
Nova Southeastern University Nova Southeastern University 

NSUWorks NSUWorks 

All HCAS Student Capstones, Theses, and 
Dissertations HCAS Student Theses and Dissertations 

4-25-2023 

Assessing the Dynamics of the Southeast Florida Shark Assessing the Dynamics of the Southeast Florida Shark 

Community from 2013-2019 Via Catch per Unit Effort and Stable Community from 2013-2019 Via Catch per Unit Effort and Stable 

Isotope Analysis Isotope Analysis 

Alexandra Barth 
Nova Southeastern University 

Follow this and additional works at: https://nsuworks.nova.edu/hcas_etd_all 

 Part of the Aquaculture and Fisheries Commons, Marine Biology Commons, Population Biology 

Commons, and the Zoology Commons 

Share Feedback About This Item 

NSUWorks Citation NSUWorks Citation 
Alexandra Barth. 2023. Assessing the Dynamics of the Southeast Florida Shark Community from 
2013-2019 Via Catch per Unit Effort and Stable Isotope Analysis. Master's thesis. Nova Southeastern 
University. Retrieved from NSUWorks, . (127) 
https://nsuworks.nova.edu/hcas_etd_all/127. 

This Thesis is brought to you by the HCAS Student Theses and Dissertations at NSUWorks. It has been accepted 
for inclusion in All HCAS Student Capstones, Theses, and Dissertations by an authorized administrator of 
NSUWorks. For more information, please contact nsuworks@nova.edu. 

http://nsuworks.nova.edu/
http://nsuworks.nova.edu/
https://nsuworks.nova.edu/
https://nsuworks.nova.edu/hcas_etd_all
https://nsuworks.nova.edu/hcas_etd_all
https://nsuworks.nova.edu/hcas_etd
https://nsuworks.nova.edu/hcas_etd_all?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/78?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1126?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/19?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/19?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/81?utm_source=nsuworks.nova.edu%2Fhcas_etd_all%2F127&utm_medium=PDF&utm_campaign=PDFCoverPages
http://nsuworks.nova.edu/user_survey.html
mailto:nsuworks@nova.edu


Thesis of 
Alexandra Barth 

Submitted in Partial Fulfillment of the Requirements for the Degree of 

Master of Science 
Marine Science 

Nova Southeastern University 
Halmos College of Arts and Sciences 

April 2023 

Approved: 
Thesis Committee 

Committee Chair: Derek Burkholder, Ph.D. 

Committee Member: Rosanna Milligan, Ph.D. 

Committee Member: Amy Hirons, Ph.D. 

This thesis is available at NSUWorks: https://nsuworks.nova.edu/hcas_etd_all/127 

https://nsuworks.nova.edu/hcas_etd_all/127


NOVA SOUTHEASTERN UNIVERSITY 

HALMOS COLLEGE OF ARTS AND SCIENCES 

 

 

 

 

 

 

 

 

 

 

 

 

ASSESSING THE DYNAMICS OF THE SOUTHEAST FLORIDA SHARK COMMUNITY 

FROM 2013-2019 VIA CATCH PER UNIT EFFORT AND STABLE ISOTOPE ANALYSIS 

 

 

 

 

 

 

By: 

Alexandra Barth 

 

 

 

 

 

 

Submitted to the Faculty of 

Halmos College of Arts and Sciences 

in partial fulfillment of the requirements for  

the degree of Master of Science with a specialty in 

 

Marine Science 

 

Nova Southeastern University 

 

April 2023 

 

 

 

 

 

 



i 
 

 

 ABSTRACT 

 

Sharks, as well as other top predators, are in drastic decline worldwide. As apex and near-apex 

predators, species such as nurse, lemon, and tiger sharks maintain balanced marine ecosystems 

by enacting top-down trophic control. However, this cascading effect is diminished with 

exploitation via commercial and recreational fishing. Sharks are generally long-lived, mature 

late, have long reproductive cycles, and produce few offspring. Much remains to be learned 

about the community structure, population trends and conservation statuses of shark populations 

worldwide. Comprehensive studies on the composition of the shark community in Southeast 

Florida north of Miami have been limited. This study assessed the species composition and 

seasonal changes of the Southeast Florida shark community through a combination of drumline 

surveys and observation of seasonal intraspecific trophic changes via stable isotope analysis. The 

most common shark species encountered near coastal Southeast Florida included nurse sharks, 

sandbar sharks, lemon sharks, tiger sharks, and great hammerhead sharks. Catch per unit effort 

(CPUE) was greater during most rainy seasons (June through November) compared to most dry 

seasons (December through May), though not significantly. Most of the study species displayed 

overlap in trophic niches, and some exhibited significant seasonal differences in carbon, but not 

nitrogen, stable isotope ratios as well. While CPUE did not change significantly between 

seasons, the effects of seasonality and water depth significantly influenced the total number of 

sharks captured throughout the study.  
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INTRODUCTION 

Preface 

Overfishing is the main cause of population decline in marine life on a global scale. Since 

1970, the global abundance of sharks and rays that occupy pelagic ecosystems, such as great 

hammerhead sharks (Sphyrna mokarran), dusky sharks (Carcharhinus obscurus), and giant 

oceanic manta rays (Mobula birostris) has declined by 71% due to a significant increase in fishing 

pressure (Pacoureau et al., 2021). Most shark species have life histories that involve slow growth 

rates, late maturity, and greater investment into growth and survival as juveniles that results in low 

fecundity as adults. This biological predisposition, combined with exploitation via overfishing, 

could cause slow recovery rates for many shark species (Cortés, 2002; Frisk et al., 2001; Musick 

et al., 2000). From an ecological standpoint this would be detrimental to marine ecosystems 

worldwide. Decreasing numbers of large predatory sharks, for example, have been shown to alter 

the abundance, distribution and behaviors of smaller elasmobranchs, marine mammals, and sea 

turtles at lower trophic levels. Elevated numbers of mesopredators and other lower-level 

heterotrophs would result in greater predation pressure on autotrophs, which provide the greatest 

concentration of energy to marine food webs (Ferretti et al., 2010). As predators in their respective 

ecosystems, sharks exert top-down trophic control, keep marine food webs balanced by helping to 

ensure sustainable numbers of species at lower trophic levels, and therefore play a crucial role in 

maintaining the health of the world’s oceans (Baum et al., 2003; Ferretti et al., 2010).  

The combination of shark mortality via targeted commercial and recreational exploitation 

and incidental bycatch, typical life history strategies of most shark species and a lack of knowledge 

about the conservation statuses and population trends of many species in different geographic 

regions, warrant sustainable conservation and fisheries management efforts (Hussey et al., 2012). 

To effectively conserve sharks, it is important to know which species they prey upon, as well as 

which geographic regions they utilize throughout the year. This would allow for the identification 

of essential habitats, or areas where sharks hunt and reproduce, and regions through which they 

migrate, as well as the development of effective management strategies for each species (Cáceres, 

2022).  
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Conservation Issues  

Shark ecology is a relatively new field of study and did not begin in earnest until the mid-

1900s. Ecological research on sharks has been conducted almost exclusively on wild individuals, 

as many species are difficult to maintain in captivity (FAO, 2012; Worm et al., 2013). 

Unfortunately, much remains to be learned about the seasonal changes in abundance, population 

trends, and conservation statuses of many shark species worldwide (Heithaus et al., 2007). 

According to the International Union for the Conservation of Nature (IUCN) Red List database, 

approximately 25% of all known shark species are considered Threatened, an umbrella term that 

includes all species with a Vulnerable, Endangered, or Critically Endangered conservation status, 

and about 45% of all existing shark species are considered Data Deficient on a global scale (Dulvy 

et al., 2004; Ferretti et al., 2010; IUCN, 2011). 

Major threats to pelagic and benthic shark species, and the percentage of annual mortality 

for which these threats are responsible, include fishing pressure (96.1%), which can be further 

divided into directed commercial fishing (37.1%), fisheries bycatch (57.9%), recreational fishing 

(0.7%), and artisanal/subsistence fishing (5.8%); habitat destruction (2.9%), and pollution (0.4%) 

(http://www.red-list.org). In the 1980s, designated shark fisheries were established to harvest a 

variety of products from these organisms, such as their fins, of which 4,406 tons of dried product 

are sold annually, as well as their meat, gill plates, and liver oil (Clarke et al., 2006; McClenachan 

et al., 2016; Rose, 1996; Simpfendorfer & Dulvy, 2017). Some of the first indicators of the 

overexploitation of sharks by fisheries on a global scale were the “boom and bust” patterns of 

consecutively increasing and decreasing capture rates, as well as an increase in the international 

trade of shark fins (Brander, 1981; Manire & Gruber, 1990). Some of the species most commonly 

targeted in the shark fin market include sandbar (Carcharhinus plumbeus), tiger (Galeocerdo 

cuvier), great hammerhead (Sphyrna mokarran), and bull sharks (Carcharhinus leucas) (Clarke et 

al., 2006). Catch rates rose to a range from 63 to 273 million sharks annually in the early 2000s, 

before declining due to overfishing (Davidson et al., 2016). Increasing numbers of sharks, rays, 

and chimeras have been captured accidentally and purposefully in every ocean since researchers 

began to record capture data in 1950. According to the Fisheries and Aquaculture Organization 

(FAO, 2017) fishers captured the following biomass (in tons) of elasmobranchs from 1950 to 2017: 

92,142 tons African waters, 176,679 tons in the Americas, 235,034 tons in Asia, 7,313,073 tons in 

Europe, and 27,266 tons in Oceania.  
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In the Atlantic Ocean, shark populations decreased significantly from 1970 to 2000, after 

which point their abundance stabilized at low levels. Overall, Atlantic shark species have 

experienced a decline in abundance of 46.1% (Pacoureau et al., 2021). Sharks have had a long 

history of exploitation in both the Northeast Atlantic Ocean and Mediterranean Sea (Lotze et al., 

2006). The Eastern tropical Atlantic in particular is considered a hotspot for multiple shark species, 

as well as for longline fisheries. Many of these longline fishing vessels are based in Spain, which 

is home to the world’s largest shark fisheries (Kroodsma et al., 2018; Queiroz et al., 2016, 2019; 

Vedor et al., 2021). Numbers of shark landings have fluctuated over the years throughout the 

Atlantic. Recently, however, there have been downward trends in these numbers and relatively 

low catch per unit effort rates, which could be indicators of decreasing populations of some shark 

species (Ferretti et al., 2008). In fact, certain large coastal species such as hammerhead sharks 

within the family Sphyrnidae are rarely encountered, or entirely absent, in the Gulf of Mexico, as 

well as the Caribbean and Mediterranean Seas (Ferretti et al., 2008; Shepherd & Myers, 2005; 

Ward-Paige, 2010).  

Many shark species are generalist predators that help sustain highly interconnected food 

webs across different geographic regions through their migratory behaviors (Bascompte et al., 

2015), so declining shark populations can have cascading effects on the ecosystems they inhabit 

(Roff et al., 2018).  

Catch Per Unit Effort 

Catch per unit effort (CPUE) is method used to analyze population trends of shark species 

throughout this study and refers to the number of fish caught per amount of effort expended, such 

as the total number of fish caught per total number of fishing trips undertaken (Maunder et al., 

2006). In this study, “effort” refers to the total number of sharks caught, for the total amount of 

soak time in minutes of each drumline deployed. “Soak time” refers to the amount of time 

drumlines remained submerged in water. Analyzing catch rates of shark species over time can 

provide useful information, such as insight into the health of regional shark populations, as well 

as how certain populations respond to exploitation. For example, lower catch rates in certain 

regions over time, as well as less frequent encounters with larger, mature individuals and more 

frequent encounters with smaller, immature individuals, can signal regional declines in populations 

of certain shark species. Decreases in total CPUE for all species encountered in a certain region, 
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and CPUE values for individual shark species, can indicate decreasing populations as well (Roff 

et al., 2018).  

Changing environmental conditions, such as sea surface temperature which can fluctuate 

throughout the year, can significantly affect CPUE. The abundance of certain prey species may 

also change at intra-annual timescales (Mitchell et al., 2014). In the context of shark research, the 

CPUE values calculated could provide further insight into the time of year at which sharks are 

most abundant in certain areas, when certain species are encountered most often, and/or when 

sharks are most likely to take bait from hooks because of energetic needs. Additionally, calculating 

CPUE of various species over long time periods can improve knowledge of these species’ seasonal 

variations in abundance versus population changes when anthropogenic exploitation occurs (Tinari 

& Hammerschlag, 2021).  

Using CPUE is not without its limitations, however. It is difficult to obtain an accurate 

measure of species abundance in a certain region unless sampling is conducted consistently, for a 

long period of time and in the same area(s) of interest (Kessel et al., 2016). For CPUE to provide 

an accurate indicator of abundance, the region where sampling occurs, and an organism’s preferred 

habitat, must be one and the same. Although CPUE does not indicate a perfectly accurate measure 

of species abundance, it does provide a useful estimate (Harley et al., 2001). 

Stable Isotopes 

Isotopes of different elements also provide useful ecological information in the context of 

population ecology. All elements exist in both stable and unstable (or radioactive) forms, and these 

various forms are known as isotopes. Most elements used in biological research have at least two 

stable isotopes, with one of the two existing in greater abundance in nature (Ehleringer & Rundel, 

1989). Stable isotopes are non-radioactive forms of an element that possess the same number of 

protons and electrons that are characteristic of that element but have a different number of neutrons 

(Michener & Lajtha, 2008). The stable isotopes of carbon and nitrogen are useful in the field of 

ecology, especially when studying ecophysiology, as well as trophic relationships, and the 

directions in which energy and organic matter travel through food webs (McCutchan & Lewis, 

2001; Tykout, 2004). Stable isotopes of carbon include 12C and 13C, with 12C being more abundant 

in nature, and stable isotopes of nitrogen include 14N and 15N, with 14N being more abundant in 

natural settings (Ehleringer & Rundel, 1989).  



5 
 

Stable isotope standards utilized internationally for carbon and nitrogen include Pee Dee 

Belemnite (PDB) and atmospheric nitrogen, respectively. Pee Dee Belemnite is Cretaceous-era 

fossilized limestone from the squid-like marine organism Belemnitella americana, located in the 

Pee Dee Formation in South Carolina (Estrada et al., 2003). The lowercase form of the Greek letter 

delta (δ), pronounced “del” when discussing stable isotope content, is used to indicate the 

concentration, in parts per thousand (ppt), of the heavier to lighter isotope of the element (i.e. 

carbon and nitrogen) relative to the internationally accepted standards. Analyzing the 

concentrations of stable isotopes within an organism’s tissues may be used to help answer a variety 

of ecological questions. For example, the stable isotopes of carbon and nitrogen, which are 13C:12C 

(or δ13C) and 15N:14N (or δ15N), respectively, can be used to reconstruct an organism’s dietary 

history based on the carbon and nitrogen content of the prey consumed, and thus its trophic niche 

(Post, 2002; Tykout, 2004; Wada et al., 1991). 

Stable carbon (δ13C) and nitrogen (δ15N) isotope concentrations within an organism’s 

bodily tissues are influenced by that organism’s diet, metabolism, and habitat, and changing 

concentrations of these assimilated isotopes can be indicators of habitat change, seasonal 

migration, and/or availability of different prey species from different trophic levels at certain times 

of the year (Katzenberg, 2007).  

Stable Isotopes of Carbon 

Marine environments are generally more enriched in δ13C than freshwater and estuarine 

ecosystems (Matich et al., 2011), and each group of primary producers in every type of aquatic 

biome worldwide (freshwater, brackish, and saltwater) has its own unique baseline concentration 

of δ13C (Ehleringer & Rundel, 1989). Concentrations of δ13C in primary producers like 

phytoplankton, seagrass, and seaweed, which form the base of most photosynthetic marine food 

webs, represent the flow of basal nutrients from this origin point to higher trophic levels (France, 

1997; Vander Zanden & Vadeboncoeur, 2002).  

Nearshore ecosystems are an important source of carbon in marine food webs, and this 

high δ13C content is caused by a greater concentration of phytoplankton, algae, seagrasses, and 

other marine plant species that inhabit these coastal areas (Carlisle et al., 2012; Dunton, 1989; 

France, 1995; Hobson et al., 1994; Thomas & Cahoon, 1993). Coastal ecosystems in the epipelagic 

zone are interconnected with mesopelagic and bathypelagic food webs. The majority of carbon 

that supports mesopelagic and bathypelagic species comes from sources of primary productivity 
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in the epipelagic zone, or fast-sinking particulate organic matter (POM) at depth with similar 

isotopic signatures (Richards et al., 2018). The δ13C concentrations of organisms at higher trophic 

levels reflect the δ13C content of primary producers and POM at the base of the food web 

(Katzenberg, 2007).  

The δ13C content within an organism’s tissues provides an estimate of that organism’s 

dietary sources, as δ13C is enriched ~0.5-1‰ relative to the prey consumed by an organism 

(Hobson, 1999). Isotopic relationships between δ13C for whole bodies of organisms and their diets 

are similar for different species on the same diet, as well as the same species on different diets 

(DeNiro & Epstein, 1978). In other words, the δ13C content of organisms at all trophic levels 

reflects the δ13C of the primary producers at the base of each food web, and indicates the type of 

ecosystem, such as terrestrial, freshwater, or marine, in which these organisms live (Kelly, 2000).  

The accuracy of δ13C determination in an organism’s tissues is limited by certain factors. 

First, seasonal variations may occur in the carbon isotope composition of an organism’s diet. For 

example, in certain subtropical estuarine ecosystems such as Bundaberg in Queensland, Australia, 

mangroves contributed more primary productivity during the dry season, while saltmarsh grasses 

contributed more primary productivity during the rainy season (Jinks et al., 2020). Second, the 

assumption exists that herbivores will consume any available plant species randomly; however, 

most herbivorous species are usually selective about their diet. There is evidence that herbivores 

prefer C3 plants and tend to avoid consuming C4 plants, and the δ13C values of plants eaten may 

differ from the average δ13C value of all available plants in a certain region (Caswell et al., 1973; 

Jinks et al., 2020).  

Stable Isotopes of Nitrogen 

In contrast to stable carbon isotope ratios, stable nitrogen isotope ratios can be used to 

estimate an organism’s trophic position. The δ15N value of an organism’s whole body is more 

positive than that of their diet, and the nitrogen content of an organism’s tissues is enriched ~3-

4‰ relative to that of the prey items it consumes (DeNiro & Epstein, 1981; Hobson, 1999; Hobson 

& Clark, 1992a; Hobson et al., 1996; Mizutani et al., 1991, 1992). Animals incorporate dietary 15N 

preferentially over 14N, as the latter is much lighter and more easily excreted from the body 

(DeNiro & Epstein, 1981). However, organisms such as juvenile sharks assimilate δ15N into their 

tissues and excrete it at a much faster rate than adults because their bodies require more nitrogen 

to maintain sufficient metabolic and growth rates. Therefore, sharks with longer stretched total 
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lengths (STL) are more likely to hunt prey that occupy higher trophic positions, which results in a 

greater δ15N within the sharks’ tissues (Ponsard & Averbuch, 1999). Overall, the δ15N within an 

organism’s tissues indicates the trophic level of that organism’s prey and allows for estimation of 

the predatory organism’s trophic position (Hobson, 1999). 

Stable Isotope Analysis in Ecological Research Settings 

Stable isotope analysis (SIA) is minimally invasive and requires only a small tissue sample 

from the organism in question. This method is interpretive in nature and does not allow researchers 

to determine which specific prey items a shark has consumed yet provides long-term trophic 

position estimates as isotopes are integrated into bodily tissues (e.g., muscle, cartilage, blood) 

(Harrison, 2015; Shiffman et al., 2012). Different tissue types in all organisms, including 

elasmobranchs, assimilate stable isotopes at varying rates (Bearhop et al., 2004; Hobson & Clark, 

1992). For example, blood and plasma are highly metabolically active and assimilate stable 

isotopes in a matter of days or weeks (Marcus et al., 2019). By comparison, muscle and 

cartilaginous fin tissue have much longer assimilation rates. For example, stable isotopes in 

elasmobranchs fully assimilate into muscle in 390-540 days, and into dermal fin tissue in 576 days 

(Matich et al., 2010). Cartilage, which is one of the least metabolically active types of tissue in 

elasmobranchs, requires months to years to fully integrate stable isotopes from prey (Marcus et 

al., 2019). Most of these rates were calculated for relatively small elasmobranchs in captive 

settings, such as the ocellate river stingray (Potamotrygon motoro) and sandbar shark 

(Carcharhinus plumbeus). However, field studies, including a study on whale shark foraging 

behavior, suggest that these laboratory estimates are similar to isotopic assimilation rates occurring 

in wild elasmobranchs, and that relative assimilation time based on tissue type is expected to be 

the same (Marcus et al., 2019; Matich et al., 2010). 

Concentrations of stable isotopes such as δ13C and δ15N can be determined by analyzing 

samples of dermal fin tissue from sharks, which in turn provides data about each species’ trophic 

ecology and possible migratory behaviors (Carlisle et al., 2012). The diets of most temperate and 

tropical shark species are dependent on seasonality and life stage (Wetherbee & Cortés, 2004). 

Large long-lived shark species exhibit isotopic concentrations that may represent their trophic 

positions over the course of successive life stages as they grow from neonates to sexually mature 

adults. Most juvenile sharks prey on smaller organisms that are closer to the base of the food web 

and, therefore, maintain lower δ13C and δ15N within their tissues during this life stage. Conversely, 
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as sharks grow, they tend to prey on organisms that occupy higher trophic positions, thereby 

causing increased δ13C and δ15N. The δ15N bioaccumulates from the bottom of the food web up to 

the highest trophic levels (Post, 2002; Wetherbee & Cortés, 2004).  Long-term, general dietary 

trends can help researchers understand a shark’s life history, and stable isotope analysis provides 

baseline information about the feeding habits and relative trophic positions of these species. Any 

significant deviations from this baseline could indicate an individual in the process of adapting to 

ecological disturbances, especially in unprotected coastal areas.    

The Study Area and Goals of the Project 

 Coastal Southeast Florida is home to an abundance of marine life and provides important 

habitats for many shark species, including those whose populations face overexploitation (Tinari 

& Hammerschlag, 2021). The subtropical climate in Southeast Florida means that this region, and 

the state overall, experience dry and rainy seasons as opposed to a four-season year. The dry season 

typically lasts from December to May while the rainy season occurs from June through November 

(Lascody, 2002).  

 The overall goal of this study was to analyze dietary patterns (using stable isotope analysis), 

and temporal patterns in CPUE of the species that comprise the Southeast Florida shark 

community, using data from shark tagging surveys conducted by NSU’s Guy Harvey Research 

Institute between 2013 and 2019. The surveys were conducted to document and describe the 

composition of the shark community in this region. 

 The subsequent data analyses aimed to identify changes in CPUE between the dry or rainy 

seasons. Stable isotope analysis was used to determine species-specific differences in δ13C and 

δ15N content and assess whether these variables changed based on seasonality.  

Ecology of Common Southeast Florida Shark Species   

 The shark species encountered most frequently during the course of this study included 

nurse sharks (Ginglymostoma cirratum), sandbar sharks (Carcharhinus plumbeus), lemon sharks 

(Negaprion brevirostris), tiger sharks (Galeocerdo cuvier), and great hammerhead sharks 

(Sphyrna lewini). Other species caught less frequently included bull sharks (Carcharhinus leucas), 

Caribbean reef sharks (Carcharhinus perezi), blacknose sharks (Carcharhinus acronotus), 

Atlantic sharpnose sharks (Rhizoprionodon terraenovae), blacktip sharks (Carcharhinus 

limbatus), and dusky sharks (Carcharhinus obscurus). Each of these species makes up part of the 

shark community of Southeast Florida. 
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Nurse Sharks  

 Nurse sharks (Ginglymostoma cirratum) occupy subtropical and tropical reefs, are 

opportunistic predators and, due to their generalist diet, are likely to prey upon whichever benthic 

organisms are most common in their habitat, based on a seasonal and/or depth-related shift in that 

abundance (Compagno, 2001; Rosa et al., 2006; Tilley et al., 2013). These sharks consume diverse 

benthic organisms, such as small teleosts, cephalopods, gastropods, bivalves, sea urchins, and 

crustaceans. This species exhibits high site fidelity and may inhabit depths from 1 to 130 m 

(Compagno, 2001; Rosa et al., 2006). Due to relatively small home ranges and a lack of large-

scale migrations, they are especially susceptible to exploitation by coastal fishing activities, such 

as gill netting, longlining, spear fishing, and recreational fishing competitions. Aside from fishing, 

anthropogenic factors that negatively impact nurse sharks may include water pollution, 

deforestation (which increases terrestrial runoff), and boat damage, both to the reefs they inhabit 

and to individual sharks themselves. Overall, nurse sharks are identified by the IUCN Red List as 

Data Deficient globally, and Near Threatened in the Western Atlantic Ocean (Rosa et al., 2006).    

Sandbar Sharks 

 The sandbar shark (Carcharhinus plumbeus) is a highly migratory coastal to pelagic 

species that is usually encountered in the higher latitudes of the Northwest Atlantic Ocean, 

specifically near the northeastern coast of the United States, from June through October. A 

combination of photoperiod and water temperature are thought to initiate migratory behaviors in 

sandbar sharks. This migration results in movement from summer nursery grounds such as the 

Delaware Bay and Chesapeake Bay toward the Atlantic and Gulf coasts of South Florida. 

Individuals older than seven years of age venture into deeper waters during this time. Conversely, 

longer days beginning in June influence movement into the summer nursery areas and nearshore 

waters located in more northern latitudes (Grubbs et al., 2007).  

 Sandbar shark populations in South Carolina exhibit dietary changes as individuals develop 

from neonates into juveniles. For example, although young-of-year (individuals born during the 

given year) and juveniles both have generalist diets, young-of-year are more particular, preying 

almost exclusively upon small benthic crustaceans. By contrast, juveniles incorporate pelagic fish 

species like the Atlantic menhaden (Brevoortia tyrannus) into their diet (Shiffman et al., 2014). 

Seasonal migrations of sandbar sharks toward the southern portion of their range in mid-October 
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and toward the northern portion of their range in June could cause them to target different prey 

species dependent upon latitude (Grubbs et al., 2007).   

 This species is both targeted intentionally and caught as bycatch in commercial longline 

fisheries that harvest tuna and swordfish. Recreational fishers tend to target sandbar sharks as well. 

These exploitative activities, in addition to this species’ 20–26-year lifespan and females’ 8-16-

year age-at-maturity, make it especially vulnerable to overfishing (Casey et al., 1985). The IUCN 

Red List identifies the sandbar shark as an Endangered species based on data collected from 

populations worldwide (Musick et al., 2009). However, this species is recovering, especially in 

regions like the United States that have fisheries management regulations in place. The rate of 

sandbar shark mortality is now lower than its maximum sustainable yield (MSY), which refers to 

the maximum number of organisms that can be caught without causing population declines in a 

particular species (Simpfendorfer & Dulvy, 2017).  

Lemon Sharks 

 The lemon shark (Negaprion brevirostris) is a subtropical/tropical coastal species that 

mainly occurs over sandy or muddy-bottomed substrata where it can forage for bony fishes, 

stingrays, and crustaceans (Florida Museum of Natural History, 2018). Neonates and juveniles are 

site-limited, remaining in shallow nursery areas such as mangrove estuaries. Young lemon sharks 

prefer these sheltered habitats for protection from larger predators, as well as metabolic regulation 

via warmer water temperatures (Speed et al., 2010). Adults typically migrate farther offshore to 

deeper waters during winter months. Although lemon sharks undergo seasonal offshore 

migrations, they prefer to travel close to the boundaries of continental shelves (Sundström, 2015).  

Major threats to this species worldwide include commercial longlining in the US, Mexico, and 

Belize to support the consumption of meat and fins. The IUCN Red List identifies lemon sharks 

as Near Threatened globally (Rose, 1996). 

Tiger Sharks 

 Tiger sharks (Galeocerdo cuvier) inhabit a mix of coastal and pelagic waters from warm-

temperate to tropical latitudes worldwide (Simpfendorfer, 2009). Like the nurse shark, this species 

is an opportunistic feeder, though the tiger shark occupies a higher trophic position and consumes 

different prey items, including sea birds, sea turtles, carcasses of marine mammals, and even 

garbage. This species exhibits top-down trophic control on organisms such as green sea turtles 

(Chelonia mydas). The threat of predation by tiger sharks tends to intimidate herbivorous prey 
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species, resulting in them limiting their grazing activities to the outer edges of seagrass beds in 

case they need to quickly flee from an approaching predator. This, in turn, increases the abundance 

and density of seagrass beds by preventing overgrazing (Burkholder & Heithaus, 2001).  

 Tiger sharks undergo seasonal migrations, moving to higher latitudes during spring and 

summer months, and returning to lower latitudes in winter. Several tiger sharks that were tagged 

with dorsally mounted satellite tags in Bermuda inhabited coastal Bahamian waters during the 

winter and traveled north into pelagic waters of the Western North Atlantic Ocean during the 

summer (Wetherbee et al., 2011). Additional individuals that were tagged in this region and 

monitored from 2009-2012 exhibited similar movement patterns. Most adult tiger sharks involved 

in this study occupied the coastal, reef-bound waters of the Bahamas, Turks and Caicos, and 

Anguilla/Saint Martin during winter months. These individuals spent summer months in more 

temperate, pelagic waters to the north/northeast of Bermuda (Lea et al., 2015).  

 Because this species can grow to lengths of over 550 cm, it is a popular target among 

recreational fishers, in addition to being commercially targeted for economically valuable meat, 

fins, liver oil, and cartilage. These anthropogenic threats have led to the tiger shark’s Near 

Threatened classification by the IUCN (Simpfendorfer, 2009). The Florida Fish and Wildlife 

Conservation Commission (FWC) categorizes the tiger shark as a Group 3 species, meaning that 

harvesting this species in Florida state waters is illegal (FWC, 2018).   

Great Hammerhead Sharks 

 Great hammerhead sharks (Sphyrna mokarran) inhabit the continental shelf in tropical 

latitudes, and are considered coastal and occasionally pelagic sharks, as they may be encountered 

at depths of up to 300 m (Denham et al., 2007). Great hammerhead sharks consume a variety of 

prey items, from crustaceans, cephalopods, and bony fishes to other elasmobranchs 

(Hammerschlag et al., 2011). Like many of Florida’s other shark species, great hammerheads 

migrate to higher, northern latitudes during the summer months. During a pilot study on the habitat 

use of the great hammerhead, an individual that was affixed with a satellite tag in the Florida Keys 

in February 2010 traveled toward the coast of New Jersey as spring approached. Researchers 

hypothesized that this shark migrated in the same direction in which the Gulf Stream current flows 

(Hammerschlag et al., 2011). There is a greater abundance of great hammerhead sharks in South 

Florida during winter months, as their southward, or low latitude, seasonal migration from the 

Northwest Atlantic Ocean and northern Gulf of Mexico coincides with decreasing air and water 
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temperatures. Individuals occupying coastal waters likely benefit from the higher oxygen 

concentrations present within South Florida waters during winter, as opposed to the warmer 

summer months during which these waters are less enriched in oxygen (Heithaus et al., 2007).  

 The great hammerhead becomes stressed easily when caught with fishing gear. This likely 

occurs because this species is an obligate ram ventilator, which requires it to swim constantly to 

obtain oxygen (Denham et al., 2007). They also utilize burst swimming techniques while hunting, 

which, when they are caught by fishers, is thought to contribute to a disruption in blood chemistry, 

increased physiological stress, and more frequent post-release mortality relative to other 

elasmobranchs (Gallagher et al., 2014). Great hammerhead sharks also experience high rates of 

mortality when they are caught as bycatch in pelagic/bottom longlines and gill nets. Additionally, 

they are targeted by recreational and commercial fishers for their fins, all of which contribute to 

their Critically Endangered conservation status and trend of decreasing abundance assigned by the 

IUCN Red List (Denham et al., 2007).   

Other Shark Species Encountered in Southeast Florida  

 Several other shark species that were found off the coast of Southeast Florida, but recorded 

in comparatively lower numbers, included bull sharks (Carcharhinus leucas), Caribbean reef 

sharks (Carcharhinus perezi), blacknose sharks (Carcharhinus acronotus), Atlantic sharpnose 

sharks (Rhizoprionodon terraenovae), blacktip sharks (Carcharhinus limbatus), and dusky sharks 

(Carcharhinus obscurus).  

 Bull sharks (Carcharhinus leucas) occupy subtropical and tropical waters and establish 

nurseries in low-salinity rivers and estuaries, such as the Caloosahatchee River and Indian River 

Lagoon (Heupel et al., 2010). During spring and summer months, bull sharks migrate northward 

along the US Atlantic coast, returning to more southern waters such as those of Florida in fall and 

winter months. However, it is not known exactly where off the coast of Florida their preferred 

wintering habitat is located (Castro, 1983). 

 Caribbean reef shark (Carcharhinus perezi) populations are concentrated mainly within 

the Caribbean Sea. Although it is possible to encounter this species in Southeast Florida, especially 

in and around the Gulf Stream current, they rarely travel north of the Florida Keys (Rosa et al., 

2006).  Blacknose sharks (Carcharhinus acronotus) are native to Florida and prefer to inhabit 

tropical to warm-temperate waters, sandy substrate, and coral reefs, specifically at insular and 

continental shelves. However, they are found more often near Florida’s Gulf Coast where the 
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continental shelf is wider than that of Florida’s Atlantic Coast (Compagno et al., 2005).  The 

Atlantic sharpnose shark (Rhizoprionodon terraenovae) is a coastal species that may be 

encountered from the Yucatán Peninsula to Montreal, Canada, and undergoes seasonal migrations 

from inshore habitats in the summer to deeper offshore waters of up to 280 m in the winter 

(Compagno, 1984).  

 Blacktip sharks (Carcharhinus limbatus) maintain nursery areas along the Gulf Coast of 

Florida and return to these sites for at least the first three years of life from May through July, 

migrating toward South Florida and the Florida Keys during winter months (Hueter et al., 2004). 

This species occurs throughout the year in locations such as Melbourne, Florida, and the Florida 

Keys, but is scarcer from May through early September. Specifically, they are present in greatest 

concentrations off the coasts of both Daytona Beach, Florida from September through November, 

and Melbourne Beach, Florida from November to December (Castro, 1996; Dodrill, 1977). The 

northernmost region of the blacktip sharks’ migratory range is in Delaware Bay, but they generally 

spend summer months in the more temperate waters off the coasts of North Carolina and Georgia 

before returning to Florida waters in September (Castro, 2011; Kohler et al., 1998).  

 Dusky sharks (Carcharhinus obscurus) occupy coastal and pelagic marine ecosystems and 

are highly migratory (Compagno, 1984; Kohler, 1996). They migrate along the East Coast of the 

United States primarily from New Jersey to South Carolina, occasionally migrating to Southeast 

Florida. Adults travel to temperate latitudes during the summer months (Castro, 1993; Dudley et 

al., 2005; Musick & Colvocoresses, 1986). 

MATERIALS AND METHODS 

Shark Tagging Surveys and Sample Processing 

During this study, the shark community in nearshore waters off the coast of Broward 

County in Southeast Florida was assessed via shark tagging surveys conducted by NSU’s Guy 

Harvey Research Institute (Figure 1). Research expeditions with NSU/GHRI were conducted on 

193 individual days, year-round, from 2013 to 2019, and involved the use of drumlines. A buoy 

marked with the GHRI’s permit number floated on the surface to mark the location of the drumline, 

a rope connected the buoy at the surface with a 22.7-kg cement-filled weight on the seafloor, and 

approximately 9.3 m of 900-lb (408.2-kg) test monofilament fishing line was attached to the 

weight with a shackle. Finally, two lengths of monofilament line were attached to a baited Mustad 
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16/0 triple strength circle hook as a leader (Figure 2). Ten such drumlines, placed in depths ranging 

from 7.62 to 30.48 meters of water, were each baited with one-third of an Atlantic bonito (Sarda 

sarda), and allowed to remain in the water for 1.5 to 2 hours. When sharks were caught, they were 

brought to the swim platform mounted at the stern of the research vessel with their caudal fin 

secured by a tail rope.  

The following data were recorded during each capture event: latitude and longitude, shark 

species, sex, pre-caudal length (PCL), fork length (FL), and stretched total length (STL). 

Morphometric measurements, specifically PCL, FL, and STL, were recorded once the shark was 

secured (Figure 3). Next, two tissue samples were collected by clipping 2 to 4-cm pieces of dermal 

tissue from the distal end of the first dorsal fin. A uniquely numbered roto-tag, which is similar in 

appearance to a cattle ear tag, was inserted into the first dorsal fin for identification purposes. The 

hook was removed, and the shark released when all data were collected. One of the two fin samples 

collected was placed in 100% ethanol for genetic analysis, and the other was placed in an empty 

Eppendorf tube, stored in a cooler on ice in the field, and immediately placed in a standard freezer 

at -18 °C when returned to Nova Southeastern University’s Oceanographic Center in preparation 

for stable isotope analysis. 

To prepare the dorsal fin samples, which included dermal tissue and cartilage, for stable 

isotope analysis, the tissue was oven-dried at 60 ° C for at least 48 hours to remove all moisture. 

A mortar and pestle were used to homogenize each of the dried samples. One microgram (μg) of 

each tissue sample was measured out and weighed with a microbalance. The processed samples 

were sent to the Stable Isotope Facility at UC Davis where they were analyzed using continuous-

flow Isotope-Ratio Mass Spectrometry (IRMS) to determine the δ13C and δ15N concentrations 

present within each tissue sample (Frisch et al., 2016).  

Bovine liver standard was used for IRMS at UC Davis. Overall, 61 samples of bovine liver 

standard were used, and were distributed amongst shark fin samples so that each bovine liver 

standard sample was subjected to IRMS after every 9 shark fin samples. Following 9 shark fin 

samples and 1 bovine liver standard sample (10 samples total), 2 duplicate samples of previously 

analyzed shark fin tissue were subjected to IRMS to ensure reproducibility of the IRMS procedure. 

This also allowed us to compare the stable isotope content of a shark fin sample to that of its 

duplicate. 
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Figure 1.- Locations near coastal Southeast Florida where NSU/GHRI shark tagging surveys 

took place (Source: Google Earth). 
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Figure 2.- Diagram of drumlines used in this study: (A) buoy; (B) rope attaching buoys to 

cement weight on the seafloor; (C) 22.7-kg cement weight; (D) 900-lb (408.2-kg) test 

monofilament main line; (E) double-stranded 900-lb (408.2-kg) test monofilament; (F) Mustad 

16/0 triple strength circle hook. 
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Figure 3.- Morphometric measurements of a shark: (A) precaudal length (PCL); (B) fork length 

(FL); and (C) stretched total length (STL). 
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CPUE and Species Abundance Analyses 

To better understand seasonal patterns, as well as which species were encountered most 

often within the South Florida shark community, CPUE was calculated. Catch per unit effort 

(CPUE) was calculated for the entire study period, and additional CPUE calculations were 

completed for dry seasons, rainy seasons, individual years, and individual shark species. The time 

during which the study occurred was divided into years (2013-2019), and each year was further 

divided into dry and rainy seasons, after which the number of each shark species captured was 

determined for each season (Table 1).  

To calculate soak times and subsequent CPUE values, the following equations were used: 

 

Soak Time (Bait Remaining) = Total Minutes Submerged 

 

Soak Time (Shark on the Line or No Bait Remaining) = 
𝑇𝑜𝑡𝑎𝑙 𝑀𝑖𝑛𝑢𝑡𝑒𝑠 𝑆𝑢𝑏𝑚𝑒𝑟𝑔𝑒𝑑

2
 

 

𝐶𝑃𝑈𝐸 =  
𝑇𝑜𝑡𝑎𝑙 𝑆ℎ𝑎𝑟𝑘𝑠 𝐶𝑎𝑢𝑔ℎ𝑡

𝑇𝑜𝑡𝑎𝑙 𝑆𝑜𝑎𝑘 𝑇𝑖𝑚𝑒
 

 

Bar graphs were then constructed to visually display the CPUE of each shark species 

captured throughout the period during which the study took place (Figure 4). An additional bar 

graph was constructed to display the total CPUE for each of the 5 most commonly captured shark 

species, as well as their CPUE during all dry and rainy seasons (Figure 5). Two time series plots 

were created to display the mean annual CPUE and variances for each year from 2013-2019, and 

the mean CPUE and variances for each season from 2013-2019, respectively (Figures 6,7). 

Additionally, a Shapiro-Wilk test was conducted to assess the normality of the CPUE data, after 

which a Kruskal-Wallis test was conducted to determine whether CPUE was significantly different 

between dry and rainy seasons during each year from 2013-2019. 

The relationship between total numbers of sharks captured during each season from 2013-

2019, and the specific depths at which drumlines were deployed (7.62 m, 12.19 m, 18.28 m, 24.38 

m, and 30.48 m), was assessed for normality with a Jarque-Bera test, which is typically used in 

larger data sets with more than 50 data points. Following the Jarque-Bera test, a two-way ANOVA 
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without replication was conducted to examine whether significantly different numbers of sharks 

were captured at certain depths from one season to the next throughout the study. 

Stable Isotope Analysis 

When calculating δ13C and δ15N content within tissue samples, the concentration of each 

stable isotope within body tissue can be calculated as:  

δX = [(RSAMPLE/RSTANDARD) – 1] * 1000 ‰ 

where X represents the stable isotope of interest (i.e., 13C or 15N) and R represents the ratio of 

13C:12C or 15N:14N for the sample and a known standard (either PDB for δ13C or atmospheric N2 

for δ15N), respectively.  

An x-y scatterplot was constructed to display the δ13C and δ15N for each shark species 

(Figure 8). A hull plot overlaid with minimum convex polygons, which help provide estimates of 

trophic niche width, provided a visual estimate for similarities in each species’ δ13C and δ15N, and 

therefore potential similarities in preferred prey and/or habitat usage (Figure 9). Relationships 

between δ13C, δ15N and STL were explored for nurse, sandbar, lemon, tiger, and great hammerhead 

sharks, and displayed as scatterplots with trendlines and R2 values (Figures 10, 11, 12, 13, 14). 

Finally, two-sample t-tests were conducted to examine the means of seasonal δ13C and δ15N for 

the 5 most common shark species and determine whether these means differed significantly 

between dry and rainy seasons from 2013-2019 (Table 2).  

RESULTS  

Survey Capture and CPUE Results 

This study included 193 days, or 331,054 minutes (approximately 5,518 hours), of fishing 

time, with a combined total of 541 sharks captured during these research expeditions (Table 1). 

The sample set includes tissue samples collected in the field from 228 nurse sharks, 122 sandbar 

sharks, 64 lemon sharks, 43 tiger sharks, 29 great hammerhead sharks, 15 bull sharks, 14 Caribbean 

reef sharks, 11 blacknose sharks, 12 Atlantic sharpnose sharks, and 2 blacktip sharks, all of which 

make up part of the shark community of coastal Southeast Florida. We were unfortunately unable 

to collect a tissue sample from the single dusky shark encountered during one of our surveys. 

 Overall, average CPUE was similar between rainy seasons (0.0031 sharks/min) and dry 

seasons (0.0028 sharks/min) from 2013-2019. In terms of individual years and seasons, the greatest 

average year-round CPUE value existed during 2016 (0.0103 sharks/min) and the highest seasonal 



20 
 

CPUE value occurred during the 2016 rainy season (0.0617 sharks/min). The lowest year-round 

CPUE value occurred in 2019 (0.0019 sharks/min), and the lowest seasonal CPUE value occurred 

during the 2019 dry season (0.0017 sharks/min) (Figures 6, 7). A Shapiro-Wilk test indicated that 

the CPUE data was not normally distributed (p<0.05). Since this CPUE data was not normally 

distributed, a Kruskal-Wallis test was conducted to determine whether CPUE was significantly 

different between dry and rainy seasons from 2013-2019. Results showed that, although total 

counts and CPUE of captured sharks varied slightly between seasons from 2013-2019, CPUE was 

not significantly different at intra-annual timescales from 2013-2019 (p>0.05). 

Even though CPUE did not vary significantly with seasonality, season and water depth had 

a significant impact on total number of sharks captured throughout the study. Since there were 

more than 50 data points in this data set (n=70), a Jarque-Bera test was used to confirm that this 

data was normally distributed (p>0.05). This data was subjected to a two-way ANOVA without 

replication, and corresponding p-values indicated that the total number of sharks caught during dry 

and rainy seasons from 2013-2019, and at depths of 7.62 m, 12.19 m, 18.28 m, 24.38 m, and 30.48 

m, were significantly different (seasons: df=13, F=9.70, p-value=8.13x10-10; depths: df=4, F=3.94, 

p-value=0.0072). 
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Table 1.- Total numbers of all shark species captured from 2013-2019, as well as total numbers of each species captured during dry 

vs. rainy seasons; numbers of males, females, and individuals whose sex was unknown; STL ranges in cm, and total CPUE for each 

species (# sharks caught per minute of fishing time). 

 

Shark Species Total Dry Season Rainy Season Females Males Sex Unknown Min STL Max STL CPUE  

G. cirratum 228 93 135 98 107 23 67 274 0.0012 

C. plumbeus 122 70 52 100 15 7 140 250 0.00067 

N. brevirostris 64 18 46 20 38 6 219 290 0.00035 

G. cuvier 43 19 24 29 13 1 104 392 0.00024 

S. mokarran 29 14 15 17 11 1 233 337 0.00016 

C. leucas 15 5 10 5 7 3 199 255 0.000082 

C. perezi 14 1 13 6 8 0 145 210 0.000077 

C. acronotus 11 1 10 2 8 1 96 132 0.000066 

R. terraenovae 12 5 7 5 3 4 84 102 0.000060 

C. limbatus 2 0 2 2 0 0 159 175 0.000011 

C. obscurus 1 0 1 1 0 0 N/A 330 0.0000055 
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Figure 4.- Total CPUE for each shark species captured from 2013-2019.
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Figure 5.- Total CPUE for the five most common shark species in this study, and for each 

species during rainy and dry seasons. 
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Figure 6.- Mean annual CPUE and standard deviations (displayed by error bars) from shark 

tagging surveys conducted between 2013-2019. 
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Figure 7.- Mean CPUE and standard deviations (displayed by error bars) from shark tagging 

surveys conducted during rainy and dry seasons from 2013-2019. 
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Stable Isotope Analysis Results 

There was a noticeable amount of overlap in the δ13C and δ15N of all species, as well as a small 

number of outlying data points, which can be observed in both the x-y scatterplot and the hull plot 

with minimum convex polygons constructed to compare stable isotope data among shark species 

(Figures 8, 9).  

Two-sample t-tests determined whether δ13C and δ15N, respectively, were significantly 

different between dry and rainy seasons for each species. Nurse shark δ13C (t statistic=-2.103, t 

critical two-tail=1.971, p-value=0.0367), sandbar shark δ13C (t statistic=3.231, t critical two-

tail=2.002, p-value=0.002), as well as tiger shark δ13C and δ15N (δ13C: t statistic=-2.765, t critical 

two-tail=2.023, p-value=0.009; δ15N: t statistic=2.024, t critical two-tail=2.020, p-value=0.049) 

were significantly different between dry and rainy seasons (Table 2).   

The possible relationship between STL, δ13C and δ15N, respectively, in nurse, sandbar, lemon, 

tiger, and great hammerhead sharks was modeled using scatterplots. Based on the low R2 values 

(R2<1) in all cases, δ13C and δ15N were partially, but not strongly correlated with STL in any of 

these 5 species (Figures 10, 11, 12, 13, 14). 
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Figure 8.- The δ13C and δ15N of nurse, sandbar, lemon, tiger, great hammerhead, bull, Caribbean reef, blacknose, Atlantic sharpnose, 

and blacktip sharks caught from 2013-2019. 
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Figure 9.- Hull plot utilizing the δ13C and δ15N of each individual shark from each species. Every minimum convex polygon 

represents the trophic niche width of a different shark species. 
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Figure 10.- Nurse shark STL (cm) compared with (A) δ13C and (B) δ15N in dermal/cartilaginous tissue. 
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Figure 11.- Sandbar shark STL (cm) compared with (A) δ13C and (B) δ15N in dermal/cartilaginous tissue. 
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Figure 12.- Lemon shark STL (cm) compared with (A) δ13C and (B) δ15N in dermal/cartilaginous tissue. 
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Figure 13.- Tiger shark STL (cm) compared with (A) δ13C and (B) δ15N in dermal/cartilaginous tissue. 
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Figure 14.- Great hammerhead shark STL (cm) compared with (A) δ13C and (B) δ15N in dermal/cartilaginous tissue. 
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Table 2.- Results of two-sample t-tests for nurse, sandbar, lemon, tiger, and great hammerhead 

sharks. Mean δ13C and δ15N values, respectively, were analyzed during rainy vs. dry seasons. 

 δ13C 

T Statistic 

δ13C 

T Critical 

Two-Tail 

δ13C 

P-Value 

δ15N 

T Statistic 

δ15N 

T Critical 

Two-Tail 

δ15N 

P-Value 

Nurse -2.103 1.971 0.0367 1.830 1.974 0.069 

Sandbar 3.231 2.002 0.002 -1.540 2.002 0.129 

Lemon 1.065 2.015 0.293 -0.541 2.026 0.592 

Tiger -2.765 2.023 0.009 2.024 2.020 0.049 

Great Hammerhead -1.221 2.069 0.234 -0.009 2.069 0.993 
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DISCUSSION 

The aim of this study was to enhance knowledge of the Southeast Florida shark community 

near Broward County, as well as to discover how seasonality affects CPUE, δ13C, and δ15N, for 

each individual study species and for the Southeast Florida shark community as a whole.  

CPUE Interpretations 

Although CPUE did not vary significantly between seasons, CPUE values were generally 

greater during most rainy seasons than during most dry seasons (Figures 6, 7).  Some species also 

exhibited seasonal differences in CPUE. Nurse and lemon sharks had greater CPUE values during 

rainy seasons, sandbar and great hammerhead sharks had greater CPUE during dry seasons, and 

CPUE for tiger sharks was approximately equal between rainy and dry seasons (Figure 5). Nurse 

sharks exhibited the greatest total CPUE throughout the study period, which could have been 

caused by their preference for shallow reef habitats and site-limited life history strategies 

(Compagno, 2001; Rosa et al., 2006; Tilley et al., 2013). By contrast, of the 5 most commonly 

encountered shark species, great hammerhead sharks had the lowest total CPUE for the entire 

study period (Figure 5). This may be due to a combination of ecological factors, such as this 

species’ seasonal migratory behaviors, the possibility that they prefer deeper water than that in 

which surveys took place, as well as their critically endangered conservation status and decreasing 

population trends worldwide (Denham et al., 2007; Hammerschlag et al., 2011).  

SIA Interpretations 

Stable isotope analysis was used to further explore the seasonal population trends displayed 

by Southeast Florida shark species. Some species, such as nurse sharks and sandbar sharks, both 

displayed significant seasonal differences in δ13C (Table 2). Although nurse sharks are site-limited, 

they may experience significant seasonal changes in primary productivity within their habitats 

(Compagno, 2001; Rosa et al., 2006; Tilley et al., 2013). By contrast, sandbar sharks undergo 

seasonal migrations and partake in both temperate and sub-tropical food webs throughout the year, 

based on seasonality (Grubbs et al., 2007). Tiger sharks experienced significant seasonal 

differences in both δ13C and δ15N, which could be influenced by their migratory behaviors and 

indicate seasonal diet changes (Lea et al., 2015; Wetherbee et al., 2011).  

When comparing δ13C and δ15N ratios among the shark species involved in this study, the 

resulting scatterplot, as well as the hull plot with minimum convex polygons, displayed overlap 

among the δ13C and δ15N of nurse, sandbar, lemon, tiger, great hammerhead, bull, Caribbean reef, 
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blacknose, Atlantic sharpnose, and blacktip sharks (Figure 9). Overlapping data points could be 

the result of individuals of each species targeting some of the same prey species, and/or prey 

species at similar trophic levels (Carlisle et al., 2012; Wetherbee & Cortés, 2004). Conversely, 

outlying data points may be caused by migration and incorporating stable isotopes from food webs 

at different geographic locations (Grubbs et al., 2007). Interestingly, based on observations of δ13C 

and δ15N compared with STL, body size was partly, but not strongly, correlated with stable isotope 

content in the tissues of the 5 most frequently encountered species (Figures 10, 11, 12, 13, 14). 

These weak correlations could be caused by the indiscriminate diets of generalist species, such as 

nurse and tiger sharks, as well as the seasonal migrations undertaken by sandbar, lemon, tiger, and 

great hammerhead sharks, and their exposure to different food webs, and different potential prey 

items, throughout the year (Burkholder & Heithaus, 2001; Denham et al., 2007; Grubbs et al., 

2007; Lea et al., 2015; Rosa et al., 2006; Sundström, 2015; Wetherbee et al., 2011).  

Similar Studies and Unexpected Findings 

 A study conducted in the Lower Florida Keys, in which shark populations were surveyed 

using longlines and benthic drumlines, resulted in similar findings regarding abundance of 

different shark species based on seasonality. The most commonly encountered shark species 

throughout this study, on both types of fishing gear, was the nurse shark. The great hammerhead 

shark was encountered far less often on both longlines and drumlines (Heithaus et al., 2007). Nurse 

sharks may have been more common in the Florida Keys, in part, because of their ability to live 

and hunt in structurally complex environments (Moffa, 2004). Dominance of nurse sharks in both 

our study, and the study conducted in the Florida Keys, may have also occurred because of 

historical declines of populations of other species. For example, gillnet fisheries were once 

common in the Florida Keys, and may have caused a decline in shark species aside from nurse 

sharks (Viele, 1996). Since this species is abundant year-round and site-limited, it was surprising 

to see a significant change in δ13C in Southeast Florida nurse sharks between dry and rainy seasons. 

 During fall and winter months, many pelagic and partially pelagic shark species migrate 

southward along the east coast of the United States, as well as the west coast of Florida (Hueter et 

al., 2005; Kohler et al., 1998). In the Florida Keys, capture probabilities generally increased as 

water temperatures increased, which occurs during Florida’s rainy season. Species such as nurse 

and lemon sharks experienced the most noticeable increase in capture probability as water 
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temperatures increased in the Florida Keys (Heithaus et al., 2005). Likewise, these two species 

were captured more often during the rainy season in Southeast Florida, as well (Figure 5). By 

contrast, species such as the great hammerhead shark experienced the greatest probability of 

capture in the Florida Keys when water temperatures were coldest (Heithaus et al., 2007). This 

observation coincides with the great hammerhead’s seasonal southward migration from the 

Northern Gulf of Mexico and the Northwestern Atlantic Ocean (Heithaus et al., 2007). Despite the 

great hammerhead shark’s prevalence in the Florida Keys during the dry season, in our survey 

areas in Southeast Florida, there was not a noticeable difference in the numbers of great 

hammerhead sharks captured during the dry vs. rainy seasons from 2013-2019 (dry season: n=14; 

rainy season: n=15). 

Significance of the Study 

 The makeup of the Southeast Florida shark community north of Miami has not been studied 

extensively. Therefore, this study provides a baseline assessment of this community, including the 

most commonly encountered shark species in this region, as well as their relative abundance and 

stable isotope concentrations based on seasonality. We have provided data that future researchers 

can build upon and, in doing so, create a more complete assessment of shark communities, seasonal 

species abundances, and important habitats utilized by sharks throughout Florida state waters. This 

sort of data, and collaboration amongst researchers, is crucial for the ongoing success of shark 

conservation efforts. 

Future Directions 

There are several directions that can be pursued to expand upon the data collected in this 

study. For example, the same research strategies and protocol can be implemented elsewhere in 

Florida, to obtain a more accurate assessment of shark community dynamics statewide, as well as 

how communities from different regions of the state overlap and interact with one another. 

Additionally, further field research could be conducted in the same geographic region to assess 

how populations of the species featured in this study continue to change over time. Other types of 

tags such as acoustic tags and satellite tags could be used to determine habitats used by these 

species year-round (especially highly migratory species), including potential migratory routes, 

breeding grounds, and hunting grounds. Long-term tagging studies, CPUE data, and stable isotope 
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data have the potential to improve upon existing knowledge on population trends, as well as the 

regional and global conservation statuses, of a multitude of shark species. 
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