simpfendorfer, C.A., P.M. Kyne, T.H. Noble, J. Goldsbury, R.K Basiita, R. Lindsay, A. Shields, C. 
Perry, and D.R. Jerry. 2016. Environmental DNA detects critically endangered Largetooth Saw-
fish in the wild. Endangered Species Research 30:109–116.

Siskey, M.R., O.N. Shipley, and M.G. Frisk. 2018. Skating on thin ice: Identifying the need for spe-
cies-specific data and defined migration ecology of Rajidae spp. Fish and Fisheries 20:286–302

Stehmann, M. and D.L. Bürkel. 1984. Torpedinidae. Pp. 159–162, In P.J.P. Whitehead, M.-L. Bau-
chot, J.-C. Hureau, J. Nielsen, and E. Tortonese (Eds.). Fishes of the Northeastern Atlantic and 
Mediterranean, Vol. 1. UNESCO, Paris, France. 510 pp.

Stoeckle, M.Y. M. Das Mishu, and Z. Charlop-Powers. 2020. Improved environmental DNA refer-
ence library detects overlooked marine fishes in New Jersey, United States. Frontiers in Marine 
Science 7:226.

Taormina, B., J. Bald, A. Want, G. Thouzeau, M. Lejart, N. Desroy, and A. Carlier. 2018. A review of 
potential impacts of submarine power cables on the marine environment: Knowledge gaps, rec-
ommendations, and future directions. Renewable and Sustainable Energy Reviews 96:380–391.

Vaudo, J.J., and M.R. Heithaus. (2012). Diel and seasonal variation in the use of a nearshore 
sandflat by a ray community in a near pristine system. Marine and Freshwater Research, 
63(11):1077–1084.

White, J., C.A. Simpfendorfer, A.J. Tobin, and M.R. Heupel. 2014. Spatial ecology of shark-like 
batoids in a large coastal embayment. Environmental Biology of Fishes 97(7):773–786.

Wilga, C.A.D., and G.V. Lauder. 2004. Biomechanics of locomotion in sharks, rays, and chimaeras. 
Pp. 139–164, In J.C. Carrier, J.A. Musick, and M.R. Heithaus (Eds.). Biology of Sharks and Their 
Relatives. CRC Press, Boca Raton, FL. 608 pp.

Williams, S.J., and D.B. Duane. 1974. Geomorphology and sediments of the Inner New York Bight 
Continental Shelf. US Army Corps Engineers, Coastal Engineering Research Center Technical 
Memorandum No. 45. Fort Belvoir, VA. 84 pp. 


