IOTC-2017-WPM08-16-SKJ Rev_2

[bookmark: _GoBack]SKIPJACK TUNA

SUPPORTING INFORMATION
(Information collated from reports of the Working Party on Tropical Tunas and other sources as cited)
CONSERVATION AND MANAGEMENT MEASURES
Skipjack tuna (Katsuwonus pelamis) in the Indian Ocean is currently subject to a number of Conservation and Management Measures adopted by the Commission:
· Resolution 16/02 On harvest control rules for Skipjack tuna in the IOTC Area of Competence
· Resolution 15/01 On the recording of catch and effort by fishing vessels in the IOTC area of competence
· Resolution 15/02 Mandatory statistical reporting requirements for IOTC Contracting Parties and Cooperating Non-Contracting Parties (CPC’s)
· Resolution 15/06 On a ban on discards of bigeye tuna, skipjack tuna, yellowfin tuna and a recommendation for non-targeted species caught by purse seine vessels in the IOTC area of competence
· Resolution 15/10 On target and limit reference points and a decision framework
· Resolution 15/11 on the implementation of a limitation of fishing capacity of Contracting Parties and Cooperating Non-Contracting Parties
· Resolution 14/02 for the conservation and management of tropical tunas stocks in the IOTC area of competence
· Resolution 14/05 concerning a record of licensed foreign vessels fishing for IOTC species in the IOTC area of competence and access agreement information
· Resolution 10/08 concerning a record of active vessels fishing for tunas and swordfish in the IOTC area

FISHERIES INDICATORS
1- [bookmark: _Toc339239641][bookmark: _Toc339272316]Skipjack tuna – General
[bookmark: _Toc339239650][bookmark: _Toc339272325]Skipjack tuna (Katsuwonus pelamis) life history characteristics, including a low size and age at maturity, short life and high productivity/fecundity, make it resilient and not easily prone to overfishing. Table 1 outlines some of the key life history traits of skipjack tuna.
TABLE 1. Skipjack tuna: Biology of Indian Ocean skipjack tuna (Katsuwonus pelamis).
	Parameter
	Description

	Range and stock structure

	Cosmopolitan species found in the tropical and subtropical waters of the Indian, Pacific and Atlantic Oceans. It generally forms large schools, often in association with other tunas of similar size such as juveniles of yellowfin tuna and bigeye tuna. The tag recoveries from the RTTP-IO provide evidence of rapid, large scale movements of skipjack tuna in the Indian Ocean, thus supporting the current assumption of a single stock for the Indian Ocean. Skipjack recoveries indicate that the species is highly mobile, and covers large distances. The average distance between skipjack tagging and recovery positions is estimated at 640 nautical miles. Skipjack tuna in the Indian Ocean are considered a single stock for assessment purposes.

	Longevity
	7 years

	Maturity (50%)
	Age: females and males <2 years.
Size: females and males 41–43 cm.
Unlike in Thunnus species, sex ratio does not appear to vary with size. Most of skipjack tuna taken by fisheries in the Indian Ocean have already reproduced.

	Spawning season
	High fecundity. Spawns opportunistically throughout the year in the whole inter-equatorial Indian Ocean (north of 20°S, with surface temperature greater than 24°C) when conditions are favourable.

	Size (length and weight)
	Maximum length: 110 cm FL; Maximum weight: 35.5 kg.
The average weight of skipjack tuna caught in the Indian Ocean is around 3.0 kg for purse seine, 2.8 kg for the Maldivian baitboats and 4–5 kg for the gillnet. For all fisheries combined, it fluctuates between 3.0–3.5 kg; this is larger than in the Atlantic, but smaller than in the Pacific. It was noted that the mean weight for purse seine catch exhibited a strong decrease since 2006 (3.1 kg) until 2009 (2.4 kg), for both free (3.8 kg to 2.4 kg) and log schools (3.0 kg to 2.4 kg).


Sources: Collette & Nauen 1983, Froese & Pauly 2009, Grande et al. 2010, Dortel et al. 2012, Eveson et al. 2012
NOAA http://www.nmfs.noaa.gov/fishwatch/species/atl_skipjack.htm 14/12/2011

2- Skipjack tuna - Fisheries and main catch trends
· Main fishing gear (2012–15): skipjack tuna are mostly caught by industrial purse seiners (≈39%), gillnet (≈26%) and pole-and-line (≈21%) (Table 2; Fig. 1). 
· Main fleets (and primary gear associated with catches): percentage of total catches (2012–15): 
· Almost 70% of catches are accounted for by four fleets (Fig. 2): 
· Indonesia (coastal purse seine, troll line, gillnet): 21%; Maldives (pole-and-line): 17%; Sri Lanka (gillnet-longline): 15%; EU-Spain (purse seine): 15%.
· Main fishing areas: 
· Primary: Western Indian Ocean (West R2), in waters off Somalia (Table 3; Figs.3 & 4)a-f)
· In recent years catches of skipjack in this area have dropped considerably as fishing effort has been displaced or reduced due to piracy – particularly catches from industrial purse seiners and fleets using driftnets flagged under I.R. Iran and Pakistan. 
· Secondary: Maldives (Area R2b)
· Since the mid-2000s decreases in skipjack catches have also been reported by the Maldivian pole-and-line fishery – although the reasons remain unclear, but may possibly be related to a change in targeting to yellowfin tuna.  
· Longline
· Skipjack is a bycatch in LL fisheries, but even with relatively low numbers, the map of SKJ longline catches indicates well the vast habitat inhabited by this species, which could suggest the existence of a cryptic biomass not accessible to the main gears outside the major fishing grounds (Fig. 4g)
· Retained catch trends:

Purse seine fisheries:
The increase in catches of skipjack tuna in the last 30 years have largely been driven by the arrival of purse seiners in the early 1980s, and the development of the fishery in association with Fish Aggregating Devices (FADs) since the 1980s.  In recent years, well over 90% of the skipjack tuna caught by purse seine vessels are taken from around FADs. 
Annual catches peaked at over 600,000 t in 2006. The constant increase in catches and catch rates of purse seiners until 2006 are believed to be associated with increases in fishing power and also an increase in the number of FADs (and technology associated with them) used in the fishery.  
Since 2006 catches have declined to around 340,000 t in 2012 – the lowest catches recorded since 1998 – although catches since 2013 have ranged between 390,000 t to 425,000 t.
Pole-and-line fisheries:
The Maldivian pole-and-line fishery effectively increased its fishing effort with the mechanisation of its fleet since 1974, including an increase in boat size and power, as well as the use of anchored FADs since 1981. Skipjack tuna represents around 80% of the total catch of Maldives, where catches of skipjack tuna increased regularly between 1980 and 2006 – from around 20,000 t to over 130,000 t.  
Catches of skipjack tuna reported by Maldives pole-and-line have since declined in recent years to as low as 55,000t - less than half the catches taken in 2006 - although the reasons for the decline remain unclear.  One explanation may be improvements in the data collection with the introduction of logbooks and more accurate, albeit lower, estimates of skipjack landed; while the introduction of handlines and a shift in targeting from skipjack tuna to yellowfin tuna may also be a contributing factor.  
Gillnet fisheries:
Several fisheries using gillnets have reported large catches of skipjack tuna in the Indian Ocean, including the gillnet/longline fishery of Sri Lanka, driftnet fisheries of I.R. Iran and Pakistan, and gillnet fisheries of Indonesia. In recent years gillnet catches have represented as much as 20% to 30% of the total catches of skipjack tuna in the Indian Ocean. Although it is known that vessels from I.R. Iran and Sri Lanka have been using gillnets on the high seas in recent years, reaching as far as the Mozambique Channel, the activities of these fleets are poorly understood, as no time-area catch-and-effort series have been made available for those fleets to date. 
· Discard levels: Low, although estimates of discards are unknown for most industrial fisheries, excluding industrial purse seiners flagged in EU countries for the period 2003–07.
· Changes to the catch series: no major changes to the catch series since the WPTT meeting in 2015.  



Table 2. Skipjack tuna: Best scientific estimates of the catches of skipjack tuna (Katsuwonus pelamis) by gear and main fleets [or type of fishery] by decade (1950–2009) and year (2006–2015), in tonnes. Catches by decade represent the average annual catch, noting that some gears were not used since the beginning of the fishery.  Data as of September 2016.
	Fishery
	By decade (average)
	By year (last ten years)

	
	1950s
	1960s
	1970s
	1980s
	1990s
	2000s
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	BB
	9,000
	12,800
	19,275
	35,459
	67,760
	100,496
	136,695
	95,807
	85,584
	65,018
	71,585
	52,489
	51,134
	72,583
	67,301
	68,965

	FS
	0
	0
	0
	13,658
	25,197
	24,342
	32,684
	23,567
	14,863
	9,498
	8,708
	8,930
	2,924
	5,625
	6,467
	7,546

	LS
	0
	0
	0
	30,673
	107,845
	153,298
	190,553
	108,252
	117,835
	135,797
	139,770
	120,115
	77,992
	117,046
	118,869
	118,915

	OT
	6,015
	14,067
	27,597
	49,997
	118,867
	198,114
	256,228
	237,993
	220,143
	227,486
	203,928
	201,671
	206,667
	239,038
	228,793
	198,529

	Total
	15,015
	26,867
	46,872
	129,788
	319,670
	476,251
	616,161
	465,620
	438,425
	437,799
	423,991
	383,205
	338,718
	434,292
	421,430
	393,955

	
	Gears: Pole-and-Line (BB); Purse seine free-school (FS); Purse seine associated school (LS); Other gears nei (OT) (e.g., troll line, handline, beach seine, Danish seine, liftnet).



Table 3. Skipjack tuna: Best scientific estimates of the catches of skipjack tuna (Katsuwonus pelamis) by area [as used for the assessment] by decade (1950–2009) and year (2006–2015), in tonnes. Catches by decade represent the average annual catch.  Data as of September 2016.
	
	By decade (average)
	By year (last ten years)

	
	1950s
	1960s
	1970s
	1980s
	1990s
	2000s
	2006
	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015

	R1
	4,524
	9,951
	19,284
	34,584
	80,744
	118,318
	109,014
	137,692
	139,937
	151,486
	154,434
	153,882
	149,769
	167,639
	145,972
	130,356

	R2
	1,492
	4,116
	8,313
	59,744
	171,166
	257,437
	370,451
	232,121
	212,903
	221,295
	197,972
	176,835
	137,814
	194,070
	208,157
	194,633

	R2b
	9,000
	12,800
	19,275
	35,459
	67,760
	100,496
	136,695
	95,807
	85,584
	65,018
	71,585
	52,489
	51,134
	72,583
	67,301
	68,965

	Total
	15,015
	26,867
	46,872
	129,788
	319,670
	476,251
	616,161
	465,620
	438,425
	437,799
	423,991
	383,205
	338,718
	434,292
	421,430
	393,954

	
	Areas: East Indian Ocean (R1); West Indian Ocean, (R2); Maldives baitboat (R2b).
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Fig.1. Annual catches of skipjack tuna by gear (1950–2015). Data as of October September 20176.

[image: ]

	

	Fig.2. Skipjack tuna: average catches in the Indian Ocean over the period 2012–15, by country. Countries are ordered from left to right, according to the importance of catches of skipjack reported. The red line indicates the (cumulative) proportion of catches of skipjack for the countries concerned, over the total combined catches of this species reported from all countries and fisheries.  Data as of October 2016.    	Comment by Francis Marsac: To be updated to include 2016 data
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Fig.3. Skipjack tuna: Catches of skipjack tuna by area by year estimated for the WPTT (1950–2015).   Areas: East Indian Ocean (R1); West Indian Ocean (R2); Maldives baitboat (R2b).  Data as of October 2016.










SUGGESTED CHANGE FOR FIG 4a-f (next page) : 6 maps for 1952-1979; 1980-2005; 2006-2010; 2011-2014; 2015; and last year reported in the dataset (e.g. 2016). This series would better depict the historical development (similar to the ICCAT report). Maps would use the same design (by gear) as the current set of maps.
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	Fig. 4(a-f). Skipjack tuna: Time-area catches (total combined in tonnes) of skipjack tuna estimated for the period 2006–10 by type of gear and for 2011–15, by year and type of gear. Purse seine free-schools (FS), Purse seine associated-schools (LS), pole-and-line (BB), and other fleets (OT), including longline, drifting gillnets, and various coastal fisheries. 
Catches of fleets for which the flag countries do not report detailed time and area data to the IOTC are recorded within the area of the countries concerned, in particular driftnets from I.R. Iran and Pakistan, gillnet and longline fishery of Sri Lanka, and coastal fisheries of Comoros, Indonesia and India.
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	Fig.4g - SKJ catches by LL fisheries, in number, average 1955-2017:
There are 130 strata (5° squares) with SKJ catches>10 individuals.





3- Skipjack tuna: dData availability and related data quality issues
Retained catches
· Retained catches are considered to be generally well known for the major industrial fleets, with the proportion of catches estimated, or adjusted, by the IOTC Secretariat relatively low (Fig.5a).  Catches are less certain for many artisanal fisheries for a number of reasons, including:  
· catches not fully reported by species;
· uncertainty in the catches from some significant fleets including the Sri Lankan coastal fisheries, and coastal fisheries of Comoros and Madagascar. 

Catch-per-unit-effort (CPUE) trends
· Catch-and-effort series are available for the various industrial and artisanal fisheries (e.g., Maldives pole-and-line fishery, EU-France purse seine).
However for a number of other important fisheries catch-and-effort are either not available (Fig.5b), or are considered to be of poor quality, notably:
· insufficient data available for the gillnet fisheries of I.R. Iran and Pakistan;
· poor quality effort data for the gillnet-longline fishery of Sri Lanka.  In previous years catch-and-effort has not been reported fully by area, or disaggregated by gear (i.e., gillnet-longline) according to the IOTC reporting standards – however in 2014 detailed information by EEZ area (for coastal fisheries) and grid area (for offshore fisheries) and gear was submitted to the IOTC Secretariat for the first time;
· no catch-and-effort data are available for important coastal fisheries using hand and/or troll lines, in particular Indonesia, India and Madagascar.
Catch coverage rate
· The catch coverage rate by gear is calculated as the sum of catch declared by time-area strata (C/E dataset), all countries combined, divided by the nominal catch declared for that gear. It is showed in Fig. 5d. The coverage rate for PS has been above 70% since 1985 when the fishery started to develop. The BB coverage rate has been above 60% for 1970-1993 and above 70% since 2004 onwards. No C/E was collected for BB during 10 years (1993-2003). The coverage rate for the other gears combined has substantially dropped since 2004 and has remained at very low levels (0.6 - 3.6%) since 2007, despite a tremendous increase of their catches (see Fig.1).

Fish size or age trends (e.g., by length, weight, sex and/or maturity)
· Average fish weight: trends in average weights cannot be assessed before the mid-1980s (Fig.6) and are also incomplete for most artisanal fisheries, namely hand lines, troll lines and many gillnet fisheries (e.g., Indonesia) due to paucity of size data (Fig.5c & 6).
· Catch-at-Size (and Age) table: are available but the estimates are uncertain for some years and fisheries due to:
· a general lack of size data before the mid-1980s, for all fleets/fisheries;
· lack of size data available for some artisanal fisheries, notably most hand lines and troll line fisheries (e.g., Madagascar, Comoros) and many gillnet fisheries (e.g., Indonesia, Sri Lanka) – although in 2014 Sri Lanka reported size information for gillnets for the first time since the early-1990s.
· for gears other than pole and line and purse seine, there is a huge discrepancy between the sampling effort (very few individuals measured for 1992-2010 and limited number since then) and the corresponding catches which started to peak off in the early 90s (see Fig. 1). This is well illustrated by the trend in number of yellowfin sampled by gear (Fig.7)

Catch at length trends: are available for Purse seine free swimming school and purse seine FAD associated school length frequency distributions and total number of specimens sampled for lengths (Fig.7). 
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Fig.5a-c. Skipjack tuna: data reporting coverage (1976–2015).
Each IOTC dataset (nominal catch, catch-and-effort, and length frequency) are assessed against IOTC reporting standards, where: a score of 0 indicates the amount of nominal catch associated with each dataset that is fully reported according to IOTC standards; a score of between 2 – 6 refers to the amount of nominal catch associated with each dataset that is partially reported by gear and/or species (i.e., adjusted by gear and species by the IOTC Secretariat) or any of the other reasons provided in the document; a score of 8 refers to the amount of nominal catch associated with catch-and-effort data that is not available.

Data as of September 2016.
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Fig 5d. Coverage rate of C/E data by gear (ratio of C/E total against NC total)


[image: ]	Comment by Francis Marsac: This figure should start in 1980. It would provide a better resolution for the years with data. This is an excerpt of previous Fig 6, taking only the combined plot showing all gears


Fig. 6 – Average weight of yellowfin by gear, and for all gears combined
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Fig. 7 – Number of skipjack measured by gear 
(Source: IOTC dataset, except for purse seine where the European non-raised samples have been used)

4- Purse seine catches on drifting FADs and free schools

Catches by purse seiners at FADs have gradually increased since the middle of the 1980s. Initially, the floating objects were restricted to natural logs and human-made debris that were found drifting as purse seiners were searching free schools. Due to the high success rate on FADs (> 90%) compared to free schools (~50% or less), specific fishing tactics were developed on floating objects with the seeding of artificial rafts (drifting FADs, or dFADs) which have been further equipped with sophisticated instruments (transmitters, echo-sounders) whose data can be accessed remotely (radio or satellite link). Trend in FADs and free schools catches is shown in Fig. 8a and the proportion of FAD catches by country is shown in Fig. 8b  
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	Fig. 8a – Yearly SKJ catches on log/FADs and free schools by the purse seine fleets, 1980-2015
	Fig 8b – Proportion of log/FAD SKJ catches by country, 1985-2015




	Fig.6. Average weight of skipjack tuna (SKJ) taken by:
· Purse seine on free (top left) and associated (top right) schools, 
· Pole-and-line from Maldives and India (second row left), and gillnets from Sri Lanka, Iran, and other countries (second row right)
· All fisheries (bottom row left), and all fisheries and main gears (bottom row left)
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5- Trends in catch at size and length distribution

Fig.9 shows the length frequency distributions for purse seine free swimming schools and purse seine FAD-associated schools. Fig. 10 gives the catch at size for purse seine FAD and free school catches, and Fig 11 the catch at size for all gears. Such representation offers a direct and easy-to-read comparison between the various fishing modes or gears.



	
SKJ (PS Free-school): size (in cm)
[image: SKJ_PSFS]
	SKJ (PS Log-school): size (in cm)     
[image: SKJ_PSLS]

	
Fig.97. Skipjack tuna (purse seine):  Left: length frequency distributions for BET PS Free school fisheries (by 2 cm length class).   Right: Length frequency distributions for BET PS Associated (log) school fisheries (by 2 cm length class).  Source: IOTC database.





FIGURE TO BE INSERTED (SIMILAR TO FIG.11 IN YFT SUMMARY

Fig.10 – Catch at size for purse seine fleets, 1985-2015. The lines are the size interval (cm FL) and the columns represent the years. Red: FAD-associated catches; blue: free school catches. The circle size is proportional to the catches.


FIGURE TO BE INSERTED (SIMILAR TO FIG.12 IN YFT SUMMARY

Fig.11 – Catch at size for all gears, 1960-2015. The lines are the size interval (cm FL) and the columns represent the years. Black: purse seine; Red: pole and line; Blue: longline; Green: other gears. The circle size is proportional to the catches.

6- Skipjack tuna: tTagging data

· A total of 101,212 skipjack (representing 50.2% of the total number of fish tagged) were tagged during the Indian Ocean Tuna Tagging Programme (IOTTP). Most of them, 77.4%, were released during the main Regional Tuna Tagging Project-Indian Ocean (RTTP-IO) and were released around Seychelles, in the Mozambique Channel and off the coast of Tanzania, between May 2005 and September 2007 (Fig.12 & 138). The remaining specimens were tagged during small-scale tagging projects, and by other institutions with the support of IOTC, around the Maldives, India, and in the south west and the eastern Indian Ocean. 
· To date, 17,667 specimens (17.5% of releases for this species), have been recovered and reported to the IOTC Secretariat. Around 69.6% of the recoveries were from the purse seine fleets operating from the Seychelles, and around 28.8% by the pole-and-line vessels mainly operating from the Maldives. The addition of the data from the past projects in the Maldives (in 1990s) added 14,506 tagged skipjack tuna to the databases, or which 1,960 were recovered mainly in the Maldives.

	[image: skj]
Fig.128. Skipjack tuna: Densities of releases (in red) and recoveries (in blue). Includes specimens tagged during the IOTTP and also Indian Ocean (Maldivian) tagging programmes during the 1990s.
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Fig.13 – Tagging areas of the RTTP-IO for the 3 species of tropical tunas (2005-2007). Skipjack is shaded with medium-grey. Area of circles and pies are proportional to the number of fish tagged
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Fig.14 – Apparent movements of skipjack tuna between tagging and recovery locations. Upper left: fish tagged in the Mozambique Channel. Upper right: fish tagged in Seychelles in 2006. Lower left : fish tagged in Tanzania in 2007




7- Skipjack tuna – Effort trends
[bookmark: _Toc339239658][bookmark: _Toc339272333][bookmark: _Toc339239649][bookmark: _Toc339272324]Total effort from longline vessels flagged to Japan, Taiwan,China and EU,Spain by five degree square grid in 2014 and 2015 are provided in Fig.159, and total effort from purse seine vessels flagged to the EU and Seychelles (operating under flags of EU countries, Seychelles and other flags), and others, by five degree square grid and main fleets, for the years 2013 and 2014 are provided in Fig. 160. 
	[image: CE_LLEffort11]
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	Fig.159. Number of hooks set (millions) from longline vessels by five degree square grid and main fleets, for the years 2014 (left) and 2015 (right) (Data as of October 2016). Definition of fisheries:
· LLJP (light green): deep-freezing longliners from Japan
· LLTW (dark green): deep-freezing longliners from Taiwan,China
· SWLL (turquoise): swordfish longliners (Australia, EU, Mauritius, Seychelles and other fleets)
· FTLL (red) : fresh-tuna longliners (China, Taiwan,China and other fleets)
· OTLL (blue): Longliners from other fleets (includes Belize, China, Philippines, Seychelles, South Africa, South Korea and various other fleets)
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	Fig.106. Number of hours of fishing (Fhours) from purse seine vessels by 5 degree square grid and main fleets, for the years 2014 (left) and 2015 (right) (data as of October 2016). Definition of fisheries:	Comment by Francis Marsac: The PS effort should be represented by 1° square instead of 5°
· PS-EU (red): Industrial purse seiners monitored by the EU and Seychelles (operating under flags of EU countries, Seychelles and other flags)
· PS-OTHER (green): Industrial purse seiners from other fleets (includes Japan, Mauritius and purse seiners of Soviet origin) (excludes effort data for purse seiners of Iran and Thailand, and days-at-sea recorded for Australia)




8- Standardised catch–per–unit–effort (CPUE) trends
The CPUE series presented at the WPTT16 meeting in 2014 are detailed below:
1. EU,France purse seine CPUE from paper IOTC–2014–WPTT16–41 (Fig.171) which examined skipjack tuna CPUE trends using alternative indices from the EU,France purse seine logbooks.
[bookmark: Fig4]
Fig.117. Skipjack tuna: EU,France purse seine standardised CPUE series for skipjack tuna from 1984–13.

Maldives pole and line CPUE standardisation from paper IOTC–2014–WPTT16–42 (Fig.128) which provided a standardised CPUE series for the Maldives skipjack pole and line fishery from 2004 to 2012, including the reconstruction of historic CPUE until 1985. The CPUE indices for the Maldives are likely to provide a representative index of abundance only for the Maldives area. 
2. reconstruction of historic CPUE until 1985. The CPUE indices for the Maldives are likely to provide a representative index of abundance only for the Maldives area.
[bookmark: Fig5]
Fig.128. Skipjack tuna: Maldives pole-and-line nominal and standardised CPUE series for skipjack tuna from 2004–13.
3. European Union and Associated  purse seine CPUE from paper IOTC–2014–WPTT16–INF05 (Fig. 193) which examined skipjack tuna CPUE trends using alternative indices from the European Union and Associated purse seine logbooks.
[bookmark: Fig6][image: ]
Fig.139. Skipjack tuna: European Union and Associated purse seine nominal and standardised CPUE series for skipjack tuna from 1984–13.

STOCK ASSESSMENT
A last stock assessment for skipjack tuna was carried out during WPTT16 in 2014. The following was noted with respect to the SS3 modelling approach presented at the WPTT16 meeting:
· The runs with a high weighting of the tags showed bad fit to tagging data resulting in too many pessimistic results. Thus, an alternative grid that used the M (0.7, 0.8 and 0.9), and h(0.7,0.8 and 0.9), lower weighting of tags along with length composition and CPUE series was proposed and presented. 
· The model had issues with estimating MSY related to reference points.  C/CMSY was used as in previous assessments (although it should be noted there are concerns with the estimation of this value as well), for the Kobe trajectories. 
Some fishery indicators may indicate a lower MSY reference points than SS3, as follows:
· A decline of catches of large skipjack tuna in the last 10 years resulting in a decline of average weight observed for pole-and-line and purse seine fisheries;
· A decline of  FAD catch per set by purse seine, during a period of major increase in FAD seeding;
· A decline in the purse seine CPUE of free swimming schools skipjack tuna in most areas;
· A lesser proportion of skipjack tuna relative to other species in the FAD sets;
· There were still issues on the spatial complexity and the use of tags that needed to be further understood. The present model based on a single area does not take into account the complex movement patterns that have been observed from the tagged skipjack tuna recoveries. A new model structure based on MFCL/SS3 could be investigated in future years;
· Mixing rates need to be evaluated under a new model structure with more areas to avoid discounting the first three quarters, as this leads to eliminating more than 70% of the recoveries;
· There were concrens raised about the pole-and-line and purse seine indices of abundance used in the assessment;
· Thus, a stock trajectory based on Bt/B0 (with a reference at 40% as a proxy MSY as is used for other fisheries) along with a plot of the increasing fishing mortality, F as shown in Fig.1420, was agreed to be used.
Further analysis should be conducted or better indices of abundance should be developed.
· The grid based approach accounted for uncertainty in natural mortality, h, CPUE and growth, but for the future assessments models that estimate M within the model structure, and uses a wider range of precision in the variability of growth than the current estimate does (CV=0.2).
[bookmark: Fig8][image: ]
Fig.1420. Skipjack tuna: Top: relative fishing mortality over time. Bottom: BMSY/B0. Note, these figures were suggested as alternative figures for evaluation as FMSY is not estimated well, reference point 0.4B0 was suggested as a target and 0.2B0 as a limit for skipjack tuna by the WPTT.
The advice on the status of skipjack tuna in 2014 (Table 4) was derived from the grid agreed using an integrated statistical assessment method. 81 model formulations were investigated to ensure that various plausible sources of uncertainty were incorporated and represented in the final result. In general, the data did not seem to be sufficiently informative to justify the selection of any individual model, and the results are shown as a grid and the median value of the grid. The grid based approach covered the uncertainty in the assessment which is large.

[bookmark: Table9]Table 4. Skipjack tuna: Key management quantities from the SS3 assessment, for the Indian Ocean.**
	Management Quantity
	Indian Ocean

	2013 catch estimate
	424,580

	Mean catch from 2009–2013
	401,100

	MSY (1,000 t) (80% CI)
	684 (550–849)

	Data period used in assessment
	1950–2013

	FMSY (80% CI)*
	0.65 (0.51–0.79)

	SBMSY (1,000 t) (80% CI)
	875 (708.5–1,075)

	F2013/FMSY (80% CI)*
	0.42 (0.25–0.62)

	C2013/CMSY (80% CI)*
	0.62  (0.49–0.75)

	B2013/BMSY (80% CI)
	n.a.

	SB2013/SBMSY (80% CI)
	1.59 (1.13–2.14)

	B2013/B1950 (80% CI)
	n.a.

	SB2013/SB1950 (80% CI)
	0.58  (0.53–0.62)

	B2013/B1950, F=0 (80% CI)
	n.a.

	SB2013/SB1950, F=0 (80% CI)
	n.a.


* Not estimable accurately in SS-III as ascending limb missing from equilibrium yield curve. Instead the target proxy would be C2013/CMSY (80% CI) is 0.62 (0.49-0.75).
** Management quantities based on the catches as reported for WPTT16 in 2014.
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Model 1. West I.O. , all year	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	0.60478338550043398	0.67670342575096198	0.66911135822192602	0.61615850378137305	0.85042809063490898	0.57648612638143204	0.66714713586337004	1.2266300848831471	1.228952781210815	1.216510760481305	1.309488074386828	1.0975276493729751	0.95448836967433404	0.78761850305246495	0.80901571036250697	1.3333377155343951	0.88992387608544599	1.070599806187494	1.6383478791488431	1.43804549138233	1.316689110321976	1.3578731560161881	1.275724219617163	0.79306451562462998	0.97583657030524396	1.3086011072824091	1.08203001348088	0.90444899902365405	0.71788599444377299	0.60654158598678398	Model 4. North Equatorial, Jul-Nov	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	0.69188408473918905	0.79933317610522603	0.73117103492537305	0.72146308593655195	0.89056877184905203	0.68731064244843698	0.70989483483459803	1.1090620485902161	1.669042642086856	1.180377826898118	1.1551351031958801	1.0602461279536299	0.949302924714853	0.68227942306066502	0.65348819443144801	1.2125230858418681	0.84785772463908304	1.078933799757152	1.398748975225153	1.461963571378504	1.1510504859088471	1.576470872630982	1.3044570371125941	0.84044203015255403	1.2113668831228199	1.418802637158485	0.97833639758777802	0.80121314802296995	0.51418584357467501	0.513087586116449	Year

Standardized CPUE index 


Maldives fine scale atoll	2004	2004	2004	2004	2005	2005	2005	2005	2006	2006	2006	2006	2007	2007	2007	2007	2008	2008	2008	2008	2009	2009	2009	2009	2010	2010	2010	2010	2011	2011	2011	2011	2012	2012	2012	2012	1.0928339512206271	1.011029959613565	1.0944786162784339	1.3468606871293389	1.3193962920241611	1.220632995844926	1.3213819230310271	1.6260869224338499	1.3317891681927081	1.232098204331707	1.333793449910756	1.6413604941354121	0.93446442383156003	0.86451516960237695	0.93587075000208497	1.1516785277158801	0.94981341157440302	0.87871521018532395	0.95124283726867997	1.170595352321276	0.90068767638724201	0.83326677768852397	0.90204317009943602	1.1100504530929809	0.80294687727513903	0.74284235770364604	0.80415527556003397	0.98959003025778103	0.64665541026741002	0.59825007504233596	0.64762859705074505	0.79696897157694102	0.67713628266000903	0.62644930434853996	0.67815534176063397	0.83453505258050398	Maldives broad scale FAD	2004	2004	2004	2004	2005	2005	2005	2005	2006	2006	2006	2006	2007	2007	2007	2007	2008	2008	2008	2008	2009	2009	2009	2009	2010	2010	2010	2010	2011	2011	2011	2011	2012	2012	2012	2012	1.178970824864408	1.053256392171235	1.1665915025019651	1.4354686652529529	1.3322781776738279	1.185951370342478	1.311886380177846	1.627212400723772	1.4034804907684451	1.2725709435986401	1.401910998208618	1.726702278295065	0.98590653937138195	0.89252804924166795	0.98556410053199395	1.219040192582302	0.98226207794848097	0.88141934325559401	0.97807949921382098	1.233303135236848	0.91974353537480902	0.82548880098160504	0.91953075248118299	1.117029447151535	0.74049613208587906	0.65704762091529501	0.72728920111412199	0.91129105491531304	0.56929878987187899	0.51632427093717004	0.56524437973847896	0.698972689648792	0.62153042586265395	0.565026707618007	0.62138663464542299	0.76991619469650296	Maldives nominal	2004	2004	2004	2004	2005	2005	2005	2005	2006	2006	2006	2006	2007	2007	2007	2007	2008	2008	2008	2008	2009	2009	2009	2009	2010	2010	2010	2010	2011	2011	2011	2011	2012	2012	2012	2012	1.165735989833828	1.110769804130405	1.120452824200197	1.508768885145843	1.31694174750343	1.2766845183801581	1.299526821535848	1.6752343897481949	1.560261732512044	1.3711633689737159	1.425845028181234	1.9078634634563421	0.97900074648028901	0.86852801056243101	0.89013451284808198	1.166419021257983	0.94044476485171202	0.87477773146937499	0.87335471035366696	1.031681876636068	0.71884002231905597	0.66948487470673901	0.65309971376485898	0.94580536257929404	0.77978036015377405	0.77214536807282796	0.78125020296983705	0.95310954811346604	0.61919936111465901	0.54395511757113202	0.58457587794934596	0.76634257024932295	0.72050534416498402	0.62462454360108499	0.65461273639455797	0.849079048214189	Year

Scaled CPUE index

Page 21 of 21
image2.emf
0

50

100

150

200

250

300

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Total catch ('000 Mt)

Pole and line

Gillnet

Longline

Purse seine

Other


image3.png
Total catch (‘000 Mt)

100 -

90%
80 - 84%
76%
B Other gears (OT)
67%

60 - [ Purse seine (FS & LS)

B Pole-and-line (BB)
40 -
N I I I I

0

INDONESIA
MALDIVES
SRI LANKA
EU.SPAIN
I.R. IRAN
SEYCHELLES
INDIA

ALL OTHERS




image4.png
STOC
0toc
S00¢
000¢
S661
0661

[ East Indian Ocean (R1)

M West Indian Ocean (R2)
™ Maldives baitboat (R2b)

S861
0861
SL6T
0L61

S96T
0961
SS6T
0s6T

700

600 -

T T T T
o o o o
o o o

< ™ ~N

(WA 000,) Y23e2 [e30L

T
o
o
—

500




image5.png
Tmt 2006-2010

Fs 88

Ls ot





image6.png
Tmt2011-2011

Fs 88

Ls ot





image7.png
Tmt 2012-2012

Fs 88

Ls ot





image8.png
Tmt 2013-2013

Fs 88

Ls ot





image9.png
Tmt 2014-2014

Fs 88

Ls ot





image10.png
Tmt 2015-2015

Fs 88

Ls ot





image11.wmf
-

4

5

-

4

0

-

3

0

-

2

0

-

1

0

0

1

0

2

0

3

0

-

1

4

0

-

1

3

0

-

1

2

0

-

1

1

0

-

1

0

0

-

9

0

-

8

0

-

7

0

-

6

0

-

5

0

-

4

0

-

3

0

-

2

0

-

1

4

0

-

1

3

0

-

1

2

0

-

1

1

0

-

1

0

0

-

9

0

-

8

0

-

7

0

-

6

0

-

5

0

-

4

0

-

3

0

-

2

0

-

4

5

-

4

0

-

3

0

-

2

0

-

1

0

0

1

0

2

0

3

0

 SKJ LL 1955-2016                                 

2

0

0

 <0


image12.png
SKJ: NOMINAL CATCH DATA

8
@

8
<

8 © 8
] ]
(A 000,) y3e3 [RUILION

8
<

8
@

(41014

8002

002

0002

9661

661

8861

86T

086T

9L6T




image13.png
600

SKJ: CATCH-AND-EFFORT DATA

Q
=]
<

g ° 8
~ &

(4AI 000,) Yo3ed [eUIWION

400

600

(41014

8002

002

0002

9661

661

886T

86T

086T

96T




image14.png
600

SKJ: LENGTH FREQUENCY DATA

400

o =) o
54 S
~ B

(4AI 000,) Yo3ed [eUIWION

400

600

[4x04

8007

002

0002

9661

7661

8861

86T

086T

96T




image15.emf
IOTC Data reporting score:

By species By gear

0 0

2 2

4 4

Time-period Area

0 0

2 2

* E.g., Catch-and-effort not fully disaggreaged by species, gear, area, or month.

Time-period Area

0 0

2 2

* E.g., Size data not fully available by species, gear, gear, month, or recommended size interval.

Key to colour coding

0

Total score is 0 (or average score is 0-1)

Total score is 2 (or average score is 1-3)

Total score is 4 (or average score is 3-5)

Total score is 6 (or average score is 5-7)

Total score is 8 (or average score is 7-8)

Catch-and-Effort

*E.g., Catch assigned by species/gear by the IOTC Secretariat; or 15% or more of the catches remain under aggregates of species

Nominal Catch

Fully available according the minimum reporting standards

Partially available (part of the catch not reported by species/gear)*

Fully estimated (by the IOTC Secretariat)

Not available at all 8

Fully available according to the minimum reporting standards

Partially available according to the minimum reporting standards*

Low coverage (less than 30% of total catch covered through logbooks) 2

Not available at all 8

Size frequency data

Fully available according to the minimum reporting standards

Patially available according to the minimum reporting standards*

Low coverage (less than 1 fish measured by metric ton of catch) 2


image16.emf
0

10

20

30

40

50

60

70

80

90

100

19701972197419761978198019821984198619881990199219941996199820002002200420062008201020122014

Coverage  level (%)

PS BB Other


image17.png
——SKIJ - Pole and Line
——SKIJ - Free school

——SKIJ - Gillnet

——SKIJ - Associated school

-----SKIJ - All fisheries

Fetoz
Fotoe
F Looe
F vooe
F 100z
- 8661
F s66T
F 66T
" 6861
F 9861
Feg6T
F os6T
F et
F et
F et
F 8961
F s96T
F z96T
F 6561
F og6T
Fes6T
I og6T

(83)1yS1am uesy





image18.emf
0

20

40

60

80

100

120

140

160

180

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

No of fish measured (x 1000)

Baitboat Other Purse seine


image19.emf
0

20

40

60

80

100

120

140

160

180

200

1980 1985 1990 1995 2000 2005 2010 2015

Catch (x 1000 t)

Logs and FADs Free schools


image20.emf
0

20

40

60

80

100

1985 1990 1995 2000 2005 2010 2015

% of FAD catches

France Spain Seychelles All PS


image21.png
SKJ - Free school

< o

(83)1yS1am uesy




image22.png
SKJ - Associated school

o ~

(84) 1uSiam ueay

€10T
010T
L00T
00T
1002
8661
S66T
2661
6861
9861
€861
0861
LL6T
vL6T
6T
8961
596T
7961
6561
956T
€961
0561




image23.png
SKJ - Pole and Line

€10z
Fotoz
F 00z
F vo0z
F 100z
F 8661
F s66T
F z66T
" 6861
F 9861
F €861
F os6T
F et
F et
F et
F 8961
F 96T
F z96T
F 6561
F 9g6T
Fes6T
[ os6T

o ~

(83)1yS1am uesy




image24.png
SKJ - Gillnet

€10z
Fotoz
F 00z
F vo0z
F 100z
F 8661
F s66T
F z66T
" 6861
F 9861
F €861
F os6T
F et
F et
F et
F 8961
F 96T
F z96T
F 6561
F 9g6T
Fes6T
[ os6T

< o ~

(83)1yS1am uesy




image25.png
SKIJ - All fisheries

A/V\/\,\/V

o ~

(83)1yS1am uesy





image26.png
1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2008

2007

2008

2008

2010

2011

2012

2013

2014

2015

20

40 60 80

100





image27.png
1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

2008

2007

2008

2008

2010

2011

2012

2013

2014

2015

80

100





image28.png
SKJ

20 40 60 80 100 120 140




image29.jpg
2%

20

-2

-40 -50 -60 -10 -80
L if 1 1] L Il i) L Ll 1 L1 L L 1 | L = | L1 L L 1 L L Ll 1 ] L 1SS L 1 if 1 L1
il kS ;&2 4 L
] /} \3\ S N i
Japo

- i @ e %
- © |
- i o} |
1 @ ., L
7 g \f‘j
] s L
- CE |
] ol r
] ol "
1 °0" L
] ) L
-30 -40 -50 -10 -80

-60
¥FT @aa 6000

SKJ

%

20

-20




image30.jpg
20°S

z
&5
I3




image31.jpg
0
20°S

z
&5
I3




image32.jpg
0
20°S

z
&5
I3




image33.png
Teffort 2014-2014
P

A SWLL

ot

)
®
S
®
@

- QQ0e e -
- Qoo e .-





image34.png
Teffort 2015-2015
e

(Y e

oL

o





image35.png
Teffort 2014-2014
PS-EU

PS-OTHER





image36.png
Teffort 2015-2015
PS-EU

PS-OTHER





image37.png
= = = lower

Standardised CPUE series

[ €100
| z10e
|10z
| o0z
| 600z
| 800z
| o0z
| 900z
| so0c
| vo0e
| €00z
| 200e
| 100c
| oo0c
| 6661
| 8661
| 661
| 9661
| s661
| t661
| €661
| 2661
| 1661
| 0661
| 6861
| 8861
| 1861
| o861
| ss61
| 1861

12

0.2





image38.emf
0

0.1

0.2

0.3

0.4

0.5

0.6

1950 1960 1970 1980 1990 2000 2010

Year

Relative F

0

0.2

0.4

0.6

0.8

1

1.2

1950 1960 1970 1980 1990 2000 2010

Ratio

Year

B

t

/B

0


image1.png
W Purse Seine-FS
1 Purse Seine-LS

M Gillnet

700

600

ST0C
(1014
500¢
000z
S66T
0661
S861
0861
SL6T
06T
S961
0961
SS6T

M Others (Trolling, Handline etc.)

7 Pole-and-line

0S61
o o o o
S & o o
wn < ) I3

100

(3N 000,) yozed |er0)




