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SUMMARY 
We assessed the risk of over-exploitation for pelagic shark species taken in Atlantic longline fisheries based 
on three main metrics: Ecological Risk Assessment, the inflection point of the population growth curve (a 
proxy for BMSY) and IUCN Red List status.  The results were analysed using multivariate statistics to 
provide an integrated measure of the risk of overexploitation. The integrated risk approach is not a 
substitute for stock assessment, but rather a method to aid in making science-based management 
recommendations in the face of data limitations. Findings for individual species were compared to that of 
the blue shark, a species that current stock assessments under the International Commission for the 
Conservation of Atlantic Tunas (ICCAT) indicate is not over-exploited.  All examined pelagic shark and 
ray species had higher levels of risk than the blue shark.  All species had substantially lower biological 
productivity than the blue shark and had inflection points above 50% of virgin biomass.  According to our 
analyses, species at highest risk are the bigeye thresher, shortfin mako, longfin mako, and, to lesser extent, 
the silky shark.  The porbeagle, oceanic whitetip and common thresher were grouped and identified as 
having the next greatest risk.  The pelagic stingray and scalloped hammerhead ranked in line with the blue 
shark.  Conclusions about the crocodile shark and smooth hammerhead could not be made due to a lack of 
data.   
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1. INTRODUCTION 
 
Atlantic pelagic longline fisheries targeting primarily tuna and swordfish also take significant numbers of 
pelagic sharks and rays.  The most commonly caught species are the blue shark (Prionace glauca) and the 
shortfin mako (Isurus oxyrinchus), with estimated annual catches of 40,000 t – 50,000 t and 6,000 t – 8,000 
t, respectively, in the early 2000s (ICCAT 2005).  Other species reported by fishery observers that are less 
commonly encountered include nine species of shark and one species of ray (Table 1).  There are limited 
data on catches of these species, but fin trade data indicate that pelagic thresher, silky and oceanic whitetip 
sharks may be taken in similar amounts as shortfin makos (Clarke et al. 2006a, Clarke et al. 2006b, Camhi 
et al. 2008).  Although pelagic shark species are still generally referred to as “bycatch” in tuna and 
swordfish fisheries, targeting of pelagic sharks is increasing due to declines in traditional target species, 
high value of fins for most species, and/or high or rising value of meat.  For example, directed fisheries for 
porbeagles have taken place in both the western and eastern North Atlantic over several decades (Campana 
et al. 2002, ICES 2007). 
 
Table 1. Pelagic shark and rays species reported by fishery observers on Atlantic pelagic longline vessels 
considered in this study. 
 

Common name Scientific name 
Bigeye thresher Alopias superciliosus 
Common thresher Alopias vulpinus 
Silky shark Carcharhinus falciformis 
Oceanic whitetip Carcharhinus longimanus 
Shortfin mako Isurus oxyrinchus 
Longfin mako Isurus paucus 
Porbeagle Lamna nasus 
Blue shark Prionace glauca 
Crocodile shark Pseudocarcharias kamoharai 
Pelagic stingray Pteroplatytrygon violacea 
Scalloped hammerhead Sphyrna lewini 
Smooth hammerhead Sphyrna zygaena 

 
 
In recent years, there has been increasing concern about the deteriorating status of the world’s pelagic shark 
and ray populations (Dulvy et al. 2008).  Whereas there is some uncertainty about the precise status of 
these species (Baum et al. 2003, Baum & Myers 2004, Baum et al. 2005, Burgess et al. 2005), there is no 
doubt that populations have declined significantly as a result of the lack of shark fishing limits in the face 
of intensive pelagic fishing.  Because most species of sharks have low reproductive potential (stemming 
from slow growth, late maturity, low reproductive rates), they are ill-equipped to sustain heavy fishing 
pressure and recovery times from overfishing are prolonged (Walker 1998, Cortes 2002, Cortes 2008, 
Smith et al. 2008).  Sound, precautionary management of these species is required to ensure long-term, 
sustainable fisheries, prevent population collapse, and maintain ecosystem function.   
 
The Subcommittee on Bycatch of the International Commission for the Conservation of Atlantic Tunas 
(ICCAT) carried out stock assessments for Atlantic shortfin mako and blue sharks in 2004 (ICCAT 2005).  
Through these assessments, scientists concluded that blue shark population biomasses in the North and 
South Atlantic were probably above that required to achieve maximum sustainable yield (ie B2004 > BMSY).  
For shortfin mako, the Subcommittee found that the stock level in the North Atlantic had declined, possibly 
below that required to achieve MSY, and that the South Atlantic stock level had declined to below that in 
the North Atlantic.  The results of the assessments were conditional on a range of assumptions used in the 
models and considered preliminary because of data limitations (ICCAT 2005).  Based on these 
assessments, ICCAT adopted binding Recommendations for the reduction of North Atlantic shortfin mako 
shark mortality and improved reporting by Contracting Parties with respect to shark catches.  Subsequent to 
the 2004 assessments, further biological research has improved the understanding of shortfin mako life 
history, in particular showing that the age at maturity was about 18 yr not 7 yr (Campana et al. 2005, 
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Francis & Duffy 2005, Joung & Hsu 2005, Ribot-Carballal et al. 2005, Ardizzone et al. 2006, Bishop et al. 
2006, Natanson et al. 2006, Maia et al. 2007, Wood et al. 2007, Stevens 2008).  This work has shown that 
the parameters used in the 2004 shortfin mako assessment need updating and may have implications for 
associated conclusions. 
 
With the exception of shortfin mako, blue shark, and porbeagle shark, a lack of fisheries data (e.g. 
abundance trends and catch series) has prevented stock assessment for Atlantic Ocean populations of 
pelagic sharks.  Considering the inherent vulnerability and intense fishing pressure associated with these 
species, development of assessment methods based on the data that are available (usually life history and 
limited observer information) is warranted.  In June 2008, the Lenfest Ocean Program convened an Expert 
Working Group to consider approaches to assessment of data-limited shark species and associated 
management strategies for achieving sustainable fisheries (Simpfendorfer & al. 2008).  The Working Group 
used a range of metrics, including results from Ecological Risk Assessments (ERA, also known as 
Productivity and Susceptibility Analysis or PSA) (Braccini et al. 2006, Hobday et al. 2007, Rosenberg et al. 
2007), the position of the inflection point of the population growth curve (Cortes 2008) and IUCN Red List 
assessments, then integrated and compared them with those populations for which full population 
assessments. While ERA has become a common tool for assessing the risks associated with shark catches 
in many fisheries (Stobutzki et al. 2001, Stobutzki et al. 2002, Griffiths et al. 2006, Rosenberg et al. 2007, 
Zhou & Griffiths 2008), it has limitations, particularly the fact that the method does not incorporate 
knowledge of population declines.  The integration of multiple methods provides for the inclusion of a 
wider range of information than if ERA was used in isolation (e.g. the use of the inflection point of the 
population growth curve provides an indicator of the level at which BMSY may be achieved, while IUCN 
assessments often incorporate some component of changes in abundance) (Simpfendorfer & al. 2008). The 
Expert Working Group also agreed that the level of precaution taken in management should be proportional 
to the level of uncertainty, thereby providing an incentive to improve fisheries data collection and initiate 
needed research.  Such an approach has proved successful in improving data collection in Californian 
inshore fisheries (Kaufman et al. 2004) and has been recommended in the setting of catch limits for all US 
fisheries (Rosenberg et al. 2007).  Given the progress of ICCAT contracting parties towards improved data 
collection on sharks, the use of incentives may be necessary to ensure the collection of the required data for 
more detailed assessments.  
 
The aim of this study was to apply several different data-limited assessment techniques to Atlantic pelagic 
shark and ray species to aid in the development of management recommendations.  The approach described 
by Simpfendorfer et al. (2008) was implemented using all available data to determine the level of risk of 
overexploitation associated with catches within the ICCAT area.   
 

2. Methods 
We used a number of quantitative and semi-qualitative approaches to define the risk of over-exploitation of 
the suite of species taken in Atlantic pelagic longline fisheries.  These methods were employed for all 
species shown in Table 1 for which data were available.  In addition, the shortfin mako life history data 
used in the 2004 ICCAT assessment (ICCAT 2005) were also used to enable a comparison of how 
improvements in knowledge can influence assessment results. 
 

2.1 Ecological risk assessments 
Ecological risk assessment (ERA) has become a popular tool for examining the potential effects of fisheries 
on a group of species. It can take several different forms, from purely qualitative to fully quantitative, 
depending on the amount of information available (Braccini et al. 2006).  The general principles and means 
of implementing this technique were described by Hobday et al. (2007).  Risk is considered on two axes – 
productivity (the biological ability of a species to sustain fishing or recovery from overfishing) and 
susceptibility (the level at which a species is likely to be affected by fishing).   
 
We performed the quantitative assessment for pelagic sharks taken in Atlantic longline fisheries in order to 
provide detailed information and estimate risks for each species.  Productivity was determined using 
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stochastic demographic analyses (matrix population models) as described by Cortés (2002).  These 
analyses yielded an estimate of intrinsic rate of population increase (r) for each species based on life history 
information available in the literature.  We calculated susceptibility as the product of four attributes: 
availability (the proportion of a species’ geographic range over which the fishery operates), 
encounterability (the proportion of the species’ depth range over which they are likely to encounter the 
fishing gear), selectivity (the proportion of the population that encounters the gear that is captured) and 
post-capture mortality (the proportion of the individuals captured that were either retained or discarded 
dead). Data on the susceptibility attributes were gathered from a variety of sources: 

 
1. Availability was calculated using GIS to determine the degree of overlap of pelagic longline 

fishing (based on ICCAT data) with a species’ range in the Atlantic (based on data from the 
International Union for the Conservation of Nature (IUCN) Shark Specialist Group and the Global 
Marine Species Assessment (GMSA)).  

2. Encounterability was determined using depth data from pop-up, satellite, archival tags deployed 
on pelagic sharks.  These data were taken from the literature or obtained directly from researchers 
known to have deployed these tags. Depth utilisation data were compared to the depth at which 
longlines fished (based on U.S. fishing practices); probability of a species encountering the gear 
was determined using expert judgement.  Where depth utilisation data were unavailable, a value of 
1.0 was used.   

3. Selectivity was calculated by a) determining the size range (minimum to maximum) of lengths of 
animals caught in the fishery based on data from U.S. longline observers, 2) transforming the 
stable age distribution obtained from matrix population models into a stable length distribution 
based on length-at-age data from the literature, and 3) summing the frequencies for each length 
distribution over the range determined in the first step.   

4. Post-capture mortality was determined using fate data from U.S. pelagic fisheries provided by 
National Marine Fisheries Service (NMFS) observer studies (Lawrence Beerkircher pers. comm.). 
Post-capture mortality can also include post-release mortality (the proportion of individuals that 
are discarded alive that subsequently die as a result of capture and handling), but there were 
insufficient data for most of the pelagic shark species to enable consideration of post-capture 
mortality in this study.   

 
In cases of unknown susceptibility attributes, species considered to have low risk were given a value of 
0.33, those with medium risk, 0.66, and those with high risk, 1.0. Once productivity and susceptibility 
values were determined (see Appendix A for parameters), they were plotted on a scatter-plot to show their 
relative positions, and the Euclidean distance from a point of low risk (in this case, susceptibility = 0, 
productivity = 0.5) to determine the overall value of risk (higher Euclidean distance values indicate higher 
risk), thus enabling species to be ranked by level of risk. 
 

2.2 Position of the inflection point of the population growth curve (R) 
The value of this parameter for shark populations provides a measure of the level (relative to virgin 
biomass) at which BMSY may be achieved.  We stress that this is not an exact measure of BMSY, but rather an 
indicator of where the level lies relative to other species and as such it should be interpreted cautiously 
(Cortes 2008).  Values of R were calculated using the formula of Fowler (1988): 
 

( )( )= 0.633 - 0.187 lnR rT  

where rT is the rate of population increase per generation.  Median values of intrinsic rate of population 
increase (r) and generation time (T) were taken from the matrix population models used in the quantitative 
ERA (Cortes 2008).  The values of BMSY indicated a level of risk relative to the level of depletion in the 
stock, with higher values indicating greater risk of overexploitation. 
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2.3 IUCN Red List status 
IUCN, the International Union for the Conservation of Nature, uses specialist groups within its Species 
Survival Commission to assess the conservation status of species on regional and global scales to determine 
and highlight which are under greatest threat and warrant conservation action.  Experts determine species’ 
relative risk of extinction and threat category under the IUCN Red List of Threatened Species using a 
detailed set of qualitative and quantitative criteria.  Species or populations included in the high risk 
categories of Critically Endangered, Endangered or Vulnerable are considered Threatened with extinction.  
Species or populations classified as Near Threatened include those that may soon become Threatened if 
conservation action is not taken or maintained.  The category of Least Concern is used to indicate species 
or populations with low risk of extinction.  Species or populations for which data are insufficient to 
produce an assessment are classified as Data Deficient. 
 
The Shark Specialist Group (SSG) has been assessing and updating the status of chondrichthyan fish 
species (sharks, rays and chimaeras) since 1991.  Relevant subgroups of this international network of 
scientists and other experts evaluate individual species and/or populations on an ongoing basis.  Those 
assessments are then evaluated by two additional experts, at least one of whom is trained as a Red List 
Authority.  Red List assessors consider a range of information, including life history characteristics, 
abundance indices, fisheries data and expert opinion.  Dulvy et al. (2005) demonstrated that the IUCN A 
categorisation (under which the pelagic shark species have been assessed) produced results consistent with 
population viability analysis and as such were good indicators of population status in the absence of full 
stock assessments. 
 
We used the most recent IUCN SSG Red List assessments for twelve elasmobranch (shark and ray) species 
taken by pelagic longline fisheries in the ICCAT region (Dulvy et al. 2008).  In order to use Red List 
assessment values quantitatively in assessing species’ risk, we assigned a value between 0 and 1 to each 
threat category: Critically Endangered = 1, Endangered = 0.8, Vulnerable = 0.6, Data Deficient = 0.5, Near 
Threatened = 0.4 and Least Concern = 0.2.  Data Deficient species were classified in the mid-range of 
values as a precautionary level since data were not available to fully classify these species. 
 

2.4 Integration of results 
To produce comprehensive assessments of risk for the pelagic shark and ray species taken in Atlantic 
pelagic longline fisheries, we conducted Multi-Dimensional Scaling (MDS) and Cluster Analysis (CA).  
This allowed grouping of species with similar risk levels as well as comparison with the blue shark,for 
which there is better information and a formal stock assessment, 
 

3. Results and Discussion 

3.1 Quantitative Ecological Risk Assessment 
The plot produced by the quantitative ERA reveals a range of risk levels for the Atlantic pelagic shark 
species (Figure 1).  Productivity values ranged from relatively high levels (0.3 yr-1 for the blue shark) to 
very low levels (0.010 to 0.014yr-1 for the shortfin mako, longfin mako and bigeye thresher).  The lower 
levels of productivity are some of the lowest values reported for elasmobranchs (Cortes 2002) and have 
been classified by Musick et al. (2000) as very low.  Values of susceptibility ranged from 0.06 (for the 
scalloped hammerhead) to 0.64 (for the shortfin mako), with most species falling within two groups: (1) 
those with susceptibility <0.3, and (2) those with susceptibility >0.43.  The overall rankings based on 
Euclidean distance from the point of lowest risk showed that the shortfin mako, silky shark and longfin 
mako have the highest levels of risk of overexploitation by Atlantic pelagic longline fisheries, while the 
blue shark, pelagic stingray and common thresher have the lowest levels of risk (Table 2). 
 
The results of the susceptibility estimations for the quantitative ERA were partially dependent on 
selectivity and post capture mortality data from observers on U.S. pelagic longline vessels.  If practices 
related to species and size retention as well as fishing depth differs significantly in other fleets, 
susceptibility will vary. Other values used in the calculation of susceptibility were independent of the fleet 
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and would not be expected to change.  Further research may provide improved estimates of some 
parameters used in the ERA.  For example, encounterability was determined based on records from satellite 
archival tagging, but could only be crudely assessed because of current studies’ limitations in terms of 
detail and coverage of size classes.  
 
 
Figure 1. Results of the quantitative Ecological Risk Assessment for Atlantic pelagic sharks.  BET, bigeye 
thresher; BL, blue shark; LFM, longfin mako; MAK, shortfin mako; MAK*, shortfin mako with biological 
parameters used in 2004 ICCAT stock assessment; OCW, oceanic whitetip shark; POR, porbeagle; PSR, 
pelagic stingray; SCH, scalloped hammerhead; SIL, silky shark; THR, common thresher. 
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Table 2. Risk values expressed as Euclidean distance from the point of low risk (0.5,0) and each species 
risk rank.  The shortfin mako was ranked only once – using the current biological data. 
 
Common name Species name Euclidean 

distance 
Risk 
rank 

Bigeye thresher Alopias superciliosus 0.65 4 
Common thresher Alopias vulpinus 0.38 8 
Silky shark Carcharhinus falciformis 0.74 2 
Oceanic whitetip Carcharhinus longimanus 0.51 5 
Shortfin mako* Isurus oxyrinchus 0.80 1 
Shortfin mako (ICCAT ‘04)* Isurus oxyrinchus 0.77 - 
Longfin mako Isurus paucus 0.73 3 
Porbeagle Lamna nasus 0.48 6 
Blue shark* Prionace glauca 0.29 10 
Pelagic stingray Pteroplatytrygon violacea 0.35 9 
Scalloped hammerhead Sphyrna lewini 0.42 7 
 

3.2 Inflection point of the population growth curve 
 
The inflection points of the population growth curves (R ~ BMSY) to occur between 0.42 (blue shark) and 
0.96 (bigeye thresher) (Figure 2).  The only species with a value below 0.5 was the blue shark.  We formed 
two other groupings based on the results: (1) those with values between 0.52 and 0.67 that probably achieve 
MSY at levels of virgin biomass at or above 0.5, and (2) those with values above 0.83 that probably achieve 
MSY at levels of depletion at virgin biomass levels much greater than 0.5. 
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Figure 2. Estimates of the inflection point of population growth curves (~BMSY) for Atlantic pelagic shark 
species.  Horizontal line indicates BMSY ~ 0.5 virgin biomass.  Labels are as for Figure 1. 
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3.3 IUCN Red List status 
The SSG completed Red List assessments for all pelagic shark and ray species between 2000 and 2008.  
Classifications ranged from Least Concern (pelagic stingray) to Vulnerable (oceanic whitetip shark, 
common and bigeye threshers, short and longfin makos, and porbeagle) on an Atlantic-wide basis (Table 
3).  For some species (e.g. oceanic whitetip and porbeagle), however, level of risk varies across the 
Atlantic. Detailed information on the Red List assessments for pelagic species can be found in Dulvy et al. 
(2008). 
 

3.4 Integrated results 
The data we used in the integrated analysis are shown in Table 3 . We integrated the results of the 
ecological risk assessment, population growth curve inflection point, and the IUCN Red List status.  The 
results of the MDS analysis revealed several groupings of species.  Two broad groups were identified by 
the 80% similarity contour: 
 

1. A group of species that have high levels of similarity with blue sharks, suggesting a lower risk of 
overexploitation.  This group consists of the blue shark, scalloped hammerhead and pelagic 
stingray. 

2. All other species grouped together in a higher risk cluster. 
 
Within the higher risk cluster, three subgroups were identified (Figure 3): 
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1. The common thresher, oceanic whitetip and porbeagle had mid-range levels of risk from the ERA 
and inflection point analysis and were categorized as Vulnerable on the IUCN Red List.  These 
species have moderately high levels of risk. 

2. The silky shark had similar levels of risk to the above group, but had an IUCN Red List status of 
Near Threatened, suggesting experts were of the opinion that it is at lower risk than suggested by 
the biological data. 

3. The shortfin mako (both new and old biological data), longfin mako and bigeye thresher had the 
highest levels of risk combined with IUCN Red List Threatened status.  We consider these species 
to have the greatest degree of risk among Atlantic pelagic sharks. 

 
By comparing the results of these analyses to those of the blue shark, currently considered above BMSY by 
ICCAT scientists, we gained a good understanding of the relative risks faced by other Atlantic pelagic 
shark species.   
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Table 3.  Assessments of elasmobranch species caught within the ICCAT Convention Area.  ERA, Ecological Risk Analysis; R, position of the inflection point of 
the population growth curve; IUCN classification includes year assessment was completed.  Species indicated (*) are those assessed under ICCAT to date. 
 
Common name Species name ERA1 R2 Global IUCN status IUCN value 
Bigeye thresher Alopias superciliosus 0.65 0.96 Vulnerable  (2008) 0.6 
Common thresher Alopias vulpinus 0.38 0.53 Vulnerable  (2008) 0.6 
Silky shark Carcharhinus falciformis 0.74 0.62 Near Threatened  (2008) 0.4 
Oceanic whitetip Carcharhinus longimanus 0.51 0.66 Vulnerable  (2006) 0.6 
Shortfin mako Isurus oxyrinchus 0.80 0.84 Vulnerable  (2008) 0.6 
Shortfin mako (old)* Isurus oxyrinchus 0.77 0.67 Vulnerable (2008) 0.6 
Longfin mako Isurus paucus 0.73 0.83 Vulnerable  (2005) 0.6 
Porbeagle Lamna nasus 0.48 0.62 Vulnerable  (2006) 0.6 
Blue shark* Prionace glauca 0.29 0.42 Near Threatened  (2000) 0.4 
Crocodile shark Pseudocarcharias kamoharai - - Near Threatened  (2000) 0.4 
Pelagic stingray Pteroplatytrygon violacea 0.35 0.60 Least Concern  (2008) 0.2 
Scalloped hammerhead Sphyrna lewini 0.42 0.52 Near Threatened  (2000) 0.4 
Smooth hammerhead Sphyrna zygaena - - Near Threatened  (2000) 0.4 
 
1 ERA result based on Euclidean distance from lowest level of risk, with potential range from 0 to 1.12 
2 Potential range of R from 0.to 1
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Figure 3. Results of the MDS analysis of the integrated risk results for Atlantic pelagic sharks.  Levels of 
risk increase from right to left. 
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Appendix A 
 
Table A1. Life history parameters used in the ecological risk assessment.  S0, survival of 0+ age class; S1+, survival range of all subsequent age classes; T, 
generation time, R0, reproductive rate; r, intrinsic rate of population increase. 
 
Species Litter 

Size 
Repro. 
period 
(yr) 

Female 
K  
(yr-1) 

Female 
maturity 
(yr) 

Female 
longevity 
(yr) 

S0 S1+ T R0 r 

Alopias superciliosus 2 1 0.092 12-13 20 0.75 0.79-0.91 17 0.93 0.010 
Alopias vulpinus 4 1 0.160 5.8 24 0.77 0.80-0.93 12 5.56 0.141 
Carcharhinus falciformis 2-15 2 0.098 7-12 22 0.70 0.75-0.91 14 2.91 0.076 
Carcharhinus 

longimanus 
4-14 2 0.099 4-7 17 0.66 0.72-0.93 10 2.46 0.087 

Isurus oxyrinchus 12.5 3 0.125 18.5 32 0.75 0.79-0.94 24 19.18 0.014 
Isurus oxyrinchus (old) 12.75 3 0.084 7 16 0.69 0.75-0.93 11 2.28 0.073 
Isurus paucus 2-4 2? ? 14 ? ? ? 25 ? 0.014 
Lamna nasus 4 1 0.061 13 24 0.81 0.82-0.93 20 2.83 0.053 
Prionace glauca 4-75 1 0.130 5.5 15 0.70 0.78-0.86 11 18.2 0.301 
Pteroplatytrygon 

violacea 
6 0.5 0.200 3 12 0.47 0.68-0.88 7 3.02 0.169 

Sphyrna lewini 35 1 0.130 15 31 0.61 0.70-0.91 20 6.20 0.090 
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Table A2.  Susceptibility data used in the ecological risk assessment of Atlantic pelagic sharks.  See text for sources of information for each of the parameters 
 
Species Availability Encounterability Selectivity Post capture 

mortality 
Susceptibility 

Alopias superciliosus 0.98 1.00 1.00 0.44 0.43 
Alopias vulpinus 0.91 1.00 0.33 0.40 0.12 
Carcharhinus falciformis 0.97 1.00 1.00 0.63 0.61 
Carcharhinus longimanus 0.97 1.00 0.86 0.35 0.29 
Isurus oxyrinchus 0.95 1.00 0.92 0.73 0.64 
Isurus oxyrinchus (2004) 0.95 1.00 0.92 0.73 0.64 
Isurus paucus 0.98 1.00 1.00 0.55 0.54 
Lamna nasus 0.72 1.00 0.70 0.32 0.16 
Prionace glauca 0.93 1.00 1.00 0.22 0.20 
Pteroplatytrygon violacea 1.00 1.00 0.58 0.18 0.10 
Sphyrna lewini 0.95 1.00 0.11 0.62 0.06 
 
 
 
 



SCRS/2008/140 

References 
 
Ardizzone, D., G.M. Cailliet, L.J. Natanson, A.H. Andrews, L.A. Kerr & T.A. Brown. 2006. Application of 

bomb radiocarbon chronologies to shortfin mako (Isurus oxyrinchus) age validation. 
Environmental Biology of Fishes 77: 355-366. 

Baum, J.K., D. Kehler & R.A. Myers. 2005. Robust estimates of decline for pelagic shark populations in 
the northwest Atlantic and Gulf of Mexico. Fisheries 30: 27-30. 

Baum, J.K. & R.A. Myers. 2004. Shifting baselines and the decline of pelagic sharks in the Gulf of Mexico. 
Ecology Letters 7: 135-145. 

Baum, J.K., R.A. Myers, D.G. Kehler, B. Worm, S.J. Harley & P.A. Doherty. 2003. Collapse and 
conservation of shark populations in the Northwest Atlantic. Science 299: 389-392. 

Bishop, S.D.H., M.P. Francis, C. Duffy & J.C. Montgomery. 2006. Age, growth, maturity, longevity and 
natural mortality of the shortfin mako shark (Isurus oxyrinchus) in New Zealand waters. Marine 
and Freshwater Research 57: 143-154. 

Braccini, J.M., B.M. Gillanders & T.I. Walker. 2006. Hierarchical approach to the assessment of fishing 
effects on non-target chondrichthyans: case study of Squalus megalops in southeastern Australia. 
Canadian Journal of Fisheries and Aquatic Sciences 63: 2456-2466. 

Burgess, G.H., L.R. Beerkircher, G.M. Cailliet, J.K. Carlson, E. Cortes, K.J. Goldman, R.D. Grubbs, J.A. 
Musick, M.K. Musyl & C.A. Simpfendorfer. 2005. Is the collapse of shark populations in the 
Northwest Atlantic Ocean and Gulf of Mexico real? Fisheries 30: 19-26. 

Camhi, M.D., E. Lauck, E.K. Pikitch & E.A. Babcock. 2008. A global overview of commercial fisheries 
for open ocean sharks. In: M.D. Camhi, E.K. Pikitch & E.A. Babcock (ed.) Sharks of the Open 
Ocean: Biology, Fisheries and Conservation, Blackwell, Oxfrod, U.K. 

Campana, S.E., W. Joyce, L. Marks, L.J. Natanson, N.E. Kohler, C.F. Jensen, J.J. Mello, H.L. Pratt & S. 
Myklevoll. 2002. Population dynamics of the porbeagle in the northwest Atlantic Ocean. North 
American Journal of Fisheries Management 22: 106-121. 

Campana, S.E., L. Marks & W. Joyce. 2005. The biology and fishery of shortfin mako sharks (Isurus 
oxyrinchus) in Atlantic Canadian waters. Fisheries Research 73: 341-352. 

Clarke, S.C., J.E. Magnussen, D.L. Abercrombie, M.K. McAllister & M.S. Shivji. 2006a. Identification of 
shark species composition and proportion in the Hong Kong shark fin market based on molecular 
genetics and trade records. Conservation Biology 20: 201-211. 

Clarke, S.C., M.K. McAllister, E.J. Milner-Gulland, G.P. Kirkwood, C.G.J. Michielsens, D.J. Agnew, E.K. 
Pikitch, H. Nakano & M.S. Shivji. 2006b. Global estimates of shark catches using trade records 
from commercial markets. Ecology Letters 9: 1115-1126. 

Cortes, E. 2002. Incorporating uncertainty into demographic modeling: Application to shark populations 
and their conservation. Conservation Biology 16: 1048-1062. 

Cortes, E. 2008. Comparative life history and demography of pelagic sharks. pp. 309-322. In: M.D. Camhi, 
E.K. Pikitch & E.A. Babcock (ed.) Sharks of the Open Ocean: Biology, Fisheries and 
Conservation, Blackwell, Oxford, U.K. 

Dulvy, N.K., J.K. Baum, S. Clarke, L.J.V. Compagno, E. Cortes, A. Domingo, S. Fordham, S. Fowler, 
M.P. Francis, C. Gibson, J. Martinez, J.A. Musick, A. Soldo, J.D. Stevens & S. Valenti. 2008. You 
can swim but you can't hide: the global status and conservaiton of oceanic pelagic sharks and rays. 
Aquatic Conservation: Marine and Freshwater Ecosystems In press. 

Dulvy, N.K., S. Jennings, N.B. Goodwin, A. Grant & J.D. Reynolds. 2005. Comparison of threat and 
exploitation status in North-East Atlantic marine populations. Journal of Applied Ecology 42: 883-
891. 

Fowler, C.W. 1988. Population dynamics as related to rate of increase per generation. Evolutionary 
Ecology 2: 197-204. 

Francis, M.P. & C. Duffy. 2005. Length at maturity in three pelagic sharks (Lamna nasus, Isurus 
oxyrinchus, and Prionace glauca) from New Zealand. Fishery Bulletin 103: 489-500. 

Griffiths, S.P., D.T. Brewer, D.S. Heales, D.A. Milton & I.C. Stobutzki. 2006. Validating ecological risk 
assessments for fisheries: assessing the impacts of turtle excluder devices on elasmobranch 
bycatch populations in an Australian trawl fishery. Marine and Freshwater Research 57: 395-401. 

Hobday, A.J., A. Smith, H. Webb, R. Daley, S. Wayte, C. Bulman, J. Dowdney, A. Williams, M. Sporcic, 
J. Dambacher, M. Fuller & T. Walker. 2007. Ecological Risk Assessment for the Effects of 



SCRS/2008/140 

Fishing: Methodology. Report R04/1072 for the Australian Fisheries Management Authority, 
Canberra.: 173 pp. 

ICCAT. 2005. Report of the 2004 inter-sessional meeting of the ICCAT subcommittee on by-catches: shark 
stock assessment (Tokyo, Japan, 14-18 June 2004). Collected Volume of Scientific Papers ICCAT 
58: 799-890. 

ICES. 2007. Report of the Working Group Elasmobranch Fishes (WGEF), 22 June 2007, Galway, Ireland. 
ICES CM 2007/ACFM:27: 318pp. 

Joung, S.J. & H.H. Hsu. 2005. Reproduction and embryonic development of the shortfin mako, Isurus 
oxyrinchus Rafinesque, 1810, in the northwestern Pacific. Zoological Studies 44: 487-496. 

Kaufman, L., B. Heneman, J.T. Barnes & R. Fujita. 2004. Transition from low to high data richness: an 
experiment in ecosystem-based fishery management from California. Bulletin of Marine Science 
74: 693-708. 

Maia, A., N. Queiroz, H.N. Cabral, A.M. Santos & J.P. Correia. 2007. Reproductive biology and 
population dynamics of the shortfin mako, Isurus oxyrinchus Rafinesque, 1810, off the southwest 
Portuguese coast, eastern North Atlantic. Journal of Applied Ichthyology 23: 246-251. 

Musick, J.A., M.M. Harbin, S.A. Berkeley, G.H. Burgess, A.M. Eklund, L. Findley, R.G. Gilmore, J.T. 
Golden, D.S. Ha, G.R. Huntsman, J.C. McGovern, S.J. Parker, S.G. Poss, E. Sala, T.W. Schmidt, 
G.R. Sedberry, H. Weeks & S.G. Wright. 2000. Marine, estuarine, and diadromous fish stocks at 
risk of extinction in North America (exclusive of Pacific salmonids). Fisheries 25: 6-30. 

Natanson, L.J., N.E. Kohler, D. Ardizzone, G.M. Cailliet, S.P. Wintner & H.F. Mollet. 2006. Validated age 
and growth estimates for the shortfin mako, Isurus oxyrinchus, in the North Atlantic Ocean. 
Environmental Biology of Fishes 77: 367-383. 

Ribot-Carballal, M.C., F. Galvan-Magana & C. Quinonez-Velazquez. 2005. Age and growth of the shortfin 
mako shark, Isurus oxyrinchus, from the western coast of Baja California Sur, Mexico. Fisheries 
Research 76: 14-21. 

Rosenberg, A., D. Agnew, E. Babcock, A. Cooper, C. Mogensen, R. O'Boyle, J. Powers, G. Stefansson & 
J. Swasey. 2007. Setting annual catch limits for U.S. fisheries: An expert worksing group report 
Lenfest Ocean Program Research Report, Washington, D.C. 

Simpfendorfer, C.A. & e. al. 2008. Scientific solutions for managing shark populations. Lenfest Ocean 
Program Report: ?? 

Smith, S.E., D.W. Au & C. Show. 2008. Intrinsic rates of increase in pelagic elasmobranchs. In: M.D. 
Camhi, E.K. Pikitch & E.A. Babcock (ed.) Sharks of the Open Ocean: Biology, Fisheries and 
Conservation Blackwell, Oxford, U.K. 

Stevens, J.D. 2008. The biology and ecology of the shortfin mako shark, Isurus oxyrinchus. pp. 87-94. In: 
M.D. Camhi, E.K. Pikitch & E.A. Babcock (ed.) Sharks of the Open Ocean: Biology, Fisheries 
and Conservaiton, Blackwell, Oxford, U.K. 

Stobutzki, I., M. Miller & D. Brewer. 2001. Sustainability of fishery bycatch: a process for assessing highly 
diverse and numerous bycatch. Environmental Conservation 28: 167-181. 

Stobutzki, I.C., M.J. Miller, D.S. Heales & D.T. Brewer. 2002. Sustainability of elasmobranchs caught as 
bycatch in a tropical prawn (shrimp) trawl fishery. Fishery Bulletin 100: 800-821. 

Walker, T.I. 1998. Can shark resources be harvested sustainably? A question revisited with a review, of 
shark fisheries. Marine and Freshwater Research 49: 553-572. 

Wood, A.D., J.S. Collie & N.E. Kohler. 2007. Estimating survival of the shortfin mako Isurus oxyrinchus 
(Rafinesque) in the north-west Atlantic from tag-recapture data. Journal of Fish Biology 71: 1679-
1695. 

Zhou, S.J. & S.P. Griffiths. 2008. Sustainability Assessment for Fishing Effects (SAFE): A new 
quantitative ecological risk assessment method and its application to elasmobranch bycatch in an 
Australian trawl fishery. Fisheries Research 91: 56-68. 

 
 
 


	SUMMARY
	1. INTRODUCTION
	2. Methods
	2.1 Ecological risk assessments
	2.2 Position of the inflection point of the population growth curve (R)
	2.3 IUCN Red List status
	2.4 Integration of results

	3. Results and Discussion
	3.1 Quantitative Ecological Risk Assessment
	3.2 Inflection point of the population growth curve
	3.3 IUCN Red List status
	3.4 Integrated results
	Appendix A

	References

