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1. Introduction  

Elasmobranchs are some of the most interesting fish in any ocean, surviving extreme environments 

for more than 400 million years (Abdulla, 2004; Melendez et al., 2017). They are agile hunters 

with sensory systems perfected for the most efficient kill and survival. They have an influence on 

every ecological community structure they are in (Frid et al., 2008). Elasmobranchs, or more 

specifically sharks, in most cases are among the highest trophic level in the ecosystem they dwell 

in which ranges from extremely cold environments to even fresh water for some species. They 

inhabit almost every marine body of water in the world and are highly migratory species resulting 

in difficult ly studying these fish. Elasmobranchs have been seen to just leave the environments 

that no longer suit their preference because of their active nature and this is why it is important to 

note the environmental factors they prefer (Schlaff et al., 2014). Sharks have long life histories 

with their k-selected lifestyle, meaning that they sexually mature later in life, have a low fecundity, 

and they grow slowly (Ferretti et al., 2013; Abdulla, 2004; Dixson et al., 2015). This difficult 

characteristic means that many elasmobranchs may be at risk of depleting populations with the 

rapid change of fishing efforts and anthropogenic factors. In some cases, this trait has made it 

difficult for juvenile species that often stay close to the location to which they were born or hatched 

(Tunnah et al., 2016).  

Why elasmobranchs are so important to marine ecosystems is due to their apex predator status in 

most all environments. They have the ability to shape the behaviours of the other fish in the 

environment around them (Ligas et al., 2013). They are needed as a species to mediate marine 

biodiversity in their ecosystem and without their presence there could be some increased 

competition for other species within these systems (Ferretti et al., 2005).  If there is a change in 

the survival of the apex predator of an ecosystem, there are problems to be had with the trophic 

cascade of the environment (Baum & Worm, 2009). Noting how sharks affect an environmental 

can also help in predicting the trophic cascades of other marine populations. 

These fish contain many different organs that may be affected by the sudden changes in 

environmental factors like temperature, salinity, primary production, chlorophyll, and 

phytoplankton. It is well known that elasmobranchs have complicated sensory systems, but more 

importantly they have a high adrenergic stress response to the changing factors around them 
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(Tunnah et al., 2016). The olfactory systems of elasmobranchs are one of the most superior in the 

world, they rely on this system for mating, detection of threats, navigation, and localization of food 

(Dixson et al., 2015; Portner & Farrell, 2008). 

Sharks are a species of fish that is often caught but rarely the main objective of fisheries in the 

Mediterranean. Many different species are caught as by-catch on tuna and swordfish lines as this 

is a common type of prey for the larger pelagic sharks (Santos & Coelho, 2018). According to 

literature, in the Mediterranean elasmobranchs are showing clear declines in populations from 

fishery data, as well as the fact that due to the high demand from fisheries, this vast area is at risk 

for overexploitation (Ligas et al., 2013; Company et al., 2008). However, there are many species 

that are well documented in their value for meat, fins, and skin including Galeorhinus galues, 

Lamna Nasus, and Squalus acanthais (Stevens et al., 2000). And it is known that majority of 

elasmobranchs are demersal species of fish and that in recent years bottom trawls have become 

more popular (Ferretti et al., 2010) resulting in larger landing of these bottom dwellers.  

What is happening in recent years in terms of climate change, has caused a struggle in 

understanding how organisms are responding to these changes. In sharks, with all of these sensitive 

systems, it is expected that they will see behavioural changes with decision making, changes in 

olfactory cues, and response to other cues like homing ability and habitat selection just looking at 

how their biology is affected (Dixson et al., 2015). All species of sharks with the exception of the 

family Lamnidae are ectotherms so it is clear that the external environmental factors are important 

to their wellbeing (Schlaff et al., 2014). Looking at future prediction maps can lead to more 

knowledge of where these fish will move in the future and this can help in the conservation and 

protection of the sharks.  

In the last 50 years, fishing efforts have impacted all marine life in the Mediterranean. Known as 

a shark hotspot, the Mediterranean is home to at least 84 different species of elasmobranchs that 

have declines 88% in the last 20 years (Navarro et al., 2014; Ferretti et al., 2005). Of these 84, 

46% are labelled by the IUCN Red list as endangered or vulnerable (Lauria et al., 2015). Models 

that predict what the future will look like state that the surface air temperatures will increase by 

2°-5° by 2100 (Rosa et al., 2014). As well as, clear literature showing increased trends of both 

temperature and salinity in the thermohaline stable Mediterranean (Cartes et al., 2013). All living 

organisms live within a specific range of factors that is optimal for survival, climate change will 
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only add stress to every species that has a narrow tolerance of preference for their biogeographical 

location, and those with r-selected lifestyles are at greater risk (Portner & Farrell, 2008). In this 

paper, using modelling software, geographical data for the future will be predicted for the 16 

different species of sharks. Modelling can help with conservation management and in 

understanding the species survival (Lauria et al., 2015). The Mediterranean is a perfect model for 

understanding how the affect climate change to sharks wil l change the probability of presence. If 

there is better understanding of such a small amount of diversity like 84 species of sharks, how 

will more populated places like Caribbean or Australian waters cope with this. Using the RCP8.5 

trajectory, this paper will examine the predicted future of these 16 elasmobranchs and analysis the 

possible reasons for the outcome.  

This thesis is using Maxent software and QGIS to map the future habitats of 16 species of shark 

in the Mediterranean to see what factors affect sharks the most and possible other factors that can 

go into the future species richness of these IUCN red listed sharks.  

2. Methods and Materials  

Study area 

The Mediterranean Sea was used in this thesis because although there is not a massive presence of 

large predatory sharks, there is a large selection of fisheries that depend on the presence of many 

types of sharks for their survival As well as the fact that like many other fish in the Mediterranean, 

overfishing and climate change are drastically changing the populations of all marine life. The 

Mediterranean is a sea completely surrounded by land with only the Straight of Gibralter connected 

to the Atlantic Ocean. The Mediterranean contains some of the most threatened species of sharks 

in the world according to the IUCN (Ferretti et al., 2008). 

Dataset Collection 

For this paper, 16 sharks species were selected from the International Union for Conservation of 

Nature (ICUN) Red list with habitats in the Mediterranean Sea; Alopias vulpinus, Centroscymus 

coelolepis, Carcharhinus plumbeus, Dalatias licha, Etmopterus spinax Galeorhinus galeus, 

Heptranchias perlo, Isurus oxyrinchus, Lamna nasus, Mustelus mustelus, Oxynotus centrina, 

Prionace glauca, Squalus acanthias, Scyliorhinus canicular, Scyliorhinus stellaris, and Sphyrna 

zygaenaAll species were cross-referenced with biodiversity data from the Global Biodiversity 
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Information Facility open source database (GBIF) to ensure there was also a reasonable occurrence 

rate of sightings throughout the years being analyzed as well as the presence in the Mediterranean. 

In this thesis, GBIF provided occurrence datasets of each shark and from there all species were 

run through the program R, an environmental statistics program, to clean up the data by deleting 

null points and obtaining the csv. file format of only the data points in the Mediterranean to be run 

through Maxent, a program for predicting habitat models based on varying parameters.  

Fishing data from Seaaroundus (http://www.seaaroundus.org/) between the years of 1950 and 2014 

was used to make times series graphs of fishing catches in tonnes per year for all years included. 

This information was only taken from the Mediterranean countries who reported catches for each 

shark in the years shown. Using this data, it can be seen that only some Mediterranean countries 

reported data for each year, as well as each shark. Furthermore, there was more data in later years 

due to an increase in reporting. These time series graphs were made for each shark to show the 

temporal trajectory of catches that could be considered a sort of proxy for the abundance of each 

shark species over the 64-year time scale.  

Maps and Predictions  

Maps were created for the shark species to make the present habitat for each and then to predict 

the future distribution in the Mediterranean Sea. To achieve the present maps, each known 

coordinates of the species were downloaded from the GBIF website at https://www.gbif.org/. 

These presence records were run through R to be put into Maxent with the environmental factors 

of mean Temperature in °C, mean Salinity in PSS, mean Chlorophyll in mg.m-3, mean 

Phytoplankton in umol.m-3, and mean Primary Productivity in g.m-3.day-1. Maxent, or maximum 

entropy modelling, is an environmental program that predicts habitats using the occurrence of a 

species and specific environmental parameters. Using Maxent, the location data of each species 

and biotic and abiotic factors in these environments can be combined to create a Habitat Suitability 

Models (HSM). This type of model allows for the suitability of an area to be predicted for future 

climates and can help in the conservation of future populations by assuming if the area is not 

suitable, the species will not be there. With this information, it is possible to see what factors 

impact the sharks the most and also where their future habitat may be. The environmental factors 

were taken from the Bio-ORACLE dataset at https://www.bio-oracle.org/ which gave GIS raster 

outputs of the environmental parameters in marine ecosystems for ecological modelling. These 

http://www.seaaroundus.org/
https://www.bio-oracle.org/
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specific variables were used due to either the significance they have on a sharks ability to thrive in 

a specific environment or indirectly affect the environment, making it optimal for the sharks to 

thrive.  

To obtain the future prediction maps, the additional step to add future scenarios was implemented. 

Using the representative concentration pathway (RCP) from the Intergovernmental Panel on 

Climate Change (IPCC) under the UN, the 4th scenario RCP8.5 was used to predict the future 

environmental factors for Temperature and Salinity.  RCP8.5 represents the maximum amount of 

greenhouse gas to be released into the environment, therefore the one that shows the most drastic 

change for these sharks as well as the environmental variables.   

The Maxent software itself is used to show models of suitable habitats in relation to the 

environmental variables for the individual species in this paper. The percent contribution 

calculated by the program of each environmental variable shows specifically how each one is 

affecting each shark. In every mapping case, the Maxent output was used to look at how the 

variable affected the species as well as how each variable was affected by the other variables 

present, which can be seen by both the percent contribution and the jackknife calculations. The 

jackknife calculations are a method of running multiple datasets while excluding one variable 

every time to determine how the environmental parameters are affecting the HSM of the species. 

The percent contribution of the parameters was essential for determining what is affecting the 

species and how this may change in the future according to the RCP8.5 scenario as they drive the 

model.  Every time the program was run, it was run with a random seed of 25.    

Once each shark had both a Maxent map of present and of the future predictions, the maps were 

imported into the geographic information system QGIS to calculate maps. The formula used to 

achieve these maps was: 

Ὑ
ὊόὸόὶὩ 

ὊόὸόὶὩὖὶὩίὩὲὸ
 

These maps were used to show the habitat suitability models of each species. Warmer colours 

indicate the environments with an r value less than 0.5, which implies that the present data is more 

suitable than the future scenario RCP8.5 has predicted. Cooler colours indicate that the future has 

more of a probability of the species presence, an r value more than 0.5. Out of the 16 sharks 9 can 

be classified as showing and r < 0.5 in the Mediterranean based on the factors used.  
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3. Results 

Alopias vulpinus 

The time series graph of A. vulpinus shows that over the time scale looked at, the presence of 

fishing catches from the Mediterranean increases at an average rate until about the late 1980ôs.  

After this point, with a few exceptions of higher catches in 1994 and 2001, the overall catches 

begin to decrease until 2013. 

 

 

FIGURE 1: TIME SERIES GRAPH OF A. VULPINUS FROM 1950 - 2014 

Using Maxent it can be shown that the reliability of the model is higher than the random prediction 

value of AUC = 0.5. The closer the value is to 1, the more accurate the model is said to be for 

predicting the future. This method will be used throughout the results.  With an AUC of 0.916, this 

indicates that the model is a good model to be used for the prediction of the species. 
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FIGURE 2: MAXENT AUC GRAPH INDICATING ACCURACY OF THE MODEL . 

The table of percent contribution of this specific species shows that the most important factors for 

A. vulpinus in the future is primary productivity followed by temperature. The least important 

variable to this model is salinity. The percent contribution shows that primary productivity and 

temperature contributed more to the model, but that temperature and chlorophyll have a more 

important role in determining the probable distribution in the future. 

TABLE 1: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE FOR A. 

VULPINUS  

Variable Percent Contribution Permutation Importance 

Primary productivity 38.6 9.6 

Temperature 37.4 45.5 

Chlorophyll 12.9 26.7 

Phytoplankton 7.2 16.4 

Salinity 3.8 1.8 

 

The Jackknife test furthers this conclusion by showing that primary productivity by itself has the 

most importance in the test, but that temperature has the greatest impact on the AUC if it is left 

out of the model. 
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FIGURE 3: JACKKNIFE RESULTS OF THE TEST GAIN FOR A. VULPINUS  

Using the Maxent results in QGIS we can see that the future prediction for A. vulpinus shows a 

mix of colours between 0.50 and 0.75, however there are few spots with warmer colours in the 

northern Adriatic and between Greece and Turkey. 

 

FIGURE 4: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF A. VULPINUS . 

What the results communicate about the future predictions of A. vulpinus is that according to the 

time series, the catches of A. vulpinus have been steadily declining since the late 1980ôs based on 

the reports of the fisheries across the Mediterranean. It is shown that the most important variables 

affecting this specific population of sharks is primary productivity as well as temperature, and 

salinity has the least affect on the probable prediction of the species. QGIS indicates that the main 

areas to be affected by the future RCP8.5 scenario is the northern Adriatic and the area around 
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Greece and Turkey, but the rest of the Mediterranean does not seem to be too affected by RCP8.5 

scenario. According to the IUCN red list, A. vulpinus is listed as vulnerable. 

 

Centroscymus coelolepis 

The time series graph of C. coelolepis is an example of when the reporting of a specific shark was 

not implemented until the 2000ôs. This deep-water shark has been present in the Mediterranean 

based on scientific literature, however, the catches or proper identifications is not until later, as 

seen by the time series. 

 

FIGURE 5: TIME SERIES GRAPH OF C. COELOLEPIS FROM 1950 - 2014 

The Maxent output of C. coelolepis has a higher value of AUC of 0.946. This implies that the 

model is highly accurate given the data put in the software. 
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FIGURE 6: MAXENT AUC GRAPH INDICATING ACCURACY OF MODEL . 

The jackknife test of C. coelolepis shows that the two most important values for this species 

commonly found around Portugal is temperature and to a lesser extent Primary productivity. It can 

also be seen that the Permutation Importance puts value on temperature and second most important 

is chlorophyll. What this indicates is that independently temperature and chlorophyll have a 

meaningful impact on the species habitat preference. 

TABLE 2: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE FOR C. 

COELOLEPIS . 

Variable Percent Contribution Permutation Importance 

Temperature 71.7 64.7 

Primary productivity 15.9 2.3 

Salinity 8.3 8 

Chlorophyll 2.8 21.2 

Phytoplankton 1.3 3.8 

 

This can also be seen in the Jackknife of the test gain, showing that temperature is the most 

important factor that affects this species. 
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FIGURE 7: JACKKNIFE RESULTS OF THE TEST GAIN FOR C. COELOLEPIS . 

The QGIS map shows mostly warm colours in the western basin of the Mediterranean, where the 

species is mostly found and also fished for. This indicates that the future predictions of this species 

of shark are more likely to be at risk in these warmer regions of the Mediterranean. 

 

FIGURE 8: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF C. COELOLEPIS . 

What we can summarize about C. coelolepis is that future predictions of RCP8.5 for this species 

are at risk, especially in the areas where they are commonly fished, being Portugal and France. On 

the IUCN Red list, this species is classified at Near Threatened. However, there may not be enough 

information on the past population on the species as the fishing catches have only been recorded 

since the year 2000. 
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Carcharhinus plumbeus 

The time series graph of C. plumbeus shows a steady catch rate of this species of shark, however, 

in 2009 there is a significant increase of the intake. All but two years of these catchingôs are made 

by Algeria. The one major spike in 2009 is made by Spain, and another milder catch was made by 

Portugal. This allows us to see that this species can be found in the western part of the 

Mediterranean. 

 

FIGURE 9: TIME SERIES GRAPH OF C. PLUMBEUS FROM 1971 ï 2014. 

The Maxent AUC value for C. plumbeus is 0.940, meaning this model is accurate to predict the 

future outcome of this species. 

 

FIGURE 10: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 
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The most important variables to C. plumbeus are considered to be temperature and primary 

productivity according to the Maxent model. If the permutation importance is looked at as well, it 

can be seen that along with temperature and primary productivity, that chlorophyll also plays a 

role in the preference of habitat for this species. 

TABLE 3: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE FOR C. 

PLUMBEUS. 

Variable Percent Contribution Permutation Importance 

Temperature 53.2 54.6 

Primary productivity 25.5 18.2 

Phytoplankton 12 12 

Chlorophyll 5.9 14.4 

Salinity 3.3 0.9 

 

The jackknife of the test gain confirms these contributions visually. However, the only difference 

between the regularized training, as seen above and the test gain is that there is more importance 

put on Salinity as a contribution individually. 

 

FIGURE 11: JACKKNIFE RESULTS OF THE TEST GAIN FOR C. PLUMBEUS. 

The QGIS map of the prediction for the future of this species shows that, in fact, this species is not 

of real risk in the future. Majority of this map is a green colour (r ~ 0.75), implying that future is 

better suited for the species to exist. 
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FIGURE 12: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF C. PLUMBEUS. 

In summary, C. plumbeus is a species commonly found in the farthest western part of the 

Mediterranean. It is affected mostly by temperature and primary productivity according to the 

Maxent results. And concern for the future of this species based on the QGIS results show be low, 

as the RCP8.5 predictions does not seem to have a great impact on the species in terms of 

environmental factors. However, according to the IUCN Red list, this species is classified as 

Vulnerable. 

 

Dalatias licha 

The time series of D. licha, made from the Sea Around Us data, shows that this species is, on 

average, increasing with time. However, until 2007, only Algeria was a common fishing country 

of this species. This increase in the catches after is due to the new reporting of Spain, Portugal, 

and France. It should also be noted that the sudden drop in 2014 is not due to lack of data as al 

countries reported catches in this year. 



 

16 
 

 

FIGURE 13: TIME SERIES GRAPH OF D. LICHA FROM 1950 - 2014 

According to the Maxent model, the AUC is 0.910, implying that this model is a good fit for 

predicting the future of this species.  

FIGURE 14: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

The most important variables to D. licha according to Maxent is temperature and primary 

productivity, with chlorophyll coming in third. However, the most important individual variables 

are temperature and chlorophyll. 

TABLE 4: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE FOR D. 

LICHA . 
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Variable  Percent Contribution Permutation Importance  

Temperature  54.4 54.9 

Primary productivity 33.2 2.8 

Chlorophyll  10.1 34.1 

Salinity 1.3 1.6 

Phytoplankton 0.9 6.6 

 

The Jackknife of the test gain shows that the variable with the least importance is Salinity, but still 

confirms that Temperature is the most important. 

 

FIGURE 15: JACKKNIFE RESULTS OF THE TEST GAIN FOR D. LICHA  

QGIS predicts the future scenario of RCP8.5 as slightly at risk. The majority of the map is showing 

a warm orange colour, meaning the value is around 0.25 on average. This means thatôs the species 

will be affected in the future by the environmental factors in 2050. 
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FIGURE 16: QGIS OUTPUT MAP SHOWING THE FUTURE P REDICTIONS OF D. LICHA . 

 

In summary, the future of D. licha according to the predictions of Maxent shows a slight risk for 

the populations. Majority of this species of shark is caught by France, Spain, Algeria, and Portugal. 

In these areas of the map, it can be seen that these habitats will prove to not be preferable for the 

species. According to the IUCN Red list, the species is listed as Vulnerable. 

 

Etmopterus spinax 

The time series of E. spinax shows that there is a steady increase in the catches throughout the 

years until the late 2010ôs where the catches begin to fall to similar populations of the 1980ôs, 

which is already half of the population size from the data. 
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FIGURE 17: TIME SERIES GRAPH OF E. SPINAX FROM 1950 - 2014 

The Maxent results show that the model is accurate in predicting the future of the species because 

the AUC = 0.66. 

 

FIGURE 18: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

The most important value to E. spinax seems to be temperature and salinity. It should be noted that 

temperature and primary productivity are the most important variables independently but primary 

productivity is less important. 
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TABLE 5: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT  IMPORTANCE FOR E. 

SPINAX. 

Variable  Percent Contribution Permutation Importance  

Temperature  45.1 51.1 

Salinity 26.6 9.8 

Chlorophyll  12.6 3.7 

Phytoplankton 9.9 18 

Primary productivity 5.8 17.3 

 

The test gain result from Maxent confirms that temperature is the most important variable 

individually. But that chlorophyll and phytoplankton have large impacts when combined with the 

other factors. 

 

FIGURE 19: JACKKNIFE RESULTS OF THE TEST GAIN FOR E. SPINAX 

The QGIS prediction map shows that in the future, this species will be at risk of environmental 

stress. With the map being mostly orange, r ~ 0.25, especially around the countries that fish for 

this species showing the most risk. 
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FIGURE 20: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF E. SPINAX. 

 

In conclusion, E. spinax shows a decrease in catches starting in the 2010ôs based on fishing data 

and with the future predictions it can be shown that the future scenario is suggesting that the 

Mediterranean will provide problematic conditions for this bottom dwelling fish. The IUCN Red 

list classifies this species as Least Concern. 

 

Galeorhinus galeus 

The time series of G. galeus shows a consistent amount of catches per year, with significant 

increase starting in 2004 and again in 2009. This is due to multiple Mediterranean countries 

reporting catches for this species. This implies the habitat of G. galeus is found from Spain to 

Turkey. 
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FIGURE 21: TIME SERIES GRAPH OF G. GALEUS FROM 1950 - 2014. 

The maxent result for this shark species is lower than the others included in this paper with AUC 

= 0.856. However, this value still implies some accuracy to the model. 

 

FIGURE 22: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

The most important environmental variable to G. galeus according to Maxent is temperature and 

primary productivity. The most important individual factor is actually Chlorophyll, with 

temperature being second. Almost none of the other factors have an impact on the model 

individually, it should be noted. 
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TABLE 6: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE . 

Variable  Percent Contribution Permutation Importance  

Temperature  42.3 45.7 

Primary productivity 37.1 0.3 

Chlorophyll  18.6 46.8 

Phytoplankton 1.2 6.6 

Salinity  0.8 0.6 

 

However, according to the Jackknife of the test gain, when included with all the variable, salinity 

plays an important role, but the least important individually. 

 

FIGURE 23: JACKKNIFE RESULTS OF THE TEST GAIN FOR G. GALEUS. 

Looking at the QGIS map of the future prediction, the majority of the colour is orange, implying 

an average r ~ 0.25. What this means is that the future is less suitable for this species of shark 

according to the environmental factors used. It can also be seen that the habitat of this species is 

relatively consistent throughout all of the Mediterranean. 
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FIGURE 24: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF G. GALEUS. 

 

In conclusion, G. galeus shows that the habitat is consistent throughout the Mediterranean through 

the map, as well as the time series which reported catches from east to west. The suitability of the 

future prediction for this species is about 0.25, which implies that is not ideal for the species. The 

IUCN Red list also classifies this species as Vulnerable. 

 

Heptranchias perlo 

The times series graph of H. perlo shows that there is a low amount of catches of this species in 

the Mediterranean until about 2008. After this time, more countries began catching this species 

resulting in the increase of landings. Compared to the other species in this paper, even though the 

trend seems to be going up, the landings are still relatively low in comparison to the others. 
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FIGURE 25: TIME SERIES GRAPH OF H. PERLO FROM 1950 - 2014. 

The Maxent output of the model shows a high AUC = 0.941, concluding to the results being 

accurate based on the parameters used. 

 

FIGURE 26: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

The most important variables to H. perlo are temperature and primary productivity. The most 

important independent variable is that of temperature. 

TABLE 7: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE . 

Variable  Percent Contribution Permutation Importance  
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Temperature  37.5 41.9 

Primary productivity 35.3 14.7 

Chlorophyll  18.9 29.4 

Phytoplankton 7.1 12.9 

Salinity  1.3 1.1 

 

The Jackknife of the test gain shows that the most important independent variable is actually 

Primary productivity, which differs from the above table. 

 

FIGURE 27: JACKKNIFE RESULTS OF THE TEST GAIN FOR H. PERLO. 

The QGIS results show that based on the model, the future prediction of H. perlo is not really at a 

significant risk, there are many areas that imply they will be suitable habitats for the species to 

thrive. 
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FIGURE 28: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF H. PERLO. 

 

In summary, H. perlo has an increasing trend pattern as shown from the time series graph. More 

countries are showing landings. However, it is important to note that the countries that reported 

landings include Algeria, Spain, and Malta. The future prediction does show that the habitat for 

areas around Algeria and Spain could be better. The IUCN Red list does classify the species as 

Near Threatened. So, the prediction of this species not including environmental factors can be a 

major impact on the future of the survival. 

 

Isurus oxyrinchus 

The times series of I. oxyrinchus shows a large spike in the landing numbers after the late 2000ôs. 

After this point there is a very large increase in the landing, however not due to the number of 

countries reporting the data. 
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FIGURE 29: TIME SERIES GRAPH OF I.  OXYRINCHUS FROM 1950 - 2014. 

The Maxent model has an AUC value of 0.872. This implying that the model is accurate but still 

has room to be improved. 

 

FIGURE 30: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

The most important variables to I. oxyrinchus are temperature and to a lesser extent, primary 

productivity. Temperature is the most important individual variable as well. 

TABLE 8: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE . 

Variable  Percent Contribution Permutation Importance  
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Temperature  54.7 39.9 

Primary productivity 19.3 7.2 

Chlorophyll  10.9 29.7 

Salinity 9 6.7 

Phytoplankton 6 16.4 

 

An interesting outcome of the Maxent model in the Jackknife of the test gain is that Salinity is the 

most important individual variable, with temperature next. 

 

FIGURE 31: JACKKNIFE RESULTS OF THE TEST GAIN FOR I.  OXYRINCHUS . 

The QGIS map shows an average prediction of I. oxyrinchus near the coasts on the western side is 

a sight orange colour. However, on the eastern side this species does not show any risk in the 

future. 
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FIGURE 32: QGIS OUTPUT MAP SHOWING THE FUTURE PREDICTIONS OF I.  OXYRINCHUS . 

 

In conclusion, I. oxyrinchus has shown an increase in landings in recent years. This species is 

mostly affected by temperature and primary productivity. Even if the species is not significantly 

affected by environmental factors in the future, there is a huge change in the landing efforts that 

suggest that they are at risk from being over fished at the least. According to the IUCN Red list, 

this is the only species on the list that is classified as Endangered. 

 

Lamna. nasus 

The time series of L. nasus shows that there is a lot of fluctuation of catches of this shark. However, 

it is clear that the trend had a peak in the late 1980ôs and then began to steadily decrease, and lower 

than it was initially in the 1950ôs. 



 

31 
 

 

FIGURE 33: TIME SERIES GRAPH OF L.  NASUS FROM 1950 - 2014. 

The Maxent model for L. nasus has a high AUC, with it being 0.929. This can be a clear model of 

what the future will look like to this species based on these factors. 

 

FIGURE 34: MAXENT AUC OUTPUT INDICATING ACCURACY OF MODEL . 

It is clear, according to Maxent, that the most important factors for L. nasus are temperature, with 

chlorophyll and primary productivity having strong influences as well. The least important 

environmental variable is salinity in both the Percent Contribution and Permutation Importance. 
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TABLE 9: MAXENT OUTPUT WITH THE VARIABLES AND THEIR PERCENT IMPORTANCE . 

Variable  Percent Contribution Permutation Importance  

Temperature  45.2 35.1 

Chlorophyll 21.3 30.7 

Primary productivity 20.5 16.6 

Phytoplankton 7.5 14.2 

Salinity  5.5 3.4 

 

The Jackknife furthers this conclusion with temperature showing the most important individual, 

however, phytoplankton also has a contribution according to this model when combined with other 

factors. 

 

FIGURE 35: JACKKNIFE RESULTS OF T HE TEST GAIN FOR L.  NASUS. 

The QGIS map of the future scenario for L. nasus shows most of the Mediterranean is relatively 

ideal for this species. However, there are some distinct areas around the Northern Adriatic and 

around the Aegean Sea near Greece, that are clearly red, which is the worst predictions of the 

species in this area. 


