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in order to confirm the fishery’s eligibility for the participation in the ARTESMAR® program.  

© All rights reserved. Blueyou Consulting LTD / Zürich Switzerland. June 2013 

  



 
ARTESMAR® Technical Fishery Profile:   Yellowfin Tuna / Philippines  / Handline Single Hook   2 
 

CONTENTS  

1 DEFINITION OF ASSESSMENT UNIT, TARGET AND BY-CATCH SPECIES 3 

1.1 Fishery 3 

Yellowfin Tuna Fisheries in the WCPO 3 

Handline Philippines Fleet and Landing Sites 4 

Fishing Method 5 

1.2 Target and other Retained Species 7 

Yellowfin Tuna (YFT) 7 

Bigeye Tuna (BET) 9 

Mahi Mahi 10 

2 DATA IN REFERENCE TO ARTESMAR® CRITERIA OF ELIGIBILITY 10 

2.1 Fishing Community (Social Issues) 10 

Criterion E 1: Information about Fishery Type 10 

Criterion E 2: Food Security 10 

2.2 Fishery Impact on Stock Status 11 

Criterion E 5: Extinction Risk 11 

Criterion E 6: Reproduction and Recruitment of affected Stocks 11 

Criterion E 7:  Status of Target Stocks 12 

2.3 Impact through Gear Selectivity 16 

Criterion E 10: Target Species Selectivity 16 

Criterion E 11: Habitat and Ecosystem Impacts 20 

2.4 Fishery Management 20 

Criterion E 13: IUU 20 

2.5 Supply Chain 20 

Criterion E 17: Identity of Species 20 

Criterion E 18:  Traceability 20 

3 REFERENCES 21 

 

  



 
ARTESMAR® Technical Fishery Profile:   Yellowfin Tuna / Philippines  / Handline Single Hook   3 
 

1 Definition of Assessment Unit, Target and By-Catch Species 

1.1 Fishery 

Yellowfin Tuna Fisheries in the WCPO 
Yellowfin tuna (YFT) stocks of the Western Central Pacific Ocean (WCPO) are caught mainly by industrial 

distant-fleet fisheries operating in the high sea pockets of the Central Pacific (Fig. 1) and by national and 

international fleets operating within the territorial waters of the Philippines, Indonesia, Malaysia, Vietnam, 

China, Papua New Guinea and the countries constituting the Nauru agreement. 

 

 

 
Figure 1: Distribution of cumulative WCPFC yellowfin tuna catch from 2000-2009 by 5 degree squares of latitude and longitude and fishing 

gear; longline (green), purse-seine (blue), pole-and-line (red) and other (including Indonesia and Philippines handlining, yellow). The grey 

lines indicate the spatial stratification of the assessment models (Davies et al. 2014) 

 

 
 

The annual YFT catch in the WCPO increased from 100’000 mt in 1970 to about 550’000 mt in recent years, 

with the exception of a record catch of 650’000 mt in 2008 (Fig. 2). Purse seiners harvest the majority of the 

YFT catch (61% in 2012), while the longline fleet accounted for 16‐20% of the catch in recent years, primarily in 

the equatorial regions (Fig. 1). The remainder of the catch is dominated by the domestic fisheries of the 

Philippines and Indonesia, principally catching smaller fish using a variety of small‐scale gear types (e.g. 

pole‐and‐line, ringnet, gillnet, handline and seine net) but also including small to medium sized purse seiners 

based in those countries and catching fish of sizes more typical of purse seine fisheries elsewhere. YFT usually 

represent 20–25% of the overall purse‐seine catch and may contribute higher percentages of the catch in 

individual sets. Yellowfin tuna is often directly targeted by purse seiners, especially as unassociated schools 

which accounted for 48% of the recent (2005–09) yellowfin purse‐seine catch. 
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Figure 2: Distribution of cumulative WCPFC yellowfin tuna catch from 2000-2009 by 5 degree squares of latitude and longitude and fishing 
gear; longline (blue), purse-seine (green), pole-and-line (grey) and other (principally Indonesia and Philippines, including handlining, dark 
orange). The grey lines indicate the spatial stratification of the assessment models (Langley et al. 2011). 
 

Small-scale handline fisheries are common in Indonesia and the Philippines and can be expected, at least for 

the smaller vessel sizes, to fish in ‘coastal’ waters. YFT is caught along the Philippine coast in FAO 71 in almost 

all waters surrounding it, the Southern China sea, the western central Pacific, the Celebes Sea and in inner 

waters between Philippine Islands. According to the UNCLOS 19721 any coastal state has sovereign rights over 

the continental shelf up to 200 nm for the purpose of exploring it and exploiting its natural resources. The 

municipal waters in the Philippines defined within 15 km from the general coastline by the Republic Act RA 

7586. If not operating on a coast adjacent to internal Philippine waters, the artisanal fleet might also operate 

beyond municipal waters.  

 

Handline Philippines Fleet and Landing Sites 
Artisanal vessels are typically of 5 – 15 m LOA and do fishing trips of usually 3-7 days. There are few larger 

vessels of 15 –20 m LOA, using handlines that stay up to 2 weeks at sea per fishing trip. The vessels operate all 

around the Philippines coasts, concentrated in various areas of frequent tuna abundance. ARTESMAR will work 

in the following major fishing grounds and landing areas:  

 Quezon & Infanta (Luzon; Pacific Coast) QUE 

 Mindoro Occidental (South Chinese Sea Coast) OCM 

 Albay (Luzon; Pacific Coast) ALB 

 Antique (Visayas) ANT 

 Eastern Samar (Eastern Visayas) EAS 

 Palawan PAL 

 Batangas BAT 

 Subic (Luzon Chinese Sea Side) SUB 

 Negros Oriental NEO 

 Zamboanga ZAM 

                                                                 
1 http://www.un.org/Depts/los/convention_agreements/texts/unclos/part6.htm 

http://www.un.org/Depts/los/convention_agreements/texts/unclos/part6.htm
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Figure 3. Fishery engagement areas and landing sites for the ARTESMAR fishery program for Yellowfin Tuna in the 

Philippines (Project Status 2014) 

Fishing Method 
Large Yellowfin tuna are caught using handlines from about 100m of monofilament fishing line (80lbs to 

200lbs). One end of the line has a small barbed hook while the other end is attached to a nylon rope (10mm 

diameter). A major innovation by the local fishermen is the drop-stone technique (Fig. 3): A single baited hook 

is coiled together with a stone of 1-3kg. Once the bait reaches the swimming layer of the larger tuna (which is 

variable but usually at about 50-200m depth), the stone is released by a sudden pull (Dickson and Natividad 

2000). The fishermen usually fish at “payaos”, the Philippine name for small anchored FADs, or drift in the 

current by attaching a few palm leaves to the boat, having the same effect of aggregating the fish as has the 

“payao” (Dickson and Natividad 2000). Another baiting technique is putting squid or octopus ink inside a 

punctured small plastic bag together with the bait (Fig. 3). Thus the tuna are attracted by the released ink 

(Dickson and Natividad 2000). 

Typically the fishing operation may last from 1 to 5 days and up to 8 handlines are operated simultaneously 

depending on the size of the boat. Once the fish is on the water next to the boat it is gaffed and pulled on 

board where it is ideally quickly killed, gutted, cleaned and put in ice or slurry ice.  

Baits are caught during the fishing trip close to the surface by hand-nets and are attracted by light during night. 

The bait species consist of squids and other species such as scads (Decapterus spp.), short mackerels 

(Rastrelliger spp.), sardines (Sardinella spp.), flying fish (Cheilophogon unicolor), or beltfish (Trichiurus letpurus) 

that are attracted by light (Fig. 4). Fishing effort is usually substantially reduced during the week of full moon, 

considered as the fisherman’s holiday. This behavior is not well understood but the major reason might be that 

the light attraction in bait fishing is less efficient during full moon. Due to the same reasons, fishing 

predominantly occurs at night: bait fishing is more effective during night time due to light attraction, and the 

targeted tuna are hunting closer to the surface. 

Seasonal patterns of fishing depend on the location, experience of the fishermen and furthermore on weather 

conditions and might therefore vary across areas.   
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Handline Fishing Gear Drop stone with bait (squid) and squid ink bag 

  

Drop stone with single hook Circle hook for large-sized YFT 

  

Jigs used as bait to catch squid as live bait for tuna Catching of YFT during night 

  

Figure 4: Photographs taken during visits of fishing trips illustrating the fishing technique used, the handline  vessels and the 

landing sites.  
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Landing of tuna after fishing trip Typical Filipino small-scale handline vessel to catch tuna 

  
Figure 4 cont: Photographs taken during visits of fishing trips illustrating the fishing technique used, the handline  vessels and the 

landing sites.  

 

1.2 Target and other Retained Species 
The fishery targets large-sized tuna that can be sold and exported to international markets. Of the large- sized 

tuna species it captures and retains only yellowfin tuna (YFT) and bigeye tuna (BET), but YFT is much more 

abundant and the fishery is therefore called “handline yellowfin tuna fishery”. But it might capture also any 

other larger fish that is able to get baited on the large hook. In principle any species that can be sold is retained 

by the fishery and practices of discarding are not known. The second most abundant species observed at 

landing sites is dolphinfish (Coryphaena hippurus, local name “mahi mahi”). Also rainbow runners (Elagatis 

bipinnulata) and opahs (Lampris spp.) were rarely observed at landing sites. But these latter species are 

unlikely caught by the handlining technique targeting the swimming layer of larger tuna and are caught during 

daytime by trolling and jigging so do no strictly belong to the UoA. 

 

TARGET SPECIES 

Common name Latin name Size range Average size Catch contribution 

(in weight) 

Yellowfin tuna Thunnus albacares 25-120 kg 45 kg 90 – 95% 

BYCATCH SPECIES 

Common name Latin name Size range Average size Catch contribution 

(in weight) 

Bigeye tuna Thunnus obesus 25kg-150 kg 50 kg 1-5% 

Mahi mahi* Coryphaena hippurus, 

C. equiselis 

10-30 kg 20 kg 1-5% 

 

 Table 2: Target and bycatch species that are deemed to belong to the UoA.  

*Mahi mahi is the most commonly observed species at landing sites except large tuna (YFT and BET), but is likely 

caught be a different handlining technique. 

Yellowfin Tuna (YFT) 
Yellowfin tuna are distributed throughout the tropical and sub-tropical waters of the Pacific Ocean. However, 

there is some indication of restricted mixing between the western and eastern Pacific based on analysis of 

genetic samples (Ward et al. 1996) and tagging data. Adults (larger than about 100 cm) spawn, probably 

opportunistically, in waters warmer than 26°C (Itano 2000), while juvenile YFT are first encountered in 
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commercial fisheries (mainly surface fisheries in Philippines and eastern Indonesia) at several months of age 

(Lehodey and Leroy 1999). 

YFT are relatively fast growing, and have a maximum Fork Length (FL) of about 180 cm. The growth of juveniles 

departs from von Bertalanffy type growth with the growth rate slowing between about 40 and 70 cm FL. There 

is some indication that young YFT may grow more slowly in the waters of Indonesia and the Philippines than in 

the wider area of the WCPO (Yamanaka 1990, Langley et al. 2007). On the other hand, the growth rates from 

the WCPO MFCL model are more consistent with the growth rates determined from daily growth increments 

from a collection of otoliths collected from a broad area of the equatorial WCPO (Lehodey and Leroy 1999, Fig. 

5). The natural mortality rate is strongly variable with size, with the lowest rate of around 0.6-0.8 yr
-1

 being for 

pre-adult yellowfin of 50-80 cm FL (Hampton and Fournier 2001). Tag recapture data indicate that significant 

numbers of yellowfin reach four years of age. 

There is uncertainty about the onset of maturation of YFT, much of it stems from the variability in growth rates. 

Maturation analysis indicates that 50% of YFT have reached maturity at a size of about 98cm (Itano, 2000, Fig. 

6) Depending on the assumptions on growth, this size might be reached in about 1.5 years (6 quarters, 2006 

MFCL) or in about 2.5 years (10 quarters, Yamanaka, 1990). Otolith analysis also suggests faster growth rates 

and thus 50% maturity before the age of 2 (Lehodey and Leroy 1999). 

 
Fig. 5: A comparison of yellowfin tuna  growth estimated from WCPO and 2007 region 3 MFCL models and the results from ageing 

studies using otolith daily increments. Age is given in quarters. 

 
Figure 6: Observed (bars) and predicted (triangles) percent of maturity length of female yellowfin taken by handline gear between 

50 and 150cm fork length sampled in the Philippines and Indonesia from Itano (2000).  
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Productivity attribute 
Vertebrates 

Score = 3 Score = 2 Score = 1 

Average age at maturity >15 yrs 5 – 15 yrs <5 yrs 

Average maximum age > 25 yrs 10 – 25 yrs <10 yrs 

Fecundity 100 eggs/yr 100-1000 eggs/yr NA 

Average maximum size >200cm 100 – 200cm <100cm 

Average size at maturity (non-deep sea 
species) 

>100cm 40-100cm <40cm 

Average size at maturity 
(deep sea species) 

> 60 cm 40-60 cm < 40 cm 

Reproductive strategy Live bearer Demersal egg layer Broadcast spawner 

Trophic level >3.25 2.75-3.25 <2.75 

Density dependence NA NA NA 

Table 3: Classification of life-history attributes of YFT as basis for a PSA 

Bigeye Tuna (BET) 
Bigeye tuna are distributed throughout the tropical and sub-tropical waters of the Pacific Ocean. There is little 

information on the extent of mixing across this wide area. Analysis of mtDNA and DNA microsatellites in nearly 

800 bigeye tuna failed to reveal significant evidence of widespread population subdivision in the Pacific Ocean 

(Grewe and Hampton 1998). While these results are not conclusive regarding the rate of mixing of bigeye tuna 

throughout the Pacific, they are broadly consistent with the results of SPC’s tagging experiments on bigeye 

tuna. Bigeye tuna tagged in locations throughout the western tropical Pacific have displayed movements of up 

to 4’000 nautical miles over periods of one to several years, indicating the potential for gene flow over a wide 

area (Langley et al. 2008); however, the large majority of tag returns were recaptured much closer to their 

release points. Also, recent tagging experiments in the eastern Pacific Ocean (EPO) using archival tags have so 

far not demonstrated long-distance migratory behavior (Schaefer and Fuller 2002) over relatively short time 

scales (up to 3 years). 

Bigeye tuna are relatively fast growing, and have a maximum fork length (FL) of about 200 cm. The growth of 

juveniles appears to depart somewhat from von Bertalanffy type growth with the growth rate slowing between 

about 40 and 70 cm FL (Lehodey et al., 1999a, Fig. 7), although this effect is not as marked as for yellowfin 

tuna. The natural mortality rate is likely to be variable with size, with the lower rates of around 0.5 yr
-1

 for 

bigeye >40 cm FL. Tag recapture data indicate that significant numbers of bigeye reach at least eight years of 

age. At a size of around 120cm BET can be expected to be 50% mature (Zhu et al. 2011). In combination with 

the assumed growth curve we might thus expect that 50% of BET will be mature at the age of 3.5 (14 quarters). 

 
Figure 7: Estimated growth of bigeye derived from the assessment model. The black line represents the estimated mean length (FL, cm) at 
age and the grey area represents the estimated distribution of length at age. 
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Productivity attribute 
Vertebrates 

Score = 3 Score = 2 Score = 1 

Average age at maturity >15 yrs 5 – 15 yrs <5 yrs 

Average maximum age > 25 yrs 10 – 25 yrs <10 yrs 

Fecundity 100 eggs/yr 100-1000 eggs/yr NA 

Average maximum size >200cm 100 – 200cm <100cm 

Average size at maturity (non-deep sea 
species) 

>100cm 40-100cm <40cm 

Average size at maturity (deep sea 
species) 

> 60 cm 40-60 cm < 40 cm 

Reproductive strategy Live bearer Demersal egg layer Broadcast spawner 

Trophic level >3.25 2.75-3.25 <2.75 

Density dependence NA NA NA 

Table 5. Classification of life-history attributes of BET as basis for a PSA. 

Mahi Mahi 
Common dolphinfish grow relatively fast (Beardsley 1967, Rose and Hassler 1968), mature early and may live 

up to a maximum of four years of age. Grow rates may differ geographically, but most studies indicate that 

dolphinfish reach 60-100 cm within one year and maturity is usually reached within the first 6 months of life 

(Massutí and Morales-Nin 1997, Oxenford et al. 1999, Sakamoto and Kojima 1999, Wu et al. 2001, Alejo-Plata 

et al. 2011). In the Strait of Florida, USA, the female common dolphin begins to mature at approximately 35 cm 

FL and reaches 100% maturity at a size of 55 cm FL, while for the males these sizes are shifted by about 8 cm. In 

a population off east Africa, both sexes reached maturity at a size smaller than 53.5 cm SL (Morrow 1954). 

Dolphin fish spawned throughout the year with reproductive activity peaking in February to March (Wu et al. 

2001). 

Productivity attribute 
Vertebrates 

Score = 3 Score = 2 Score = 1 

Average age at maturity >15 yrs 5 – 15 yrs <5 yrs 

Average maximum age > 25 yrs 10 – 25 yrs <10 yrs 

Fecundity 100 eggs/yr 100-1000 eggs/yr NA 

Average maximum size >200cm 100 – 200cm <100cm 

Average size at maturity (non-deep sea species) >100cm 40-100cm <40cm 

Average size at maturity (deep sea species) > 60 cm 40-60 cm < 40 cm 

Reproductive strategy Live bearer Demersal egg layer Broadcast spawner 

Trophic level >3.25 2.75-3.25 <2.75 

Density  
dependence 

NA NA NA 

Table 4. Classification of life-history attributes of Mahi as basis for a PSA Table X: 

2 Data in Reference to Artesmar® Criteria of Eligibility  

2.1 Fishing Community (Social Issues) 

Criterion E 1: Information about Fishery Type 
Little is known about the fleet composition of the Philippine handline fleet. Public data is not available and 

official data would be biased as only a minor fraction of vessels are registered (and licensed). Insider data 

collected during a previous attempt to build up a fishery improvement project for the handline tuna fishery in 

Mindoro occidental shows that there are 2338 fishermen and 1351 vessels, of which 88% motorized, involved 

in tuna handline fishing in this province (see Excel appendix “MIO_SCM_01Oct2011.xls” and 

“GoL_SCM_01Oct2011.xls” with fleet data for Mindoro and Albay respectively). Vessel length is 6.6m on 

average while 75% is below 7.3 m (see Excel appendix). 

Criterion E 2: Food Security 
The Philippines depend on fisheries as source of animal protein, which is not surprising given the ratio of 

coastline and land area. With a fish and seafood consumption of 30-60kg per capita and year, and >20% 
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contribution of seafood to animal protein supply (FAO 2012), the Philippines is among the countries of 

relatively high dependence on seafood. 

2.2 Fishery Impact on Stock Status 

Criterion E 5: Extinction Risk 

Yellowfin Tuna (YFT) 
Yellowfin tuna is assessed as “near threatened” (NT) by IUCN

2
. 

Bigeye Tuna (BET) 
Bigeye tuna is classified as “vulnerable” (VU) by ICUN3. The overall trend in the Western Central Pacific Ocean is 

that biomass declined rapidly during the 1950s and 1960s, was relatively stable through the 1970s and 1980s, 

and then declined steadily from 1990 onwards. Fishing mortality has increased steadily since the introduction 

of commercial fishing and currently exceeds the estimated FMSY, while the population is in an overfished state 

with biomass below BMSY and even below limit reference points (Davies et al. 2011, Harley et al. 2014). There is 

thus concern that the population steadily declines and is therefore classified as vulnerable by IUCN, but there is 

not yet a concern that its reproduction and recruitment is affected (see below). 

Mahi Mahi 
Mahi mahi is assessed as “least concern” (LC) by IUCN4. 

Criterion E 6: Reproduction and Recruitment of affected Stocks 
The target species is Thunnus albacares (YFT) with Thunnus obesus (BET) as a secondary target. Both species 

are continuous spawners and highly fecund (Itano 2000, Sun et al. 2006). Limit reference points are usually 

assumed by default at ½ BMSY. Since both stocks are currently estimated to be around BMSY (see following 

section), there is no concern that reproduction is unsafe. The model output in stock assessments however is 

highly sensitive for the steepness in the assumed stock-recruitment relationship: using lower values of 

steepness results in less optimistic conclusions (see relationship in Fig. 8 and 9). Hence, since the argument of 

using BMSY for the safety of reproduction depends on the assumption on reproduction itself, which is uncertain, 

one might argue that this justification is tautological. 

Yellowfin tuna (YFT) (Target Species) 
The YFT stock is estimated at or above BMSY for all evaluated model assumptions in the current assessment. 

Since the point where recruitment would get affected can be assumed significantly below this point, it is 

unlikely that reproduction is unsafe in any way. 

Bigeye tuna (BET) (By-Catch) 
For BET as the most critical bycatch species it is uncertain if the stock is already in an overfished state. 

However, the recruitment in recent years seems to have been strong and does not reveal a decrease with stock 

biomass (Davies et al., 2011). In contrast it reveals an inverse relationship of recruitment and biomass (Fig. 9). 

The increased recruitment is due to other factors than the decreasing biomass, but given this pattern it appears 

unlikely that reproduction has already become unsafe. 

Mahi Mahi (By-Catch) 
There is no stock assessment for Mahi mahi in the Pacific.  Given its fast growth, early maturation and high 

fecundity (see table 4), there is no concern that reproduction of this stock could be impaired by the tuna 

handline fishery. 

 

                                                                 
2 http://www.iucnredlist.org/details/21857/0 
3 http://www.iucnredlist.org/details/21859/0 
4 http://www.iucnredlist.org/details/154712/0 

http://www.iucnredlist.org/details/21857/0
http://www.iucnredlist.org/details/21859/0
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Figure 8: Stock-recruitment relationship assumed in the stock assessment model for YFT (Langley et al. 2012). 

 

 
Figure 9: Estimated relationship between equilibrium recruitment and equilibrium spawning biomass based on quarterly values in the stock 

assessment model for BET (Davies et al. 2011). 

Criterion E 7:  Status of Target Stocks   
The assessment outcome depends on the model assumptions, assessment models are sensitive to the 

parameters that are typically unknown and for which some value or a range of values has to be assumed, in 

particular to the steepness parameter assumed in the relationship of biomass and recruitment (see Figure 6 

above) and to the natural mortality estimate. 

Yellowfin tuna (YFT) 
Yellowfin tuna stocks were assessed by the WCPFC in 2007, 2009, 2011 and 2014. In the 2011 stock 

assessment, assuming a moderate steepness of 0.8 in the reference model, Fcurrent/FMSY was estimated below 1 

(0.56-0.90) and Bcurrent/BMSY above 1 (1.25-1.60) with Bcurrent representing about 50-55% of the equilibrium 

unexploited biomass (Langley et al. 2011). It could thus be concluded that overfishing was not occurring and 

the stock was not overfished (Fig. 8), although these reference points are pushed at the limits of their 

sustainable thresholds if another steepness parameter (i.e. 0.65) was assumed (Langley et al. 2011). The 

estimates of MSY for the principal model options (480’000-580’000 mt) are comparable to the recent level of 

(estimated) catch from the fishery (550’000 mt). Further, under equilibrium conditions, the predicted yield 

estimates (YFcurrent) are very close to the estimates of MSY indicating that current yields are at or above the 

long-term yields available from the stock. In the 2014 assessment additional spatial regions splitting region 3 in 

region 7 (including inland waters of Indonesia, Malaysia, Vietnam and the Philippines) and region 7 (including 

equatorial waters with high sea pockets of the WCPO, see Fig. 1), and catches from additional fisheries in 

Vietnam and Japan were included. For the most plausible range of models, the fishing mortality based 

reference point Fcurrent/FMSY was estimated to be below 1.0 (0.51-0.90) and the corresponding biomass based 
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reference point SBlatest/SBMSY is estimated to be above 1.0 (1.05-1.51, Davies et al. 2014). The estimates of MSY 

for the principal model options (526’400-744’800 mt) are comparable to the recent level of (estimated) catch 

from the fishery (597’000 mt), and for most of the plausible model runs the recent catch exceeded MSY (0.8-

1.13). Hence, the latest catches marginally exceed the estimated MSY but recent levels of fishing mortality 

were most likely below the level that will still support the MSY (Davies et al. 2014). 

 

Assessment 2011 Assessment 2014 

  

 

Figure 10: Temporal trend in annual stock status, relative to BMSY (x-axis) and FMSY (y-axis) reference points, for the model period for the 

base case models in 2011 (left panel) and 2014 (right panel) with steepness fixed at 0.80. The colour of the points is graduated from mauve 

(1972) to dark purple (2009 or 2011) and the points are labeled at 5-year intervals. The white circle / triangle representes the average for 

the current period and the black/purple circle the 2009 resp. 2012 value. 

 

Depending on the model assumptions and the interpretation a conservationist mind might therefore 

nevertheless come to the conclusion that the stock is overfished and that overfishing is occurring. The changes 

between the subsequent assessments are probably rather due to changes in the data and assumptions used in 

the model than due to population changes and/or reductions in fishery effort. If using different assumptions on 

the unknown parameters (i.e. steepness in recruitment, natural mortality, modeling of tagging data), the 

reference points would be pushed at its sustainable thresholds and it would be fair to say that the population is 

at the brink of overexploitation. 

In the sense of defending the artisanal handline fisheries facing industrial fisheries that compete for the same 

resource (but operate far offshore), it can be argued that the handline fishery would not be to blame, if the 

interpretation of the model would come to be that the stock is overfished at some point in the future, since it 

generates only a minor fraction to the total catch and therefore does not contribute to overfishing. Catch 

statistics indicate that the handline fishery for large-sized fish in the Philippines and in Indonesia (PH HL 3) with 

aggregated 10’000 – 20’000 t of annual catches only represent about 3-4% of the total 550’000 t of YFT 

catches, the rest being taken by purse seines and longlines (Langley et al. 2011). The figure from handlining 

fleets should however also be revisited: A data collection program in Indonesia shows that the total catches of 

YFT from handliners are around 60’000 mt alone in Indonesia (MDPI 2015). This would also include some 

catches from the Indian Ocean, but to a lower share. From insider information from the Philippine processing 

industry it can also be extrapolated that Philippine small-scale handline catches would be somewhere in the 

range of 10’000–20’000 mt. While the quality of these data sets might be debatable, they indicate that 

handline catches might be higher than assumed in the assessments. 
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In the 2014 assessment the assumed catches per fleet type are not given but the impact on the spawning 

biomass (by 1 – SBFcurrent/SBF=0 ) was estimated by fleet component in order to see which types of fishing activity 

have the largest impact on spawning biomass (Fig. 11). Within each region, the relative impacts of specific 

fisheries on spawning biomass vary depending on the scale of each fishery’s operation. In region 7, the 

Philippines / Indonesian / Vietnamese miscellaneous fisheries (including the handliners) have the greatest 

impact, whereas the associated purse seine fishery has the largest impact in regions 3, 4 and 8. The impact of 

the unassociated purse seine fishery has increased in recent years in region 8. In region 4, the purse seine 

fishery is responsible for most of the impact. 

 

 
Table 7: Annual catch by fishery for 2009 and the average for 2005-2009 from Langley et al. (2010). The two alternative catch histories for 

the industrial purse-seine fisheries are presented using corrected and uncorrected catches (in brackets). The catches from 2010 are not 

presented as they were considered to be incomplete. 

 

The recent overall fishery‐specific impacts on total biomass in the WCPO indicate relatively low impacts from 

the longline and pole‐and‐line fisheries, moderate but increasing impacts from the unassociated purse‐seine 

fishery and the highest impacts from the associated purse‐seine and the Philippines/Indonesian/Vietnamese 

domestic fisheries (Fig. 11). In areas where they operate, fisheries that catch small fish have a significant 

impact, and the impact of these fisheries can also be seen in areas that they do not operate, but at a much 
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lower level. Within the fisheries classified as “other (i.e. small‐scale gear types such as pole‐and‐line, ringnet, 

gillnet, handline and seine net, but also small to medium sized purse seiners catching fish of sizes more typical 

of purse seine fisheries elsewhere) the contribution of the impact of handliners might be deemed relatively 

low, because they are selective for large fish. While the Philippines/Indonesian/Vietnamese fisheries operate in 

region 7, they account for an appreciable level of the total impact in regions 3, 4, and 8. This is due to the direct 

movement of fish originating from region 7.   

 

 

Figure 11: Estimates of reduction in spawning potential due to fishing (fishery impact =  1 – SBFcurrent/SBF=0) 

for the WCPO attributed to various fishery groups for the reference case.  

 

Bigeye tuna (BET) 
Bigeye tuna might be understood as secondary target species of tuna handliners. Total and spawning biomass 

for the WCPO are estimated to have declined to about half of their initial levels by the mid-1970s, with total 

biomass remaining relatively constant since then. In the 2011 assessment an MSY level of 74’993 mt was 

estimated and catches were well above this threshold, mostly due to a combination of low recruitment and 

high fishing mortality (Davies et al. 2011). Fcurrent/FMSY was estimated at 1.42 indicating that a 30% reduction in 

fishing mortality was required from the 2006-09 level to reduce fishing mortality to sustainable levels (Davies 

et al. 2011). BET was thus subject to overfishing and that the population was deemed in an overfished state 

(Fig. 12) with current levels of catch that were not sustainable in the long term (Davies et al. 2011). The 2014 

draws a slightly better picture because recruitment has been generally above the estimated spawner 

recruitment curve during the more recent period (Harley et al. 2014). But still biomass was estimated below 

and fishing mortality above levels that would support MSY with SBcurrent/ SBMSY at 0.94 and Fcurrent/FMSY at 1.57 

(Harley et al. 2014). There are currently no agreed biomass-related target or limit reference points for any 

species, but 40-60% SBF=0 is a potential candidate for the target and 20% SBF=0 for the limit reference point 

under debate. The SBF=0 calculated for the period 2002-11 is the basis for the limit reference point and this is a 

spawning potential of 1’613’855 mt (Harley et al. 2014). SBcurrent (2008-11 average) is estimated at 322’771 mt 

and hence exactly that the limit reference point of 20% SBF=0. For 2012 biomass is estimated even lower, at 16% 

of SBF=0. The biomass levels are thus well below the range of potential biomass-related target reference points, 

and might even be below the limit reference point currently under consideration (Harley et al. 2014), while 

fishing mortality is still at levels that would not support MSY (Fig. 12). 
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Assessment 2011 Assessment 2014 

 
 

 

 
Figure 12: Temporal trend in annual stock status of bigeye tuna (BET), relative to BMSY (x-axis) and FMSY (y-axis) reference points, for the 

model period (1952–2006) from the base-case model (Davies et al. 2011). The colour of the points is graduated from mauve (1952) to dark 

purple (2006) and the points are labeled at 5-year intervals. 

Mahi Mahi 
There no stock assessment for Mahi mahi in the Indian Ocean. The productivity score is 1.666, the susceptibility 

score 2.1., the combined score is therefore PSA = 2.681. 

Since Mahi mahi are surface-dwelling fish, their encounterability can be expected relatively low for hooks set 

with the dropping stone technique, targeting the tuna swimming at a deeper layer. However Mahi mahi is 

often landed by handliners, but it remains unclear if they were caught with the same or different gear. The 

selectivity of the gear is assumed high.  

 

 

Low susceptibility (low risk, 

score: 1)  

Medium susceptibility 

(medium risk, score: 2)  

High susceptibility (high risk, 

score: 3)  

Availability – overlap of stock range 

with fishery  
<10% overlap  10–30% overlap >30% overlap  

Encounterability – habitat and 

depth check (scores vary by fishery)  
Low overlap with fishing gear  

Medium overlap with fishing 
gear  

High overlap with fishing gear  

Selectivity  n.a. n.a. n.a. 

Post-capture mortality (scores vary 

by fishery)  
Evidence of post-capture 
release and survival  

Released alive  
Retained species, or majority 
dead when released  

  

Table 8: Recent yellowfin tuna catches (mt) by fishery included in the stock assessment model in Langley et al. (2010). The annual 

catches are presented for 2010 and 2011 and the average annual catch is presented for 2007 -10. 

2.3 Impact through Gear Selectivity 

Criterion E 10: Target Species Selectivity  
Handlining for Yellowfin tuna is highly selective with little bycatch and it typically targets adult fish of >100 cm 

FL. There is no comprehensive data on species and size composition of this fishery using the handling technique 

targeting large tuna. There is some public data available for some landing sites in the Philippines; it appears 

that different handlining techniques are used in combination on the same vessel. However this assessment 

only refers to the single hook technique targeting the swimming layer of the larger sized tuna. In particular 

during daytime the same vessels might be trolling or jigging for surface dwelling species such as small tuna (e.g. 
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skipjack), coryphaenidae, billfish, swordfish, sailfish, etc. – this would however not refer to strictly the same 

UoA. 

In landing sites of Mindoro Occidental, Palawan and Infanta-Quezón, the handline landings normally only 

consisted of Yellowfin tuna (René Benguerel, pers. comm.). Only rarely bigeye tunas and mahi mahi were 

observed too. Other tuna species or sailfishes were never observed in these sites (René Benguerel, pers. 

comm.). While this is no proof for the claimed selectivity, the public data unlikely represents the handline catch 

from ARTESMAR landing sites and would thus first have to be evaluated by a sampling program. 

Generic information suggests that the percentage of tuna species in handline catches in the Philippines is of 

14% of the total catch volume (Gillet, 2011, Table 9). 

 

Table 9: Percentage of non tuna in the catch of different tuna fisheries worldwide. 

The handline fisheries in General Santos (Fig. 13) might be similar to the fisheries the ARTESMAR UoA refers to: 

Yellowfin (Thunnus albacares) comprised 80-90%, the rest was composed of bigeye (Thunnus obesus), 2-3%; 

albacore (Thunnus alalunga), 1-2% and other species, 8-17% as observed in the years 2007 – 2011 (WCPFC and 

BFAR 2012). The other species included marlins (Makaira mazara and Makaira indica), swordfish (Xiphias 

gladius) and sailfish (Istiophorus platypterus). Albacore catch is said to be seasonal, usually observed during the 

first and last quarter of the year (WCPFC and BFAR 2012). 

 
Figure 13: Percentage catch composition of handline vessels unloading in General Santos City Fishport Complex from 2007 -2011 
(WCPFC and BFAR 2012). 

However, at landing sites of fisheries in Mamburao, Infanta Quezon and Palawan, marlins, Swordfishes and 

sailfishes were almost never observed. Bicol has a seasonal fishery for Albacore but this fishery is likely also 

applying some other handlining technique. 



 
ARTESMAR® Technical Fishery Profile:   Yellowfin Tuna / Philippines  / Handline Single Hook   18 
 

A study on catch composition of landing sites in Palawan reports proportions of YFT in catches of 52-96%, 

depending on the port sampled, while skipjack tuna are also abundant (Itano and Williams 2009). A sampling 

program in Bicol found that 48% of the catch consists of yellowfin tuna, 35% of albacore and 5% of skipjack 

(West et al. 2011). As mentioned earlier, these reported percentages most likely represent different handlining 

techniques. Furthermore, the robustness of the sampling programs and the reliability of data appears doubtful 

as the obtained results usually represent extrapolations of samples based on quite uncertain assumptions 

which don’t take into account the seasonality of the fishery. The fishery in Palawan that seems to reflect the 

handling fishing targeting the swimming layers of large tuna referred to in this UoA seems similar to the one in 

PPC Fish port – Matahimik (probably only focusing on this technique): 96% YFT, 3% BET and about 1% others 

(Table 10). 

 

 

Table 10: Percentage of non tuna in the catch at PPC Fish port – Matahimik, Palawan. 

 

The handline-dropping stone technique, targeting the swimming layer of larger tuna is very selective for large 

sizes: The average weight in a small survey on tuna quality and treatment of 183 randomly sampled yellowfins 

showed an average size of 45kg (see Excel appendix “landing site sampling.xls” for randomly sampled YFT at 

landing sites in order to evaluate causes for quality in Mamburao, MIO, in March 2011).  

In General Santos City the size distribution of the catch of YFT and BET ranged from 51-200 cm, for YFT, the 

dominant length caught by handliners ranged from 91-100 cm and 111-120 cm, and 71-80 cm for BET (WCPFC 

et al., 2012, Fig. 14). For the Palawan fisheries the size range varied depending on the kind of handlining (Itano 

and Williams 2009). For the technique targeting the swimming layer of larger tuna, the mode of the size 

distribution of YFT was at 130cm (Fig. 15). 

 

 

 
Figure 14: Length distribution of yellowfin and bigeye tuna in handline landings in General Santos City (WCPFC and BFAR 2012) 
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Figure 15: Size composition of yellowfin tuna catch sampled from handline/hook-and-line vessels landing at Sta. Lourdes in 

Palawan (Itano and Williams 2009). 

 

For other findings of catch composition it appears that the data is not representative for handliners that 

specifically target large tuna with the dropstone-technique. If YFT catches are unsatisfactory during a trip, it is 

likely that the handline fishermen switch to other techniques such as surface trolling with which they would 

catch smaller pelagic species. By law, the catch of each trip should be registred with the Fish Catch Report 

(FCR), in practice however, this requirement is almost never implemented. Common practice is that exporters 

invent the FCR if they export to the EU, since this requires to present a documentation called Catch Certificate, 

which includes the FCRs from which the fishes in a shipment originate. In the realm of the ARTESMAR fishery 

improvement project FCR data, representing real landings, were collected at landing sites of the yellowfin tuna 

handline fishery in three provinces (Palawan, Mindoro occidental and Albay) since 2014 by site coordinators 

that were specifically appointed to this task. The data was input in digital format at the processor Meliomar Inc. 

and confirms the high selectivity for YFT in this fishery: YFT in these landings represented 89% in terms of 

numbers and 96% in terms of weight (Fig. 16). The next abundant species in these landings were mahi mahi 

(COR) and skipjack tuna (SKJ). 

 

 

  
Figure 16: Catch composition in terms of numbers and weight by species from FCRs created at landing in the realm if the realm of 

the ARTESMAR fishery improvement project. 

 

The data set also gave an indication of the Landings Per Unit Effort (LPUE) in terms of the weight landed per 

day at sea. The LPUE in this fishery fluctuated between 30 and 80 kg/day at sea. The time series (2 years) might 

be too short to reveal temporal patterns was, indicating that the LPUE is lower during the first few months of 

the year with peaks during summer and late fall (Fig. 17). 
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While the reliability of this data set is questionable, the information coincides with experienced observations of 

fishery stakeholders. 

Criterion E 11: Habitat and Ecosystem Impacts 
The fishing method does not interfere directly with marine habitats except for the dropping stones that will  

end up on the seafloor. The effect of these stones are unknown. 

2.4 Fishery Management 

Criterion E 13: IUU 
The management of tuna and tuna-like species in the Western Central Pacific Ocean (FAO area 71) is under the 

responsibility of the Western Central Pacific Fisheries Commission (WCPFC), established by the Convention for 

the Conservation and Management of Highly Migratory Fish Stocks in the Western and Central Pacific Ocean 

(WCPF Convention) which entered into force on 19 June 2004. The Philippines are a member of this 

Commission. Tuna stocks have been regularly assessed since the establishment of the commission, there is 

however no TAC or quota system in place. Fisheries governance within the EEZ is based on the Republic Act No. 

8550 - Philippine Fisheries Code  and its subsequent regulations, which includes provisions for the municipal 

small scale fisheries whereby the commercial fishing boat license shall be renewed every three (3) years. For 

reference see http://www.da.gov.ph/images/PDFFiles/LawsIssuances/RA/fishcode.pdf, Section 30. 

2.5 Supply Chain 

Criterion E 17: Identity of Species 
In the ARTESMAR fishery improvement scheme in the Philippines for Yellowfin Tuna, all tuna handled and 

procured for the referring supply chain are subject to a species identification check upon procurement by the 

buying stations in the landing sites. Only Yellowfin Tuna are allowed to enter into the ARTESMAR supply chain 

and are tagged with the ARTESMAR tuna ID N° as Yellowfin Tuna (YFT).  

Criterion E 18:  Traceability  
Every individual tuna is tagged with a security tag at the referring buying stations. The ARTESMAR tag 

incorporates a three digit code for the landing site and area of fishery improvement, a species identity code for 

Yellowfin Tuna (YFT) as well as a sequential number for each individual tuna (Tuna ID N°). The area codes were 

given in section 1.1.  

 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

1 2 3 4 5 6 7 8 9 10 11 12 

LP
U

E 
[k

g 
p

e
r 

d
ay

 a
t 

se
a]

 

Month 

http://www.da.gov.ph/index.php/laws-issuances/republic-act-and-proclamations/2783-republic-act-no-8550-philippine-fisheries-code
http://www.da.gov.ph/index.php/laws-issuances/republic-act-and-proclamations/2783-republic-act-no-8550-philippine-fisheries-code
http://www.da.gov.ph/images/PDFFiles/LawsIssuances/RA/fishcode.pdf


 
ARTESMAR® Technical Fishery Profile:   Yellowfin Tuna / Philippines  / Handline Single Hook   21 
 

3 References 
Alejo-Plata, C., Díaz-Jaimes, P., and Salgado-Ugarte, I.H. 2011. Sex ratios, size at sexual maturity, and spawning seasonality 

of dolphinfish (Coryphaena hippurus) captured in the Gulf of Tehuantepec, Mexico. Fish. Res. 110(1): 207–216. 
Elsevier B.V. doi: 10.1016/j.fishres.2011.04.008. 

Beardsley, G.L. 1967. Age, growth, and reproduction of the dolphin, Coryphaena hippurus, in the straits of Florida. Copeia 2: 
441–451. 

Davies, N., Harley, S., Hampton, J., and Mckechnie, S. 2014. Stock assessment of the yellowfin tuna in the Western and 
Central Pacific Ocean. West. Cent. Pacific Fish. Comm. WCPFC‐SC10. Available from 
http://www.spc.int/OceanFish/en/ofpsection/sam/sam/216-yellowfin-assessment-results#2014. 

Davies, N., Hoyle, S., Harley, S., Langley, A., Kleiber, P., and Hampton, J. 2011. Stock assessment of Bigeye tuna in the 
Western and Central Pacific Ocean. West. Cent. Pacific Fish. Comm. WCPFC-SC7-: 1–133. doi: 10.1093/her/cyt032. 

Dickson, J.O., and Natividad, A.C. 2000. Tuna fishing and a review of payaos in the Philippines. Bur. Fish. Aquat. Resour. 
BFAR Session 1: 141–158. Available from http://archimer.ifremer.fr/doc/00042/15284/12670.pdf. 

FAO. 2012. The state of world fisheries and aquaculture. Available from 
http://www.fao.org/docrep/016/i2727e/i2727e.pdf. 

Gillet, R. 2011. Bycatch in small-scale tuna fisheries. Food Agric. Organ. United Nations FAO fisher: 1–132. Available from 
http://www.fao.org/docrep/014/i2175e/i2175e00.pdf. 

Grewe, P., and Hampton, J. 1998. An assessment of Bigeye (Thunnus obesus) population structure in the Pacific Ocean, 
based on Mitochondrial DNA and DNA microsatellite analysis. SOEST 98–05, JIM: 1–34. 

Hampton, J., and Fournier, D.A. 2001. A spatially disaggregated, length-based, age-structured population model of yellowfin 
tuna (Thunnus albacares) in the western and central Pacific Ocean. Mar. Freshw. Res. 52: 937–963. 

Harley, S., Davies, N., Hampton, J., and Mckechnie, S. 2014. Stock assessment of bigeye tuna in the Western and Central 
Pacific Ocean. WCPFC-SC10-2014/SA-WP-01 (August): 1–115. Available from 
http://www.spc.int/OceanFish/en/ofpsection/sam/sam/212-bigeye-assessment-results#2014. 

Itano, D.G. 2000. The Reproductive Biology of Yellowfin Tuna (Thunnus albacares) in Hawaiian Waters and the Western 
Tropical Pacific Ocean : Project Summary. SOEST 00-01 JIMAR Contrib. 00-328 (Joint Inst. Mar. Atmos. Res. Univ. 
Hawaii, Honolulu): 69pp. 

Itano, D.G., and Williams, P.G. 2009. Review of bigeye and yellowfin tuna catches landed in Palawan, Philippines. West. 
Cent. Pacific Fish. Comm. WCPFC: 1–54. Available from http://www.wcpfc.int/doc/2009/review-bigeye-and-
yellowfin-tuna-catches-landed-palawan-philippines-2009-david-g-itano-and. 

Langley, A., Hampton, J., Kleiber, P., and Hoyle, S. 2007. Stock assessment of yellowfin tuna in the western and central 
Pacific Ocean , including an analysis of management options. WCPFC - West. Cent. Pacific Fish. Comm. Available from 
http://www.spc.int/OceanFish/en/ofpsection/sam/sam/216-yellowfin-assessment-results#2014. 

Langley, A., Hampton, J., Kleiber, P., and Hoyle, S. 2008. Stock assessment of Bigeye tuna in the Western and Central Pacific 
Ocean, including and analysis of management options. West. Cent. Pacific Fish. Comm. WCPFC-SC4-: 1–134. Available 
from http://www.wcpfc.int/doc/sa-wp-1/stock-assessment-bigeye-tuna-western-and-central-pacific-ocean-
including-analysis-manage. 

Langley, A., Herrera, M., and Million, J. 2010. Stock assessment of yellowfin tuna in the Indian Ocean using MULTIFAN-CL. 
Indian Ocean Tuna Comm. IOTC WPTT-23(October): 1–72. Available from 
http://www.iotc.org/files/proceedings/2010/wptt/IOTC-2010-WPTT-23.pdf. 

Langley, A., Herrera, M., and Million, J. 2012. DRAFT: Stock assessment of yellowfin tuna in the Indian Ocean using 
MULTIFAN-CL. Indian Ocean Tuna Comm. IOTC WPTT14-38: 1–79. Available from 
http://www.iotc.org/files/proceedings/2012/wptt/IOTC-2012-WPTT14-38.pdf. 

Langley, A., Hoyle, S., and Hampton, J. 2011. Stock assessment of Yellowfin tuna in the Western Central Pacific Ocean. West. 
Cent. Pacific Fish. Comm. WCPFC WCPFC-SC7/: 1–132. Available from http://www.wcpfc.int/doc/sa-wp-03/stock-
assessment-yellowfin-tuna-western-and-central-pacific-ocean. 

Lehodey, P., Hampton, J., and Leroy, B. 1999. PRELIMINARY RESULTS ON AGE AND GROWTH OF BIGEYE TUNA (THUNNUS 
OBESUS) FROM THE WESTERN AND CENTRAL PACIFIC OCEAN AS INDICATED BY DAILY GROWTH INCREMENTS AND 
TAGGING DATA. West. Cent. Pacific Fish. Comm. Working Pa: 1–18. 

Lehodey, P., and Leroy, B. 1999. Age and growth of Yellowfin tuna (Thunnus albacares) from the western and central Pacific 
ocean as indicated by daily growth increments and tagging data. Secr. Pacific Community: 1–21. 



 
ARTESMAR® Technical Fishery Profile:   Yellowfin Tuna / Philippines  / Handline Single Hook   22 
 

Massutí, E., and Morales-Nin, B. 1997. Reproductive biology of dolphinfish (Coryphaena hippurus L.) off the island of 
Majorca (western Mediterranean). Fish. Res. 30: 57–65. 

MDPI. 2015. MDPI Annual Report 2015. Yayasan Masy. dan Perikan. Indones. Available from http://mdpi.or.id/. 

Morrow, J.E. 1954. Data on dolphin, yellowfin tuna, and little tuna from East Africa. Copeia 1: 14–16. 

Oxenford, H.A., Carolina, N., and Florida, E. 1999. Biology of the dolphinfish ( Coryphaena hippurus ) in the western central 
Atlantic : a review *. 63(1982): 277–301. 

Rose, C.D., and Hassler, W.W. 1968. Age and growth of the dolphin Coryphaena hippurus (Linnaeus) in North Carolina 
waters. Trans. Am. Fish. Soc. 97: 271–276. 

Sakamoto, R., and Kojima, S. 1999. Review of dolphinfish biological and fishing data in Japanese waters. Sci. Mar. 63: 375–
385. 

Schaefer, K.M., and Fuller, D.W. 2002. Movements , behavior , and habitat selection of bigeye tuna (Thunnus obesus) in the 
eastern equatorial Pacific, ascertained through archival tags. Fish. Bull 100: 765–788. 

Sun, C., Chu, S., and Yeh, S. 2006. The Reproductive Biology of Female Bigeye Tuna (Thunnus obesus) in the Western Pacific. 
West. Cent. Pacific Fish. Comm. WCPFC-SC2-: 1–23. Available from 
http://www.spc.int/DigitalLibrary/Doc/FAME/Meetings/WCPFC/SC2/SC2_BI_WP1.pdf. 

Ward, R.D., Elliott, N.G., Smolenski, A.J., and Grewe, P.M. 1996. Global population structure of yellowfin tuna , Thunnus 
albacares , inferred from allozyme and mitochondrial DNA variation ( x : x : Fish. Bull.: 566–575. 

WCPFC, and BFAR. 2012. Philippine tuna fisheries profile. Ocean. Fish. Manag. Proj. WPEA OFMP: 1–84. Available from 
http://www.sffaii.org/wp-content/uploads/2012/03/Philippine-Tuna-Fisheries-Profile.pdf. 

West, R., Palma, M.A., Barut, N., Garvilles, E., and Ayanan, D. 2011. Preliminary assessment of the handline (banca) fisheries 
in the Philippines. Canberra, ACT Aust. Cent. Int. Agric. Res. FIS/2009/0: 1–124. Available from 
http://ro.uow.edu.au/cgi/viewcontent.cgi?article=2197&context=scipapers. 

Wu, C., Su, W., and Kawasaki, T. 2001. Reproductive biology of the dolphin fish Corphaena hippurus on the east coast of 
Taiwan. Fish. Sci. 67(September 1997): 784–793. 

Yamanaka, K.L. 1990. Age, growth and spawning of yellowfin tuna in the southern Philippines. IPTP Work. Pap. 21: 1–87. 

Zhu, G.P., Dai, X.J., Song, L.M., and Xu, L.X. 2011. Size at Sexual Maturity of Bigeye Tuna Thunnus obesus (Perciformes: 
scombridae) in the Tropical Waters : a Comparative Analysis. Turkish J. Fish. Aquat. Sci. 11: 149–156. doi: 
10.4194/trjfas.2011.0119. 

 


