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ABSTRACT 

This literature overview focuses on how shark species, are faring with the anthropogenically 

induced climatic changes. The ocean is drastically affected by this, which has major implications on the 

aquatic life. Some effects include increasing temperature, carbon dioxide and acidity levels. This has led 

to shifts in the predatory success in sharks, which will only increase in severity as climate change 

intensifies, because changes in climate induce other changes in most aspects of the shark’s life. These 

can be grouped into three categories: shifts in body functions, behaviors and habitat. Some changes in 

body function include difficulty integrating sensory cues through reduced neuron receptor function, 

decreased brain/muscle aerobic potential and changes in growth/development. Behavioral changes 

include shifted swimming patterns, interacting with different species assemblages and prey behaviors. 

Lastly, habitat changes affect the shark's ability to capture prey through increases in salinity, degradation 

of critical habitat and reduction in dissolved oxygen. 
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INTRODUCTION 

In the past century, climate change has become an increasing global issue that brings with it far- 

reaching effects. Many areas are threatened by a whole host of threats including but not limited to 

warming temperatures and natural disasters that are increasing in frequency. These changes are felt 

directly and indirectly by the organisms inhabiting this planet, and overwhelmingly carry with them 

negative effects. Sharks are no exception to feeling these negative and far-reaching effects of climate 

change. They are feeling the pressures of climate change in numerous ways such as changes in their 

body functions, behavior and habitat. This review will explore the changes in predatory behavior that have 

ensued due to the anthropogenically induced change in climate. 

Since the ocean covers a vast majority of the planet, it is also influenced by this warming. The 

temperature of tropical surface waters has increased approximately 0.5-0.6°C since the 1850’s, due to 

the decrease in atmospheric circulation and the increase of surface air temperature (1). As the 

atmosphere heats up, a portion of that kinetic energy is absorbed by the oceans which negatively impacts 

many species in their ability to thrive or even just survive. This is especially pronounced in tropical regions 

where species may already be near their thermal tolerance limits (2). Tropical species also tend to be less 

tolerant to fluctuations, as they evolved under conditions that were quite stable, as opposed to sub- 

tropical or temperate species (3). Another issue that will pose problems for aquatic life is that the pH of 

the oceans has been decreasing. Carbon dioxide is at the highest level (>395 ppm) it has been at in the 

past 800 000 years, and it is steadily increasing (5,6). The level would be much higher if the oceans 

would not pose as sinks, absorbing about 25% of the excess carbon dioxide (7). This leads to a reaction 

with the seawater, which gives rise to an excess of hydronium ions. It has been hypothesized that the 

oceans pH may drop by 0.14 and 0.5 pH units by the end of the twenty-first century (4). 

Sharks are very important players in the marine ecosystems, as they are apex predators and thus 

exert top-down controls over the ecosystem. Their cascading effects influence many aspects such as the 

structure, function and the overall health of these ecosystems (8). Unfortunately, sharks have a very slow 

rate of evolution and low phenotypic plasticity, which puts them at an innate risk to the rapid changes 

caused by human influences on the environment such as climate change. This can be attributed to their K 

selected life histories which include slow growth, late age at maturity, low fecundity, few offspring, long 
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gestation periods and long lifespans (9). According to IUCN, approximately a third of all pelagic shark 

species are at some risk of extinction, and 64 of those are on the Red List (10). This means that many 

ecosystems are experiencing negative effects due to the decrease in shark populations. 

The predatory behaviors of sharks are imperative to their survival as they are carnivorous and 

thus it is their only way of acquiring nourishment. There are many factors that play into their success as a 

predator. As previously mentioned, this paper will focus on three overarching factors that play a role in the 

success of sharks as predators and are affected by climate change. These factors are body functions, 

behaviors and habitat. Sharks have isophisticated sensory organs that relay on chemical and electrical 

signals. With the changes in water chemistry, these messages are affected in multiple ways. Their 

metabolism, ventilatory capabilities, growth and development are other body functions that have felt the 

burden of climate change (11, 12, 13). Behavioral changes that have been documented are lethargy, 

changes in competition, and co-occurrence and prey responses (11, 14, 15). The last factor, changes in 

habitat that effect shark predation encompasses shifts in habitat, and the speed of these shifts, water 

quality, and primary production (16, 17). Climate change has affected sharks in numerous ways and this 

paper is in no account a complete analysis of every way they are affected. The scientific community has 

not explored every aspect of this dilemma to begin with and probably never will, as this is virtually 

impossible. From the data that are available, there are certain themes that kept reoccurring and made it 

possible to group them into broad topics. Three topics tended to be the most prevalent and, thus, the 

objective of this paper became to analyze those three topics. These themes are how climate change 

induces shifts in body functions, habitat and behavior, which create cascading effects that end in the 

alteration of the shark's feeding ecology. 
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METHODS 

The first step I took in the process of constructing this literature review was compiling scientific 

papers that pertain to my topic of interest. I did this by using the North Dakota State University online data 

base and Google scholar throughout the 2020 and 2021 school year. I only included articles that were 

published in English and in peer-reviewed journals. I first focused on how climate change could be 

influencing sharks but decided to narrow it down to how it is affecting their feeding ecology because the 

prior topic produced an overwhelming amount of data in a vast number of different topics. After collecting 

some data, I refined my question even further to focus purely on their predatory success in the sense of 

their ability to successfully capture prey. I also looked at species that were closely related to sharks, as 

there are certain situations that pertain to sharks. 

The search terms that I used were multiple combinations of words associated with climate 

change, sharks, ocean acidification, feeding ecology, ocean warming, predation and behavior. For articles 

that were exceptionally relevant to my study, I scanned the references for more papers that were of 

interest to me. In a Word document I listed all the papers that I had collected and for each one I recorded 

the significant information that it presented. This allowed me to get a good overview of what I had and 

what I might have missed. This strategy helped me organize the papers into topic groups of body 

functions, behavior and habitat. It also aided me in determining the overall results. Utilizing this 

information, I was able to write a review on what the scientific community has ascertained about sharks, 

their predatory success and how this has been affected by climate change. 

This literature review was not meant to be an exhaustive search of all articles that relate to how 

climate change is affecting the predatory success of sharks, as there is such a wide range of articles that 

investigate some aspect of this topic in sharks and other species closely related to them. I ended up with 

46 articles published between 1978 and 2020. 
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RESULTS AND DISCUSSION 

Throughout the scientific literature, there is a significant number of studies that focus on some 

aspect of climate change and shark predation. Three topics that seemed to stand out in the fact that they 

were commonly addressed themes, were papers that investigated some aspect of their body functions, 

behavior or habitat. These three topics are very interconnected, so many of the papers touched on more 

than one of these topics if not all three. Picking these apart was quite a difficult task and in some cases 

impossible and therefore certain discussion points will be addressed in multiple sections, with only one 

going into depth as this repetition would be unnecessary. In each section I will discuss the findings of the 

relevant papers, how this is currently affecting the ability for sharks to acquire prey and speculate what 

this will mean for future populations. 

Over all three topics, a predominant catalyst of change was ocean acidification. Throughout the 

literature, there are many studies published that show that increasing dissolved CO2 levels have the 

ability to impact many aspects of ocean life. This includes but is not limited to habitat qualities such as 

water pH, which possibly affects internal biological processes. Some of these processes are receiving 

and integrating sensory cues, which are then closely tied to formulating appropriate behavioral responses 

in aquatic organisms (12, 18, 19). In experiments where marine organisms, including sharks, are exposed 

to CO2 levels (and consequently acidity levels) that are predicted to occur in the ocean by 2100, their 

ability to differentiate and make decisions as a result of auditory (20) and olfactory cues (12,18,19) was 

greatly impaired. This led to a reduced homing ability, habitat selection and a higher risk of predation if 

they were in a juvenile state or meso predators that feed at a middle trophic level (12). This is where the 

separation between body functions and behavioral effects becomes murky as one leads right into the 

next. 

Body functions 

As a start for this section, it seems appropriate to continue with the example from the previous 

paragraph on how an increase in carbon dioxide affects the internal mechanisms of shark. One of these 

effects is an impairment in its ability to receive and integrate sensory cues. Scientists have proposed that 

the reason for this impairment is because of a change in ion concentrations (12). When species that are 

exposed to high levels of CO2 and thus acidity, they will try to regulate this by accumulating HCO3-. This 
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is always accompanied by an equimolar decrease in Cl- (39). These changes of Cl- and HCO3- gradients 

in the neuron membranes interfere with the GABA receptor's function, as these chemicals are heavily 

involved in the deactivation and activation of this receptor. This leads to abnormal behaviors such as 

olfactory abnormalities. Additional research is still needed to provide stronger evidence for this, but as this 

receptor is heavily conserved in its function it is likely the case. 

The increases in CO2 which alter the ability to pick up and integrate olfactory cues have an 

especially pronounced effects in sharks, as they rely heavily on their superior olfactory senses for locating 

food, mating, predator detection, homing and navigation. This is in part because many shark species are 

nocturnal (21, 22, 23) which makes visual cues less useful. To demonstrate these sensory changes and 

their importance, a study on dog fish sharks revealed that when kept under normal circumstances, they 

preferred squid odor, but when subjected to ~1000 μatmCO2, the sharks strongly avoided it (12). This 

obviously impacts their ability to locate and thus catch prey. Another reason why olfaction is so important 

in sharks, is that these signals can move a lot farther than visual, mechanical, or electrical signals, as 

water currents can transport them much further. That being said, when their normal or preferred sensory 

cues are not available, sharks are able to switch to alternative senses in order to still detect, track and 

capture their prey successfully (24). In most species of sharks, olfaction is the first sense activated, 

followed by vision, hydrodynamic imaging and then electroreception as the individual got closer to its 

prey, with touch being the last but nonetheless still very important for orienting, striking at, and capturing 

the prey. Sharks can use multiple sensory cues at once or switch between different ones in a hierarchical 

order as they advance on their prey. This ability to be flexible with their sensory cues gives some hope to 

their ability to deal with the sensory issues posed by climate change as they can switch to different 

sensory pathways if one is being disproportionately impacted, allowing them to still succeed in a changing 

environment. 

Continuing with the increasing temperatures combined with acidity effects on body functions, it 

has been experimentally shown that when juvenile sharks were exposed to these conditions, they 

expressed a significant decrease in brain and muscle aerobic potential (citrate synthase activity). 

Interestingly the brain and muscle anaerobic potential (lactate dehydrogenase) increased in these 

conditions (41). Furthermore, the shark fitness and survival were very closely correlated with the brain’s 



 

6 

aerobic potential, and the brain’s anaerobic potential was inversely correlated with its overall survival. As 

the shark adjusted to these conditions, they experienced shifts in metabolic activity which then led to an 

increase in the individual’s metabolic demand. This was then followed by an increase in reactive oxygen 

species (ROS). To counteract the ROS the body will produce an increased amount of antioxidant 

enzymes but unfortunately, this increased production of antioxidants was not enough to completely 

counteract the effects of the ROS. This led to an increase in brain’s peroxidative damage and cholinergic 

neurotransmission. A potential implication of this could be that in future conditions we could be seeing 

deleterious deficiencies being elicited in the sharks' critical body functions such as reduced 

neurotransmitter excess in the synaptic clefts. This could then lead to similar behavioral changes as 

above, such as avoiding food odors or reduced attack behavior. 

Another effect that the environmental changes have on sharks’ body functions involves their 

growth and development (25). Starting at the embryonic stage, certain species showed a decrease in 

survival and an increase in developmental rate due to the increased temperature. These increased 

temperatures combined with elevated CO2 concentrations also lead to increased energetic demands 

through a reduced metabolic efficiency. When this is combined with the before mentioned degradation of 

the olfactory senses (meaning reduced predatory success) the results led to stunted growth due to 

malnourishment. This would affect their ability to prey on larger organisms and thus limit the spectrum of 

their diet. This problem is also magnified by the fact that most sharks receive no parental care and thus 

must rely on themselves right from birth. If there are born in poor condition, they are at a disadvantage 

and survival becomes increasingly difficult. There are however certain sharks that can handle very high 

concentrations of CO2 without any metabolic impairments, such as the epaulette shark (13). These types 

of sharks will most likely be the ones that will have the upper hand in the future and could increase their 

proportion of the shark community. Other sharks occupy a middle ground of being able to cope with these 

conditions by not having stunted growth but exhibit other impairments (11). This shows that there is a 

continuum of ability to cope, and those with the lowest ability should be of greatest concern. 

Not only is juvenile growth affected by these temperature rises but also the natural weight 

fluctuations that happen in correlation with the changing seasons (40). In areas such as Australia, where 

there is a distinct dry season, many species tend to lose body mass due to the harder conditions. The 
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current ocean conditions have led some sharks to lose up to 0.17% of their body mass per day. Under 

future climate change conditions, it has been predicted through bioenergetic models, that species could 

potentially reach lethal levels of weight loss during the dry season as soon as before the end of the 

century. This means that species with slower metabolic rates would be better equipped to survive in these 

conditions. Overall, this would impact the sharks in that they would need to increase their intake in order 

to combat the increased weight loss. The problem with this is that more activity (in the sense of hunting 

more prey) would lead to an even greater energy expenditure meaning that there is a delicate balance. 

Also, prey would probably be limited in the dry season making it harder to find, meaning an even bigger 

expenditure. 

Ocean acidification is a big factor that can affect the internal mechanisms of sharks and other 

marine organisms. In a study focusing on the blood chemistry of small-spotted catsharks in relation to 

ocean acidification, these sharks were able to cope with certain aspects of this change in environment but 

there were also aspects that they did not fare well with. They exhibited no significant effects on growth, 

resting metabolic rate, aerobic scope, skin denticle ultrastructure or skin denticle morphology in the four- 

week exposure (13). But just like the results in one of the previous paragraphs, the elevated CO2 levels 

caused the sharks to buffer the internal acidosis by accumulating HCO3- which led to changes in Na+ 

and Cl- concentrations. The scientists hypothesized that the changes in these concentrations could lead 

to a decrease in the hyperpolarization of neurons, which in turn could reduce the inhibition of CNS motor 

regions. If motor neurons of the central nervous system (CNS) region in the spinal cord were affected, a 

whole host of problems could potentially ensue. These neurons connect and transmit impulses to 

muscles, glands and organs throughout the body. Thus, it could affect anything from intestinal peristalsis 

to secretion of hormones or not being able to properly control their movements while striking prey. Being 

that this study was relatively short, it was not possible to determine if all these effects would take place, 

as longer exposure time would be needed. 

The last effect on body function that I will discuss is how ocean acidification and warming impacts 

digestive enzyme levels. When juvenile tropical bamboo sharks were exposed to future ocean conditions, 

it was revealed that they experienced significant drops in digestive enzyme activity such as trypsin and 

alkaline phosphatase (42). It was suggested that the exposure to these future conditions could potentially 
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alter the sharks processing of ingested prey which could then lead to decreased available energy needed 

to fuel crucial body functions and thus result in a slower metabolism and reduced general fitness. When a 

shark's energy and physical fitness are reduced, they are obviously at a disadvantage for finding and 

capturing prey. This is because they may not have the strength to capture larger prey items or have the 

speed to catch fast ones. This narrows their range of possible prey. They will also have more bouts of 

unsuccessful hunts which uses up even more energy that they do not have to spare. This could 

potentially produce a vicious cycle of decreasing energy. The type of shark used in this study generally 

has a lower metabolic rate than certain other species, as they are benthic and have buccal ventilation, 

which is the done by forcing of water over the gills by opening and closing the mouth.  Studies focusing 

on pelagic ones with ram ventilation, which is the act of forcing of water over the gills through swimming 

and thus meaning that they have higher energetic demands, would be invaluable to the scientific 

community and shark conservation programs. 

Behavior 

Continuing onto behavioral changes that affect the success of sharks as predators, there are 

many changes that have been documented already. As environmental conditions change, many species 

may shift their activity periods or habitat in general due to the deterioration of essential habitats. This 

changes the assemblage of other species they interact with, as not all species experience these shifts or 

shift to a different degree. This in turn causes changes in the populations, community structure and 

interactions, such as competition and niche overlap. This has been documented with black-tipped and 

bull sharks, whose co-occurrence and interspecific competition increased, causing bull shark populations 

to decrease in order to reduce this competition (14). 

In the afore mentioned study on small spotted cat sharks (13), the changes in the internal 

functions of the individual were hypothesized to be the reason for the recorded shifts in behavior. The 

nocturnal swimming patterns shifted from many starts and stops to a non-stop pattern. They also 

exhibited increased lateralization of the brain. These types of non-stop movements use a lot more energy 

leading to the shark tiring out faster. With less energy available, the chance of successfully catching prey 

decreases, which sets the shark up for a downwards spiral of decreasing energy availability. Also, due to 

before mentioned changes in olfaction and brain chemistry, sharks consume their food slower and do not 
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respond as fast or at all to the olfactory cues of their potential prey (25). This again would ultimately result 

in increased energy expenditure as the shark must forage longer until a prey is found and eating slower 

would expose them to a greater risk of being attacked by higher order predators. 

If a nocturnal shark is experiencing a reduced olfactory capacity and is forced to switch to 

alternative senses such as vision to hunt, there may be the distinct possibility that they would alter their 

hunting bouts to the daytime (25). This would allow them to take in better visual cues and increase their 

change of having a successful hunt. That being said, when comparing this to the shark hunting with a 

completely functional olfactory sense, they still would be at a disadvantage, as olfaction is their preferred 

and primary sense. This would also mean that their niche would shift in multiple ways. They might start 

preying on and competing with a different array of species. This could produce many cascading effects in 

their immediate and surrounding environments, especially if they are key stone species. 

Overall, most organisms have some sort of ability to acclimate to environmental stressors by 

altering different characteristics to cope with changes. When sharks are burdened with the reduced 

olfactory capacity, they tend to leave some potential prey undetected (25). Thus, to combat this reduction 

in prey, the shark would spend more of its time searching for a prey item before it successfully catches 

one. If the shark is a meso-predator or juvenile, this change in hunting duration would also increase their 

vulnerability to higher-order predators. 

Not only the sharks, but also their prey can fall victim to altered behavior due to the implications 

of anthropogenic climate change. Under normal acidity levels in freshwater systems, when fish are 

exposed to alarm cues, they have an innate response of predator avoidance behavior, which includes 

decreasing their activity levels, hiding or engaging in tighter group cohesion (26). When the pH of the 

environment was decreased, their predator avoidance behavior was reduced or ceased completely when 

the alarm cues were released into the environment (27, 29). In conjunction with that, when they were 

exposed to basic chemical food stimuli, they also exhibited a reduced response to it, if at all (28). In 

marine ecosystems, the changes observed were a little different due to the differences in how 

acidification affects the species. This however is not to say that both may be observed in either habitat. In 

certain marine species, under mildly acidified conditions a reduced ability to discriminate between the 

olfactory cues of suitable versus unsuitable habitats, kin and non kin and predator and non-predators was 
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observed (18). When the waters were acidified even further, they either lost the ability to discriminate 

completely or became attracted to the cues that they usually avoided. Juveniles also exhibited more 

active and riskier behavior by venturing out further from their shelters. At first these behavioral changes 

would make them easier targets for sharks and other predators but if predators were to take advantage of 

this, there is the potential that these fish stocks would eventually be depleted, radically reducing the 

replenishment of fish populations (34). In the long run, this would make finding prey, especially adult 

individuals, increasingly difficult for predators. However, when a predator does encounter a suitable prey, 

it would have an easier time catching it, as the fish would be weaker from the lack of food, be out in the 

open, and would not respond as readily or even be attracted to the presence of the shark. 

Lastly, a note on the before mentioned shark species that have a higher capacity to handle 

increases in carbon dioxide such as the previously mentioned epaulette shark. Since they experienced no 

known shifts in metabolic, neurological or other activities their behavior was also unaffected (13). 

Habitat 

The last broad topic that will be discussed in this paper is the habitat alterations and its effects on 

shark predation. As covered in the introduction, climate change has rapidly changed many factors in the 

environment such as water pH, temperature and chemistry. Certain areas of the ocean are more affected 

than others which gives migratory species an advantage as they can move to more favorable/less altered 

environments. However, not all shark species are migratory, and these species may therefore be 

restricted to small areas. This is especially true for juvenile sharks, which concurrently is also their most 

vulnerable stage (25). Species that are bound to fresh water, estuarine or reef environments are also at 

great risk as these environments tend to be hit the hardest with fluctuations and extremes in temperature, 

salinity and ocean currents. Yet migratory species are not free of risk either, as they tend to be the larger 

species which is usually coupled with a slower growth rate and tend to bear smaller numbers of off 

springs. This means that they would have a harder time adapting to the rapidly changing conditions. 

The species that are migratory would most likely extend their habitat more pole wards to escape 

the increasing temperatures, as their fundamental thermal range as defined by physiological tolerances 

will have shifted that way (30, 31). This would change the food webs and therefore the ecology of both 

the habitats that were left behind and those they moved to, as the shark species i.e., apex and/or meso 
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predator have left/been added. This could also impact the shark community, as species might change 

their diet depending on what is available. This could increase inter- and intraspecies competition, leading 

to a decreased food availability in the new habitats if there are a lot of sharks moving in. Shark species 

that are very aggressive hunters would have the upper hand potentially forcing the less aggressive 

species to lower quality habitats in search of food. 

Increasing water temperatures not only could force a change in migratory behavior but also 

decrease overall fitness and success with the most substantial drop happening after 32 degrees Celsius 

(45). To top it off, temperature has also been shown to be a potential predictor of daily and monthly 

variability in predation rates of sharks (16). Whether this is due to direct impacts or indirect ones like 

changes in prey availability is unknown. Either way, water temperature was not the main cause of the 

change, as other signals such as the temperature variability over the season was a stronger predictor. 

Also, water temperature did not seem to affect the inter-annual variability in predation rate at all. Instead, 

wind, water visibility, and the occurrence of El Niño and La Niña events tended to predict this. Other 

experiments that dealt with water temperature observed different noteworthy patterns. When sharks and 

other aquatic predators were experimentally exposed to increased water temperatures in a laboratory 

setting, their hunting efforts as well as feeding rate showed a significant increase (32, 33). When 

extrapolating the results to the long-term, this could change ecological processes, such as predation 

intensity. 

When considering the effects of pH and carbon dioxide on the ecosystem, it is important to also 

consider the natural fluctuations that occur. If sharks live in an environment that naturally quite variable or 

just constantly high in these parameters, they may already be adequately adapted to these changes 

making them more tolerant to the effects (26). Especially in freshwater ecosystems, there may be wide 

range of conditions that a species must deal with. Even rainfall events of 30 mm have the capacity to 

decrease the acidity by 0.2-0.6 pH units. Some freshwater systems also have a poor buffering capacity 

and can fluctuate almost 1 pH unit in a single day. Similarly, in marine systems such as shallow coral 

reefs where water exchange is restricted, there can also be steep fluctuations. This is caused by the 

changing dissolved carbon dioxide concentrations through the fluctuating balance between respiration 

and photosynthesis from night and day. 
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For many species of sharks, coastal and estuarine waters are considered critical habitats for the 

juveniles, as they have high productivity, in part through their shallow, protected waters (35). Coral reefs 

are often found in these areas and they have experienced detrimental effects from climate change such 

as coral bleaching. As the reefs degrade, this essential habitat is lost for not only the sharks but also 

many species that they prey on. This results in the reduction of food quality and quantity which ultimately 

leads to an increase in competition. The competition is most pronounced for juveniles that are not as 

adept as the mature sharks and would lead to a reduced recruitment in the population. Unfortunately, for 

many species, these essential habitats haven’t been identified yet, as it is quite intensive work. This is 

because a large majority of sharks use a large range of habitats that span over vast distances, meaning 

they tend to have low densities (36). This makes preserving their critical habitats difficult as it is largely 

unknown and thus sharks continue to lose these habitats through climate change. 

Increased salinity is another factor that anthropogenic climate change has imposed on aquatic 

environments (37). This influences the distribution and migration patterns of shark species, (35) as 

salinity and the cost of osmoregulation are strongly correlated. If the salinity is high enough, proper 

osmoregulation can become impossible ultimately killing the animal. This is then no surprise that the 

hypersaline environments are strongly avoided by sharks, as they function best in moderate to low 

salinities (based on the species). In certain areas such as Texas, the shifts in the climate have also had 

the effect of reducing the inflows of freshwater into the coast (38) which then only increases the salinity 

issue as there is less of a dilution effect. To make matters worse, this area in Texas has been deemed a 

critical habitat for sharks. This provides yet another handicap for sharks looking for prey as their body is 

either becoming increasingly salty, leading to internal complications or they are spending an increasing 

amount of energy on osmoregulation that could have been put towards hunting. 

Other changes that were discovered in the Texas estuaries were that there was a reduction in 

dissolved oxygen and increase in temperatures (44), which together vastly decreased the habitat quality 

and, if not dealt with, might lead to the loss of essential habitats. This would be a massive hit to the shark 

community as it would exponentially impair their recruitment and hunting abilities. Increased occurrences 

of hypoxic conditions have been observed in many other places as well. Especially larger obligate ram- 

ventilating species will suffer under these conditions as they need higher oxygen levels. This is because 
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in order to breath, they must be in constant motion to keep a continuous flow of water passing through 

their open mouths and over the gills. Therefore, this constant motion uses more energy. If these levels 

are not met, their fitness and predatory success will decrease very fast as they will not be able to create 

as much ATP meaning they will have limited energy. This has been shown in juvenile sandbar sharks 

when they were subjected to lower dissolved oxygen concentration (44). They experienced the steepest 

drop in overall performance when the levels fell below 3.5 mg/L. The increasing occurrence of hypoxic 

environments has the potential to reduce the available shark habitat and negatively impact their overall 

population numbers, not to mention the overall health of the ecosystem. This would then lead to greater 

difficulties in finding healthy prey and catching it would also become increasingly difficult as the reduction 

of oxygen limits metabolic energy. 
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CONCLUSIONS 

Over the last couple decades, climate change has rapidly changed vast tracts of habitat in 

multiple ways which ultimately has led to many species being forced to adapt, find new habitat or die off. 

Many species are having difficulties coping with this and are feeling the effects with increasing intensity. 

Sharks are among these species. One aspect that climate change has already and will continue to 

influence in sharks, is their predation. Three overarching areas that were discussed in this paper that 

climate change has affected and greatly play into these changes are shifts in their internal chemistry, 

behaviors and habitat. 

All these effects that have been discussed in this paper are more than likely just scratching the 

surface of what these species are actually experiencing. Much is still not known, and scientists have 

hypothesized that the reality is far more complex (25). This is especially in light of the fact that many 

sharks are predators and key stone species, which are experiencing a reduced ability to hunt effectively, 

are thus not able to exert as strong of top-down controls over various food webs. 

With all these potential and far-reaching effects that climate change imposes on sharks and the 

rest of the ecosystems of the world, it is becoming increasingly more important to take action. While there 

is already a good amount of knowledge on how climate change affects sharks and other marine species 

in general, we still and probably never will know the full extent of the damage that is being caused. That 

does not mean that it is not important to continue to research this topic because the greater of an 

understanding we have, the better we will be able to manage the problems that we are faced with. With 

all the knowledge we have at the moment, we can already effectively employ management strategies for 

combating these adverse situations and this must be done on a greater scale and strongly enforced if we 

do not want to lose species or even entire ecosystems. 

As stated, there are still many gaps in the knowledge concerning this topic, as sharks are quite 

elusive and thus not the easiest species to study. Also, logistical and technological short comings often 

play a role of why certain studies have not been undertaken yet. But with ever-increasing technological 

advancements, the ability to conduct new experiments is always increasing. Throughout my research, I 

noticed certain trends of gaps in the knowledge. In my opinion, the ones that are the most pressing to be 

filled, are ones that look at long term effects (years to decades), as almost all the studies were only short 
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term. To be more specific, one that stood out to me was that water temperature increased the hunting 

effort and feeding rate in the short term in a laboratory setting (32, 33). This would be of great value to 

recreate in a natural setting for an extended period of time. Also, in my mind the most important thing to 

do is more in-depth identification of critical shark habitat, as this is an essential component for sustainable 

resource and species management. Often marine organisms are closely associated with specific physical 

or biological habitats and preserving these would massively help shark populations. Both these topics 

become closely related here, as long-term studies as well as conservation require the critical habitats to 

be identified and protected. Overall, as sharks are keystone species in many aquatic habitats, it is 

imperative for us to improve our ability to manage shark populations and habitats, especially as we are 

already seeing declines in shark populations (44). 
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