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Abstract

In the past century, marine ecosystems worldwide have seen sharp declines in
elasmobranch populations. Recent assessments by the International Union for
Conservation of Nature (IUCN) revealed nearly 25% of elasmobranchs are vulnerable to
extinction. They exhibit k-species characteristics which leave them highly susceptible to
anthropogenic influences. Human influences, such as habitat degradation or loss,
climate change, as well as fishing and finning, are the most likely causes of the steep
population declines in elasmobranchs over the past century. Physical destruction of
habitats leaves juveniles vulnerable to predation and starvation from low prey
availability. Due to elasmobranchs’ slower life history characteristics they are the most
vulnerable to climate change effects, especially those residing in estuarine and reef
habitats. With prices for shark fins increasing to nearly US$400 per kilogram on the
Hong Kong market and increased demand from the Asian markets, sharks are
harvested for their fins alone. It is estimated that if fishing mortality rates increase to
20% of the initial population per year, some species could decline to 1% of their
population in the next 10 to 39 years. There have been documented cases of trophic
cascades and meso-predator release as marine ecosystems have seen sharp declines

in large bodied elasmobranch populations.
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Introduction

Elasmobranchii is a subclass of Chondrichtyes, or cartilaginous fishes, which
include sharks, skates, and rays that debuted in the fossil record in the Devonian era
nearly 400 million years ago (Fowler et al., 2005). In their evolutionary past,
elasmobranchs have faced fived mass extinctions (Parker, 2008), however, recent
assessments by the International Union for Conservation of Nature (IUCN) revealed
nearly 25% of elasmobranchs are vulnerable to extinction (Magiera, 2014). Unlike bony
fishes, which exhibit r-species characteristics, reaching sexual maturity quickly and
have a high rate of reproduction or fecundity, sharks and rays exhibit k-species
characteristics which can make them susceptible to changes in their environment
(Fowler et al., 2005). They have long life spans with slow growth rates, reaching sexual
maturity late in life, and usually have low fecundity (Chin, Kyne, Walker, & McAuley,
2010), which leave them highly susceptible to anthropogenic influences. Human
influences, such as habitat degradation or loss, climate change, as well as fishing and
finning, are the most likely causes of the steep population declines in elasmobranchs
over the past century (Knip, Heupel, & Simpfendorfer, 2010; Ward-Paige et al., 2010).
Dramatic population declines in elasmobranchs can have devastating effects on marine
ecosystems (Baum & Worm, 2009; Heupel, Knip, Simpfendorfer, & Dulvy, 2014; Mumby
et al., 2007).

Habitat Degradation or Loss

In 2010, it was estimated that 60% of the global population lived within 100 km of

a coastline. By 2020 it's estimated that number will increase to nearly 75% (Knip et al.,



2010). As one may imagine, the increase in population comes with a price for the
environment. The acts of dredging, construction, and deforestation, which go hand in
hand with increased coastal development, are detrimental to nearshore areas (Knip et
al., 2010).

While it is adult sharks who have been exploited in the fisheries markets, juveniles of
some shark species are at the greatest risk for habitat loss due to the encroachment of
humans through coastal development (Heupel et al., 2007). For many species,
mangroves provide nearshore nursery habitats for juvenile sharks, offering safety from
predation and an abundant food supply (Knip et al., 2010) (Appendix Figure 1). In the
last 25 years, mangrove habitats worldwide have decreased by nearly 35% due to
clearing, cutting for development, and lumber (Valiela, Bowen, & York, 2001). Around
Bimini island in the Bahamas, juvenile lemon sharks (Negaprion brevirostris) (Appendix
Figure 2) utilize mangroves to hone their hunting skills and to evade predators
(Jennings, Gruber, Franks, Kessel, & Robertson, 2008). However, these mangroves
have been threatened by recent resort development. A study of the region saw a direct
correlation between the decrease of seagrass (Thalassia testudinum) and the decrease
in survival rates of lemon shark juveniles (Jennings et al., 2008).

Not only does coastal development lead to direct removal of habitat space, but it
also leads to increased terrestrial runoff. When terrestrial runoff in an area introduces an
excessive amount of nutrient richness there is an increased risk of algae blooms which
can smother other organisms by reducing the available oxygen levels. These

eutrophication events cause dead zones in aquatic environments (Knip et al., 2010).



Many species of elasmobranchs have been leaving regions during periods of anoxia,
like leopard sharks (Triakis semifasciata) (Appendix Figure 3) (Carlisle & Starr, 2009).
Terrestrial runoff can also cause health problems in other ways for elasmobranchs.
Organochlorines, a pesticide containing chlorinated hydrocarbons used generously in
the 1940’s through ‘60’s for mosquito control and agriculture, has been shown to cause
infertility in bonnethead sharks (Sphyma tiburo) (Appendix Figure 4) in coastal waters
(Delaware Health and Social Services, 2010; Gelsleichter et al., 2005).

Not all species of elasmobranchs are coastal. Many, like whitetip reef sharks
(Triaenodon obesus), spotted eagle rays (Aetobatus narinari), bluespotted stingrays
(Taeniura lymma), yellow stingrays (Urobatis jamaicensis), nurse sharks
(Ginglymostoma cirratum), epaulette sharks (Hemiscyllium ocellatum) (Appendix Figure
5), and many others all inhabit coral reefs which are mostly found between 23.4°N and
23.4°S of the Equator between the Tropics of Cancer and Capricorn (Appendix Figure
6). While corals represent only 0.1% of the sea floor, corals are estimated to sustain
25% of life in the ocean (Riegl, Purkis, Al-Cibahy, Abdel-Moati, & Hoegh-Guldberg,
2011). As the global climate continues to rise each year, the ocean temperatures also
rise and coral bleaching epidemics have spread across many areas (Riegl et al., 2011).,
Available habitats for reef species dwindles as degradation of coral habitats continues
(Chin et al., 2010). Elasmobranch reef species are often highly mobile, sometimes
traveling hundreds, or even thousands, of miles every year to find food and mates
(Hammerschlag, Gallagher, & Lazarre, 2011; Wilson, Polovina, Stewart, & Meekan,

2006; Wilson, Taylor, & Pearce, 2001). This can often require a network of reef habitats



to be available to them to make these journeys each year. As coral patches continue to
die off, fewer networks become available for these migratory animals and they are
forced to find new networks of reefs to make these journeys possible (Duncan &
Holland, 2006; Robbins, Hisano, Connolly, & Choat, 2006). For some species of reef
shark, even if new suitable coral habitats can be reached, it may be possible that they
will be unable to establish a stable population due to competition or predation events

(Duncan & Holland, 2006).

Climate Change

It has been estimated that by 2050, with minimal climate-warming changes,
approximately 18% of terrestrial species will be committed to extinction due to rapid
global temperature increases (Thomas et al., 2004). Species that express r-strategy life
histories are generally able to respond and adapt the quickest to climate change (Perry,
Low, Ellis, & Reynolds, 2005). However, k-strategy species, like elasmobranchs, are
more vulnerable to climate change effects (Perry et al., 2005).

Climate change has been known to effect sharks and rays in two distinct ways:
as direct effects and indirect effects (Chin et al., 2010). Direct effects influence the
physiochemical environment which a shark or ray inhabits. These effects can include
water temperature changes, freshwater input from streams or rain fall, and ocean
acidification (Chin et al., 2010). Indirect effects influence the geophysical, ecological,
and biological processes occurring within the habitats, as well as the health of the
environment. Indirect effects can also include air temperature, ultraviolet radiation,

ocean circulation, and severe weather events (Chin et al., 2010). Both direct and



indirect effects can have significant impacts on elasmobranch populations. It has been
suggested that round stingrays (Urobatis halleri) (Appendix Figure 7) and leopard
sharks (Triakis semifasciata) (Appendix Figure 3) use behavioral thermoregulation,
aggregating in warmer waters to optimize their physiological and metabolic processes
including reproduction (Hight & Lowe, 2007; Hoisington IV & Lowe, 2005). If conditions
are not met for these animals they will not be able to meet their physiological
requirements necessary for reproduction which could have a detrimental impact on their
populations (Hight & Lowe, 2007).

In a recent study of elasmobranchs in six ecological habitats along Australia’s
Great Barrier Reef (Appendix Figure 8), ocean circulation changes, temperature, and
freshwater input were the greatest influential factors due to climate change that affected
species in all six ecological groups (Chin et al., 2010). Of these groups, estuarine and
reef species are considered the most vulnerable to the effects of climate change. The
species within these habitats are more susceptible to changes in salinity due to rising
sea levels or alterations in rainfall and increased physical disturbance by severe storms
(Chin et al.,, 2010). Reef habitats are considered moderate to high vulnerability to
climate change factors including rising temperatures, increased storm activity, ocean
acidification, and increased UV and light radiation (Chin et al., 2010). Coastal, pelagic,
shelf, and bathyal ecological groups are considered low vulnerability to climate change.
For these species, temperature is the greatest climate change factor which influences
their physiochemical environment. Pelagic and shelf sharks and rays may also be

effected by changing ocean currents. These currents could alter upwellings of nutrient



rich waters which drive productivity and ultimately prey availability (Chin et al., 2010). In
recent years changes in the El Nifio cycles have had significant effects on primary
productivity (Kingsford & Welch, 2007).

Climate change may pose the greatest threat to species which are constrained
by habitat requirements, dispersal capabilities, or seasonal and oceanographic events
(Perry et al., 2005). In Australia the aggregation of whale sharks (Rhincodon typus)
(Appendix Figure 9) on the Ningaloo Reef has been correlated to seasonal temperature
changes (Wilson et al., 2006; Wilson et al., 2001). With the ocean temperatures on the
rise these seasonal oceanographic events may be altered by climate change which in
turn may have dramatic impacts on the timing or magnitude of seasonal patterns of
migratory species (Chin et al., 2010). At present coral bleaching events linked to rapid
climate change and increasing water temperatures have been documented as the
greatest threat to whale sharks (Stewart & Wilson, 2005), as whale sharks will travel
thousands of miles to Ningaloo Reef in Australia to feed on spawning corals (Wilson et
al., 2001).

Fishing & Finning

In fisheries management, the amount of fish harvested and reported where fish
are brought onto shore is referred to as a landing (Blackhart, Stanton, & Shimada,
2006). In the past thirty years, elasmobranch landings have been on a steep increase
worldwide. In the Gulf of Mexico in the 1980’s shark landings nearly tripled (Ward-Paige
et al.,, 2010). Since 1950, which marked the first year of elasmobranch fisheries data

collection, landings have increased 227% globally to their peak year in 2003 (Davidson,



Krawchuk, & Dulvy, 2016). The driving force behind the increased landings has been
the dramatic increase in demand for seafood, primarily in East Asia, which has a strong
influence on the global market demand (Clarke, 2004). In developing third world
countries, local resources are being exploited to supply international markets (Clarke,
2004).

Sharks are primarily harvested for their fins alone due to low demand for shark
meat with fluctuating markets for skin, oil, liver, and teeth (Clarke, 2004). Sharks are
pulled from the water, still alive; with their fins stripped from their bodies, their bodies
dumped overboard, and they are left to drown (Appendix Figure 10) (Stewart, 2008).
Shark fin, or yu chi as it is known in China, is considered a delicacy. It is served as a
soup by removing the collagen fibers from between the cartilage in the fins and boiling
them in a stock (Clarke, 2004). Hong Kong has been the capital of the shark fin trade for
decades, importing from over a 125 regions and countries (Clarke, 2004). And the fins
are highly profitable on the Hong Kong market, bringing in nearly US$400 per kilogram
(Clarke, 2004), making fins one of the most valuable seafood products in the world. In
one Hong Kong market, an estimated 30 to 40 shark species fins were available for
sale, including the whale shark (Rhincodon typus) (Appendix Figure 9) a CITES
Appendix Il protected species (CITES, 2001). Despite the increased demand for fins,
since peak landings in 2003, by 2011, landings had declined by 15% (Davidson et al.,
2015). Concerns have risen that elasmobranch populations are following predictable
patterns of fisheries which in the past have been open-access and unregulated:

populations which express serial depletion and collapse (Davidson et al., 2015).



In response to the increasing pressure from Asian markets to supply shark fins,
the United States has issued a national ban on finning within its waters (Fowler et al.,
2005). Other countries, such as Australia, Brazil, the European Union, South Africa, and
Oman, have either prohibited or issued controlled shark finning within their waters
(Fowler et al., 2005). Despite some limitation on finning there has been very little
progress limiting the number of sharks which may be landed throughout the world each
year (Clarke, 2004; Fowler et al., 2005). An examination of elasmobranchs in the
Caribbean suggested that if the fishing industry were to remove 10% of the current
populations per year we could see a decline up to 14% of some elasmobranch species
in the Caribbean within the next 50 years (Ward-Paige et al., 2010). If fishing mortality
rates were increased to 50% each year all examined elasmobranchs declined to less
than 1% of their initial population size within the next 10 to 39 years (Ward-Paige et al.,
2010).

Recent studies in the Caribbean suggest that shark populations occur in higher
densities where human populations densities are lower (Ward-Paige et al., 2010).
Sharks were largely absent in survey studies conducted between 1993 and 2008 in
areas around Jamaica, Dominican Republic, Cuba, Puerto Rico, South and Central
American, and the Antilles where human populations are high (Ward-Paige et al., 2010).
However, sharks were found in high densities in areas around Florida, the US Virgin
Islands, and the Bahamas where human populations are also high (Ward-Paige et al.,
2010). These regions all have strong fishing regulations that help support strong

elasmobranch communities, including establishing marine protected areas, prohibiting



the use of gill nets, prohibiting of longline fishing, and prohibiting shark finning
(Ward-Paige et al., 2010). High human population density in these regions alongside
healthy shark populations suggest that while other anthropogenic influences may be
affecting shark population decline, the main driving factor of population decline is likely
overexploitation due to fishing (Knip et al., 2010; Ward-Paige et al., 2010).

Ecological Impacts of Elasmobranch Population Decline

To maintain a healthy ecosystem with abundant biodiversity, predators at all
levels must be present in sufficient numbers. Elasmobranchs perform critical roles in
marine ecosystems as apex and meso-predators. Apex predators occupy the top
trophic position in their community (Heupel et al., 2014). These predators are
specialized predators that exert top-down control over their prey species and can
significantly effect ecosystem structure (Estes et al., 2011). Meso-predators make up
any mid-level predator within the ecosystem (Heupel et al., 2014). Meso-predators
provide a more diffuse predator-prey pattern within a community than a specialized
apex predator and they have less of an influence over the behavior of other species
within their community (Heupel et al., 2014). This means that while only a handful of
sharks like the great white shark (Carcharodon carcharias) (Appendix Figure 11) are
considered apex predators, the majority of elasmobranchs are actually categorized as
meso-predators (Heupel et al., 2014). This means that those few species, like the great
white shark, that are categorized as apex predators are exceptionally key in maintaining

balance within their ecosystems.



As marine ecosystems have seen sharp declines in large bodied elasmobranch
populations there have been documented cases of trophic cascades and meso-predator
release (Heupel et al., 2014). Along the eastern coast of the United States, following the
collapse of large bodied shark populations the cownose ray (Rhinoptera bonasus)
(Appendix Figure 12) began to fill in the gap. The loss of the top predators released the
rays from its position in the food web and allowed their population to increase due to
lack of predation and competition (Baum & Worm, 2009). This is what is referred to as
meso-predator release. The cownose ray population boom eventually led to the
depletion of its prey source, the bay scallop (Baum & Worm, 2009). In the Caribbean
the absence of reef sharks has led to an increase in grouper and snapper populations,
which devastated herbivore populations (Roff et al., 2016). Without herbivores on reefs
to maintain algae populations, algae can quickly overtake reefs and smother them
(Grubbs et al., 2016; Mumby et al., 2007). These cascades are similar to the trophic
cascades that happened in Yellowstone National Park when the wolves disappeared
(Berger, K.M. Conner, 2008).

Conclusion

Sharks were once “expected anywhere at any time,” (Baughman & Springer,
1950); but due to human encroachment and destructive tendencies, sharks today are
‘expected anytime almost nowhere” (Ward-Paige et al., 2010). As human populations
expand and greater numbers inhabit coast lines each year, coastal development
continues to decimate nearshore habitats (Knip et al., 2010). Physical destruction of

habitats leaves juveniles vulnerable to predation and starvation due to low prey



availability (Heupel et al., 2007; Jennings et al., 2008). Terrestrial runoff increases
pollution levels and reduces water quality (Knip et al., 2010) which has led to a series of
documented health conditions among elasmobranchs including infertility (Gelsleichter et
al., 2005).

As the global climate climbs, elasmobranchs, especially those residing in
estuarine and reef habitats, will be the most vulnerable to climate change effects (Chin
et al., 2010). These species exhibit slower life history traits than most bony fishes which
prohibit them from responding quickly to rapid changes in their environment due to
global climate changes (Perry et al.,, 2005). As global climate continues to shift,
seasonal and oceanography events, such as temperature correlated seasonal spawning
aggregations, may be dramatically affected, which may have traumatic impacts on
highly migratory species such as whale sharks (Stewart & Wilson, 2005; Wilson et al.,
2006; Wilson et al., 2001).

Perhaps the most likely driver for elasmobranch population decline over the last
century has been fishing and finning pressures from the Asian seafood market demand
(Clarke, 2004). The demand for shark fins on the Asian market has been increasing for
decades as Hong Kong continues to import fins from over 120 countries and regions
(Clarke, 2004). With prices for fins increasing to nearly US$400 per kilogram on the
Asian market and shark meat fluctuating, sharks are harvested for fins alone (Clarke,
2004; R. Stewart, 2008). The current rate of harvest is not sustainable. With a yearly
fishing mortality rate of 20%, some species will see declines to less than 1% of the

current population in the next 10 to 39 years (Ward-Paige et al., 2010).



Sharks have been keeping marine ecosystems in balance as meso and apex
predators for over 400 million years. It is only now, in the last century, that their very
existence, and the in turn the balance of the entire marine environment, is threatened

due to anthropogenic pressures.



Figure 1. Red mangrove habitat offers shelter from predators and abundant food
supplies for juvenile sharks (Wikimedia Commons, n.d.).

Figure 2. Juvenile Lemon Shark (Negaprion brevirostris) in mangrove forest (Potenski,
2012).



Figure 3. Leopard Shark (Triakis semifasciata) in kelp bed in Monterey, California
(Wikimedia Commons, n.d.).

Figure 4. Bonnethead shark (Sphyrna tiburo) (Javier, 2012).



Figure 5. Common reef dwelling elasmobranchs. Top left: Whitetip reef shark
(Triaenodon obesus) Top right: Nurse shark (Ginglymostoma cirratum) Middle left:
Spotted eagle ray (Aetobatus narinari) Middle: Yellow stingray (Urobatis jamaicensis)
Middle right: Bluespotted stingray (Taeniura lymma) Bottom: Epaulette shark
(Hemiscyllium ocellatum) (Whitetip reef shark, n.d.; Von Brandis, n.d.; Corbis, 2011;
Yellow stingray, n.d.; Petersen, 2006; Oldfield, 2009). v



Figure 6. World distribution of reef building corals, the majority located between 23.4
degrees N and S of the Equator, the Tropics of Capricorn and Cancer (Wikimedia
Commons, 2007).
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Figure 7. Round stingray (Urobatis halleri) (Wikimedia Commons, n.d.).




mbejad

Freshwater/
esluaring

Coastal/inshora

e
Reef (mid shelf) Shelf {outer shelf) Shell

[2fieg

Frash warerf@gﬁm‘;' !_& Coastal/inshore ” Reef \:"r'-.-—"-hi—‘?

High exposure High exposure High exposure

Rising soa levals atfect Noodplain, tidal Mﬁmmmmmmummmm 5 Rising temperature alects ree! habitats,
estuaring and foreshone habilats linkages with inmer-lidal habitals nutrient cycling and physicchemical emdronment

Changing rainfall and freshwater input affect

5l Changing rainfall and freshwater input alfect - 1 L Increased storm frequency and intensity affects
%hﬂbﬁm productivity, and the physiochemical wm:‘n-:\tMHdWI M R pyne ! habitats, nutriant cycling and productivity
BITVIFOnmen I
o W Increased stom frequency and inensiy aflects g Increasing acidity affacts coral habitals and has
‘ Increased storm frequency and inensity some habitats and productivity direct and indirect effects on prey species
atfgets some hibitats and productivity ./ TFiging temperaiure affects nabitats, nutient  Moderate exposure
Rising temparatune afects habitats, nutrient g eyeling, and the physiochemical envirenment Deeanographsc changes aller curronts and upwellings
eyeling and the physiochamical emvironrment which aflect productivity &nd the physiochemical
; Moderate exposure oo onia: riaE
'D_-' Increased light and LIV radiation affects 3 Changing rainfall and freshwatar inpot atfect )
nutrignt cycling, productivity and some habitats e physiocharmical envirgnment i Changing rainfall and freshwater runoff affects
& i habital, productivity, and the physiochemical
Dceanographic changes altar currents and ! arwitonmant on some resls

mixing which affect productivity

%ﬁlmm&sad light and LV radiation afipcts nulrmm{-“? ;34 Increased light and UV radiation affects nutrient

L ¥
cycling, productivity and some habitats cycling and productivity on some reefs

sher Ty Bathyal *"-*—1 Pelagic %}h

High exposure Moderate exposure High exposure

Mwm Alies curménis and Rising temperature has some effects on the Oeeanag aler curments and r

ings which affect productivity and the (ﬂ ising tamperature h raphic changeas alter cu upwelings
; ; physiochamical anvironmieni which atfect productivity, migration pattems

physiochemical environment ad ol
Moderate exposure <y Orsanographic changes aler currents and
r Changing rainfall and {reshwater runoff affect —" upwullings which affect productivity Maderate exposure

soma habilats, productivity, and tha

2/ physiochemical ermvincament Rising temparature has some effects an the
physischemical anvironmeand

habitals, nidrient cycling, and the physiochamical

Riging temparaiurg has some aftects on
5 anvironmant

Figure 8. Six marine ecological habitats investigated for climate change effects along
the Great Barrier Reef in Australia: Freshwater/Estuarine, Coastal/Inshore, Reef,
Shelf, Pelagic, and Bathyal (Chin et al., 2010).



Figure 9. Whale shark (Rhincodon typus) (Nautilus Cruises, 2010).

Figure 10. A hammerhead shark that has just been finned is thrown back into the ocean
to drown, unable to swim to pass air over the gills (Bali Animal Welfare Association,
n.d.).



Figure 11. The great white shark (Carcharodon carcharias) (Levy, 2014).
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Figure 12. Cownose rays (Rhinoptera steindachneri) (Giebel, 2006)
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