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Chapter 1 INTRODUCTION
1.1 Reason and motivation

Sharks play a crucial role in marine ecosystems as top predators, helping to
maintain natural balance in the oceans (Cortés, 1999; Stevens et al., 2000; Schindler et
al., 2002). However, since the Second World War, the demand for shark fins has
increased significantly (Clarke, 2004), leading to historically high levels of shark
fishing after 2000 (FishStatJ, FAO, 2023). Global production was less than 2,000 metric
tons in 1980, rising to over 11,602 metric tons by 2000 (Clarke et al., 2006). The
intensive exploitation of shark resources has unsurprisingly resulted in a significant
decline in their populations (Baum et al., 2003). Moreover, large sharks exhibit
characteristics such as slow growth, low reproductive rates, and late maturity. Without
proper fisheries management, the undue fishing pressure could lead to the collapse and
depletion of their populations. Therefore, the conservation and management of shark
resources have become an increasingly prominent international concern in recent years.

The International Union for Conservation of Nature (IUCN) Shark Specialist
Group conducted an assessment of 31 species of pelagic sharks and rays globally over
the past half-century, using the Living Planet Index (LPI) and IUCN Red List indices.
The results of this study indicated that since 1970, due to an 18-fold increase in fishing
pressure, the resources of these pelagic sharks and rays have decreased by 71%, with
three-quarters of the indicator species at risk of extinction. The LPI of sharks in all three
oceans has significantly declined, with the Indian Ocean being the most severely
affected, followed by the Pacific Ocean, while the Atlantic Ocean has shown a stable
trend in recent years. Strict enforcement of fishing bans or science-based precautionary
catch limits could prevent population collapse (Pacoureau et al., 2021).

Regional Fisheries Management Organizations (RFMOs) have implemented

various management measures for sharks. For example, the Western and Central Pacific
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Fisheries Commission (WCPFC) has prohibited the retention of the oceanic whitetip
shark (Carcharhinus longimanus) and the silky shark (C. falciformis) in their fisheries.
The Inter-American Tropical Tuna Commission (IATTC) also has prohibited the
retention of the oceanic whitetip shark and Genus Mobula. The International
Commission for the Conservation of Atlantic Tunas (ICCAT) has prohibited the
retention of species from the Genus Alopias, the family Sphyrnidae, as well as the
oceanic whitetip shark (Carcharhinus longimanus) and the silky shark (C. falciformis)
in their fisheries. The Indian Ocean Tuna Commission (IOTC) has prohibited the
retention of oceanic whitetip shark, the Genus Alopias and Mobula.in their fisheries.

In addition, the Convention on International Trade in Endangered Species of Wild
Flora and Fauna (CITES) has listed endangered elasmobranch species in its appendices.
For instance, seven species of sawfish (family Pristidae) including (Anoxypristis
cuspidata), (Pristis calvata), (P. microdon), (P. pristis), (P. zijsron), (P. porotteti), and
(P. pectinata) are listed in Appendix 1. Whale shark (Rhincodon typus), basking shark
(Cetorhinus maximus), great white shark (Carcharodon carcharias), scalloped
hammerhead shark (Sphyrna lewini), smooth hammerhead shark (S. zygaena), great
hammerhead shark (S. mokarran), oceanic whitetip shark, porbeagle shark (Lamna
nasus), manta rays (Mobula birostris, M. alfredi), species of the genus Alopias, shortfin
mako shark (Isurus oxyrinchus), longfin mako shark (/. paucus), species of the genus
Glaucostegus, and species of the family Rhinidae are listed in Appendix II. Furthermore,
in 2022, all 54 species of the family Carcharhinidae and the remaining 6 species of the
family Sphyrnidae were also listed in Appendix II. The Northwest Atlantic Fisheries
Commission (NAFO) passed a prohibition on the practice of shark finning in 2016.
Therefore, urgent research on shark bycatch and population indicators is essential to
ensure the proper conservation and management of shark resources.

Species listed in Appendix II are not prohibited from trade; however, it is required
2



to provide a Non-detriment Finding (NDF) for such species. NDF involves a scientific
assessment to ensure that the export of the species will not harm the wild population's
stock status. Only upon obtaining a permit proving that the trade will not be detrimental
to the species' wild population can the trade be allowed. Additionally, if the species is
caught beyond the 200 nautical mile exclusive economic zone, an Introduction from the

Sea (IFS) document is also required.

1.2 Literature Review

Under the framework of the European Union, the Federal Agency for Nature
Conservation (Bfn) of Germany presented the world's first guidance manual on Non-
detriment Findings (NDF) for shark species at the 27th meeting of the CITES Animals
Committee in 2014. This guidance manual, as outlined by Mundy et al. (2014), offers
various assessment indicators and implementation methods, establishing a series of
procedures for non-detriment assessment, which are delineated into six main steps.

In 2018, the first version of the electronic Non-detriment Finding (e-NDF)
assessment method was jointly established by the Trade Record Analysis of Flora &
Fauna in Commerce (TRAFFIC) and the Federal Agency for Nature Conservation (BfN)
of Germany. This electronic assessment tool is based on the NDF guidance manual for
sharks published by BfN. It utilizes predefined calculation formulas within the spread
sheet to determine the NDF assessment results. The e-NDF form is designed to guide
users through each step of the assessment process, prompting them to input the required
data for each step. Based on the data provided by the user, the e-NDF form calculates
the corresponding level of risk. Finally, in the fifth step, the e-NDF form computes the
final NDF determination result according to the provided data and formulas. This result
indicates whether a positive, negative, or conditional NDF export certificate should be

1ssued.



1.3 Research purposes

The shortfin mako shark is one of the important shark species caught incidentally
in the three ocean tuna longline fishery. In response to inclusion of the shortfin mako
shark under Appendix II by CITES COPI8 in 2019, the concept of Non-Detriment
Findings (NDF) remains relatively new in the international arena, and practical
implementation is still in its nascent stages. Therefore, this project aims to apply the
steps of shark Non-Detriment Assessment conducted in Taiwan to assess the non-
detriment of shortfin mako sharks caught by Taiwanese flagged vessels in the three

oceans, and to propose relevant recommendations.



Chapter 2 MATERIALS AND METHODS

2.1 Non-detriment Findings (NDF)

Step 1: Primary information collection

The pre-assessment work includes collecting information and data for assessed
species and make sure whether NDF is needed for export. Therefore, the assessed
species must be on the CITES Appendix II list and legally captured. The next procedure
is to check whether the species is ban retention species in RFMOs. If the species is ban
retention in certain RFMOs, then the assessment is stop. If not, the species is assessed

with the following steps.

Step 2: Existed vulnerability and conservation attention

This step includes the existing vulnerability and conservation concern of the

species.

1. Existing Vulnerability:

Firstly, assess whether the species would face difficulties in recovery due to its
biological characteristics after exploitation.

The assessment indicators for existing vulnerability include: Size at maturity (tmat),
Length at maturity (Lm), Maximum age (Tm),

Asymptotic length (TL-),

Natural mortality rate (M),

Little size (f),

Intrinsic rate of population increase (r),

Geographic distribution range,



Stock assessment,

Behavioral factor, and

Trophic position.

These 11 indicators are used to assess the existing vulnerability of the species to

exploitation.

(1) Size at maturity (tmat)
If tmat < 5, it indicates a low risk, the score (S)=1; if 5 < tmat < 15, it indicates a
median risk, S=2; if tma>15, it indicates a high risk, S =3. If this information is not

available, it indicates risk is unknown, S=3.

(2) Length at maturity (L)
If L <40 cm, it indicates a low risk, S=1; if 40 cm < L, <200 cm, it indicates a
median risk, S =2; if Ly, > 200 cm, it indicates a high risk, S=3. If this information

is not available, it indicates risk is unknown, S=3.

(3) Maximum age (Tm)
If T, < 10, it indicates a low risk, S=1; if 10 < Ty <25, it indicates a median risk,

S=2; if Trn > 25 or this information is unknown, it indicates a high risk, S=3.

(4) Asymptotic length (TL )

If TL- < 100 cm, it indicates a low risk, S=1; if 100 < TL~< 300 cm, it indicates
A median risk, S=2; if TL- > 300 cm or this information is unknown, it indicates

a high risk, S=3.



(®)

(6)

(")

(8)

9)

Natural mortality (M)
If M > 0.4, it indicates a low risk, S=1; if 0.17 < M < 0.4, it indicates a median

risk, S=2; if M < 0.17 or this information is unknown, it indicates a high risk, S=3.

Little size (f)
If f> 15, it indicates a low risk level, S = 1; if it falls between 2 and 15, it signifies
a moderate risk level, S= 2; if f < 2, it denotes a high risk level, S= 3; if this

information is unavailable, it signifies an unknown risk level, S= 3.

Intrinsic rate of population increase (r)
If r > 0.35, it indicates a low risk level, S = 1; if it falls between 0.15 and 0.35, it
signifies a moderate risk level, S=2; if £ <0.15, it denotes a high risk level, S= 3;

if this information is unavailable, it signifies an unknown risk level, S= 3.

Geographic distribution range
A global distribution indicates a low risk, S=1; regional distribution indicates a
median risk, S=2; national distribution signifies a high risk, S=3. If this

information is unknown, S=3.

Stock assessment
If F<=Fmsy and B>=Bwmsy, it indicates a low risk, S=1; if F=Fumsy and B=Bwmsy, it
indicates a median risk, S=2; if F>=Fysy and B<=Buwsy, it indicates a high risk,

S=3.

(10) Behavior factor



If few behavioral factors that increase population risk, it indicates a low risk, S=1;
if there are some behavioral factors increasing population risk, it signifies a
moderate risk level, S=2; if there are multiple behavioral factors increasing
population risk, it denotes a high risk level, S=3. If this data is unavailable, it

signifies an unknown risk level, S=3.

(11) Trophic position
Low TP indicates a low risk, S=1; median TP indicates a median risk, S=2;

high TP or lacking of TP information signifies a high risk, S=3.

The wvulnerability of each species can be expressed by summering of
aforementioned scores. The value between 11 and 17 indicates a low risk, 18-26
indicates a median risk, 27-33 indicates a high risk. The higher risk suggested longer

time for recovery after being heavy exploited.

2. Degree of conservation attention

According to the existing parameters of biological vulnerability mentioned above,
a more precise discussion can be conducted regarding the key factors for species
conservation. There are three indicators for determining the level of conservation
concern, including the assessment of the conservation and stock status, population

trends, and the conservation concern range.

(1) Conservation and Stock Status
If the fish stock has not been overfished and is currently classified by IUCN as
Least Concern (LC), it indicates a low risk level, S=1. If the fish stock is in an

overfishing state or has been overfished, and is currently classified by IUCN as
8



Near Threatened (NT) or Vulnerable (VU), it signifies a moderate risk level, S= 2.
If the fish stock is in an overfishing state and has been overfished, and is currently
classified by IUCN as Endangered (EN) or Critically Endangered (CR), it denotes
a high risk level, S= 3. If there is a lack of data for this parameter, it signifies an

unknown risk level, S=3.

(2) Population Trend
If the species population is increasing, indicating low risk, S=1. If the species
population is stable, indicating moderate risk, S=2. If the species population is
decreasing, indicating high risk, S=3. If there is a lack of data on population trend,

indicating unknown risk, S=3.

(3) Conservation Concern in Regional Range
If the main threats to the species only affect a few stock, indicating low risk, S=1.
If the main threats to the species affect some stocks, indicating moderate risk, S=2.
If the main threats to the species affect global stocks, indicating high risk, S=3. If
there is a lack of data on the conservation concern in the regional range, indicating

unknown risk, S=3.

The total score obtained from the sum of the conservation concern indicators
reflects the overall conservation concern level of the species. A score of 3 to 4 indicates
low overall conservation concern risk, 5 to 7 indicates moderate overall conservation
concern risk, and 8 to 9 indicates high overall conservation concern risk. In theory,
species with higher vulnerability levels are more likely to have their resources difficult

to recover due to exploitation, and they will also receive higher levels of conservation



concern, especially since many shark species exhibit K-selection life history traits,

making their populations more susceptible to fishing pressure.

Step 3: Pressures on species

Currently, detailed international trade data for each species such as export
quantities and transaction prices are unavailable for assessing trade pressure. Therefore,
to align with the national context in establishing Non-Detriment Findings (NDF)
determination steps, this study suggests modifying the original trade pressure
assessment for future management recommendations. In Step Three, the focus is

primarily on assessing fishing pressure.

1. Evaluate Fishing Pressures

To assess the fishing pressure on the shark species, the evaluation considers four
aspects: fishing mortality rate, discard mortality rate, selectivity of fishing gear in terms
of size, and the scale of IUU fishing. Criteria for determining each fishing pressure

indicator are as follows:

(1) Fishing Mortality
If fishing activity reduces a low proportion of population abundance, indicating a
low risk, S =1. If fishing activity reduces some proportion of population abundance,
indicating a medium risk, S= 2. If fishing activity reduces a high proportion of
population abundance, indicating a high risk, S= 3. If data on this item is lacking,

indicating unknown risk, S=3.

(2) Survival rate of discarded

10



(3)

(4)

If a small proportion of the species catch is discarded, and the survival rate after
release is high, indicating a low risk, S=1. If some proportion of the species catch
is discarded, and the survival rate after release is moderate, indicating a medium
risk, S=2 points. If a large proportion of the species catch is discarded, and the
survival rate after release is low, indicating a high risk, S=3. If data on this item is

lacking, indicating unknown risk, S=3.

Fishing Gear Selectivity

If the fishing gear has high selectivity, allowing effective targeting of individuals
of specific age, size, or sex, it suggests relatively minor disruption to the
population structure, indicating a low level of risk, and is assigned a score of 1.
If the fishing gear has moderate selectivity, it may restrict the capture of certain
components of the population to some extent, but still pose a moderate impact on
the population structure. The risk level is considered moderate, and it is assigned
a score of 2. If the fishing gear exhibits low selectivity, being unable to effectively
distinguish or exclude individuals of specific age, size, or sex, it may lead to
greater impact on the population structure. The risk level is therefore considered
high, and it is assigned a score of 3.If relevant data are lacking to assess the gear's
selectivity, the risk level is regarded as unknown, and a score of 3 is assigned to

reflect potential uncertainty.

IUU Fishing Scale

If there are detailed trade records for the species, transparent and publicly available
trade chains, and trade volume roughly matching catch volume, indicating a low
risk, S=1. If there are appropriate trade records for the species, difficult-to-trace

trade chains, and partial matching of trade volume with catch volume, indicating
11



a medium risk, S=2. If trade records for the species are incomplete, trade chains
are not transparent or publicly available, and there is a significant difference
between trade volume and catch volume, indicating a high risk, S=3. If data on

this item is lacking, indicating unknown risk, S=3.

After summing up scores for each fishing pressure indicator, the overall fishing
pressure level for the species can be determined. Scores of 4 to 6 represent a low fishing
pressure; 7 to 9 represent a moderate fishing pressure; 10 to 12 represent a high fishing

pressure."

Step 4: Evaluate Existing Management Measures

This step aims to ensure that species listed in CITES Appendix II have appropriate
management measures to reduce the risk of exploitation on species resources and
achieve sustainable utilization goals. If the overall biological vulnerability,
conservation concern level, and the risk level of fishing pressure are higher for species
identified in the previous steps, it indicates that the species requires more
comprehensive and stringent management measures to mitigate the impact it faces. The
intention of Step 4 is to assess the effectiveness of current management measures.
Adequate management measures can alleviate the pressure on species from trade and

fishing.

Risk levels are currently assessed based on the number and specificity of
management measures in place. A score of 5, representing high risk, is assigned when
no management measures exist. Moderate management—considered medium risk
(score of 3—4)—includes general measures that are not species-specific, such as

registration on the RFMO white list, implementation of shark fin-to-carcass ratios, or
12



requirements for fins naturally attached. If 1-2 such measures are in place, the fishery
is categorized as medium risk. High-level management, which corresponds to low risk
(score of 1-2), includes the aforementioned general measures as well as species-
specific controls, such as Total Allowable Catch (TAC) limits and the use of designated
import/export CCC codes. A total of four management criteria are considered; fisheries

meeting 3—4 of these are assessed as low risk.

Step 5: Non-Detriment Finding and Related Advice

After the assessment in the previous steps, this step determines whether a positive
Non-Detriment Finding (NDF) is issued for the shark species. This study adds the risk
scores from Steps 2 to 4 and divides them into the followings: a total score of 19 to 38
indicates a positive NDF, 39 to 48 indicates a conditional NDF, and 49 to 57 indicates
a negative NDF. If determined as a positive NDF, it means that trade will not harm the
population's stock status, and an NDF can be issued for international trade based on this.
If determined as a conditional NDF, it implies that existing management measures must
meet some new conditions before a positive NDF can be issued. If determined as a

negative NDF, it is necessary to proceed to Step 6 to improve management measures.

Step 6: Further Measures

This step involves identifying management issues that need correction based on
the NDF determination from the previous step. Suitable monitoring plans and
management methods for the country's fisheries authorities are proposed, and
appropriate improvements are made. Executives can use the results of Step 6 to check
and revise the latest NDF determination results when reevaluation is needed in the

future.
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Referring to the guidelines from the German Federal Agency for Nature Conservation

(BfN), the validity period for NDF is set at "one year." Therefore, after the expiration

date each year, a reevaluation and update of the determination based on the latest stock

status are necessary to effectively manage population (Mundy et al., 2014).

Chapter 3 TABLE VISUALIZATION RESULTS OF NDF

Step 1: Primary information collection

CITES Comply with NDF
Species ] RFMOs control measures
Appendix Il process
North Pacific Non-prohibited Yes
South Pacific Non-prohibited Yes
Shortfin mako
Included North Atlantic Retention limits Yes
shark
South Atlantic Non-prohibited Yes
Indian Non-prohibited Yes

The species meets the above criterion; it indicates that it will proceed to the

subsequent steps of the assessment process.

Remark (data source): OFDC (2021) Doc. 21-09
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Step 2: Existed vulnerability and conservation attention

2.1 Existing Vulnerability:

Indian

0.217

Item Risk level Shorfin mako shark
Low risk Median North South North South
2.1 Existing Vulnerability . . . . .
(S=1) risk (S=2) Pacific Pacific Atlantic Atlantic
1 | Size at maturity (tmat) <5 5-15
Length at maturity
2 <40 40-200
(Lm)
Length at maturity
3 <10 10-25
(Tm)
Asymptotic length
4 ymp 9 <100 100-300
(TL)
5 Natural mortality (M) >0.4 0.17-0.4
6 Little size (f) >15 2-15 <2 12 12.5 4-6 4-6
Intrinsic rate of
7 | population increase >0.35 0.15-0.35 <0.15 0.317 0.32
(n
Geographic ) )
8 o Global Regional | National Global Global
distribution range
F<=Fmsy | F=Fmsy | F>=Fusy | F<=Fwsy | F<=Fmsy
9 Stock assessment
B>=Bmsy B=Bwmsy B<=Bmsy | B>=Bmsy | B<=Bwmsy
Few Some Multiple Few Few Few Few
10 | Behavior factor behavioral | behavioral | behavioral | behavioral | behavioral | behavioral | behavioral
factors factors factors factors factors factors factors
Total/Rank 11-17 18-26 27-33 24 26 26 25

14 (10-18
Median)

Few
behavioral

factors

25

15



Remark (data source):

ISC/24/ANNEX/XX (2024), Mollet et al. (2000), Semba et al. (2017), Teo et al. (2024),
Liu et al. (2015), Joung and Hsu (2005), Bishop et al. (2006), SC18-SA-WP-02 (2022),
Natanson et al. (2006), Maia et al. (2006), Mas et al. (2017), Barreto et al. (2016), Anon
(2017), Anon (2019), Brunel et al. (2018), Bonhommeau et al. (2020), Chodrijah et al.

(2024).
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2.2 Degree of conservation attention

Item Risk level Shorfin mako shark
2.2 Degree of conservation | Low risk Median North South North South indi
ndian
attention (S=1) risk (S=2) Pacific Pacific Atlantic Atlantic
Conservation and
1 LC NT/VU EN/CR
Stock Status
] ) Decreasin .
2 | Population Trend Increasing Stable Increasing Stable Stable
g
Conservation
3 | Concern in Regional Few Some Global Few Few Few Few Few
Range
Total/Rank 3-4 5-7 8-9 5 6 7 7 6

Remark (data source): Rigby et al. (2019), ISC/24/ANNEX/XX (2024), SC18-SA-WP-

02 (2022), Anon (2017), Anon (2019), IOTC-2020-WPEB16-17 (2020), Wu et al.

(2021).
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Step 3: Pressures on species

3.1 Evaluate Fishing Pressure

Item Risk level Shorfin mako shark
3.1 Evaluate Fishing Low risk Median North South North South indi
ndian
Pressures (S=1) risk (S=2) Pacific Pacific Atlantic Atlantic
o ] Mortality | Mortality | Mortality
1 | Fishing Mortality . .
Low Median High
High Median Low High High High High High
Survival rate of . ) . ) ) . ) .
2 ] Survival Survival Survival Survival Survival Survival Survival Survival
discarded
rate rate rate rate rate rate rate rate
o ) Moderate . . . . .
3 Fishing Gear High gear Low gear | High gear | Highgear | High gear | High gear | High gear
. . gear - .. - - - -
Selectivity selectivity o selectivity | selectivity | selectivity | selectivity | selectivity | selectivity
selectivity
o Detailed | Appropria | Incomplet | Appropria | Appropria | Appropria | Appropria | Appropria
4 IUU Fishing Scale
records te records e te records | terecords | terecords | terecords | terecords
Total/Rank 4-6 7-9 10-12 7 7 7 7 7

Remark (data source): Bowlby et al. (2021), ISC/24/ANNEX/XX (2024), SC18-SA-

WP-02 (2022), Anon (2017), Anon (2019), IOTC-2020-WPEB16-17 (2020), Bhanja

and Mandal (2024).

Fishing gears with low selectivity pose a high risk, as they are more likely to capture

large quantities of non-target species and juveniles, resulting in significant impacts on

the ecosystem. In contrast, high-selectivity gears are capable of effectively targeting

specific species with minimal bycatch, thereby exerting limited impact on non-target

species and juvenile individuals, and are thus considered low-risk.
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Step 4: Evaluate Existing Management Measures

Item

Risk level

4 Management Measures

Low risk
(S=1-2)

Median
risk
(S=3-4)

Shorfin

mako

shark

Absence of management

measures

North

Pacific

South

Pacific

North
Atlantic

South
Atlantic

Indian

Moderate management :
General management
measures without
specific species focus

2 [ ] RFMOs’ whitelist
fishing vessels

[] Landing sharks with
fins naturally attached to

the carcass

Strict management :
Specific management
measures for certain
species

[ ] RFMOs’ whitelist
fishing vessels

3 | [0 Landing sharks with
fins naturally attached to
the carcass

[] Total allowable
catch (TAC)

[] ccc code by shark

species

-3
(whitelist/
Fin-body
ratio /ccc

code)

-3
(whitelist/
Fin-body
ratio /ccc

code)

—4
(whitelist/
Fin-body
ratio
ITAClccc

code)

—4
(whitelist/
Fin-body
ratio
ITAClccc

code)

-3
(whitelist/
Fin-body
ratio /ccc

code)

Total/Rank

1-2

3-4

Remark (data source): OFDC (2021) Doc. 21-09, OFDC (2022) Doc. 22-11

The risk level in this step is assessed based on the presence of management measures.

A score of 5, indicating the absence of any management measures, represents high risk.




Medium risk corresponds to the implementation of 1-2 management measures, while
low risk reflects the presence of 3—4 measures. The total score starts at 5 and is reduced
according to the number of applicable management measures, indicating that the risk

decreases as management improves.
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Step 5: Non-Detriment Finding and Related Advice

Item Rank level Shorfin mako shark

North South North South .

Pacific Pacific Atlantic Atlantic Indian
Step 2.1 11-17 18-26 27-33 24 26 26 25 25
Step 2.2 34 5-7 8-9 5 6 7 7 6
Step 3.1 4-6 7-9 10-12 7 7 7 7 7
Step 4 1-2 3-4 5 2 2 1 1 2
Total 19-38 39-48 38 41 41 40 40

Non-Detriment Finding | Positive Conditional Positive Conditional | Conditional | Conditional | Conditional

21




Chapter 4 CONCLUSION

This study conducted a Non-Detriment Finding (NDF) assessment for shortfin mako
sharks caught by Taiwanese tuna longline fisheries across the three major oceans. The
assessment determined a positive NDF for the North Pacific, enabling the Taiwanese
government to issue export permits. For the North Atlantic, the species is classified as
conditionally retained, and along with the South Pacific, South Atlantic, and Indian
Ocean, the NDFs are considered conditional. Accordingly, the issuance of export
permits for these regions is contingent upon the implementation of additional

management measures by the Taiwanese government.
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