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ABSTRACT 

Indonesia currently has the largest longline fleet operating in the Eastern Indian 

Ocean. This fleet is one of the main suppliers of fresh tuna for the Japanese market 

and it fishes the only known spawning ground for southern bluefin tuna (Thunnus 

maccoyii). It is thus important to attempt to characterise the fishery and evaluate its 

impact. However, there is a shortage of detailed catch and effort information. Three 

sources of detailed catch and effort information exist for the fishery: i) a series of 

historical data from a single fishing company, ii) data collected by Fisheries High 

School students, and iii) data from a trial Observer Program. 

This study provides the first comprehensive. exploratory analyses of the three data 

sets, with a view to investigate, to the extent possible, the impact of Indonesian 

fishing activities on Indian Ocean tuna stocks. The results emphasize the deficiencies 

in the three data sets, and highlight the importance of formal data collection 

protocols, particularly for stock assessment. 

The results of each data set were integrated and compared to evaluate the consistency 

of the data sets and the relative merits of each in addressing different issues. The 

current data and other sources of information suggest that the fishery is highly 

variable and thus difficult to characterise, and there is some evidence that this may be 

more due to fleet inefficiency than the fishery operating in opportunistically. 

Improved data collection for the Indonesian longline fleet remains a priority and the 

ongoing observer program is of paramount importance. 
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A subsequent focus was to undertake a standardisation of the catch-per-unit-effort 

(CPUE) data in order to develop proxy abundance indices for the main tuna species 

by using the Observer Program data. As a long time series of Observer Program data 

is yet to be established, the aim was to develop protocols for ongoing monitoring and 

analysis, and providing a statistical modelling framework into which future data can 

be incorporated to provide an updated time series. 

A simulation model was developed to evaluate the minimum . monitoring 

requirements, under different conditions, for delivering data that best reflects the 

total catch and effort and the underlying stock abundance. For each scenario trialled, 
. ' 

various levels of coverage were examined, to evaluate the extent of spatial effort and 

catch coverage, and the difference between the estimated and true tuna catches. The 

results suggest that the fishery can be robustly represented by sampling at least 2% of 

the total sets (by assuming that a truly random sample can be obtained across all 

vessels). 

The three data sets suggest that the Indonesian fishery appears to typically target 

yellowfin tuna (Thunnus albacares), bigeye tuna (T. obesus) and albacore (T. 

alalunga), but show little consistency and may not be considered fully representative 

of the Indonesian lungline fleet. Despite the apparently highly variable nature of the 

fishery, the fact remains that Indonesia has the largest longline fleet operating in the 

Eastern Indian Ocean. The suggestion of fleet inefficiency is of concern in this 

context: if latent effort does indeed exist in the fishery, there is the potential to 

impact stocks even more than is indicated by current effort. Given the lack of 

conclusive evidence that can be drawn from currently. available information, the 

establishment of a robust data collection strategy (as informed by the -simulation 
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developed here), is of utmost priority, both to resolve the issue of the nature of the 

fishery and its level of efficiency, and to establish a robust CPUE time series. 
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CHAPTER 1: GENERAL INTRODUCTION 

1.1 Introduction 

Tuna (Thunnus species) are highly migratory species (Lee et al.,. 1999) and have high 

economic value in the world fish trade (Collette and Nauen, 1983, Hanamoto, 1987). 

In addition, due to the quality of their meat (FAO, 1997) tuna are in high demand 

globally (Lee et al., 1999). As a result, tuna are caught by many countries in the 

Indian, Pacific and Atlantic Oceans. Within the Indian Ocean, the majority of the 

tuna catch is not from local countries (including Indonesia), but from the distant 

water fishing nations of Japan, Taiwan and Korea (Lee et al., 1999). Japan 

commenced tuna longline fishing in the Indian Ocean in the 1950s (Okamoto et al., 

1998, Miyake et al., 2004, Lee et al., 2005) and began to catch yellowfin tuna, 

Thunnus albacares (YFT), around Indonesia in the same decade (Nakamura (1954) 

in Naamin, 1993). Korea began tuna longlining in the Indian Ocean in the 1960s 

(Naamin, 1993, Miyake et al., 2004, Lee et al., 2005). Taiwan commenced tuna 

longline operations in the Indian Ocean either in the mid-1950s (Lee et al., 2005, 

Chang and Liu, 2000) or the 1960s (Naamin, 1993, Miyake et al., 2004, Su et al., 

2008). Australian longlining began in the 1960s in the waters off New South Wales 

(Anon., 2008a). Similarly, Indonesia commenced its commercial tuna longline 

fishing in the 1960s (Simorangkir, 1982, Proctor et al., 2003), although others stated 

that the fishery began either in 1970s or 1980s (Marcille and Uktolseja, 1984, 

Marcille et al., 1984, Miyake et al., 2004, Lee et al., 2005). This thesis focuses on the 

Indonesian Indian Ocean tuna longline fishery operating out of Benoa Fishing Port, 

Bali. 
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Indonesia has the largest longline fleet operating in the Eastern Indian Ocean, with 

the number of active vessels in 2006 estimated by the Indian Ocean Tuna 

Commission (IOTC) at approximately 1000 (IOTC 20082
). Additionally, since 1993, 

Indonesia has been one of the largest tuna fishing nations in the Indian Ocean, having 

the 2nd-4thhighest annual catches by weight, comprising >100,000 tonnes of tuna and 

tuna-like species (Anon., 1999). The Indian Ocean Tuna Commission (IOTC) 

estimated that Indonesian longline catches between 1996 and 2000 were the highest 

in the Eastern Indian Ocean (354,522 tonnes, comprising 47.8% YFf, 35.5% bigeye 

tuna, Thunnus obesus (BET), 3.3% albacore tuna, T. alalunga (ALB), 4.3% southern 

bluefin tuna, T. maccoyii (SBT), 1.6% swordfish, Xiphias gladius (SWO), 4.9% 

other billfish and 2.6% other species), comprising about 44% of the estimated total 

longline catch in the Eastern Indian Ocean (Campbell, 2003). This catch was also the 

second largest (after Taiwanese longline) in the whole Indian Ocean, being around 

22% of the estimated longline catch in the Indian Ocean (Campbell, 2003). 

The Indonesian longline fishery is globally important from both an economic and 

environmental perspective. It is one of the main suppliers of fresh tuna for the 

Japanese market (Kakuchi, 1998) and it fishes the only known spawning ground for 

SBT, in waters south-east of Java (Caton, 1991, Caton, 1993, Safina, 2001, 

Polacheck, 2002, Anon., 2008d) (shown as the light blue-shaded area in Figure 1.1). 

Furthermore, the waters between Indonesia and Australia in the northeast Indian 

Ocean, including those within the respective EEZs, are known to be important 

spawning grounds for many of the commercial tuna and tuna-like species (Nishikawa 

et al., 1985). Thus, Indian Ocean tuna management cannot be optimal without 

2
Presentation by Herrera, M. (IOTC) at Steering Committee Meeting for Monitoring of Indonesia's 

Tuna · · , 
Fisheries, 27-28 May 2008, Jakarta 
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responsible management of Indonesia's tuna fi sheries. However, there is a shortage 

of detailed catch and effort information from Indonesia's Indian Ocean tuna fi sheries 

(Campbell, 2003 , Proctor et al. , 2003). 
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Figure 1.1 Map showing the distribution of the different life-history stages of 
southern bluefin tuna (Map credit: Bureau of Rural Sciences, Australia) (Meany, 
2001) 

To manage tuna and tuna like species in the Indian Ocean, two regional fisheries 

management organisations, the IOTC and Commission for the Conservation of 

Southern Bluefin Tuna (CCSBT) have urged Indonesia and other coastal states 

within the Indian Ocean to contribute responsibly to regional management by 

providing accurate catch and effort data (Proctor et al. , 2003). Catch-per-unit-effort 

(CPUE) is largely used to obtain proxy abundance indices (Polacheck, 1991 , 

Goodyear, 2003 ). Indeed, CPUE information obtained from industrial tuna longline 
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fisheries is the main source of abundance information used to inform stock 

assessments (Maunder and Punt, 2004, Maunder et al., 2006b, Ward and Hindmarsh, 

2007), since there are no fishery independent data available from Indonesia's Indian 

Ocean tuna fishery and in addition, independent data are impractical to collect 

(Bishop, 2006, Maunder et al., 2006b). Units of effort should be consistent in any 

CPUE-based assessment: the number of hooks set is always used to measure effort in 

tuna longline fisheries (Polacheck, 1991). 

Since April 1976, Indonesia, assisted by the United Nations Development 

Programme and Food and Agriculture Organization (FAQ) of the United Nations, 

has been implementing a national system of data collection and reporting of fisheries 

statistics - "Fisheries Statistics of Indonesia" (referred to here as "National 

Statistics") (for detailed description see Yamamoto (1980) and Proctor et al. (2003)). 

The main objective of this national system was to provide production estimates of the 

total fish catch, by species and by type of fishing gear for each province and for the 

nation as a whole. It was not originally intended that the national system would 

provide the type of data required for robust scientific stock assessment of fisheries. 

This system has continued to the present day and the data collected continue to form 

the basis of annual reporting of fisheries production by all levels of government 

(District, Provincial, National). Since 2000, the Directorate General of Capture 

Fisheries (DGCF), Ministry of Marine Affairs and Fisheries of the Republic of 

Indonesia has published national fishery statistics for Indonesia (prior to 2000, 

Indonesian fishery statistics were published by the Directorate General of Fisheries, 

Ministry of Agriculture). 
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Although the National Statistics data have been collected for three decades, the 

system has provided little effort information, apart from total numbers of fishers, 

total number of fishing trips per year, and total number of vessels by gear. Some 

inconsistencies have been found in the recording of vessel activity and registration 

which diminishes the accuracy of trip information (Proctor et al., 2003). 

Additionally, prior to 2006, the larger pelagic species were reported under an 

aggregated "tuna" category. In the fishery statistics database, tuna catch was 

recorded only as a combined weight and number of total tuna rather than as species 

specific data (e.g. 2002, tuna catch was 148439 tonnes). Different tuna species have 

different characteristics in terms of their behaviour, physiology, life history, 

spawning grounds and spawning season. In addition, their stock status differs. 

Therefore, the requirements and criteria associated with sustainable management for 

tuna will be different for individual species, requiring data analysis for each of the 

individual ·species of interest, as opposed to aggregated catch information. 

Production data for individual tuna species (and billfish species) have only been 

reported since 2006. However, effort information in terms of number of hooks 

remains unavailable, such that robust catch rates, and hence proxy abundance indices 

(as standardised catch rates) are unable to be calculated. Additionally, the National 

Statistics data is thought to underestimate the total catch (Proctor et al., 2003, 

Herrera, 2002). One of the sources of catch information for the National Statistics 

database is information obtained from fishing companies. This catch data is also used 

to determine the amount of tax ("retribusi") that must be paid by fishing 

companies/vessel owners, and as such, there has been incentive for some fishing 

companies to under-report catch (Proctor et al., 2003). The quality of data collected 

within the National Statistics database has also been compromised by limits on 
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human resources available at the primary levels of collection (i.e. local port authority 

and Regency level fisheries offices). As a consequence, the National Statistics data 

are viewed as having significant limitations as a reliable time series of total tuna 

catch. 

W ASKI ("Unit Pengawas Kapal Ikan" = Office for control and surveillance of 

fisheries vessels) is a government office in the Benoa Fishing Port that is under the 

Directorate General of Marine Resources and Fisheries Control. It has managed a 

logbook system for Benoa-based longline vessels since 1990s (WASKI, 2003). 

However, the information recorded in these logs is most often obtained from the 

vessel's agent or from the processing company, rather than from the vessel's skipper 

or fishing master (as it was intended) (Proctor et al., 2003). As a consequence, the 

catch information, in terms of catch composition and volume information, is 

frequently "coarse" and trip information is frequently inaccurate (Proctor et al., 

2003). 

In addition to the National Statistics data and the WASKI logbook data, Indonesia 

and Australia have collaborated on the collection of data since 1992, in a program of 

port-based monitoring, for landings of the tuna longline fleet in Benoa, Bali ("Benoa 

P01t-based Catch Monitoring Program") (Davis et al., 2003a). This has resulted in 

good quality information on Indonesia's Indian Ocean tuna longline fishery, 

including data on catch, catch composition, length frequency and vessel landing 

activities, and the collection of otolith samples. 

Neither of these three data sets contain spatial information or useful CPUE data, as 

the only available effort proxies are number of trips (from the National Statistics and 
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W ASKI logbook data, but inaccuracy of the trip information was highlighted) and 

number of landings (by number of vessels) (from the Benoa Port-based Catch 

Monitoring Program). Catch and effort (number of hooks) information is one of the 

requirements of IOTC under Resolution 98/01 on Mandatory Statistical 

Requirements for IOTC Members (IOTC, 2009) and CCSBT (CCSBT, 1994b) for 

managing its tuna stocks. In this context, the lack of effort data for the Indonesian 

tuna fisheries is an international concern. 

There have been some endeavours to address the shortage of CPUE information from 

the Indonesian Indian Ocean tuna fishery. These include collation of historical data 

from a fishing company, PT. Perikanan Samodra Besar ("PSB data"), collation of a 

large amount of catch and effort data that has been collected by Indonesian Fisheries 

High School studen~s ("FHS data") and data obtained following the commencement 

of a trial scientific Observer Program ("Observer Program data"). These data have 

been obtained from Berroa-based longline vessels, and are currently the only detailed 

catch and effort data sources available for this fishery. A comprehensive analysis of 

these data sets is imperative. However, each data set is lacking in various ways and 

there is limited temporal overlap between them. Within this thesis, exploratory 

analyses are undertaken on these data sets. Some limitations have been taken into 

account in investigating the above three data sets. There is an issue of data quality for 

the FHS data. The PSB data pertains to only one of the 30 fishing companies 

operating out of Benoa. The Observer Program data is currently limited in terms of 

the extent of spatial/temporal coverage. As such, no one of these data sets is 

adequately representative of the Indonesian Indian Ocean tuna longline fishery. 
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Previous studies on the PSB data have been conducted by Marcille et al. (1984 ), 

Gafa et al. (2000) and Eddrisea et al. (2008). Marcille et al. (1984) conducted 

analysis of the PSB data coilected between 1973 to 1981, whereas both Gafa et al. 

(2000) and Eddrisea et al. (2008) conducted analysis of the data between 1978 and 

1995. As PSB vessels only used surface longlines during 1973-1981 (the period of 

Marcille et al.'s (1984) study), investigations into changes in targeting via changing 

the number of hooks between floats (HBF) have never been undertaken. Thus, in the 

present study, investigation on how the PSB fleet has been changing, in terms of. 

fishing tactics and gear setting practices, as a response to their catch and their target 

species and how the PSB data can be used to quantify the impact of the Indonesian 

Indian Ocean tuna fishery on fishing stocks was conducted. Although the PSB data 

set used in this thesis is the same time-series data set analysed by Gafa et al. (2000) 

and Eddrisea et al. (2008), both previous studies are simple summary papers 

identifying spatial and temporal catch and effort trends from the data, whereas this 

thesis is attempting to interpret those features to the extent possible and place the 

interpretations from this data set in the context of those from the other two data sets 

(FHS and Observer Program data sets). · 

The three. detailed data sets were analysed in order to investigate any spatial

temporal catch and effort trends of the fishery and what factors may have caused the 

trends. It was then attempted to determine the extent to which the Indonesian tuna 

longline fishery can be characterised in terms of target species, targeting practices, 

and spatial and temporal fishing patterns based on the available data, by reconciling 

and integrating the results of separate exploratory analysis undertaken on the three 

detailed data sets. Despite a lack of temporal o~erlap between the data sets, the 

extent of consistency between the patterns observed within each will assist with 
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characterising the fishery and with determining the extent to which the data as a 

whole are representative of the entire fishery (for example, in terms of fleet 

coverage). 

The Observer Program data set was then used to obtain standardised CPUE indices 

as proxy indices of abundance, as this data set is the most detailed data available 

from the fishery. As the Observer Program only commenced in 2005, a long-term 

series of the Observer Program data is yet to be established. Thus, a long-term series 

of proxy abundance was not anticipated. Rather, the emphasis was on developing 

recommendations for ongoing monitoring and analysis, and providing a statistical v 

modelling framework into which future data can readily and rapidly be incorporated 

to provide an updated time series of standardised CPUE. Finally, simulation work 

was undertaken to determine the minimum observer coverage required to yield a 

representative sample of fishing activities of the Indonesian Indian Ocean longline 

fleet operating out of Benoa Fishing Port. 
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1.2 Research Aims 

This thesis sets out to address the following general aim: 

Improve our understanding about the potential impact of Indonesia's Indian 

Ocean tuna longline fishing activities. 

This can be expressed more specifically in terms of six specific objectives: 

1. Undertake exploratory analyses on data from the Indonesian Indian 

Ocean industrial tuna longline fishery based at Benoa Fishing Port (the 

PSB, FHS and Observer Program data). 

2. To the extent possible, obtain an understanding of the factors that may 

influence trends observed in· the Indonesian Indian Ocean industrial 

tuna fishery. 

3. Characterise the Indonesian Indian Ocean tuna longline fishery based 

at Benoa Fishing Port, in terms of target spec_ies, targeting practices, 

and spatial and temporal fishing patterns, to the extent possible given 

the available data. 

4. Establish a statistical modelling framework to estimate proxy 

abundance indices for the Indonesia's Indian Ocean industrial tuna 

longline fishery based at Benoa Fishing Port by eliminating 

confounding factors. 

5. Undertake a simulation exercise to determine the minimum observer 

coverage required to yield a representative sample of fishing activities of 

the Indonesian Indian Ocean longline fleet operating out of Benoa 

Fishing Port. 
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6. Make recommendations for the various data collecting processes (i.e. 

Fisheries High School and Observer Program) in order to improve the 

quality of data. 

1.3 Study Rationale 

There have been no previous comprehensive analyses of the three data sets that,have 

attempted to characterise the Illdonesian Indian Ocean tuna longline fishery in terms 

of target species, targeting practices and spatial and temporal fishing patterns. A 

comprehensive analysis on the three detailed data sets is imperative as Indonesia has 

the largest longline fleet in the Eastern Indian Ocean and its catches have been the 

2nd_4th highest catch by weight in the Indian Ocean. In addition, the Indonesia's tuna 

longlining effort has increased, but there has not been a corresponding increase in 

knowledge. More globally, an understanding of Indonesia's activities is required for 

sustainable management of stocks as a whole as was emphasised by regional 

organisations on tuna management in the Indian Ocean (explained more in Section 

1.7.2). Furthermore, Indonesia fishes on the only known SBT spawning ground. SBT 

is a highly vulnerable species of high value, and therefore it is important to 

understand Indonesia's impact on SBT. Indonesia is keen to demonstrate responsible· 

stewardship but lacks capacity, thus this pr~ject represents a direct effort to develop 

that capacity. 

1.4 Overview of the Three Most Detailed Data Sets 

The following three data sets, that form the basis for this thesis, are currently the only 

detailed catch effort data sources available for this fishery. All have been obtained 

from Benoa-based longline vessels. Each data set represents less than 16%- of the 
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total activity at Benoa Fishing Port (between 10% and 15% for FHS; <2% Observer 

Program). 

1.4.1 PSB Data Set 

PT. Perikanan Samodra Besar, an Indonesian tuna fishing company that commenced 

its first fishing operation in 1972 (Marcille et al., 1984, Proctor et al., 2003), has been 

collecting records of catch and effort information of its vessels since 1973 (Marcille 

et al., 1984). This company recently merged with three other Indonesian State-owned 

companies and now operates under the name PT. Perikanan Nusantara, however in 

this thesis it will continue to be referred to as "PSB". The PSB data is the longest 

time series catch and effort data available from the Indonesian industrial longline 

fishery, as PSB is the oldest Indonesian tuna fishing company that is currently active 

(Pet-Soede and Ingles, 2008) and the only fishing company, to our knowledge, that 

has kept long-term records of catch and operational data. Therefore, the PSB data is a 

valuable data source to help understand the historical catch and effort trends of 

Indonesian commercial tuna longline fishery. However, it should be emphasised that 

the PSB data is not representative of the entire longline fishery. There were 29 other 

!una fishing companies based in Benoa Fishing Port in 2007 (based on information 

provided by the Executive Director of Asosiasi Tuna Longline Indonesia in Kompas, 

29 March 2007 (Kompas, 2007)). 

The PSB data for the period 1978 - 1995 had earlier been entered into the Research 

Centre for Capture Fisheries (RCCF) database. It should be noted that there is no 

PSB data for 1986 in the database. This does not necessarily mean that no PSB 

longliners were active in 1986, but simply reflects a lack of information for that year 

(Gafa et al., 2000). PSB data recorded later than 1995 have yet to be processed, as 
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some of the symbols (codes) used by PSB skippers still require translation. The data 

set includes information on catch (number of fish), effort (including number of hooks 

between floats, number of floats and setting position) and water temperature for each 

longline set. Catch information were reported by species (in numbers), including the 

four main tuna species (BET, "'."Ff, ALB and SBT), and the main bycatch species 

(i.e. black marlin, Makaira indica (BLM), Indo-Pacific blue marlin, M. mazara 

(BLZ), striped marlin, Tetrapturus audax (MLS), SWO, Indo-Pacific sailfish, 

Istiophorus platypterus (SF A), white marlin, Makaira spp. (WM) and marlin, 

Makaira spp. (MR)). No information ,is available on bait type or gear configuration 

(other than that relating to numbers of hooks and baskets). 

1.4.2 FHS Data Set 

This data set has been collected by Fisheries High School (FlIS) students in 

Indonesia as part of their final year of training. As a prerequisite for graduation, the 

students must successfully complete a full fishing trip at sea aboard a longline vessel. 

There are over 20 Fisheries High Schools that provide training to students wishing to 

become fishers, sk~ppers, and fishing masters (Basson et al., 2007). Students 

predominantly undertook this training after their examination period, i.e. after July. 

This program was an initiative of W ASKI. 

It has been emphasised by the Manager of WASKI at Benoa, Mr Nengah Nesa, that 

the FHS Program was not designed nor intended to provide operational fisheries 

data, but was developed simply to fulfil a training requirement for the students 

(Basson et al., 2007). The students were not specifically trained as observers (e.g. 

given tuna identification skills) before they journeyed to sea and they were not 

equipped with Global Positioning Systems (GPS). As fishing ground locations are 
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highly confidential, there is the real possibility that skippers may have deliberately 

provided erroneous coordinates to students. As a consequence, there was wide 

variation in the quality and quantity of data recorded, which also reflected each 

individual's ability and motivation at sea, with the latter undoubtedly influenced by 

the student's susceptibility to seasickness. However, through this program, a large 

amount of catch and effort data has been collected. 

Compared to the other two detailed data sets (PSB and Observer Program data sets), 

the FHS data have the best spatial and fleet coverage, but the data were only 

collected within a restricted time of the year and tuna identification and fishing 

location were prone to observation error and uncertainty. 

FHS data from 2000 to 2007 were available for this study. Catch information was 

reported by species (in numbers), including for the four main tuna species (BET, 

ALB, YFf and SBT), and the main bycatch species (i.e. BLM, BLZ, MLS, SWO, 

SPA, WM, MR and longbill spearfish (Tetrapturus pfluegeri - SPF)). The first seven 

bycatch species mentioned were also recorded in the PSB data set. 

1.4.3 Observer Program Data Set 

In an effort to address the shortage of reliable CPUE information, and as a 

preliminary step to a broader observer program, Indonesia began to develop a trial 

Observer Program for the industrial tuna longline fishery based at Benoa Fishing 

Port, Bali, in mid 2005. This program was a collaboration between Indonesia's 

Ministry of Marine Affairs and Fisheries (MMAF) through the RCCF, and CSIRO 

Marine and Atmospheric Research (Australia), and was funded by the Australian 

Centre for International Agricultural Research (ACIAR) (project FIS/2002/074: 
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Capacity development to monitor, analyse and report on Indonesian tuna fisheries) 

(ACIAR, 2002). This project and associated Observer Program were ongoing at the 

time of writing. 

The trial Observer Program was designed to produce accurate catch and effort data 

from Indonesia's Indian Ocean industrial tuna longline fishery based at Benoa, and 

also to provide detailed information in terms of fishing activities and environmental 

conditions. This program is an extension of the Benoa Port-based Catch Monitoring 

Program which was initially established in 1992 for monitoring the SBT catch of 

Indonesia's longline fleet (Davis et al., 2003a, Davis and Andamari, 2003b) and then 

expanded in 2002 to monitor tuna (all species) and billfish catches landed at Benoa, 

Muara Barn (Jakarta), and Cilacap (Davis et al., 2003a, Proctor et al., 2006). 

The Observer Program data set is important for several reasons. This data set is 

currently the most detailed and most reliable data available from the fishery, in 

providing catch and effort data that should ultimately allow an improved 

understanding of the fishery. It includes detailed information on catch, including 

length information, fishing techniques (including targeting practices), and 

environmental factors. Whereas the other sources of data provide longer time series, 

the FHS data is prone to error and unce1tainty, and the PSB data is not sufficiently 

detailed and nor is it representative of the whole fleet. Currently the Observer 

Program data spans only four years, but as the time series develops, it will be the best 

source of data for recent fishing activity. However, it should be noted that the 

Observer Program data are not. yet representative of all industrial tuna fishing 

companies based at Benoa Fishing Port as only a few fishing companies are currently 

participating in the program. Also, the observed vessels were not chosen randomly, 
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but were largely determined on the basis of the voluntary participation of companies 

(i.e. their willingness to carry an observer on their vessels) and on vessel safety (the 

observers only go to sea on vessels that meet certain safety requirements). With only 

four years of data to date, it is currently difficult to discern temporal trends, but the 

exploratory analyses undertaken will hopefully form a template for future data 

interpretation. 

The Observer Program data from 2005 to 2007 were available for this study. Catch 

information was reported by species (in number), including for the four main tuna 

species (BET, ALB, YFf and SBT), and more than 30 bycatch species. The most 

dominant bycatch species reported included lancetfish (Alepisaurus spp.), oilfish 

(Ruvettus pretiosus), pelagic stingray (Dasyatis violacea), blue shark (Prionace 

glauca), sickle pomfret (Taractichthys steindachneri), swordfish (Xiphias gladius), 

crocodile shark (Pseudocarcharias kamoharai), skipjack tuna (Katsuwonus pelamis), 

common dolphinfish (Coryphaena hippurus), moonfish (Lampris guttatus) and black 

marlin (Makaira indica). 

1.5 Species of Interest 

The tuna species most commonly caught by Indonesian tuna longline vessels are 

BET, YFf, ALB and SBT (Proctor et al., 2003). SBT were caught by Indonesian 

longline vessels targeting YFf and BET south of Java and around the Lesser Sunda 

islands (DGCF et al., 2005), but it was found that few vessels were targeting SBT 

south of the SBT spawning grounds (south of 20°S) (Davis et al., 2005, Proctor et al., 

2007). The four tuna species were defined as highly migratory species under the 

1982 United Nations Convention on the Law of the Sea (Majkowski, 2007). These 

large pelagic fish are categorised as top predators within oceanic pelagic ecosystems 
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(Corbineau et al., 2008), such that exploitation may result in top-down effects on the 

food chain (Essington et al., 2002, Corbineau et al., 2008). In terms of tuna 

classification, Brill et al., (2005) suggested that classification using "tropical" and 

"temperate" terms should no longer be used, however, those terms are still 

commonly used (e.g. Anon (2008b), Anon (2008c)) Therefore, for the purpose of the 

following review of each tuna species those terms were used. Habitat, distribution, 

water temperature, stock structure, stock status, longline fisheries in the Indian 

Ocean, and Indonesian catch and markets for each of these species are briefly 

described below and summarised in Table 1.1. Information on Indonesian markets 

for each tuna species was obtained from analysis on Bali export data conducted by 

Davis and Andamari (2003a), as other export information was only available as 

aggregated data for the four tuna species combined. 

1.5.1 Bigeye Tuna (BET) 

Collette (1978) categorised BET as temperate species, whereas Song et al. (2009) 

categorised BET as a tropical species. However it is generally agreed that BET 

inhabit both tropical and temperate waters (Kume et al., 1971, Campbell et al., 2002, 

Miyake et al., 2004, Majkowski, 2007) between 40°N and 40°S (Campbell et al., 

2002). In the Indian Ocean, optimum water temperatures have been suggested for 

this species to be between 10° and 16°C (Mohri and Nishida, 1999) or between 13° 

and 13.9°C (Song et al., 2009). However, Campbell et al. (2002) states that their 

temperature preference is more than l 7°C. BET inhabit deeper and colder waters 

than YFf (Miyake et al., 2004). They spawn between 6°N and 10°S, at least from 

January to March (Whitelaw and Unnithan, 1997), although Kume et al. (1971) 

suggested that BET are sexually active across the year. This indicates that spawning 

17 



occurs with possible peaks during the first and fourth quarters of the year (Campbell 

et al., 2002). 

A study on the stock structure of BET in the Indian Ocean conducted by Kume et al. 

( 1971) concluded that there is a single stock for this species in the Indian Ocean, 

albeit with some mixing with the Atlantic Ocean stock. DNA analysis by Chow et al. 

(1998) (in Nishida et al., 1998) revealed that the two stocks (Indian and Atlantic 

Oceans) are heterogeneous. In addition, results of analysis conducted by Chiang et al. 

(2008) supported the notion that Indian Ocean BET constitute a single panmictic 

population/single stock. 

It was suggested that the 2005 BET catch level in the Indian Ocean was close to its 

maximum sustainable yield (MSY), that its spawning stock biomass was apparently 

over the level that would result in MSY (BMsY ), and that the 2004 fishing mortality 

was apparently less than the MSY level (Anon., 2006b ). Majkowski (2007) agrees 

that the stock is considered to be fully exploited. More recently, initial tagging 

analyses suggested that the probability of 2007 BET biomass being greater than 

BMsY was 86% (Hillary, 2008) and exploitation rates for ages 0-2 years seem to be 

lower than the MSY levels (Anon., 2008c). This species was listed as vulnerable by 

the International Union for Conservation of Nature (IUCN) (assessed by Uozumi 

(1996) in IUCN (2008)). 

In the Indian Ocean, BET are predominantly caught by Taiwan, Indonesia, non

reporting deep-freezing longliners (NEl-DFRZ) and Japan. Between 1998 and 2000, 

these were responsible for 26.8%, 17 .8%, 13.8% and 10.9% of the total Indian Ocean 

BET catch, respectively (Campbell et al., 2002). In the Eastern Indian Ocean, 
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Indonesia was responsible for the highest BET catch (42.3% of total BET catch) 

between 1998 and 2000 (Campbell et al., 2002). In the Indian Ocean, this species 

was mostly caught using longline, with this method accounting for 77.3% of the total 

BET catch during the period 1998-2000, followed by purse seine accounting for 

22.1 % and other gears <1 % (Campbell et al., 2002). 

The IOTC suggested that BET catch for Indonesian longline fleets operating in the 

Indian Ocean from 2004 to 2006 w~s 27174 tonnes, of which 46% was landed at 

Berroa Fishing Port (Proctor et al., 2007). More than 92% of BET landed in Berroa 

Fishing Port between 2005 and 2006 was categorised as export and reject (and hence 

considered target catch), whereas less than 8% was landed as bycatch (Proctor et al., 

2006, Proctor et al., 2007). Indonesian BET catch were mostly exported to Japan 

(99.3% of total BET exports in 2001 from Bali) (Davis and Andamari, 2003a). From 

the total exported BET in 2001 from Bali, 82.8% were exported fresh, 13.2% as 

frozen loin, 3.9% as frozen, 0.07% as fresh loin (Davis and Andamari, 2003a). 

1.5.2 . Y ellowfin Tuna (YFT) 

YFf inhabit more tropical waters (Majkowski, 2007, Miyake et al., 2004) than BET 

(Suzuki and Kume, 1982, Yang and Gong, 1988, Boggs, 1992). They distribute 

between around 40°N and 40°S but are limited to water temperature above 15°C 

(Campbell et al., 2002). YFf spawn between January and April/May, or between 

November and April with a peak between December to April (John, 1998) with the 

largest proportion of sexually active fish in tropical waters north of 15°S in the 

Western Indian Ocean ·and north of 20°S in the Eastern Indian Ocean (Campbell et 

al., 2002). Based on an analysis of Japanese longline fishery data from 1961-1965 by 

(Morita and Ko to, 1971 ), it was suggested there are two YFf stocks in the Indian 

19 



Ocean: one to the west and one to the east, of longitude 100°E. However, Kurogane 

and Hiyama (1958) proposed that there are two YFT stocks in the Eastern Indian 

Ocean (in the Andaman Sea area of the central-eastern region and in the Lesser 

Sunda area of the far-eastern region) and one stock in the Western Indian Ocean. 

Based on these previous studies, Nishida et al. (1998) suggested two main stocks 

(western and eastern) and three areas of mixing: i) far western, off Southern Africa 

(Atlantic and Western Indian Ocean stock), ii) central (Eastern and Western Indian 

Ocean stock), and iii) far eastern, off Java (eastern and Pacific stock). 

Majkowski (2007) indicated that YFT is considered to be fully exploited in the 

Indian Ocean. However, it was suggested that the 2007 YFT stock in the Indian 

Ocean was overfished (Anon., 2008c). The species was listed as lower Risk/least 

concern by IUCN (assessed by Punt (1996) in IUCN (2008)). 

The main fishing nations for YFT in the Indian Ocean are Spain, Indonesia, France, 

Sri Lanka, Iran and Taiwan (Campbell et al., 2002). These nations accounted for 

15.4%, 11.9%, 9.8%, 7.5%, 6.9% and 6.3%, of the 1998-2000 total YFT catch, 

respectively (Campbell et ai., 2002). Indonesia accounts for the largest YFT catch in 

the Eastern Indian Ocean (39% of total YFT catch in the Eastern Indian Ocean 

during period 1998 to 2000) (Campbell et al., 2002). Purse seining accounts for the 

largest YFT catch in the Indian Ocean (42% of total YFT catch between 1998-2000), 

followed by longlining (29%) and gill netting (25%) (Campbell et al., 2002). 

YFT catch for Indonesian longline fleets operating in the Indian Ocean from 2004 to 

2006 was estimated by the IOTC to be 37622 tonnes, 34.4% of which was landed at 

Benoa Fishing Port (Proctor et al., 2007). More than 95% of YFT landed in Benoa 
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Fishing Port between 2005 and 2006 was categorised as export or reject quality (and 

hence considered target catch), and less than 5% was landed as bycatch (Proctor et 

al., 2006, Proctor et al., 2007). Indonesia's market for YFf is mainly Japan (69.9% 

of total YFf exported from Bali in 2001) followed by the USA (16.4%), Taiwan 

(4.5%) and Switzerland (3.8%) (Davis and Andamari, 2003a). From the total 

exported YFf from Bali in 2001, YFf were mostly exported as fresh whole (63.8%), 

followed by frozen loin (31.7%), fresh loin (4.2%) and frozen whole (0.4%) (Davis 

and Andamari, 2003a). 

1.5.3 ·Albacore (ALB) 

This species inhabits temperate waters (Majkowski, 2007, Miyake et al., 2004), 

between 5°N and 4ocis (Nishida and Tanaka, 2008). Chen et al. (2005) concluded 

that temperature preferences for ALB are related to their life stage and season from 

looking at level of CPUEs. Higher CPUEs for immature ALB were found in areas 

with sea surface temperature between 15° and 21°C (except in November), whereas 

higher CPUEs for mature ALB were found in areas with SST above 15°C (Chen et 

al., 2005). They spawn in the 1 st and 4th quarters of the year (December to February) 

between 10° and 25°S (Anon., 2008b). 

Hsu (1993) suggested that there is a single stock of ALB in the Indian Ocean, but 

Yeh et al. (1995) stated that there is the possibility of two ALB stocks in the Indian 

Ocean divided about longitude 90°E. Majkowski (2007) suggested that the stock is 

fully exploited. However, it was highlighted that there are limitations, in terms of 

data and technical issues, that need to be addressed before a reliable stock assessment 

of the ALB stock in the Indian Ocean could be conducted (Anon., 2008b). Based on 

preliminary analyses undertaken in 2008, ALB in the Indian Ocean is considered to 
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be not overfished and overfishing is not occurring (Anon., 2008b ). It was listed as 

data deficient on the IUCN redlist (based on assessment conducted by Uozumi 

(1996) in IUCN (2008)). 

ALB have been fished by longliners from Taiwan, Indonesia, Ja pan, France, Korea, 

Thailand, Seychelles, China, Spain, Australia and Other NEI ("not elsewhere 

included" fleets) (Majkowski, 2007), and are the main target species for Taiwanese 

longliners (Yeh et al., 1995). More than 70-80% of the catch by longline fishing 

countries has been caught by the Taiwanese longline fishery (Nishida and Tanaka, 

2008). Other main fishing nations including Japan and Korea (Nishida and Tanaka, 

2008). 

In the Indian Ocean, ALB are mostly caught by longline (83-99% ), followed by 

purse seine (2%) and other gears (pole and line, gill net, hand line, troll line), except 

in the period of 1986-1991 when gill netting accounted for large catches before its 

operation was banned worldwide (Nishida and Tanaka, 2008). 

Catch of ALB by Indonesian longline fleets operating in the Indian Ocean from 2004 

to 2006 was estimated at 9081 tonnes by the IOTC, 53.4% of which was landed at 

Benoa Fishing Port (Proctor et al., 2007). More than 99% of ALB landed iri Berroa 

Fishing Port between 2005 and 2006 was classified as bycatch (Proctor et al., 2006, 

Proctor et al., 2007). Indonesia's market for ALB is mainly Sweden (53.4%), Italy 

(18.7%), Poland (17.8%) and Japan (10%) (Davis and Andamari, 2003a). From the 

total exported ALB from Bali in 2001, ALB were only exported as frozen whole 

(64%) and frozen loin (36%) product (Davis and Andamari, 2003a). 
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1.5.4 Southern Bluefin Tuna (SBT) 

This species inhabits temperate waters (Collette, 1978, Polacheck, 2002, Majkowski, 

2007), mainly between 30° and 50°S (Caton, 1993, Anon., 2008d). The only known 

spawning area is south of Java, Indonesia, where spawning occurs between 

September and April (Polacheck, 2002, Davis et al., 2003c, Anon., 2008d). The sea 

surface temperature on the spawning ground normally is above 24°C (Yukinawa and 

Miyabe (1984), Yukinawa and Koido (1985), Yukinawa (1987) in Davis and Farley, 

2001b), however adults usually inhabit colder water (frequently as low as 5°C 

(Olson, 1980)) for feeding activity, such that non spawning SBT may prefer water 

temperatures of 10°-l5°C (Davis and Farley, 2001b). 

The Commission for Conservation of Southern Bluefin Tuna (CCSBT) is the 

international management body and adopts a whole-of-stock approach (Majkowski, 

2007). SBT occurs as a single stock across the three main oceans (Indian, Pacific and 

Atlantic Oceans) (Majkowski, 2007, Anon., 2008d). The SBT stock is considered to 

be depleted (Majkowski, 2007, Anon., 2008d). This species is listed as critically 

endangered by IUCN (assessed by Punt (1996) in IUCN (2008)). 

This species has been exploited by Australian and Japanese fishers since the 1950s 

(Dankel et al., 2008), followed by New Zealand, Taiwan and Indonesia since the 

1970s - 1980s, and Korea began fishing SBT in 1991 (Anon., 2008d). Historically, 
(J 

Japan took the highest SBT catch, accounting for over 50% of the total SBT catch 

over the period 1950s - 1980s. Since the 1990s, SBT were mainly caught by Japan 

and Australia (generally in similar proportion) (Anon., 2008d), particularly due to the 

implementation of Total Allowable Catch (TAC) by CCSBT in 1990s (Campbell et 

al., 2000). At time of writing, the CCSBT agreed global TAC for SBT for 2007-2009 
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was 11810 tonnes, with the following allocations for member, and cooperating non

member countries: 3000 (Japan), 5265 (Australia), 1140 (Korea), 1140 (Taiwan), 

420 (New Zealand), 750 (Indonesia), 45 (Philippines), 40 (South Africa) and 10 

tonnes (European Community) (Anon., 2008d). Longlining accounts for the largest 

SBT catch (79% over the period 1952 - 2007) and the remainder was caught by 

surface gears (mainly purse seine and pole and line) (Anon., 2008d). Current SBT 

farm and market analyses revealed that the catch may have been significantly under

reported over the past 10 to 20 years (Anon., 2008d). 

SBT make up a relatively small component of the total tuna catch of the Indonesian 

longline fishery. SBT has made up only 3.3 - 14.9% of tuna landings (BET, YFf, 

ALB and SBT) during the past eight years, with the average being 6.8% (Davis et al., 

2003a, Proctor et al., 2007, Prisantoso et al., 2008). SBT catch over the period 2004 -

2006 was estimated to be 2939 tonnes (97.4% of which was landed at Benoa Fishing 

Port) (Proctor et al., 2007). While not a primary target species of the Indonesian 

longline fleet, more than 86% of SBT landed at Benoa Fishing Port between 2005 

and 2006 was landed "fresh" (i.e. not frozen) and categorised as either export or 

reject quality. The remainder was generally landed as frozen bycatch (Proctor et al., 

2006, Proctor et al., 2007). Indonesia's market for SBT is mainly Japan (90.8%), 

followed by Greece (4.7%) and Hong Kong (3.8%) (Davis and Andamari, 2003a). 

From the total exported SBT from Bali in 2001, SBT were exported as fresh whole 

(81.6%), frozen loin (18.3%) and fresh loin (0.2%) product (Davis and Andamari, 

2003a). 
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Table 1.1 Habitat, distribution, water temperature, stock structure, stock status, and fisheries for BET, A.LB, YFf and SBT in the Indian Ocean, and 
Indonesian catches and markets for each of these species 

Species BET YFT 
Habitat Both temperate and tropical Tropical waters, between 40°N 

waters, between 40°N and 40°S and 40°S 
Water temperature Between 10° and l 6°C or 

between 13° and 13.9°C, but 
preferably above l 7°C 

Spawning season 
and ground 

Stock structure 

Spawn between 6°N and 10°S, 
at least from January to March, 
but it was suggested that BET 
are sexually active across the 
year. This indicates that 
spawning occurs with possible 
peaks during the first and fourth 
quarters of the year. 

Single stock 

Limited to water temperature 
above 15°C 

Spawn between January and 
April/May, or between November 
and April with peak between 
December to April; largest 
proportion of sexually active fish 
in tropical waters north of 15°S in 
the Western Indian Ocean and 
north of 20°S in the Eastern 
Indian Ocean 
Two main stocks (western and 
eastern) and three areas of 
mixing: i) far western, off 
Southern Africa (Atlantic and 
Western Indian Ocean stock), ii) 
central (Eastern and Western 
Indian Ocean stock), and iii) far 
eastern, off Java (eastern and 
Pacific stock) 

ALB 
·Temperate waters, between 5°N 
and 40°S 
Higher CPUEs for immature 
ALB were found in areas with 
sea surface temperature between 
15° and 21°C (except in 
November), whereas higher 
CPUEs for mature ALB were 
found in areas with SST above 
15°C 
Spawn in the 181 and4th quarters 
of the year (December to 
February); between 10° and 25°S 

Single stock, but there is a 
possibility of two ALB stocks in 
the Indian Ocean divided about 
longitude 90°E 

SBT 

Temperate waters, mainly 
between 30° and 50°S 
Spawning ground is normally 
above 24 °C, but adults usually 
inhabit colder water (frequently 
as low as 5°C). Feeding and non 
spawning SBT may prefer water 
temperatures of 10° -15 °C 

Spawn between September and 
April; South of Java, Indonesia 

Single stock across the three 
Oceans (Indian, Pacific and 
Atlantic Oceans) 
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Species BET YFT ALB SBT 
Stock status Fully exploited, but current 2007 YFf stock was overfished Based on preliminary analyses Depleted 

initial tagging analyses undertaken in 2008, ALB is 
indicated that the probability of considered to be not overfished 
2007 BET biomass being and overfishing is not occurring 
greater than BMsY was 86% 

IUCN red list Vulnerable Lower risk/least concern Data deficient Critically endangered 
category and 
criteria 
Major fishing Taiwan (26.8% )*, Indonesia Spain (15.4%)*, Indonesia Taiwan (70-80% of the catch Japan (3000 tonnes)**, 
nations in the (17 .8% )*, non-reporting deep- (11.9%)*, France (9.8%)*, Sri taken by longline fishing Australia (5265 tonnes)**, 
Indian Ocean and freezing longliners (NEI- Lanka (7.5%)*, Iran (6.9%)* and countries), Japan and Korea Korea (1140 tonnes)**, Taiwan 
their catch DFRZ) (13.8%)* and Japan Taiwan (6.3%)* (1140 tonnes)**, New Zealand 

(10.9%)* (420 tonnes)**, Indonesia (750 
tonnes)**, Philippines (45 
tonnes)**, South Africa (40 
tonnes)** and European 
Community (10 tonnes)** 

Main fishing gears Longline (77.3%)*, purse seine Purse seine (42%)*, longline Longline (83-99% ), purse seine Longline (79%) and purse seine 
used in the Indian (22.1 % )* and others <1 % (29%)* and gill net (25%)* (2%) and other gears (pole and and pole and line 
Ocean and their line, gill net, hand line, troll line) 
relative catch 
proportions 
IOTC catch 27174 tonnes (46% landed at 37622 tonnes (34.4% landed at 9081 tonnes (53.4% landed at 2939 tonnes (97.4% landed at 
estimate for Benoa Fishing Port) Benoa Fishing Port) Benoa Fishing Port) Benoa Fishing Port) 
Indonesia longline 
fleets operating in 
the Indian Ocean 
from 2004 to 2006 
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Species BET YFT ALB 

Proportion of > 92% Export and Reject > 95% Export and Reject < 1 % Export and Reject 
Export-Reject and < 8% Bycatch < 5% Bycatch > 99% Bycatch 
Bycatch 
classifications 
from 2005 to 2006 
fromBenoa 
Fishing Port 
Main export Japan (99.3%) Japan (70%), USA (16.4%), Sweden (53.4%), Italy (18.7%), 
destination from Taiwan (4.5%) and Switzerland Poland (17.8%) and Japan (10%) 
Indonesia and its (3.8%) 
export proportion 
in 2001 
Bali export Fresh whole (82.8% ), frozen Fresh whole (63.8%), frozen loin Frozen whole (64% ), Frozen loin 
composition loin (13.2%), frozen whole (31.7%), fresh loin (4.2%) and (36%) 

(based on export (3.9%) and fresh loin (0.07%) frozen whole (0.4%) 
data 2001) 

* Catch proportion relative to total catch m the Indian Ocean for associated species between 1998 and 2000 
**At time of writing National catch allocation for SBT set by CCSBT 
NEI is "not elsewhere included" fleets 

SBT 

>86% Export and Reject 
<14% Bycatch 

Japan (90.8%), Greece (4.7%), 
Hong Kong (3.8%) 

Fresh whole (81.6%), frozen 
loin (18.3%), fresh loin (0.2%) 

CRITICALLY ENDANGERED (CR) - A taxon is Critically Endangered when it is facing an extremely high risk of extinction in the wild in the immediate future 
LOWER RISK (LR) - A taxon is Lower Risk when it has been evaluated, does not satisfy the criteria for any of the categories Critically Endangered, Endangered or Vulnerable 
LEAST CONCERN (LC). Taxa which do not qualify as Conservation Dependent or Near Threatened 

27 



1.6 Tuna Fishing Gears 

The main fishing gears for catching tuna across the three oceans are longline, purse 

seine and baitboat, while other fishing gears used to catch tuna include drift gillnet, 

trolling and others (Miyake et al., 2004). Industrial tuna fisheries commenced during 

the 1940s and 1950s, with- the main fisheries in the 1950s being Japanese longline 

and baitboat fisheries in the Pacific, and the United States baitboat fishery off 

California and along the coast of Mexico (Miyake et al., 2004). However, purse 

seines have contributed the highest tuna catches (BET, YFf, ALB, bluefin and 

skipjack) in the world since the mid 1970s, whereas bait boats and longline 

accounted for the largest tuna catches during the 1950s and 1960s, respectively 

(Miyake et al., 2004). 

In the Indian Ocean, longline and purse seine are used to catch tuna and tuna-like 

species by industrial fisheries, while artisanal fisheries use gillnets, troll and 

hand lines, and pole-and-line (or baitboat) to catch tuna and tuna-like species 

(Campbell, 2003). The longline fisheries of Japan, Taiwan and Korea, and the 

small artisanal fisheries (baitboat, troll and gillnet) of coastal countries (Maldives, Sri 

Lanka and others) were the main fisheries up to the early 1980s (Miyake et al., 

2004). However, the longliners, introduced by Japan in 1950s, yielded the highest 

tuna catches (mainly from Japanese longline catch) up to the early 1980s (Miyake et 

al., 2004), after which purse seining accounted for the highest proportion of tuna 

catch (Miyake et al., 2004). The purse seine was established by France and Spain in 

the Western Indian Ocean in the mid 1980s (Miyake et al., 2004). 
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The Indonesian Indian Ocean industrial tuna fishery predominantly uses longliners 

which are primarily based at Berroa Fishing Port (Bali), Muara Barn Port (Jakarta) 

and Cilacap Port (Central Java) (Proctor et al., 2003). These three ports are the most 

important landing ports for tuna caught by the Indonesian industrial fleet operating in 

the Indian Ocean (Proctor et al., 2003). In addition, Banda Aceh (northern Sumatra), 

Padang - Bungus (central west coast Sumatra), Pelabuhanratu (western Java), Prigi 

(eastern Java), Kedonganan and Jimbaran (southern Bali), Ende (southeast Flores), 

and Kupang (southwest West Timor) are significant non-industrial landing places for 

tuna in the Indian Oc~an (Proctor et al., 2003). Troll, purse seine and drift gillnet are 

the main fishing gears for Indonesian artisanal fisheries catching tuna and tuna-like 

species (Proctor et al., 2003). However, this thesis only considers the three most 

detailed catch and effort data sets for longline vessels based at Berroa Fishing Port 

operating in the Indian Ocean. 

There is an increasing use of payaos/Fish Aggregating Device (FAD) by Indonesian 

small scale fishers employing deep handlines to catch tuna in the coastal waters of 

Indian Ocean south of Java. FADs attract high densities of fish, particularly 

juveniles, to aggregate underneath them. This fishing operation is a potential source 

of conflict between fishers using different fishing gears, as sometimes purse seine 

vessels target the fish aggregated under a handline-vessel FAD. FAD deployment 

can also disturb the shipping line of other vessels (Anon., 2010). Unfortunately data 

on FAD-specific catch and effort, and also on the number of F ADs, are unavailable. 

However, this is clearly an important component of the Indonesian tuna fishery on 

which data should be gathered, so that its impact may be considered in future 

assessments. 
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1.7 Indonesia's Industrial Tuna Longlining in the Indian Ocean 

1. 7 .1 History of the Indonesian Indian Ocean Tuna Longline Fishery . 

Longlining was introduced to Indonesia by Japan in the 1930s, when test fishing was 

conducted by Japanese longline vessels in Indonesian waters; however, the first 

commercial fishing did not occur until 1952 (Ishida et al., 1994). The first Indonesian 

commercial longline fishing began in 1962 with one company, B.P.U. Perikana1_1, 

operating 2 vessels which were a gift from the Japanese Government (Simorangkir, 

1982). 

From the 1960s to 1980s there was a slow increase in the number of vessels in the 

Indonesian longline fleet. In 1972, a state-owned company, P.T. Perikanan Samodra 

Besar (now known as P.T. Perikanan Nusantara), was established (Proctor et al., 

2003, Marcille et al., 1984). The number of vessels of this company gradually 

increased from 18 vessels in 1975 (Simorangkir, 1982, Pet-Soede and Ingles, 2008) 

to 20 vessels in 1982 (Marcille et al., 1984). This company operated from Benoa 

Fishing Port (Marcille et al., 1984) and conducted fishing in the Indian Ocean, and in 

the Timor, Arafura, Flores and Banda Seas (Proctor et al., 2003). In total, there were 

39 longline vessels in Indonesia in 1982 (Marcille et al., 1984). 

In the late 1980s/early 1990s there was a rapid expansion in vessel numbers (Figure 

1.2) due to the development of export markets for fresh and frozen whole tuna to 

Japan and to other international markets (Proctor et al., 2003). The number of 

commercial longline vessels based in Indonesia expanded dramatically after 1985, 

when the Japanese fresh tuna market opened for import from Indonesia. Vessel 

numbers rose from 36 vessels (34 Indonesian) in 1986 to 536 (158 Indonesian) 

vessels in 1991 (Proctor et al., 2003). In 1998, the Indonesian Government imposed 
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regulations obliging all foreign vessels based in Indonesian ports to be Indonesian 

flagged (Herrera, 2002, Proctor et al., 2003). This resulted a large increase in 

numbers of Indonesian flagged-vessels (Proctor et al., 2003). 

Currently, Indonesia has the largest fleet of commercial tuna longline vessels in the 

Eastern Indian Ocean (IOTC 20082
). In 2003, there were between 1500 and 1800 

longline vessels, although in 2006 the number of vessels decreased to 1 OOO vessels 

(IOTC 20082). The significant reduction in longline activities is believed to have 

been due to a major increase in fuel prices that occurred in October 2005 . It is 

difficult to provide an exact number of total vessels currently operating, because 

there is no National registry of active vessels. Many registered vessels have become 

inactive because of the impacts of fuel price rises. In the Tuna Monitoring workshop 

conducted by the RCCF in Bali on 12th July 2006, the Association of Tuna 

Longlining Indonesia (A TLI) stated that 2005 conditions were the hardest since 2000 

for the tuna longline fishery in Indonesia: the number of vessels operating in Benoa 

and registered with A TLI decreased by about 32 vessels (from 700 boats in 2004 ). 

2000 

1800 • 
1600 • • . '1'} 

• 1400 

,!) 1200 to. • 
"' "' • to. 1000 > • 
0 Soo ;.-; • • • 

600 • • • 
•• 

400 • 
2 00 • 

0 • . •r• T•T •r • r•r• ~·T·T·T·T· T•-r•=-.--~~~~~~~~~~~~~~ 
(\~ 

..,oi 
(\<:> :{I .fJ ~.... !O~ io<=> ~" 

,oi ... ..,.oi ..,o; ..,.o; ,oi ..,o; 
~O) 

'°' 
..,rff'" PI~ 

..,oi 
91':1 

'°' ..,rff'" 910i o' cf>~ o':l 
..,Oi q,Cl q; '1-0 

Yl:'!ar 

Figure 1.2 Number of Indonesian commercial tuna longline vessels operating in the 
Indian Ocean (mod. from Herrera (2002)). 
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1.7.2 Relevant Regional Tuna Organisations Requirements anci Indonesia's 

lVlembershipStatus 

As tunas are highly migratory and they are caught by various countries, management 

ideally requires contributions from, or at least the consideration of, all tuna fishing 

nations. Several Regional Fisheries Management Organizations (RFMOs) for tunas 

exist and their areas of jurisdiction are illustrated in Figure 1.3. These organisations 

seek to maintain a sustainable yield of tunas globally via appropriate management. 

The IOTC and CCSBT manage tuna fisheries operating in areas which intersect with 

Indonesia's Indian Ocean tuna longline fishery. Both commissions were established 

in the 1990s. Not only tuna but also non-target species, associated and dependent 

species affected by tuna fishing operations are under the management mandate of 

IOTC, whilst CCSBT only focuses in managing the most threatened tuna species, 

SBT. 

Joint cooperation among tuna fishing nations is a priority of both organisations to 

ensure sustainable management. However, non-member fishing nations are fishing 

the tuna fishery including the SBT fishery, which compromises the effectiveness of 

the member conservation and management measures (CCSBT, 1994a, IOTC, 2009). 

Therefore, Indonesia's lack of membership on either Commission was a cause for 

concern, especially given the size of the Indonesian longline fleet and the volume of 

tuna catch taken. As such, both the IOTC and CCBST strongly urged Indonesia to 

become a member nation. Indonesia was accepted in 2007 as the 27th member of the 

IOTC and on 8 April 2008, Indonesia became a member nation of the CCSBT. 

32 



Figure 1.3 Regional Fisheries Management Organizations within the Indian Ocean: 
International Commission for the Conservation of Atlantic Tunas (ICCA T), Indian 
Ocean Tuna Commission (IOTC), Commission for the Conservation of Southern 
Bluefin Tuna (CCSBT), Western and Central Pacific Fisheries Commission 
(WCPFC) and Inter-American Tropical Tuna Commission (IA ITC) (source: OPRT 
(2004)) 

1.7.2.1 The Indian Ocean Tuna Commission (IOTC) 

The IOTC is an intergovernmental organisation with a mandate to manage tuna and 

tuna-like species in the Indian Ocean (FAO statistical areas 51 and 57), in order to 

ensure the conservation and optimal utilisation of tuna and tuna-like stocks (Table 

1.2) and encourage the sustainable development of fisheries based on such stocks 

(IOTC, 2001a). The IOTC was established in 1996 (IOTC, 200la, Majkowski, 

2007). The IOTC defines management regions by dividing the Indian Ocean (by a 

line running along the 77°E meridian from the tip of India to the equator, and then 

further south along the 80°E meridian) into western and eastern areas. The 

Indonesian longline fleet operates in the eastern IOTC area (i.e. the eastern Indian 

Ocean) (Campbell, 2003). IOTC Resolution 98/01, under the Mandatory Statistical 

Requirements for IOTC Members (superseded by resolution 01105), requires all 

IOTC members to provide catch and effort (in number of hooks) data from longline 

fisheries (IOTC, 2009). 
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T bi 12 S d th a e . .pec1es un er emanagemen t d man ate o flOTC , as per IOTC (2001 ) a 
FAO English name Scientific name 

Y ellowfin tuna Thunnus albacares 
Skipjack Katsuwonus pelamis 
Bigeye tuna Thunnus obesus 
Albacore tuna Thunnus alalunga 
Southern bluefin tuna Thunnus maccoyii 
Longtail tuna Thunnus tonggol 
Kawakawa Euthynnus affinis 
Frigate tuna Auxis thazard 
Bullet tuna Auxis rochei 
Narrow barred Spanish mackerel Scomberomorus commersoni 
lndo-Pacific king mackerel Scomberomorus guttatus 
lndo-Pacific blue marlin Makaira mazara 
Black marlin Makaira indica 
Striped marlin Tetrapturus audax 
lndo-Pacific sailfish Istiophorus platypterus 
Swordfish Xiphias gladius 

1.7 .2.2 Commission for the Conservation of Southern Bluefin Tuna (CCSBT) 

CCSBT is a regional organisation formalised in 1994 by Australia, Japan and New 

Zealand (Campbell et al., 2000, Safina, 2001, Miyake et al., 2004). Its aims are to 

ensure the conservation and optimum utilisation of the global SBT fishery via 

appropriate management (CCSBT, 1994a). The primary objective for the CCSBT is 

to recover the spawning stock biomass of SBT, such that by 2020 the level of the 

spawning biomass is at the level observed in 1980 (Polacheck et al., 1999, 

Polacheck, 2002). However, this target is no longer realistic, as CCSBT has been 

facing overcatch above national allocations since 1994 (Anon.; 2006c) and the 2008 

stock assessment revealed that the spawning stock biomass is less than the 1980 level 

and less than the level that could yield MSY. There is no indication of spawning 

biomass recovering (Anon., 2008d). The responsibilities of the CCSBT include 

setting annual TA Cs, allocating quotas to each member country and cooperating non-

members (CCSBT, 1994a). Indonesia as a member is required to provide to the 
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CCSBT fishing catch and effort statistics and other data relevant to the conservation 

of SBT as per Article 5 of the CCSBT Convention (CCSBT, 1994b ). 

The requirement of the two regional tuna organisations for Indonesia as a member 

country to provide catch and effort data have highlighted that there is a shortage of 

effort information for the Indonesian Indian Ocean tuna longline fishery (Campbell, 

2003, Proctor et al., 2003). As such, a comprehensive analysis on the three detailed 

data sets available for the fishery (PSB, FHS and Observer Program data), and 

ultimately, the establishment of robust data collection protocols, is imperative. 

1.8 Importance of Bycatch Species-

Tuna longline fisheries predominantly catch adult fish with high economic value 

(Bach et al., 2000). The catches include not only target but also bycatch (incidental 

catch) species. The FAO defines bycatch as "part of a fishing unit taken incidentally 

in addition to the targeted species towards which fishing effort is directed" (Kiszka et 

al., 2008). In this context, the term "bycatch" refers to both byproduct, or lower

value product which can be sold, and species of no commercial value that are 

ultimately discarded. 

The Indonesian industrial longline vessel catch typically comprises mostly tuna 

species (YFf, BET, ALB and SBT) (Proctor et al., 2003) but "billfish (black and blue 

marlin and sailfish) (Proctor et al., 20Q3, Mahiswara and Prisantoso, 2009), shark and 

a range of pelagic finfish species are caught as bycatch. However, tuna fishery 

bycatch is not only limited to billfish and sharks, but also includes other animals, the 

status for some of which is of international concern, such as dolphins, turtles and 
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seabirds (Majkowski, 2007). Shark and billfish as well as tuna are top predators 

(Kitchell et al., 2006). 

There is concern regarding the potential impact of decreasing predator populations 

on marine ecosystems (Aires-da-Silva et al., 2008, Corbineau et al., 2008). Billfish 

have been overexploited since 1979 (Uozumi, 2003) and there is international 

concern for shark, which are vulnerable species that can be caught by longline 

(Megalofonou et al., 2005). Sharks grow slowly, mature late, have low fecundity 

and are highly migratory (Megalofonou et al., 2005). Likewise, billfish are also 

highly migratory species (Webster, 2006). Most of the catch of billfish in the Indian, 

Atlantic and Pacific Oceans is classed as bycatch from fisheries targeting tuna, and 

levels of catch are typically around 5% of the total tuna catch (Uozumi, 2003). A 

significant portion of the Indian Ocean billfish catch is taken by distant water 

longline fleets (Uozumi, 2003). 

As was described in Section 1.4, that the PSB and FHS data sets only recorded 7 and 

8 bycatch species (all of them billfish species), respectively, whereas the Observer 

Program data set recorded more than 30 bycatch species (including sharks and 

billfish). Therefore, when undertaking exploratory data analyses, all bycatch species 

recorded within the PSB and FHS data sets were included, whereas only the most 

dominant bycatch species (11 species including shark and billfish) were considered 

in analysis of the Observer Program data set. This restriction was due to the very 

small amount of fish being caught for other bycatch species which did not yield any 

meaningful trend. 
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1.9 The SBT Concern 

There is global concern regarding the Indonesian SBT catch. The only known 

spawning ground for the SBT is located in the north-east Indian Ocean, between 

Indonesia and Australia (Polacheck, 2002, Davis and Andamari, 2002) (Figure 1.1), 

and the Indonesian longline fleet fishes in these waters (Davis and Andamari, 2002). 

SBT is a bycatch species for the Indonesian longline fishery (Davis and Andamari, 

2002) targeting BET and YFf (DGCF et al., 2005), however it has been found that a 

few vessels have targeted SBT south of the SBT spawning grounds (south of 20°S) 

(Davis et al., 2005, Proctor et al., 2007). SBT catch comprised 5.2% of the total 

landings of YFT, BET, ALB and SBT in 2006 but increased to 8.4% in 2007 

(Prisantoso et al., 2008). 

In spite of the fact that the SBT catch represents a small proportion of the total tuna 

catch, the Indonesian catch of SBT is considered to be highly significant because it 

takes the large, spawning parental stock (Davis et al., 2003c). The average size of 

SBT in the Indonesian longline catch has significantly decreased during the past 14 

years, implying a reduction in the associated egg production of the spawning 

population (Farley et al., 2007, 2008). Moreover, while the relative contribution of 

SBT to the overall catch composition is low, the fact that Indonesia is the largest 

longline fleet in the Indian Ocean with some of the highest catches means that the 

absolute level of SBT catch must not be considered insignificant. 

1.10 Review of CPUE Standardisation Approaches 

It is essential to understand trends in .population 'abundance in order to develop 

effective management for a fish population (Ortega-Garcia et al., 2003, Chen et al., 

2004, Maunder et al., 2006a). Catch rate (CPUE) is generally considered to be 
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proportional to abundance (Harley et al., 2001, Maunder et al., 2006b, Hinton and 

Maunder, 2008), however, this assumption is frequently violated (Maunder et al., 

2006b ), as many effects other than abundance can influence trends of catch rates 

(Goodyear, 2003, Nishida and Chen, 2004, Maunder et al., 2006b). As such, the 

relative abundance indices based on nominal CPUE data can be misleading 

(Maunder and Punt, 2004, Maunder et al., 2006b). 

CPUE standardisation is one of the most common analyses applied to statistically 

remove the effect of extraneous factors that confound the trend of nominal CPUEs 

(Maunder and Punt, 2004, Maunder et al., 2006b, Bigelow and Maunder, 2007). 

Several methods have been developed by Gulland (1956), Beverton and Holt (1957), 

Robson (1966) and Honma (1973) (in Maunder and Punt, 2004) to standardize 

CPUE, including generalised linear modelling (GLM), generalized additive 

modelling (GAM) and generalised linear mixed modelling (GLMM); however, 

GLMs are the most common method applied to standardise CPUE data (e.g. 

Campbell et al., 2002, Dowling and Campbell, 2001, Hinton and Maunder, 2008, 

Maunder and Punt, 2004, Nishida and Chen, 2004). GL!vfs allow for the 

standardisation of effort due to changes in fishing practices and the influence of 

environmental effects (Campbell et al., 2002). 

Some examples of CPUE standardisation using GLMs are given in Table 1.3. These 

analyses were conducted mostly as part of IOTC Working Group papers (for BET, 

YFf and ALB) and by CCSBT (for SBT). It should be noted that fewer CPUE 

standardisations have been done for ALB, possibly due to the fact that "ALB is still a 

species that has been abandoned de facto by the IOTC" (Fonteneau, 2008). 
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Temporal (year and month/quarter) and area effects, which are presumably directly 

related to abundance, were always included within GLMs and most of these were 

assumed to have a normal error distribution. Other, confounding, exploratory 

variables include targeting practices (gear configuration, for example: number of 

hooks between floats, and bycatch proportion) and environmental condition (Sea 

Surface Temperature, Southern Oscillation Index and Mixed Layer Depth). 

The Observer Program data are the most reliable data available for the Indonesian 

Indian Ocean tuna longline fishery, and the detail (in terms of the ranges of variables 

recorded) enables a comprehensive CPUE standardisation to be undertaken within 

this study. The standardisation is conducted using a GLM with a normal error 

structure. 
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Table 1.3 Some examples of CPUE standardisations using GLM models conducted on BET, YFf, ALB and SBT. These analyses were conducted 
d . 1 f !OTC W k" G (£ BET YFf d ALB) d b CCSBT (£ SBT) ore ommantly as part o or mg roup papers or 

' 
an an ,y or 

Species References Data Explanatory Variables Model 

BET Hsu and Chang (1993) Korean, Japanese and Taiwanese catch Y, Q, A (2 sub-areas), interaction (Y*Q, Y*A, (GLM) CPUE model 
and effort data, 1975-1990, aggregated by and Q*A) (Error) normal 
quarter and 5x5 degree 

Okamoto and Miyabe Japanese catch and effort data, 1952- Y, Q, A (6 sub-areas), Gear type, CPUE (YFf, (GLM) CPUE model 
(1995) 1976, 1975-1994, aggregated by quarter SWO, SBT, Bll..), Q*A (Error) normal 

and 5x5 degree 

Okamoto and Miyabe· Japanese catch and effort data, 1952- Y, M, A (7 sub-areas), HBF, M* A, A *G (GLM) CPUE model 
(1998) 1997, 1975-1997, aggregated by month (Error) normal 

and 5x5 degree 

Hsu (1999) (in Nishida, Japanese, Korean and Taiwanese catch Y, Q, A (5 sub-areas), ALB and interaction (GLM) catch and CPUE 
2001) and effort data, 1967-1998, aggregated by (ALB - 5 classes of% of catch rates model (Error) Poisson 

quarter and 5x5 degree - and normal 

Okamoto and Miyabe Japanese catch and effort data, 1975- Y, M, A (7 sub-areas), HBF, M*A (HBF- 3 (GLM) CPUE model 
(1999) (in Nishida, 1997, aggregated by month and 5x5 classes) (Error) normal 
2001) degree 

Matsumoto (2000b) Japanese Longline fishery catch and effort Y, M, A (7 sub-areas), HBF, M*A, A*HBF (GLM) CPUE model 
statistics, 1952-1999, aggregated by (HBF with 3 classes) (Error) normal 
month and 5x5 degree 

YFf Nishida (1993) Japanese catch and effort data, 1980- Y, Q, A (4 sub-area), SOI, SST, bycatch (GLM) CPUE model 
1991, a!!!!regated by month and 5x5 (Bycatch comprised of SBT, BET, ALB, SWO, (Error) normal 
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Species References Dafa Explanatory Variables Model 

degree BLM, BUM (5 classes)) 

Nishida (1995) Japanese, Korean and Taiwanese catch Y, M, A (4 sub-area), SOI, SST, bycatch (GLM) CPUE model 
and effort data, 1970-1992, aggregated by (Bycatch comprised of SBT, BEf, ALB, SWO, (Error) Poisson 
month, lxl degree (for Japan), 5x5 degree BLM, BUM (5 classes)) 
(for Korea, Japan and Taiwan) 

Lee (1998) Taiwanese longline, east, west and entire Y, Q, A (5 sub-areas), ALB (5 classes of% of (GLM) CPUE model 
Indian Ocean catch rates), BET (5 classes of% of catch rates). (Error) normal 
1967-1998, aggregated by 5x5 degree, (Percentage catch of ALB and BET are proxies 
monthly, for targeting) 

Lee and Liu (2000) Taiwanese longline fishery- Indian Ocean Y, Q, A (5 sub-areas), ALB (5 classes of% of (GLM) CPUE model 
catch and effort data, 1967-1998, catch rates), BET (5 classes of% of catch rates). (Error) normal 
aggregated by month, 5x5 degree (Percentage catch of ALB and BET are proxies 

for targeting) 
Nishida (2000) Japanese longline fishery - western Indian Y, A (4 sub-areas), M, HBF, M*A, A*HBF. (GLM) CPUE model 

Ocean. (Error) normal 
Logbook data from 1975-1998, 
aggregated by month, 5x5 degree and 
number of hooks between floats (HBF) 

Liu et al. (2007) Taiwanese catch and effort data, 1967- Y, S, A, ALB, BET, SST, MLD. interactions (GLM) CPUE model 
2005, data from 1967-1978 are aggregated (interactions between main effect: Y, S, A, ALB, (Error) normal 
by 5x5 degree and month, 1979-2005 BET, SST, MLD) 
aggregated and original data are available 

Okamoto et al. (2007b) Japanese longline catch and effort Y, Q, A, HBF, SST, SST2, SST3, MLD, ML, (GLM) CPUE model 
statistics, 1960-2005, aggregated by BL, Y*Q, Q*A, Y*A, A*HBF, HBF*ML, (Error) normal 
month, 5x5 degree, HBF and main line HBF*BL,A*SST,Y*SST,Y*Q*A 
material. 

Chang et al. (2008b) Taiwanese longline set by set logbooks Y, S, A, Target, Interaction (GLM) CPUE model 
data, 1979-2007 (Target is the effect related to the catch ratio of (Error) normal 
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Species References Data 

Okamoto and Shono Japanese longline catch and effort 
(2008) statistics, 1960-2007, aggregated by 

month, 5x5 degree HBF, main and branch 
line material. 

ALB Chang et al, (2008a) Taiwanese longline .catch and effort 
statistics, 1980-2006, aggregated by 
month and 5x5 degree 

SBT Sakai et al. (2007) Japanese long-line CPUE over 1992-2005 

Itoh and Shono (2007) Japanese shot-by-shot long-line data, 
aggregated by 5x5 and month 

W' ang et al.(2007) Taiwanese longline fishery between 1996 
and 2005 

Y is the effect of year 
S is the effect of season 
A is the effect of fishing area 
ALB is the effect related to the catch ratio of albacore tuna 
BET is the effect related to the catch ratio of bigeye tuna 
SST is the effect of sea surface temperature 
SST2 is effect of SST squared (=SSTxSST, as a continuous variable) 
SST3 is effect of SST cubed (=SSTxSSTxSST, as a continuous variable) 
SOI is effect of Southern Oscillation Index 
MLD is the effect of mixed layer depth 
BL is the effect of the branch line material 
ML is the effect of the main line material 

Explanatory Variables Model 

YFf or ALB and BET) 
(Interaction is the interaction between the main 
effects) 
Y, Q, A, HBF, SST, SST2, SST3, MLD, ML, (GLM) CPUE model 
BL,Y*Q,Q*A,Y*A,A*HBF,HBF*ML, (Error) normal 
HBF*BL,A*SST,Y*SST,Y*Q*A 

Y,Q,A,BET,YFf,SW'O (GLM) CPUE model 
(CPUEs for BET, YFf and SW'O) (Error) normal 

Vessel-ID, Ship-size, Y, M, A, HBF, Observer (GLM) CPUE model 
(present or not), HBF* A, Y* A, Y*Observer (Error) normal 

Y, A, M, Q, M*Q (nested), Latitude (5-degree), (GLM) CPUE model 
Y*A,Y*Q,A*Q (Error) normal· 
Y, M, A, SST and their interactions (GLM) CPUE model 

(Error) normal 
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1.11 History of Collaboration Between Indonesia and Australia 

Indonesia and Australia have a long history of collaboration on tuna longline fishery 

research, commencing in 1992. To address the global concern for SBT,· Australia 

(through the CSIRO Division of Fisheries) and Indonesia (through the Central 

Research Institute for Fisheries Indonesia and the Research Institute of Marine 

Fisheries) commenced a collaborative research program in 1992 (Davis and 

Andamari, 2002). This program aimed to monitor landings of the SBT caught by the 

Indonesian longline fishery (Davis and Andamari, 2002). It was originally based at 

Muara Barn Port, Jakarta and Benoa Fishing Port, Bali. However, as Benoa is closer 

to the only known spawning ground for SBT and the larger fleet based at Benoa 

caught significant amounts of SBT, the program became fully focussed at Benoa 

Fishing Port (Davis and Andamari, 2002). 

In 2002, the port-based monitoring program was extended to monitor tuna and 
' 

billfish catch (not only SBT) and to cover Muara Baru Port and Cilacap Port, Central 

Java, as well as Benoa Fishing Port (Davis et al., 2004). The number of enumerators 

based at Benoa was increased from three to six (Davis et al., 2003a). In addition, six 

enumerators are based at Muara Barn, and three enumerators are based at Cilacap 

(Davis et al., 2003a). The port-based monitoring program has resulted in good 

infonnation on catch information (catch composition and length frequency) and 

vessel landing activity. This information was provided to the IOTC and CCSBT, and 

was used to compare with the results of analyses in Chapters 3 and 4. Studies have 

been conducted on the data from the port-based monitoring program (e.g. Davis and 

Farley (2001b); Davis et al. (2003a); Davis et al. (2004), Davis et al. (2005); Farley 

and Davis (2002); Farley and Davis (2003); Farley and Davis (2004); Farley et al. 

(2006); Eddrisea et al. (2008)). However, the port-based monitoring program does 
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not provide effort data, which is critical information required for scientific stock 

assessments and a complete understanding of the fishery. Thus, the global concern 

about the shortage of effort data for the fishery (Proctor et al., 2003, Campbell, 2003) 

could not be addressed by the port-based monitoring program. 

To address the shortage of effort information, a trial scientific Observer Program for 

commercial longline vessels based at Berroa Fishing Port commenced in July 2005. 

This program is a collaboration between the RCCF, within Indonesia's Ministry of 

Marine Affairs and Fisheries (MMAF), and CSIRO Marine and Atmospheric 

Research, and is funded by the Australian Centre for International Agricultural 

Research. Six recruits were provided with observer training. This included fish, 

cetacean, turtle and bird identification, data collection and reporting protocols, sea 

and climate conditions reporting, and guidelines for safety at sea. Data collection 

sheets and an observer database were developed, based on those of the Secretariat of 

the Pacific Community and Forum Fisheries Agency observer programs, but 

modified to suit the Indonesian situation and with Bahasa Indonesia as the working 

language. This trial program will· continue until the end of 2009, but will be 

translated into a more formal fisheries observer program, including other ports and 

other vessel gear types. 

1.12 Filling the Gaps 

This thesis provides the first comprehensive exploratory analyses of the three most 

detailed data sets, with a view to investigate, to the extent possible, the impact of 

Indonesian fishing activities on Indian Ocean tuna stocks and the first attempt to 

characterise the fishery to the extent possible given the available data. The results are 

compared to evaluate the consistency of the data sets. Given that the trial observer 
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program is soon to be developed into a more formal observer program, this is a 

timely opportunity to provide feedback and insight to both the trial observer program 

and the existing data collection programs. 

The CPUE standardisation was undertaken on the Observer Program data, as this 

data is the most reliable and detail data available for the fishery. The resulting proxy 

abundance indices can feed into a stock assessment. However, the Observer Program 

is still a trial program with limited coverage of the fleet as it was previously 

mentioned. There is therefore an opportunity to establish robust data 

collection/monitoring protocols as part of a broader observer program which 

Indonesia is currently planning on. It is hoped that Indonesia will have a formal 

observer program in the near future. In designing such programs, a common issue is 

the selection procf'.SS for the minimum level of coverage required (Punt_, 1999). To 

this end, a simulation was developed to investigate the minimal coverage level 

required to obtain robust and representative information for future management. 
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CHAPTER 2: EXPLORATORY ANALYSIS OF PSB 

DATA 

2.1 Introduction 

When considering the Indonesian longline fishery it is important to understand its 

history, so that changes in fishery behaviour and stock status can be identified. Stock 

assessments ideally require the longest possible time series of catch and effort data. 

In the absence of independent fishery data, catch-per-unit-effort (CPUE) data from 

commercial longline vessels is the main source of information for stock assessments 

(Maunder and Punt, 2004, Maunder et al., 2006b, Ward and Hindmarsh, 2007). 

However, in the case of the Indonesian industrial longline tuna fishery, which 

commenced in the early 1960s (Simorangkir, 1982~ Proctor et al., 2003), there is a 

shortage of detailed historical catch and effort information from the Indonesian 

commercial longline vessels (Campbell, 2003, Proctor et al., 2003). Further, 

Fisheries Statistics of Indonesia (referred to here as "National Statistics") data are of 

little use as they do not include data on effort ( i.e. number of hooks which is the 

usual way of measuring effort in longline fisheries (Polacheck, 1991)), since the 

National Statistics database was developed to provide production estimates of the 

total fish catch, by species and fishing gear type and was not originally intended for 

robust scientific stock assessment of fisheries. Other sources of data, specifically the 

Fisheries High School (FHS)3 and Observer Program data4
, either do not extend over 

a long time series (Observer Program data) or a high level of reporting error (FHS 

data). 

3 Detailed analysis of this data can be seen in Chapter 3 
4 Detailed analysis of this data can be seen in Chapter 4 
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PT. Perikanan Samoedra Besar, an Indonesian tuna fishing company that 

commenced fishing in 1972 (Marcille et al., 1984, Proctor et al., 2003), has been 

collecting comprehensive data on catch and effort since 1973 (Marcille et al., 1984). 

PT. Perikanan Samoedra Besar recently merged with three other Indonesian State

owned companies and now operates under the name PT. Perikanan Nusantara, 

however henceforth in this chapter the company name shall be abbreviated as "PSB". 

The PSB data are the longest time series of catch and effort data available from the 

Indonesian industrial longline fishery, as PSB is the oldest tuna fishing company that 

is still active (Pet-Soede and Ingles, 2008) and is the only fishing company, to our 

knowledge, that has kept a long-term record of catch and effort data. Therefore, to 

understand the historical catch and effort trends of Indonesian commercial tuna 

longline fishery, the PSB data are a valuable data source. 

However, it should be emphasised that the PSB data are not representative of the 

entire fishery as they derive from only one fishing company: there are 29 other tuna 

fishing companies based in Benoa Fishing Port (based on Executive director of ATLI 

in Kompas, 29 March 2007 (Kompas, 2007)). As such, information on alternative 

fishing tactics employed by different tuna fishing companies is unavailable. In 

addition, this data set consists only of catch and effort information. Additional 

information such as bait or gear configuration is unavailable. 

Previous studies on the PSB data set have been conducted by Marcille et al. (1984), 

Gafa et al. (2000) and Eddrisea et al. (2008). A brief summary of these studies is 

given in Section 2.2. Marcille et al. (1984) conducted analysis of the PSB data 

collected between 1973 to 1981. As PSB vessels only used surface longlines during 
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1973-1981 (the period of Marcille et al.'s (1984) study), investigations into the 

number of hooks between floats (HBF) have never been undertaken. Thus, in the 

present chapter, an investigation on how the PSB fleet has been changing, in terms of 

fishing tactics and gear setting practices, as a response to their catch and their target 

species was conducted, in order to determine the extent to which the PSB data can 

assist with quantifying the impact of the Indonesian Indian Ocean tuna fishery on 

fishing stocks. 

Both Gafa et al. (2000) and Eddrisea et al. (2008) conducted analyses on the PSB 

data from 1978 to 1995 (which is the ·same period of the data collection used for this 

chapter). The latter considered data from PSB as one part of a larger atlas mapping 

Indonesian Indian Ocean fishing activity. It should be emphasised that these were 

primarily data summaries with less emphasis on interpretation of the results. Both 

studies either summarised spatial and temporal catch and effort trends (including 

catch composition and CPUE) by gear type (deep vs surface longlines) (Gafa et al., 

2000) or mapped (by 1-degree squares) the annual average catch, catch composition, 

CPUE and effort data by gear types (deep vs surface longlines ), by 5 years and by 

quarter (Eddrisea et al., 2008). The study conducted by Gafa et aL (2000) was limited 

to data corresponding to fishing operations in the Indian Ocean, and in the data up to 

1995 PSB vessels fished both the Indian Ocean and the Banda Sea (given in Section 

2.3). This chapter attempted to interpret the spatial and temporal catch and effort 

trends (including those from the Banda Sea as well as those from the Indian Ocean) 

to the extent possible, and place the interpretations from these data in the context of 

those from all available data sets (FHS and Observer Program data). In addition, 

apparent changes in targeting practices were attempted to be reconciled against the 

actual catch. 
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2.2 A Brief Overview of Previous Studies on the PSB Data 

It should be noted that results presented here are only results which are relevant for 

comparison with the present analysis. Marcille et al. (1984), Gafa et al. (2000) and 

Eddrisea et al. (2008) showed that from PSB's first fishing operation until 1981, the 

PSB vessels only used surface longlines with 6 hooks per basket (or HBF) to catch 

yellowfin tuna, Thunnus albacares (YFf). YFf catch comprised 62% of the total 

catch between 1973 and 1981 on average (Marcille et al., 1984). Bigeye tuna, T. 

obesus (BET) were caught as incidental catch and formed, on average, 18% of the 

total catch during the above period (Marcille et al., 1984). Their fishing areas were 

located in the Indian Ocean and in the Banda Sea, with some changes in the annual 

proportion of effort between these regions over time (Marcille et al., 1984). Until 

1979, effort was mainly concentrated south-east and west of Bali (between 75% and 

80% of the annual total PSB effort), whilst in 1981 effort was predominantly in the 

Banda Sea (i.e. near the Maluccu Islands and western Irian Jaya, between 0°-10°S 

and 115°-l35°E) (-50% of the total PSB effort in 1981) (Marcille et al., 1984). In 

1981, PSB vessels experienced catches of larger sized BET in the Banda Sea 

(Marcille et al., 1984). 

Development of the fleet and changes in targeting practices have occurred over the 

course of the operation of the company. The fleet size increased from 18 vessels in 

1975 (Simorangkir, 1982, Pet-Soede and Ingles, 2008) to 20 vessels in 1982 

(Marcille et al., 1·984 ). Gafa et al. (2000) suggested that PSB vessels began deep 

longline in 1983, but the fleet spent 8 years (1983-1991) in fully developing their 

deep longline fisheries, i.e. for their vessels to start utilising deep longlining gear 

efficiently. Based on the maps of the average catch (for each BET and YFf) by 5 
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years for each gear type (surface vs deep longlines) provided by Eddrisea et al. 

(2008), it seems that PSB began to use deep longline prior to the1980s as both BET 

and YFf were caught by deep longline before 1980. However, in an interview with 

Mr. Soepriyono (former branch manager of PT. Perikanan Samodra Besar in Bali), it 

was stated that the PSB vessels began deep longlining in 1991 to target BET 

(typically found deeper in the water column (Marcille et al., 1984, Grudinin, 1989)), 

whereas prior to that they conducted surface longlining (pers comm., 2006). 

Longline gear was arbitrarily classified based on the number of branch lines or HBF 

(Suzuki et al., 1977, Marcille et al., 1984, Lee and Nishida, 2002, Lee et al., 2005), 

as the latter is considered an index of the maximum fishing depth (Bach et al., 2000, 

Ward and Hindmarsh, 2007). The number of branch lines and HBF are used 

interchangeably. 

Suzuki et al. (1977) and Marcille et al., (1984) defined deep longlining as equating to 

at least 10 HBF, and surface longlining as equating to 4-6 HBF. Lee and Nishida 

(2002) classified deep longlining as 11 :S HBF :S 20 and surface (regular) longlining 

as 6 ::; HBF::; 10. In addition, Lee and Nishida (2002) defined deep longlining as 

HBF 2'.: 11 and surface longlining as HBF ::; 10. A different longline classification 

was adopted by Gafa et al. (2000) and Eddrisea et al. (2008), where surface 

longlining was defined as 6 HBF and deep longlining as 9::; HBF::; 11 (Gafa et al., 

2000) or surface longline as having HBF < 6 and deep longline as having HBF > 7 

(Eddrisea et al., 2008). Species composition of the PSB catches were different for 

surface and deep longline sets, where YFT were caught more by surface longline, 

whereas BET were caught more by deep longline (Gafa et al., 2000). BET catches 

regularly increased from 1978 to 1991 and largely increased between 1992 and 1995, 

50 



with BET comprising more than 80% of the catch (Gafa et al., 2000).The nominal 

CPUE of total recorded catch increased between 1978 and 1995 (Gafa et al., 2000). 

From 1978 to 1991, YFf CPUEs were higher than BET CPUEs, whereas from 1992 

to 1995, BET CPUEs were higher than YFT CPUEs (Gafa et al., 2000) Between 

1978 and 1991, YFf CPUE showed increasing trends whereas BET CPUE showed 

decreasing trends (Gafa et al., 2000). However, both YFf and BET CPUEs 

decreased between 1992 and 1995 (although BET CPUE peaked in 1992 with the full 

development of deep longlining) (Gafa et al., 2000). In the 1990s, PSB effort was 

concentrated in a smaller area between 105~-135°E and 0°-20°S (Eddrisea et al., 

2008). 

Japan introduced deep longlining in the Indian Ocean in 1975 in order to target BET 

(Suzuki et al., 1977, Marcille et al., 1984, Ward and Myers, 2007), by using a higher 

number of HBF (without substantial changes in gear configuration in terms of the 

length of float (-20 m) and branch lines (-30 m), and distance between branch lines 

(-50 m) relative to their surface longline (Suzuki et al., 1977, Marcille et al., 1984)). 

However, there are various ways in which hooks may be set deeper. These include 

increasing weights to the main iine or branch lines and increasing the lengths of the 

float lines (Ward and Myers, 2007) or branch lines (Marcille et al., 1984, Ward and 

Myers, 2007), and also using a longer main line (Marcille et al., 1984). 

In terms of deep longlining by PSB vessels, Soepriyono (pers comm., 2006) stated 

that PSB vessels set deeper by increasing the number of hooks between floats and 

using longer float lines. However, information on float line length was unavailable. 

As such, the catch composition and catch rate were investigated using HBF 

information to investigate the impact of change made by PSB vessels in order to fish 
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deeper. Results are compared to those from studies conducted by Gafa et al. (2000) 

and Eddrisea et al. (2008). It is reiterated that both previous studies were more data 

summaries with little emphasis on interpretation of the results. 

2.3 Methods 

2.3.1 Data Overview 

The analyses in this chapter were undertaken on the historical catch and effort data 

that have been collected by PSB from its Benoa-based longliners during 1978-1995 

(noting that no data were available for 1986). Additional data were collected post-

1995; however, the post-1995 PSB data are yet to be processed, as some skipper 

symbols still need to be translated. This data set has been stored in the Research 

Centre for Capture Fisheries (RCCF) database. The lack of data in 1986 was 

associated with a lack of fishing activity by the PSB vessels in the first nine months 

in 1986 (Simorangkir, 1988, Gafa et al., 2000) due to a fuel price increase (Gafa et 

al., 2000). The PSB fleet recommenced fishing operations in October 1986 with only 

5 (Gafa et al., 2000) or 6 of 22 vessels active (Simorangkir, 1988) for the last 3 

months of that year. However, no effort data are available for those vessels during 

that period, so the lack of data in these months is the result of a lack of information. 

Within the data set, catch (number of fish), effort information (including number of 

hooks, number of hooks per basket, number of baskets and setting position) and sea 

surface temperature were recorded for each set. Catch information was reported by 

species, including the four tuna species (BET, albacore, Thunnus alalunga (ALB), 

YFf and southern bluefin tuna, T. maccoyii (SBT)), and the main bycatch species 

(i.e. black marlin, Makaira indica (BLM), lndo-Pacific blue marlin, M. mazara 

(BLZ), striped marlin, Tetrapturus audax (MLS), swordfish, Xiphias gladius (SWO), 
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lndo-Pacific sailfish, Istiophorus platypterus (SFA), white marlin, Makaira spp. 

(WM) and other marlin, Makaira spp. (MR)). No information is available on bait 

type or gear configuration (other than numbers of hooks and baskets). 

There were 35,687 longline sets recorded. The duration of each set was 

approximately one day. HBF ranged from 4 to 22 (Figure 2.1), with an average of 8. 

Prior to 1982, PSB vessels only used 6 hooks per basket (Marcille et al., 1984). The 

average number of baskets per set was 213, ranging from 9-1230. The number of 

hooks per set ranged from 40 to 12300 hooks. The fishing areas for the PSB vessels 

during 1978-1995 were Indian Ocean waters between 0°-20°S and between 95°-140° 

E, but also in the Banda Sea (Figure 2.2). 
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1995 including number of hooks per basket, number o(baskets and number of hooks 
per set 
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Figure 2.2 Map of the PSB vessel setting positions (indicated in red shading) from 
1978 to 1995. The Indonesian 200 nautical mile zone is also shown. 

2.3.2 Data Cleaning 

From 35687 recorded sets, 8.19% were excluded due to obvious errors regarding 

effort information (e.g. recording 1 hook per basket). In addition, some records 

reported locations corresponding to land. The mistakes could have been made either 

during the recording process by the skippers, or during the data entry process. As the 

errors could not be corrected, these records were excluded from analysis. 

116 sets incorrectly recorded HBF and numbers of baskets under the opposite 

categories, i.e. the HBF were recorded to be more than 30 up to 140, whereas the 

numbers of baskets were recorded as between 9 and 18. These sets were corrected by 

swapping the data recorded for the HBF and the numbers of baskets categories. 

2.3.3 Exploratory Analysis 

Catch and effort data were summed to obtain annual catch, effort and CPUE trends. 

To generate spatial distributions of catch and effort, catch and effort data were 
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aggregated by 5-degree squares. In addition, the classification of longline gear by 

Suzuki et al. (1977) and Marcille et al., (1984) was used in that the surface gear 

classification was extended to include HBF between 7 and 10. Thus, the 

classification of 10 or less HBF for surface sets and more than 10 HBF for deep 

longline sets was used to investigate what impact the change from surface to deep 

longlining adopted by PSB vessels had on catch composition and catch rate. 

2.4 Results 

2.4.1 Annual Catch and Effort 

Annual effort, as described by the number of hooks, increased from less than 4 

million in 1978 to a maximum of - 7 million hooks in 1984 (Figure 2.3a). This was 

followed by a small (approximately 5%) decrease from 1984 to 1985. Since 1987, 

the reported effort dropped to less than half of that in 1985 (less than 4 million hooks 

per year) (recall that no hooks were reported in 1986). There was no effort reported 

in 1986. 

Recorded catches of the four tuna species and of the reported bycatch species 

decreased from more than 40000 fish in 1978 to -500 fish in 1995 (Figure 2.3b). 

However, there was a large increase in the total fish recorded from around 30000 fish 

in 1979 to a maximum level in 1981 of more than 75000 fish. Since 1990, the total 

fish recorded has never exceeded the lowest level observed between the late 1970s 

and 1980s (i.e. 20000 fish per year). 

Jn' the period between 1978 and 1995, the annual temporal trend in the total number 

of tuna (BET, YFT, ALB and SBT) was consistent with that of the total catch, 

whereby tuna comprised at least 80% of the total fish reported (Figure 2.3b ). This 
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suggests that the amount of bycatch recorded was very small (14% aggregated across 

all years) (Figure 2.4), which may be due to the fact that only seven bycatch species 

were reported, when a greater range of bycatch species was reported in other years. 

Of course, this assumes that catches of these seven species were not especially high. 

The maximum number of tuna reported was in 1982, and this equated to 13% of all· 

tuna caught during 1978 to 1995. 

Between 1978 and 1985, at least 60% of the annual tuna catch was YFT (Figure 

2.3b), suggesting the tuna catch pattern was driven by YFT. During the same period, 

BET, ALB and SBT catches comprised 24%, 11 % and 0.02% of the annual tuna 

catches on average, respectively. The number of YFT caught increased to its 

maximum level in 1982 when effort levels began to increase. Interestingly, the 

greatest number of hooks was set in 1984, yet the number of YFT caught was lower 

in this year than in 1982. Since 1987, the number of YFT caught was similar in 

magnitude to that of the other tuna species (Figure 2.3b ), but was less than half of 

that in 1985. Between 1978 and 1995, BET catch fluctuated between 3363 and 14150 

fish, which is in contrast to the suggestion by Gafa et al. (2000) that BET catch 

trends increased in that period. J:Iowever, between 1992 and 1995, at least 70% of 

tuna catch was BET, suggesting the tuna catch was driven by BET during this period. 

Similarly, Gafa et al. (2000), found that the BET catch comprised more than 80% of 

the total catch from 1992 to 1995. From 1978-1995, SBT formed the minority of 

tuna catch (0.1 % on average) (Figure 2.3b). 
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Figure 2.4 Average catch composition (between 1978 and 1995) for the four tuna 
species and recorded bycatch species (BLM, BLZ, MLS, SWO, SFA, WM, MR) 
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2.4.2 Spatial Distribution of Catch and Effort 

Fishing operations of PSB vessels between 1978 and 1995 were distributed in the 

eastern Indian Ocean in the geographic range 0°-20°S and 95°-140°E, but also in the 

Banda Sea, with effort mostly concentrated in coastal areas of the eastern Indian 

Ocean from 5°-l5°S and from 110°-120°E (Figure 2.Sa). When aggregating catch 

across all PSB sets for the period 1978-1995, YFT and BET were the predominant 

species caught in any 5-degree block, except in a select few where mostly BET or 

ALB were caught (Figure 2.Sb ). Although PSB effort was concentrated within the 

SBT spawning ground (shown as the blue area in Figure 2.5), SBT comprises the 

lowest proportion of the tuna catch in any 5-degree square in the fishing area. 

Further, reported SBT catch never exceeded 0.5% of the tuna catch in any 5-degree 

block in the whole area of the PSB fishing ground. 
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Figure 2.5 Spatial distribution of PSB effort (a) and catch (for the four tuna species) 
(b) recorded, expressed as total numbers of hooks and fish from 1978-1995 
(excluding 1986). The shaded blue area illustrates the location of the SBT spawning 
grounds, i.e. south-east of Java (Caton, 1991, Caton, 1993, Safina, 2001, Polacheck, 
2002, Anon., 2008d) 

To further investigate any spatial changes associated with known changes in setting 

practices by PSB vessels (from surface to deep setting), the PSB spatial; catch and 

effort data were plotted by year (Figure 2.6 and Figure 2.7). PSB effort occun-ed in 

the range 0°-20°S and 95°-140°E in the 1980s (Figure 2.6). Consistent with the 

results of Marcille et al. (1984 ), the PSB data showed that the majority of PSB effort 

occurred in the Banda Sea in 1981. Fishing grounds remained predominantly in the 

Banda Sea until 1982. In 1987, PSB effort began to decline (to 39% of that in 1985). 
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From 1992, PSB effort decreased further and became localised between 10°-l5°S 

and l 10°-l15°E where limited fishing had previously occurred. This was consistent 

with the results of Eddrisea et al. (2008), who stated that PSB effort occurred in 

smaller area between 0° and 20°S and between 105° and 135°E during this time. 

Prior to the 1990s, PSB had experienced higher catches of YFT in this area whereas 

BET were predominantly caught in the area between 0°-5°S, <105°E (Figure 2.7). In 

the 1990s, PSB 's spatial catch composition showed that BET were the predominant 

species caught in any given 5-degree block. 

Between 1978 and 1980, there was minimal spatial difference in the relative YFT 

catch, as YFT was the predominant catch species in almost all 5-degree squares 

(Figure 2.7). However, from 1981 to 1991, there was an obvious latitudinal 

segregation around 10°S. YFT was the most dominant species caught north of 10°S, 
• 

whereas to the south, the number of YFT caught was similar in magnitude to that of 

either ALB or BET (Figure 2.8). An exception was between 1984 and 1985, where 

YFT again dominated the catch in all 5-degree areas, irrespective of latitude (Figure 

2.7). From 1992, when effort was localised in the Indian Ocean south of 10°S, YFT 

catch was less than a quarter of the BET catch in almost all 5-degree blocks (Figure 

2.7). 
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by year 
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Figure 2.6 (cont'd) Spatial distribution of effort (number of hooks) deployed by 
PSB vessels by year 
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Figure 2.7 (cont'd) Spatial distribution of tuna catch composition reported by the 
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Figure 2.8 Tuna catch composition reported by the PSB vessels by year in areas (a) 
North of 10°S and (b) South of 10°S 

2.4.3 Catch and Effort Relationship 

The relationship between catch and effort is summarised for total and species-

specific catch using linear regression (Figure 2.9). Within this data set, species-

specific effort was unable to be assigned. 

Annual total , tuna and YFf catches were all significantly positively correlated with 

the aggregated number of hooks per year (r2>0.7, p<0.01) (Figure 2.9). In contrast, 

there was no significant linear correlation between BET, ALB , SBT or bycatch, and 

effort (p>O.l). As only YFf catch was significantly positively correlated with effort, 

this is consistent with the notion of YFr being the main target species, whilst SBT 

had almost a negative correlation with effort, reflecting its very low catch levels and 

its status as a non-target species. 
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Figure 2.9 Catch vs. effort relationships and fitted linear regressions for total catch, 
tuna catch, bycatch and the 4 main tuna species (BET, YFf, ALB and SBT) reported 
by the PSB vessels 

2.4.4 Annual CPUEs 

Total nominal CPUE increased from - 1.3 fish/100 hooks in 1978 to a maximum of 

-1.8 fish/100 hooks in 1981 (Figure 2.10). The maximum total catch also occurred 

in 1981 (Figure 2.3b). Total nominal CPUE then dropped to less than 1 fish/100 

hooks in 1983 (Figure 2.10). Over the next four years, the total nominal CPUE 

increased to approximately 1.7 fish/100 hooks. Overall, total nominal CPUE 

generally increased between 1978 and 1995, consistent with Gafa et al. (2000). 

Simultaneously, the number of reported hooks decreased by about 50% from 1987, 

after the number of reported hooks peaked during 1984 and 1985 (Figure 2.3a) . 
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Subsequently, the total nominal catch rates decreased to - 0.7 fish/100 hooks in 1995 

(Figure 2.10). 

Except for 1981, the nominal tuna catch rates closely corresponded with and had 

similar magnitude to total catch rates, reflecting the low reported bycatch levels. 

Tuna CPUEs decreased from >1 fish/100 hooks in 1978 to -0.7 fish/100 hooks in 

1983 and remained below 1 fish/100 hooks until 1985. Tuna CPUEs peaked above 

1.5 fish/100 hooks in 1987 before dropping to less than 1 fish/100 hooks thereafter. 

Although the number of hooks increased from 1982 to 1985 (Figure 2.3a), nominal 

catch rates of total catch, tuna catch, YFT and BET decreased (from -1.8 to -1 

fish/100 hooks, from -1.3 to -0.8 fish/100 hooks, from -1to0.6 fish/100 hooks, and 

from -0.3 to -0.2 fish/100 hooks, respectively) (Figure 2.10). 

Within the first eight years of the data set, the nominal YFT CPUEs were much 

higher than (more than double) those of the other three tuna species (Figure 2.10). 

Between 1987 and 1991, YFT CPUEs remained higher (except in 1989) than the 

other three tuna species. However, YFT CPUEs subsequently decreased from -0.7 

fish/100 hooks in 1987 to -0.1 fish/100 hooks in 1995 and even from 1992, BET 

CPUEs were at least three times higher than those for YFT. These CPUE trends for 

YFT and BET were consistent with results found by Gafa et al. (2000). Inconsistent 

with results by Gafa et al. (2000), this study showed that between 1978 and 1991 

YFT CPUE decreased and BET CPUE was relatively stable, respectively. In 

addition, this study showed a relatively constant trend between 1992 and 1995 for 

YFT CPUEs, which was different with that suggested by Gafa et al. (2000). 

However, both analyses revealed a decreasing pattern for BET CPUEs between 1992 
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and 1995. Possible reasons for these inconsistences are proposed in the Discussion 

(Section 2.5). 

Between 1978 and 1995, nominal CPUEs for YFf and BET averaged around 0.49 

and 0.32 fish/100 hooks, respectively (Figure 2.10). Compared to BET and YFf, 

CPUEs between 1978 and 1995 were generally lower for ALB (0.13 fish/100 hooks 

on average), with the exception of a peak in 1987. Nominal CPUEs were consistently 

lowest for SBT, being less than 0.001 fish/I 00 hooks on average. 
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Figure 2.10 Time series of annual nominal CPUE (fish/100 hooks) for combined 
tuna catch and for the four main tuna species (BET, YFf, ALB and SBT) reported by 
the PSB vessels 

71 



2.4.5 Targeting Practices 

Consistent with Gafa et al. (2000), the data indicate that PSB vessels started deep 

longlining in 1983 (presumably to target BET) by using 10 or more hooks between 

floats in about 56% of reported sets during 1983 (Figure 2.11). In contrast, Eddrisea 

et al. (2008) suggested that deep longline began before 1980 and Soepriyono (pers 

comm., 2006) indicated that PSB started deep longlining in order to target BET in 

1991. Prior to 1983, PSB vessels only used 6 hooks between floats. In the next two 

years, the maximum number of hooks between floats was 11 hooks per basket 

(Figure 2.11). In 1987, the number of hooks between floats showed higher 

variability, from 5 hooks per basket (0.2% of the 1987 reported sets) to 18 hooks per 

basket (0.1 % of the 1987 reported sets), with around 41 % of the 1987 recorded sets 

using at least 10 hooks between floats. In the following years, the maximum number 

of hooks between floats never exceeded 13, whereas after 1992, the number of hooks 

between floats increased to more than 15. 

Despite these gear (targeting) changes, which were presumably aimed at increasing 

the catch of BET, there was no increase in the number of BET caught by PSB vessels 

in the 1980s, while YFf catch rates concurrently increased (Figure 2.3). BET did 

not become a predominant species in the catch until 1989 (Figure 2. 7). Consistent 

with Soepriyono's comments (pers comm., 2006), the data suggest that PSB began 

catching BET more efficiently since BET became the dominant catch species starting 

around 1992, as the annual CPUEs for BET were higher than for YFf from 1992-

1995 (Figure 2.10). This is also consistent with Gafa et al. (2000) suggesting that 

deep longlining was fully developed in 1992. 
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Whether BET and YFf catches were influenced by HBF can be investigated by 

examining tuna catch composition by HBF and by year (Figure 2.12). Between 1978 

and 1982, YFf comprised more than 50% of the tuna catch when only surface 

longlines were used (6 HBF). This was consistent with Gafa et al. (2000) who 

suggested YFf were caught more by surface longline. In subsequent years (1983-

1985), although the number of hooks per basket ranged from 6 to 11, YFf continued 

to account for at least 50% of the catch for each HBF. In 1987, an increased 

proportion of ALB was reported while using 6-11 HBF as in past years. However, 

more YFf were caught in this year, when 5, 14, 15 and 18 HBF were explicitly used, 

which is in contrast to. Gafa et al.' s (2000) suggestion that BET were caught more by 

deep longline. 

Deep longline setting was presumably undertaken with an aim to target BET (Suzuki 

et al., 1977, Marcille et al., 1984), but such targeting was not reflected in the catch 

data for several hook configurations of deep longline, as more YFf than BET were 

caught using deep longline gear either prior to 1992 (i.e. 13, 14, 15 and 18 HBF 

configura~ions in 1987) and from 1992 (13 HBF configuration in 1992 and 22 HBF 

configuration in 1993) (Figure 2.12). Further, the PSB CPUE by gear type (surface 

and deep longlines) showed no real change from 1992 (Figure 2.13). The nominal 

CPUE for BET caught by surface longline sets was higher than that associated with 

deep sets, and nominal YFf CPUE was higher for deep sets than shallow sets (in 

1992 and 1994). From 1992, nominal CPUEs for BET were much higher (more than 

double) than those for YFf, ALB and SBT, irrespective of whether deep or surface 

gear was used. 
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It seems that HBF configuration alone did not significantly influence the tuna catch 

composition between 1992 and 1995, as, like the nominal CPUE patterns, the catch 

composition using surface gear (less than 10 hooks between floats) was similar to 

that obtained using deep sets. This can be seen in the tuna catch composition 

especially after 1992, where more BET were caught irrespective of whether surface 

or deep longline gear was used (e.g., in 1993, HBF 4 vs HBF 19). This raises the 

question as to whether PSB vessels employed other targeting practices to target BET 

from 1992, instead of increasing the number of hooks between floats. Given that the 

fishing area was concentrated in a smaller area of the eastym Indian Ocean compared 

to the area fished prior to 1992 (Figure 2.6), it is possible that this influenced the 

catch composition. In addition, fishing season (in the context of fish behaviour such 

as spawning aggregations) may also have influenced target species catch rates. 

Further, to fish deeper the fishers might have increased the length of the main line, as 

increasing HBF is not the only way to achieve a deeper fishing depth. In order to 

address this question, information and/or anecdotal evidence available relating to 

PSB targeting practices (i.e. fishing season, length of main line and fishing location) 

and the contraction of the PSB fishing location from 1992 were investigated. 
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There is no obvious difference in effort distribution by month prior to 1992 or since 

1992 (Figure 2.14). Indeed, most months were fished in each year, and effort 
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appears to have been distributed evenly by month in most years. This suggests that 

PSB vessels did not allocate their fishing seasons to specific months. Therefore, 

fishing season is unlikely to have been a factor influencing catch composition or the 

intended target species. 

Within the first five years of the study period, fishers used 6 hooks between floats 

and the length of the main line between floats was constant at 180 m, on average 

(Figure 2.15). The length of the main line increased after 1983 irrespective of hook 

configuration, as a result of fishers switching to deep longlining vessels. For deep set 

hooks, the average length of the main line per operation was 10%-50% longer. 

Information on main line length after 1990 is not available (except for 1994). As 

such it was not possible to investigate the effects of main line length on catch rates 

and composition prior to and after 1992. 

The post-1991 concentration of PBS effort in the area between l0°-l5°S and 

betwe~n 110°-l15°E coincided with the increase in BET CPUE. The PSB data 

revealed that between 1992 and 1995 the PSB fishing effort was concentrated in one 

5-degree block (between l0°-l5°S and between ll0°-ll5°E). The reason for this 

spatial contraction is not fully understood since PSB vessels did not experience high 

BET catches in this area, nor had there been much fishing effort in this location 

previously (Figure 2.6). BET had previously been mostly caught in other areas (i.e. 

between 0°-5°S and 95°-l00°E) (Figure 2.7, Figure 2.16). It does not appear that 

larger sized (and hence more valuable) BET were associated with this localised 

region either. PSB vessels previously caught larger sized BET in 1981 in the Banda 

Sea (i.e. near the Maluccu Islands and western Irian Jaya, between 0°-l0°S and 115°-

1350E) (Marcille et al., 1984). Thus, it does not appear that the concentration of 
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effort in this area was associated with an effort to actively target BET, either in terms 

of previously experienced high abundance or larger sized fish. 
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Figure 2.15 Average length of main line (m) between floats per operation by gear 
type (surface (HBF < 10) vs deep (HBF 2: 10) for PSB vessels 
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Figure 2.16 Spatial distribution of BET CPUE (fish/100 hooks) reported by the PSB 
vessels by year 
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Figure 2.16 (cont'd) Spatial distribution of BET CPUE (fish/100 hooks) reported by 
the PSB vessels by year 
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Figure 2.16 (cont'd) Spatial distribution of BET CPUE (fish/100 hooks) reported by 
the PSB vessels by year 
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2.5 Discussion 

2.5.1 Catch and Effort Trends 

As would be expected, the results from this analysis of PSB catch and effort trends 

between 1978 and 1981 are consistent with those of Marcille et al. (1984). Both 

analyses show that i) YFT dominated the tuna catch pattern during 1978-1981; ii) in 

1981 the amount of PSB effort in the Banda Sea increased; iii) the number of hooks 

reported increased from 1978 to 1981; and iv) the nominal CPUE of YFT was higher 

than that of BET between 1978 and 1981. Similarly, the following results were 

consistent with what suggested by Gafa et al. (2000) (Section 2.2): i) from 1992 BET 

were predominantly caught; ii) the CPUE of the total catch increased between 1978 

and 1995; iii) from 1978 to 1991 YFT CPUEs were higher than BET CPUEs, 

whereas from 1992 to 1995 BET CPUEs were higher than YFT CPUEs; and iv) from 

1992 to 1995 BET CPUEs decreased. In addition, consistent with Eddrisea et al. 

(2008), this study showed that from 1992 PSB effort occurred in smaller area 

between 105° and 135°E, and between 0° and 20°S. 

Some dissimilar results were suggested by this study from those suggested by Gafa et 

al. (2000). In contrast to Gafa et al. (2000) (Section 2.2), this study showed that i) 

between 1978 and 1995, BET catches fluctuated between 3360 and 14150 fish; ii) 

from 1978 to 1991, YFT CPUEs decreased and and BET CPUEs were relatively 

stable; iii) from 1992 to 1995 YFT CPUEs were considerably constant and iv) in 

1987, more YFT were caught when using 14, 15 and 18 HBF. These different results 

might be due to either the different gear classification used or different areas covered 

by those analyses (Gafa et al.'s (2000) study was limited to PSB data collected from 

the Indian Ocean). 
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It appears that YFf and BET were caught in the centre of the Java Sea in 1980, 1981, 

1983-84, 1988-89 and 1993-94 (Figure 2.7), and, furthermore, that CPUEs for these 

species were sometimes at their highest in the centre of the Java Sea (Figure 2.16). If 

these high CPUE had been found in the eastern part of Java Sea, namely in the area 

closed to the Makassar Strait, they may have been plausible. However, it is strange to 

see YFf and BET catch recorded in the mid Java Sea, since the salinity in the Java 

Sea is generally lower relative to that in the Indian Ocean proper. This suggests these 

reported catches are likely to be simply another anomaly that is indicative of the 

errors in the data. 

PSB vessels devoted an increasing amount of effort to catching more YFf by using 

surface longline gear with 6 branch lines (6 hooks) per basket between 1978-1982, 

which resulted in a larger amount of YFf as well as overall tuna catch (peaking in 

1982). Subsequently, in 1983 the PSB vessels began to use deep longlines (56% of 

the total sets in 1983). In 1984, the PSB fleet tried to increase their effort and use 

more deep longliners (the proportion of the fleet using deep set gear increased to 

63%) without: any significant change in their fishing area. However, the increase in 

effort in 1984 resulted in reduced catch of both YFf and BET compared to 1982. 

This indicates that further increases in effort were unlikely to have increased the 

nominal catch rates of BET and YFT. In 1987, a large decrease in effort (total 

number of hooks deployed) by PSB vessels occurred (effort declined to about 50% of 

that in 1985), and in subsequent years the number of hooks remained less than half of 

those in 1985. It seems that the PSB vessels attempted to increase or at least recover 

the nominal CPUE by decreasing the amount of effort. Nevertheless, the reason for 

the relatively large decrease in effort from 1987 remains uncertain. 
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YFf were predominantly caught between 1978 and 1991 (except in 1989), 

suggesting the tuna catch pattern in these years was driven by YFf. YFT catch was 

most strongly correlated with PSB effort, suggesting vessels were actively targeting 

YFf. This is supported by higher nominal YFT CPUEs during that period (except in 

1989). However, from 1992, BET catch and nominal CPUE were higher than YFT, 

ALB and SBT. Catch and nominal CPUE were generally lower for ALB (except in 

1987) and consistently the lowest for SBT. From the four tuna species of interest, 

YFf shows a clearly decreasing trend in CPUE between 1978 and 1995. This may be 

suggestive of overfishing, parti~ularly if accompanied by a decrease in the mean size 

of fish in the catch. Whether the decreasing CPUE trend was accompanied by a trend 

of decreasing mean length within the catch is unknown, however, since there is no 

length information available from this data set. 

2.5.2 Targeting Practices 

In terms of targeting, the PSB data shows that PSB vessels used surface longline (6 

hooks between floats) until 1982 and then switched to deep longlines (10 or more 

hooks between floats) in 1983, presumably to target BET. Besides affecting the 

species composition, the depth alteration of the longliners could also change catch 

rates (Ward and Myers, 2007). However, during 1983-1991, although the fishers 

mostly used deep longliners, BET were not predominantly caught and the nominal 

CPUE of BET was less than that of YFr. In addition, during the last 4 years of the 

study period, the nominal catch rates of BET by surface longliners were higher than 

those achieved by deep longliners, while, in 1992.and 1994, the nominal catch rates 

of YFT by deep longliners were higher than those obtained by surface longliners. 
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This suggests that other factor/s (e.g. fishing ground) has/have affected the BET 

and/or YFT catch rates. 

From 1992, fishing grounds were predominantly located in the Indian Ocean and 

BET was the dominant species caught during this time. However, the same area of 

the Indian Ocean had also been fished by deep longliners prior to 1992 and had 

resulted in higher nominal catch and CPUE of YFT relative to BET. This indicates 

that the contraction of effort towards the Indian Ocean was not the only factor 

influencing catch composition. The PSB fishing season was not significantly 

different between years, especially prior to and after 1992. Thus, the variation in 

catch composition is unlikely to have been driven by changes in the PSB fishing 

season. As there was a shortage of information on length of main line after 1991, 

assessing the effects of main line length on catch rates and composition prior to and 

from 1992 was not possible. Unfortunately, any information related to other gear 

modifications was not recorded within the PSB data set, as there was no information 

on gear specification.· 

The results provided here suggest that the outcome of PSB' s fishing activities were 

inconsistent with their objectives. The PSB data showed that their vessels 

commenced deep longlining in 1983, but that BET CPUEs only increased from 1992. 

The increase in BET CPUE coincided with a reduced fishing range and concentration 

within an area where PSB had not previously experienced high BET catches, as 

opposed to focusing their effort on areas where they had historically caught BET. In 

the absence of supplementary information, and assuming that the switch to deep 

longlining in 1983 was indeed done to target BET, one explanation may be that the 

fleet was somewhat inefficient between 1983 and 1991. This is consistent with Gafa 
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et al. (2000) that it took 8 years for the vessels to start utilising deep longlining 

efficiently. If this is the case, considerable latent effort may exist in the fishery. 

Soepriyono (pers comm., 2006) stated that PSB began deep longlining in 1991. If 

this is the case, it may be that information on HBF might have been incorrectly 

recorded (either during data entry to the computer or in the logbook), such that PSB 

may indeed have actively switched their target species from YFf to BET, with 

deeper sets actually commencing in 1992 as reported by Soepriyono (pers comm., 

2006). However, the CPUE by gear type (surface and deep longlines) from 1992-

1995 did not indicate a change: BET CPUE was higher by surface than deep longline 

sets, and YFf CPUE was higher for deep than surface longline sets in 1992 and 

1994. Overall, BET CPUEs were higher than YFf fQr both deep and surface 

longline. Assuming HBF information was reported correctly, this might suggest that 

PSB vessels between 1992 and 1995 were somehow not achieving their objectives 

(i.e. of presumably using surface longlines to target YFf and deep longlines to target 

BET). In addition, the localised effort from 1992 might have been associated with an 

attempt to target BET, but again th.e reasons of the choice to concentrate their fishing 

effort in a smaller area from 1992 are unclear from the PSB data, and there is no 

other information available. 

As tuna longlines are a passive fishing gear, their catch efficiency depends mainly on 

the gear type and fishing technique (including hook configuration and bait type), but 

also on the natural behaviour and availability of the targeted fish (Skud, 1978). Thus, 

alteration of adopted fishing gear and fishing practices would not be effective 

without any endeavours to improve knowledge on targeted fish behaviours, such as 

where and when they occur and feed. Unfortunately, there is no such information on 
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bait and fishing time reported from the PSB data set. M~re detailed information on 

fishing gear and techniques or bait type is required to investigate what was/were the 

main factor/s influencing catch composition. In this case, anecdotal evidence is 

greatly valuable to attempt to obtain a clearer understanding of the observed patterns. 

Understanding the rationale behind the fishing behaviour adopted, as explained 

qualitatively, for example, by interviews with skippers, would be significantly 

helpful in this context. 
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CHAPTER 3: EXPLORATORY ANALYSIS OF 

FISHERIES HIGH SCHOOL DATA 

3.1 Introduction 

Indonesia's commercial tuna longline fleet fishing in the Eastern Indian Ocean has_ 

grown rapidly from 36 vessels in 1986 (two of which were foreign vessels based in 

Indonesia and operating in the Indian Ocean) (Herrera, 2002) to between 1500 and 

1800 vessels in 2003, although in 2006 the number of vessels decreased to 1000 

vessels (IOTC 20085
). It is believed that the substantial reduction in longline 

activities was due to a major fuel price increase in October 2005. In the Tuna 

Monitoring workshop conducted by the Research Centre for Capture Fisheries 

(RCCF) in Bali on 12th July 2006, the Association of Tuna Longline Indonesia 

(ATLI) stated that 2005 conditions were the hardest since 2000 for the tuna longline 

fishery in Indonesia. The number of vessels operating out of Benoa Fishing Port, 

Bali, and registered with ATLI decreased by about 32 vessels (from 700 boats in 

2004). The impact of the fuel price increase on the fishery should be evaluated. 

However, there is no effort data available from formal data collection programs for 

this fishery (Proctor et al., 2003). Although the Benoa Port-based Catch Monitoring 

Program which commenced in the 1990s provides good quality data on the amount 

of tuna landed by the fleet, this monitoring program is not able to provide effort and 

in tum, catch-per-unit-effort (CPUE) information. Consequently, it is difficult to 

obtain a comprehensive understanding of fishery dynamics, the impact of fishing, 

5 Presentation by Herrera, M. (IOTC) at Steering Committee Meeting for Monitoring of Indonesia's 
Tuna Fisheries, 27-28 May 2008, Jakarta. 
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factors which influence catch trends and the reasons for any changes in fishing 

behaviours by the fleet (Basson et al., 2007). 

Therefore, to address the lack of CPUE information, Indonesia and Australia have 

been collecting data from an existing Indonesian Fisheries High School observer 

program (Basson et al., 2005, Basson et al., 2007). This program is organised by 

W ASKI ("Unit Pengawas Kapal lkan" = Office for Control and Surveillance of 

Fisheries Vessels), a government office in the Benoa Fishing Port that has been under 

the Directorate General of Marine Resources and Fisheries Control since 1995 

(Basson et al., 2005, Basson et al., 2007). Students are placed on the Indonesian 

Indian Ocean tuna longline vessels based at Benoa Fishing Port and are required to 

undertake one (full) trip to sea as an observer as a requirement for their graduation 

(Bachelor's Degree) (Basson et al., 2005, Basson et al., 2007). This enables them to 

gain experience on vessels and to observe and learn fishing techniques. However, in 

some cases students do not fulfil the requirement of completing a full trip. In many 

cases this is due to seasickness. Data collected by the Indonesian Fisheries High 

School students shall be subsequently abbreviated as "FHS data". 

It should be noted that the FHS data did not come from a rigorous survey. As 

trainees, students are likely to make more mistakes in fish identification than a 

trained observer. In addition, the students relied on information from the captain or 

crew for fishing positions, as they were not equipped with Global Positioning 

Systems (GPS). Furthermore, these data were only collected within a restricted time 

of the year, i.e. mostly after the students' examination period (i.e. after June). 

However, a large amount of catch and effort data (2514 trips recorded from 2000 -

2007) have been collected by the Fisheries High School students, which provides a 
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time series of spatial and seasonal patterns of catch and effort, and includes bait type 

information. In· addition, this data set has the best spatial and fleet coverage 

compared to PSB and Observer Program data sets (analyses in Chapters 2 and 4, 

respectively). Therefore, to begin to address the lack of catch and effort information, 

the data gathered by the Indonesian Fisheries High School students were used to gain 

some insight into Indonesia's tuna fisheries. 

A preliminary investigation of the FHS data (up to June, 2005) had been done 

previously by Don Bromhead (Bureau of Rural Sciences, Australia) in collaboration 

with the CSIRO Pelagic Fisheries and Ecosystems Group (PFE) (Basson et al., 

2005). The results of some of those investigations were reported to the 2005 

Commission for the Conservation of Southern Bluefin Tuna (CCSBT) Scientific 

Meeting (Basson et al., 2005). However, the filtering (cleaning) of the data during 

those preliminary analyses was considered to be relatively coarse (Basson et al., 

2007). 

This chapter provides an exploratory analysis ?f the FHS data for the main tuna 

species caught by the fishery: bigeye tuna, Thunnus obesus (BET), yellowfin tuna, T. 

albacares (YFT), albacore, T. alalunda (ALB) and southern bluefin tuna, T.maccoyii 

(SBT) (Proctor et al., 2003). Specifically, the aims of this chapter are to investigate 

spatial-temporal patterns of catch and effort, to obtain an insight into changes in 

fishing behaviours as a response to the increasing fuel price and to investigate several 

factors that may have an impact on catch patterns (such as bait type used and sea 

surface temperature). 
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3.2 Methods 

The exploratory analyses were done using the R statistical software package in order 

to understand the fishery dynamics based on catch and effort, operational 

characteristics and catch rates. CPUE was used and defined by: 

CPUE= catch .... (1) 
effort 

where catch is in number of fish and effort is expressed as hundreds of hooks. 

3.2.1 Overview of FHS Data Set 

The Fisheries High School observer program started in 1995 and was conducted by 

several Fisheries High Schools in Indonesia as on-the-job training for their students, 

in fulfilment of the requirements for a Bachelor's Degree. This training was 

organised by W ASKI. The objectives of the training were to increase knowledge, 

ability and skill in order to create job-ready technicians who could compete globally. 

Since 2000 Indonesia's Research Institute of Marine Fisheries (RIMF) and WASKI 

have been collaborating on the documentation of the FHS data. In 2004, Attstralia's 

Commonwealth Scientific and Industrial Research Organisation (CSIRO) began to 

collaborate with these organisations, and with Indonesia's Research Centre for 

Capture Fisheries (RCCF) and Directorate General of Capture Fisheries (DGCF) 

(Basson et al., 2005). Data prior to 2000 could not be provided as W ASKI staff were 

unable to locate pre-2000 data sheets (Basson et al., 2007). The data documentation 

has been stored in the RCCF database in Jakarta and was retrieved for the present 

study. Students mostly registered with WASKI to commence on-board training after 

their examination period, i.e. after June (Table 3.1). The number of Fisheries 

Schools offering this training showed a steady increase from 13 schools in 2000 to 

19 schools in 2006 (Table 3.1). It should be emphasised that there is not a consistent 
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coverage across the year such that seasonal (as well as interannual) patterns are 

confounded by the number of students going to sea. 

Table 3.1 Number of registered students at W ASKI by month prior to their trips to 
sea 

Year Nl!_~~~r of r~i sti::re~tud~nts ~t ~ A~KI b !110!1th 
Number Number j 

of of 
I 2 3 4 5 6 7 8 9 JO 11 I 12 Students Schools 

2000 0 0 0 0 0 112 210 40 103 0 0 0 
-

200 l 0 0 j 90 0 0 91473 114 171 187 56 l 0 0 
2002 57 20 0 0 206 128 44 I 72 22 33 

465 

j 7~1 
676 

2003 0 1 23 I 0 I 0 0 44 62 130 66 158 I 45 21 549 
2004 29 20 1 27 1 55 l 45 50 89 80 61 J o I o 62 518 

2005 25 I 44 ~l I 19 73 69 18 73 44 + 6 36 26 454 

2006- 38 I 61 o J 20 57 20 57 _ 1-5 J_ 40 I 14- f_5--9 o 381 
20Q7 30 ~ 22 17 ~ _27 ~3 J L L -~~ 

13 
15 
16 
18 

1

18 
19 

~9 
Source: WASKI (2003), WASKI (2004), WASKI (2005), WASKI (2006), WASKI (2007) and 
W ASKI (2008) (sometimes there was a time lag between the registration process and the 
commencement of training) 

On-board training consisted of observing the activities at sea of some Indonesian 

tuna fishing vessels based at Benoa Fishing Port and collecting data. The duration of 

trips for individual students varied depending on the vessels' duration at sea. From 

the total 2514 trips recorded, vessel size was reported for - 70% (1775 trips) 

recorded. Number of trips by size of vessel is given in Table 3.2. Although longline 

vessels in Benoa Fishing Port ranged from < 30 GT to > 200 GT (with the most 

common size ranging between 61 and 200 GT) (Proctor et al., 2003), students were 

only allowed by W ASKI to carry out training on vessels with size 2'.: 30 Gross Tons 

(GT) (pers comm. with WASKI, 2006). However, 247 trips which were reported to 

have occun-ed on vessels with size < 30 GT. It was assumed that these trips (on 

vessels< 30 GT) were incon-ectly recorded by the students. 
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Table 3.2 Number of trips observed by Fisheries High School students by size of 
vessel (Gross Tonnage (GT)) 

Vessel's size Number of trips 

<30GT 247 trips 
30 :S GT :S 60 445 trips 
61:SGT:S90 431 trips 
91:S GT :S 120 250 trips 

121 :S GT :S 227 400 trips 
>600GT 2 trips 

The FHS data presented in this chapter were obtained from students' observations 

between October 2000 and June 2007 (Table 3.7). Sometimes there was a time lag 

between the registration process and the commencement of training. For ,example, 

although between June - September 2000, there were 465 students registered with 

WASKI (Table 3.1), their on-board activities did not commence until October 2000 

(Table 3.7). The data consist of 81741 sets. The number of sets observed per trip 

ranged from 2 to 161 sets. Smaller numbers of observed sets per trip were most 

likely recorded when students did not record vessel activities for the entire duration 

of the trip (e.g. due to seasickness). On average, each set's duration was one day. 

The student's data collection included detailed trip and setting information 

including: a unique trip identification number ("trip ID"), vessel name, company 

name, vessel size (GT), a unique set identification number ("set ID"), setting date, 

species caught and retained (recorded as numbers of fish), fishing position, total 

number of hooks per set, bait used, and water temperature. Unfortunately, length and 

weight information, and other environmental information was not recorded. Catch 

data were recorded by number and were broken down by both tuna and bycatch 

species. Catch information covers the four tuna species BET, YFT, ALB and BET, 

and bycatch species BLM, BUM, MLS, WM, SWO, SAi, SPF and MR (see Table 

3.3 for acronym definitions). 
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The bycatch species are normally processed (into loin, toro, steak and fillet products) 

and exported fresh or frozen, but they were also supplied to the domestic market 

(such as restaurants, hotel and supermarkets) (Proctor et al., 2003). However, as 

many oth~r species were caught as bycatch by the fishery as recorded by the 

Observer Program (more than 30 species, see Chapter 4), this FHS data set is not 

representative of the bycatch occurring in the fishery. 

Table 3.3 List of species recorded in the FHS data 
Species code used in English name Scientific name 

theFHS data 
BET Bigeye tuna Thunnus obesus 

YFT Y ellowfin tuna Thunnus albacares 
Tuna 

ALB Albacore Thunnus alalunga 

SBT Southern bluefin tuna Thunnus maccoyii 

BLM Black marlin Makaira indica 

BUM Blue marlin Makaira nigricans 

MLS Striped marlin Tetrapturus audax 

WM White marlin Makaira spp. 
Bycatch 

swo Broadbill swordfish Xiphias gladius 

SAi Atlantic sailfish Istiophorus albicans 

SPF Longbill spearfish Tetrapturus pfluegeri 

MR Other marlin species Makaira spp. 

Number of hooks between floats (number of hooks per basket) were not available to 

indicate targeting practices, but the number of hooks per blong and the number of 

blongs were available. A blong is a traditional system used by fudonesia' s fishermen 

as a unit to indicate the number of hooks. One blong might consist of several baskets, 

but the number of baskets in one blong was not defined. Since information on 

number of hooks between floats data were not available within the data set, total 
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number of hooks per set was calculated by multiplying the number of hooks per 

blong by the number of blongs. 

3.2.2 Data Cleaning 

Due to the potential for errors in the database, data cleaning was, done within the R 

environment to correct obvious errors in the data set before undertaking exploratory 

analyses. During this process, insight from data collectors (i.e. students) or WASKI 

was ideally needed. In the absence of direct clarification, the data were cleaned by 

eliminating obvious errors such as incorrect fishing grounds of Indonesian tuna 

fishers (i.e. overlapping with land or islands). Also, several trip IDs were recorded 

incorrectly. When more than one trip ID had the same vessel name, and departure 

and return date, those trips were assumed to have been an identical trip ID. 

Secondly, there were some obviously erroneous set IDs, whereby the date associated 

with a set was outside of the date range associated with the trip ID. Usually the day 

and month were .plausible but year was inconsistent, although in some cases month 

and day information was also apparently incorrect. However, because the set IDs 

were assigned in chronological order within a trip, it was possible to infer the correct 

date from the trip ID and the adjacent set IDs, where a trip is defined as having a trip 

ID. 

The FHS data presented in this chapter were restricted to the area between 70° and 

150°E (i.e. 80° range), and between 0° and 40°S (i.e. 40° range), which covers the 

spawning ground of tropical tuna (Nishikawa et al., 1985) and southern bh.~efin tuna 

(Collette and Nauen, 1983, Nishikawa et al., 1985, Safina, 2001) (this area is 

subsequently referred to as the "core tuna fishery"). This area limitation was imposed 
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because Indonesia's longline vessels based at Benoa, Bali, Indonesia are not likely to 

fish outside of that area (pers comm. with Dowling and Proctor, 2006). Three percent 

of the total recorded sets were outside of the core tuna fishery and so were excluded 

from analysis. 

Records with fishing positions corresponding entirely to land were excluded from the 

data set, but if a set had a fishing position located in a 1-degree square straddling-

water and land, then the set was included in analyses. The cause of the errors may 
I 

have been clerical (students incorrectly recording positions) or due to misinformation 

by the crew/captain. In addition, the cleaned data set was limit~d only to sets for 

which the total number of hooks per set recorded did not exceed 3000 hooks (as it 

was unlikely the number of hooks per set exceeded 3000 hooks (pers comm. with 

observers, 2006). As a consequence, 3.85% of sets within the core tuna fishery were 

excluded. 

Only 2529 sets or about 3.32 % of the total sets recorded in the core tuna fishery 

were accompanied by information on sea surface temperature (SST). The recorded 

SST ranged from 8-50°C. However, based on information from the National Oceanic 

and Atmospheric Administration (NOAA) the monthly-averaged SST of this area had 

a maximum of 33°C between 1981 and 2001. SST records reporting sea surface 

temperatures in excess of 33°C were therefore not included when investigating the 

impact of SST on catch, which eliminated 4.55% of the SST information. 

Bait types recorded per set consisted of either one fish species or a group of fish (for 

example, bandeng/cucut/layang/cumi). The same groups of bait species were often 

recorded in different combinations. As information on relative bait species 
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composition was unavailable, it was assumed there was no significance i~ the order 

in which the bait species combination was recorded. As such, groups of the same bait 

species were treated as identical, irrespective of the order in which they were 

recorded. This reduced the number of unique bait categories from 318 to 44, where 

each category consisted of either one fish species or a group of fish. If bait categories 

were not recorded, these records were excluded from analyses incorporating bait 

type. These categories are too numerous to clearly illustrate any effect of bait type on 

tuna catch composition or any correlations between bait type and catches of 

individual species. Therefore, each bait species in each combination was assumed to 

have had an equal contribution to catch per set. As the result, the bait types were 

classified as 13 bait fish species categories (Table 3.4). It is unknown as to whether 

srengseng, tanjan, tanjuan and tembang are the same species. Those species are 

assumed to be different species for this analysis. 
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Table 3.4 List of ba!t species recorded in the FHS data 

Code (Indonesian name) English name Scientific name 

Bandeng Milkfish Chanos chanos 

Cumi Squid Loligo spp. 

La yang Scad mackerel Decapterus spp. 

Lemuru Lemuru Sardinella spp. 

Layur Layur Trichiurus spp. 

Selar Selar Selar spp. 

So tong Sotong Sephia spp. 

Srengseng Sardinella spp. 

Tanjan Sardinella spp. 

Tanjuan Sardinella spp. 

Tembang Sardinella spp. 

Tenggiri Mackerel Scomberomorus spp. 

Tongkol Frigate tuna Auxis spp. 

3.2.3 Spatial Subsets 

As SBT are of particular commercial and conservation interest, the exploratory 

analyses in this chapter will be undertaken for two area delineations: i) the core 

fishery defined above, and ii) the region designated as the SBT sub-area. 

It is believed that the spawning zone for SBT is the waters between Indonesia and 

Australia in the northeast Indian Ocean, south-east of Java (Indonesia) (Collette and 

Nauen, 1983, Nishikawa et al., 1985, Safina, 2001). As such, the spatial subset for 

the SBT analyses was defined as the region between 100° and 130°E (i.e. 30° range), 

and between 5° and 20°S (i.e.·15° range) (Figure 3.1). 
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Figure 3.1 Spatial subset for the SBT sub-area (blue area) and core tuna fishery (red 
area) 

3.2.4 Seasonal Approach 

To explore any potential effects of season, quarterly seasonal classifications were 

used in the exploratory analyses for both the "core tuna fishery" and the "SBT sub-

area" region. The seasonal category was a quarterly calendar year, i.e. January-

March (quarter 1), April-June (quarter 2), July-September (quarter 3) and October-

December (quarter 4 ). This delineation corresponds with the Indonesian seasonal 

wind system (monsoon) with one month lag and has been used before by Dowling 

and Campbell (2001) in exploratory analyses of the Japanese longline fishery 

(operating off Western Australia in the Indian Ocean). 

SBT spawning is known to occur in warm waters south of Java. There is divided 

opinion as to whether spawning occurs from September to April (Farley and Davis, 

1998, Davis et al., 2003c), or from September to March with a peak in January and 

February (Caton, 1993). As such, a monthly basin approach to investigate any 

spawning seasonal patterns is desirable, but unfortunately, the time series data were 
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not recorded by month. Thus, the quarterly calendar year delineation was also used 

for this subset of analysis. 

3.2.5 Estimated Catch and Effort 

The Benoa Port-based Catch Monitoring Program that commenced in 1992 to 

monitor SBT catch within the longline fishery (Davis and Andamari, 2003b, Davis et 

al., 2003a) was extended in July 2002 to monitor the catches of all tuna species 

landed, and also to record "the number of landings by Benoa-based longline vessel 

(hereafter, "landings" refers to the number of landings by Benoa-based longline 

vessel) (Davis et al., 2003a, Proctor et al., 2006). The number of landings per year is 

shown in Table 3.5 and the number of landings per month is shown in Table 3.6. 

The number of landings has only been available since the commencement of the 

monitoring program in July 2002. Although trip information has also been collected 

within the National Statistics, some inconsistencies were found in the recording of 

vessel activity and registration, which diminished the accuracy of trip information 

(Proctor et al., 2003). Therefore, the landing information recorded by the Benoa Port

based Catch Monitoring Program is the only reliable information available to 

represent vessel activities based at Benoa Fishing Port. 
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Table 3.5 Number of landings by Benoa-based longline vessels by month, recorded 
by Benoa Port-based Catch Monitoring Program 

Month 2000 2001 2002 2003 2004 2005 2006 2007 

January 246') 325 320 248 193 145 
February 202'> 310 206 218 111 165 
March 205') 265 274 198 130 159 
April 205') 296 234 205 129 168 
May 213') 265 234. 212 157 195 
June 236') 323 273 236 170 179 
July 353 292 242 218 130 
August 331 279 249 193 102 
September 348 286 ~31 194 119 
October 381 231 210 237 160 
November 336 305 235 113 104 
December 290 268 214 167 159 
Total 3348 3445 2922 2439 1664 1011 
Source: Davis et al. (2004), Davis et al. (2005), Proctor et al. (2006), Proctor et al. (2007), 
Prisantoso et al. (2008) 
*The number of vessel ~andings per month between January and June of 2002 was estimated as the 
average number of vessels landing in the same months from 2003 to 2007. 

Table 3.6 Number of landings by Benoa-based longline vessels by quarter, recorded 
by Benoa Port-based Catch Monitoring Program 

Year Quarter 1 Quarter 2 Quarter 3 Quarter 4 Total 

2000 
2001 
2002 653 655 1032 1007 3347 
2003 900 884 857 804 3445 
2004 800 741 722 659 2922 
2005 664 653 605 517 2439 
2006 434 456 351 423 1664 
2007 469 542 1011 

Source: Davis et al. (2004), Davis et al. (2005), Proctor et al. (2006), Proctor et al. (2007), Prisantoso 
et al. (2008) 
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As the fleet coverage by the FHS students is temporally inconsistent both between 

and within years, any interannual and seasonal patterns are not representative of the 

activities of the entire Benoa longline fleet. Hence temporal and seasonal patterns are 

inferred by upscaling the FHS data to give estimated Benoa catches and effort. 

Annual and quarterly Benoa catch (for BET, YFT, ALB and SBT) and effort were 

estimated by upscaling or dividing the catch and effort recorded by the students by 

the landing coverage (annual landing coverage is given in Table 3.7 and quarterly 

landing coverage is given in Table 3.8). The landing coverage is the proportion of 

the total number of landings in Benoa Fishing Port (suggested by the Benoa Port-

based Catch Monitoring Program (Table 3.5)) recorded by the students (Table 3.7). 

The following equations were used to calculate landing coverage, estimated catch 

and effort, respectively. 

LR 
Landing Coverage, S, = -' .... (2) 

LB, 

CR. 
Estimated (Upscaled) Catch,Ci =-' .... (3) 

Si 

Estimated (Upscaled) Effort, E, = E Ri ..... (4) 
S; 

where i is the ith year or quarter 

LR and L8 are number of landings recorded by the students and suggested by 

the Benoa Port-based Catch Monitoring Program, respectively, and-

CR and ER are catch and effort recorded by the students. 
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3.3 Results 

3.3.1 Core Tuna Fishery 

3 .3 .1.1 Catch and effort summary 

Table 3.7 provides a summary of the annual total tuna catch and effort recorded by 

students placed on Indonesian commercial tuna longliners based at Benoa Fishing 

Port, Bali, fishing within the Indian Ocean and surroundings between 2000 and 2007. 

Data available by month is shown by shaded squares, in which are recorded the 

number of sets. The blank squares indicate that there were no data available due to a 

lack of trips or as a result of exclusion during cleaning, based on the area criteria as 

explained in Section 3.2.2. The small numbers of sets ( < 40) recorded in several 

months (e.g. December 2000, May 2001-02, April 2003, June 2003 and June 2007) 

was most likely due to a low number of students going to sea and also due to 

exclusion during cleaning. Any seasonal patterns are therefore not necessarily 

representative of the true fishery dynamics due to the skewed temporal distribution 

of when students went to sea. Peak recorded effort occurred between July and 

November. The total number of sets recorded increased from 1001 sets in 2000 to 

more than 13700 sets in 2003. This was followed by an approximately 4% decrease 

in 2004, and then an increase in 2005 by about 6% ·over that in 2004. The number of 

sets recorded in 2005 was at its highest level over the period of the data collection. 

On the other hand, the recorded total number of hooks deployed peaked in years 

2003 and 2004 at more than 16 million hooks and dropped in 2005 to about 8% of 

that in 2004. Thus, in 2005, although the number of recorded sets increased, the 

number of recorded hooks decreased. This might indicate that there were changes in 

gear configuration, e.g. a decrease in number of total hooks deployed per set. The 

number of recorded trips gradually decreased from 603 in 2001 to 247 in 2006 (trips 

105 



may straddle two years), and the number of unique boats also declined from 360 in 

2001to207 in 2005, except for a small increase (about 3.9%) in 2002. 

As this data set is not logbook data (i.e. it is not a record of the activity of the entire 

fleet), this data set is not necessarily representative of the whole fishery. In terms of 

drawing general interpretations, this is of particular concern if the proportion of 

coverage of the fleet is inconsistent over time interannually and/or inter-seasonally. 

The proportion of the annual number of landings recorded in this data set relative to 

the annual number of vessels landing at Benoa Fishing Port varied between 11 % and 

15% between 2002-06 but was only -4% in 2007 (Table 3.7). The quarterly 

coverage varied largely (from 0.34%-25% of total landings at Benoa Fishing Port) 

between quarters across the studied period (Table 3.8). Thus, temporal trends 

inferred from this data set may not be representative of the fleet's activities and the 

lack of inter-seasonal consistency in coverage will make it difficult to infer 

meaningful seasonal patterns. 

The unique number of 1-degree squares in which fishing activity was observed 

steadily increased from 106 in 2000 to 680 squares in 2005 (except for a small 

decrease in 2004 by about 2.74% relative to that in 2003), with the biggest increase 

in 2001 (more than double that in 2000) (Table 3.7). In 2006 and 2007 the number of 

recorded 1-degree squares decreased to 548 and 138 squares, respectively. The 

maximum unique number of 1-degree squares recorded occurred in 2005 (680 

squares), while the amount of recorded effort (number of hooks) decreased by about 

8.3% between 2004 and 2005 (Table 3.7). The low number of recorded 1-degree 

squares fished in 2007 was not only because data were available for only a few 

months, but also because no data were available during the peak effort period (i.e. 
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between July and November). The average recorded effort per trip increased from 

less than 24000 hooks in 2000 to more than 47000 hooks in 2004, followed by a 

decline to around 30000 hooks in 2007 (Table 3.7). However, whether this increase 

was due to a true increase in effort or was due to the extent of reporting is unknown. 

The average number of sets per trip recorded increased from 21 sets/trip in 2000 to 

the maximum level in 200~ ( 40 sets/trip), but then in 2006, it decreased to levels less 

than that of 2004 (37 and 34 sets/trip in 2004 and 2006, respectively), and was 

followed by a further decline to 27 sets/trip in 2007 (Table 3.7). The total number of 

BET recorded showed a general fluctuation, with the maximum number being about 

21000 fish in 2005. This occurred when both the number of sets recorded and 

number of 1-degree squares w.ere at a maximum. The number of YFT recorded 

peaked at more than 40000 fish in 2001, and YFT was the most dominant species 

recorded in this year. In subsequent years, the recorded YFT catch never rose above 

30000 fish. Between 2001 and 2005 the number of ALB recorded generally 

increased from about 29000 to more than 38000 fish, but in 2006 this dropped back 

to a level lower than that in 2001 ( < 26000 fish). The number of SBT recorded 

steadily increased from 3115 fish in 2001 to more than 6000 fish in 2005, and then in 

the following year (2006), dropped to about half of that in the previous year. The 

number of SBT recorded was less than 30% of the recorded catch of any tuna 

species. SBT CPUE never exceeded 40% of that of the other tuna species. 
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Table 3.7 Summary of the catch (for BET, YFf, ALB and SBT) and effort data recorded by the Fisheries High School students within the core area, 
toge th .th th 1 b f l d. . B F h . P er w1 e actua num er o an mgs occurrmg at enoa lS mg Ort 

Year 
I 2 

2000 

200 1 

2002 435 190 

2003 808 450 

2004 880 542 

2005 1013 980 

2006 441 726 

2007 349 123 

Notes: 
D Data available 
D Data not available 

Number of Sets Recorded by Month 

3 4 5 6 7 8 9 

14 28 1 2068 2632 2552 

310 58 17 44 1575 2877 2445 

2 15 35 19 1337 2320 2583 

41 5 488 75 1 893 1449 1949 1801 

1030 870 819 997 1389 1572 1690 

738 677 926 820 806 1089 749 

181 247 96 31 

* Source: Benoa Port-based Catch Monitoring Program 

Effort 

10 11 12 
Days= Tota l I-degree 
Sets hooks Squares 

7 16 269 16 100 1 111 4955 106 

3002 1466 125 12140 13768741 344 

2177 1469 906 12503 14369475 376 

2336 2152 1509 13764 16603737 547 

1998 11 02 979 13247 16908 11 3 532 

2022 997 642 14021 15499464 680 

458 370 675 8475 93785 12 548 

1.027 11 68945 138 

Average 
Number of Tuna Catches 

Number Average ·vessels (number fi sh) 
o f 

effort 
number 

Number Number of 
landin g at C overa 

(no . of trips Landing 
Unique 

hooks) 
sets per 

recorded recorded 
Benoa ge(%) 

BET YFT ALB SBT Boats 
per trip 

trip Fish in g 
Port*) 

43 23722 2 1 47 47 1312 2998 760 488 

360 22834 20 603 603 17860 40484 28900 3115 

374 256 14 22 56 1 516 3347** 15.41 17613 23%2 31852 3355 

305 34235 28 485 433 344' 12.57 18860 29 127 35416 399 1 

235 47763 37 354 316 292, 10.8 1 15585 23038 29040 4603 

207 44284 40 350 331 243c 13.57 20968 26954 38544 6151 

157 37970 34 247 230 1 66~ 13.82 12906 14999 25509 3564 

2 1 30762 27 38 38 
IOI l 

3.76 2033 3303 1842 385 

** Number of vessels landing in 2002 was only available from July to December (i.e. 2039 vessels landing), thus number of vessels landing fro m January to June of 2002 was 
estimated by an average number of vessels landing in the period between January and June of 2003-2007. 

Table 3.8 Quarterly landing coverage (number of landings recorded by the students divided by total landings at Benoa Fishing Port) 

2002 
2003 
2004 
2005 
2006 
2007 

Quarter 1 Quarter 2 Quarter 3 Quarter 4 

7.04 1.07 25.48 19.86 
6.56 0.34 23 .92 20.65 
8.38 5.94 13.30 16.54 
10.99 8.73 14.71 21.66 
14.06 14.69 17.95 9.22 
4.90 2.77 
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Figure 3.2 Number of fish (for the four tuna species, the combined tuna catch, and total catch) recorded (a) and estimated (b) by year, and total effort 
(number of hooks) recorded (c) and estimated (d) by year 
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Although the number of hooks recorded increased between 2001 and 2004 from 

around 14 million to approximately 17 million hooks (Figure 3.2c), in 2004 the 

recorded catches by species (including BET, YFT, ALB, SBT, BLM, BUM, MLS, 

WM, SWO, SAI, SPF, MR) and the recorded combined catch of tuna (BET, YFT, 

ALB and SBT) decreased slightly by about 4.97% and 18.64% relative to that in 

2001, respectively (Figure 3.2a). The decrease in the 2004 tuna catch was mostly 

due to a decline in the catch of the first three tuna species (BET, YFT and ALB); the 

SBT catch in 2004 increased by about 34%. 

When fuel prices rose in August 2005, the number of hooks recorded and the total 

estimated from Benoa vessels in ~at year dropped by around 8% and 27% 

respectively, relative to the 2004 effort (Figure 3.2c,d). This was accompanied by a 

decrease in the average recorded effort per trip from more than 48000 to around 

45000 hooks per trip in 2005 (Table 3.7), but this had no noticeable effect on the 

2005 recorded and estimated catches. On the contrary, the total catch increased (by 

46% and 16%, respectively, of that in 2004) and reached its highest level in 2005 and 

both recorded and estimated total tuna catch increased by around 28% and 2% 

relative to the 2004 catch. This trend continued in 2006, with a further decrease of 

both recorded and estimated effort (number of hooks), to less than the 10 million 

recorded hooks recorded in 2001 and the 70 million estimated hooks in 2002, 

respectively. Commensurate with the lower effort recorded and estimated in 2006, 

recorded catch across all species declined in that year to its minimum level between 

the period 2001 to 2006, after rising in 2005. The low catch numbers in 2000 and 

2007 were due to a lack of data, with students going to sea in only 3 and 6 months, 

respectively (Table 3.7). 
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The lack of difference between tuna and total catch in 2001 was mostly likely 

because the students only recorded tuna catches in that year, such that, although 

bycatch species may have been caught, these were not recorded. 

Generally, the recorded temporal catch trends were similar to the estimated temporal 

catch trends for the four tuna species, except in 2005, where recorded YFr catch 

increased while estimated YFr catch decreased. Of the four tuna species, the total 

number of YFr recorded showed the most decline over the time period (the number 

of YFr recorded in 2006 was less than half that in 2001) (Figure 3.2a). ALB was 

consistently the dominant tuna species caught (comprising more than 40% of the 

tuna catch) from 2002 to 2006, whilst SBT was caught in the lowest proportion (less 

than 20% of tuna catch) over the studied period (Figure 3.2a). However, the actual 

catch of SBT gradually increased between 2000 and 2005 (Figure 3.2b). The 

recorded BET catch ranged from around 12900 to mor~ than 20000 fish between 

2001 and 2006 (Figure 3.2a). On average, recorded bycatch comprised 18% of the 

total recorded catch, and ranged between 3% and 27% of the total recorded catch per 

year. 

The annual catch trends for tuna species from the FHS data (Figure 3.2a) differed 

from those suggested by the Benoa Port-based Catch Monitoring Program 

(Appendix 3.1). Even when the catch data from the FHS data were upscaled 

according to the percent coverage (Figure 3.2b ), the resulting catch trends for the 

four tuna species still differed from those suggested by the total Benoa catch 

estimates (in weight) (Appendix 3.1). The FHS data showed that catches of the four 

main species increased between 2002 and 2004 (Figure 3.2b ), whereas the Benoa 

catch estimates showed that catch (in weight) of those species decreased between 

2002 and 2004 (Appendix 3.1). If it is assumed that both data sources are reliable, 
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this could suggest that the fishery is catching more fish but of a smaller size. In 

addition, between 2005 and 2006, the FHS data showed that BET and YFf catch 

decreased (Figure 3.2a,b) as opposed to the increasing trend suggested by Benoa 

Port-based Catch Monitoring Program (Appendix 3.1). Again, if it is assumed that 

both data sources are reliable, this could suggest that the fishery is catching less fish 

but of a larger size. 
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Figure 3.3 Number of hooks recorded (a) and estimated (b), total catch recorded (c) 
and estimated (d), and tuna (BET recorded (e) and estimated (f), YFf recorded (g) 
and estimated (h), ALB recorded (i) and estimated (j), SBT recorded (k) and 
estimated (1 )) catch recorded by quarter, expressed as total 
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Figure 3.3 (cont'd) Number of hooks recorded (a) and estimated (b), total catch 
recorded (c) and estimated (d), and tuna catch recorded and estimated by quarter for 
each species (BET recorded (e) and estimated (f), YFT recorded (g) and estimated 
(h), ALB recorded (i) and estimated U), SBT recorded (k) and estimated (1)) 

The total number of hooks recorded by quarter per year is shown in Figure 3.3a. It is 

clear that the greatest effort was recorded in quarters 3 (July, August, September) and 

4 (October, November, December) over the study period, with an exception in 2006 

where recorded effort mostly occurred in quarters 2 (April, May, June) and 3. From 

2001-04, the number of hooks recorded in those quarters (quarters 3 and 4) was more 

than double that recorded in the other quarters. The highest number of recorded 

hooks in any quarters occurred in quarter 3 in 2001 (in 2000 and 2007, no data were 
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available in quarters 1, 2 or 3, and quarters 3 or 4, respectively). The highest number 

of estimated hooks varied by quarter across years, but from 2002-2003 the estimated 

total hooks peaked occurred in quarters 3 and 4 (Figure 3.3a). 

As with the quarterly plots of recorded hooks (Figure 3.3a), the total number of 

caught fish recorded showed a strong seasonal cycle whereby the majority of fish 

were recorded in the third or fourth quarter (generally at least more than double the 

recorded catch in quarters 1 and 2), with an exception in 2006, where most fish were 

recorded in quarters 2 and 3 (Figure 3.3c). In quarters 1 and 2 recorded catch 

increased from less than 10000 in 2001 to around 20000 fish in 2005. Likewise, the 

estimated number of fish caught reflected the quarterly estimated number of hooks 

(Figure 3.3d). Estimated catches were highest in quarters 3 and 4 from 2002-2003 

and in quarters 2 and 3 from 2004-2006. 

Species-specific recorded tuna catch patterns followed the overall catch trend, with 

catches mostly peaking in quarters 3 and 4 from 2001 to 2005 (Figure 3.3e, g, i, k) 

but in 2006, the maximum recorded catches occurred in quarters 2 and 3 (except for 

BET where quarter 1 and 2 recorded catches were higher). For ALB, quarter 3 

recorded catches were generally at least double those in any other quarter, while 

BET, YFT and SBT recorded catches were strong in both quarters 3 and 4. The 

highest recorded catch of ALB in any quarter was approximately 25000 fish in the 

third quarter of 2002 (Figure 3.3i). The maximum recorded catches for BET, YFT 

and SBT in any quarter were approximately 12000 in 2001 and 2002, around 25000 

in 2001, and around 2500 in 2003 fish, respectively (Figure 3.3e, g, k). Quarter 1 

and 2 recorded catches increased for all species over time. For BET and YFT quarter 

3 and 4 recorded catches decreased over time (Figure 3.3e, g).In 2005, the quarterly 
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recorded catch pattern was different for SBT in that quarter 1 catches increased to be 

similar in magnitude to the recorded SBT catch in quarters 3 and 4. For any quarter 

in any year, SBT catch was lower than that for the other tuna species of interest 

(never exceeding 80% of the recorded catch for any other tuna species, in any quarter 

in any year). The estimated quarterly catch trends for the four tuna species differed 

relative to the recorded trends. The highest estimated BET catch trend occurred in 

quarters 3 and 4 from 2002-2003 and in quarters 2 and 3 from 2004-2005 (Figure 

3.3f). The peak of the estimated YFT catch trends varied across time, but from 2004-

2005 the estimated catch of YFT peaked in quarters 2 and 3 (Figure 3.3h). The 

estimated ALB catch trend mostly peaked in quarters 2 and 3 (Figure 3.3), whereas 

the estimated SBT catch trends varied across time (Figure 3.3). 
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Figure 3.4 Spatial distribution of recorded effort (number of hooks) from 2000-2004 
(a) and from 2005-2007 (b), and recorded catch (of the four tuna species) (c), 
expressed as total numbers of fish, from 2000-2007 
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To investigate potential spatial changes in fishing behaviour as a response to the 

increasing fuel prices in 2005, the total recorded hooks were mapped by 5-degree 

square for two periods, i.e. pre- and post- 2005 (Figure 3.4a-b). Since 2005 several 

new 5-degree squares were recorded as being fished within the areas 75°-90°E and 

0°-10°S, 70°-75°E and 10°-20°S and several new 5-degree squares below 20°S, 

whilst several 5-degree squares were recorded as being fished in 2004 but not fished 

in 2005. But overall, there was no evidence of spatial contraction of the fleet. Across 

both periods, the total hooks recorded were concentrated in waters between 

Indonesia and Australia, northeast of the Indian Ocean, and southeast of Java (i.e. 

between 110°-120°E and 10°-l5°S). The highest number of recorded hooks deployed 

(more than 20 million hooks (32.48% of total hooks recorded over the period) 

occurred between 115°-120°East and 10°-l5°S (Figure 3.4a). 

The spatial distribution of recorded tuna catch across all years was similar to the 

spatial distribution of effort (Figure 3.4c), in that the peaks in recorded catch 

occurred in the same areas as the peak recorded effort (i.e. within 110°-l20°E and 

10°-l5°S, where more than 140000 fish were recorded). The higher catches in these 

areas thus apparently reflect the effort recorded and as such are not necessarily 

indicative of abundance patterns. YFf formed the majority of the catch recorded 

between 0° and 15°S, while the predominant species recorded in the 5-degree 

squares below 15°S was ALB (with the maximum proportion of ALB recorded being 

more than 90% of the total recorded tuna catch). Within the study period, there was 

only one fished 5-degree square with no tuna recorded (within area 70°-75°E and 10°-

150S), and this effort was from only one set. Relativ~ SBT recorded catch was higher 

within the 5-degree areas 100°-105°E and 30°-35°S and 135° - 140°E and 0°-5°S. 

Recorded SBT catch in these areas comprised -37% and -60% of the total tuna catch 

117 



recorded, respectively. As the latter 5-degree area is in the Banda Sea and SBT more 

predominantly occur in the Southern hemisphere, mainly between 30° and 50°S 

(Anon., 2008d), the high SBT catch recorded in the latter 5-degree area was most 

likely due to erroneous reporting of position and /or species identification. 
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Figure 3.5 Number of hooks recorded by month in the area between 115° and 120°E, 
and between 10° and l 5°S, aggregated from 2000-2007 

As the majority of effort recorded occurred in the area between 115°-120°E and 10°-

15°S, it may be worthwhile investigating when the highest recorded effort occurred 

in this area. Hooks were mostly recorded in this area between July and November 

over the time period (Figure 3.5). However, that this is confounded by the fact that 

the majority of effort covered by students occurred between July and November. The 

total number of hooks recorded in the other months never exceeded 2 million hooks 

across all years. The recorded effort was almost evenly distributed between March 

and August, with the maximum recorded in July. 
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Figure 3.6 Total numbers of hooks recorded by 5-degree square aggregated from 2000-2007 for (a) quarter 1, (b) quarter 2, (c) quarter 3 and (d) 
quarter 4 

119 



The largest area coverage (in terms of number of 5-degree squares fished), together 

with the highest number of recorded hooks in any 5-degree square (more than 10 

million hooks) consistently occurred in quarter 3 over the period (Figure 3.6c), 

whilst the smallest number of 5-degre~ squares fished occurred in quarter 2 (Figure 

3.6b ). Aggregated across years, in quarters 1 and 2, the total number of recorded 

hooks in any 5-degree squares never exce~ded 5 million hooks (Figure 3.6a-b) while 

in quarter 4, there were at least two 5-degree squares (within area ll5°-130°E and 5°-

150S) with number of hooks recorded exceeding 5 million hooks (Figure 3.6d). 
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Figure 3.7 Total numbers of tuna species recorded by 5-degree square across all years for (a) quarter 1, (b) quarter 2, (c) quarter 3 and (d) quarter 4 
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For quarters 1 and 2, tuna catch in any 5-degree square never exceeded 30000 fish 

(Figure 3.7), while in quarters 3 and 4, there were at least one area (within area 10°-

150S and 110°-120°E) where the recorded tuna catch was greater than 30000 fish. 

Across all years, the highest recorded tuna catch in any 5-degree square occurred in 

quarter 3 (more than 60000 fish within area 115°-120°E and 10°-l5°S). 

Within the temperate area (below 15°S), ALB was the predominant species recorded 

in the catch in any quarter, whilst within the tropical area (above 15°S) YFf was the 

dominant tuna species recorded. This classification of tropical (above 15°S) and 

temperate (below 15°S) areas in the Indian Ocean was adopted from Dai et al. 

(2002). In any quarter, there was at least one 5-degree area in which only one tuna 

species was caught. In almost all quarters, recorded SBT were caught within latitudes 

5°-35°S, except in quarter 2 wliere recorded SBT were caught in latitudes 5°-20°S. 
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3.3.1.2 Catch and effort relationship 
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Figure 3.8 Total fish (a), tuna catch (b), the four tuna species (c-f) and bycatch recorded (g) vs total hooks recorded, with fitted linear regressions 
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The relationship between catch and effort was summarised for total recorded 

catch, total recorded tuna catch, total recorded bycatch, and total recorded species 

specific catch (for the 4 main tuna species), using linear regression (Figure 3.Sa

g). Bycatch information presented in Figure 3.Sg was from 2002 to 2006, as 

bycatch data were not available for the years 2000 and iool.Within this data set, 

species-specific effort was unable to be assigned. 

Total recorded catch, total recorded tuna catch, and recorded catch of the four 

main tuna species and bycatch were all generally positively correlated with the 

total number of hooks (r > 0.5). Although a high magnitude of R-squared (> 0.7) 

and a small p-value (< 0.01) was associated with linear regressions of catch vs 

effort for total recorded catch, total recorded tuna catch and the recorded catch of 

the four tuna species, statistical significance may be an artefact of the distribution 

of the data, as there were few intermediate points. It is clear that there is no 

significant linear relationship between the recorded bycatch and effort (R2 < 0.3). 
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3.3.1.3 Nominal catch-per-unit-effort 
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Figure 3.9 Nominal CPUE (fish/100 hooks) recorded by year 

0 
0 
CD 

0 
0 
LO 

0 
0 
'<!" 

0 
0 
C") 

0 
0 
N 

0 
0 

As the number of recorded landings declined from 2001-2004 (the 2004 number of 

recorded landings was about half of that in 2001), total nominal catch rates (catch-

per-unit-effort, CPUE) derived from the FHS data decreased from about 0.7 fish/100 

hooks (in 2001) to 0.5 fish/100 hooks (in 2004), followed by an increase in 2005 to 

around 0.8 fish/100 hooks. There was a 0.03 reduction in 2006 relative to 2005 

CPUE (Figure 3.9), but then in 2007, nominal CPUE rose to its highest level (-0.9 

fish/100 hooks) over the time period. If the spatial and temporal distribution of the 

fleet was consistent throughout the time series, the increase in CPUE pattern may 

suggest an increase in fish availability. Fishing positions were generally similar prior 

to and after 2005, except in areas 75°-90°E and 0°-10°S, 70°-75°E and 10°-20°S and 

several 5-degree squares below 20°S (which had only been fished since 2005) 

(Figure 3.4a-b ). 2.4% of the total recorded fish caught in 2005 came from those 5-
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degree squares. Thus, it seems that the increase in catch rates in 2005 was unlikely to 

have been caused by the surveyed vessels exploiting different areas. 

Nominal tuna CPUE ranged between 0.4 and 0.7 fish/100 hooks. Prior to 2002, the 

nominal tuna CPUE tracked the nominal total CPUE, as only tuna catches were 

recorded by the students in these years. Species-specific CPUEs were generally 

highest for ALB and lowest for SBT, with the exception of 2000-01 & 2007, where 

CPUE was highest for YFf. Tuna species-specific CPUEs were less than 0.4 

fish/100 hooks over the time period. YFf CPUE decreased between 2000 and 2006, 

but increased again in 2007. Across all years, the nominal SBT catch rates were less 

than 10% of the nominal catch rates for the recorded total catch and tuna catch. 
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Figure 3.10 Nominal CPUE (fish/100 hooks) and number of recorded landings by 
year and quarter 

The quarterly nominal catch rates (CPUEs) (fish per hundred hooks) (Figure 3.lOa) 

were highest in quarters 2 and 3, while the quarterly recorded landings and catch 

were highest in quarters 3 and 4 (Figure 3.3c). However, the seasonal CPUE pattern 

was not as strong as the seasonal catch pattern (where recorded quarterly catches in 

quarters 3 and 4 were generally more than double those of the other quarters). 

Quarter 1 catch rates generally increased from -0.5 fish/100 hooks in 2002 to -0.8 
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fish/100 hooks in 2007, while quarter 4 catches fluctuated between 0.4 fish/100 

hooks and 0.8 fish /100 hooks over time. The highest quarterly catch rate (more than 

1 fish/100 hooks) occurred in quarter 2 in 2007. 

The quarterly tuna catch rate patterns reflected those of the quarterly total catch rates, 

with lower magnitudes between 2002 and 2007 (recalling that in 2000 and 2001 only 

tuna catch was recorded by the students (Figure 3.lOb)). For most years, catch rates 

were highest in quarters 2 and 3 for BET, YFT and especially for ALB, but there was 

no clear pattern for SBT, because the catch rates were highest in different quarters in 

different years. BET quarterly catch rates ranged from -0.1 to -0.2 fish per 100 

hooks, YFT quarterly catch rates ranged from -0.1 to -0.4 fish per 100 hooks, ALB 

quarterly catch rates ranged from -0.1 to -0.4 fish per 100 hooks and SBT quarterly 

catch rates ranged from -0.001 to -0.1 fish per 100 hooks. A larger range for BET 

and YFT catch rates was obtained by Japanese longliners fishing within or near the 

WAFZ (from 10-40°S and 105-125°E) between 1980 and 1996, from 0 to 15 fish per 

1000 hooks or 0-1.5 fish/100 hooks (Dowling and Campbell, 2001). 
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Figure 3.11 Spatial distribution of nominal CPUE (fish/100 hooks) aggregated across all years, based on recorded catch and effort for (a) BET, (b) 
YFT, (c) ALB and (d) SBT 
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There was a clear spatial pattern in the CPUE magnitudes for the four tuna species 

(Figure 3.11). BET and YFf CPUEs peaked in the tropical area of the Indian Ocean 

between 0°-5°S and between 80°-90°E. SBT CPUE was highest in one 5 x 5 block 

between 0°-5°S, but was also higher in the temperate area south of 25°S, 135°-140°E 

and within 5°-10°S, 100°-105°S. ALB CPUE was high in the temperate area south of 

20°S and also in the area between 15° and 20°S, 85°-95°E. The nominal CPUE for 

each the four species of interest within any 5-degree square never exceeded 3 

fish/100 hooks, with the exception of YFf, where the nominal CPUE was more than 

5 fish/100 hooks in one 5-degree block in the tropical area (Figure 3.11). SBT 

CPUEs in any 5-degree block never exceeded 1 fish/100 hooks. 
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3.3.1.4 Bait and sea surface temperature influences 
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Figure 3.12 Tuna catch (in percentage) by main bait type used 

Bait type in the longline fishery is one of the main factors influencing its species 

targeting (Bach et al., 2000) and in turn, its tuna catch composition. To investigate 

tuna catch composition by bait type, the percentage of tuna catch was plotted for the 

13 bait categories (Figure 3.12). From 76178 observed sets, ALB were caught using 

every bait type (with the exception of sontong) and comprised at least 15% of the 

tuna catch for any given bait category. This may suggest that ALB accepts most bait 

types, or that ALB are being targeted in a manner such that bait type is a negligible 
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factor influencing their catch. When layang, layur, lemuru, tanjan, tanjuan, tenggiri 

and tongkol were used as bait fish, ALB formed the biggest proportion of tuna catch. 

Across most bait species, SBT mostly formed the lowest fraction of the tuna catch 

and were not caught by using selar, sotong, tanjan, tanjuan, tembang or tenggiri. The 

relative SBT catch proportion exceeded that of BET when layur and srengseng were 

used. SBT were most frequently caught when srengseng was used as the bait, on 

which the four tuna species were caught in reasonably equal proportions. 

Similar to ALB, BET were also caught by any bait types. Only BET and YFf were 

caught by sontqng, and approximately in the same proportions. When using tembang 

as bait, BET formed more than 80% of the tuna catch and only BET and ALB were 

caught using this bait. When the fishers used bandeng or cumi or selar as bait, the 

most dominant tuna species caught was YFf. 
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Figure 3.13 Box-whisker plot of recorded sea surface temperature (SST) by tuna 
species. There were 1288, 1425, 1185 and 241 sets caught BET, YFf, ALB and 
SBT, respectively, which recorded SST information. 
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Each tuna species inhabits waters with different SST. The optimum SST for BET is 

between l1°-23°C (Sharp, 1979) or between 17°-22°C (Collette and Nauen, 1983). 

YFf frequent areas where SST is at least 15°C (Campbell et al., 2002), although 

Paliy (1969) (in Grudinin, 1989) stated that YFf are predominantly caught in waters 

whose SSTs exceed 14°C. For the subset of the recorded data for, which SST data 

were available, the median SST associated with sets catching BET was higher than 

that for other tuna species, while sets catching YFT were associated with lower SSTs 

(Figure 3.13). It is unexpected that YFT were apparently caught at a lower median 

SST, given that this species typically inhabits more tropical latitudes (Miyake et al., 

2004, Majkowski, 2007), where SST would presumably be higher. However, the 

high overlap of the SST range defining the boxes in the box-whisker plots of Figure 

3.13 indicates that there is no statistically significant difference in sea surface 

temperature associated with recorded catches of the four tuna species. 
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3.3.1.5 Bycatch information 

0 

G 0 
0 a N 
~ 0 

0 
0 0 
0 0 
0 co 
0 
~ Ill 

0 
0 0 BLM 

c 0 
"O 0 Cl'.I 0 ., 

0 /l BUM 
CD 0 

'E co 0 
0 + ldLS 

1ii (0 

u "O 

E 0 x WM /f: GD .. 0 "O 
.c. 0 swo c 0 .., (0 I ..!l! Cl 

\ 

"" Cl ' 
'V SAi .c. 0 q Ill .... 

0 SPF "" 0 0 0 z Cl 
MR .... 

ci 0 
z 0 

Cl Cl 0 0 N 

~_:_·- t 
0 
N 

.: ... - - I 
Cl ·v· Cl , .. 

2(}(}(} 2002 2(}04 2(}(}6 2(}(}(} 2CMl2 2(}(}4 2()06 

Cl 
0 0 
~ Cl c (0 

Cl Cl 
co Cl 

~ 

"O 
GD 

l 
'E 0 

0 
0 Cl u .... (0 E ., 

0 
.., 

CD Cl 
Cl 'E .£ 

"O 0 ., 
c (') e Cl ..!l! ., .... 

a._ 0 
ci 0 

Cl z N 

Cl 
N 

Cl 
Cl 
~ 

Cl 

2(}(}0 2<>02 2004 2006 2(}[)-0 2GD2 2{)(}4 2{)06 

Year Year 

Figure 3.14 Number of bycatch recorded (a) and estimated total bycatch (b) by 
species by year, recorded bycatch composition by year (c) and total landings 
recorded by year ( d) from 2000 to 2007 

The annual trend of the recorded number of bycatch was similar to that of the 

estimated number of bycatch, for all recorded bycatch species (Figure 3.14a-b ). 

Black marlin, Makaira indica (BLM) was the most dominant bycatch species 

recorded between 2002 and 2004, comprising between 30% and 40% of the total 

bycatch (Figure 3.14a,c) , while between 2005 and 2006 other marlin species, 
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Makaira spp. (MR) was the more frequently recorded bycatch species, with more 

than 10000 fish recorded each year and comprising around 40% of the total recorded 

bycatch (Figure 3.14a,c). 

There was a sharp increase in the recorded BLM catch from less than 1300 fish in 

2002 to more than 5000 fish in 2003, followed by gradual declines to around 3000 

fish in 2005. Recorded annual MR catches increased sharply from less than 300 in 

2002 to more than 10000 fish in 2005 (-10% of total catch). Likewise, recorded 

broadbill swordfish, Xiphias gladius (SWO), white marlin, Makaira spp. (WM) and 

Atlantic sailfish, Istiophorus albicans (SAi) catches increased from 2002 to 2005, by 

around 18, 8 and 38 times their catch levels in 2002, respectively. In contrast, annual 

recorded striped marlin, Tetrapturus audax (MLS) and blue marlin, M. nigricans 

(BUM) catches were relatively constant from 2003 to 2005 (between 600 and 900 

fish, and between 2412 and 2526 fish, respectively). In 2005, recorded SWO catches 

were high (more than 6000 fish) and formed the second largest catches after MR. 

Recorded longbill spearfish, Tetrapturus pfluegeri (SPF) catches peaked at 1349 fish 

in 2004. On the other hand, the annual recorded catches of BUM, MLS, WM, SAi 

and SPF never rose above 3000 fish over the period (each species comprised less 

than 30% of the total recorded bycatch). 

3.3.2 SBT Sub-area 

The following section is a repetition of the previous analyses undertaken for the core 

tuna fishery, but limited to the SBT sub-area (i.e. between 100° and 130°E, and 

between 5° and 20°S) and with a focus on SBT. 
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3.3.2.1 Catch and effort summary 

Table 3.9 provides a summary of the total annual catch and effort for the FHS data 

within the designated SBT sub-area, from 2000 to 2007. Annual recorded effort 

between 2001 and 2005 exceeded 10 million hooks and more than 10000 sets. The 

maximum number of sets recorded (almost 3000 sets) was in October 2001. The 

maximum numbers of YFT and ALB were recorded in 2001 (39511 and 28388 fish, 

respectively) and BET catch was highest in 2001 and 2005 (more than 17000 fish), 

but the maximum effort was in 2003 (more than 14 million hooks). SBT comprised 

less than a quarter of the catch of the main species (BET, YFT and ALB) over the 

study period, except in 2000 and 2006 where the recorded SBT catch was around 

64% and 30%, respectively, of that for ALB. 

Recorded effort (number of hooks) within the SBT sub-area was -89% per year on 

average (ranging from 77% in 2005 to 100% in 2000) relative to that across the 

entire core tuna fishery (Table 3.7, Table 3.9). Overall (averaged across all years), 

-86% of the total recorded effort in the core tuna fishery occurred in the SBT sub

area. The catch of BET and YFT recorded, per year, in the -SBT sub-area was more 

than 80%, each, relative to that across the core tuna fishery, whereas the recorded 

ALB catch composition in the SBT sub-area ranged between -32% (in 2006) and 

100% (in 2000) (-71 % on average) and the recorded SBT catch composition ranged 

between -46% (in 2005) and 100% (in 2000) (-83% on average). 
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Table 3.9 Summary of the catch (for BET, YFf, ALB and SBT) and effort data recorded by the Fisheries High School students within the SBT sub
area 

Year 

I 2 

2000 

2001 

2002 431 190 

2003 801 415 

2004 773 471 

2005 798 763 

2006 391 673 

2007 343 115 

D Data available 
D Data not available 

3 4 

309 58 

195 35 

393 486 

932 847 

663 622 

181 239 

Number Sets Recorded by Month 

5 6 7 8 9 10 

716 

14 281 2037 2576 2526 2965 

17 44 1515 2687 2122 2044 

19 1251 1858 1991 1931 

723 879 1348 1620 1358 1519 

778 826 1075 1159 1248 1411 

870 754 691 824 510 309 

96 31 

Effort Tuna Catches 

11 12 Total hooks 
Days= I-degree 

BET YFf ALB SBT Sets Squares 

269 16 1114955 1001 106 1312 2998 760 488 

1451 124 13575725 11974 297 17556 39511 28388 3085 

1413 878 13412539 11708 292 16876 22255 23622 3140 

1948 1318 14106691 11762 310 16962 25396 20108 3641 

843 790 13969369 11203 309 14410 20950 18485 3138 

680 564 11945988 11081 279 17607 23310 17896 2823 

270 563 7495681 7140 260 11613 13561 8273 2511 

1132285 1005 128 2005 3269 1709 367 
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The highest number of recorded ·hooks (more than 20 million) between 2000 and 

2007 occurred between 10°-l5°S and ll5°-120°E (Figure 3.4a-b). There are two 

possible reasons why the fishers were more likely to set their longlines in this 5-

degree area: i) because this location is in close proximity to port (Benoa, Bali) or 

ii) because fishers experienced higher catches of· valuable SBT in this area 

(indeed, this 5-degree square had the highest recorded SBT catch over the time 

period (7705 fish) (Figure 3.4c) and - 40% of the total SBT catch was taken 

from the SBT sub-area). The SBT catch recorded in the other 5-degree squares 

never exceeded 4000 fish over the period of data collection (and was less than 

3000 fish in any 5-degre~ square where the number of ~ooks deployed was less 

than 10 million (Figure 3.4c)). 
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Figure 3.15 Annual time series of the total recorded number of hooks and total 
recorded total, tuna and SBT catch recorded from 2000 to 2006, for the SBT sub-
area. 

The total number of hooks recorded in the SBT sub-area increased slightly from 

around 13.6 million hooks in 2001 to approximately 14 million hooks in 2004, 

though in 2006 it decreased to less than 10 million hooks (Figure 3.15a). The small 

number of hooks recorded in 2000 and 2007 was due to limited coverage by the 

students (Table 3.7). The number of estimated hooks increased from 2002 to 2004 
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by about 48% of that in 2002, followed by a large decrease in 2006 of about 58% of 

that in 2004 (Figure 3.lSb ). 

The recorded and estimated SBT catch from 2000 to 2007 was less than 10% of both 

the tuna and total catches (Figure 3.lSc-d). The annual recorded SBT catch ranged 

from 367 to around 3600 fish, with a maximum of 3641 fish in 2003. There was a 

large decrease from 2001 to 2006 in both the recorded tuna and total catches: 

recorded tuna catch decreased from around 90000 fish in 2001 to less than 40000 

fish in 2006, and the total recorded catch decreased from 90000 fish in 2001 to less 

than 50000 fish in 2006. 
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Figure 3.16 Number of hooks recorded (a) and estimated (b) and number of SBT 
recorded (c) and estimated (d) by quarter from 2000 to 2006 
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The quarterly effort trend within the SBT sub-area was consistent with that observed 

across the core tuna fishery area, where the number of hooks recorded mostly 

occurred in quarters 3 and 4 (between July and December) (Figure 3.16a), whereas 

the quarterly estimated effort trend was interannually variable (Figure 3.16b ). The 

number of hooks recorded in quarter 3 decreased over time, whilst the number of 

hooks recorded in quarter 1 increased over the studied period. In any year, the 

number of hooks recorded in quarters 1 and 2 (between January and June) never 

exceeded 3 million. 

The quarterly SBT catch trend between 2000 and 2004 within this SBT sub-area was 

consistent with that observed across t:P.e core tuna fishery, with SBT predominantly 

recorded in quarters 3 and 4 (the period between quarters 3 and 4 includes the 

spawning season from September to December). In the following years,' SBT were 

mostly recorded in quarters 2 and 4 (in 2005) and quarters 1 and 2 (in 2006) (Figure 

3.16c). The highest recorded SBT catch was in quarter 4 of 2003, exceeding 2200 

fish (more than double that of any other quarter in 2003). The second highest 

quarterly recorded SBT catch was in quarter 3 of 2002 (around 1800 fish). Recorded 

SBT catch was lowest in quarters 1 and 2 ( <1000 fish). Between 2004 and 2006, 

recorded SBT catch in any quarter was less than 1500 fish. In both quarters 1 and 2, 

recorded SBT catch increased between 2002 and 2006, from 391 fish in 2002 to 

- 700 fish in 2006, and from 2 fish in 2002 to -1000 fish in 2006, respectively. 

However, the quarterly estimated SBT catch in the SBT sub-area was highest in 

quarter 2 between 2003 and 2006. Except for 2002, the highest estimated SBT catch 

occurred in quarter 3. For any quarter, the estimated SBT catch generally decreased 

between 2003 and 2006. 
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Sometimes, an increase in recorded effort was not accompanied by an increase in 

recorded SBT catch. For example, in 2001 , the number of SBT recorded in quarter 3 

was smaller than that in quarter 4, although the number of hooks recorded in quarter 

3 was much higher than in quarter 4. This also occurred in 2005 and 2006, where the 

2005 quarter 3 effort was higher than that in quarter 2, but the quarter 3 recorded 

SBT catch was smaller than that in quarter 2. Although the 2006 quarter 3 effort was 

higher than in quarter 1, the quarter 3 recorded SBT catch was smaller than that 

taken in quarter 1. 

100 110 13'0 140 

Figure 3.17 Number of hooks recorded between September and April (a) and 
between May and August (b) within the SBT sub-area, aggregated from 2000-2007 

During the spawning season, recorded effort is clearly concentrated in the 5-degree 

square from 10°-l5°S and ll 5°-l20°East (Figure 3.17a) (> 19 million hooks 
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compared to <8 million for any other 5-degree square). Between April and August, 

however, recorded effort in each square was less than 10 million hooks, and the 

maximum effort occurred across five 5-degree squares between 10°-20°S and 110°-

125°E, but also between 5°-10°S and 125°-130°E (Figure 3.17b). 

For all quarters, the recorded hooks across the region occurred mostly in the area 

designated as the SBT sub-area (more than 80% of hooks were recorded in this sub-

area relative to the core tuna fishery) (Figure 3.6). Within the SBT sub-area, SBT 

were caught in all quarters at least in one 5-degree square (Figure 3.7). In quarters 2 

and 4 in this sub-area, there was at least one 5-degree square which had SBT catch 

proportions that were higher than those of other tuna species (Figure 3.7b, d). 
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Figure 3.18 Number of hooks recorded (a) and estimated (b) and number of SBT 
recorded (c) and estimated (d) by month, aggregated from 2000-2007 
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In the designated SBT sub-area, the majority (around 70%) of recorded hooks were 

deployed between July and November with a peak in October (Figure 3.18a). 

Similarly, SBT were most frequently recorded between July and November(> 1500 

fish in each month) with the recorded SBT catch peaking in October (> 4000 fish) 

(Figure 3.18b). In January and December (aggregated across all years), 1176 and 

1055 SBT were recorded, respectively ( < 30% of that in October). However, in 

February, March, April, May and June the recorded SBT catch never exceeded 1000 

fish (less than 25% of October SBT catch). However, the estimated effort was largely 

distributed between March and November, and the estimated monthly SBT catch was 

highest between March and July and in October (Figure 3.18d). 
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3.3.2.2 Catch and effort relationship 
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As with the core tuna fishery analyses, total, tuna and SBT recorded catch was 

significantly positively correlated with effort (p<0.01) (Figure 3.19). However, the 

statistical significance is again largely an artefact of having few intermediate data 

points. On the other hand, it is clear that recorded bycatch was not significantly 

linearly correlated with effort (R2 < 40%). 

3.3.2.3 Nominal catch- per-unit-effort 

q • Total /'). J\b. of landings recorded 0 
0 

+ Tuna <.O 
0 SBT 

0 
~ 0 
0 lO 

(/) 
~ 0 0 
0 0 

.t::. ~ ~ 

8 0 

/ ~ 
(/) 

s 0 
(/) 0 
Q) C') n; "": a: 0 

.t::. 
u n; 0 
() 0 

C\l 

"! 
0 

0 
0 ..... 

c; 

q A 
0 

2000 2001 2002 2003 2004 2005 2006 2007 

Year 

Figure 3.20 Nominal CPUE (fish per 100 hooks) for SBT, tuna and total catch 
recorded by year 

As in the broader area (Figure 3.9), the nominal SBT catch rates (catch-per-unit-

effort, CPUE) in the SBT sub-area delineation were less than 10% of the tuna and 

total catch rates in any year (Figure 3.20). The nominal CPUE temporal trends for 
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the recorded total and tuna catch were similar across both the core tuna fishery 

(Figure 3.9) and the SBT sub-area (Figure 3.20), decreasing from 200 I to 2004 and 

then rising in 2007 to their highest level across all years. Following a decrease in 

SBT CPUE from around 0.05 fish/100 hooks in 2000 to about 0.024 fish/100 hooks 

in 2005, there was a slight increase in SBT CPUE in subsequent years to 

approximately 0.03 fish/100 hooks in 2006 and 2007 (Figure 3.20). 
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Figure 3.21 Nominal SBT catch rates (fish/100 hooks) by month, aggregated across 
all years, and the aggregated monthly recorded landings 

The highest monthly SBT nominal CPUE occurred in April, May and October over 

the time period, while for other months SBT CPUE never exceeded 0.03 fish/100 

hooks (Figure 3.21). Recall that the number of landings recorded by students was 

relatively low in April and May. The high nominal SBT CPUE in May 1s an 
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unexpected result, as the spawning season for this species occurs between September 

and April. The lowest SBT CPUE occurred in August (less than 0.02 fish/100 

hooks). 
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Figure 3.22 SBT catch rate (fish/100 hooks) by quarter and the number of landings 
recorded by quarter 

As with the quarterly nominal SBT catch rate pattern in the broader area (Figure 

3.10), there was no specific quarterly pattern for SBT CPUE in the SBT sub-area 

(Figure 3.22). The number of landings recorded was highest in quarter 3 from 2001-

2005. The maximum SBT CPUE was in quarter 2 in 2003 (-0.09 fish/100 hooks). In 

quarter 2 the SBT CPUE fluctuated from almost zero to - 0.09 fish/100 hooks. 
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3.3.2.4 Bait and sea surface temperature 

f-
(IJ 
(/) 

~ 

"' E 
0 
'-' 
~ .._ 
0 

ci 
z 

a a a a 
~ 

a a a 
OJ 

a a a 
'D 

a 
8 .,. 

a a a 
N 

OJ 
c: 
Q) 

"O c 
(';J 

(!J 

E OJ 2 '- '-
c :;:J .!!! 

:;:J ro :;:J > Q) 

E ro u >- -' 
(/) 

ro Q) 
-' -' 

OJ OJ c c OJ ·r- 0 c c .!2. g c Cl 0 Q) ro -"" c C1l OJ 
0 "' ro c · .0 c c 
(/) OJ I- ro E Q) 0 c I- Q) I- I-!:' I-bait type (/) 

Figure 3.23 Number of SBT recorded by bait type, expressed as total from 2000 to 
2006 

A strong pattern is seen in the number of recorded SBT catch by bait species (Figure 

3.23). The highest catches of SBT were associated ·with the bait fish species bandeng, 

cumi, layang and Jemuru (Figure 3.23), whereas almost no or a low number of SBT 

were recorded with other baits. This result could be used when standardising SBT 

CPUE by only using sets with those bait types designated as catching non-negligible 

amounts of SBT. 

3.4 Discussion 

3.4.1 Confounding Factors 

The Fisheries High School students mostly carried out training at sea between July 

and December (most commenced training after their examination period in June over 
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the studied period (Table 3.7)). As a result, the total recorded effort mostly occurred 

between July and November. As such, the quarterly effort pattern was largely 

influenced by the timing of the student activities as opposed to being a direct 

representation of the total effort distribution of the fleet. This was verified by 

examining the actual number of landings by vessels operating out of Benoa Fishing 

Port (Table 3.6), which showed the number of landings was considerably similar in 

any quarter (except in 2002 where landings largely occurred in quarters 3 and 4). The 

higher recorded catch in quarters 3 and 4 also reflects the student coverage and the 

hooks recorded, as such is not necessarily indicative of fish availability. This was in 

contrast to Japanese longline catch in the W AFZ (from 1980 - 1996) where the 

majority of catch occurred in the first or fourth quarters of the year (Dowling and 

Campbell, 2001). However, to draw a meaningful interpretation of the quarterly 

catch and effort trends, the recorded catch and effort were upscaled to obtain 

extrapolated estimates. 

The interannual effort pattern was also influenced by the interannual pattern of 

student trips as opposed to being representative of the annual Benoa effort trend. 

Although the number of active vessels at Benoa Fishing Port was the main factor 

considered in determining the number of students undertaking training, the level of 

coverage was not consistent interannually. As an example, in 2005, when the fuel 

prices rose to more than double those in former years (following a lowering of 

Indonesian Government subsidies), which caused vessels of many fishing companies 

to become less active (Table 3.5), the number of students going to sea only 

decreased by about 14% relative to 2004 (Table 3.1). As a result, the landing 

coverage by the students in 2005 was higher relative to 2004 (Table 3.7). The 

interannual variation in landing coverage, 10%-15% (between 2002 and 2006) of the 
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total Benoa landings is not a high variability, but it does show that landing coverage 

is not absolutely consistent interannually. 

In response to the increase in fuel prices in 2005, many Indonesian tuna longline 

companies reduced their number of active vessels. The Indonesia Longline Tuna 

Association (A TU) stated that in 2005 the number of vessels registered in and 

operating from Benoa Fishing Port decreased by about 32 vessels (700 boats in 2004) 

(ATLI presentation in Tuna Monitoring workshop on 12 July 2006, Bali). In 

addition, it was noted that marked changes in fishing behaviours have occurred since 

this price rise, with many vessels now fishing further from Indonesian shores in 

search of better catches and staying at sea for up to 3-5 months (compared to 1-2 

months previously) (pers comm. with Proctor, 2006). However, significant changes 

in fishing behaviours due to the fuel price rise were not very apparent in either the 

spatial distribution of hooks recorded or the percentage of trips by trip duration 

(number of sets) (Figure 3.24). This may be simply due to the low level of fleet 

coverage. However, some new areas were fished in 2005 when the fishers fished 

further west of Indian Ocean. 
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Figure 3.24 Percentage of trips(%) by trip duration (number of sets) 
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3.4.2 Validation - Are Recorded Trends Real? 

The FHS data suggested that ALB was the most dominant species recorded between 

2002 and 2006 (except in 2001 where YFT was recorded in the highest proportion) 

(Figure 3.2a,b). On the other hand, the Benoa Port-based Catch Monitoring Program 

suggested that both YFT and BET catches (in weight) were higher relative to ALB 

between 2002 and 2005 (Appendix 3.1). Either YFT or BET (in total weight) was 

suggested by the Indian Ocean Tuna Commission (IOTC) to be the dominant species 

caught by Indonesian tuna longline operating in the Indian Ocean since the 1970s 

(Figure 3.25). In contrast, Taiwanese longliners operating in the Indian ocean caught 

mainly YFT during the late 1960s and early 1970s, but shifted to ALB during the 

mid 1970s, and then to BET in the 1980s, and since 1992, SWO became one of the 

main target species (Wang and Wang, 2002). Furthermore, the SBT catch pattern 

recorded by students showed a continuous increase in recorded numbers between 

2002 and 2005 (Figure 3.2a), whereas the total weight of SBT landed in Benoa 

Fishing Port fluctuated between -556 and -1690 tonnes (Appendix 3.1). This may 

suggest that the size composition of SBT was variable (noting that the FHS data, 

however is not a representative coverage of the fleet). Unfortunately, information on 

weight and length of fish caught was unavailable, so it is difficult to resolve this 

issue using this data set. 

The higher ALB catch recorded by the students relative to YFT is likely to be biased 

by the fact that the student activities mostly occurred at the latter half of the year. 

Without additional information on targeting, the high catches of ALB alone do not 

necessarily imply that this was the main target species. Availability of ALB may 

simply have been higher than YFT during the fishing period. Taiwanese data show 
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that between October and November, ALB C~UEs are lower than in other months 

and in contrast, YFf shows a higher abundance in April and May (Lee et al., 1999). 

Given that the effort recorded by the students mostly occurred between July and 

December, the higher ALB CPUEs and lower YFf CPUEs are consistent with this 

observation. 
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Figure 3.25 Catches of Indonesian longliners operating in the Indian Ocean per 
species and year for the period 1973-2000 (IOTC estimates) (source: Herrera (2002)) 

Within the FHS data set, it was found that the increase in total hooks recorded 

between 2000 and 2004 was accompanied by an increase in the recorded bycatch 

proportion (total tuna recorded decreased while total catch recorded increased). More 

than 30 bycatch species were recorded within the Observer Program data (analysis 

on this data set is given in Chapter 4), while only 8 bycatch species were recorded 

here. The level of bycatch or non-target species is often related to the fishing gear 

(i.e. longline) selectivity. As cited on the FAO website, a key definition of selective 

fishing refers to a fishing method's ability to target and capture organisms by size and 

species during the fishing operation. As such, the incline in bycatch recorded may 
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indicate a decrease in gear selectivity during that period. However, the fact that the 

students were required to record more bycatch over time, is most likely to be the 

main factor responsible for the increase in recorded bycatch. 

The fishing area was strongly localised between 115°-120°E and 10°-l5°S (Figure 

3.4). This area overlaps with the only known SBT spawning ground (i.e. between 

103° and 128°E, and 7° and l 7°S). However, effort was mostly recorded in this area 

between July and August (Figure 3.5), which does not coincide with the SBT 

spawning season, i.e. between September and April (Farley and Davis, 1998, D1;1.vis 

et al., 2003c) or from September to March (Caton, 1993) (SBT are distributed in the 

area below 30°S between July and August (Anon., 2008d)). In addition, fishers 

experienced high catches for all tuna species in the SBT spawning areas. This may 

suggest that the effort localisation is more likely a result of this area being in close 

proximity to the home port, where fishers would fish and undertake fishing trials en 

route to their target fishing areas. Fishing close to port may be desirable if the aim is 

to sell the catch as fresh product for export to other countries, mainly to Japan 

(Proctor et al., 2003). To do so limits the trip duration to 15 fishing days (ATLI 

presentation to Tuna Monitoring Workshop, Bali, 12 July 2006). 

Although the annual ·recorded effort in 2005 decreased by about 18% of the total 

hooks in 2004, the 2005 recorded tuna catch increased slightly by about 12% over 

the 2004 tuna catch, and total recorded catch peaked in 2005. This was accompanied 

by an increase in nominal tuna CPUE in 2005, while the nominal total CPUE was at 

the highest level observed during the studied period. If vessels fished in the same 

area, used the same gear configuration, same fishing technique in the same season 

under consistent environmental conditions, then the higher 2005 CPUE than other 
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years may indicate higher fish availability of that in 2005. However, conditions are 

almost never constant; for example, the fishing area in 2005 was different compared 

with that in former years Thus standardisation of the nominal CPUE in order to 

statistically eliminate the influence of confounding factors on the relationship 

between CPUE and abundance is typically undertaken to yield a CPUE abundance 

proxy (a protocol for CPUE Standardisation is given in Chapter 6). Unfortunately 

. other supplementary information was not recorded in the FHS data set, precluding 

CPUE standardisation. 

The four tuna species are known to have different biological characteristics in terms 

of (but not limited to) their spawning behaviour, spawning ground and general 

habitat. This was reflected in the different observed spatial distributions in the 

recorded catch of the four tuna species, and furthermore by the spatial-temporal 

distribution of the species-specific recorded catch. Nominal CPUE for BET and YFT 

was higher in any 5-degree square within the tropical latitudes, consistent with the 

catch patterns of the Japanese longline fleet operating in the whole Indian Ocean in 

2000 (Dai et al., 2002), whereby the nominal Japanese CPUE of these species was 

higher in tropical than in temperate latitudes. 

In the absence of information on number of hooks between floats, information on 

dominant tuna species caught from tuna catch composition can be used to infer gear 

type and targeting behaviour. The annual recorded tuna catch composition suggests 

that in 2001 the most dominant species caught was YFT, and for subsequent years 

the predominant species was ALB. YFT mostly occur above the thermocline 

(Campbell et al., 2002). The PSB fishing company experienced tuna catches 

comprising more than 50% YFT per year _when they used surface longline from 
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1978-1982 (Marcille et al., 1984), which may suggest that in 2001 most fishers used 

surface longline. It was stated by Lee et al. (2005) that ALB are targeted by 

Taiwanese longline vessels using surface longline (with number of hooks between 

floats ranged from 6 to 10) and ALB are the main target species for Taiwanese 

longliners (Yeh et al., 1995). As such, the gear type used from 2002 to 2005 was 

likely to have been predominantly surface longline. 

As longlining is a passive fishing method, the role of bait can influence species 

targeting (Bach et al., 2000). The FHS data do suggest some association between 

targeting information and bait types. BET were predominantly caught using tembang 

as bait, whereas YFf were predominant! y caught using bandeng or cumi or selar as 

bait. SBT were mostly caught when using srengseng as bait. ALB formed the highest 

proportion of tuna catch when using laying, layur, lemuru, tanjan, tanjuan, tenggiri or 

tongkol.as bait. However, there is no strong information on targeting available from 

the data set, as so many bait combinations were used without any single bait type 

showing a strong catch composition pattern. 

On the contrary, the data suggested that ALB took any bait; inferring that bait type 

does not have a major role in fishing for ALB. This pattern may have occurred if the 

hook configuration resulted in setting depths that coincided with the depth of the 

ALB swimming layer, such that bait type was secondary. Unfortunately, setting 

depth information and other information that may be used to infer setting depth (e.g. 

number of hooks between floats) was unavailable. Alternatively, the results may 

simply suggest that ALB are not discriminating in terms of bait preference. 
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3.4.3 Validity of Data and Future Recommendation 

There are some issues that have been raised by the FHS data set regarding the 

accuracy of location information and species identification. A lot of sets recorded 

incorrect positions, as the coordinates corresponded to locations on land. Although 

those sets were excluded from the analyses, this position issue confers uncertainty on 

position information across the whole data set. This uncertainty is compounded by 

the fact that the students were not equipped with GPS during their trips, but gained 

location information from vessel skippers. As information on fishing ground is 

highly confidential, there is the possibility that skippers may have deliberately 

provided erroneous coordinates. 

The issue of inaccurate species identification is predominantly highlighted by records 

where SBT have been recorded in locations known to be their only known spawning 

area, but outside of their spawning season. SBT are distributed south of 30°S (south 

of their spawning area) outside of their spawning season (Collette and Nauen, 1983, 

Caton, 1993). Within the FHS data, it was noted that species recorded as SBT were 

caught in their spawning area between May and August over the studied period (i.e. 

outside of the SBT spawning season), and moreover, within the SBT sub-area, the 

nominal SBT CPUE by month was highest in May (Figure 3.21), yet the spawning 

season is betwee~ September and March/ April. If this was caused by inaccuracy in 

species identification, then there is the potential for species misidentification across 

all species within the data set. However, it is also possible that the species 

identification was correct, but that the fishing location was wrongly recorded. 
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3.4.4 Recommendation 

To minimise misinformation/errors related to species identification and fishing 

location, it is strongly recommended that the Fisheries High School students employ 

the following practices: 

i) the use of a species identification guidebook, and undertaking of additional 

training in species identification, 

ii) the taking of photographs of unknown species for later identification, 

iii) cross-checking quoted locations on a map at the end of each day to 

identify obvious errors and thus be able to immediately consult the 

skipper. 

Parallel with the improvement of quality of data, it is recommended that students 

_ extend the range of data collected to include: 

i) more data on environmental conditions and fishing practices, for example, 

recording moon phase, sea surface temperature, sea conditions, gear 

configuration, setting and hauling times, and intended target species; 

ii) more bycatch reporting, particularly for highly vulnerable species, such as, 

sharks, rays, turtles and birds. 

To address the within-year bias resulting from the concentration of trips occurring in 

the post-examination period, the student trips need to be distributed more evenly 

throughout the year. However, it should be acknowledged that this would not 

necessarily be a priority for W ASKI, given that the trips are undertaken purely as a 

training exercise. 

158 



3.4.5 Conclusion 

The FHS data set needs to be interpreted with a lot of caution due to the species 

identification and position information issues. Irrespective of the concerns, however, 

the spatial and fleet coverage recorded by this data set gives us a broad picture of the 

Indonesian spatial effort distribution. This extends north and south of 20°S of the 

Eastern Indian Ocean, with effort predominantly recorded in the area that overlaps 

with the SBT spawning ground. However, the FHS data set suggests that SBT were 

consistently recorded as the lowest catch proportion relative to BET, YFT and ALB. 

The nominal ALB and YFT CPUEs were higher than those for BET and SBT, 

suggesting that ALB and YFT were predominantly targeted by the fishery. ALB and 

SBT were predominantly recorded south of 20°S, whereas BET and YFT were 

mostly recorded north of 20°S. There was a clear decrease in YFT CPUE between 

2000 and 2006. This may reflect potential overfishing of YFT, especially if the 

decline in CPUE is accompanied by a decline in the average fish size in the catch. As 

there is no length information available from this data set, it is not possible to 

determine if the average size of fish in the catch has changed. This highlights the 

importance of collecting size data from the fishery. 

Assuming the above recommendations to improve data quality can be adopted, 

CPUE standardisation could be conducted on the FHS data set to obtain abundance 

indices for the four tuna species. The standardised indices could then be compared 

with those obtained from the Observer Program data set. Considering the amount of 

students conducting the on-board training will be still much higher than the number 

of the trained observers (Observer Program) in the future, the spatial and fleet 

coverage by the students will be much higher relative to that obtained by the 

Observer Program which will give us a more complete picture of the fishery. In 
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addition, once the FHS data set becomes reliable, the simulation work detailed in 

Chapter 7 can be redone incorporating this data, in order to obtain a more robust 

estimate on minimum level of observer coverage. 
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3.5 Appendix 

Appendix 3.1 Landings of bigeye (BET), yellowfin (YFf), albacore (ALB) and 
southern bluefin (SBT) tunas from longliners from Benoa Fishing Port (modified 
from Davis et al. (2003a), Proctor et al. (2007) and Prisantoso et al. (2008)). 
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CHAPTER 4: EXPLORATORY ANALYSIS OF 

OBSERVER PROGRAM DATA 

4.1 Introduction 

A trial Observer Program for the Indonesian industrial tuna longline fishery based at 

Benoa Fishing Port, Bali, and operating in the Indian Ocean, commenced in July, 

2005. This program is a collaboration between Indonesia's Ministry of Marine 

Affairs and Fisheries (MMAF) through the Research Centre for Capture Fisheries 

(RCCF), and the Commonwealth Scientific and Industrial Research Organisation 

(CSIRO), Australia, and is funded by the Australian Centre for International 

Agricultural Research (ACIAR) (project FIS/2002/074: Capacity development to 

monitor, analyse and report on Indonesian tuna fisheries) (ACIAR, 2002). 

This program was designed to produce accurate catch and effort data from 

Indonesia's Indian Ocean industrial tuna longline fishery based at Benoa Fishing 

Port, and also to provide detailed information in terms of fishing activities and 

environmental conditions. Catch-per-unit-effort (CPUE) data from the commercial 

fishery may be used to obtain proxy abundance indices (Hilborn and Walters, 1991, 

Polacheck, 1991, Bach et al., 2000, Goodyear, 2003, Maunder .and Punt, 2004), as 

fishery-independent abundance estimates are generally unable to be obtained for tuna 

fisheries (He et al., 1997). 

This trial Observer Program is also an extension of the Benoa Port-Based Catch 

Monitoring Program which commenced in the early 1990s (Davis and Andamari, 

2003b, Davis et al., 2003a) and operates under Indian Ocean Tuna Commission 
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(IOTC) sampling protocols. The monitoring program has resulted in good quality 

information on Indonesia's Indian Ocean tuna longline fishery, including data on 

catch, catch composition, length frequency and vessel landing activities. Catches 

have been monitored by enumerators at the fourteen processing plants at Benoa 

where tuna and billfish landings are processed for export. A target of >30% coverage 

of landings at each processor each month has been achieved (Proctor et al., 2007, 

Prisantoso et al., 2008). The IOTC sampling protocol requires balanced sub-sampling 

of 10% of all tuna landed for length measurement, which means less than 5% of 

these measurements would be SBT (Davis et al., 2005, Proctor et al., 2007, 

Prisantoso et al., 2008). To obtain biological information on SBT parental stock, still 

under the monitoring program but outside of the IOTC system, SBT sub-sampling 

was conducted to obtain additional length information and otolith samples for aging. 

Length measurements were targeted to be recorded for over 20% of the SBT caught 

in the fishery and more than 500 otoliths were collected annually (Davis et al., 2005). 

The results of the monitoring program revealed that SBT caught in the SBT 

spawning ground during the spawning season (between 1993/1994 and 2007 /2008) 

ranged between 142 and 210 cm fork length (FL) (Farley et al., 2008). During the 

spawning season, the median length between 2005 and 2008 ranged from 168 to 170 

cm FL (Farley et al., 2008). SBT of 140 cm FL were found to be at least 4 years old 

(Farley and Clear, 2008) and SBT caught by the Indonesian longline fishery on the 

spawning ground between 1994 and 2007 were estimated to be more than 5 years old 

(Farley et al., 2008). In addition, it was found that few vessels were targeting SBT 

south of the SBT spawning grounds (south of 20°S) (Davis et al., 2005, Proctor et al., 

2007). However, no effort information was available on the number of hooks or 

fishing positions from the program. 
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The trial Observer Program data set is imperative for the Indonesian tuna longline 

fishery for several reasons. First, this data set is currently the most detailed and most 

reliable available from the fishery, providing catch and effort data that could· 

ultimately allow a better understanding of the fishery, and form the basis for 

informing a stock assessment via standardised CPUE proxy abundance indices. 

Second, as the time series develops, it will be the best source of spatio-temporal data, 

whereas the other sources of data (i.e. PSB and FHS data sets, presented in Chapters 

2 and 3, respectively) have many errors and/or uncertainties for the FHS data, and 

information recorded is not detailed and only from one fishing company for the PSB 

data. 

However, there are some limitations of the data set from the trial Observer Program 

as it currently stands: the time series is very short because the Observer Program 

only started in July 2005, and the data are not representative of all industrial tuna 

fishing companies based at Berroa Fishing Port. This is because only a few fishing 

companies gave permission for observers, and so the data only came from 5 

companies (there were 30 fishing companies based at Berroa Fishing Port in 2007 

according to the Executive Director of Asosiasi Tuna Longline indonesia in Kompas, 

29 March 2007 (Kompas, 2007)), and the observed vessels were not chosen 

randomly. 

This chapter provides an exploratory analysis of the trial Observer Program data for 

the four main tuna species caught by the fishery: bigeye tuna, Thunnus obesus 

(BET), yellowfin tuna, T. albacares (YFT), albacore, T. alalunga (ALB) and 

southern bluefin tuna, T. maccoyii (SBT) (Proctor et al., 2003), but also for the 

dominant bycatch species caught. Specifically, the objectives of this chapter were i) 
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to describe recent catch and effort trends from the Indonesian Indian Ocean industrial 

tuna longline fishery based at Benoa Fishing Port, ii) to obtain an understanding of 

the fishing strategies used by different companies and of the environmental 

conditions that may influence the catch trends, and iii) to compare the trends in terms 

of dominant species and SBT length frequency from the Observer Program data set 

with those suggested by the Benoa Port-based Catch Monitoring Program. 

4.2 Methods 

4.2.1 Overview of Data 

Information presented in this chapter was obtained from the trial Observer Program 

for Indonesia's tuna longline fishery in the Indian Ocean, which focused on the 

longline fishery operating from Benoa Fishing Port, between August 2005 and 

December 2007. There were six observers collecting the data. The number of 

landings observed per year comprised less than 2% of the total Benoa landings 

(Table 4.1). In addition, there has been limited coverage across the range of vessel 

sizes. Vessel sizes of the Benoa-based longline vessels ranged from < 30 to > 200 

GT (Proctor et al., 2003), but the observers were placed on vessels of size between 

61 and 140 GT (94 GT on average) (Table 4.3). This was both because of safety 

reasons and because only a few tuna fishing companies were willing to assist with 

the Observer Program. 

Table 4.1 Landing coverage for the Observer Program 

Year 

2005 
2006 
2007 

Number of landings Number of landings 
observed at Benoa Fishing Port* 

8 2439 
21 1664 
12 1916 

* Source: Prisantoso et al. (2008) 

Coverage(%) 

0.3 
1.3 
0.6 
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4.2.2 Data Collection 

Data was collected by six observers who had been trained intensively prior to their 

first trip to sea. This training took place over six days in Bali in early August 2005, 

and was provided by scientists from CSIRO and RCCF. The training included 

identification of fish, cetaceans, turtles, and birds, protocols for data collection and 

reporting, sea and climate conditions reporting, and guidelines for safety at sea. 

There were five groups of information recorded: i) general, ii) setting, iii) hauling 

and iv) catch information, and v) information on environmental conditions. All 

information was recorded manually on data collection sheets, then entered into the 

Benoa electronic database and subsequently stored in the RCCF electronic database 

in Jakarta, from where it was retrieved for the present study. The data sheets and 

database were developed, based on those of the Secretariat of the Pacific Community 

and Forum Fisheries Agency Observer Programs, but modified to suit the Indonesian 

situation ·and with Bahasa Indonesia as the working language. The format and design 

of the observer database is still evolving so that its quality is improved where 

necessary. 

Data collected under the "General Information" category includes trip, vessel, gear 

and bait information. Effort was reported as number of hooks for each set, which is 

the usual way of measuring effort in longline fisheries (Polacheck, 1991). Within the 

next two categories ("Setting" and "Hauling" information), date, time and position of 

setting and hauling were recorded. Under the "Catch Information" category, all 

retained fish and some discarded fish were recorded by number and identified using 

the Food and Agricultural Organization (FAQ) codes and some of them were 

measured for their length. Catch by numbers was therefore reported for the four tuna 
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species (BET, YFT, ALB and SBT) and for more than 30 bycatch species. However, 

only the most dominant bycatch species (Table 4.2) were included in this analysis. 

Dominant bycatch species codes in the following analyses are the FAO codes (Table 

4.2). In addition, length measurements were obtained for almost 100% of the total 

observed BET, YFT and ALB catch, and for 100% of the observed SBT catch. 

Photographs of "rare" species (i.e. not commonly found and not recognized by 

observers) were sent to CSIRO in Hobart to be identified (this identification process 

was usually completed before entering data into the electronic database). A complete 

list of the species recorded by the observers is presented in Appendix 4.1. Finally, 

information recorded under the "Environmental Condition" category included Sea 

Surface Temperature (SST) and sea condition. Sea condition was recorded using the 
J . 

Beaufort scale, which ranges from 0 to 10 (where 0 is completely calm and 10 

equates to cyclonic conditions) (Beer, 1996). 

Table 4.2 The most dominant bycatch species recorded by the observers 
FAO Code 

English name Scientific name 
code6 Used7 

ALI NGA Lancetfish Alepisaurus brevirostris 
OIL OIL Oilfish Ruvettus pretiosus 
PLS DAV Pelagic stingray Dasyatis violacea 
BSH BSH Blue shark Prionace glauca 
TST BWL Sickle pomfret Taractichthys steindachneri 
swo swo Swordfish Xiphias gladius 
PSK CSK Crocodile shark Pseudocarcharias kamoharai 
SKJ SKJ Skipjack tuna Katsuwonus pelamis 
DOL CDF Common Dolphinfish Coryphaena hippurus 
LAG MON Moonfish Lampris regius : 
BLM BLM Black marlin Makaira indica 

6 Source: FAO (2009) Food and Agriculture Organization of the United Nations, Fisheries and 
Aquaculture Department. Fishery fact sheets collections ASFIS list of species for fishery statistics 
purposes. http://www.fao.org/fishery/collection/asfis/en. Website viewed 25 October 2009. 
7 Code used by observers 
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4.2.3 Summary of Observer Trips 

To date, the six observers have completed more than 40 trips. Data presented here 

are those from the first 38 trips (793 sets) (Table 4.3), as data from more recent trips 

are still being processed. The first three trips were undertaken with 2 observers on 

board per trip (as a trial), while subsequent trips were undertaken with 1 observer per 

vessel. Only vessels from a single company (PT. PSB) were covered in 2005, whilst 

in 2006 and 2007, observer coverage embraced 3 companies (companies A, C and D, 

and companies B, C and D, respectively) and privately owned boats ("others") 

(Table 4.3, Table 4.4). 66% of the total recorded trips or 41 % of the total recorded 

sets were from Company C, which is PT PSB (Table 4.4). There were 11 vessels 

sampled between 2005 and 2007 from Company C, followed by 7 vessels from 

company A. Only 1 vessel from companies B and D, and 3 privately owned boats 

were sampled across the years (Table 4.4). It is a priority to- achieve trips to sea on 

vessels spanning a wider range of companies, in order to ensure that a broader 

picture of fleet activity is obtained, in terms of covering the range of vessel sizes, 

locations fished, trip durations, targeting strategies, gear configurations and varying 

levels of expertise. 

Across the 38 trips, the trip duration ranged from less than a month (19 days) to more 

than three months (108 days) and was 35 days on average (Table 4.3). The average 

length across all fishing trips out of Benoa Fishing Port prior to 2003 was 15-30 

days, which includes 2 to 3 days of steaming to reach the fishing ground (Proctor et 

al., 2003). The number of sets per trip recorded by the observers ranged between 7 

and 58 sets per trip with an average of 21 sets per trip (Table 4.3). Observed vessels 

varied in size, ranging between 37 and 140 GT (Table 4.3, Table 4.4). The number 

of hooks per set varied between 400 and 1921 hooks, with 1434 hooks being the 
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average. The number of hooks between floats (HBF) varied from 4 - 21 hooks (13 

hooks on average). Suzuki et al. (1977) and Marcille et al. (1984) defined deep 

longlining as equating to at least 10 HBF, and surface longlining as equating to 4-6 

HBF. Thus, the observers covered vessels setting both surface and deep longlines. 

The number of floats per set ranged between 20 and 420 floats (Table 4.3). There 

were six bait species commonly used (Table 4.3), with LMR the predominant bait 

type, followed by MIL, L YG and CHG. 

Table 4.3 Summary o_f triI?s covered by the observers betweep. 2005 and 2007 

Number of Companies 

Length of trip (days) 

Number of sets/trip 

Vessel sizes (GT) 

Number of hooks/set 

Number of hooks between floats 

Number of floats/set 

Common Bait Used 

2005 2006 2007 

1 3 +others* 3 +others* 

Mean Range 

35 19-108 

21 7-58 

94 37-140 

1434 400-1921 

13 4-21 

128 20-420 

Lemuru, Sardinella spp.(LMR) 
Milkfish, Chanos chanos (MIL) 
Scad mackerel, Decapterus spp.(RUS) 
Gizzard shad, Anodontostoma chacunda (CHG) 
Frigate Tuna, Auxis thazard (FRI) 

Squid, Loligo spp. (CMI) 

*"Others" refer to vessels with private owners, as opposed to being owned by a company. 

Table 4.4 Number of trips, sets and vessel sizes of the observed vessels by company 
Number bf trips*) Number of Mean vessel 

vessels sampled Number size (range in 
Companies between 2005 and parentheses 

2005 2006 2007 2007 per of sets where 

company applicable) 

A 7 7 268 119 (94-140) 
B 1 1 22 59 
c 9 7 9 11 328 75 (61-102) 
D 1 1 1 63 37 

Others**) 2 1 3 112 91 (73 - 106) 
Note: Actual company names are not provided, but Company C is PT PSB 
* Number of trips by year was defined based on the departure date. 
** "Others" refers to vessels with private owners. 

169 



4.2.4 Data Cleaning 

Errors found in the data set were mostly clerical. Whether these were made while 

manually recording data on-board or entering data electronically into the database, 

sometimes could not be detected. Those errors which were able to be detected were 

corrected by cross checking directly with the observers. 

There were some inconsistencies in recording company name, vessel name and 

setting number. A company was sometimes recorded using a different character 

string. This causes errors since different character strings are interpreted as distinct 

companies. The same issue occurred with vessel name and setting number (within a 

trip, the same set was reported by more than one unique setting number). 

In addition, several sets were recorded with too many decimal digits or without any 

value in total number of hooks, number of floats, hook positions. Those sets with 

incorrect number of hooks or number of floats, were either corrected by referring to 

those for other sets within the same trip, or, if there was no information available 

from the other sets within the same trip, by cross checking directly with the 

observers. Erroneous hook positions were corrected by cross checking directly with 

the observers. However, there were no hook positions reported for 140 BET (6% of 

the total BET recorded), 54 YFf (5% of the total YFT recorded), 61 ALB (3% of the 

total ALB recorded) and 2 SBT (1 % of the total SBT recorded) records. Those fish 

with no hook positions were excluded when plotting numbers of fish by hook 

position for the four tuna species. 
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As a result of direct clarification from the observers regarding their fishing ground 

boundaries, several sets were known to have recorded erroneous latitude-longitude 

positions as a result of clerical error. The fishing ground of the observed vessels did 

not extend further south than 40°S, or east than 150°E. Some latitude-longitude set 

positions fell outside of the defined fishing area, whilst other sets within the same 

trips recorded positions within the observed fishing area. Those set positions were 

corrected through direct consultation with the observers. 

In addition, the form of the length measurements varied between Fork Length (FL), 

the projected straight distance from the tip of the upper jaw (snout) to the shortest 

caudal ray (fork), and Curved Fork Length (FLT), the projected curved-body 

distance from the tip of the upper jaw (snout) to the shortest caudal ray (fork). To 

obtain consistent measures of length, data were standardised to FL, as this unit is 

C011Jl110nly used for tuna (IOTC Secretariat, 2005). Length-length conversion factors 

for BET, YFT and SBT are given in Table 4.5. There was no direct conversion 

factor available for ALB, and so the FLT-FL conversion factor for YFT was used. 

This decision was made by considering the linear correlation between ALB and BET 

weight and between ALB and YFT weight (weights were roughiy estimated for 70-

200 FL sized fish using length-weight relationships described in Appendix 4.2. 

However, these were effectively equivalent (the correlation coefficient for the 

relationship between ALB weight and YFf weight was 0.9997; that for the 

relationship between ALB weight and BET weight was 0.9993), so the ALB-YFT 

relationship was arbitrarily chosen. 
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Table 4.5 Fork-length (FL) to curved fork-length (FLT) conversion factors for BET, YFT and SBT 

Species Equation 

BET FL =0.942 FLT+ 0.3547 

YFT FL = 0.9498FLT- 0.3811 

SBT FL = 0.9189 FLT+ 4.9194 

0.9864 

0.9919 

0.9498 

Number 
of fish 

363 

531 

69 

*Provided by Ms. Retno Andamari and Mr. Budi Iskandar Prisantoso 

FLT range (cm) FL range (cm) 

76-177 71-171 

78-176 73.5-166 

152.5-207 147-196 

Area Source 

Indian Ocean 
Berroa Port-based Catch 
Monitoring Program * 

Indian Ocean 
Berroa Port-based Catch 
Monitoring Program * 

Indian Ocean 
Berroa Port-based Catch 
Monitoring Program * 
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4.2.5 Spatial Subset 

Observed fishing positions occurred between 0° and 35°S and between 80° and 

135°E (Figure 4.1). Based on the spatial separations in catch by species (Figure 

4.2c), three broader spatial zones were used in further analyses: the Banda Sea, 

Eastern Indian Ocean I (north of 20°S) and Eastern Indian Ocean II (south of 20°S). 

The "Indian Ocean I" region overlaps with the only known SBT spawning ground, in 

the waters between Indonesia and Australia in the northeast Indian Ocean, south~east 

of Java (Indonesia) (Collette and Nauen, 1983, Nishikawa et al., 1985, Safina, 2001). 
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Figure 4.1 (modification of Figure 4.2a) Three zones (Banda Sea, Indian Ocean I 
and Indian Ocean II) used in analyses of this chapter 
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4.2.6 Explanatory Variables 

Within the Observer Program data set, information on fishing techniques, including 

HBF and bait used, and environmental variables were reported. The effect of these 

variables on catch and catch rates was investigated. Within the data set, information 

on HBF was available for each set within each trip, and it was known that the 

Observer Program data cover both surface and deep longline fishing operations. 

Analysis of the Observer Program data by gear type was conducted to obtain more 

insight into fishery dynamics. Lee and Nishida (2002) stated that considering regular 

and deep longlining separately is essential to reflect fishing practices. Thus more 

accurate resource analyses can be performed if this distinction is made. 

Generally, several bait species were combined to catch tuna. These species differed 

in terms of hook position. Sometimes, some specific species were used in the shallow 

hook configuration. Unfortunately, only a few sets recorded hook position 

information for bait species which made it difficult to investigate which bait/hook 

position combination caught what fish. There were 22 bait combinations reported 

(Table 4.6). Each bait species in each combination was assumed to have had an 

equal contribution to catch per set resulting in 6 fish categories: i.e. CHG, CMI, FRI, 

LMR, MIL and RUS (as shown in Table 4.3). The effect of each bait species was 

therefore examined by determining its correlation with the catch of each of the 4 

main tuna species. Records that lacked bait information were excluded from this 

analysis. 
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Table 4.6 Bait combination recorded by the observers (CHG: Gizzard shad, CMI: 
Squid, FRI: Frigate Tuna, LMR: Lemuru, MIL: Milkfish and RUS: Scad mackerel) 

Bait Code Bait Combination 

1 CHG 
2 CHG, FRI, LMR 
3 CHG,LMR 
4 CHG,LMR,MIL 
5 CHG,MIL 
6 CHG,RUS 

7 CMI,LMR 
8 CMI, LMR, MIL 

9 CMI, LMR, MIL, RUS 

10 CMI, LMR, RUS 

11 CMI,MIL 

12 CMI, MIL, RUS 

13 CMl,RUS 

14 FRI, LMR, MIL 
15 FRI,MIL 
16 FRI, MIL, RUS 
17 LMR 
18 LMR,MIL 

19 LMR, MIL, RUS 
20 LMR,RUS 
21 MIL 

22 MIL,RUS 
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4.3 Results 

4.3.1 Catch and Effort 

Table 4.7 summarises the effort from observed vessels based at Berroa Fishing Port 

from August 2005 to December 2007. The longline on-board observations could not 

be conducted in every month during the studied period owing to the restricted 

availability of active vessels in Berroa Fishing Port and the small number of 

observers recruited. As can be seen, there were no observations conducted in several 

months (November and December 2005; February, March, April, July and December 

2006; January, August and November 2007). In addition, the number of recorded sets 

by observation month was variable, ranging from 15% of the total sets in May 2006 

to as low as -0.3% of the total sets (i.e. only 2 sets) in August 2006 and February 

2007. In other observation months the number of longline sets recorded ranged from 

10 to 111 sets. Likewise, the highest number of hooks and trips recorded also 

occurred in May 2006, however, ~n October 2005 the number of trips recorded was 

the sa_me as that in May 2006. 
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Table 4.7 Summary of observed effort between 2005 and 2007 by month 

Year Month Effort 
No. trips 

No. sets Total hooks 

2005 8 41 61147 4 

9 15 20306 4 

10 56 83314 6 

11 

12 
2006 1 36 52259 4 

2 

3 

4 

5 120 172386 6 

6 67 98029 5 

7 

8 2 2116 1 

9 111 149133 6 

10 73 106698 5 

11 30 47520 2 

12 
2007 1 

2 . 2 3091 1 

3 62 86633 4 

4 58 80209 3 

5 10 17058 1 

6 16 26395 2 

7 17 24990 2 

8 

9 48 79563 4 

10 15 14448 1 

11 

12 14 20916 1 
Notes: D No observation 
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Fishii:ig areas of the observed longliners included the Eastern Indian Ocean between 

latitudes 7° and 34°S and longitude 80° and 132°E, but also the Banda Sea (Figure 

4.2a). The furthest distance of these sets from Benoa Fishing Port was on the latitude 

34°S. The longline sets were concentrated within the area between 10°-20°S and 

105°-120°S .(more than 50% of the total number of recorded sets occurred in this 

area). -74% of recorded sets occurred in the Indian Ocean I region, whilst around 

18% of the total sets occurred in the Indian Ocean II region. Less than 10% of 

observed sets were deployed in the Banda Sea. The distribution of observed sets was 

mostly dictated by considerations for the observer's safety: it was suggested that 

observers were placed on longliners undertaking short voyages (<50 fishing days) for 

their first trips. For subsequent trips, observers were encouraged to undertake trips of 

longer duration. These longer trips embraced the area to the south of the SBT 

spawning ground. 

The spatial distribution of observed effort and tuna catch composition is presented by 

5-degree blocks (5° latitude x 5° longitude) (Figure 4.2b-c). Set positions and more 

than 50% of the total number of hooks recorded were concentrated between 110° and 

120°E and 10° and 15°S (Figure 4.2a-b). South of 20°S (the temperate area of the 

Indian Ocean) and in the Banda Sea, the effort recorded in any 5-degree block never 

exceeded 100000 hooks. 

The catch distribution of the four tuna species was separated latitudinally (Figure 

4.2c). Large proportions of YFT and BET occurred within the tropical area of the 

Indian Ocean, north of 20°S, and also in the Banda Sea, while SBT was 

predominantly caught within temperate areas of the Indian Ocean south of 20°S. By 

contrast, ALB was caught in both tropical and temperate areas of the Indian Ocean. 

According to Hsu (1993), spawning ALB stay between 10° and 30°S within the 
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Indian Ocean. As such, 74% of the recorded ALB could be assumed to be caught 

from ALB spawning ground, as they were caught between 10° and 30°S (Figure 

4.2c). The highest tuna catch occurred in the area where the highest effort occurred, 

i.e. between longitude 110° and 120°E and between latitude 10° and 15°S (Figure 

4.2bmC). 
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catch (the four tuna species) recorded (c), aggregated from 2005-2007 
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The total number of observed hooks varied between months, being higher between 

May and October 2006 and reaching a maximum in May 2006 (-15% of total 

recorded effort) (Figure 4.3a). Effort was usually concentrated in the Indian Ocean I 

region, except in January and November 2006, and in May and October 2007 

(Figure 4.3a). 

Between August 2005 and December 2007, trends in the total fish, total tuna, BET, 

YFf and ALB caught by month (Figure 4.3b) mostly reflected the monthly effort 

pattern (Figure 4.3a). However, the SBT catch was higher during its 2006/2007 

spawning season (between September 2006 and April 2007) (Figure 4.3b ). The large 

drop in observed catch for most catch categories (total catch, tuna, BET, YFI' and 

ALB) occurring in August 2006 (Figure 4.3b), was due to the low number of hooks 
\ 

recorded (Figure 4.3a) as only two sets were observed in that month (Table 4.7). 

However, sometimes the magnitude of catch was inversely correlated with effort (i.e. 

an increase in number of hooks was accompanied by a decrease in the number of fish 

caught and vice versa). For example, although the magnitude of reported effort in 

January 2006 was iower than that in October 2005 (Figure 4.3a), the number of 

reported YFI' caught in January 2006 was 15 times than that in October 2005, and 

occurred when the fishing effort moved from Indian Ocean I (October 2005) to the 

Banda Sea (January 2006) (Figure 4.3b). However, it is unclear whether this was 

directly attributable to the shift in fishing area because no additional data are 

available from the Indian Ocean I region for January 2006 nor from the Banda Sea in 

October 2005 (Figure 4.3a). It seems likely that the increase in the YFT catch 

between October 2005 and January 2006 was predominantly influenced by the 

change in fishing grounds. Similar patterns were found when the fishing ground 
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moved from Indian Ocean I in November 2006 to Indian Ocean II in March 2007: 

the number of tuna, BET and YFf caught increased. Nevertheless, other factors may 

also be important, such as spawning behaviour, fishing tactics (other than moving to 

a different fishing ground) and environmental conditions. 

An example of a reduction in catch with increasing effort occurred in May and June 

2006 (where observed fishing occurred mostly in the northern part of the Eastern 

Indian Ocean area), where the number of reported hooks decreased while the number 

of ALB caught rose by up to 20%. Furthermore, the number of BET and ALB caught 

increased between September and October 2006 by about 19% and 10% respectively, 

and SBT observed catch between September and November 2006 increased about 

threefold, whilst the effort fell by about 28% and more than 60% (of that in 

September 2006), respectively. This inverse correlation between catch and effort also 

occurred in November 2006 and March 2007 for the observed tuna, BET and YFf 

catch. 
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4.3.2 Catch and Effort Relationship 

Observed catch was generally linearly correlated with the observed effort: total fish, 

tuna and BET catch in particular were highly linearly correlated with the total 

number of hooks (r2 > 0.7) (Figure 4.4a-c). YFT, ALB and SBT were less strongly 

correlated with effort (r < 0.5) and their catches seemed especially decoupled with 

effort when the latter dropped below 100000 hooks (Figure 4.4d-f). 
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4.3.3 Nominal CPUE 

There was an obvious spatial separation in the nominal CPUEs of the four tuna 

species of interest (Figure 4.5). The catch rate of BET was generally higher in the 

Indian Ocean I region (0.2-0.5 fish per 100 hooks in each 5-degree block) than in the 

Indian Ocean II region or in the Banda Sea(< 0.2 fish per 100 hooks), except in one 

5-degree block between 10°-l5°S and 125°-130°E, where the BET CPUE was less 

than 0.2 fish per 100 hooks. Likewise, the YFf catch rate was greatest in the Indian 

Ocean I region, with the highest catch rate occurring between 5°-10°S and 110°-

1150E (0.5-0.7 fish perlOO hooks). On the other hand, ALB and SBT had higher 

catch rates in the temper~te regions. For almost all 5-degree blocks in the Indian 

Ocean II region, the ALB nominal CPUEs were at least 0.2 to 0.5 fish per 100 hooks. 

The highest ALB catch rate (>1 fish per 100 hooks) occurred in the area between 

30°-35°S and 80°-85°E. The maximum SBT catch rates (0.1-0.2 fish per 100 hooks) 

occurred within 2 squares between 25°-35°S and 100°-105°E, whilst in other 5-

degree blocks SBT catch rates were <0.1 fish per 100 hooks, and even zero for 

several fished squares. 
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It was difficult to detect any temporal patterns in the nominal CPUE across any of 

the catch categories due to the short time series; furthermore, some months had little 

or no data (Figure 4.6), and so, to date, there have been no consistent seasonal 

patterns in the nominal CPUE able to be discerned within the observed data currently 

available. Of the four tuna species, the temporal CPUE pattern for SBT (Figure 

4.6b) was similar to the temporal catch pattern (Figure 4.3b ), with both series 

showing peaks during the SBT spawning season (between September 2006 and 

March 2007; CPUE >0.1 fish/100 hooks while CPUE was <0.1 fish per 100 hooks in 

other months), with maxima in November 2006. SBT had the lowest nominal CPUEs 

of the four tuna species across the studied period, with the exception of the CPUE in 

October and November 2006. 

Across the studied period, the highest total, tuna, BET and ALB nominal CPUE 

occurred in 2007 (Figure 4.6a-b ), whilst the maximum nominal CPUE for YFr was 

' 
recorded in August '2006 (Figure 4.6b ). BET nominal CPUEs were higher than those 

of the other three tuna species over the studied period, except between August 2006 

and May 2007, and in October 2007, where ALB and YFr catch rates were higher, 

respectively. 

187 



-00 0
0

 

(/
.)

 
~
 

to
 .

...
 

"'
"3
~ 

>
; 

..
, 

('1
) 
~
 

("
) 

.&
;:. 

0 
• 

a. 
0

-.
 

('1
) 

(
l 

0
..

 
""O

 
cr-

e 
'-<

 
tT'

l 
3 

,-.._
 

0 
::1

l 
::l

 
"'

 
9-

12:
 -0 0 ::r
 

0 ~
 

"' '-
' O'
 

>
; 

r:>:
> 

'-
' 

.....
. 

0 .....
. 

8
/0

5
 

91
05

 
10

/0
5 

11
/0

5 
12

/0
5 

1
/0

6
 

2/
06

 
3/

06
 

4/
01

3 
51

06
 

13
10

13
 

71
01

3 
81

06
 

~
 

;::
 

9/
06

 

§ 
a 

10
10

6 
0

..
 

::r
 

.....
. 

i::
 

::l
 

r:>:
> § 0
..

 
cr

' 
'-

' to
 ~~ -< ~~
 ~ r:>

:> ::l
 

0
..

 

11
/0

13
 

12
10

13
 

1
/0

7 

2/
07

 
31

07
 

41
07

 
5 1

07
 

61
07

 
71

07
 

8/
07

 
9/

07
 

10
10

7 
11

/ 0
7 

12
/0

7 

cr
' 

'-
' 

C
at

ch
 R

at
es

(f
is

hf
lO

O
 h

oo
ks

) 

OD
 

OS
 

1D
 

1
S 

I 
I 

I 
I t 

t 
i I

 
~~

~~
 

,I
ll 

IB
/ 

E
l(/

' 

• 
El3

 

? 
"
'-

81
...

,,
 

b 
't

l"
 

't
e

 

b;
;. '• 

.,
 

El
l 

-
-

m
 

__
__

__
__

_ -.
. 

Ell
,.,

 
,..•

 •--
----

-
~~

~:c
=~

;iii:
:~~

:~=
:~:

:::::
;-:::

:c:
==-~

---
El

l'"
.-

--

? /
1.

..
 _

__
__

 . ..m
 

• 
El

l""
" 

o
•

~ 
8l

 

E
: 

0 ;::.
 

::r
 

8
/0

5
 

9
/0

5
 

'10
/0

5
 

11
/ 0

5 
12

/0
5

 

1
/0

6
 

21
06

 
3

/0
6

 

4
/0

6
 

51
06

 
6

/0
6

 

71
 O

t3 
B

/0
6 

9/
 O

t3 

10
/ 0

6 
1

1
/0

6
 

1
2

/0
6

 
'1

/0
7 

21
07

 
3/

0
7

 
41

07
 

51
07

 
13

/0
7 

71
07

 

8/
0

7 
9

/0
7

 
10

/0
7 

·1·
11

07
 

12
/0

7 

C
a

tc
h

 R
at

e
s(

fis
h/

10
0 

ho
ok

s)
 

OD
 

OS
 

1
D

 
1

S
 

2D
 

2
S

 
3D

 
3S

 r:>
:> 

'-
' 

I 
I 

I 
I 

I 
I 

I 
fill : I 

J'J
 

_
_ 
..

 
9 

! 
a

' 
• 

--
--

--
-I

 -
I 

~ 
r 

c 
o 

o'
 

• 
~
§
:
 

D
 

• 

o
···

 

GJ 

G
.,

 
..

 
. '

'E
l 

,8
 

i::r
 

___
__ :

.i::i 

n 
·s

.-
...

 

,a
---

---
--·

 

'-
. 

__
__

 .. 
·...

.---
-

:· 
.
~
 

__
__

__
__

__
_ .. 

·--
---

--
' 

__
 ::.-~

:~::
 __

 ---
-~

~ ~~
 ~ ~ ~

 -:::
-: ~.

,.. 
o

·· 
·--

--
J'J

 
0 

D
 

• 

( • 
• 



4.3.4 Length Frequency for BET, YFT, ALB and SBT 

From the 2323 BET measured by observers, it seems there are no obvious shifts in 

the modal fork length through time (Figure 4.7). In addition, no obvious difference 

in length frequency trends between the 3 zones was able to be discerned from the 

available data. The maximum and minimum sizes recorded were 224.6 and 23.9 cm 

FL, respectively. The smallest mature female BET sampled by Farley et al. (2006) 

occurred in northern Queensland and was 80 cm FL, whilst others studies (Kume, 

1962, Tankevich, 1982, Sun et al., 1999, Schaefer et al., 2005) suggested 90-110 cm 

FL to be the minimum length at maturity. Thus it is assumed that the BET reported in 

the observer data set as being less than 80cm FL were immature. 

Likewise, from the 1064 measured YFT, there were no obvious trends in modal fork 

length over time nor any discernable differences between the three zones (Figure 

4.8). Whether this is a true feature is unknown due to the low number of samples 

measured over time and across the 3 zones. However, the length frequency of the 

measured YFT Indian Ocean I region was apparently bimodal (maximum in fork 

length classes 100-105 and 130-135 cm) in May and June 2006; and April 2007 

(Figure 4.8). According to Somvanshi (2002) YFT with fork length less than 135 

cm, sampled from the lndfan waters of the Indian Ocean, were estimated to be 4 or 6 

years old. Assuming this is applicable ocean-wide, fish in both of the peaks in the 

Indian Ocean I in the 3 months would be under 6 years old. Across all the measured 

YFT, the fork length ranged between 32 and 225.7 cm. A length frequency 

distribution for measured YFT in August, September and October 2005, and August 

2006 is not presented as each month comprises less than 10 measured individuals 

(the fork length ranged between 60 and 150 cm). 
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Acknowledging the latitudinal classification of Indian Ocean ALB by Hsu (1993), 

i.e. mature ALB occur north of l0°S, spawning ALB between 10° and 30°S, and 

immature ALB south of 30°S, the length frequency of ALB was plotted 

independently for these three area delineations. The spawning season for ALB occurs 

from October to March (Chen et al., 2005). 

Across the 1982 ALB measured, fork length ranged from 35.7-155.4 cm (Figure 

4.9). The length frequency distribution of the measured ALB during the ALB 

spawning season of October to March was similar to that outside of the spawning 

months (Figure 4.9). However, it seems there was a progressive decrease of -10 cm 

in modal fork length over the time period (Figure 4.9). From its spawning area 

(between 10° and 30°S) within its spawning season, the fork length of sampled ALB 

ranged between 84 and 155.4 cm, except for one sampled fish with fork length 80.4 

cm (the gender of this fish was unknown). ALB measured from the spawning ground 

outside of the spawning season ranged between 82 and 146 cm, except for 13 

sampled fish with length l_ower than 82 cm FL (one of these fish was male with fork 

length > 71 cm and three were male with fork length < 65 cm, while the gender of 

the others was unknown). Based on histological studies of South Pacific ALB, 

females are categorised to be sexually mature if they are larger than 82 cm FL, and 

males if they are larger than 71 cm FL (MFISH, 2009). As such, all sampled ALB 

from their spawning ground within spawning months were most likely to be sexually 

mature (larger than 71 cm or 82cm), except for one individual whose gender and 

hence maturity was uncertain. Similarly, the ALB measured from the spawning area 

out of spawning seasons were also mature, except for 12 individual whose gender 

was male with length < 65 cm or gender was unknown and hence maturity was 

uncertain. The mature ALB caught from their spawning ground just byfore or after 
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the spawning season were likely moving into or out of the spawning ground from or 

towards the area north of 10°S. However, they could also possibly be residential. 

Surprisingly, most sampled ALB caught in the area south of 30°S measured more 

than 82 cm FL (Figure 4.9); that is, they were mature ALB (MFISH, 2009). This 

was in contradiction to Hsu (1993) who argued that mature ALB inhabit waters north 

of 30°S. 

Although the number of SBT caught was very low compared to other tuna species, 

the recorded lengths were relatively large (> 129 cm FL) (Figure 4.10). Length at 

first maturity for SBT was estimated to be around 152-162 cm FL or greater (Davis, 

1995, Schaefer, 2001), which suggests that not only mature SBT were caught during 

trips covered by the observers. SBT measured by observers (200 fish) were collected 

both from spawning (Indian Ocean I) and non-spawning areas (Indian Ocean II), 

however, very low numbers of SBT were caught in several months (less than 5 fish 

in each of August, September and October 2005, May 2006, and April; May and 

December 2007). Thus, length frequency distribution is only able to be obtained for 

the 2006-2007 spawning season in the Indian Ocean I and II regions. Within its 

spawning grounds (Indian Ocean I), recorded SBT were greater than 142 cm FL 

(Figure 4.10) which is consistent with the results of the Berroa Port-based Catch 

Monitoring Program. In the Indian Ocean II region, some SBT measured by 

observers were less than 140 cm FL. 
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4.3.5 Effect of Fishing Practices and Sea Conditions on Catch and CPUE 

The effect of various fishing practices and sea conditions on catch and CPUE for the 

four tuna species was investigated in a rudimentary manner. Barplots of catch and 

CPUE against each possible available explanatory variable were plotted to examine 

the effect of each variable independently. Confounding/interaction effects between 

the explanatory variables are not considered. The aim is merely to attempt to identify 

some patterns or hypotheses which could be tested in later phases of the Observer 

Program. Moreover, all factors will be included as explanatory variables when 

standardizing the CPUEs for the four tuna species in Chapter 6 in order to obtain 

proxy abundance indices. 

4.3.5.1 Fishing area 

Tuna catch trends by region (Figure 4.llb) reflected the spatial trend in effort 

(Figure 4.lla), with the highest catch occurring in the Illdian Ocean I, and the 

lowest in the Banda Sea, whereas the highest no.minal tuna CPUE was in the Indian 

Ocean II region instead of the Indian Ocean I region (Figure 4.11).This indicates that 

the magnitude of tuna catch by area was more driven by the amount of effort 

deployed in each area than by the relative abundance of tuna within each area. 

However, the 19 months of observer data indicate differential area patterns by 

species. SBT and ALB were never caught in the Banda Sea during observer trips. 

(SBT is distributed only in the southern oceans (Farley and Davis, 1998, Takeyama 

et al., 2001), whereas ALB occurs worldwide (Takeyama et al., 2001)). BET and 

YFT were caught in similar proportions, i.e comprising -59% and -41 % of the total 

tuna catch in the Banda Sea, respectively. When fishing locations changed from the 
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tropical area (Indian Ocean I) to the temperate regioo (Indian Ocean II) of the eastern 

Indian Ocean, the most dominant tuna species caught shifted from BET to ALB 

(Figure 4.llb-c). In addition, the proportion of SBT in the catch was much higher in 

the temperate areas compared to that in the tropical areas and conversely, YFT catch 

was much lower in the Indian Ocean II (temperate) region than in the Indian Ocean I 

(tropical) region. The nominal SBT and ALB CPUEs in the Indian Ocean II region 

were higher relative to those in the Indian Ocean I region (Figure 4.llc). On the 

other hand, BET and YFT CPUEs in the Indian Ocean I were higher than those in the 

Banda Sea and much higher than those in the Indian Ocean II region. 

(0 

N"" "' 
0 
+ .e 
u ... 
G> 
E 
0 
u 
E (') 

"' a; 
"' 0 

N L. 
G> 
D 
E 
:J z 

0 

<q 
(') 

0 
C'i 

(;)' 

"' 0 
+ c-i .e 
.c 

"' 
0 

OF c-i 
0 
L. r.q 
"' D .... 
E 
:J z q .... 

<q 
0 

q 
0 

Banda Sea 

D 
"' .>< 
0 
0 .c 

0 
0 
:i::: .c 
"' ""' 0 .... 
"' D 
E 
:J z 

Indian Ocean I Indian Ocean II 

q .... 

~ 
0 

<O 
ci 

""= 0 

"! 
0 

q 
0 

• BET 
YFT 

• ALB 
• SBT 

Banda Sea Indian Ocean I Indian Ocean II 

Figure 4.11 Number of observed sets (a), catch (number of fish) (b) and CPUE 
(fish/100 hooks) for the four tuna species (c) by fishing area 

201 



4.3.5.2 Bait type 

Across all reported sets, -77% used LMR and 37% used MIL, with the other bait 

types being used less frequently (Figure 4.12a). One set sometimes used more than 

one bait type. Tuna catch by bait type shows the same pattern as the trend in effort by 

bait type, where tuna catch was highest when fishing by LMR (Figure 4.12b ). The 

four tuna species were caught on any bait used, consistent with Bach et al.'s (2000) 

conclusion that tuna are opportunistic feeders. Ignoring the possible effects of other 

confounding factors (such as area fished), across all six bait species, the highest 

proportion of BET (-61 % of tuna catch) and SBT (-7% of tuna catch) catch occurred 

when fishing using CMI, whilst the relative. ALB catch was maximised (-81 % of 

tuna catch) when fishing using CHG. The highest proportion of YFT were caught by 

RUS (-44% of tuna catch). 

Several bait species resulted in similar catch proportions of tuna species (Figure 

4.12b). FRI and MIL caught BET, YFT and ALB in comparable proportions. In 

addition, LMR caught BET and ALB in similar proportions (-40% of tuna catch). 

Furthermore, RUS caught BET and YFT in similar proportions (comprising 40% and 

42% of the tuna catch). 

Trends in the nominal tuna CPUE by bait type (Figure 4.12c) are not consistent with 

those in tuna catch by bait type (Figure 4.12b ). This shows that bait type does not 

influence catch and catch rate in the same way. While a certain bait type may catch a 

certain species in a relatively higher proportion, if abundance of that species is low, 

the catch rate would not be expected to be high. 
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Impact of ~ait type on the nominal CPUE of individual tuna species varied (Figure 

4.12c). Nominal BET CPUE was maximized when fishing using CMI, whilst the 

lowest catch rates for this species occurred when CHG was used. Conversely, catch 

rates of ALB were relatively low when fishing with CMI and highest when using 

CHG. SBT had the highest nominal CPUE when CMI was used as bait. The nominal 

CPUEs for ALB using LMR were smaller than when MIL, FRI or RUS ;were used, 

and less than half of those obtained using CHG. Nominal YFT catch rates showed 

that this species was most efficiently caught by bait types other than LMR and CHG 

(CPUE was less than 0.5 fish per 100 hooks using LMR and CHG, but greater than 1 

fish per 100 hooks when using other bait types). The highest YFT CPUE was 

obtained when using RUS. Although the BET catch rate when using LMR was 

higher than that obtained using CHG, MIL and FRI, BET CPUE when using LMR 

was much lower than obtained when using RUS and CMI. Overall, bait type appears 

to have a strong effect on nominal CPUE trends for each of the 4 tuna species. 

Therefore, it is important to include the effect of bait type in the standardisation of 

the nominal CPUE for the four tuna species that will be presented in Chapter 6. 
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4.3.5.3 Sea conditions 

One of the fishers' main safety concerns is to consider sea condition prior to leaving 

port. Consequently, most of the observed longline sets occurred at times when the 

Beaufort scale ranged between 0 and 4. The maximum number of sets occurred when 

the Beaufort scale was 3 or 4 (-34% and -25% of the recorded sets, respectively) 

(Figure 4.13a). Less than 5% of the total reported sets occurred when the Beaufort 

scale was higher than 5. 
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There was a clear trend in the tuna catch composition by Beaufort scale (Figure 

4.13b ). As the Beaufort scale increased, the relative proportion of ALB in the catch 

increased, while the relative proportion of BET decreased. Under extreme wind 

conditions, i.e. Beaufort scales 7 and 8, the main tuna species caught were BET and 

ALB (scale 7) or ALB alone (scale 8), whilst YFT and SBT were never caught at 

Beaufort scale 7 or 8. However, it should be noted that data corresponding to 

Beaufort scales 7 and 8 were available from only four sets and one set, respectively. 

The highest relative proportion of YFT catch occurred at Beaufort scale 1, whereas 

relative SBT catch was highest when the Beaufort scale was 2 or 6. 

Trends in tuna catch by Beaufort scale were similar to those in effort (Figure 4.13c), 

but nominal CPUEs for tuna by Beaufort scale did not reflect the catch patterns. This 

shows that the relationship between catch rate and sea conditions is different to that 

between catch and sea conditions. The highest BET, YFT, ALB and SBT CPUEs 

occurred at Beaufort scales 3, 1, 8 and 6, respectively. However, the ALB CPUE at 

Beaufort scale 8 was obtained from only one of set. 
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4.3.5.4 HBF 

Number of hooks per basket or hooks between floats (HBF) is considered to be an 

index of maximum fishing depth (Bach et al., 2000, Ward and Hindmarsh, 2007). As 

such, Suzuki et al. (1977), Lee and Nishida (2002), and Lee et al. (2005) categorised 

longiine gear into surface and deep longlines based on HBF. Suzuki et al. (1977) 

defined surf ace longlining as HBF between 5 and 6 hooks and deep longlining as 

HBF ~10 hooks, whereas Lee and Nishida (2002) and Lee et al. (2005) classified 

surface longlining as HBFSIO and deep longlining as HBF~I l. As ~86% of the total 

Indonesian sets observed used longline gear with HBF ~I I (Figure 4.14a), the 

observed longline.sets predominantly used deep longline gear by either definition. 

BET were mostly caught by longline sets with HBF between 15 and 21 (Figure 

4.14b). Only BET were caught using the 21 HBF configuration (in the Indian Ocean 

I region). In addition, when 4, 5 and 7 HBF were used, BET was the most dominant 

species caught. In those latter hook configurations, catch proportions of BET were 

· similar to those of YFT. On the other hand, ALB, YFT and SBT were predominantly 

caught by sets with 11 and 13, 12, and 6 HBF, respectively. 

Interestingly, tuna catch composition of the observed longline sets with 6 HBF 

comprised SBT only. These sets could be presumed to be sets that are actively 

targeting SBT. Thus it is of interest to examine these sets with respect to location and 

month of fishing. However, only 7 observed sets used 6 HBF, and those sets came 

from one trip. Looking specifically at the trip that recorded sets with 6 HBF, this trip 

actually also fished using 11 and 13 HBF (Figure 4.15a). Longline sets from this trip 

with 11 HBF did not catch any tuna species, whilst longline sets with 13 HBF caught 
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not only SBT but also BET and ALB (with ALB as the dominant species caught). 

Bycatch species were also caught by this trip on the sets that used 6, 11 or 13 HBF. 

Setting positions of this trip generally occurred in Eastern Indian Ocean below 20°S 

(Indian Ocean II). Longline sets with 6 HBF occurred south of 30°S (Figure 4.lSb) 

and in November 2006 (Table 4.8). As SBT caught in November 2006 were at least 

140 cm FL in size, their age is estimated at least 4 years using the length-age key of 

(Farley and Clear, 2008). 

In order to obtain an idea of tuna targeting patterns, the catch of each tuna species 

from the observed sets was plotted against its hook position. The middle hook 

position is assumed as the deepest hook position (Mizuno et al., 1997), and fishers 

tend to modify their hook-configuration in order for the gear to reach the swimming 

depth of the species being targeted, with the expectation that the target species are to 

be caught by the middle hooks. 

Total catch peaked in the middle hook positions when 16 and 17 HBF were used, 

whereas other HBF configurations showed no clear pattern of catch with respect to 

hook position. BET were predominantly caught in the middle hook positions in any 

HBF configurations (Figure 4.16). This suggests that BET was the main species 

targeted by the observed vessels. However, when 11 hooks between floats was used, 

ALB were mostly caught in the middle hook positions. YFT were caught in the 

middle hook positions when a 4 HBF configuration was employed. 
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4.3.6 Targeting Practices by Companies 

Fishing practices, specifically HBF, number of floats per set, length of mainline, start 

time of setting and bait type, of the observed vessels varied between companies 

(Table 4.9). Companies B and C only used deep longlines (18 HBF on average), 

whilst other companies either used surface longlines only (Company D) or both 

surface and deep longlines (Company A and Others). Although Company Chad the 

highest average recorded HBF (i.e the deepest sets), their vessels used the lowest 

average number of floats per set (Table 4.9) This implies that the average total of 

hooks per set by this Company was not the highest within the observed companies 

(as Company A has the highest average total hooks per set) (Table 4.9). Companies 

B, C and D set their longlines mostly in the morning, whereas ·company A and 

Others start setting times covered almost the whole day. Company Conly used LMR 

as bait, whereas other companies used more than one bait type. Vessels from 

Companies B, C and D only fished north of 20°S, whereas vessels from Company A 

and Others fished south of 20°S. 

Dominant species caught varied between the observed companies, as shown by the 

observed catch and nominal CPUE for the four tuna species (Table 4.10). The catch 

rates from observed vessels from Company A and Others were highest for ALB 

(0.36 and 0.19 fish per 100 hooks, respectively). Catch rates from company B were 

highest for YFf (0.28 fish per 100 hooks), whereas catch rates from Companies C 

and D were highest for BET (0.28 and 0.31 fish per 100 ~ooks, respectively). This 

may suggest that different species were targeted by different companies. 
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Some sets from Company A and Others predominantly caught SBT south of 20°S. 

The spatial distribution of the tuna for those sets is given by Figure 4.17. There were 

18 sets (from 2 trips with total sets of 54 and 58 sets each) of this type from 

Company A and 13 sets (from 1 trip with total number of sets recorded was 53 sets) 

from Others. This may confirm the suggestion of Davis et al. (2005) and Proctor et 

al. (2007) that some vessels target SBT south of the SBT spawning grounds (south 

of 20°S), although the majority of sets from these 3 trips predominantly caught ALB. 
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Table 4.9 ComEarison of fishing Eractices between comEanies observed from 2005-2007 

Company AverageHBF 
Average Average 
no. floats total hooks Time of start setting Bait Fishing area 

name per set 
per set er set 

A 11 (7-15) 136 1522 before 1 am - - 10 pm CHG, MIL, LMR, FRI, RUS, CMI 6°-34°S; 80°-l28°E 

B 12 82 988 after6am--8am LMR, RUS, MIL 4°-10°S; 126°-132°E 

c 18 (15-21) 81 1448 before 5 am - - 1 pm LMR 4°-l7°S; 107°-129°E 

D 4 (4-5) 257 1030 after 5 am- -11 pm MIL, CMI, RUS, LMR 8°-l4°S; l10°-l19°E 

Others 
.. 

10 (5-13) 181 1495 midnight - - 9 pm MIL, CHG, LMR, FRI, RUS, CMI 11°-33°S; 103°-ll8°E 
* Others refers to private owners. 

Table 4.10 Recorded catch and CPUE by company, aggregated from 2005-2007 

Company name 
Catch (no. fish) CPUE (no. fish perlOO hooks) 

BET YFT ALB SBT BET YFT ALB SBT 

A 551 443 1507 104 0.14 (0 - 1.8) 0.11 (0- 1.5) 0.36 (0 - 2.15) 0.02 (0 - 0.38) 

B 20 61 2 0 0.09 (0- 0.47) 0.28 (0 - 1.25) 0.01 (0 - 0.21) 0 

c 1357 182 120 17 0.28 (0 - 1.72) 0.04 (0 - 1.1) 0.03 (0 - 0.42) 0.004 (0 - 0.31) 

D 204 156 45 25 0.31 (0 - 2.46) 0.24 (0 - 1.38) 0.07 (0- 0.94) 0.04 (0 - 0.66) 

Others"') 200 226 337 54 0.13 (0- 2.5) 0.15 (0 - 0.88) 0.19 (0-0.97) 0.03 (0 - 0.30) 

* CPUE is presented as the average CPUE per set across all sets and the range of CPUE across all observed sets by the company is given in parentheses 
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Figure 4.17 Spatial distribution of tuna catch for the 18 sets by vessels from 
Company A (from 2 trips of 54 and 58 sets each) and the 13 sets by vessels from 
Others (from 1 trip with total number of sets recorded was 53 sets), respectively 

4.3.7 Bycatch 

The total reported bycatch comprised -62% of the total recorded catch by numbers, 

summed over the studied period (i.e. tuna catch comprised -38% of the to~al 

recorded catch) (Figure 4.18a). The bycatch category consisted of more than 30 

species, including billfish, shark and other finfish (Appendix 4.1). Billfish species 

including marlin, swordfish and sailfish, are normally processed (into loin, toro, 

steak and fillet products) and exported fresh or frozen, but they also supply the 

domestic market (including restaurants, hotel and supermarkets) (Proctor et al. , 

2003). 

The catch composition of the 11 most dominant bycatch species is given in Figure 

4.18b. Lancetfish, Alepisaurus spp. (ALI) was the most dominant bycatch species 

caught, comprising -31 % of the total recorded bycatch. This species is not a 

commercially viable species for the fishery, as more than 80% of total recorded ALI 
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catch was discarded. Oilfish, Ruvettus pretiosus (OIL), pelagic stingray, Dasyatis 

violacea (PLS), blue shark, Prionace glauca (BSH) and sickle pomfret, 

Taractichthys steindachneri (TST) comprised -12 %, -11 %, -10% and -9% of total 

reported bycatch, respectively. -4% of the reported bycatch consisted of swordfish, 

Xiphias gladius (SWO), whereas -8% of recorded bycatch consisted of crocodile 

shark, Pseudocarcharias kamoharai (PSK), skipjack tuna, Katsuwonus pelamis 

(SKJ), common dolphinfish, Coryphaena hippurus (DOL), moonfish, Lampris 

guttatus (LAG) and black marlin, Makaira indica (BLM) combined. Of the 11 

dominant bycatch species, the only billfish species were SWO and BLM, and the 

observed SWO catch was higher than BLM and as such higher than the other billfish 

species recorded (shortbill spearfish (Tetrapturus angustirostris - SSP), striped 

marlin (Tetrapturus audax - MLS), blue marlin (M. mazara - BLZ), and sailfish 

(lstiophorus platypterus -SPA)) (Appendix 4.1). 
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Figure 4.18 Composition of catch (a) and common bycatch species (b) from the 
observed trips, summed from August 2005 - December 2007 (9220 fish were 
categorised as bycatch) 
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Bycatch were caught in all the observed 5-degree blocks fished (Figure 4.19a). In 

any 5-degree block, the bycatch proportion comprised more than 50% of the total 

catch, with the exception of two blocks (15°-20°S; 115°-120°E and 20°-25°S; 105°

l 100E) where the bycatch proportions were 48% and 49%, respectively. The 

proportion of bycatch peaked at 100% in the 5-degree block 20°-25°S; 110°-ll5°E. 

The spatial distribution of bycatch (Figure 4.19b) largely reflected the effort 

distribution (Figure 4.2b), peaking between 10°-20°S; 105°-l20°S. The maximum 

bycatch in any 5-degree square was more than 1000 fish each within each of two 

blocks: 10°-l5°S; 115°-120°E, and 15°-20°S; l 10°-ll5°E. 

ALI were caught in almost all 5-degree blocks within the observed areas (Figure 

4.19b ). As ALI is not considered a commercial species, yet formed the vast majority 

of the bycatch, Figure 4.19b was redrawn in order to obtain a clearer picture of the 

spatial catch distribution of the remaining dominant bycatch species (Figure 4.19c). 

ALI catch notwithstanding, the most dominant bycatch species caught north of 10°S 

was PLS (Figure 4.19c). This species was caught in every 5-degree block throughout 

the observed areas. Between 10° and 20°S the most dominant bycatch species were 

mostly combinations of PLS, OIL, TST and BSH, except between 10°-l5°S; 125°-

1300E where PLS and SWO were the predominant bycatch species (this was where 

the highest SWO proportion occurred). South of 20°S, OIL and BSH generally 

dominated the bycatch, except between 30°-35°S; 100°-105°E where more than 90% 

of the bycatch (ignoring ALI) was BSH. 
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Generally, the top ten bycatch species (disregarding ALI) showed similar monthly 

trends to those observed for the total catch, tuna catch and effort by month (Figure 

4.20, Figure 4.3). However, in June 2006, although effort decreased to almost 40% 

of that in May 2006 (Figure 4.3), OIL and PSK catch increased to almost double and 

eight times that in May 2006, respectively (Figure 4.20). In addition, in October 

2006 OIL, BSH and DOL increased by about 50%, 20%, 100% of that observed in 

September 2006, respectively, although effort decreased by about 30% of that of the 

previous month. Interestingly, in November 2006, when observed effort decreased to 

less than half of that in October 2006 and only occurred in the Indian Ocean II 

·region, the catch of BSH increased strongly, peaking at more than 270 fish (the 

highest catch of these ten bycatch species over the studied period). Furthermore, 

some increases in several bycatch species occurred in several months in 2007, 

although effort decreased. At least one individual of each of OIL, PLS and BSH was 

caught in every month with observer data. This emphasizes that thos~ three bycatch 

species were the most dominant within the ten bycatch of interest, as shown by 

Figure 4.20. 
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4.4 Discussion 

The Observer Program data suggest that ALB and BET were predominantly caught 

by the fishery. However, the Benoa Port-based Catch Monitoring Program s~owed 

that either YFT or BET were caught in a higher volume (by weight) than ALB and 

SBT (App~ndix 3.1). This indicates that the Observer Program data are not 

adequately representative of Indonesia's Indian Ocean tuna longline fishery 

operating out of Benoa Fishing Port. This is because only few companies are 

currently participaling in Lhe program, and because there are only six trained 

observers. As such, the relative coverage is low, and many months in which fishing 

is occurring lack observations 

The observed effort covered areas both north and south of 20°S, with a concentration 

within 10°-20°5; 105°-120°E which overlaps with the only known SBT spawning 

grounds. However, SBT comprised the lowest proportion of catch in that area 

relative to that of BET, YFT and ALB, and even in Indian Ocean I. This can be 

compared to other longline fisheries operating in the Indian Ocean, such as the 

Japanese longline fishery. Japanese effort from 1980-1996 was highest in the area 

bounded by 30°-35°5 and l10°-l15°E (Dowling and Campbell, 2001). The latter 

data set showed that the Japanese effort peaked in the first and fourth quarters of the 

year (Dowling and Campbell, 2001). However, the spatial-temporal effort pattern 

could not be clearly obtained from the available Indonesian Observer Program data 

set due to its limited coverage and its relative short history. 

Generally, results of this analysis confirms and supports results of studies by 

Dowling and Campbell (2001) and Wang and Wang (2002) that there was a 

latitudinal variation of tuna catch distribution in the Indian Ocean. All analyses 
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suggested that YFf catch rates were higher in the tropical than the temperate areas of 

the Illdian Ocean. In addition, the Indonesian Observer Program data set suggested 

that the highest BET catch rates occurred north of 20°S, whilst the Japanese vessels 

caught predominantly BET within latitudes of 31°-40°S (Dowling and Campbell, 

2001). This was most likely as a result of the respective effort from each fleet being 

concentrated in these areas, as opposed to this pattern reflecting different BET 

distributions. The Observer Program data corroborated that SBT are found widely in 

the southern temperate regions of the Indian Ocean, shown by the higher observed 

SBT catch rates in the temperate latitudes relative to the tropical area of the Indian 

Ocean. 

Due to the short time series of the Observer Program data and the temporal gaps in 

the data, seasonal or temporal patterns in nominal CPUE were unable to be 

discerned. For the same reason, no real conclusions can be drawn regarding any 

relationship between CPUE and length trends. As the Observer Program continues, it 

will be of interest to monitor temporal patterns in mean fish length, since if these 

decline, particularly if catch rates also decrease, this is a flag for potential 

overfishing. 

The Observer Program data revealed that different companies caught different 

dominant species by using different targeting practices in terms of HBF, time of start 

setting, bait type and fishing area. Even within a company, vessels sometimes caught 

different dominant species by using different targeting practices. This suggests that 

the fishery is a multispecies and possibly an opportunistic fishery. Although vessels 

from individual companies have caught predominantly BET, YFT or ALB, a few sets 

by vessels from Company A and Others have caught more SBT south of 20°S. This 
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confirms what was suggested by Davis et al. (2005) that some vessels target SBT 

south of 20°S. Lengths of SBT caught on the spawning grounds and measured by 

observers confirmed that their fork lengths were more than 142 cm, as was found by 

the Benoa Port-based Catch Monitoring Program (Farley et al., 2008). 

Although a range of bait species were reported, LMR and MIL were the predominant 

bait type used by the sets recorded. This may have less to do with intentional 

selection of bait for targeting purposes, and more to do with availability and price of 

bait species, as LMR and MIL are the most readily availably bait species in Bali. 

There is a dedicated LMR fishery in the Bali Strait which conducts fishing across the 

year, with peak catches between November and January (Merta et al., 1999). The 

highest quality of LMR are usually used as bait for longline vessels (Merta et al., 

1999). During the fishing season, LMR could be more readily available than MIL, 

which is normally sourced from aquaculture (pers comm. with observers, 2006). Mr. 

Soepriyono (pers comm., 2006) also confirmed that price is an important factor in the 

choice of bait species. 

A vailabiliry and price notwithstanding, it did appear that the four tuna species had 

different bait preference. This was shown by the trends in the nominal tuna CPUE by 

bait type. BET and SBT appeared to prefer the bait species CMI, whereas ALB was 

more typically caught using CHG, and YFT with FRI, MIL, CMI and RUS. 

However, it is noted that (Rahardjo, 1988) suggested that YFT and BET catch had no 

significant preference for any bait used (where the bait species were Loligo spp., 

Decapterus spp., Rastrelliger spp., Sardinella longiceps, Chanos chanos). 
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As the Observer Program data records all retained fish but also some discarded fish, 

including more than 30 bycatch species, this means that the Observer Program data 

are the best resource of bycatch information of any of the existing data collection 

programs. Although the Berroa Port-based Catch Monitoring Program also records 

bycatch species, it does not include non-commercial bycatch species that were 

discarded, such as ALI. The Observer Program data set suggests that SWO were the 

most dominant billfish species caught, consistent with the Berroa Port-based Catch 

Monitoring Program (Appendix 4.3) (Mahiswara and Prisantoso, 2009). 

The bycatch proportion from the Indonesian fishery suggested by the Observer 

Program (-62%) was relatively higher than that suggested by other longline fisheries 

such as Australian vessels operating in New Zealand's waters targeting BET and 

SWO between 2005 and 2006, where bycatch comprised -49% of their total catch 

(Griggs et al., 2008). The observed Indonesian longline bycatch proportion was also 

higher than that from Taiwanese longline vessels from 2003-2005 which comprised 

10% bycatch (except in 2005 where - 70% of total catch was bycatch with mostly 

OIL) (Chang et al., 2006). In contrast, the bycatch proportion suggested by the 

Observer Program data set was considerably lower than that reported by chartered 

Japanese vessels (-90%) and New Zealand domestic longline vessels (70%) (Griggs 

et al., 2008). 

Various mitigation measures are applied by fisheries management organisations to 

reduce bycatch by longline fisheries (Ward et al., 2009). These includes the use of 

circle hooks to decrease bycatch mortality, particularly for turtles (Kerstetter and 

Graves, 2006, MacNeil et al., 2009). In Indonesia, there was a trial using circle hooks 

for some longline vessels operating out of Berroa Fishing Port conducted by the 
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World Wildlife Fund (WWF) within the period of 2006 and 2007 in an attempt to 

reduce turtle mortality (Zainudin et al., 2007). This program was conducted by one 

vessel using 1000 circle hooks and 1000 "J" hooks of the type normally used in the 

fishery (Zainudin et al., 2007). The trial indicated that no turtles were caught by 

circle hooks while the "J' tuna hooks caught one turtle. Additionally, the circle hooks 

caught more target species and resulted in less discards than the normal "J" hooks. 

Unfortunately, information on hook types was not available from the Observer 

Program data and the other two data sets examined within this thesis. Therefore, it 

would be suggested to include the hook type information in the Observer Program 

data in the future. Irrespective, it appears that circle hooks have multiple advantages 

over the regular "J" hooks. 

Observed total, tuna and BET catches were strongly linearly correlated with effort, 

but observed YFT, ALB and SBT catches were not linearly correlated with effort. 

However, it is not possible to draw inferences regarding relative stock. abundance 

from catch and effort data alone, irrespective of whether or not these are strongly 

correlated, as catch rates are also influenced by targeting practices and fishing 

location. Results suggest that area, bait type and HBF influenced nominal CPUE 

trends for the four tuna species. These and other factors were included in CPUE 

standardisation undertaken in Chapter 6 to attempt to yield proxy indicators of 

relative abundance. 

The detailed data recorded by the Observer Program data, specifically, the 

information pertaining to environmental conditions and fishing practices, allows a 

comprehensive CPUE standardisation to be undertaken. The resulting proxy 

abundance indices are a key input into stock assessments. In addition, this data set 
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provides exhaustive bycatch information, including that for highly vulnerable 

species. As such; the continuation of the Observer Program is imperative, but it is 

paramount that the extent of fleet coverage is greatly increased, as the results of this 

chapter indicate that information from the current program is not representative of 

the fudonesian longline fleet as a whole. 
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4.5 Appendices 

Appendix 4.1 List of species recorded by the Observer Program between 2005 and 
2007. Dominant B ycatch and Other B ycatch species are listed from highest to lowest 
in number of recorded catch. 

FAO Code English name Scientific name 
Code6 used7 

Tuna ~ET BET Bigeye tuna Thunnus obesus 

YFf YFf Y ellowfin tuna Thunnus albacares 

ALB ALB Albacore Thunnus alalunga 

SBT SBT Southern bluefin tuna Thunnus maccoyii 

Dominant ALI NGA Lancetfish Alepisaurus spp. 
Bycatch 

OIL OIL Oilfish Ruvettus pretiosus 

PLS DAV Pelagic stingray Dasyatis violacea 

BSH BSH Blue shark Prionace glauca 

TST BWL Sickle pomfret Taractichthys steindachneri 

swo swo Swordfish Xiphias gladius 

PSK CSK Crocodile sharks Pseudocarcharias kamoharai 

SKJ SKJ Skipjack tuna Katsuwonus pelamis 

DOL CDP Common dolphinfish Coryphaena hippurus 

LAG MON Moonfish Lampris guttatus 

BLM BLM Black marlin Makaira indica 

Other SSP SSP Shortbill spearfish Tetrapturus angustirostris 
Bycatch WAH WAH Wahoo Acanthocybium solandri 

DOP SSD Shortnose spurdog Squalus megalops 

MLS MLS Striped marlin Tetrapturus audax 

HAR HAR Longnose chimaeras Harriotta spp. 

BLZ Blue marlin Makaira mazara 

CCB CCB Spinner shark Carcharhinus brevipinna 

PAL SSH Silky shark Carcharhinus falciformis 

SMA MSO Shortfin Mako Isurus oxyrinchus 

MAK MSK Mako Sharks Isurus spp. 

BTH TSS Threshersharks/Bigeye Alopias superciliosus 
thresher 

SPA SPA Indo-Pacific sailfish Istiophorus platypterus 

BAR BAR Barracudas Sphyraena spp. 

THR TSP Thresher sharks Alopiidae 

ocs ocs Oceanic whitetip shark Carcharhinus longimanus 

PTH TSP Thresher Shark I Alopias pelagicus 
Pelagic thresher 

SPY SPY Hammerhead sharks Sphyrnidae 
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FAO Code 
English name Scientific name 

Code6 used7 

MOX MOX Ocean sunfish Molamola 

DLP*l DOL Dolphin 

LMA*l MSP Longfin Mako Isurus paucus 

ccp*> CCP Sandbar Shark Carcharinus plumbeus 

LKv*> LKV Olive ridley turtle Lepidochelys olivacea 

CCL*) CCL Common Blacktip Carcharhinus limbatus 
Shark 

Bl/B2*l Sea birds 

RME*l RME Devil Ray Mobula eregoodootenkee 

TIG*l TIG Tiger shark Galeocerdo cuvier 

SQc*l CMI Squid Loligo spp. 

spz*l SPZ Smooth Hammerhead Sphyrna zygaena 

TTL*) TTL Loggerhead turtle Caretta caretta 

FBT*l FBT -Flatback turtle Natator depressus 

ms*> LMR Oil sardine Sardinella longiceps 

RMJ*l RMJ Manta ray, Japanese Mobula japanica 
devilray 

TUG*l TUG Green turtle Chelonia mydas 

*) Species that were caught very rarely (less than 8 across the 793 sets recorded from 2005 - 2007) 
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Appendix 4.2 Length-weight conversion factors for BET, YFT and ALB (IOTC 
Secretariat, 2005) 

Species Equation Sex Area 

BET (2.7e-05) FL 2·
951 Combined Indian Ocean 

YFT (l.5849e-05) FL 3·
046 Combined Indian Ocean 

ALB (6.303e-05) FL 3·
28250 Combined Indian Ocean 
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Appendix 4.3 Number of billfish sampled by species in Benoa (Mahiswara and 
Prisantoso, 2009) 
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CHAPTER 5: CHARACTERISING INDONESIA'S 

INDIAN OCEAN TUNA LONGLINE FISHERY, BASED 

ON NEWLY ESTABLISHED SOURCES OF 

INFORMATION 

Note that a manuscript based on this chapter was prepared and submitted for publication in the 

proceedings of the World Ocean Conference (took place in Manado, Sulawesi, Indonesia, 12-14 May 

2009). This manuscript is appended at the end of the thesis (Appendix 1) .. 

5.1 Introduction 

Indonesia has the largest longline fleet operating in the Eastern Indian Ocean, with 

the number of active vessels in 2006 estimated at approximately one thousand (IOTC 

20088
). Additionally, since 1993, Indonesia has been one of the largest tuna fishing 

nations in the Indian Ocean, with the 2nd_4th biggest catch by weight (>100,000 

tonnes of tuna and tuna-like species) (Anon., 1999). The Indian Ocean Tuna 

Commission (IOTC) estimated that Indonesian longline catches between 1996 and 

2000 were the highest in the Eastern Indian Ocean, comprising about 44% of the 

estimated total longline catch in the Eastern Indian Ocean, or the second largest 

(after Taiwanese longline) in the whole Indian Ocean, around 22% of the estimated 

longline catch in the Indian Ocean (Campbell, 2003). 

The Indonesian longline fishery is globally important from both an economic and 

environmental perspective. It is one of the main suppliers of fresh tuna for the 

Japanese market (Kakuchi~ 1998) and it fishes the only known spawning ground for 

8 Presentation by Herrera, M. (IOTC) at Steering Committee Meeting for Monitoring of Indonesia's 
Tuna Fisheries, 27-28 May 2008, Jakarta. 
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southern bluefin tuna, Thunnus maccoyii (SBT). It is thus important to attempt to 

characterise the fishery and evaluate its impact, as fudian Ocean tuna management 

cannot be optimal without responsible management of fudonesia's tuna fisheries. 

However, there is a shortage of detailed catch and effort information from 

fudonesia's fudian Ocean tuna fisheries (Campbell, 2003). 

Three data sources of detailed catch and effort information exist for the fishery: i) a 

series of historical data from a fishing company, PT. Perikanan Samodra Besar 

(abbreviated to "PSB data"), ii) data collected by Fisheries High School students 

("FHS data") and iii) data from a trial Observer Program ("Observer Program data"). 

However, each data set is lacking in various ways and there is limited temporal 

overlap between them. 

The PSB data are the longest time series of catch and effort data available from the 

fudonesian industrial longline fishery, as PSB9 is the oldest tuna fishing company 

which is still currently active. However, the data are not representative of the entire 

fishery as they were obtained from only one fishing company: there are 29 other tuna 

fishing companies based in Berroa Fishing Port (based on Executive Director of 

ATLI in Kompas, 29 March 2007 (Kompas, 2007)). Furthermore, this data set 

consists only of catch and effort information: additional information such as baits 

used and gear characteristics are unavailable. Analysis of the PSB data between 1973 

and 1981 was conducted by Marcille et al. (1984). The FHS data have better spatial 

and fleet coverage but the data are only collected within a restricted time of the year 

and are prone to observation error and uncertainty. The Observer Program data are 

currently the most detailed data available from the fishery in providing catch and 

9 PT Perikanan Samodra Besar is now known as "PT Perikanan Nusantara" 
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effort data that should ultimately allow an improved understanding of fishery and 

form the basis for a stock assessment by enabling CPUE standardisation. However, 

only a short time series is available and coverage is low as only a few fishing 

companies are currently participating in the program. These are currently the only 

detailed catch effort data sources available for this fishery. All have been obtained 

from Berroa-based longline vessels. Each data set represents less than 16% of the 

total activity at Berroa Fishing Port (between 10% and 15% for FHS; <2% Observer 

Program). 

In addition to these three more detailed data sets, there are two data sets containing 

long-term catch statistics. In 1976, assisted by the United Nations Development 

Programme and Food and Agriculture Organization (FAQ) of the United Nations, 

Indonesia implemented a national system of data collection and reporting of fisheries 

statistics (for detailed description see Yamamoto (1980) and Proctor et al. 

(2003)) - Fisheries Statistics of Indonesia (referred to here as "National Statistics"). 

The main objective of this national system was to provide production estimates of the. 

total fish catch, by species and by type of fishing gear for each Province and for the 

nation as a whole. It was not originally intended that t.1.e national system would 

provide the type of data required for robust' scientific stock assessment of fisheries. 

This system has continued to the present day and the data collected continue to form 

the basis of annual reporting of fisheries production by all levels of government 

(District, Provincial, National). 

Since 1992, Indonesia and Australia have collaborated on collection of data, in a 

program of port-based monitoring, for landings of the tuna longline fleet in Berroa, 

Bali ("Berroa Port-based Catch Monitoring Program data"). However, these data sets 
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contain no spatial information and little useful CPUE data, as number of trips (for the 
' 

National Statistics) and number of landings (number of vessels) (for the Benoa Port-

based Catch Monitoring Program) are the only available effort proxies. As a 

consequence, any analyses conducted on these two data sets have been based largely 

on catch information (e.g. Davis and Farley (2001a), Farley and Davis (2002), Davis 

et al. (2003a), Davis et al. (2003b), Farley and Davis (2003), Davis et al. (2004), 

Farley and Davis (2004), Davis et al. (2005) and Farley et al. (2006)) and have 

largely been uninformative with regard to effort information. Thus, these data are not 

especially useful when attempting to characterise the fishery, with the exception that 

they provide a time series of species-specific catches.· 

In order to evaluate the impact of Indonesian tuna longline fishing activities on 

Indian Ocean tuna stocks, it is first useful to determine whether the nature of the 

fishery can be characterised in terms pf, for example, target species, targeting 

practices (e.g. Does the fishery have fixed expectations or is it more opportunistic?) 

and/or spatial and temporal fishing patterns. This is especially relevant in the context 

of the global concerns regarding the stock status of SBT, given that this fishery 

operates within the only known spawning ground for this species. A priority when 

characterising the fishery is thus to determine the relative importance of SBT to this 

fishery. 

This chapter is the first attempt to determine the extent to which the Indonesian tuna 

longline fishery can be so characterised, based on the available data, by reconciling 

and integrating the results of a separate exploratory analysis undertaken on the three 

more detailed data sets. Despite a lack of temporal overlap between the data sets, the 

extent of consistency between the patterns observed within each will assist with 
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characterising the fishery and with determining the extent to which the data as a 

whole are representative of the entire fishery (for example, in terms of fleet 

coverage). If the available data are not considered representative of the fishery, the 

inference is that Indonesia should continue to prioritise improved data collection, and 

that interpretations of fishery impact should be treated with caution, particularly if 

the data are believed to under-represent the total fishing activity. 

In assessing the impact of Indonesia's tuna longline activities, the efficiency of the 

fleet is of particular interest. If latent effort is believed to exist in the fishery 

(assuming the data are considered representative of the fishery), then the potential 

impact of Indonesia's longline activities could be substantially greater than that 

indicated by the current fishing activity. 

The above issues of fishery characterisation and efficiency can be better resolved by 

also considering anecdotal evidence and data from other longline fisheries when 

interpreting the exploratory analyses for the three data sets. Anecdotal evidence can 

be useful in the interpretation of ambiguous outcomes and in attempting to 

understand drivers for observed fishing behaviours. Additionally, anecdotal evidence 

is useful in evaluating fleet efficiency, in terms of assessing whether the fleet's 

objectives were realised in the actual catch. Secondly, by comparing the catch rates 

and bycatch proportions reported in this fishery with those of other longline fisheries 

(e.g. Japanese, Taiwanese, Australian and New Zealand longline fisheries), the 

relative efficiency of the Indonesian tuna longline fishery can be evaluated. 

Open access regimes are applied in many high seas fisheries in the world and are 

commonly implemented in coastal fisheries (Scialabba, 1998). An open access 

237 



regime equates to no limitations on the number of licensed vessels, on the use of 

certain types of fishing gears or on the quantities of fishing gear by those vessels 

(Crowe et al., 1999). Within an open access fishery, additional income will 

encourage an increase in fishing effort by existing fishers or by new comers 

(Scialabba, 1998). An open access regime exists in this fishery, and has resulted in a 

large fleet operating in the Indian Ocean. In this chapter, the potential impact of an 

open access regime on the fishery is examined. 

This chapter will firstly review i) the two less detailed data sources (i.e. the National 

Statistics data set and the Berroa Port-based Catch Monitoring Program data set), ii) 

related information and available anecdotal evidence, and iii) information on bycatch 

and nominal ~atch rates from other commercial tuna fisheries, before assessing the 

impact of the open access regime and providing an overview of the three detailed 

data sets and a comparison of the outcomes of exploratory analyses undertaken on 

each data set. It will then attempt to evaluate the consistency of these outcomes and 

draw interpretations of the nature of the fishing activity based on the extent of 

consistency between the data sets. 

5.2 Review of other available data from the Indonesian longline 

fishery 

Aside from the three detailed data sets mentioned earlier, there are two additional 

data sources: i) catch data which were collected as part of the National System of 

Fisheries Statistics of Indonesia, dating back to 1976 ("National Statistics"), and ii) 

data from the Indonesia - Australia port-based catch monitoring program that 

commenced in Bali in 1992 ("Benoa Port-based Catch Monitoring Program data"). 
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·s.2.1 National Statistics 

Although the National Statistics data have been collected for three decades, the 

system has provided little effort information, apart from numbers of fishers, number 

of fishing trips per year and number of vessels by gear. It has only been since 2005 

that production data for individual tuna species (and billfish species) have been 

reported. Prior to this time the larger pelagic species were reported as aggregated 

category "tuna". Tuna were recorded only by weight and total number of tuna rather 

than species specific data. Species-specific catch began to be recorded in 2006. 

However, the effort information in terms of number of hooks remains unavailable, 

such that catch rates, and hence proxy abundance indices, are unable to be calculated. 

Additionally, the National Statistics data are thought to underestimate the total catch 

(Herrera, 2002, Proctor et al., 2003). One of the sources of catch information for the 

National Statistics is data obtained from fishing companies. This catch information is 

also used to determine the amount of tax ("retribusi") that must be paid by fishing 

companies/vessel owners, and as such, there has been incentive for some fishing 

companies to under-report catch (Proctor et al., 2003). The quality of data collected 

within the National Statistics has also been impacted by limits on the resources 

available at the primary levels of collection (i.e. local port authority and Regency 

level fisheries offices). As a consequence, the National Statistics data are viewed as 

having significant limitations as a reliable time series of total tuna catch. 

5.2.2 Benoa Port-based Catch Monitoring Program Data 

Information on catch and landing ac;tivity (number of vessels) exists from the Benoa 

Port-based Catch Monitoring Program, but is coarse, with no spatial nor temporal 

resolution, thus no means of characterising the fishery in any detail. An expanded 
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program10 of port-based monitoring commenced in 2002 at Benoa Fishing Port and 

provides good data on the amount of species-specific catches landed by the 

Indonesian longline fleet and information on Benoa longline activity, but is not able 

to provide the type of effort information that is required for a full understanding of 

the impacts of fishing, the factors that influence trends in the catch over time, and the 

reasons behind changes in 'behaviours' of the fishing fleet. However, this data does 

enable the relative impact of fishery, in terms of total catch relative to that from other 

nations' longline fisheries, to be determined. Indeed, data from the Benoa Port-based 

Catch Monitoring Program has been the basis of estimations of total catch by the 

Indian Ocean Tuna Commission (IOTC) of SBT, bigeye tuna, Thunnus obesus (BET) 

and yellowfin tuna, T. albacares (YFT) landed at Beno_a Fishing Port in the years 

1993 to 2006Il; estimations which in tum were provided to the annual Scientific 

Meetings of the Commission for the Conservation of Southern Bluefin Tuna 

(CCSBT) (Proctor et al., 2006, Proctor et al., 2007, Prisantoso et al., 2008) 

(Appendix 3.1). These data have shown that Indonesian tuna longline catches 

between 1994 and 2003 were the highest in the Eastern Indian Ocean and the second 

highest in the Indian Ocean (Taiwan was the highest in the Indian Ocean) (Table 

5.1). This suggests that Indonesian longlining in the Eastern Indian Ocean has a 

relatively greater impact than other fishing countries operating in the Eastern Indian 

Ocean, including Taiwan and Japan. 

10 A collaboration between Indonesia, Indian Ocean Tuna Commission, Overseas Fisheries 
Cooperation Foundation (Japan), and Australia (CSIRO, ACIAR, and AFFA). 
11 Beginning in 2007 Indonesia has taken on full responsibility for producing the annual catch 
estimates for submission to IOTC and CCSBT. 
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Table 5.1 Longline catch (in tonnes) by 3 countries (with the largest catch) from both the Eastern and Western Indian Ocean (the division was the 77°E 
meridian between the tip of India and the equator, and then the 80°E meridian for further south (Campbell, 2003)) (mod. from Anon (2006a)) 

Country Area 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 Total 

West 67360 75066 75084 72428 83241 76884 89770 91878 95029 78455 805195 

West 

West 24846 17344 24451 32724 34551 23239 23794 23525 24991 27233 256698 

Note: Catch was calculated from 24 species (included the four tuna species, and tuna-like species, see Anon (2006a)). 
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5.3 Review of Related Information and Anecdotal Evidence 

There is some anecdotal information associated ,with the PSB vessels' targeting 

practices. According to Mr. Soepriyono (former branch manager of PT. Perikanan 

Samodra Besar in Bali), PSB vessels began deep longlining in 1991 to target BET, 

whereas prior to that they conducted surface longlining (pers comm., 2006.). 

Longline gear was arbitrarily classified based on the number of branch lines or 

number of hooks between floats (HBF) by Suzuki et al. (1977). Deep longlines were 

defined as having at least 10 branch lines, whereas surface longlines have 4 to 6 

branch lines. Japan introduced deep longlines in the Indian Ocean in 1975 (Suzuki et 

al., 1977, Marcille et al., 1984, Ward and Myers, 2007), without many changes in 

gear configuration in terms of lengths of float line (-20 m) and branch line (-30 m), 

and distance between branch lines (-50 m) relative to their surface longline (Suzuki 

et al., 1977, Marcille et al., 1984). This deep longlining by the Japanese is aimed to 

target BET (Suzuki et al., 1977, Marcille et al., 1984). 

PSB vessels commenced using lemuru (Sardinella spp.) as bait in 1977, after having 

used only Sauri (Cololabis saira), imported from Japan, up until that time 

(Simorangkir, 1978). Based on anecdotal evidence, their fishing grounds have never 

extended south of 20°S (pers CC?mm. with observers, 2007), and Marcille et al. (1984) 

showed that, prior to 1981, the fishing location of the PSB vessels was restricted to 

the Eastern Indian Ocean north of 20°S and also the Banda Sea. In 1981, PSB 

experienced catches of larger sized BET in the Banda Sea (i.e. as Maluccu Islands 

and Western Irian Jaya, between 0°-10°S and 115°-l35°E) (Marcille et al., 1984). 

A study on Japanese tuna longline fishery annual reports of effort and catch statistics 

from 1976 to 1979 compares the productivity of BET within three different fishing 
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areas (Banda Sea, Indian Ocean between 5°-l5°S and 95°E-105°E, and South and 

South West of Bali) (Marcille et al., 1984). It was revealed that among the three 

fishing grounds explored, Banda Sea is the most importapt fishing ground for BET. 

In addition, the analysis showed that there was a high seasonal CPUE for the three 

areas studied. Higher BET catch rates occurred in quarters 3 and 4 for Banda Sea, 

whereas quarters 1 and 4 for Indian Ocean between 5°-l5°S and 95°-105°E, and 

quarter 2 for area South and South West of Bali. Similarly, a higher seasonal catch 

rates also occurred for YFf, i.e. YFf catch rates were experienced to be higher in 

quarters 3 and 4 in the Banda Sea, relative to the other two areas. 

Fishing location was restricted by several factors. Firstly, PSB vessel sizes are 

relative small (most are less than 120 GT), which may have limited their fishing 

range (pers comm. with observers, 2007). Secondly, PSB has concentrated effort on 

the fresh tuna markets since 1984, and therefore PSB vessels require a short trip 

duration as the unfrozen fish have to be at the markets in less than 15 days after 

capture to ensure sufficient quality (Simorangkir, 1988). 

5.4 Review of Nmninal CPUEs and Bycatch Proportions from 

Other Commercial Oceanic Longline Fisheries 

The efficiency of any fishery operation can be defined in terms of optimising the 

catch rate of species being targeted and minimising the proportion of bycatch. When 

considering the performance of the Indonesian tuna longline fleet, it is therefore 

useful to do so, relative to catch rates and bycatch proportions obtained from other 

longline fisheries operating in the Indian Ocean; specifically, the Japanese, 

Taiwanese, Australian and New Zealand longline fisheries. 
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The nominal catch rates of target species varied among fisheries. The average catch 

rates for BET, YFf and swordfish, Xiphias gladius (SWO) for Japanese, Taiwanese 

aµd Australian longline f~sheries operating in the Eastern Indian Ocean are as 

follows: the average catch rates of Japanese longliners for BET, YFf and SWO, 

respectively, were 2.19, 0.41 and 0.18 fish/1000 hooks (1990 - 2000, targeting BET, 

YFf and SWO); those for the Taiwanese longliners were 2.98, 0.65 and 1.71 

fish/1000 hooks (1990-1999); and CPUEs for Australian longliners were 2.84, 5.25 

and 2.34 fish/1000 hooks (1990-2001) (Campbell et al., 2002). 

Likewise, the proportion of bycatch relative to the total catch (in terms of numbers of 

fish) by tuna longline fishery varied among fisheries. The scientific observer 

program of New Zealand reported that the proportion of non-target species caught by 

Australian vessels operating in New Zealand's waters in the period of 2005-06 was 

about 49% (where -51 % of the catch comprised the target species BET and SWO), 

whereas chartered Japanese vessels (targeting SBT and BET) and New Zealand 

domestic vessels (targeting albacore, Thunnus alalunga (ALB), SBT, SWO, BET, 

YFf and Pacific bluefin tuna) have much higher proportions of bycatch, at 

approximately 90% and 70%, respectively (Griggs et al.; 2008). Bycatch accounted 

for 10% of total catch of 13 observed Tai':"anese longline vessels which operated 

during 2003-2005, except in 2005 where there was an unanticipated high bycatch 

(about 70% of total catch), consisting of mainly oilfish (Ruvettus pretiosus) (Chang 

et al., 2006). 
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5.5 Methods 

5.5.1 Overview of the Three Detailed Data Sets 

5.5.1.1 PSB data 

PT. Perikanan Samodra Besar ("PSB"), an Indonesian tuna fishing company which 

commenced its first fishing operation in 1972 (Simorangkir, 1982, Marcille et al., 

1984, Proctor et al., 2003), has been collecting records of catch and effort 

information of its vessels since 1973 (Marcille et al., 1984). With data spanning 

1978-1995 (noting that no data are available for 1986), the PSB data provide the 

longest time series catch and effort data available from _the Indonesian industrial 

longline fishery, as PSB is the oldest Indonesian tuna fishing company which is 

currently active (Pet-Soede and Ingles, 2008) and the only fishing company, to our 

knowledge, which has kept long-term records of catch and operational data. 

Therefore, to understand the historical catch and effort trends of Indonesian 

commercial tuna longline fishery, the PSB data are a valuable data source. However, 

it should be emphasised that the PSB data are not representative of the entire longline 

fishery: 29 other tuna fishing companies were based in Benoa Fishing Port in 2007 

(based on information provided by the Executive Director of Asosiasi Tuna Longline 

Indonesia in Kompas, 29 March 2007 (Kompas, 2007)). 

5.5.1.2 Fisheries High School data 

There are over 20 Fisheries High Schools (FHS) in Indonesia which provide training 

to students wishing to become fishers, skippers, and fishing masters. As part of their 

final year of training and as a prerequisite for graduation, the students must 

successfully complete a full fishing trip at sea aboard a longline vessel. Since the 
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· FHS program began in 1995, WASKI12 ("Unit Pengawas Kapal lk.an" = Office for 

control and surveillance of fisheries vessels) has managed the placement of students 

on longline fishing vessels and also the archiving of the data collected by them. 

Students predominantly undertook this training after their examination period, i.e. 

after July. 

The Manager of W ASKI at Berroa, Mr Nengah Nesa, has emphasised that the FHS 

Program was not designed for, nor was it ever intended to provide operational 

fisheries data, but was developed simply to fulfil a training requirement for the 

students. Since 2000, copies of the. FHS longsheets have been provided by W ASKI, 

with the support of funding provided by the Departn;ient of Agriculture, Fisheries and 

Forestry (Australia). 

Students as trainees are likely to make more mistakes in fish identification than a 

trained observer. In addition, the students relied on information from the captain or 

crew for fishing positions, as they were not equipped with GPS (Global Positioning 

Systems). As fishing ground locations are highly confidential, there is the real 

possibility that skippers may have deliberately provided erroneous coordinates. 

W ASKI has always made it clear that the FHS data should be treated 'with caution' 

in any scientific analyses as the program was not originally designed to provide 

robust observer data. The students are provided with some training on how to collect 

data at sea, but it appears many of the students rely heavily on information provided 

by vessel personnel. During very busy periods during fishing operations, such as 

hauling, it is likely the information provided by the ves~el personnel to the students is 

12 A government office in the Benoa Fishing Port that is under the Directorate General of Marine 
Resources and Fisheries Control. 
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not always accurate, as the vessel personnel would not be aware of any need for 

provision of accurate data. 

There are three primary areas of concern with respect to the FHS data set: 

1. Highly questionable catch locations (e.g. -1% of sets entered were recorded with 

latitude/longitude combinations that correspond to locations on land). 

2. Records of SBT having been caught in areas where there have been no previous 

confirmed records of SBT ever having occurred. This includes records from the 

Java Sea (north of Java), Banda Sea (bordered by Sulawesi, Timor Leste, and 

Arafura Sea), Timor and Arafura Seas. Longline vessels from Benoa do sometimes 

fish in the Banda Sea (see Chapters 2 and 4) but there are no previous confirmed 

records of SBT having occurred there. 

3. Records of significant numbers of SBT having been caught on the SBT spawning 

ground during the non-spawning season - May to August. This does not agree 

with what we know of Indonesia's SBT catch by longline vessels based at Benoa -

from both the port-based monitoring program (Davis et al., 2003c) and the trial 

Observer Program (see Chapter 4). 

While data cleaning can remove the more obviously erroneous records, much 

uncertainty remains about the remaining records in terms of location (point 1) and 

'• 

species identification (points 2 and 3). 

An additional problem with the FHS data is the within-year bias in the sampling, 

with most coverage occurring in the last 6 months of each. year. This renders it 

difficult to infer any seasonal patterns within this data or to infer seasonal availability 

of different species. This is particularly relevant when examining fishing activity 
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during the SBT spawning season, as this period does not correspond with the highest 

student recording activity. 

Furthermore, the FHS data are not representative in terms of time series of catch and 

effort, since the coverage varied interannually from 10%-15% of the total Benoa 

landing activities reported by the Benoa Port-based Catch Monitoring Program. Even 

when the catch data were upscaled according to the percent coverage, the resulting 

catch trends for the four m~in tuna species still differed from those suggested by the 

total Benoa catch estimates (see Chapter 3). The FHS data showed that catches of 

the main species increased between 2002 and 2004, whereas the Benoa catch 

estimates showed that catch of those species decreased between 2002 and 2004 (see 

Chapter 3). 

5.5.1.3 Observer Program data 

Indonesia began to develop a trial Observer Program for the industrial tuna longline 

fishery based at Benoa Fishing Port, Bali, in mid 2005. This program was a 

collaboration between Indonesia's Ministry of Marine Affairs and Fisheries (MMAF) 

through the RCCF, and CSIRO Marine and Atmospheric Research (Australia), and 

was funded by the Australian Centre for International Agricultural Research 

(ACIAR) (project FIS/2002/074: Capacity development to monitor, analyse and 

report on Indonesian tuna fisheries) (ACIAR, 2002). This project and associated 

Observer Program were ongoing at time of writing. 

This program is an extension of the Benoa Port-based Catch Monitoring Program 

which was initially established in 1992 to monitor the SBT catch of Indonesia's 

longline fleet (Davis and Andamari, 2003b, Davis et al., 2003a) and then expanded in 
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2002 to monitor tuna catches (all species) landed at Benoa, Jakarta and Cilacap 

(Davis et al., 2003a, Proctor et al., 2006). 

The trial Observer Program data set is important for several reasons. This data set is 

currently the most detailed and most reliable data available from the fishery, in 

providing catch and effort data which should ultimately allow an improved 

understanding of the fishery. It includes detailed information on catch, including 

length information, fishing techniques (including targeting practices), and 

environmental factors. At time of writing the Observer Program data span only three 

years, but as the time series develops, it will be the best source of data for recent 

fishing activity. However, it should be noted that the Observer Program data are not 

yet representative of all industrial tuna fishing companies based at Benoa Fishing 

Port as only a few fishing companies are currently participating in the program. Also, 

the observed vessels were not chosen randomly, but were largely determined on the 

basis of the voluntary participation of companies (i.e. their willingness to carry an 

observer on their vessels) and on vessel safety (i.e. the observers only go to sea on 

vessels which meet certain safety requirements). 

Table 5.2 summarises the information available from three available data sets for the 

Indonesian longline fishery. The three data sets were different in terms of source, 

project aim, content, number of species reported, time period and number of recorded 

sets. The PSB data comprise the longest time series but information other than catch 

and effort data are unavailable and only 7 bycatch species were reported. The FHS 

data have the largest number of recorded sets and the best spatial and fleet coverage, 

yet there is a serious concern in terms of fish identification and fishing location as 

these were recorded by students who have had little training in tuna identification 
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and were not equipped with GPS. Also, the data collection was restricted to certain 

months and only 8 bycatch species were recorded. The Observer Program data were 

collected by 6 observers who had been trained in fish identification and were 

equipped with GPS. The Observer Program data are the most detailed data reporting 

detailed trip, setting and hauling information, and also environmental data but to date 

the time series is short and fleet coverage is low. 

Thus, although the FHS data provide the most information in terms of number of sets 

recorded, they are also the more uncertain. The PSB data provide the longest time 

series, but lack some details, and are not representative of the whole fleet. The 

Observer Program data are the most reliable source of data but a long time series has 

yet to be established. 

Table 5.2 Summary of the three data sets (PSB, FHS and Observer Program data) 

PSB data FHS data 
Observer Program 

data 

Collected Vessel skippers Students (little 6 trained observers 
by training in tuna (trained in fish 

identification, no identification, GPS) 
GPS) 

Projeci aim Company reporting Degree requirement Trial program, as 
(first on-board preliminary step to 
experience) broader observer 

program 

Content Catch (number Catch (number fish) Catch (number fish; 
fish) Effort (number hooks) length-frequency) 
Effort (number Fishing position Effort (number hooks; 
hooks; hooks per Some environmental hooks per basket) 
basket) data and bait Detailed trip, setting 
Fishing position information and hauling 

information 
Environmental data 

Number of 7 8 Morethan30 
species 
recorded 
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PSB data FHS data 

Period 1978-1995 2000-2007** 
(without 1986)* 

Number of 35687 81741 
recorded 
sets 
* Data are available from PSB for period 1996 - present, but not yet processed 
** Data for 2008 have not been analysed at the time of writing 

5.5.2 Approach 

5.5.2.1 Data cleaning 

Observer Program 
data 

2005-2007** 

834 

Exploratory analyses were undertaken on each individual set of data. Prior to this, 

each set of data was examined and "cleaned" to eliminate erroneous records. This in 

itself was a significant challenge, particularly for the FHS data. Errors in the other 

data sets we~e mostly clerical and required a general screening to detect obvious 

inaccuracies such as land-based or implausible locations, or extremely low or high 

numbers of hooks or numbers of fish caught, and naming inconsistencies of vessels, 

species and bait types. Other errors in the Observer Program data were corrected by 

direct cross checking with the relevant observer. The proportion of sets retained for 

each data set after cleaning was 91.81 % (2924 sets were excluded) for the PSB data, 

93.19% (5563 sets were excluded) for the FHS data and 95.08% (41 sets were 

excluded) for the Observer Program data. 

5.5.2.2 Exploratory analyses 

Analyses were generally undertaken for data within the broader fishing ground which 

inclµdes the SBT spawning zone in the northeast Indian Ocean, south-east of Java 

(Caton, 1991, Fonteneau and Soubrier, 1995): between 100° and 130°E and 5° and 

20°s. 
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5.6 Comparison of the Three Data Sets (PSB, FHS and OJJserver 

Program data) 

5.6.1 Spatial Distribution of Catch and Effort 

Fishing operations of P5B vessels between 1978 and 1995 were distributed in the 

Eastern Indian Ocean in the geographic range 0° to 20°5 and 95° to 140°E, with 

effort mostly concentrated in coastal areas of the Eastern Indian Ocean from 5° to 

15°5 and from 110° to 120°E (Chapter 2) (reproduced here for 'convenience as 

Figure S.la). Effort refers to number of hooks hereafter. When aggregating catch 

across all PSB sets for the period 1978-1995, a ~ombination of YFf and BET were 

predominantly caught in any 5-degree block, except in a few 5-degree blocks where 

mostly BET or ALB were caught (e.g. in the area between 15° and 20°5, 95° and 

100°E (mostly BET), and between 15° and 20°5, 115° and 120°E (largely ALB)) 

(Figure S.la). Although PSB effort was concentrated within the 5BT spawning 

ground (shown as a blue area in Figure S.la), 5BT comprises the lowest proportion 

of the tuna catch in any 5-degree square in that area. Furthermore, reported 5B_T 

catch has never exceeded 0.5% of the tuna catch in any 5-degree block in the whole 

area of the PSB fishing ground. 

While the FHS data spans the spatial range 0° to 40°5 and 70° to 155°E, the majority 

of the effort ( 49% of the total recorded hooks) occurred in the Eastern Indian Ocean 

between 10° and 15°5, and between 110° and 120°E (Chapter 3) (reproduced here 

for convenience as Figure S.lb). There was a spatial catch segregation in latitude for,. 

the four tuna species. BET and YFf were mostly caught in the area between 0° and 

15°5, reflecting their more tropical distribution, whereas ALB catch dominated south 

of 15°5 (Figure 5.lb). 5BT comprised the lowest proportion (less than 10% of total 

tuna catch reported) in any 5-degree blocks, both overall and in the area of the 5BT 
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spawning ground, except in a few 5-degree blocks (Figure 5.lb ). The high 

proportion of SBT catch in the Banda Sea (between 0° and 5°S, and between 135° 

and 140°E) was almost certainly a result of species misidentification by the students 

as there is no other evidence to suggest SBT occur in this region. 

The spatial distribution of effort reported by the Observer Program ranged from 5°-

3505 and 80°-135°E, with some effort west of 90°E and even south of 30°S 

(Chapter 4) (reproduced here for convenience as Figure 5.lc). Effort was localised 

between 10°-20°5, 110°-120°E, which again overlapped with the SBT spawning 

ground (Figure 5.lc). There was a clear separation in the spatial catch distribution 

for the four tuna species. BET and YFf were predominantly caught north of 20°S, 

whereas ALB and SBT were predominantly caught south of 20°S. Furthermore, SBT 

were almost exclusively caught in one 5-degree cell (98% of tuna catch in that cell), 

i.e. between 30°-35°5 and 100°-105°E (Figure 5.lc). However, in the SBT spawning 

ground SBT comprised tlie lowest proportion (less than 3% of tuna catch) in any of 

the 5-degree cells. 
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Figure 5.1 Spatial distribution of effort and catch (for the four tuna species) recorded, expressed as total numbers of hooks and fish from (a) 1978-1995 
(without 1986, PSB data set) (a copy of Figure 2.5), (b) 2000-2007 (FHS data set) (a copy of Figure 3.4), and (c) 2005-2007 (Observer Program data 
set) (a copy of Figure 4.2). The shaded blue area illustrates the location of the SBT spawning grounds 
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In regard to the concern that Indonesian tuna longline vessels fish in the only known 

SBT spawning ground, the three data sets consistently suggest that the Indonesian 

tuna longline vessels did not focus their effort on SBT, although their fishing 

locations were concentrated on the SBT spawning ground. There was some 

dissimilarity between the three data sets: PSB data showed that the PSB effort has 

never extended to south of 20°S, whereas FHS and Observer Program data indicated 

that their effort has been located both south and north of 20°S. In addition, there was 

a difference in the spatial distribution (latitudinal segregation) of ALB and SBT for 

the FH5 and Observer Program data. The FH5 data showed that the majority of ALB 

and 5BT were caught in areas south of 15°5 and 30°5, respectively; and the Observer 

Program data showed highest catches of ALB and 5BT south of 20°5. 

To further investigate any spatial changes associated with known changes in setting 

practices by P5B vessels (from surfac~ to deep setting), in Chapter 2 the P5B catch 

and effort data were plotted by year (reproduced here for convenience as Figure 5.2 

and Figure 5.3, respectively). P5B effort occurred in the range 0°-20°5 and 95°-

1400E in the 1980s and began to reduce (to 39% of that in 1985) in 1987. From 

1992, P5B effort decreased further and also beca:gie localised between 10°-15°5 and 

110°-l15°E where not much fishing had previously occurred (Figure 5.2). Prior to 

the 1990s, P5B experienced higher catches of YFT in that area, whereas BET were 

predominantly caught in the area between 0°-5°5, < 105°E. In the 1990s, P5B's 

spatial catch composition showed that BET were predominantly caught in any 5-

degree cells (Figure 5.3). There was no effort reported by PSB data in 1986. This 

was associated with no fishing activity by the PSB vessels in the first nine months in 

1986. The PSB fleet re-commenced fishing operations in October in 1986 but with 
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only 6 of 22 vessels active (Simorangkir, 1988) for the last 3 months of that year. No 

effort data are available for those 6 vessels during that period. 

In Chapter 3 FHS spatial catch and effort data were plotted quarterly to examine the 

seasonal distribution of recorded catch and effort (reproduced here for convenience 

as Figure S.4a and Figure S.4b, respectively), given the temporal biases in the data. 

While FHS effort mainly occurred in the Eastern Indian Ocean between 10° and 

20°S, and between 110° and 120°E, in quarter 4 effort was predominantly located 

between 5° and 15°S, and between 115°-130°E (Figure S.4a). Furthermore, most 

effort occurred in quarter 3 over the period of 2000-2007 (Figure S.4a). However, 

this was largely because the on-board training was predominantly conducted after 

July (i.e. after the students' examination period). There was a spatial and seasonal 

catch segregation in latitude for the four tuna species, where BET and YFT were 

mostly caught in tropical area between 0° and 15°S in any quarters, ALB were 

caught south of 15°S (in quarters 2 and 3) and SBT south of 30°S (quarters 1 and 4) 

(Figure S.4b ). 
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Figure 5.2 Spatial distribution of effort (number of hooks) deployed by PSB vessels 
by year (a copy of Figure 2.6) 
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Figure 5.2 (cont'd) Spatial distribution of effort (number of hooks) deployed by 
PSB vessels by year (a copy of Figure 2.6) 
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Figure 5.2 (cont'd) Spatial distribution of effort (number of hooks) deployed by 
PSB vessels by year (a copy of Figure 2.6) 
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Figure 5.3 Spatial distribution of tuna catch composition reported by the PSB vessels 
by year (a copy of Figure 2.7) 
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Figure 5.3 (cont'd) Spatial distribution of tuna catch composition reported by the 
PSB vessels by year (a copy of Figure 2.7) 
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5.6.2 Annual CPUEs 

In Chapter 2 the historical PSB CPUE data showed that in the 1990s YFr CPUE 

declined progressively, whereas BET CPUE was higher compared to that reported 

prior to the 1990s (reproduced here for convenience as Figure 5.5a). From 1992, 

BET CPUEs were higher than those for YFT. Between 1978 and 1995, CPUEs for 

YFT and BET averaged around 0.49 and 0.32 fish/100 hooks, respectively. 

Compared to BET and YFT, CPUEs between 1978 and 1995 were generally lower 

for ALB (0.13 fish/100 hooks, with the exception of a peak in 1987) and consistently 

lowest for SBT (less than 0.001 fish/100 hooks). Total tuna CPUE decreased from >1 

fish/100 hooks prior to 1983 before dropping to -0.7 fish/100 hooks. Total tuna 

CPUE peaked above 1.5 fish/100 hooks in 1987 before dropping to less than 1 

fish/100 hooks thereafter. 

FHS total tuna CPUE ranged between 0.4 and 0.7 fish/100 hooks, showing a decline 

between 2001 and 2003 before subsequently increasing to peak in 2007 (Chapter 3) 

(reproduced here for convenience as Figure 5.Sb ). FHS CPUEs for YFT and ALB 

were higher and averaged about 0.2/100 hooks between 2000 and 2007, with YFT 

CPUE increasing in 2007 and ALB CPUE peaking in 2005-06 (Figure 5.5b ). BET 

had lower CPUEs on average, at around 0.13/100 hooks but this increased with time, 

whereas SBT was recorded to have the lowest CPUEs with about 0.03/100 hooks on 

average. 

Total tuna CPUE from the Observer Program data increased from -0.3 fish/100 

hooks in 2005 to more than 0.5 fish/100 hooks subsequently (Figure 5.5c). CPUEs 

for BET and ALB were highest (0.23 and 0.14 fish/100 hooks, respectively), 
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followed by YFf and then SBT with the lowest CPUEs (0.07 and 0.01 fish/100 

hooks, respectively) (Figure 5.5c). 
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Figure 5.5 Annual CPUE by year for (a) PSB (a copy of Figure 2.10), (b) FHS (a 
copy of Figure 3.9) and (c) Observer Program data 

265 



Although each data set showed variation in terms of which tuna species had the 

highest CPUEs, the three data sets consistently showed that SBT had the lowest 

CPUEs. Again, this suggests effort was not focused on SBT. Total SBT CPUEs were 

higher for FHS data set compared to the other two data sets (Figure 5.6), and the 

Observer Program total CPUEs were higher than those for PSB, implying a recent 

increase in SBT catch rates. PSB recorded higher total BET and YFT CPUEs (0.3 

and 0.5 fish/100 hooks, respectively) relative to FHS (0.13 and 0.21 fish/100 hooks, 

respectively) and Observer Program data (0.23 and 0.07 fish/100 hooks, 

respectively). FHS and Observer Program: total YFT CPUEs remained relatively low, 

consistent with the low values at the end of the PSB time series, while BET CPUEs 

for both the FHS and Observer Program data sets were low relative to the peak 

CPUEs reported by PSB in the mid-1990s. Total ALB CPUEs were higher for FHS 

data (0.2 fish/100 hooks) compared to those from the PSB (0.13 fish/100 hooks) and 

Observer Program (0.14 fish/100 hooks) data (Figure 5.6). Where there is temporal 

overlap from 2005-2007, between the FHS and Observer Program data-sets, it is 

interesting to note that there is good agreement between the two data-sets for levels 

of CPUE for each of 'total tuna', BET, YFf and ALB, whereas the Observer 

Program data show levels of SBT CPUE that are consistently lower than that 

reported by the FHS data set. 
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Although the concentration of effort shown by the three datasets occurred in the 

Indian Ocean, fishing also occurred in the Banda Sea (Figure 5.1). A previous study 

of Japanese catch and effort statistics between 1976 and 1979 that catch rates for 

BET and YFf were higher in the Banda Sea as compared to the Indian Ocean 

(Marcille et al., 1984). It is of interest to investigate whether the fishing migration to 

the Banda Sea by the Indonesian fleet was driven by the suggestion of higher catch 

rates for BET and YFf. The CPUEs of BET and YFf in the Banda Sea and the 

Indian Ocean are compared for the data sets with the longest time series (PSB and 

FHS data) in Figure 5.7, in order to see whether this pattern was also seen for the 

Indonesian fleet. The Observer Program data was not used here as its short time 

series made any trends difficult to discern. 

BET CPUE for the PSB vessels between 1978 and 1995 was generally higher in the 

Indian Ocean. However, between 1981 and 1984, BET CPUEs in quarters 3 and 4 

were higher in the Banda Sea. In contrast, YFf CPUEs for the PSB vessels from 

1978 to 1995 were mostly higher in the Banda Sea than in the Indian Ocean (Figure 

5.8). 

For the FHS data set, BET CPUEs in the Banda Sea were generally higher and 

sometimes more than double compared to the CPUEs in the Indian Ocean in any 

quarter (Figure 5.7). Likewise, the YFT CPUEs were predominantly higher in Banda 

Sea, mostly in quarters 3 and 4 (Figure 5.8). 

The Indonesian fleet therefore showed behaviour consistent with Marcille et al.' s 

(1984) Japanese pattern of achieving higher catch rates for YFf and BET in the 

Banda Sea. For both PSB and FHS data sets, there is a seasonal trend of fishing 
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effort in the Banda Sea, whereby consistently more effort occurred in quarters 3 and 

4. This is associated with a precedent of achieving higher catch rates of BET and 

YFT relative to the Indian Ocean, together with that of obtaining larger size BET in 

the Banda Sea (as per Section 5.3) 
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The average BET CPUEs from the PSB data (1978-1995) were relatively higher than 

those from the Japanese (1990-2000), Taiwanese (1990-1999) and Australian (1990-

2001) (by 46%, 7.4% and 12.7%, respectively) longline fisheries operating in the 

Eastern Indian Ocean between 100° and 140°E and south of the equator, but FSH 

and Observer Program data were lower (Table 5.3). The average YFT catch rates for 

the three data sets were lower (by 6.7% (PSB), 61.9% (FHS), and 86.7% (Observer 

Program)) than that from the Australian fishery, bu~ higher compared to the Japanese 

and Taiwanese fisheries (Table 5.3). 

Table 5.3 Average CPUEs for the three data sets, and Japanese, Taiwanese and 
Australian longline vessels (operating within the region bounded by 100° :'.S longitude 
:'.S 140° and south of the equator) (source: Campbell et al. (2002)) 

Average CPUE (fish/100 hooks) 

BET YFT 

PSB 0.32 0.49 

FHS 0.13 0.2 

Observer Program 0.23 0.07 

Japan* 0.219 0.041 

Taiwan** 0.298 0.065 

Australia*** 0.284 0.525 
* Japanese longline vessels operating within the region bounded by 100° :::; longitude :::; 140° and 
south of the equator from 1990-2000 
** Taiwanese longline vessels operating within the region bounded by 100° S longitude:::; 140° and 
south of the equator from 1990-1999 
*** Australian longline vessels operating within the region bounded by 100°:::; longitude:::; 140° and 
south of the equator from 1990-200 I 

5.6.3 Spatial Distribution of CPUEs 

Between 1978 and 1995 PSB vessels experienced their highest BET CPUEs in the 

area between 15°-20°S, and 105°-l10°E (Figure 5.9a), although prior to the 1990s 

their BET CPUEs were highest in the area between 0°-5°S, and between 95°-100°E 

(Chapter 2) (reproduced here for convenience as Figure 5.10). YFT CPUEs were 
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higher east of 120°S, 0°-l5°S, ALB and SBT CPUEs were higher south of 10°S 

(Figure 5.9a). 

In Chapter 3 the FHS reported peak BET and YFT CPUEs offshore between 0°-5°S 

and between 80°-90°E (reproduced here for convenience as Figure 5.9b). Similarly, 

SBT CPUE was highest in one 5-degree block between 0°-5°S, but was also higher 

south of 25°S, 135°- 40°E and in 5°- 10°S, 100°-105°S. SBT CPUEs in any 5-degree 

block never exceeded 1 fish/100 hooks. ALB CPUE was high south of 20°S and also 

in the area between 15° and 20°S, 85°-95°E. 

For the Observer Program data, BET CPUE peaked in the area between 105°- 120°E, 

and 10°-20°S (Chapter 4) (reproduced here for convenience as Figure 5.9c). YFT 

CPUEs were higher in coastal areas, whereas ALB CPUEs were higher south of 20°S 

and highest offshore area between 30°-35°S, < 90°E. Similar to ALB, SBT CPUEs 

were higher south of 20°S. 

There was some similarity and dissimilarity in terms of location of the highest 

CPUEs among the three data sets, and interpretation is somewhat limited due to the 

variable extent of spatial coverage between the three data sets. While the PSB and 

Observer Program data showed that the highest BET CPUEs occurred within 10°-

200S and 105°-120°E, the FHS data showed that BET CPUEs were lower in that area 

(BET CPUE for FHS data were highest between 0°-5°S and 80°-90°E). In addition, 

YFT CPUEs were higher east of 120°E (for PSB and Observer Program data) but not 

for the FHS data. Furthermore, CPUEs for ALB and SBT were consistently higher 

south of 20°S for FHS and Observer Program data (note again that records of SBT 
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catch in the Banda Sea were almost certainly due to error in fish identification by the 

Fisheries High School students). 
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Figure 5.9 Spatial distribution of CPUEs (fish/100 hooks) for BET, YFT, ALB and 
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Figure 5.9 (cont'd) Spatial distribution of CPUEs (fish/100 hooks) for BET, YFf, 
ALB and SBT from (a) PSB, (b) FHS (a copy of Figure 3.11) and (c) Observer 
Program data (a copy of Figure 4.5) 
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Figure 5.10 Spatial distribution of CPUEs for BET from the PSB data by year (a 
copy of Figure 2.16) 
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Figure 5.10 (cont'd) Spatial distribution of CPUEs for BET from the PSB data by 
year (a copy of Figure 2.16) 
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Figure 5.10 (cont'd) Spatial distribution of CPUEs for BET from the PSB data by 
year (a copy of Figure 2.16) 
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5.6.4 Bycatch Proportion 

Bycatch comprised less than 20% of total catches for the PSB (Chapter 2) and FHS 

data sets, whereas around 62% of total catches for the Observer Program data set 

consisted of bycatch (Chapter 4) (reproduced here for convenience as Figure 

5.lla). This large discrepancy in bycatch proportion with respect to total catch is 

most likely because both PSB and FHS data sets only recorded 7 and 8 bycatch 

species (species other than BET, YFT, ALB and SBT), respectively, whereas more 

than 30 bycatch species were recorded within the Observer Program data set. This 

was confirmed by recalculating FHS and Observer Program bycatch proportions 

using only the 7 species as recorded by PSB. Based on these revised calculations, the 

proportions of bycatch were similar i.e. 16% (FHS data) and 12% (Observer Program 

data) (Figure 5.llb). As it is assumed that other countries' observer programs also 

recorded all bycatch species, a comparison of bycatch proportion between fisheries 

has been made using the Observer Program data. 

The proportion of bycatch reported by t)le Observer Program data was higher than 

that recorded by New Zealand's observer program on Australian long~iners operating 

in New Zealand's waters between 2005 and 2006, which was about 49% of their total 

catch. The Indonesian Observer Program bycatch was much larger than that reported 

by the Taiwanese observer program on Taiwanese longliners operating in Indian 

Ocean from 2003-2005 (10% of their total catch, except for 2005 where bycatch 

comprised 70% of their total catch). On the other hand, it was lower than that 

recorded by New Zealand's observer program on Japanese charter (90% of their total 

catch) and New Zealand domestic longliners (70% of their total catch) operating in 

New Zealand's waters in the period of 2005-2006. 
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Figure 5.11 Bycatch proportions for the three data sets considering (a) all bycatch 
species reported (a copy of Figure 2.4 and Figure 4.18a) and (b) the 7 bycatch 
species common to all data sets (i.e. black marlin (Makaira indica), Indo-Pacific blue 
marlin (M. mazara), striped marlin, (Tetrapturus audax), swordfish (Xiphias 
gladius) , Indo-Pacific sailfish (lstiophorus platypterus), white marlin (Makaira spp.) 
and marlin (Makaira spp.)) 
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5.6.5 Targeting Information 

5.6.5.1 Targeting practices inferred from the PSB data set 

Although Soepriyono (pers comm., 2006) indicated that PSB started deep longlining 

in order to target BET in 1991, in Chapter 2 the PSB data showed that PSB vessels 

started deep longlining in 1983 (presumably to target BET) by using 10 and more 

hooks between floats in about 56% of reported sets in 1983 (reproduced here for 

convenience as Figure 5.12). PSB vessels only used 6 hooks between floats prior to 

1983. However, the PSB data showed that there was no increase in the number of 

BET caught by PSB vessels in the 1980s, yet more YFf were caught (Figure 5.5a). 

BET catch did not feature substantially until 1989 (Figure 5.3). Consistent with 

Soepriyono's indication (pers comm., 2006), the data suggested that PSB started to 

catch BET efficiently from 1992, as the annual CPUEs for BET were higher than that 

for YFT from 1992 - 1995 (Figure 5.5a). 

Interestingly, in Chapter 2 the PSB CPUE by HBF showed no real change from 

1992 (reproduced here for convenience as Figure 5.13). Moreover, the nominal 

CPUE for BET by surface longliners was higher than that by deep longliners, and 

YFT CPUE was higher for deep sets than shallow sets (Figure 5.13). From 1992, 

CPUEs for BET were much higher than YFT, ALB and SBT, irrespective of whether 

deep or surf ace gear was used. The fishing area was concentrated in a smaller area of 

the Eastern Indian Ocean compared to the area fished prior to 1992 (Figure 5.2). 

This raises the question as to whether PSB vessels employed other targeting practices 

to target BET from 1992, instead of increasing the number of hooks between floats. 

In order to address this question, information and/or anecdotal evidence available 

related to PSB targeting practices (i.e. bait species and fishing location) and the 

contraction of the PSB fishing location from 1992 were investigated. 
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With regard to bait species used by PSB vessels, no bait information was recorded 

within the PSB data set, but Simorangkir (1978) cited that in 1977 the PSB vessels 

commenced using lemuru (Sardinella spp.) and in Chapter 4 the Observer Program 

data also show that PSB vessels still use the same species as bait (reproduced here 

for convenience as Table 5.4), This might suggest that PSB consistently used lemuru 

as bait, and that no changes in bait were made in order to target BET. 

The PSB data showed that the spatial distribution of PSB fishing location between 

1978 and 1995 was located between 0°-20°S and between 95°-140°E (Figure 5.la). 

Observer Program data also showed that PSB fishing location occurred in the same 

area in terms of latitude, i.e. fishing never occurred south of 20°S (Table 5.4). This 

might be due to the following reasons. Firstly, PSB sell to the fresh tuna market (i.e. 

fresh BET) which limits trips to a maximum of 15 days post-catch before coming to 

the market (Simorangkir, 1988). Thus trips have to remain reasonably localised. 

Secondly, their fishing location (commensurate with length of trip) is restricted by 

the relatively small size of their vessels, i.e. mostly less than 120 GT. 

The post-1991 concentration of PSB effort in the area between 10°-l5°S and 

between 110°-l15°E coincided with the increase in BET CPUE. The PSB data 

revealed that between 1992 and 1995 the PSB fishing effort was concentrated in one 

5-degree block, i.e. between 10°-l5°S and between 110°-l15°E, and there is no 

evidence which immediately explains this spatial contraction. PSB vessels did not 

experience high BET catches nor was there much fishing effort in this location 

previously (Figure 5.2). In addition, BET had previously been mostly caught in other 

areas, i.e. between 0°-5°S and 95°-100°E (Figure 5.3, Figure 5.10). It does not 
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appear that larger sized (and hence more valuable) BET were associated with this 

localised region either. PSB vessels had caught larger sized BET in 1981 in the 

Banda Sea (i.e. as Maluccu Islands and Western Irian Jaya, between 0°-10°S and 

115°-135°E) (Marcille et al., 1984). Thus, it does not appear that the concentration of 

effort in this area was associated with an effort to actively target BET, either in terms 

of previously experienced high abundance or larger sized fish. 
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Figure 5.12 Number of sets by number of hooks per basket (HBF), by year, from the 
PSB data. For the period 1978-1982 only 6 HBF were used (a copy of Figure 2.11). 
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Figure 5.13 Time series of annual CPUEs (fish/100 hooks) for BET, YFT, ALB and 
SBT by (a) surface and (b) deep longlining configurations for PSB vessels (a copy of 
Figure 2.13) 
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5.6.5.2 Targeting practices inferred from the FHS data set 

There is no strong information on targeting contained within the FHS data set. 

Number of hooks between floats was unknown, as effort information was recorded 

using "baskets" (a unit effort that is sometimes used in Indonesia) and it was 

unknown how many catenaries (hooks between floats, HBF) equated to one basket. 

Bait information was recorded and this suggested that ALB were mainly caught by 

sets using tanjan (Sardinella spp.), tenggiri (Scomberomorus spp.) and tongkol 

(Auxis spp.) as bait, BET were caught on tembang (Sardinella spp.) and Sotong 

(Sephia spp.), YFT were caught on sotong, and SBT were caught on srengseng 

(Sardinella spp.) (Chapter 3) (reproduced here for convenience as Figure 5.14). 

However, there were so many bait combinations used (more than 20 bait 

combinations, where each category consisted of either one fish species or a group of 

fish) and there were few strong catch composition patterns which could be associated 

with individual bait types (Figure 5.14). Thus, no clear interpretation on targeting by 

bait type can be made. 
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Figure 5.14 Tuna catch (in percentage) by main bait type used, for the FHS data set 
(bandeng/milkfish ( Chanos chanos ), cum ii squid (Loli go spp. ), la yang/scad mackerel 
(Decapterus spp.), lemuru (Sardinella spp.), layur (Trichiurus spp.), selar (Selar 
spp.), Sotong (Sephia spp.), srengseng (Sardinella spp.), tanjan (Sardinella spp.), 
tanjuan (Sardinella spp.), tembang (Sardinella spp.), tenggiri (Scomberomorus spp.) 
and tongkol/frigate tuna (Auxis spp.)) (a copy of Figure 3.12) 

287 



5.6.5.3 Targeting practices inferred from the Observer Program data set 

Observer Program data revealed that different fishing companies observed had 

different dominant species caught as can be seen from their catch rates for the four 

tuna species (Table 5.4). Observed vessels from PSB and most observed sets from 

company D predominantly caught BET, and most observed vessels from companies 

A and B mainly caught ALB and YFT, respectively, whereas vessels from Others 

(private owners) mostly caught YFT and ALB. This may suggest that each company 

targeted different tuna species, assuming a high-magnitude CPUE equates to that 

species being considered a target species. 

As well as variability in terms of the dominant species caught, the companies also 

employed different targeting practices, in that there was a high degree of variation in 

the number of HBF, average number of floats, bait and fishing area (Table 5.4). All 

observed sets by vessel from PSB and company B (the latter of which only 

comprised one trip) used deep longliners (10 or more hooks between floats), and sets 

by Company D's vessels used surface longliners (less than 10 hooks between floats). 

On the other hand, observed sets by vessels from Company A and 0L1iers used both 

deep and surface longlines. In terms of bait, PSB vessels only used lemuru (LMR) as 

bait, whereas bait used by the other companies was m,ore varied and included 

milkfish, Chanos chanos (MIL), scad mackerel, Decapterus spp. (RUS), gizzard 

shad, Anodontostoma chacunda (CHG), frigate tuna, Auxis spp. (FRI), squid, Loligo 

spp. (CMI) and/or LMR. Fishing location of observed sets from PSB, and companies 

B and D was never conducted in the area south of 20°S, whereas the other two 

companies fished not only in the coastal area of the Eastern Indian Ocean, but also 

south of 20°S. In addition, the fishing areas for PSB and Company D overlapped. 
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If we compare the magnitude of total tuna CPUEs by the four companies relative to 

those reported from PSB, some observed sets from company D and Others had 

higher CPUEs (more than 2.4 fish/100 hooks each) than the maximum CPUEs 

observed for PSB sets (l.72 fish/100 hooks). This may suggest that some observed 

vessels from other companies were more efficient than PSB vessels. 

For the observed PSB sets, BET CPUEs were higher than those for YFT, ALB and 

SBT. However, the average of BET CPUEs for company D (0.31 fish/100 hooks) 

were slightly higher compared to those observed from PSB sets (0.28 fish/100 

hooks), even though PSB used deep longlines and company D used surface 

longlines. 
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Table 5.4 Com:earison of fishing activities between com:eanies as re:eorted from the Observer Program data (mod. from Table 4.9 and Table 4.10) 

Company 
Average CPUE (no.fish/100 hooks) 

No. trips/ No. AverageHBF 
Average 
no. floats Bait Fishing area name BET YFT ALB SBT sets per set 

per set 

A 0.14 0.11 0.36 0.02 7 /268 11 (7-15) 136 CHG, MIL, LMR, 6°-34°S; 
(0-1.8) (0-1.5) (0-2.15) (0-0.38) FRI, RUS, CMI 80°-128°E 

B 0.09 0.28 0.01 0 1/22 12 82 LMR, RUS, MIL 4°-10°S; 
(0-0.47) (0-1.25) (0-0.21) 126°-132°E 

c 0.28 0.04 0.03 0.004 25 / 328 18 (15-21) 81 LMR 4°-l7°S; 
(0-1.72) (0-1.1) (0-0.42) (0-0.31) 107°-l29°E 

D 0.31 0.24 0.07 0.04 2/ 63 4 (4-5) 257 MIL, CMI, RUS, 8°-l4°S; 
(0-2.46) (0-1.38) (0-0.94) (0-0.66) LMR l 10°-l 19?E 

Others • 0.13 0.15 0.19 0.03 3/112 10 (5-13) 181 MIL, CHG, LMR, 11°-33°S; 
(0-2.5) (0-0.88) (0-0.97) (0-0.30) FRI, RUS, CMI 103°-l 18°E 

Note: Actual company names are not provided, but Company C is PT PSB. 
* Others refers to private owners 
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5. 7 Assessing Potential Impact of the Open Access Regime 

The impact of the open access regime can be considered in terms of whether there is 

a relationship between the number of active vessels and the total catch and/or catch 

rate. Unfortunately, since the total effort (number of hooks) is currently unavailable 

for the entire fleet, the relationship between the total number of active vessels and 

catch rate cannot be investigated. The annual estimated catch landed in Benoa 

Fishing Port (modified from Davis et al. (2003a), Proctor et al. (2007) and Prisantoso 

et al. (2008)) was plotted against the estimated number of vessels operating annually 

in the Indian Ocean (modified from IOTC (2001b), Herrera (2002), Gillett and 

Herrera (2009)) (Figure 5.15). The estimated landed catch of total four tuna species, 

BET, YFT and SBT decreased with an increase in the estimated number of vessels in 

the Indian Ocean (Figure 5.15). However, there was no significant linear correlation 

between the estimated catch landed for three of the species, nor the total landed catch 

of the four tuna species, and the estimated number of vessels in the Indian Ocean 

(p>0.1) (Figure 5.15). In contrast, the estimated ALB catch landed was significantly 

positively correlated with the estimated number of vessels (r2>0.7, p<0.01) (Figure 

5.15). 

The lack of consistent positive correlations between catch and number of vessels 

suggests that an increased number of vessels resulted in decreased efficiency per 

vessel. The inference is that open access may be compromising the economic. 

efficiency of the fishery. Of greater concern is the suggestion of overfishing, as one 

explanation for the observed trends is that stocks are apparently unable to respond to 

an increasing fleet size in such a way that each vessel is able to maintain the same 

average catch. Of course, alternative explanations, such as ineffective targeting as the 

fleet increases and overall skill and experience decreases, may also apply. Further 
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investigation of more detailed information would be required to resolve the issue, but 

in the interim there is evidence that suggests the open access regime is of concern 

both economically and in terms of stock sustainability. 
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Figure 5.15 Relationship between annual estimated BET, YFf, ALB and SBT catch 
landed in Benoa Fishing Port (modified from Davis et al. (Z003a), Proctor et al. 
(Z007) and Prisantoso et al. (Z008)) and the estimated annual number of vessels 
operating in the Indian Ocean (modified from IOTC (ZOOl b), Herrera (ZOOZ), Gillett 
and Herrera (Z009)), with fitted linear regressions for each species. 

5.8 Discussion 

There are some inconsistencies among the three most detailed data sets with respect 

to spatial effort coverage, spatial tuna catch composition and annual and spatial tuna 

CPUEs. With regard to spatial coverage, PSB data showed that PSB effort never 

occurred south of 20°S , whereas FHS and Observer Program data showed that effort 

was deployed both south and north of Z0°S. The spatial distribution of ALB and SBT 

catch from FHS and Observer Program data were different: FHS data showed that 

ALB and SBT were mostly caught south of 15°S and 30°S, respectively, whereas the 

Observer Program data showed that both ALB and SBT were predominantly caught 

south of Z0°S. Each data set showed variation in terms of which tuna species had the 
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highest annual CPUEs: PSB CPUEs were highest for BET and YFT, FHS CPUEs 

were highest for ALB and YFT, and CPUEs from the Observer Program data were 

highest for BET and ALB. Spatially, the PSB and Observer Program data showed 

that the highest BET CPUEs occurred within 10°-20°S and 105°-120°E, whereas the 

FHS data showed that BET CPUEs were lower in that area (BET CPUE for FHS data 

was highest in area 0°-5°S, 80°-90°E). In addition, the PSB and Observer Program 

data showed higher YFT CPUEs in areas east of 120°E, but this was not the case 

from the FHS data. Furthermore, CPUEs for ALB and SBT were consistently higher 

south of 20°S for the FHS and Observer Program data. However, both PSB and FHS 

data sets suggest higher catch rates for YFT and BET in the Banda Sea in quarters 3 

and 4, which is consistent with the previous study by Marcille et al. (1984). These 

suggest that the seasonal fishing patterns observed in the Banda Sea are related to a 

precedent of achieving higher catch rates of BET and YFT and obtaining larger size 

of BET relative to that obtained in the Indian Ocean. 

Moreover, none of the three most detailed data sources available can be used to 

conclusively evaluate the status of the Indonesian longline fishery, as each data set 

has weaknesses and there is little temporal overlap among them. The inconsistencies 

between the data sets may be real features attributed to a highly variable fishery, but 

may also be associated with the varying quality of the data sets, particularly in terms 

of spatial and temporal coverage and the overall level of coverage of the fleet as a 

whole. However, they do suggest that the main target species were consistently YFT, 

BET and ALB in varying proportions, with PSB catching predominantly YFT 

despite efforts to target BET via deep longline sets. 
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In regard to the major concern that Indonesian tuna longline fishery fishes SBT 

spawning grounds, one interpretation that is consistent across the three data sets is 

that there is relatively little, if any, effort which is actively dedicated to SBT. In 

addition, the data sets consistently showed that, in terms of tuna catch composition, 

SBT comprised the lowest catch proportion relative to BET, YFf and ALB, and that 

there was no significant positive linear correlation between SBT catch and effort. 

Therefore, the fishery appears not to have actively targeted SBT when viewed 

relative to the overall Indonesian tuna catch and to overall CPUE, and this includes 

activity on the SBT spawning grounds. Nevertheless, all three data sets do 

consistently show that the Indonesian tuna longline vessels fish in the only known 

SBT spawning grounds and effort concentration occurred in that area. Given the high 

overall catch levels of the Indonesian longline fleet for tuna in general, the amount of 

Indonesian SBT catch and fishing activities on the SBT spawning grounds is not 

insignificant and should continue to be closely monitored. However, the SBT catch is 

considered to be highly significant because the Indonesian fleet removes large 

spawning fish. The average size of fish has significantly decreased during the past 14 

years, implying a reduction in the associated egg production of the spawning 

popµlation (Farley et al., 2007, 2008). 

It may not be possible to characterise this tuna longline fishery as a single entity (e.g. 

· as an "ALB/YFf fishery"), particularly since it was found from the Observer 

Program data set that different companies are doing different things at different times 

(in terms of fishing location, bait species used and number of hooks between floats), 

and this is reflected in the resulting catch compositions. This again indicates a highly 

variable and perhaps opportunistic fishery. 
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In terms of targeting, PSB data suggest that PSB vessels used surface longlines (6 

hooks between floats) until 1982 and then switched to deep longlines (10 or more 

hooks between floats) in 1983, presumably to target BET. However, their BET catch 

only increased in 1992 and there was no real change in the CPUE by HBF from 1992 

- 1995. There is no strong information on targeting available from the FHS data set, 

although these data do suggest some association with bait types. However, so many 

bait combinations were used without any single bait type showing a strong catch 

composition pattern. Observer Program data are the most detailed data available 

from this fishery in terms of the targeting information. The Observer Program data 

showed that different tuna fishing companies caught different dominant species and 

used different targeting practices (in terms of HBF, baits used and fishing area). 

Observer Program data also revealed that observed PSB vessels targeted BET, 

although the average BET CPUEs of observed PSB sets were lower than the 

historical PSB BET CPUEs. 

There is a range of evidence that suggests that the outcomes of PSB' s fishing 

activities were inconsistent with their objectives. The PSB data showed that their 

vessels commenced deep longlining in 1983, but that BET CPUEs only increased 

from 1992. It was at this time that their fishing operational area reduced in range and 

became concentrated within an area where PSB vessels had not previously 

experienced high BET catches - as opposed to focusing their effort on areas where 

they had historically caught BET. In the abs~nce of supplementary information and, 

assuming that the switch to deep longlining in 1983 was indeed done to target BET, 

one explanation may be that the fleet was somewhat inefficient between 1983 and 

1991. If this is the case, considerable latent effort may exist in the fishery. However, 

Soepriyono (pers comm., 2006) stated that PSB began deep longlining in 1991, and if 
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this is so, it may be that information on HBF might have been incorrectly recorded 

(either during data entry to the computer or in the logbook), such that PSB may 

indeed have actively switched their target species from YFf to BET, with deeper sets 

actually commencing in 1992 as reported by Soepriyono (pers comm., 2006). 

However, the CPUE by HBF from 1992-1995 did not show a real change: BET 

CPUE was higher for surface sets in comparison to deep longline sets, and YFf 

CPUE was higher for deep-water sets compared to surface longline sets. Overall, 

BET CPUEs were higher than those for YFf for both deep and surface longline. 

Assuming HBF information was reported correctly, this might suggest that PSB 

vessels between 1992 and 1995 were somehow not achieving their objectives (i.e. of 

presumably using surface and deep longlines for targeting YFf and BET, 

respectively). If this is the case, then we reiterate that latent effort may still exist in 

the fishery. In addition, the localised effort from 1992 might have been associated 

with an attempt to target BET, but again the reasons for their choice to localise their 

fishing effort in a smaller area from 1992 are unclear from the PSB data, and there is 

no other information available. 

The occurrence of latent effort, in the form of perceived fleet inefficiency relative to 

specifed objectives, may be related to the fact that fishing activity is undertaken in a 

largely opportunistic, haphazard manner. The mentality is that catch potential is 

optimised by optimising the overall amount of fishing activity, without regard to 

strategic effort allocation by, for example, season or area. In other words, fishing is 

perceived as a "gambling" activity, and fishers believe that the highest catches are 

achieved if they are fishing often, and/or if they are the first vessel fishing in any 

given area .. 
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This mentality is exacerbated by the open access regime policy predominant in the 

fishery. Under open access, a large increase in the number of longline vessel 

occurred within the fishery, to the point where Indonesia currently has the largest 

longline fleet operating in the Eastern Indian Ocean. The number of active vessels in 

2006 was estimated by the Indian Ocean Tuna Commission (IOTC) at approximately 

1000 (IOTC 20088
). These vessels have to share the fish and also the fis~ing grounds 

not only among themselves but also with distance water fishing vessels from other 

countries who also fish in the Eastern Indian Ocean. According to Mr Soepriyono 

(pers comm., 2006), the catch rate trend of the PSB fleet decreased over time, 

possibly as a result of this increase in competing vessels. The attitude becomes less 

about refining fishing techniques and targeting practices to optimise catch rates, or 

specifying desired targeting a priori, and more about fishing indiscriminately in a 

"race to fish", with the hope of out-competing other vessels by sheer magnitude of 

effort. 

When assessing the potential impact of the open access regime on the fishery, there 

was only one positive correlation (for ALB) between the catch landed in Benoa and 

the number of longline vessels operating in the Indian Ocean, and a non-significant, 

negative-linear trend between the total tuna catch and the number of vessels. This 

may be indicative of overfishing; at the least, it indicates that the average overall 

catch per vessel is not constant with increasing fleet size. However, targeting 

inefficiency, due to a decr~ase in overall skill and experience as fleet size increases, 

may be an alternative explanation for the observed trend. Catch rate would have been 

the preferred indicator with which to evaluate the effect of increasing fleet size, but a 

lack of effort data across the entire fleet prohibited the calculation of catch rates. In 

the absence of more comprehensive information, the inference is that the open access 
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regime is sub-optimal both in terms of economic returns and population 

sustainability 

The average BET CPUEs of the PSB vessels reported from the Observer Program 

between 2005 and 2007 were much lower than those shown by the PSB data from 

1992 - 1995. This was consistent with the comment from Soepriyono (pers comm., 

2006) that the BET hooking rate had decreased. This may have been caused by 

several factors such as a lack of change in their targeting practices to more 

effectively target BET. Targeting practices such as bait type seem to have been 

relatively constant over time for PSB as compared to other companies, as shown by 

the Observer Program data. Other reasons for the decreased BET CPUE might be 

associated with high competition with other companies, and/or a decrease in fish 

availability. Indeed, the FHS and Observer Program reported BET CPUEs that were 

lower than those reported by PSB prior to 1995, which is consistent with a possible 

decrease in BET availability. However, if PSB were thought to have been inefficient 

with respect to targeting behaviour prior to 1995, the even lower BET CPUEs of PSB 

vessels reported by the Observer Program data are consistent with the suggestion of 

latent effort. 

The three data sets, and in particular, the comparison between individual companies 

within the Observer Program data set, suggest that the fishery is highly variable in 

terms of the amount of catch and effort, the target species, its spatial extent, targeting 

practices and catch composition. However, given that the Indonesian tuna longline 

fishery commenced in the early 1970s, and that the IOTC data show that the fishery 

consistently reports the highest level of tuna catch in the Eastern Indian Ocean, the 

fishery is unlikely to be in an exploratory phase. Thus, if the data to date (the three 
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data sets) are assumed to be reasonably representative of the fishery, then the high 

level of variability in the data suggests that the fishery may be operating in either an 

inefficient and/or an opportunistic manner. The PSB targeting information suggests 

some fleet inefficiency. However, a better understanding of fleet dynamics and 

decision-making (e.g. how vessels decide where to fish and how to fish and intended 

target species), will help to resolve the issue of ineffiency vs. opportunistic fishing 

and to better understand the nature of the fishery. Unfortunately, detailed information 

of this type is unavailable. However, based on the comparison of CPUEs with other 

longline fisheries, the Indonesian tuna longline fishery might be suggested to be 

more efficient in catching YFf, and thus have a greater impact on this species 

compared to the impacts of Japanese and Taiwanese vessels, but are less efficient 

and have less impact relative to the Australian vessels operating in the Eastern Indian 

Ocean. --BET CPUE magnitudes with respect to other longline fisheries varied 

according to the Indonesian data set considered, but the PSB BET CPUEs, despite 

the suggested targeting inefficiencies were higher than those of Japan, Taiwan and 

Australia, suggesting a relatively high impact. It must, however, be emphasised that 

this is only a broad comparison which is based purely on catch rates, without any 

other considerations, such as the location and timing of fishing. 

Based on bycatch proportions, the Observer Program data might suggest that the 

Indonesian longline vessels were more efficient compared to data recorded by the 

New Zealand's observer program on Japanese charter and New Zealand domestic 

longliners operating in New Zealand's waters in the period 2005-2006, and less 

efficient compared to Australian longliners operating in New Zealand's waters 

(observed by New Zealand's observer program) between 2005-2006. 
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Reconciling the data sets is undoubtedly compromised by their lack of temporal 

overlap and the limitations and problems within each, such that, either individually 

or combined, they may not be considered fully representative of the Indonesian 

longline fishing fleet. The PSB data set, by definition, represents information from 

only one of 30 companies (the number reported by ATLI for 2007). Given that the 

Observer Program data, which includes PSB vessel information, suggests substantial 

differences between vessels/companies, the PSB data set cannot be considered 

representative of the entire fishery. However, the PSB data nonetheless provide the 

greatest time series of information and embrace a period where setting practices 

changed from surface to deep longline. The FHS data are limited in terms of quality 

and the subset of the year in which they are taken, and its catch time series for the 

main species differs from those suggested by total Benoa catch estimates (Appendix 

3.1). The Observer Program data are both reliable and detailed but are currently low 

in quantity, both in terms of the proportion of the fleet covered and in terms .of its 

time series. 

It is therefore important to ensure the ongoing collection of robust and detailed data 

from the Indonesian longline fleet. Moreover, an effort should be made to gain a 

better understanding of fleet dynamics and vessel decision-making (e.g. how vessels 

decide where to fish and how to fish and intended target species), possibly through 

questionnaires or via the Observer Program. Until a reliable time series is developed, 

it is impossible to conclusively characterise the fishery and determine the extent of 

its impact. Of greater concern is that there is some evidence of latent effort 

associated with fleet inefficiency, particularly with respect to, but certainly not 

limited to, the targeting activities of PSB (noting that the possible inefficient PSB 

fishing behaviour was only deduced from an anecdotal understanding of intended 
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targeting behaviour). If latent effort does exist in the fishery, its future impact could 

be substantially greater than that suggested by current activity, which is already 

yielding some of the highest catches among all fleets operating in the region. Data to 

date suggest that the fishery may be characterised as highly variable, and the 

available data would suggest that this is possibly more due to fleet inefficiency than 

the fishery operating in an opportunistic manner. 
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CHAPTER 6: DEVELOPING RECOMMENDATIONS 

FOR UNDERTAKING CPUE STANDARDISATION 

USING OBSERVER PROGRAM DATA 

6.1 Introduction 

To manage a fish population effectively, it is essential to understand temporal trends 

in its abundance (Ortega-Garcia et al., 2003, Chen et al., 2004, Maunder et al., 

2006a). While the absolute abundance of fish in an open ocean is impossible to 

obtain (Chen et al., 2004), relative abundance indices based on catch-per-unit-effort 

(CPUE) data from commercial fisheries are one of the most common inputs to 

inform stock assessments (Harley et al., 2001, Chen et al., 2004, Maunder et al., 

2006b, Su et al., 2008) for many large pelagic fish including bigeye tuna, Thunnus 

obesus (BET), yellowfin tuna, T. albacares (YFf) and albacore, T. alalunga (ALB) 

(Bach et al., 2009). For commercial longline vessels, CPUE data are the main source 

of abundance information (Maunder and Punt, 2004, Maunder et al., 2006b, Ward 

and Hindmarsh, 2007, Bigelow et al., 1999) as fishery-independent data are 

impractical to collect (Bishop, 2006, Maunder et al., 2006b ). 

Many factors other than abundance can influence catch rates (Maunder et al., 2006b). 

Abundance indices based on nominal CPUE do not take into account confounding 

factors such as fishing strategy (Bach et al., 2000) (including fishing power and 

catchability (Ward, 2008)), and environmental conditions, that can decouple any 

underlying abundance signal in the catch rate (Polacheck, 1991, Hinton and Nakano, 

1996, Hampton et al., 1998). As such, the assumption that CPUE is proportional to 
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abundance is frequently violated (Maunder et al., 2006b) and, in tum, the relative 

abundance indices based on nominal CPUE data can be misleading (Maunder and 

Punt, 2004) or even problematic (Beverton and Holt, 1957, Hilborn and Walters, 

1991, Walters, 2003, Ortega-Garcia et al., 2003). Thus, effects of those confounding 

factors need to be statistically filtered out in order to be able to use the time series of 

CPUE as a proxy of relative abundance with any accuracy (Polacheck, 1991). 

Accordingly, CPUE standardisation is one of the most common analyses applied 

(Maunder and Punt, 2004, Bigelow and Maunder, 2007, Maunder et al., 2006b ). 

Several methods have been developed (e.g. Gulland, 1956, Beverton and Holt, 1957, 

Robson, 1966, Honma, 1974) to standardise CPUE, including generalised linear 

modelling (GLM), generalised additive modelling (GAM), generalised linear mixed 

modelling (GLMM) and the delta approach 13
; however, GLM is the predominant 

approach (Dowling and Campbell, 2001, Maunder et al., 2006a, Maunder and Punt, 

2004, Su et al., 2008), having been applied in many fisheries (Venables and 

Dichmont, 2004) to standardise CPUE data (e.g. Gofii et al., 1999, Tascheri et al., 

2010). Su et al. (2008) applied GLM, GAM and a delta approach to standardise BET 

CPUE on Taiwanese distant-water longline fishery, and suggested that any of the 

three me.thods individually is sufficiently flexible to capture the key features of the 

data. 

This chapter attempts to standardise the nominal CPUE data obtained from the 
l 

Observer Program data (collected from the Indonesian trial Observer Program on 

longline vessels operating in the Indian Ocean out of Benoa Fishing Port) for BET, 

YFT, ALB and southern bluefin tuna, Thunnus maccoyii (SBT). The Observer 

13 The delta approach is a standardisation method that treats zero values separately and assumes 
positive values to have a lognormal distribution Stefansson, G. (1996) Analysis of groundfish survey 
abundance data: combining the GLM and delta approaches. ICES J. Mar. Sci., 53, 577-588. 
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Program data were used for the CPUE standardisation since this data set· is the most 

reliable and detailed available from the fishery; the other two data sets were either 

obtained from solely one fishing company (PSB data) or were found to contain 

numerous errors (Fisheries High School data). Moreover, they did not include the 

range of explanatory variables that were reported by the observers. However, the trial 

Observer Program only commenced in July 2005, and, as such, the time series is 

relatively short, precluding a long-term time series of proxy abundance at this point 

in time. Rather, the emphasis in this chapter is on developing recommendations for 

ongoing monitoring and analysis, and providing a statistical modelling framework 

for future data. 

Within a multi-species fishery, fishing strategies are comn:lonly changed to target 

different species, and this in turn may change the extent to which catch rates reflect 

stock abundance, as the effectiveness of effort in catching different species relies on 

the fishing strategy (He et al., 1997). At one extreme, these targeting practices may 

result in numerous zero catch sets for tuna species that may not be targeted. In the 

Benoa-based longline fishery, fishers sometimes switched target species between 

fishing trips or between sets within a fishing trip (pers comm. with the observers, 

2007). This is common in most other longline fisheries, such as in the Hawaii-based 

longline fishery (He et al., 1997) and the Japanese longline fishery off Western 

Australia (Dowling and Campbell, 2001). 

The Benoa-based longline vessels change their target species not only by modifying 

a specific fishing technique, but also frequently a combination of fishing techniques 

(e.g. changing number of hooks and/or bait species used). It is therefore difficult to 

characterise the targeting practices based on only an individual fishing practice. He et 
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al. (1997) stated that catch composition reflects the final output of fishing that 

contains information that can be used to identify fishing strategies. It has been further 

argued that catch composition can be used as an indicator of actual target species 

(Ketchen (1964) in Salthaug and God!ZS, 2001). That is, a unique catch composition of 

tuna is presumed to be equivalent to a unique targeting strategy. Here, cluster 

analysis was used to classify longline sets based on similarity of their tuna catch 

composition. Afterwards, CPUE standardisation for a specific species of tuna is 

undertaken using the subset of the data whose sets correspond to the cluster(s) judged 

to be associated with targeting that species. By only including sets which were 

assumed to have been targeting that species, it is hoped that a more robust estimate 

of relative abundance (i.e. in the form of CPUE standardisation) may be obtained. 

A large proportion of zero catch observations for target and non-target species can 

commonly occur in catch and effort data (Maunder and Punt, 2004). A high 

proportion of zero catches was found in the Observer Program data, even within the 

subsets of data after cluster analysis was applied. It is important to include these 

zeros in the CPUE standardisation in estimating the trends in catch rates and 

understanding the process behind the trends (Minami et al., 2007). Wnile it ·is 

simplest to exclude all zero observations, this may bias the standardised CPUE. 

Alternatively, dealing with zero values via the addition of a small constant to the 

catch data (since the GLM is often undertaken on the logarithm of the CPUE) may 

not be suitable as the standardised CPUE may be sensitive to the constant value 

(Maunder and Punt, 2004). However, there are three ways to deal with an abundance 

of zeros: i) using statistical distributions that allow for zero observations, ii) using 

zero-inflated models and iii) using delta-F models (Maunder and Punt, 2004). CPUE 

standardisation using the first approach has been applied in some cases (e.g. Candy, 
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2004, Basson and Farley, 2005) by fitting GLM using Tweedie family distributions. 

The Tweedie distribution can deal with_ zero values and can sensibly incorporate zero 

catch data with non-zero catch data into a single model (Candy, 2004). In addition, 

ihe Tweedie distribution can accomodate larger ranges of models for count data than 

the Poisson, Negative Binomial, Zero-inflated Poisson and Zero-inflated Negative 

Binomial models (Minami et al., 2007). The Tweedie distribution approach was 

therefore adopted within this chapter. 

The aims of this chapter were to provide a statistical modelling framework for 

conducting CPUE standardisations, to undertake these standardisations on both the 

full data set and on the subsets obtained from cluster analysis (referred to as "cluster 

subsets"), and provide a comparison in the trends between the nominal CPUEs and 

their standardised indices obtained with and without applying the cluster analysis. 

Since the Observer Program data set is only a short time series, meaningful temporal 

trends are not anticipated. However, the exercise of standardisation is valid both in 

· terms of identifying an appropriate data subset and in terms of providing a template 

for undertaking standardisations as long-term Observer Program data become 

available over time as the Observer Program evolves. 

6.2 Methods 

CPUE standardisation aims to yield a proxy index of fish abundance. Ideally, the 

standardisation should incorporate all of the extraneous variables influencing CPUE 

in order to take into account their impacts. The effect of these variables is then 

eliminated and a standardised value reconstructed that is hoped to be directly 

proportional to abundance. Obviously the extent to which this can occur is limited by 

the amount of available data. Data available from the Observer Program that are used 

306 



in the CPUE standardisation are summarised in Section 6.2.1. The CPUE 

standardisations in this chapter were conducted by applying GLM analysis using the 

Tweedie distribution (Section 6.2.2.2). To address the issue of changing targeting 

practices, each recorded set was classified by its tuna catch composition using cluster 

analysis (Section 6.2.2.1). 

Two sets of CPUE standardisation were undertaken as follows: 

1. GLM analysis was performed for each tuna species using the full data set 

2. GLM analysis was performed for each tuna species using the subset of the data 

whose sets were ~lassified (based on cluster analysis) as targeting the species of 

interest 

For each tuna species, standardised CPUEs from the two approaches were then 

plotted together with the nominal CPUE obtained using both full data and the subset 

for the species of interest. This enabled comparison of the nominal and standardised 

CPUEs with and without applying the cluster analysis. 

6.2.1 Data Overview 

Set-by-set data were obtained from Indonesia's Indian Ocean trial Observer Program 

on tuna longline vessels based at Benoa Fishing Port. The data span from August 

2005 to December 2007 and comprised a total of 793 records ( 41 records were 

excluded due to incomplete information, as explained in Chapter 4). Data available 

from the Observer Program can be divided into three main groups; specifically, catch 

and effort data, information on fishing practices, and environmental data 

(summarised below). A detailed description of the Observer Program data can be 

found in Chapter 4. 
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6.2.1.l Catch and effort data 

Catch and effort data were recorded as the number of fish and the number of hooks 

recorded per set, respectively. The tuna catch for this fishery consists of four species, 

BET, YFT, ALB and SBT, and other byproduct species including lancetfish 

(Alepisaurus brevirostris), oilfish (Ruvettus pretiosus), pelagic stingray (Dasyatis 

violacea), blue shark (Prionace glauca), sickle pomfret (Taractichthys 

steindachneri), swordfish (Xiphias gladius), crocodile shark (Pseudocarcharias 
, 

kamoharai), skipjack tuna (Katsuwonus pelamis), common dolphinfish (Coryphaena 

hippurus), moonfish (Lampris guttatus) and black marlin (Makaira indica) were 

caught by this fishery. The analyses in this chapter are only concerned with the four 

tuna species. 

There were 32 sets (4% of the 793 sets) with no tuna reported (Table 6.1~, and these 

were eliminated before the cluster analysis (Section 6.2.2.1). Providing there was 

non-zero catch of at least one of the four tuna species in a set, the set was included in 

the GLM analysis (Section 6.2.2.2) for that species (Table 6.1). 

Table 6.1 Percentage of sets with zero catch for the four tuna species across to the 
793 sets 

Species Code Percentage of sets 

BET 28.5% (226 sets) 

YFT 56.12% (445 sets) 

ALB 54.98% (436 sets) 

SBT 88.52% (702 sets) 

Tuna* 4% (32 sets) 
* the combined BET, YFT, ALB and SBT catches. 

Species-specific catch (number of fish) was used as the response variable and the log 

of effort (number of hooks) was assigned as an offset in the GLM analyses (Section 
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6.2.2.2). The proportion of each tuna species in the tuna catch was used in the cluster 

analysis (Section 6.2.2.1). 

6.2.1.2 Fishing practices 

Different fishing strategies are used by different tuna fishing companies in order to 

target different tuna species. Factors considered under the category of targeting 

strategies include the number of hooks "between floats (HBF), the bait 

species/combination used, the area fished, the start time of the set, and gear 

characteristics. However, different fishing practices were sometimes used by vessels 

to target the same species (pers comm. with the observers, 2007). These different 

practices may result in dissimilar catchabilities that will confound the nominal CPUE 

trend (Maunder and Punt, 2004 ). Thus, incorporating these fishing practices into the 

GLM analysis is imperative. The following information on fishing strategies was 

recorded by observers and included in GLM analyses (Section 6.2.2.2): 

1. Fishing area 

Fishing position was recorded by latitude and longitude for each set. Figure 6.la 

shows setting positions by 1 x 1 degree area. The fishing area was divided into 

five subarea delineations (Figure 6.lb ). Subareas were used to aggregate the 

small amount of data available, which otherwise resulted in numerous empty 

cells (i.e. with no fishing activity recorded) when the fishing area was classified 

by 1 x 1 degree or 5 x 5 degree blocks. 

According to Schaefer (2001 ), there is a spatial segregation in the distribution of 

each tuna species in the Indian Ocean. In addition, results of exploratory analysis 

on the Observer Program data set (Chapter 4) showed spatial segregation in 

catch rates for the four tuna species. Fishing area can influence tuna catch 
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.. composition and in tum, influence the effectiveness of targeting a specific 

species. Presumably a given fishing area was chosen, at least in part, to target a 

specific species or combination of species. Therefore, it is importan~ to include 

these five defined subareas in the GLM analysis (Section 6.2.2.2) and this 

variable is assigned as a factor variable in the analysis. 
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Figure 6.1 I-degree fishing positions recorded by the observers (a) and the five area 
categories used in the CPUE standardisation (b) 

311 



2. HBF or number of branch lines 

HBF information was available for each recorded set, and varied from 4-21 

HBF. Each catenary (a fraction of the main line delineated by two successive 

floats) within one longline set has the same number of HBF and the same number 

of branch lines attached. Longline gears were arbitrarily classified, based on the 

number of HBF or branch lines, by Suzuki et al. (1977). Deep longlines were 

defined as having at least 10 branch lines, whereas surface longlines were defined 

as having 4 to 6 branch lines. In addition, HBF is considered as a fishing depth 

index (Bach et al., 2000, Ward and Hindmarsh, 2007). The choice of HBF used is 

intended to reach the swimming layer of the species-specific tuna being targeted, 

to improve the catchability of that species. Thus, incorporating HBF in the GLM 

is important to take into account effects of this variable on the nominal CPUEs. 

The HBF information was incorporated as a categorical covariate in the GLM 

(see Section 6.2.2.2). It was assigned as 1 if HBF <10 hooks, and 2 if HBF ~10 

hooks. 

3. Bait combination 

Catching fish using a passive fishing gear, such as a tuna longline, relies heavily 

on the movement of fish towards the gear which is encouraged and reinforced by 

smell stimuli from bait (Bjordal and Lokkeborg, 1996). As such, bait is a major 

factor for the tuna longline fishery that can influence catch efficiency and species 

targeting (Bach et al., 2000). It is therefore worthwhile including bait type in the 

GLM, and the results of several studies have shown that bait type influenced 

catch of tuna (Shimada and Tsurudome, 1971, Bjordal and Lokkeborg, 1996), 

although a later study argued that no particular bait types caught more tuna (Bach 

et al., 2000). 
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As was mentioned in Chapter 4, there are six main bait species used as follows: 

Lemuru, Sardinella spp. (LMR); Milkfish, Chanos chanos (MIL); Scad 

mackerel, Decapterus spp. (RUS); Gizzard shad, Anodontostoma chacunda 

(CHG); Frigate Tuna, Auxis spp. (FRD; and Squid, Loligo spp. (CMI). However, 

the fishers sometimes deployed a combination of these bait species within one 

catenary (between two floats). There were 22 bait combinations recorded and 

each bait combination was assigned to a unique bait type index ( cf. Table 4.6, 

Chapter 4). The 22 bait types were included as a categorical variable in the 

GLM (see Section 6.2.2.2). This incorporation of this factor in the CPUE 

standardisation was because bait type relates to targeting practices and 

presumably a given combination was chosen to target a specific species or 

combination of species. 

4. Vessel identification (Vessel Id) 

A Vessel identification factor embraces all attributes of a vessel, such as size, 

capacity and electronic equipment, and its crew that determine the success of the 

vessel's fishing activity, such as the ability of the crew to find good fishing 

grounds and to use the gear efficiently (Campbell and Hobday, 2003). According 

to Campbell and Hobday (2003), the influence of vessels on catch rates in 

Australia's Eastern Tuna and· Billfish Fishery varied; some vessels had double 

the catch rate of other vessels. Therefore, it is worthwhile taking into account the 

effect of each individual vessel on catch rates. The Vessel Identification factor 

included in the data set was thus included in the GLM as a categorical variable 

(Section 6.2.2.2). 
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5. Start time of set 

To optimise catchability of longline gear, fishers need to consider the timing of 

the set. Bjordal and Lokkeborg (1996) explained the importance of time of 

setting, due to a variation of foraging enthusiasm with time of day. In addition, 

Ward and Hindmarsh (2007) argued that catchability of targeted species is related 

to whether the fishing activities occurred at the peak feeding times of that 

species. Furthermore, it was found that there was a significant association 

between the start time of sets and targeting practices within the Australian 

Eastern Tuna and Billfish Fishery; swordfish and BET sets predominantly 

occurred between 4 pm and 8 pm, whereas -60% of sets were conducted before 4 

pm when targeting YFT (Campbell and Hobday, 2003). Herein, the time at which 

the set commenced was employed to represent fishing time and was taken into 

account as a categorical variable in the GLM as follows: assigned as 1 if the start 

time of the set occurred between midnight and 4 am, 2 if the set commenced 

between 4 - 8 am, 3 for sets commenced from 8am - noon, 4 for sets 

commencing between noon - 4 pm, 5 for sets commencing between 4 - 8 pm, 6 

for sets commencing between 8 - midnight. This assignment of the start time of 

set was adopted from Campbell and Hobday (2003). 

6. Lengths of float line, branch line and main line 

Each of the four tuna species has different preferred water temperatures and as a 

consequence, they inhabit different water depths according to the thermocline. 

Thus, to target a specific tuna species the fishing depth of the gear needs to reach 

the swimming depth of the species of interest. In addition to the HBF, the lengths 

of the float line and branch line are believed to influence the actual fishing depth 
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of the longline (Bigelow et al., 2002). In addition, the depth of the longline is 

typically altered by varying the length of main line between floats (Suzuki et al., 

1977), although for the Benoa-based longline vessels this latter gear change is 

impractical to undertake within one trip (pers comm. with the observers, 2007). 

To eliminate effects of these gear configurations on the nominal CPUEs, these 

three variables are included as continuous covariates in the GLM analysis 

(Section 6.2.2.2). 

7. Age of main line 

Bjordal and Lokkeborg (1996) stated that, generally, new main lines have 

considerably higher catch rates than used main lines, although the reason for this 

has never been investigated properly. Therefore, age of the main line was 

incorporated as a continuous variable in the GLM analysis (Section 6.2.2.2) to 

take into account its effect (if any) on the catch rates. 

6.2.1.3 Environmental data 

Types of environmental data included in the CPUE standardisation are as follows: 

1. Phase of the moon 

Moon phase information is available as a daily index of moon fraction for all 

recorded sets and ranges between 0 and 1 (from new moon to full moon). Musyl 

et al. (2003) showed that BET conduct a vertical migration during full moons and 

new moons, whereby BET occur deeper during full moons and shallower (near 

the surface) during new moons. As such, in a given area, BET catchability on 

surface longline is expected to be higher during new moons than full moons, and 

BET catchability on deep longline is expected to be higher during the full moon 

than during the new moons. Since catchability of tuna species seems to be related 
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to moon phase, moon phase was incorporated in the CPUE standardisation and 

was incorporated as a continuous variable in the GLM analysis (Section 6.2.2.2). 

To account for the effect of cyclic behaviour, the moon phase was incorporated 

as a new variable called "MOON" in the GLM analysis, which is defined by the 

following function (equation 1): 

MOON = sin (2II x moon phase) + cos (2II x moon phase) ... 1) 

where 2II translates the variable into radians and moon phase ranges between 0 

and 1. 

2. Sea surface temperature (SST) 

Sea surface temperature information was calculated using the Spatial Dynamics 

Ocean Data Explorer (SDODE) in Matlab and was available for each set. When 

this SST information was not available within for an individual set within a trip, 

then it was estimated by extrapolating (rom other sets within the associated trip. 

In cases where no SST information was available for a whole trip, the SST 

information for sets within the associated trip was extrapolated using sets from 

other trips from the same date and in the same area (e.g. Banda S~a). 

Sea surface temperature was included as a continuous variable in the GLM 

analysis (Section 6.2.2.2). To account for a possible non-linear (quadratic) 

relationship between CPUE and SST, the SST was assigned as a quadratic 

variable (expressed in R as poly (SST, 2)). SST was included in the CPUE 

standardisation because catchability of tuna species corresponds with the 

temperature preferences of tuna species. For example, BET preferentially 
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inhabits water where SST ranges between 10° and 16°C in the Indian Ocean, 

while the highest catch rates occur in SSTs between 11°-13 °C (Mohri and 

Nishida, 1999). 

3. Sea Conditions 

Bigelow et al. (1999) stated that wind velocity may influence the effectiveness of 

longline gear as, when wind velocity is high, the gear may not reach the desired 

depth or fish behaviour may change (e.g. swordfish swim deeper). In addition, 

Bjordal and Lokkeborg (1996) illustrated, using bottom longlining, that hooked 

fish may be lost during hauling in bad weather conditions and strong currents. 

Therefore, sea conditions should be taken into account in CPUE 

standardisations. Sea conditions were incorporated using the Beaufort scale 

(created by Sir Francis Beaufort in 1805) as a continuous variable in the GLM 

analysis. 

6.2.2 Analyses 

6.2.2.1 Cluster analysis 

Cluster analysis has been used in other fisheries as an effective quantitative method 

to identify different fishing strategies (Rogers and Pikitch, 1992, Lewy and Vinther, 

1994, He et al., 1997). Here,.cluster analysis was used to identify sets considered to 

be targeting each of the four tuna species based on their relative contribution to the 

tuna catch composition. Specifically the cluster analysis within this chapter aimed to 

classify the 761 sets based on their similarity of tuna catch composition and to 

combine the most similar sets into one group. 
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For each set, the catch composition was calculated and expressed as prop9rtions 

relative to the total of the four tuna species YFf, BET, ALB and SBT. To meet the 

statistical property of normality, the proportions were arcsine-square root 

transformed to normalise their distribution (Snedecor and Cochran, 1980). 

Hierarchical cluster analysis is impractical for a large data set (i.e. of more than 100 

entities) (Schonlau, 2004). As 761 sets were used here, clusters were developed in 

two stages. First, a non-hierarchical cluster analysis (K-means method) was used to 

group all records into 100 clusters using the "Clara" procedure ("cluster" package) of 

the R software using Euclidean distance. Second, an agglomerative hierarchical 

cluster analysis (Ward method) was applied to the 100 medoids resulting from the 

non-hierarchical analysis. A dendrogram showing the degree of relatedness between 

the 100 medoids was produced, and the top 7 groups of clusters were chosen to form 

the main cluster categories. 

Subsequently, a qualitative judgment was employed on each of the 7 main clusters to 

identify which species was being targeted by each cluster. If the average relative 

proportion of a species of tuna was less than 20% of the tuna catch, then this species 

was not considered to be a target species. Clusters that were considered to be 

targeting a given tuna species were combined to form the four main subsets for the 

subsequent GLM analyses (i.e. BET, YFT, ALB and SBT) subsets, noting that a 

cluster may be considered to target more than one species. However, only clusters 

with more than 10 sets were included to form these subsets. 

The BET subset consisted of clusters 1, 3, 4 and 5; the YFf subset of clusters 1, 2 

and 4; the ALB subset of clusters 4, 5 and 7; and the SBT subset of clusters 2 and 6 
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(Table 6.5). BET and ALB subsets occurred in all five subareas, whilst the YFf and 

SBT subsets contained sets that fished in subareas I, II, III and IV, and III and V, 

respectively. Sets occurred in subareas I, II and III for cluster 1; III for cluster 2; all 

subareas for cluster 3; II, III and IV for cluster 4; III, IV and V for cluster 5; III and 

V for cluster 6; and I, III, IV and V for cluster 7 (Figure 6.2). 

6.2.2.2 Generalised linear model 

The exploratory variables described in Section 6.2.1 are summarised in Table 6.2. 

The first seven variables were fitted as categorical (factor) variables while variables 

8-14 were fitted as continuous (numerical) variables in the GLM model (equation 2). 

Table 6.2 All variables (factors and covariates) used in GLM analysis 
Factor Level Category Type 
Year 1 2005 Categorical 

2 2006 

3 2007 
Quarter 1 January-March Categorical 

2 April-June 

3 July-September 

4 October-December 

Area 1 5°-10°S; 110°-120°E Categorical 
2 2°-10°S; 120°-l35°E 

3 10°-20°s; 105°-120°E 

4 20°-35°S; 80°-95°E 

5 20°-35°S; 95°-ll0°E 

Hooks between floats (HBF) 1 HBF<lO Categorical 
2 HBF =10 and above 

Bait 1to22 22 bait combinations Categorical 
Vessel Id 1to23 23 unique vessels Categorical 
Start time of setting 1 before4 am Categorical 

2 4amto8am 
3 8 am to noon 
4 noon to 4pm 
5 4pm to 8pm 
6 8pm to midnight 

Sea conditions 1to12 See Beer (1996) Continuous 
Length of float line - - Continuous 
Length of branch line - - Continuous 
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Factor Level Category Type 
Length of main line - - Continuous 
Age of main line - - Continuous 
MOON - - Continuous 
Sea surface temperature (SST) - - Continuous 

' 
The catch by each level of each categorical variable was examined to determine 

level/s of each categorical variable that only have zero catches for the species of 

interest. These level/s were ·excluded as being uninformative prior to the GLM 

analyses for that species (e.g. if there are only zero catches for the species of interest 

using a certain bait type, then that bait type is excluded). 

The coefficient for Vessel Id 6 was infinite when fitting the GLM for BET using the 

cluster subset. This level of Vessel Id was excluded from the GLM analyses. 

Consequently, 3, 50, 24 and 256 data points, respectively, were excluded (i.e. 790, 

743, 769 and 537 data points were included) from the BET, YFT, ALB and SBT full 

data sets prior to GLM analyses. 17 data points were also excluded (555 data points 

were included) from the BET cluster subset prior to GLM analyses. 

CPUE was defined as the catch, in numbers of fish, per 100 hooks of effort. Since the 

CPUE is a ratio of two random variables, modelling_the distribution of CPUE can be 

complicated (Candy, 2004). Therefore, catch data and the log of effort were used as 

the response variable and an offset in the GLM model, respectively, and a log-link 

function was used (Candy, 2004, Basson and Farley, 2005). Tu·e catch data was 

modelled using the Tweedie distribution or the compound Poisson-Gamma 

distribution (see Jprgensen (1997) and Candy (2004) for a full explanation of the 

Tweedie distribution). Subsequently, the catch was modelled using all variables 

mentioned above as follows (equation 2), referred to as the "full model", hereafter: 
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Catch=c + /31, Year,,+ /32, Quarteril + /331 Area,, + /34, HBF,, + /351 Bait,, + 
/36 , Vessel_ Id v + /371 Time_ of_ start_ set,, + /38, Sea_ condition,, + 
/39 Length_ of _float _line,+ /310 Length_of _branch_line, + .. 2) 

/311 Length_ of _main_ line, +/312 Age_of _main_ line,+ 

/313 MOON, + /314 poly(SST,2), + offset(Iog(effort)) + e, 

where c is a constant (intercept), i corresponds to the ith data record, /Jn is the 

coefficient for the nth variable and e is the error term (normally distributed). Each 

categorical variable has a separate coefficient value for each level of the variable, 

with j corresponding to the jth coefficient value for the associated level of the 

categorical variable. 

The Tweeqie distribution has a power variance function, with the power parameter 

(k) (Candy, 2004, Hasson and Farley, 2005). Values of k for the Tweedie 

distributions range between 1 and 2, which is appropriate for zero catch observations 

(Hasson and Farley, 2005). k equals to 0, 1 and 2 associated with normal, Poisson 

and gamma distributions respectively (Candy, 2004, Hasson and Farley, 2005). The 

first step of the GLM process was to select the value of k (1 < k < 2) using the 

randomised quantile residual diagnostic. This was done by running the full model 

(equation 2) for a range of k values between 1 and 2. The value of k with the flattest 

plot in the Scale-location of the quantile residuals, and the most normally distributed 

quantile residuals in the normal QQ plot and the histogram of residuals" was chosen. 

To enable the use of the Tweedie distributions within the GLM framework and to 

produce the quantile residual diagnostic plots, respectively, the "Tweedie" and 

"Statmod" functions in R were used. 

Once the k-value had been determined, the selection of the best model/s was done 

using the stepwise AIC (Akaike Information Criterion) in R using the "MASS" 
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package. The best model was the one with the lowest AIC value. Models that are 

within 5 AIC units of the best model, while yielding qualitatively similar CPUE 

trends, are also included in a short-list of "best options" (pers comm. with Mark 

Bravington, Natalie Kelly and Marinelle Basson). A summary table of GLM results 

for the best and full model is provided, but it should be emphasised that the model 

selection was done using the stepwise AIC, not the statistics in the summary table, as 

stepwise AIC is preferable to ANOV A significance to determine the optimal model/s 

(pers comm. with Mark Bravington, Natalie Kelly and Marinelle Basson). For the 

best model, the diagnostic plots were again checked to confirm that no counter

intuitive trend were present. These diagnostic plots are presented in Appendix 6.1. 

As the YFT cluster subset was relatively small (196 data points) and there were 

insufficient data in all the bait type levels when Vessel Id was also included, 

coefficients for some levels of these variables were infinite. Those levels were 

omitted from the GLM analysis, but this resulted in the remaining levels of the 

Vessel Id and bait type also yielding infinite value coefficients. Therefore, the Vessel 

Id and bait type factors were removed from the full model of YFT using cluster 

subset, such that the coefficients for the remaining covariates/levels could be 

estimated. Similarly, the ALB cluster' subset had a relatively small number of data 

points (282). When Vessel Id was removed from the full model of ALB for the 

cluster subset, the coefficients for the remaining covariates were able to be estimated. 

For the SBT cluster subset which only comprised 36 observations, there were 

insufficient data in all the bait type and Vessel Id levels, and in the Quarter 

categories. Coefficients for the remaining variables/levels could only be estimated 

when the bait type, Vessel Id and Quarter were excluded from the full model of SBT 
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for the cluster subset. The full models for YFT, ALB and SBT using the cluster 

subsets are given in equations 3, 4 and 5 respectively. 

YFT _ Catch=c + {311 Year,1 + /321 Quarter,1 + /331 Area,1 + /34i HBF,1 + 
+ /35 , Time_ of_ start_ set,

1 
+ /361 Sea_ condition,1 + 

/37 Length_ of_ float_ line, + /38 Length_ of_ branch_ line, + .. 3) 

/39 Length_ of _main_ line 
1 
+ /310 Age_ of _main_ line, + 

/311 MOON, + /312 poly(SST,2), + offset(Iog(effort)) + e, 

ALB _ Catch=c + /311 Year,
1 
+ {321 Quarter,

1 
+ /331 Area!J + /341 HBF,1 + /351 Bait,1 + 

/361 Time_ of_ start_ setiJ + /371 Sea_ condition!J + 

/38 Length_ of_ float_ linei +. /39 Length_ of_ branch_ line, + . .4) 

/310 Length_ of _main_ line, + /311 Age_ of _main_ line, + 
/312 MOON,+ /313 poly(SST,2), + offset(log(effort)) + e, 

SBT _ Catch=c + {311 Year,
1 
+ {321 Area,

1 
+ /331 HBF,

1 
+ 

/341 Time_ of_ start_ set!J + {351 Sea_ condition,
1 
+ 

/36 Length_of _float _linei + /37 Length_of _branch_line, + .. 5) 

/38 Length_of _main_line, + /39 Age _of _main_line, + 

/310 MOON, + /311 poly(SST,2), + offset(log(effort)) + e, 

Interaction terms between year and area, and between quarter and area were trialled 

to be incorporated in the GLM analysis. However, as a result of a lack of data across 

all possible quarter-area combinations, the coefficients of the interaction terms were 

infinite and this resulted in null value of the indices. Therefore, these interaction 

terms were not included in the final GLM. 

As mentioned earlier, the aim of the CPUE standardisation is to statistically remove 

the effects of the confounding factors (in particular, fishing strategies and 

environmental conditions) on the nominal CPUEs. Thus, the abundance indices for 

each of the four tuna species were estimated by reconstructing a standardised CPUE 

value using the "predict" function in R ("Stats" package) on a revised dataset \where 

those exploratory variables not equal to Year and Quarter were set constant. The 

constant values chosen for the confounding factors were typically the median value 
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of each of the variables. Nominal CPUEs and standardised indices were normalised 

relative to their respective grand means in order to yield directly comparable relative 

values. 

6.2.2.3 Subarea delineation 

Due to the small amount of data available, the spatial coverage was limited such that 

5 x 5 degrees or 1 x 1 degree classification of the fishing area resulted in too many 

empty cells (i.e. with no fishing activity recorded). In addition, results of the cluster 

analysis showed a spatial segregation for each cluster (Figure 6.2). As such, the 

whole fishing area was divided into five fishing subareas (Table 6.3, Figure 6.lb). 

Table 6.3 The five fishing subareas used in the CPUE standardisation 
Subarea Latitude Longitude 

I 

II 

III 

IV 

v 

5°-10°s 

0°-10°S 

l0°-20°s 

20°-35°S 

20°-35°S 

110°-120°E 

120°-135°E 

105°-l20°E 

80°-95°E 

95°-l10°E 
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Figure 6.2 (cont'd) (Modification of Figure 6.6) Spatial distribution of effort (number of sets recorded) for each cluster 
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6.3 Results 

6.3.1 Cluster Analysis 

Seven main clusters were identified. There were clear differences in catch 

composition among those clusters (shown by Table 6.4 and Figure 6.4). However, 

based on the Euclidean distance between cluster centroids, clusters 1 and 2 as well as 

clusters 4 and 5 were found to be closely related (Figure 6.3). Clusters 1 and 2 

predominantly caught YFI', whereas clusters 4 and 5 mostly caught BET (Table 

6.4). There are three clusters clearly targeting a single tuna species. Cluster 3, the 

largest with 306 sets, obviously targeted BET (with BET comprising 91 % of the tuna 

l catch in this cluster), while clusters 6 and 7 consisted of sets predominantly catching 

ALB (88%) and SBT (84% ), respectively. On the other hand, the remaining clusters 

seemed to target mixed tuna species. Cluster 1 consists of sets targeting YFI' (75%) 

but also BET (21 %), while cluster 2, the smallest with 5 sets, contain sets that seem 

to target YFf (57%) and SBT (34% ). Cluster 4 contains sets apparently targeting 

BET (36% ), ALB (34%) and YFI' (30% ). Sets belonging to cluster 5 caught mostly 

both BET (56%) and ALB (41 %). 

The distribution of sets by cluster and quarter showed that there is no quarterly 

pattern, however, clusters 1 (YFI'/BET), 3 (BET) and 7 (ALB) were the most 

predominant over the studied period (Figure 6.Sa). The highest percentage of cluster 

3 sets occurred in quarters 3 and 4 of 2005, quarter 1 of 2006, and quarter 3 of 2007. 

Nevertheless, the number of recorded sets in quarter 4 of 2005 was low (less than 20 

sets) (Figure 6.Sb). On the other hand, sets from clusters 1 and 7 were most common 

in. quarter 4 of 2007 and of 2006, respectively. 
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A clear separation was revealed by the spatial distribution of effort (number of sets) 

by cluster (Figure 6.6). Clusters 1 (YFf /BET), 2 (YFf /SBT), 3 (BET), 4 

(BET/ ALB/YFf) and 5 (BET/ ALB) were associated with sets concentrated in the 

Indian Ocean above 20°S. Sets from clusters 1 and 3 occurred in the Banda Sea, and 

several sets belonging to clusters 3, 4 and 5 occurred in the Indian Ocean below 20°S 

(exceeding 30°S for both clusters 4 and 5). Sets from clusters 6 and 7 largely 

. 
occurred in the Indfan Ocean below 20°S, with cluster 7 concentrated in the area 

between 115°-120°E and 20°-25°S and between 80°-85°E and 30°-35°S. 

Table 6.4 Mean proportion of tuna catch per set (%) by species for each cluster of 
the top seven clusters 

SEecies YFf/BET YFf/SBT BET 
Cluster 1 2 3 

BET 21.29 9.00 91.00 

YFf 75.02 57.33 7.23 

ALB 3.64 0.00 1.04 

SBT 0.06 33.67 0.73 

No.sets 132 5 306 

-

I 

-

5 4 3 

BET/ALB/YFf BET/ALB 
4 5 

35.74 56.07 

29.85 0.78 

33.54 40.92 

0.87 2.24 

64 70 

Cl ter 1 us 

Clu ster 2 

uster 3 Cl 

Cluster 4 

Cluster 5 

SBT 
6 

5.71 

0.00 

10.08 

84.21 

36 

I Cluster 6 

lust C er 7 

2 0 

ALB 
7 

3.02 

5.40 

87.96 

3.62 

148 

Figure 6.3 Dendrogram of the cluster analysis showing the relative separation of the 
individual clusters (of the top seven groups of clusters), resulting from the 
agglomerative hierarchical cluster analysis (using Ward method) 
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The percentage of sets by fishing month varied between clusters (Figure 6.7a). 

Cluster 1 generally comprised between 20 and 30 sets each month. Sets from cluster 

2 all occurred in September. Cluster 3 sets peaked in January and also between July 

and August, whilst Cluster 4 sets were most frequent between March and June. Sets 

from Clusters 5 and 7 were predominant in February, whilst Cluster 6 sets peaked in 

November. 

The average number of hooks per set was slightly different between clusters (Figure 

6.7b). The average number of hooks per set was lowest for Cluster 2 (around 1100 

hooks) and highest for Cluster 6 (about 1600 hooks). Likewise, the average number 

of hooks between floats varied slightly between clusters (Figure 6.7c), although the 

distribution of number of hooks per basket overlapped between clusters. Cluster 2 

contained sets with the lowest HBF (5 hooks), while cluster 3 comprised sets with 

the highest (-16 hooks) average of hooks per basket. The average HBF for clusters 1, 

4, 6 and 7 ranged between 10 and 12 hooks, and were 4, 16 and 14 for clusters 2, 3 

and 5, respectively. 

In addition, the average set start time differed between clusters. However, sets of all 

clusters seemed to start their setting operation in the morning (before 10 am) on 

average (Figure 6.7d). Bait composition for each cluster was different. Cluster 1 

predominantly used MIL, LMR and RUS, and Clusters 2, 3, 5, 6 and 7 mostly used 

LMR, and comprised at least CHG, MIL and LMR (Figure 6.7e) whereas Cluster 4 

largely used MIL. 
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Figure 6.7 Percentage of sets for each month (a), distribution of number of hooks per 
set (b), distribution of number of hooks between floats (c), distribution of time of 
start setting (d) and number of sets by bait type for each cluster (e) (of the top seven 
groups of clusters) 

As would be expected, the nominal catch rates for a specific species were higher for 

clusters which were indicated to target that species relative to other clusters (Figure 

6.8). BET and YFT catch rates were higher for Clusters 1, 3, 4 and 5, and for 

Clusters 1, 2 and 4, respectively. ALB catch rates for Clusters 4, 5, 6 and 7 were 

generally higher than those for Clusters 2, 6 and 7. The two SBT clusters (Clusters 2 

and 6) caught higher numbers of SBT per 100 hooks than the other clusters. 
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Figure 6.8 (cont'd) Nominal catch rates for BET, YFf, ALB and SBT recorded by quarter within each cluster 
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6.3.2 Selection of Clusters to Form Subsets for BET, YFT, ALB and SBT 

As well as undertaking CPUE standardisations using the entire data set, relative 

abundance indices for BET, YFf, ALB and SBT were obtained using only those sets 

from the cluster/s considered to be targeting each species. Data from clusters 1, 3, 4 

and 5 were used for the BET subset, the YFf subset comprised clusters 1 and 4, the 

ALB subset comprised clusters 4, 5 and 7 and the SBT subset comprised cluster 6 

(Table 6.5). The BET subset was the largest with 572 sets, followed by the ALB 

(282 sets) and YFT (201 sets) subsets, while the SBT subset was the smallest with 36 

sets (Table 6.5). However, the BET (largest) subset contained 50 sets that did not 

catch any BET. These 50 sets were from cluster 1. They were grouped with cluster 1 

since cluster 1 has the most similar characteristics in terms of overall tuna catch 

composition with those sets that did not catch BET (for this cluster, 95% of the tuna 

catch was YFT, 3.98% ALB and 0.44% SBT). As the GLM included either zero or 

non-zero observations of the targeted species, these 50 sets were included in the BET 

subset (Table 6.5) prior to GLM standardisation. 

Table 6.5 Number of sets, number of sets with zero catch of associated species, and 
number of sets used in CPUE standardisation by subset 

No. of sets with zero No. of sets used in 
Subset Clusters No. of sets catch of associated 

s ecies CPUE standardisation 

BET 1, 3, 4, 5 572 50 572 
YFf 1, 4 196 0 196 
ALB 4,5, 7 282 0 282 
SBT 6 36 0 36 

6.3.3 CPUE Standardisation 

The "best model options" for BET, YFT, ALB and SBT as determined according to 

the stepwise AIC criterion are presented in Table 6.6-Table 6.13. The best model -

that has the smallest AIC, for each species using the full data and cluster subset - was 
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used to predict the standardised CPUEs (Figure 6.9). The randomised quantile 

residual diagnostic for the best model is given in Appendix 6.1. The results of 

analyses of variance for the best, alternative (for BET, YFT and SBT using full data 

only) and full models for each data set are given in Appendix 6.2. The results of the 

best model for each data set are summarised in Table 6.14. Shaded cells indicate the 

variables included in the best model for each species and each data set. Significant 

variables that influenced the trend of the nominal CPUE were similar when using 

either the full data or cluster subsets for BET and ALB, whereas a smaller number of 

variables were significant for YFT and different variables were significant for SBT 

when using its cluster subsets compared to when using the full data. For SBT, the full 

model of GLM fitted to the cluster subset did not include Quarter, Vessel Id and Bait 

(explained in Section 6.2.2.2). This was likely to have been a result of the small 

proportion of data in the cluster subset relative to the full data set for YFT and SBT 

(less than 30% and 10% of the full data, respectively). 

The nominal CPUE trend for the four tuna species was significantly influenced by 

different factors associated with fishing practices and/or environmental conditions. 

For BET, GLMs undertaken either using the full data or the BET cluster subset, the 

Bait, Vessel Id, and length of main line covariates were highly significant (p-value 

<0.1 %), followed by the age of the main line (p-value<5%). 

Area, Quarter, Vessel Id, length of branch line and length of main line were highly 

significant (p-value <0.1 %) for the YFT GLMs undertaken using the full data, 

followed by the start time of set covariate (p-value<l %). However, only area, start 

time of set, sea conditions and age of main line were significant (p-value <5%) for 

YFT GLMs undertaken using its cluster subset. 
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For ALB GLMs undertaken using both the full data and its cluster subset, year, area 

and bait were highly significant (p-value <0.1 % ). For ALB GLMs using the full data, 

Vessel Id and length of main line were also highly significant (p-value <0.1 %) 

followed by length of branch line and MOON (p-value <1 %), and then Quarter and 

SST (p-value <5% ), whereas for ALB GLMs undertaken using the cluster subset, 

SST was highly significant (p-value <0.1 %), followed by Quarter and MOON (p

value <1 %), and then length of flo~t line (p-value <5%). 

Area, Quarter and Bait had a strongly significant influence on the nominal CPUE for 

SBT (p-value <0.1 %) when the GLM was undertaken using the full data, followed by 

length of float line and length of branch line (p-value <5% ), whereas for SBT GLMs 

using the cluster subset, length of branch line and SST were highly significant (p

value <0.1 %), followed by sea conditions and MOON (p-value <1 %), and then Year 

(p-value <5%). 

Area, Quarter, Bait, Vessel Id and length of main line covariates are the most 

common variables that significantly influenced the nominal CPUEs of the four tuna 

species in GLMs using both full data and associated cluster subsets. However, when 

HBF is included in the best model (as it was for the YFT and SBT cluster subset 

models), these variables did not influence the nominal CPUEs of the associated data 

sets (p-value > 10% ). 
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Table 6.6.List of model option for BET using the full data set, in order of increasing 
AIC (such that Model 1 is the statistically optimal model). Model option no. 4 is used 
as an alternative model (with the inclusion of Year factor). 
No. Model Options AIC 
1. Catch - Area+ Quarter+ Bait+ Vessel_Id + Start_time_of_setting + 3124.26 

Sea_conditions + Length_of_float_line + Length_of_main_line + 
Age_of_main_line + poly(SST, 2) + offset(log(TotalHook)) 

2. Model 1 plus 3125.96 
- Length_ of_branch_line • 

3. Model 1 plus 3127.72 
- Length_of_branch_line 
- MOON 

4. Model 1 plus 3129.17 
- Year 
- Length_of_branch_line 
- MOON 

Table 6.7 List of model option for BET using the cluster subset in order of 
increasing AIC (such that Model 1 is the statistically optimal model). 
No. Model AIC 
1. Catch - Year+ Quarter+ Bait+ Vessel_Id + Start_time_of_setting + 2623.56 

Sea_conditions + Length_of_float_line + Length_of_main_line + 
Age_of_main_line + poly(SST, 2) + offset(log(TotalHook)) 

2. Model 1 plus 2624.94 
- Length_of_branch_line 

3. Model 1 without 2625.33 
- Year 

4. Model 1 plus 
- HBF 2626.68 
- Length_ of_branch_line 

5. Model 1 plus 
- HBF 2628.64 
- Length_of_branch_line 
- MOON 

Table 6.8 List of model option for YFf using the full data set, in order of increasing 
AIC (such that Model 1 is the statistically optimal model).Model option no. 5 is used 
as an alternative model (with the inclusion of Year factor). 
No. Model AIC 
1. Catch - Area+ Quarter+ Vessel_Id + Start_time_of_setting + 2175.07 

Length_of_branch_line + Length_of_main_line + 
offset(log(TotalHook)) 

2. Model 1 plus 2176.03 
- HBF 

3. Model 1 plus 2177.24 
- HBF 
- Length of float line 

339 



No. Model AIC 
4. Model 1 plus 2179.03 

.. HBF 

.. Length_of_float_line 

.. Age_of_main_line 

5. Model 1 plus 2188.51 
.. Year 
.. HBF 
.. Sea_conditions 
.. Length_of_float_line 
.. Age_of_main_line 
.. MOON 
.. poly(SST, 2) 

Table 6.9 List of model option for YFf using the cluster subset in order of 
mcreasmg AIC ( h th M d 1 1 . th . 11 1 d 1) sue at o e IS e statlstlca y optima mo e . 
No. Model AIC 

1. Catch - Year + Area + HBF + Start_time_of_setting + 932.99 
Sea_conditions + Length_of_..:float_line + Length_of_branch_line + 
Length_of_main_line + Age_of_main_line +MOON+ 
offset(log(TotalHook)) 

2. Model 1 without 934.59 
.. Start_time_of_setting 

3. Model 1 plus 936.72 
.. poly(SST, 2) 

Table 6.10 List of model option for ALB using the full data set in order of increasing 
AIC ( h th M d 1 1 . th . . 11 . 1 d 1) sue at o e IS e statlstlca y optima mo e . 
No. Model AIC 
1. Catch - Year + Area + Quarter + Bait + Vessel_Id + Length_of_float_line 2266.21 

+ Length_of_branch_line + Length_of_main_line + Age_of_main_line + 
MOON+ poly(SST, 2) + offset(log(TotalHook)) 

2. Model 1 without 2266.23 
.. Age_of_main_line 

3. Model 1 plus 
.. HBF 2267.31 

4. Model 1 plus 
.. HBF 2269.23 
.. Sea_ conditions 

Table 6.11 List of model option for ALB using the cluster subset in order of 
. . AIC ( h th M d 1 1 . th . . 11 . 1 d 1) mcreasmg sue at o e IS e statlstlca y optima mo e . 
No. Model AIC 
1. Catch - Year+ Area + Quarter + Bait + Length_of_float_line + MOON + 

poly(SST, 2) + offset(log(TotalHook)) 1449.39 

2. Model 1 plus 
.. Length of branch line 1449.64 
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No. Model AIC 
3. Model 1 without 1450.5 

- Quarter 

4. Model 1 plus 
- Sea_ conditions 1450.95 
- Length_of_branch_line 

5. Model 1 plus 
- Sea_conditions 1452.49 
- Length_of_branch_line 
- Age_of_main_line + 

6. Model 1 plus 
- Sea_ conditions 1454.11 

c - Length_of_branch_line 
- Length_of_main_line 
- Age_of_main_line 

Table 6.12 List of model option for SBT using the full data in order of increasing 
AIC (such that Model 1 is the statistically optimal model). Model option no. 5 is used 
as an alternative model (with the inclusion of Year factor). 
No. Model AIC 
1. Catch - Area + Quarter+ Bait+ Length_of_float_line + 796.81 

Length_of_branch_line +MOON+ offset(log(TotalHook)) 

2. Model 1 plus 797.6 
- Length_ of_main_line 

3. Model 1 plus 799.32 
- Length_ of_main_line 
- Age_of_main_line 

4. Model 1 plus 801.15 
- HBF 
- Length_of_main_line 
- Age_of_main_line 

5. Model 1 plus 820.84 
- Year 
- HBF 
- Vessel_ld 
- Start_time_of_'.setting 
- Sea_conditions 
- Length_of_main_line 
- Age_of_main_line + 
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Table 6.13 List of model option for SBT using the cluster subset in order of 
increasing AIC (such that Model 1 is the statistically optimal model). Model option 
no. 5 is used as an alternative model (with the inclusion of Year factor). 
No. Model AIC 
1. Catch - Year+ HBF + Start_time_of_setting + Sea_conditions + 92.79 

Length_of_branch_line + Length_of_main_line + Age_of_main_line + 
MOON+ poly(SST, 2) + offset(log(TotalHook)) 

2. Model 1 plus 94.78 
- Area 

3. Model 1 plus 96.76 
- Area 
- Length_of_float_line 

Table 6.14 Summary of significance level for each explanatory variable in the GLMs 
fitted using the full data set and cluster subset for each s ecies. 

BET YFr ALB SBT 

Full Cluster Full Cluster Cluster Full Cluster 

Year 

Area 

Quarter 

HBF 
Bait 

Vessel Id 

Start time of settin 

Sea conditions 

Len th_of_float_line 

Len th_of_branch_line 

Lene:th_of_main_line 

A e_of_main_line 

MOON 

Significance codes: 0 '***' 0.001'**'0.01'*'0.05 '.' 0.1''1 

Variable included in the best GLM model (i.e. the smallest AIC) 
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Figure 6.9 Quarterly time series between 2005 and 2007 for nominal and standardised CPUEs using the full data and cluster subset for the four tuna 
species (BET, YFf, ALB and SBT). The nominal and standardised values are re-scaled relative to their respective grand means. 
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Figure 6.10 Quarterly time series between 2005 and 2007 for standardised CPUEs using the full data set for BET, YFf and SBT predicted using the 
alternative models (i.e. that included the Year effect). The standardised values are re-scaled relative to their respective grand means. 
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Table 6.15 Predicted values of standardised CPUEs for BET, YFf, ALB and SBT using full data and cluster subset with its associated standard errors. 
Th t d d. d CPUE f d t th th t f . t k t ese s an ar ise s are rom very scarce a a, us ey are no or use many s oc assessmen s. 

BET YFT ALB SBT 
Full data Cluster subset Full data Cluster subset Full data Cluster subset Full data 

CPUE CPUE CPUE CPUE CPUE CPUE CPUE 
Index SE Index SE Index SE Index SE Index SE Index SE Index SE 

- - - - - - - - - - - - - -
- - - - - - - - - - - - - -

0.0276 0.4947 0.0172 0.2771 0.0015 0.0144 - - 0.1038 2.5783 0.1428 0.9632 0.0020 0.0376 
0.0255 0.4600 0.0152 0.2452 0.0007 0.0073 0.2743 3.5009 0.0700 1.7295 0.1236 0.8316 0.0058 0.1111 
0.0529 0.9650 0.0199 0.3204 0.0024 0.0229 0.3018 0.3883 0.0190 0.4334 - - 0.0217 0.4045 
0.0344 0.6185 0.0167 0.2714 0.0029 0.0277 0.3018 0.3883 0.0614 1.4697 0.6308 4.4446 0.0014 0.0318 
0.0276 0.4947 0.0124 0.2026 0.0015 0.0144 0.3018 0.3883 0.0714 1.8032 0.3505 1.6664 0.0020 0.0376 
0.0255 0.4600 O.OllO 0.1796 0.0007 0.0073 0.3018 0.3883 0.0482 1.2126 0.3035 1.4121 0.0058 O.ll 11 
0.0529 0.9650 0.0231 0.3732 0.0024 0.0229 0.4054 1.0082 0.0616 1.3832 0.2945 1.8253 0.0217 0.4045 
0.0344 0.6185 0.0194 0.3120 0.0029 0.0277 0.4054 1.0082 0.1993 4.6942 0.2709 1.7609 0.0014 0.0318 
0.0276 0.4947 0.0144 0.2328 0.0015 0.0144 0.4054 1.0082 0.2317 5.8719 0.1505 0.9293 0.0020 0.0376 
0.0255 0.4600 0.0127 0.2072 0.0007 0.0073 0.4054 1.0082 0.1563 3.9513 0.1303 0.8147 0.0058 0.1111 
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Quarterly nominal and standardised CPUEs (relative abundance indices) between 

2005 and 2007 from the full data and the cluster subsets are shown in Figure 6.9, 

and the predicted values of the standardised CPUEs and the associated standard 

errors are given in Table 6.15. The standardised CPUEs were predicted using the 

best models for each species (Table 6.6-Table 6.13). The nominal and standardised 

values are re-scaled relative to their respective grand means. Since only a short time 

series was available, it is difficult to infer any strong temporal or seasonal abundance 

patterns, but this approach forms a template for undertaking standardisations as a 

longer time series of data becomes available. 

The nominal time series for the cluster subsets closely resembled those for the full 

data, with the most noticeable difference being for BET and SBT in quarter 1 of 

2007, YFr in quarter 2 of 2006 and YFr in quarter 4 of 2007. Here the nominal 

CPUE of BET and YFf decreased when using the cluster subset but increased when 

using the full data relative to quarter 4 of 2006 (for BET), and relative to quarter 1 of 

2006 and quarter 3 of 2007 (for YFf) (Figure 6.9). The nominal CPUE of SBT in 

quarter 1 of 2007 increased when using the cluster subset but decreased when using 

the full data relative to quarter 4 of 2006 (Figure 6.9). The temporal trend in nominal 

CPUEs for BET were relatively stable compared to those for YFf, ALB and SBT, 

except for four spikes (in quarter 3 of 2005, quarter 4 of 2006 and quarters 2 and 3 of 

2007). ALB nominal CPUEs fluctuated interseasonally with the highest peak 

occurring in quarter 2 of 2007. The nominal CPUEs for YFf varied over time but 

showed an overall increase. Likewise, nominal CPUEs for SBT varied over time 

(although this was only inferred from very few points). 
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The standardised time series trends for the cluster subsets were reasonably similar 

relative to those obtained using the full data, with the exception of YFf and ALB. A 

more consistently increasing abundance pattern for YFf was seen for the 

standardised index using the cluster subset. This temporal increase in the 

standardised index for YFf obtained using the cluster subset suggests that the 

refative abundance pattern is affected if sets where YFf is not (apparently) actively 

targeted are included in the standardisation. For ALB, the standardised index 

obtained using the cluster subset is more temporally stable (except in quarter 2 of 

2006) whereas the standardised index obtained using the full data set fluctuates more 

and suggests an overall increase. The standardised index for ALB obtained using the 

full data set shows peaks in quarter 3 of 2006 and 2007 (with the highest in quarter 3 

of 2007). The standardised indices for SBT using the full data set showed temporal 

fluctuation. There were too few data points for the cluster subset SBT for temporal 

trends to be discerned. There were 36 data points with only two from 2005 and 7 

from 2007. This is partly because SBT is not directly targeted. This then implies that 

the estimated coefficients, particularly those for the Year effect, are highly uncertain, 

and this leads to predictions that are highly uncertain (CVs of over 100%, where CV 

is the ratio between the standard error and the mean (Appendix 6.3)), and therefore 

meaningless. 

The best models for BET, YFT and SBT using the full data (Table 6.6, Table 6.8 

and Table 6.12) do not include the Year factor. The next best models that have the 

lowest AIC while including the Year effect and have the smallest AIC (termed 

"alternative models" were plotted for those species in Figure 6.10. The standardised 

CPUEs using the full data for 2007 were slightly higher for BET and YFT, and more 

than double for SBT in any quarters relative to those in 2006. However, the 
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comparison within this chapter used the best model for all species using both full 

data and cluster subset. 

Comparing the standardised CPUE trends between species for the GLMs undertaken 

using the full data set, the standardised time series was relatively stable for BET, 

YFf and SBT, except for the two spilces for BET, YFf and SBT (in the first quarter 

of 2006 and 2007) (Figure 6.9). The ALB standardised time series using the full data 

set was variable but consistently higher in quarter 3 of 2006 and 2007. This pattern in 

the standardised indices had previously been obscured by the fishing practices, most 

significantly by fishing area, bait, vessel, length of main line and length of branch 

line (in order of decreasing statistical significance) (Table 6.14). 

Similarly, the standardised CPUE trends between species using the cluster subset 

was relatively stable for BET and YFT, except for the two spilces for BET in the first 

quarter of 2006 and 2007 (Figure 6.9). The standardised CPUE trend for the ALB 

cluster subset model, however, showed a decreasing trend since quarter 2 of 2006 

(Figure 6.9). 

When comparmg nominal and standardised trends, the general effect of the 

standardisation was to smooth extreme peaks and troughs in the nominal CPUE time 

series. The spilces and troughs in the BET nominal time series that were smoothed by 

standardisation were spilces in quarter 3 of 2005, quarter 4 of 2006, quarters 3 and 4 

of 2007, and a trough in quarter 3 of 2006 and quarter 1 of 2007 (Figure 6.9). For the 

ALB nominal time series, the spilces in quarter 4 of 2006 and quarter 2 of 2007 were 

smoothed, such that consistent peaks in quarter 3 became evident in the standardised 

time series using the full data set. For YFT, the spilces in quarters 2 and 3 of 2006 
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were smoothed when using the full data set, but a peak occurred in the standardised 

indices in quarters 1 and 2 of 2007 when using the full data set. Two peaks (in 

quarter 1 of 2006 and quarter 3 of 2007) and three troughs (in quarter 4 of 2005, 

quarter 4 of 2006 and 2007) were smoothed the YFf nominal time series when 

standardising using its cluster subset. 

6.4 Discussion 

A useful outcome of the cluster analysis was that the differences observed between 

clusters can be used to attempt to characterise the fishery. Fishing techniques and 

targeting practices suggest that the fishery is targeting more than one species and 

using different targeting practices. Tuna catch proportions of the main seven selected 

clusters suggested that there was single species and mixed species targeting of tuna 

in this fishery, with the majority of sets targeting BET, ALB or a combination of 

YFT and BET. Few of the observed sets seem to target SBT. Those that did occurred 

mostly south of 20°S, consistent with the finding that SBT were targeted by some 

vessels fishing south of 20°S (Davis et al., 2005, Proctor et al., 2007). There was 

clear spatial separation between clusters. BET and a combination of BET and YFf 

were targeted mainly in the Indian Ocean above 20°S, while ALB and SBT were 

targeted in the Indian Ocean below 20°S. Spatial segregation between clusters has 

also been observed in the Japanese longline fishery off Western Australia (Dowling 

and Campbell, 2001). In addition, there were differences between clusters in terms of 

fishing month and fishing techniques (including HBF, start time of setting and bait 

used). The results of the cluster analysis suggested that fishers who targeted BET 

fished in the northern part of the Eastern Indian Ocean (above 20°S) by using deep 

longlines (16 HBF on average) and predominantly using LMR as bait. ALB were 

apparently targeted by fishing in the Eastern Indian Ocean south of 20°S, 
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predominantly using deep longlines and using LMR and CHG as bait. However, 

these interpretations are coarse as the cluster analysis was undertaken on data from 

only the five companies (out of 30 tuna fishing companies operating out of Benoa 

Fishing Port) which currently participate in the trial Observer Program. Therefore, to 

be able to draw more reliable interpretations on the target species and targeting 

practices across the whole fleet, more companies need to be encouraged to 

participate in the program to achieve better coverage of the fleet. 

The robustness of CPUE standardisations based on cluster analysis has been verified 

by He et al. (1997). This cluster-based CPUE standardisation has been widely used 

previously (e.g. He et al., 1997, Dowling and Campbell, 2001). However, the 

qualitative judgment used to identify species being targeted for each cluster is 

essential in forming the main four subsets (BET, YFT, ALB and SBT subsets) on 

which the CPUE standardisation was conducted, and in turn can influence the results 

of the standardisation. Therefore, consistent and transparent judgment must be shown 

when classifying individual clusters. Here the criterion used was that a species had to 

comprise at least 20% of the total tuna proportion in a cluster for the sets in that 

cluster to be deemed to be targeting that species. It is recommended to combine 

clusters of single species targeted with cluster/$ that target mixed species to form a 

subset on which to undertake GLM. 

Across the four tuna species, temporal trends of nominal CPUEs were significantly 

influenced by different factors either associated with fishing practices and/or 

environmental conditions. Area, Quarter, Bait, Vessel Id and length of main line 

covariates were the most common variables that significantly influenced the nominal 

CPUEs of the four tuna species whether considering either the full data or the 
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associated cluster subset. Similarly, effects of area and season (month or quarter) 

were reported to significantly influence nominal CPUEs of YFf caught by Japanese 

longline vessels (from 1975-1998) (Nishida, 2000) and Japanese, Korean and 

Taiwanese longline vessels (from 1970-1992) (Nishida, 1995) operating in the 

Western fudian Ocean. fu contrast, HBF did not influence (p-value > 10%) the 

nominal CPUEs when HBF was included in the best model of YFT and SBT cluster 

subsets observed from the Indonesian longline fleet. Different results were shown by 

Nishida (2000) where HBF significantly influenced nominal YFf CPUEs for the 

Japanese longline vessels operating in the Western fudian Ocean from 1975-1998. 

Importantly, by eliminating the effect of fishing strategies and environmental 

variables from the CPUE signal, some extreme peaks and troughs in the nominal 

CPUE time series were smoothed in the standardised CPUE time series. The high 

degree of temporal variability that is still shown in the standardised CPUE trends 

further suggests that the data are too sparse give an accurate indication of abundance. 

However, this may also suggest that variables used in the GLMs do not sufficiently 

account for all of the confounding factors, or the abundance may indeed be truly 

variable. 

As Bait type and Vessel Id proved to be particularly difficult factors to deal with for 

the relatively smaller data sets (YFf, ALB and SBT cluster subsets), better recording 

of Bait information (for example, recording hook positions of each bait species) in 

future would help. It may be more appropriate to group Bait type and also Vessel Id 

into smaller numbers of categories, but this was beyond the scope of this study, and 

given the information available, it would not have been a straightforward exercise. 
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In this current standardisation, several models including interaction terms between 

year and area, between quarter and area, and between year and quarter were trialled. 

However, coefficients of the interaction terms were infinite and this resulted in null 

indices. This again was due to the data scarcity when it was grouped in combination 

of the two effects (i.e. year and area, quarter and area, and year and quarter). 

Therefore, these interaction terms were removed from .the GLM. As more data 

become available in future, it will be more feasible to include interaction terms in the 

GLMs. Such interactions are likely to be significant, given the experience of other 

researchers working with larger data sets. Maunder and Punt (2004) stated that 

interactions among factors commonly occur when standardising catch and effort data 

(e.g. Okamoto and Miyabe, 1998, Matsumoto, 2000a, Nishida, 2000, Okamoto and 

Shono, 2008), meaning that simple interpretations of the main effect cannot be used 

as the basis to develop an index of abundance (Maunder and Punt, 2004). 

In conducting CPUE standardisations, the short time series currently available for the 

Observer Program data means it is difficult to infer any strong temporal or seasonal 

abundance patterns. In addition, given that spatial and fleet coverage limitations of 

the data set, it should be emphasised the resulting indices would not yield meaningful 

results if used to inform a stock assessment. Thus the standardised indices presented 

in this chapter should not be used as input to any stock assessments. Once more data 

become available, clear temporal and seasonal patterns might become apparent. 

However, the aim here was to develop a protocol for undertaking standardisations as 

a longer time series of data becomes available. In the interim, the current 

standardisation can give some indication of which factors may significantly influence 

the nominal time series and the cluster analyses provide revealing insights as to the 

nature of the fishery. 
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6.5 Appendix 

Appendix 6.1 Randomised quantile residual diagnostic for BET, YFT, ALB and 
SBT GLMs using full data and cluster subset. 
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Appendix 6.2 Analysis of variance for BET, YFT, ALB and SBT GLMs using full 
data and cluster subset, and the best and full models. 

1. BET indices using full data 
a. Summary for the Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 789 2652.82 

Area 4 708.46 785 1944.36 91.5532 < 2.2e-16 *** 
Quarter 3 0.26 782 1944.1 0.0455 9.87E-01 

Bait 18 292.71 764 1651.39 8.4059 < 2.2e-16 *** 
Vessel Id 22 194.59 742 1456.8 4.5721 3.88E-11 *** 
Start time of setting 5 16.74 737 1440.06 1.7302 l.25E-01 

Sea conditions 1.82 736 1438.24 0.9425 3.32E-01 

Length_ of_float_line 0.12 735 1438.12 0.0612 0.80465 

Length_of_main_line 38.38 734 1399.74 19.8385 9.75E-06 *** 
Age_of_main_line 9.04 733 1390.7 4.6744 0.03094 * 
EOly(SST, 2) 2 17.55 731 1373.14 4.5372 0.01101 * 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

b. Summary for the 4th Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 789 2652.82 

Year 2 47.6 787 2605.21 12.2558 5.82E-06 *** 
Area 4 662.25 783 1942.96 85.2478 < 2.2e-16 *** 
Quarter 3 1.44 780 1941.52 0.2473 8.63E-01 

Bait 18 290.46 762 1651.07 8.3087 < 2.2e-16 *** 
Vessel Id 22 195.91 740 1455.15 4.5852 3.54E-11 *** 
Start time of setting 5 17.86 735 1437.29 1.8395 l.03E-01 

Sea conditions 1.7 734 1435.59 0.8748 3.50E-01 

Length_of_floaUine 0.02 733 1435.57 0.0115 0.914781 

Length_of_branch_line 5.84 732 1429.73 3.0085 8.33E-02 

Length_of_main_line 32.68 731 1397.05 16.8251 4.56E-05 *** 
Age_of_main_line 9.73 730 1387.32 5.0122 2.55E-02 * 
MOON 0.26 729 1387.06 0.1349 0.713556 

poly(SST, 2) 2 18.81 727 1368.24 4.8435 0.008136 ** 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

c. Summary for the full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 789 2652.82 

Year 2 47.6 787 2605.21 12.2405 5.91E-06 *** 
Area 4 662.25 783 1942.96 85.1415 < 2.2e-16 *** 
Quarter 3 l.44 780 1941.52 0.247 8.63E-Ol 

HBF 1 3.3 779 1938.22 1.6966 l.93E-01 

Bait 18 293.41 761 1644.81 8.3827 < 2.2e-16 *** 
Vessel Id 22 191.82 739 1452.99 4.4839 7.82E-ll *** 
Start time of setting 5 17.46 734 1435.53 1.7958 0.111378 

Sea conditions 1.58 733 1433.95 0.814 3.67E-01 

Length_of_float_line 7.07E-05 732 1433.95 3.63E-05 0.995192 

Length_of_branch_line 5.45 731 1428.5 2.8021 0.094574 
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Df Deviance Resid. Df Resid. Dev F Pr(>F) 

Length_of_main_line 3.l5E+Ol 730 1397.04 l.62E+Ol 6.37E-05 *** 
Age_of_main_line 9.72 729 1387.31 4.9992 0.025662 * 
MOON 0.26 728 1387.05 0.1339 7.l5E-Ol 

EOly(SST, 2) 2 18.81 726 1368.24 4.8376 0.008184 ** 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

2. BET indices using BET cluster subset 
a. BET Cluster Summary for the Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 554 1459.73 

Year 2 2.69 552 1457.05 0.6964 0.498843 

Quarter 3 22.31 549 1434.73 3.8528 0.009575 ** 
Bait 15 263.87 534 1170.86 9.1128 < 2.2e-16 *** 
Vessel Id 21 168.41 513 1002.46 4.1542 3.83E-09 *** 
Start time of setting 5 20.85 508 981.61 2.1602 0.057265 

Sea conditions 1.53 507 980.08 0.7946 0.373151 

Length_of_float_line 3.07 506 977 1.5924 0.207565 

Length_of_main_line 36.97 505 940.04 19.1491 1.47E-05 *** 
Age_of_main_line 15.61 504 924.42 8.0871 0.00464 ** 
20Iy(SST, 2) 2 6.68 502 917.75 1.7299 0.178354 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

b. BET Cluster Summary for the full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 554 1459.73 

Year 2 2.69 552 1457.05 0.69 0.502061 

Area 4 60.8 548 1396.25 7.8011 4.21E-06 *** 
Quarter 3 9.68 545 1386.57 1.6556 0.175718 

HBF 5.38 544 1381.19 2.7623 0.09714 

Bait 15 232.23 529 1148.96 7.946 3.62E-16 *** 
Vesselld 21 156.13 508 992.83 3.8158 4.21E-08 *** 
Start time of setting 5 20.9 503 971.93 2.1451 0.058936 

Sea conditions 1 2.77 502 969.16 1.4241 0.233304 

Length_ of_float_line 4.51 501 964.65 2.3144 0.128821 

Length_of_branch_line 2.69 500 961.96 1.3789 0.240861 

Length_of_main_line 30.61 499 931.35 15.7103 8.47E-05 *** 
Age_of_main_line 1 15.08 498 916.27 7.7406 0.005605 ** 
MOON 1 0.02 497 916.25 0.0124 0.911503 

20Iy(SST, 2) 2 5.09 495 911.16 1.3062 0.271774 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

3. YFT indices using full data 

YFT Summary for the Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 742 2543.28 

Area 4 326.54 738 2216.74 37.986 < 2.2e-16 *** 
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Df Deviance Resid. Df Resid. Dev F Pr(>F) 

Quarter 3 183.68 735 2033.06 28.488 < 2.2e-16 *** 
Vessel Id 21 539.01 714 1494.05 11.943 < 2.2e-16 *** 
Start time of setting 5 44.61 709 1449.44 4.151 l.OIE-03 ** 
Length_of_branch_line I 25.79 708 1423.65 12.002 5.64E-04 *** 
Length_ of_mail}_line 35.64 707 1388.01 16.585 5.18E-05 *** 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

YFf Summar~ for the 5th Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 742 2543.28 

Year 2 298.62 740 2244.67 69.1318 < 2.2e-16 *** 
Area 4 368.94 736 1875.73 42.7058 < 2.2e-16 *** 
Quarter 3 38.5 733 1837.23 5.9426 0.000528 *** 
HBF 35.81 732 1801.41 16.5812 5.20E-05 *** 
Vessel Id 21 321.92 711 1479.49 7.0979 < 2.2e-16 *** 
Start time of setting 5 40.92 706 1438.57 3.7895 2.15E-03 ** 
Sea conditions 1.21 705 1437.36 0.56 0.45453 

Length_of_float_line 1 0.18 704 1437.18 0.0831 7.73E-01 

Length_of_branch_line 1 22.35 703 1414.83 10.348 l.36E-03 ** 
Length_of_main_line 1 33.55 702 1381.28 15.5348 8.92E-05 *** 
Age_of_main_line 1 2.16 701 1379.12 0.9997 0.317732 

MOON 1 0.9 700 1378.22 0.4165 5.19E-Ol 

Eoly(SST, 2) 2 2.35 698 1375.87 0.5451 5.80E-Ol 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

YFf Summary for the full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 742 2543.28 

Year 2 298.62 740 2244.67 68.7483 < 2.2e-16 *** 
Area 4 368.94 736 1875.73 42.4689 < 2.2e-16 *** 
Quarter 3 38.5 733 1837.23 5.9096 5.54E-04 *** 
HBF 1 35.81 732 1801.41 16.4892 5.46E-05 *** 
Bait 17 29.9.97 715 1501.44 8.1247 < 2.2e-16 *** 
Vessel Id 21 99.3 694 1402.14 2.1773 l.80E-03 ** 
Start time of setting 5 23.47 689 1378.67 2.1615 5.67E-02 

Sea conditions 0.91 688 1377.76 0.4174 5.18E-01 

Length_of_float_line 0.56 687 1377.2 0.2592 0.610806 

Length_of_branch_line 17.94 686 1359.26 8.2606 4.18E-03 ** 
Length_of_main_line 2.72E+Ol 685 1332.08 l.25E+Ol 0.000431 *** 
Age_of_main_line 1.9 684 1330.17 0.8762 0.349585 

MOON 2.02E+OO 683 1328.16 9.28E-Ol 3.36E-Ol 

EOly(SST, 2) 2 0.59 681 1327.57 0.1362 0.872682 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 
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4. YFT indices using YFT cluster subset 

a. Summary for the 2°d Best Model 

Df Dviance Resid. Df Resid. Dev F Pr(>F) 

NULL 195 227.436 

Year 2 1.477 193 225.959 0.6678 0.51414 

Area 3 9.27 190 216.689 2.7945 0.04177 * 
HBF 2.103 189 214.586 1.9022 0.16957 

Start time of setting 5 14.324 184 200.261 2.5909 2.73E-02 * 
Sea conditions 4.773 183 195.488 4.3165 0.03918 * 
Length_of_float_line 4.131 182 191.358 3.7356 0.05485 

Length_of_branch_Iine 3.158 181 188.199 2.8563 0.09277 

Length_of_main_Iine 4.018 180 184.182 3.6333 5.82E-02 

Age_of_main_line 5.3 179 178.882 4.7931 0.02987 * 
MOON 1.285 178 177.597 1.1621 0.28249 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

b. Summary the Full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 195 227.436 

Year 2 1.477 193 225.959 0.6732 0.51138 

Area 3 9.27 190 216.689 2.8175 4.06E-02 * 
Quarter 3 1.997 187 214.692 0.6069 0.61135 

HBF I 4.215 186 210.477 3.8436 0.05154 

Start time of setting 5 14.504 181 195.972 2.645 2.48E-02 * 
Sea conditions 6.065 180 189.908 5.5297 1.98E-02 * 
Length_of_float_line 4.057 179 185.85 3.6996 0.05607 

Length_of_branch_Iine 1 - 2.594 178 183.256 2.3653 0.12589 

Length_of_main_Iine 1 1.318 177 181.938 1.202 0.27445 

Age_of_main_line 1 4.053 176 177.885 3.6957 0.0562 

MOON 1.385 17~ 176.5 1.2633 2.63E-Ol 

poly(SST, 2) 2 0.79 173 175.71 0.36 0.69821 
Significance codes: 0 '***' 0.001 '**' 0.01 "*' 0.05 '.' 0.1 '' 1 

5. ALB indices ·using full data 

a. Summary for the Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 768 4345.l 

Year 2 395.3 766 3949.7 100.223 < 2.2e-16 *** 
Area 4 1651.1 762 2298.7 209.2847 < 2.2e-16 *** 
Quarter 3 19.8 759 2278.9 3.3381 0.018981 * 
Bait 17 639.9 742 1639 19.0865 < 2.2e-16 *** 
Vessel_Id 21 231.7 721 1407.2 5.5955 4.33E-14 *** 
Length_of_float_Iine 1 2.1 720 1405.1 1.0811 0.298795 

Length_of_branch_line 18.9 719 1386.1 9.6082 0.002013 ** 
Length_of_main_Iine 93.7 718 1292.4 47.5201 l.20E-l l *** 
Age_of_main_Iine 3.6 717 1288.8 1.819 0.177856 -
MOON 17.9 716 1271 9.0595 0.002705 ** 

360 



Df Deviance Resid. Df Resid. Dev F Pr(>F) 

EOly(SST, 2) 2 16.8 714 1254.1 4.2674 0.014377 * 

b. Summary for the full mode!. 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 768 4345.1 

Year 2 395.3 766 3949.7 101.3264 < 2.2e-16 *** 
Area 4 1651.l 762 2298.7 211.5889 < 2.2e-16 *** 
Quarter 3 19.8 759 2278.9 3.3749 0.018064 * 
HBF 124.l 758 2154.9 63.5933 6.16E-15 *** 
Bait 17 524.6 741 1630.2 15.8197 < 2.2c-16 *** 
Vessel Id 21 240.4 720 1389.8 5.8693 5.57E-15 *** 
Start time of setting 5 12.3 715 1377.4 1.266 0.276733 

Sea conditions 0.04579 714 1377.4 0.0235 0.878279 

Length_of_float_line 2 713 1375.4 1.0313 0.3102 

Length_of_branch_line 1 18.2 712 1357.2 9.3224 0.002349 ** 
Length_of_rnain_line 1 76.7 711 1280.5 39.3049 6.31E-10 *** 
Age_of_rnain_line 4.1 710 1276.4 2.0931 0.148409 

MOON 18.8 709 1257.6 9.6481 0.001971 ** 
Eoly(SST, 2) 2 15.2 707 1242.4 3.9051 0.020575 * 

Significance codes: 0 '***' 0.00 l '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

6. ALB indices using ALB cluster subset 

a. ALB Cluster Summary for the Best Model 
Resid. Resid. 

Df Deviance Df Dev F Pr(>F) 

NULL 281 800.66 

Year 2 61.2 279 739.45 24.5868 l.76E-10 *** 
Area 4 257.35 275 482.11 51.6902 < 2.2e-16 *** 
Quarter 3 15.2 272 466.91 4.071 0.007557 ** 
Bait 16 114.97 256 351.93 5.7734 l.19E-10 *** 
Length_of_float_line 1 4.86 255 347.08 3.9029 0.049295 * 
MOON 9.19 254 337.89 7.3812 0.007048 ** 
Eoly(SST, 2) 2 27.09 252 310.79 10.8844 2.93E-05 *** 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

b. ALB Cluster Summary for the full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 281 800.66 

Year 2 61.2 279 739.45 23.8956 3.38E-10 *** 
Area 4 257.35 275 482.11 50.2369 < 2.2e-16 *** 
Quarter 3 15.2 272 466.91 3.9565 0.00884 ** 
HBF 1 13.8 271 453.l 10.7789 0.001178 ** 
Bait 16 101.2 255 351.9 4.9391 8.83E-09 *** 
Start time of setting 5 2.22 250 349.68 0.3461 0.884438 

Sea conditions 0.2 249 349.48 0.1596 0.689846 

Length_of_float_line 4.73 248 344.75 3.6905 0.055897 

Length_of_branch_line 1.99 247 342.76 1.5554 0.21354 

Length_of_rnain_line 1 5.37 246 337.39 4.1918 0.0417 * 
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Of Deviance Resid. Of Resid. Dev F Pr(>F) 

Age_of_main_line 1.62 245 335.77 1.266 0.261625 
MOON 8.07 244 327.71 6.2979 0.012743 * 
poly(SST, 2) 2 22.44 242 305.26 8.7614 0.000212 *** 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' l 

7. SBT indices using full data 

SBT Summary for the Best Model 

Of Deviance Resid. Of Resid. Dev F Pr(>F) 

NUTJ. 536 855.73 

Area 3 210.4 533 645.33 34.7271 < 2.2e-16 *** 
Quarter 3 70.16 530 575.17 11.5808 2.34E-07 *** 
Bait 11 153.12 519 422.05 6.8927 6.76E-l 1 *** 
Length_ of_float_line 1 11.5 518 410.55 5.6968 l.74E-02 * 
Length_of_branch_line 1 12.9 517 397.64 6.3883 l.18E-02 * 
MOON 5.1 516 392.55 2.5243 l.13E-01 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' 1 

SBT Summary for the 5lh Best Model 

Of Deviance Resid. Of Resid. Dev F Pr(>F) 

NULL 536 855.73 

Year 2 77.44 534 778.29 29.6948 6.68E-13 *** 
Area 3 142.04 531 636.25 36.3122 < 2.2e-16 *** 
Quarter 3 90.94 528 545.31 23.2474 4.35E-14 *** 
HBF 30.35 527 514.97 23.2746 l.88E-06 *** 
Bait 11 93.61 516 421.36 6.5262 3.46E-10 *** 
Vessel Id 13 31.31 503 390.05 1.847 0.033963 * 
Start time of setting 5 10.57 498. 379.48 1.6211 l.53E-Ol 

Sea conditions 1 6.77 497 372.72 5.1898 2.31E-02 * 
Length_of_float_line 1 17.48 496 355.24 13.4024 2.79E-04 *** 
Length_of_branch_line 2.68 495 352.56 2.0548 0.152366 

Length_of_main_line 1.35 494 351.21 1.0355 3.09E-Ol 

Age_of_main_line 1 5.04 493 346.17 3.8643 0.049887 * 
MOON 1 10.4 492 335.77 7.9768 4.93E-03 ** 

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

SBT Summary for the Full Model 

Of Deviance Resid. Of Resid. Dev F Pr(>F) 

NULL 536 855.73 

Year 2 77.44 534 778.29 29.0635 l.18E-12 *** 
Area 3 142.04 531 636.25 35.5401 < 2.2e-16 *** 
Quarter 3 90.94 528 545.31 22.7532 8.33E-14 *** 
HBF 1 30.35 527 514.97 22.7798 2.40E-06 *** 
Bait 11 93.61 516 421.36 6.3875 6.25E-10 *** 
Vessel Id 13 31.31 503 390.05 1.8078 0.039217 * 
Start time of setting 5 10.57 498 379.48 1.5866 0.162191 

Sea conditions 6.77 497 372.72 5.0795 2.47E-02 * 
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Df Deviance Resid. Df Resid. Dev F Pr(>F) 

Length_of_float_line 17.48 496 355.24 13.1174 0.000323 *** 
Length_of_branch_line 2.68 495 352.56 2.0111 0.15679 

Length_of_main_line l.35E+OO 494 351.21 l.OlE+OO 0.31456 

Age_of_main_line 5.04 493 346.17 3.7821 0.052375 

MOON l 10.4 492 335.77 7.8072 5.41E-03 ** 
Eoly(SST, 2) 2 1.02 490 334.75 0.3826 0.682314 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 '' l 

8. SBT indices using SBT cluster subset 

a. SBT Cluster Summary for the Best Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 35 12.60?.?. 

Year 2 1.3747 33 11.2274 5.536 0.010897 * 
HBF 1 0.0009 32 11.2265 0.0075 0.931773 

Start time of setting 2 0.4103 30 10.8162 1.6522 0.213568 

Sea conditions 1 l.0629 29 9.7533 8.5606 0.007601 ** 
Length_of_branch_line 1 2.1425 28 7.6108 17.2556 0.000384 *** 
Length_of_main_line 1 4.93E-05 27 7.6107 0.0004 0.98428 

Age_of_main_line 0.0106 26 7.6001 0.0856 0.772435 

MOON 1 1.041 25 6.5591 8.3837 0.008157 ** 
EOly(SST, 2) 2 3.4242 23 3.1349 13.789 0.000116 *** 

Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

b. SBT Cluster Summary for the Full Model 

Df Deviance Resid. Df Resid. Dev F Pr(>F) 

NULL 35 12.6022 

Year 2 1.3747 33 11.2274 5.0547 0.016142 * 
Area 1 0.369 32 10.8584 2.7138 0.114364 

HBF 1 0.0167 31 10.8417 0.1227 0.72961 

Start time of setting 2 0.3717 29 10.4699 1.3668 0.276675 

Sea conditions 1 0.9108 28 9.5591 6.698 0.017159 * 
Length_of_float_line 1.2452 27 8.3138 9.157 0.006427 ** 
Length_of_branch_line 1 1.2164 26 7.0974 8.945 0.006967 ** 
Length_of_main_line 0.6414 25 6.456 4.7168 0.041471 * 
Age_of_main_line 1.7972 24 4.6588 13.2158 0.001548 ** 
MOON 1 0.5466 23 4.1122 4.0198 0.058029 

poly(SST, 2) 2 0.9795 21 3.1327 3.6014 0.04521 * 
Significance codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1' '1 
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Appendix 6.3 Summary of GLM for SBT using cluster subset 
Estimate Std. Error t value Pr(>ltl) 

(Intercept) 12.47084 5.639756 2.211 0.037234 * 
Year2006 -5.3772 1.779831 -3.021 0.00608 ** 
Year2007 6.32098 1.410837 4.48 0.00017 *** 
HBF2 6.564528 2.351509 2.792 0.010368 * 
TimeStartSet2 0.788582 0.337763 2.335 0.02865 * 
TimeStartSet3 0.830308 0.345346 2.404 0.024655 * 

"' Sea_ conditions -0.16717 0.041349 -4.043 0.000506 *** 
Length_of_branch_line 0.047209 0.032891 1.435 0.16466 

Length_ of main_ line -0.02221 0.007365 -3.016 0.00616 ** 
Age_of_main_line -4.55866 1.291756 -3.529 0.001796 ** 
MOON 0.438226 0.247132 1.773 0.089432 

poly(SST, 2)1 -5.24432 1.049212 -4.998 4.68E-05 *** 
eoly(SST, 2)2 -3.25987 0.705411 -4.621 0.00012 *** 
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CHAPTER 7: OPTIMISING DATA COLLECTION 

USING SIMULATIONS FROM AVAILABLE DATA SETS 

7 .1 Introduction 

The three data sets analysed in the previous chapters are currently the only detailed 

catch and effort data sources available for the Indonesian tuna fishery. Comparison 

of the results of exploratory analyses of each suggested that: i) each data set is 

deficient in various ways and there is limited temporal overlap between them; ii) 

either individually or combined, they are not fully representative of the activities of 

the Indonesian longline fishing fleet; and iii) it will be crucial to improve data 

collection for the Indonesian longline fleet and the ongoing Observer Program. 

The Observer Program data is the most reliable data currently available and its level 

of detail enabled a comprehensive catch-per-unit-effort (CPUE) standardisation to be 

undertaken (Chapter 6). The resulting proxy abundance indices can feed into a stock 

assessment. However, this program is still a trial with limited coverage of the fleet 

(Chapter 4). There is, therefore, an opportunity to establish robust data collection 

and monitoring protocols as part ·of a broader, formal observer program which 

Indonesia is currently planning modelled on similar, long-established programs from 

other countries, e.g. those established for Australia and New Zealand since 1981 

(Lewis, 1999) or for Japan since 1955 in the Atlantic Ocean (Matsumoto, 2005). 

In designing such programs, a common issue is the determination of the minimum 

level of coverage required (Punt, 1999). Smith et al. (1997) argued that determination 
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of the extent of observer coverage is a trade-off between cost and precision. 

However, according to Punt (1999) that argument does not actually consider an 

invaluable advantage, namely that observer data can help optimise the potential of 

achieving management objectives Several studies on determining the minimum level 

of observer coverage required have been conducted (e.g. Campbell and Hartog, 2006, 

Knuckey and Gason, 2001, Smith et al., 1997, Smith and Baird, 2008a, Smith and 

Baird, 2008b). Campbell and Hartog (2006) used a simulation to attempt to satisfy 

the Australian Fisheries Management Authority (AFMA) requirement that it could be 

confident to a specified level that the estimated swordfish catch in the Eastern Tuna 

and Billfish Fishery (ETBF) varies from the true catch by less than a certain fraction 

Smith et al. (1997) designed an Integrated Scientific Monitoring Programme (ISMP) 

by constructing a simulation model to determine the number of trips required in each 

defined sampling stratum to achieve a specified precision in estimating discard rates. 

Knuckey and Gason (2001) revised this model by using "shot" instead of "trip" .as 

sampling unit to address significant changes in the fleet dynamics of the fishery 

relative to the data on which the ISMP was originally based. Smith and Baird 

(2008a) and Smith and Baird (2008b) estimated the appropriate observer coverage to 

obtain a specified level of precision of the fur seal and seabird catch estimates, 

respectively, in New Zealand commercial fisheries: 

This chapter represents the first attempt to determine, using a simulation, the 

minimum observer coverage requ_ired to yield a representative sample of the 

Indonesian longline fleet's fishing activities, without considering the cost of the 

observer program. This study takes a similar approach to that of Campbell and 

Hartog (2006) but with different criteria used to test the performance of the observer 

sampling rates tested. 
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7.2 Methods 

A simulation model was developed to test three sampling scenarios: i) sampling 

across the whole year (scenario A); ii) sampling conducted in quarters 3 and 4 only 

(scenario B); and iii) sampling from vessels that fished close to Benoa (scenario C). 

For each scenario, five levels of observer coverage were tested, based on the 

practical constraints of the number of observers and maximum number of trips (time 

at sea) per observer. The performances of these levels of coverage were tested based 

on several criteria: representativeness of spatial distribution of sets, the prop~rtion of 

the total sets sampled, nominal CPUE for bigeye tuna, Thunnus obesus (BET), 

yellowfin tuna, T. albacares (YFT), albacore, T. alalunga (ALB) and southern 

bluefin tuna, T. maccoyii (SBT), and tuna catch composition. In lieu of a complete 

record of fleet activities (e.g. in the form of logbook catch and effort data) (Proctor et 

al., 2003), the FHS data set was used for these simulations as this data set had the 

greatest level of fleet coverage compared to the other two data sets. The subset of the 

FHS data with the most within-year temporal coverage was selected to inform the 

simulations. In this study of the Indonesian tuna fishery, the sampling unit used was 

set instead of trip, as the number of sets per trip varied from fewer than 10 to more 

than 100 sets within the pooled data set. 

For each scenario (described in Section 7.2.5), the simulation randomly samples sets 

without replacement, up to pre-specified proportions of the total number of sets, from 

the pooled FHS data subset. Five levels of observer coverage were simulated 

(explained in Section 7.2.4) and for each scenario their performance was evaluated 

in terms of representativeness of "total" fleet activities, in terms of the spatial 
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distribution and number of sets, and nominal CPUEs for the four tuna species of 

interest and for the tuna catch (Section 7.2.6). 

7.2.1 Data Overview 

As stated above, the FHS data set was used for these simulations because it contained 

the highest level of fleet coverage, but also the broadest range of fishing locations. 

I 

Thus, it was the most representative data set in terms of embracing the spatial and 

temporal extent of the fishery. 

Between 2000 and 2007, the FHS data for 2002 had the highest level of landing 

coverage (i.e. the highest proportion of landings recorded by the students relative to 
( 

the number of landings suggested by the Berroa Port-based Catch Monitoring 

Program, as per equation 2 in Chapter 3), followed by 2006 and 2005 (Table 7.1). 

However, the number of sets reported in the FHS data for 2005 and 2006 is spread 

more evenly among months than in 2002 (in 2002, -91 % of the sets were recorded 

between July and December). FHS data for 2005 and 2006 therefore have better 

temporal representation than 2002. As the simulation should be. conducted using the 

most spatially and temporally representative data available, the data set for 2005 was 

used. This was chosen over 2006 as it contained more than 1.5 times the number of 

recoded sets. A subset of the 2005 FHS data was taken, whereby only trips which 

departed in 2005, conducted at least one set in that year, and consisted of five or 

m~re sets were used. This was necessary as there were some trips that straddled 2005 

and the adjacent year (e.g. departures at the end of December 2005 that did not start 

setting until 2006), and there were three trips that reported fewer than 5 sets. After 

these exclusions, there were 13139 sets from 307 trips for the 2005 FHS. 
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As the Observer Program data also recorded catch and effort data for 2005, and there 

was no double counting of sets across the two data sets, the Observer Program data 

for 2005 were also used and combined with the FHS data for 2005 to form a data 

pool, consisting of a total of 13251 sets from 316 trips, on which the simulation was 

conducted ("2005 data" refers to the combined FHS and Observer Program data for 

2005, hereafter). 

As the FHS data for 2002 had the highest coverage in terms of number of landings, 

separate simulations were also conducted using the 2002 data (subject to the same 

criteria mentioned above and yielding 13421 sets across 551 trips). This was done to 

obtain an indication as to whether the minimum level of coverage suggested by the 

simulations varies substantially with the data set used. If there is high variability in 

the minimum suggested observer coverage levels between the 2002 and 2005 

simulations, then the higher level of coverage would be recommended overall. There 

was no Observer Program data for 2002 as this program only commenced in 2005. 

Thus, "2002 data" refers to the FHS data for 2002 only, hereafter. Scenarios tested 

by sampling the 2005 and 2002 data are described in Section 7.2.5. 
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T bi 71 S a e . ummaryo e Ort 1 f ormatlon rom th FHS d ( d f e ata mo . rom T bi 3 7 Ch t 3) a e . ' aper 
Number of 

Number of Sets Recorded by Month Effort Average 
Number 

Number vessels 

Year 
number 

of trips 
of landing at Coverage 

sets per landings Benoa (%) 
I 2 3 4 5 6 7 8 9 10 11 12 

Days 
rrotal hooks 

I-degree trip 
recorded 

recorded Fishing 
=Sets squares Port 

. 
2000 716 269 16 1001 111 4955 106 21 47 47 

-; 

200 1 14 281 2068 .2632 25~ 3002 1466 125 12140 13768741 344 20 603 603 
,., -

2002 435 190 310 58 17 44 1575 '2877 2445 2177 1469 906 12503 14369475 376 22 56 1 516 3347** 15.41 

2003 808 450 215 35 19 1337 2320 2583 2336 2152 1509 13764 16603737 547 28 485 433 3445 12.57 ·. 
,. 

2004 880 542 415 488 751 893 1449 ] 949 1801 1998 1102 979 13247 16908113 532 37 354 316 2922 10.81 .,. 

2005 1013 980 1030 870 819 997 1389 1572 1690 2022 997 642 14021 15499464 680 40 350 331 2439 13.57 

2006 441 726 738 677 926 820 806 1089 749 458 370 675 8475 9378512 548 34 247 230 1664 13.82 

2007 349 123 181 247 96 31 1027 1168945 138 27 38 38 1011 3.76 

Source: Benoa Port-based Catch Momtonng Program (Proctor et al. (2007), Proctor et al. (2006)) 
•• The number of landings in 2002 was only available from July to December (i.e. 2039 landings), thus the number of landings from January to June of 2002 was estimated as an 

average number of landings in the period between January and June of 2003-2007. 
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7.2.2 Stratification 

Smith et al. (1997) suggested that spatial and temporal stratification are the best ways 

to design a sampling protocol to ensure spatial and temporal representativeness. 

Within this study, each of the two data sets (i.e. the 2005 and 2002 data) was 

stratified separately by location (i.e. 5° x 5° square) and time of year (i.e. quarter). 

This resulted in the 2005 and 2002 data being categorised into 163 and 85 strata, 

respectively. A trip may be assigned to more than one stratum, because it may 

straddle different quarters or 5-degree blocks. Within the simulation, the selection of 

sets was conducted by firstly choosing a stratum, with higher probability of selection 

assigned to a stratum comprising the most sets (the complete algorithm is given in 

Section 7.2.3). 

7 .2.3 Simulation Algorithm 

A single iteration of the simulation involved the repetition of four steps until the 

specified level of sampling (see Section 7.2.4) was achieved. The four steps were as 

follows: i) the random selection of a stratum according to the cumulative probability 

as determined by the number of sets for each stratum, thus weighting this stage of the 

sampling by sets; ii) the random selection of a trip from within the selected stratum, 

according to the cumulative probability of number of sets for each trip (i.e. trips 

weighted by sets); iii) the sampling of all sets within that trip (irrespective of whether 

or not that trip straddled more than one stratum); and iv) an estimation of the number 

of fish (for BET, YFf, ALB and SBT) caught and the number of hooks set for each 

selected set, by generating random numbers from a normal distribution with mean 

and standard deviation equating to that of the actual number of observed fish and 

hooks from those selected sets. A normal distribution did not model the number of 

fish data well at very low abundances as the proportion of zeroes was high (Table 
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7.2). Although there are several competing methods that potentially accommodate 

"zero inflated" or "zero altered" distributions of count data, there is no consensus yet 

on the best methods for routine implementation (see Zeileis et al. (2008)). Thus the 

simulated data are likely to underestimate the proportion of zero and low abundance 

catches. However, the emphasis in these simulations is in comparing between 

different sampling scenarios rather than providing precise absolute estimates for 

prediction and so the sampling procedure adopted for these simulations was deemed 

adequate for these comparativ:e purposes. 

Table 7.2 Proportion of sets with zero catch for BET, YFf, ALB and SBT within 
2005 and 2002 data sets 

Proportion of zero catch 
Species 

2005 data 2002 data 

BET 48.95% 52.26% 

YFf 44.62% 39.32% 

ALB 56.19% 50.73% 

SBT 87.28% 86.81% 

The above steps were repeated until the required level of coverage (as defined in 

Section 7.2.4) in terms of sets (sampling rate) was achieved. It should be noted that 

step ii) (i.e. selection of a trip) was conducted without replacement. That is, a unique 

trip (irrespective of whether it straddled strata) would not be reselected within that 

iteration. 100 iterations were undertaken for each sampling rate. For each stratum, 

the average total number of sets, fish (BET, YFT, ALB and SBT) and hooks was 

obtained across the 100 iterations. The sampling rates tested are given in Section 

7.2.4 below. 
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7 .2.4 Determination of Level of Coverage 

It is impractical to prescribe a required level of sampling in terms of the number of 

sets (Campbell and Hartog, 2006), primarily because it is difficult to specify with · 

certainty the number of sets to be made on any one trip. Sampling in terms of trips is 

a more practical approach for an observer program (Smith 'et al., 1997). However, 

from the point of view of scientific robustness, it is more appropriate to consider 

coverage in terms of numbers of sets, because of the high variability in the number of 

sets per trip (with range 6 to 146 sets per trip for 2005, and 5 to 114 sets per trip for 

2002. As such, this chapter makes recommendations of minimum coverage levels in 

terms of numbers of sets. For purposes of practical implementation, this could be 

converted to an approximately equivalent number of trips based on the average 

number of sets per trip. The number of sets per observer trip could then be monitored 

cumulatively within each fishing season and the number of trips adjusted as 

necessary. 

The sampling rates that were tested within the simulation were determined by 

considering the practical constraints of the number of observers and the maximum 

number of trips (i.e. time at sea) that each observer could realistically undertake 

within a year. There are currently 6 trained observers involved in the trial Observer 

Program. While each observer can document approximately 1 set per day, it would 

be unrealistic to expect observers to observe more than 200 sets in any given year. 

' 
This yields a maximum of 200 x 6 = 1200 sets which could currently be documented 

in any given year. According to the Benoa Port-based Catch Monitoring Program, 

there were 2439 landings by Benoa vessels in 2005. By assuming that number of 

landings is an approximation for the number of trips, then there were -2439 trips by 

Benoa vessels in that year. The average number of sets per trip in 2005 was 42 sets 
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(based on the 2005 data), which equates approximately to 102438 (= 2439 x 42) sets 

in 2005. Therefore, the maximum coverage for the 6 observers would be 1.17% (= 

1200 I 102438 x 100) of the total number of sets. If the number of observers was 

tripled to 18, still working 200 days of year each, then the maximum coverage would 

be 3.5% (= 3600 I 102438 x 100). 

The above calculation was also applied to the 2002 data set. There were 3347 

estimated landings by Benoa vessels (- 3347 trips) with an average of 24 sets per 

trip. This implies a maximum coverage of 1.49% for 6 observers and 4.48% for 18 

observers, assuming a maximum of 200 sets per observer per year. 

Therefore, the five levels of sampling rates tested within the simulation were 0.5%, 

1 %, 2%, 4% and 5% of total observed sets in a specific year. Those levels of 

sampling rate incorporate the maximum coverage of 6 and 18 observers with 200 sets 

per year per observer. 

7 .2.5 Simulation Scenarios 

Simulated sampling was conducted via the random selection of strata and trips, 

weighted towards those with stronger representation in terms of numbers of trips and 

sets, respectively. However, it is unlikely that this form of random sampling across 

strata and trips would be practically realised. To attempt to address this, simulations 

were undertaken using the 2005 data for each of three scenarios. 

The first scenario conducted sampling across the whole year as described above, and 

served as a baseline comparison. The second scenario limited sampling to quarters 3 

and 4 of the year, since this is when effort is concentrated in the FHS data, although, 
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as seen in Chapter 3, this is not representative of the temporal distribution of the 

fishing effort. It should be noted that this scenario would mean training and 

deploying more observers to achieve the sampling rate targets, since these would be 

concentrated across a shorter time span. This second scenario was used to anticipate 

the future possibility that observers may only prefer to conduct the observer program 

during the last 2 quarters of the year, as per the concentration of Fisheries High 

School student activities in those quarters, although the current trial Observer 

Program did not suggest such an occurrence. 

The third scenario sampled only vessels that fished close to Benoa, to mimic the 

likely constraint that observers might prefer to be placed on vessels which only 

fished close to port. The first, second and third scenarios are hereafter referred as 

scenarios A, Band C, respectively. As the 2002 data coverage was mostly in quarters 

3 and 4, and predominantly occurred in relatively close proximity to port (Figure 

7.4), scenarios B and C were somewhat redundant for this data set, so the 2002 data 

was only subjected to scenario A 

7.2.6 Evaluation Criteria Used 

7.2.6.l Visual 

The proportions of simulated and observed sets by 5-degree cell were compared by 

plotting them in a map using contrasting colours. This enabled a qualitative 

comparison of the spatial representativeness of the five levels of coverage tested for 

each scenario. The more matching blocks (whose proportions of simulated and 

observed sets are approximately the same) resulting for a given level of coverage, the 

higher the correspondence between the simulated and observed data. 
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7 .2.6.2 Correlation coefficient 

Pearson's correlation coefficient was used to examine the strength of the linear 

relationship between the number of sets recorded and those simulated for each 5-

degree cell aggregated across all quarters, and between the simulated and recorded 

nominal CPUE for BET, YFf, ALB and SBT for each 5-degree cell. Scatterplots 

were examined to ensure that no substantial non-linear relationships were missed, 

and no such relationships existed. The usual equation for calculating the correlation 

coefficient is given in equation 1 (Quinn and Keough, 2002). 

1=! 1=! 

where 

r is the correlation statistic, 

YI and Y2 are random variables 1 and 2, 

Yu and y;2 are values of the two variables (YI and Y2) for observation i, 

y1 and y 2 are the sample means for the variables YI and YI, 

n is the number of observations. 

7.2.6.3 Mantel's test 

Mantel's test was used to assess the similarity between the composition of the 

simulated and the observed tuna catch in any 5-degree cell. The following formula 

was used (Scheiner and Gurevitch, 2001): 

n n 

Z = LLA1jB11
,fori* j .... (2) 

1=! j=I 

where Z is the Mantel statistic, A and B are distance matrices for the simulated tuna 

catch composition and the observed tuna catch composition, respectively. The 
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distance matrix is a matrix whose elements are values (i.e. the physical distance) 

measured between individual points (in this case, the BET, YFT, ALB and SBT 

catch). i and j are identifiers for the 5-degree cells. The Bray-Curtis similarity 

measure was used to calculate the distance matrix. Mantel's test was conducted with 

1000 permutations using the Vegan package in R software. A significant positive 

association means that the simulated and observed tuna catch compositions across all 

5-degree cells are statistically similar, while a significant negative association means 

that the simulated and observed compositions are significantly statistically different. 

7.2.6.4 Difference between estimated (up-scaled) and observed catch of tuna 

species 

For each sampling rate tested, an estimate of simulated total tuna catch was 

calculated by up-scaling the simulated sampled tuna catch (the simulated tuna catch 

was divided by the sampling rate tested and multiplied by 100) (equation 4). The 

following equations (equations 3-5) (Campbell and Hartog, 2006) were used to 

calculate the difference between the simulated up-scaled and total observed catch for 

BET, YFT, ALB and SBT. 

NC 

T= :Le, .... (3) 
i=l 

NS 
S=-xlOO .... (4) 

NC . 

100 NS 

E=-:Lcs, .... (5) 
s i=l 

. abs(E-T) 
Difference= x100% .... (6) 

T 

Where T is observed total catch (number of fish), C, is observed number of fish for 

observation i, NC is the number of observations, E is estimated (up-scaled) total 

catch, CSi is simulated number of fish for sample i and NS is sample size. 
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7.3 Results 

7.3.1 Number of Sets 

The spatial distribution of the simulated and observed sets (in proportion) using the 

2005 data, for the five sampling rates tested, is given for each scenario in Figure 7.1, 

Figure 7.2 and Figure 7.3; respectively. Of the three scenarios, scenario A has the 

best spatial correspondence (i.e. has the highest number of matching blocks) between 

the simulated and observed sets (between 50-59 blocks), whereas scenario Chas the 

least (between 12-13 blocks). 

For scenario A, the number of matching blocks increased from 50 to 57 when the 

sampling rate increased from 0.5% to 2%, but with only a marginal decrease to 56 

blocks at 4% and a slight increase to 59 blocks when the sampling rate increased to 

5% (Figure 7.1). Thus, from scenario A, a 2% sampling rate would be deemed 

, adequate on the basis of this criterion. 

For scenario B, the number of matching blocks decreased from 4.9 to 47 blocks 

when the sampling rate increased from 0.5% to 2%, but then increased to 50 blocks 

at a 4% sampling rate (Figure 7.2). At a 5% sampling rate, the number of matching 

blocks decreased to the same number as when the sampling rate was 0.5%. It 

therefore seems that a sampling rate of 0.5% was adequate under scenario B on the 

basis of this criterion. 

For Scenario C, there was no difference in the number of matching blocks when 

using sampling rates of 0.5% and 1 %, but the number of matching blocks increased 

to 13 blocks at a 2% sampling rate (Figure 7.3). The number of matching blocks 
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remained at 13 blocks when sampling 4% and 5%, suggesting that 2% was the 

minimum required sampling rate for this scenario. 

The 2002 data set suggests that the number of matching blocks increased with the 

sampling rate (Figure 7.4). However, increasing the sampling rate from 0.5% to 1 % 

gave the highest increase in the number of matching blocks, i.e. an increase of 17.4% 

compared to the other sampling rates tested (7.4%, 6.9% and 6.5% increases when 

increasing the sampling rate from 1 % to 2%, from 2% to 4% and from 4% to 5%, 

respectively). Thus, 1 % was the minimum required sampling rate suggested by the 

2002 data set on the basis of this criterion. 
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(in percentage) for the 2005 data using scenario A 
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(in percentage) for the 2005 data using scenario B 
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Overall there were strong linear correlations between the observed and simulated 

data for all scenarios for both data sets, except for Scenario B for the 2005 data, 

where all correlation coefficients were less than 0.9 (all other correlations were > 

0.95) (Figure 7.5) which is also shown by Figure 7.6. For scenario B, the 0.5% 

sampling rate was as good as or better than higher sampling rates, but there is one 

outlier in all sampling rates tested (Figure 7.6). Thus Scenario B is the least 

defensible based on this criterion. Within the other scenarios, a 1 % sampling ratio 

was as good as or better than higher sampling ratios for Scenarios A and C in the 

2005 data and for the 2002 data (Figure 7.5); however, Scenario A does not seem 

linear (the number of simulated sets plateaus as the number of observed sets 

increases) Figure 7.6. 
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Figure 7.5 Pearson's correlation coefficient between the number of sets observed 
and simulated per 5-degree cell for each scenario used in the 2005 data (blue, pink 
and green lines for scenarios A, B, and C, respectively) and for the 2002 data (red 
line) 

384 



2005 data 2002 data 
Scenario A Scenario B Scenario C 

0.5% -0 

~D ~o :o :o ~ 

~ -· . 
~ 0 

~ 0 0 

;2 
: 0 0 

.,... 0 

L , , 0 

0 2000 4000 0 2000 AQOO 0 2.000 4000 0 2000 :ooo 

1% -~ :o OD OD "D IJl 
!:.! N f.() 

CJ 
0 0 0 0 

: 0 0 ° E : 0 0 : 0 

o 2000 4000 0 2000 4000 0 2.000 AOOO o 2000 :o 0 

2% f_. :D so :o =o ' a o o 
N o .,. 0 

0 
L 0 a 0 

0 2000 .!!OOO o 2000 .!OOO 0 2.000 .!!QQO 0 2aoo :ooo 

a 
-0 ;o :o 4% ~ ~o ~ s(J ::i 

E 0 0 .,... 0 
0 

'-' a a 

0 2000 4000 0 OOO AQQO 0 2000 400[} 2000 :OGO 

u 

:(] ~D :o 5% ..":: 

~ · .. ,, go -::; 
f ~ 00 0 ..... 0 

Vi 0 a 

0 2000 4000 0 2000 4000 0 2000 ~OGO 0 2(}[1(} :,ooo 
Ot;·;;en•ed 0b£"'r'•ed Ob;,,er .. •ed Ob£''-ro.'ed 

Figure 7.6 Relationship between the number of sets observed and simulated 
(averaged across the 100 iterations) per 5-degree cell for each scenario used in the 
2005 data and for the 2002 data for each sampling rate tested 

7.3.2 Nominal CPUEs for BET, YFT, ALB and SBT 

Figure 7.7 shows that in the 2005 data the simulated CPUE data was significantly 

linearly correlated with the observed CPUE data for BET, YFf and ALB across all 

sampling rates and all scenarios, with correlation coefficient values exceeding 0.75. 

The linear relationship between the observed and simulated data for BET, YFf and 

ALB for all scenarios and sampling rates tested can be seen in Figure 7.Sa-c. The 

2% sampling rate yielded as good as or better correlation than the higher sampling 
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rates tested for BET (using scenario A), YFT (using scenarios A and B) and ALB 

(using scenario C) in the 2005 data, whereas either 0.5% or I% gave the similar or 

higher correlation for those three species using other scenarios (Figure 7.7). Scenario 

C generally gave the poorest correlations (Figure 7.7). All scenarios resulted in 

negative correlations for SBT in the 2005 data (Figure 7.Sd), apparently as a result 

of the paucity of data. 

For the 2002 data set, the simulated CPUE data was significantly linearly correlated 

with the observed CPUE data for the four tuna species across all sampling rates, with 

correlation coefficient values greater than 0.5 (Figure 7.7 and F igure 7.Sa-d). The 

1 % sampling rate yielded the strongest correlation for YFf and ALB , whereas 0.5% 

and 2% sampling rates showed as good as or better correlation for BET and SBT, 

respectively. 
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Figure 7.7 Correlation coefficient between CPUE observed and simulated for BET, 
YFT, ALB and SBT per 5-degree cell 
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7.3.3 Tuna Catch and Catch Composition 

The coefficient correlation between the simulated and observed tuna catch 

composition using a Mantel's test is given in Table 7.3. The results showed that the 

simulated tuna catch composition was not significantly different (p < 0.001) from the 

observed tuna catch composition for all levels of coverage tested using any scenario. 

For the 2005 data, scenario A yielded much higher correlations than the other 

scenarios, and a 2% sampling rate was as good as or better than higher sampling 

rates in terms of the multivariate similarity between the observed and simulated catch 

compositions (except for Scenario C, where 1 % sampling rate was as good as the 

higher sampling rates). For the 2002 data, the correlations were uniformly lower than 

for 2005 using scenario A, but the 2% sampling rate was not substantially worse than 

the maximum sampling rate. 

Table 7 .3 Mantel statistic and its significance level comparing the simulated and 
observed tuna catch com£osition per 5-degree cell. 

2005 data 2002 data 

Scenario A Scenario B Scenario C 
r p-value r p-value r p-value r p-value 

0.5% 0.8104 < 0.001 0.5972 < 0.001 0.5961 < 0.001 0.6733 < 0.001 

1% 0.7677 < 0.001 0.5491 < 0.001 0.6458 < 0.001 0.6527 < 0.001 

2% 0.8788 < 0.001 0.6739 < 0.001 0.6458 < 0.001 0.6852 < 0.001 

4% 0.8392 < 0.001 0.622 < 0.001 0.6759 < 0.001 0.7016 < 0.001 

5% 0.8717 < 0.001 0.6362 < 0.001 0.6785 < 0.001 0.7243 < 0.001 

For both the 2005 (for all scenarios) and 2002 data sets, the difference between the 

estimated (up-scaled) and the observed catch for BET and YFT decreased as the 

sampling rate increased (Table 7.4) (except, sampling rates of 4% for BET and YFT 
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using scenarios C and A with the 2005 data, respectively, and 2% for BET with 2002 

data were as good as or better than higher sampling rates). Sampling rates of 2%, 

0.5% and 1 % yielded lower or similar differences in ALB catch for scenarios A, B 

and C, respectively, in the 2005 data. The 0.5% sampling rate was as good as or 

better than higher sampling ratios to represent the SBT catch using any scenario in 

the 2005 data. For the 2002 data, the ALB and SBT catch differences were similar 

when sampling at a rate of 2% relative to higher sampling rates tested. 
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Table 7.4 Difference between estimated (up-scaled) and observed number of tuna catch (in percentage) by scenario over 5 levels of coverage tested 

Level of Coverage 
Difference between 

Data Scenario estimated ( u~-scaled) and observed catch ( % ) 
(%) 

BET YFT ALB SBT 
2005 data 0.5 98.87 90.02 174.05 87.46 

1 51.18 48.63 123.21 91.52 
A 

2 38.19 35.72 63.70 89.80 (Samples from all data) 
4 28.88 22.16 86.73 91.92 
5 25.44 22.42 53.69 90.93 

0.5 96.44 65.62 92.48 74.26 
1 72.44 48.55 100.88 79.86 

B 
2 50.46 31.58 58.28 83.51 (Quarters 3 and 4) 
4 45.79 28.88 49.31 83.94 
5 42.84 26.11. 54.17 84.25 

0.5 112.79 94.82 16.45 82.70 

1 67.88 70.19 8.18 82.13 c 
2 54.33 54.33 12.71 83.42 

(Area close to Benoa Fishing Port) 
4 42.72 44.61 13.46 84.11 

5 43.28 42.69 17.46 83.49 

2002 data 0.5 79.59 62.76 51.07 132.22 

1 46.90 37.23 45.92 107.71 

2 32.44 30.73 35.93 83.36 

4 33.26 24.70 27.84 80.49 

5 29.13 24.33 30.99 83.25 
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A summary of the recommended minimum sampling levels for all scenarios tested, 

according to each of the criterion considered is given in Table 7.5. Overall, 2% 

observer coverage is recommended to be the minimum observer coverage required 

for the Indonesian Indian Ocean tuna longline fishery operating out of Benoa Fishing 

Port. Counterintuitively, it is noted that the recommended minimum sampling rate is 

generally lower for Scenarios B and C than that for Scenario A. This is because 

Scenarios B and C only took samples from subsets of the data limited to when or 

where the effort was concentrated, i.e. in quarters 3 and 4 or the area in close 

proximity to Benoa Fishing Port, respectively. Thus, across the low sampling rates 

examined, a representative sample is achieved at a lower rate of sampling when the 

sample pool is restricted to the area or time at which effort was concentrated. 

Scenario A's sample pool, which embraces all fishing activity, is more likely to yield 

ambiguous results at low sampling levels due to the inclusion of outlying sets. 
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Table 7.5 Summary of suggested minimum sampling levels for each scenario by 
criterion used 

Criteria used 
2005 data 

2002 data 
Scenario A Scenario B Scenario C 

Number of sets 

- Visual 2% 0.5% 2% 1% 

- Correlation coefficient 1% 0.5% 1% 1% 
' 

Correlation coefficient -

between nominal CPUE 
observed and simulated 
-BET 2% 1% 0.5% 0.5% 

-YFf 2% 2% 1% 1% 

-ALB 1% 0.5% 2% 1% 

-SBT * * * 2% - - -
Tuna catch and catch 
composition 
- Mantel's test (tuna catch 

2% 2% 1% 2% 
composition) 

- Difference between 
simulated (up-scaled) and 
observed tuna catch (in 
number)) 

-BET 5% 5% 4% 2% 

-YFf 4% 5% 5% 5% 

-ALB 2% 0.5% 1% 2% 

-SBT 0.5% 0.5% 0.5% 2% 
There is no samplmg rate suggested due to negative correlation 
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7 .4 Discussion 

7.4.1 Minimum Observer Coverage Required 

Simulated longline data were used to test the performance of five sampling rates 

across three hypothetical sampling scenarios. The objective was to compare the 

degree of representativeness of the fleet's activities, in terms of spatial distribution of 

sets, species composition and nominal CPUE for the four tuna species, in order to 

make recommendations regarding an optimal minimum observer sampling level. 

The results indicate that both coverage rate and scenario used influence the 

representativeness of simulated data as determined by the spatial distribution of sets, 

number of sets, CPUE for BET, YFf, ALB and SBT, and tuna catch composition 

relative to the observed data. On the basis of the simulation results, across all 

sampling rates tested, 2 % observer coverage, with number of sets as the unit of 

sampling, is recommended to be the minimum observer coverage required for the 

Indonesian Indian Ocean tuna longline fishery operating out of Benoa Fishing Port. 

Although the 2002 data suggested that the 1 % sampling rate predominantly yielded 

estimates that were better or as good as higher sampling rates tested, the 2005 data 

suggested 2 % as the minimum observer coverage required. The higher sampling rate 

suggested by those two data sets is, therefore, recommended as the minimum 

sampling rate required. 

7 .4.2 Practicalities of Implementation 

To examine whether a 2% level of observer coverage is realistic under the current 

Indonesian observer sampling regime, this sampling rate was applied to data from 

2002 to 2006 to calculate the minimum number of observers required to achieve 2 % 

coverage. Obviously costs will be conserved by keeping the number of observers to 
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the minimum possible. The number of total landings by longline vessels operating 

out of Benoa Fishing Port between 2002 and 2006 is 3347, 3445, 2922, 2439 and 

1664, respectively (Table 7.1). This is assumed to be equivalent to the number of 

trips. The average number of sets per trip from 2002 to 2006 is therefore 22, 28, 37, 

40 and 34, respectively (Table 7.1), equating to total numbers of sets of 73634, 

96460, 108114, 97560 and 56576 sets, respectively, from 2002 to 2006. Applying the 

2% coverage level and assuming 200 days at sea as the maximum days per observer 

per year, then the number of observers required between 2002 and 2006 would have 

been 7, 10, 11, 10 and 6, respectively. If sampling was only conducted in quarters 3 

and 4 only, then the number of observers recommended would have to be doubled to 

achieve 2% coverage. Therefore, the current number of observers (i.e. 6) would need 

to be doubled (if sampling. was conducted across the whole year) or quadrupled (if 

sampling was conducted in quarters 3 and 4 only) to ensure 2% coverage could be 

achieved. 

Doubling the number of observers currently employed would obviously mean 

increased, possibly unrealistically high costs. However, the need to obtain 

representative data and' the requirement to address the international concern on the 

shortage of catch and effort data is urgent, and the cost must be weighed against the 

benefits in this context. In comparison with other countries such as Japan, New 

Zealand, Australia, Taiwan and Korea, the recommended number of observers (12 

observers) is fewer than the 13 observers participating in the Japanese longline 

observer program in the Indian Ocean in 2006 (Okamoto et al., 2007a). The New 

Zealand observer program had 10 and 16 observers in 2005 and 2006, respectively 

(Anon., 2007a), and the Australian observer program currently has 20 observers 

(Hobsbawn and Hender, 2007). By contrast, the Taiwanese program employed only 
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3 observers on SBT fishing vessels in the Indian Ocean in 2006 (Anon., 2007b) and 

the Korean program employed 2 observers in the Exclusive Economic Zone (EEZ) of 

Sou~ Africa and adjacent waters of Mozambique in 2004-2005 (An et al., 2007). 

These last two observer programs had fewer observers because i) there were only 36 

Taiwanese SBT fishing vessels to be covered by the Taiwanese observers, with 

observers covering 12.78 % of the total hooks set (Anon., 2007b), and ii) there were 

only 16 registered Korean longline vessels with 7 active vessels in 2005 (An et al., 

2007). fu terms of observer coverage, the 2% level of coverage recommended here is 

less than 

• the 10% total hook target coverage level for Australia (AFMA, 2006) and for 

New Zealand domestic longline vessels 

• the 100% coverage (of total hooks) for New Zealand charter longline vessels 

(Anon., 2007a) 

• the Indian Ocean Tuna Commission (IOTC) recommended coverage of 5% 

(of total longline sets) under Resolution 09/04 of a Regional Observer 

Scheme that will be implemented across their Contracting Parties or Co-

operating non-Contracting Parties (including Indonesia as fudonesia is one of 

the IOTC Contracting Parties) by 2012 (although this may still be revised and 

reviewed) (IOTC, 2009). 

fu this context,. a 2% level of coverage would appear to be a very reasonable 

recommendation, particularly as Indonesia has the largest longline fleet in the 

Eastern Indian Ocean (IOTC 200814
). 

14Presentation by Herrera, M. (IOTC) at Steering Committee Meeting for Monitoring of 
Indonesia's Tuna 
Fisheries, 27-28 May 2008, Jakarta 
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7 .4.3. Model Limitations 

The simulation model used to determine the minimum level of observer coverage 

assumes that a truly random sample can be obtained across all vessels, which may 

not be obtained easily in practice. Once the more formal observer program is 

established, placing the observers on board randomly may be restricted by the 

placement of students (from the Fisheries High School program) on board as both 

programs operate on longline vessels operating out of Berroa Fishing Port. However, 

more major biases in vessel sampling would occur if some companies and/or vessels 

are more willing to participate than others, as is highly likely to be the case. In 

addition, there may be biases of the kind that was attempted to be investigated by 

scenarios tested, i.e. observers not covering trips evenly across the year (Scenario B), 

or observers being placed on vessels that are only conducting short trips (Scenario 

C). Furthermore, biases may also occur if the scenario applied to undertake sampling 

does not embrace the area or time of the greatest concentration of effort. The 

simulations, whose samples are obtained randomly, thereby would provide the most 

optimistic estimate of a minimum sampling level. As a consequence, if there is bias 

in sampling, then presumably the minimum sampling level required would be higher 

than 2%. 

This simulation work was mainly based on the FHS data set, which has the highest 

level of fleet coverage compared to the other two data sets. However, results of 

explanatory analyses on the FHS data set (Chapter 3) emphasised that this data set 

was prone to observation error and uncertainty in terms of ca.tch locations and fish 

identification. Thus, once a more representative data available for the fishery, the 

simulation should be repeated using these data. To deal with the high proportion of 

zero catch data, using Zero-Inflated Negative Binomial (ZINB) or Zero-Altered 
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Negative Binomial (ZANB) models might be an option in the future as the software 

for using them becomes more robust. 

7.4.4 Recommendation 

Obtaining representative observer data would be less critical if there was a 

mandatory logbook program, which would provide complete catch and effort data 

across the whole fleet. The primary objective of an observer program in the context 

of a logbook program would not be so much one of representativeness of the entire 

fleet, but of validating the logbook data and collecting supplementary information 

(e.g. bycatch and environmental conditions). It must be emphasised that even if a 

logbook system is successfully implemented, with 100% compliance in terms of 

logbook returns, this would not provide justification to significantly reduce the 

minimum number of observers. Observers collect more than that found in logbooks, 

particularly with respect to bycatch and discarding, biological data (such as length of 

fish information) and fishing strategies (such as, bait species used). In addition, 

validation of logbook data is a critical component of an observer program, and as 

such, observer data need to be representative of the fishery. 

Conducting sampling using scenario A (sampling across the whole year) should be 

encouraged, as this typically captured the spatial and temporal picture of the fishery, 

albeit at a generally higher minimum sampling rate than that required under the other 

two scenarios. The generally lower recommended minimum sampling rate for 

Scenarios B and C was mainly due to the fact that the data subsets for Scenarios B 

and C embraced the area or time of highest effort concentration. This implied that 

sampling at a lower rate was more likely to be more representative than when using 

the full data set as per Scenario A. This is a result that shou~~ be interpreted with 
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caution: scenarios B and C were conceived to illustrate how temporally or spatially 

biased observer coverage could compromise the representativeness of the fishing 

activity sampled, and were selected as realistic possible time/area constraints that 

may confront observers. Instead, representativeness was enhanced rather than 

compromised for the low sampling rates tested. However, for other conceivable 

scenarios of limited observer coverage whose associated spatial, temporal and/or 

company biases do not embrace the main fishing activity, it is emphasised that it is 

likely to be difficult to obtain a representative sample, even at higher sampling rates. 

It is recommended that the model be updated to reflect any changes that may have 

occurred in the fishery (~.g. changes in spatial and/or temporal concentration). As 

was emphasised above, the simulation should also be repeated once more 

representative data are available for the fishery. In conclusion, the simulation 

undertaken here, using the FHS data for 2002 and 2005, and the Observer Program 

data for 2005, suggests that increasing the 'number of observers (by a factor of two if 

sampling across the whole year) is important in order to obtain representative 

observer data for the Indonesian longline fleet. 
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CHAPTER 8: GENERAL DISCUSSION 

8.1 Introduction 

This thesis has presented analyses of the most detailed catch and effort data sources 

available from the Indonesian longline fishery (PSB, FHS and Observer Program 

data sets), and highlighted the deficiencies in and limitations of each. The main- aim 

of this thesis was to improve our understanding of the potential impact of Indonesia's 

Indian Ocean tuna longline fishing activities to the extent possible, given the 

available data, but this was compromised by a lack of meaningful spatial and 

temporal catch and effort trends. The consistency between the three data sets was 

also considered when determining to what extent the data sets are representative of 

the fishery. 

Of the three data sets, the Observer Program data set recorded the most detailed 

illformation not only associated with catch and effort, but also information on fishing 

practices, gear configuration and environmental conditions. Long time series trends 

were not available from this data set because this is still a trial program that began in 

mid-2005 and is limited in fleet coverage. However, its detail enabled a catch-per

unit-effort (CPUE) standardisation to be undertaken and the main factors influencing 

catch rates to be investigated, forming the basis for future analyses as a longer time 

series is obtained. As Indonesia is currently in the process of translating the current 

observer program from a trial to a more formal observer program, there was an 

opportunity within this thesis to provide recommendations using simulation 

modelling to determine the minimum observer coverage required to ensure the 

representativeness of the data. 
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The lack of quantitative skills within Indonesia to analyse and interpret fisheries data 

and produce and report its assessments has been addressed via the capacity building 

Australian Centre for International Agricultural Research (ACIAR) projects 

FIS/2001/079 (A review of Indonesia's Indian Ocean tuna fisheries and extension of 

catch monitoring at the key off-loading ports) (ACIAR, 2001, Proctor et al., 2003) 

and FIS/2002/074 (Capacity development to monitor, analyse and report on 

Indonesian tuna fisheries) (ACIAR, 2002). As the current international concern about 

the Indonesia tuna fishery is the lack of catch and effort data, this thesis represents a 

critically important stage in addressing that issue. 

8.2 Summary of the Main Outcomes 

The PSB data set is the best data source representing the history of changing from 

surface to deep longlining by the Indonesian Indian Ocean tuna fishery. The main 

finding from analysing the PSB data set (Chapter 2) is that latent effort may exist in 

the fishery. The data suggest that PSB vessels did not achieve their objective of 

increasing their catch of bigeye tuna, Thunnus obesus (BET) by fishing deeper 

between 1983 and 1992, as BET catch only increased in 1992 (catches were 

dominated by yellowfin tuna, T. albacares (YFT) until 1991). This suggests that the 

latent effort may stem from inefficient targeting practices. 

Interestingly, the former Branch Manager of PT. Perikanan Samodra Besar (PSB) in 

Bali (Mr. Soepriyono, pers comm., 2006) stated that PSB in fact started their deep 

longlining in 1992, and Gafa et al. (2000) believed that the period leading up to the 

early 1990s was classified as a developmental stage of deep longlining and deep 

longlining was fully established in 1992. Nevertheless, the data still suggested that 
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PSB ves~els did not achieve their intention of targeting BET on deep longline sets 

and YFf on surface sets between 1992 and 1995. BET catch rates for deep longline 

sets from 1992-1995 were lower than those achieved on surface longline sets and at 

the same time, BET catch rates were higher than YFf catch rates when using surface 

longline. This again suggests latent effort in the form of targeting inefficiency. 

However, this suggestion was based on PSB. data which are the catch and effort data 

of longline vessels from one tuna fishing company, while there are 29 other tuna 

fishing companies operating out of Berroa Fishing Port (Kompas, 2007). 

The FHS data set (Chapter 3) provided the most comprehensive coverage in terms 

of spatial extent and proportion of the fleet covered, relative to the other two data 

sets. Reported sets occurred in the Eastern Indian Ocean, north and south of 20°S. 

Recorded effort from the FHS data set was concentrated within the only known 

southern bluefin tuna, Thunnus maccoyii (SBT) spawning ground. However, within 

this data set, SBT were recorded in the lowest catch proportion relative to BET, YFf 

and BET. The catch composition data suggested that YFf and albacore tuna, T. 

alalunga (ALB) were predominantly targeted by the fishery, with ALB and SBT 

most predominantly recorded south of 20°S, whereas BET and "\TI were mostly 

recorded north of 20°S. Unfortunately, there was no strong information on targeting 

practices reported by this data set, limiting any attempts to understand the factors that 

influenced those results. As the sampling predominantly occurred in quarters 3 and 4, 

the data are not representative of fishing activities throughout the entire year, and any 

seasonal patterns from the FHS data set are biased. In addition, the FHS data set is 

prone to observation error and uncertainty in terms of fish identification and fishing 

location. 

404 



Chapter 4 showed that effort recorded by the Observer Program data set mostly 

occurred in an area overlapping with the SBT spawning ground, but again this data 

set showed that SBT were recorded in the lowest catch proportion, relative to the 

other three tuna species. BET and ALB were suggested to be the predominant target 

species for the fishery. The Observer Program data set suggested that different tuna 

fishing companies targeted different species and used different fishing practices 

corresponding to the bait used, the fishing area, the start time of setting and the 

number of hooks between floats (HBF). PSB vessels (covered within the Observer 

Program data) targeted BET although the recorded BET CPUE was less than the 

historical BET CPUE from the PSB data set. Lower CPUEs for BET of PSB 

(Observer Program data) were consistent with the suggestion of latent effort in the 
.. 

form of inefficient targeting by the PSB data. The Observer Program data set 

corroborated the suggestion from the Benoa Port-based Catch Monitoring Program 

that some vessels were targeting SBT south of 20°S (Davis et al., 2005, Proctor et al., 

2007). 

Comparison of the three data sets (Chapter 5) highlighted that it may not be possible 

to characterise this fishery in terms of a consistent target species (such ·as an 

ALB/YFf/BET fishery), as different dominant species were suggested by the three 

data sets, and the Obs~rver Program data showed that catch compositions and 

presumably targeting behaviour varied between companies. All three data sets 

consistently suggested that SBT formed a small proportion of the catch relative to 

BET, YFT and ALB. However, given that i) the Indonesian tuna longline vessels fish 

in the only known SBT spawning grounds, ii) effort appeared to be concentrated in 

that area, iii) the high overall catch levels of the Indonesian longline fleet for tuna, 

iv) the Indonesian fleet removes large spawning fish (Farley et al., 2007, 2008) and 
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v) the average size of fish in the catch has decreased during the past 14 years, 

implying reduced egg production (Farley et al., 2007, 2008), Indonesian SBT catch 

and fishing activities on the SBT spawning grounds cannot be considered to be 

insignificant and should continue to be closely monitored. 

The three data sets suggest that the fishery may be characterised as highly variable, 

and this is possibly more due to fleet inefficiency than the fishery operating in an 

opportunistic manner. If latent effort in the form of targeting inefficiency (suggested 

by the PSB data) does exist in the fishery, then the future impact of the fishery could 

be substantially greater than that suggested by current activity, which has already 

yielded the largest catch in the Eastern Indian Ocean between 1996 and 2000 among 

all fleets operating in the region (Campbell, 2003). However, due to lack of temporal 

overlap, limitations and problems within each data set, the three data sets, either 

individually or combined, may not be considered fully representative of the 

Indonesian Indian Ocean tuna longline fleet. 

Chapter 6 showed that spatial differences observed between catch composition 

clusters give insight to the attempt to characterise the fishery. BET and a 

combination of BET and YFT were predominantly targeted in the Indian Ocean 

above 20°S, whereas ALB and SBT were targeted in the Indian Ocean below 20°S. 

The results also suggested that BET were targeted in the northern part by using deep 

longlines and mainly using Lemuru, Sardinella spp.(LMR) as bait. ALB were 

seemingly targeted in the southern part using deep longlines and using LMR and 

Gizzard shad, Anodontostoma chacunda (CHG) as bait. However, these 

interpretations were based on data from only five fishing companies (out of 30 tuna 
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fishing companies operating out of Berroa) that currently participate in the trial 

Observer Program. 

It was suggested that year, area, HBF and bait factors significantly influenced the 

nominal CPUEs for the four tuna species of interest for both the full data and 

associated cluster subset (i.e. the sets considered to have been targeting the species of 

interest). By eliminating the effect of fishing strategies and environmental variables 

from the nominal CPUE trend, some extreme peaks and troughs in the nominal time 

series were smoothed in the standardised CPUE time series. The high degree of 

temporal variability that is still shown in the standardised CPUE trends suggests that 

the data are too sparse to give any meaningful indication of proxy abundance. 

Nevertheless, this may also suggest that variables used in the GLMs do not 

sufficiently account for all of the confounding factors, or abundance may indeed be 

truly variable. 

The simulations (Chapter 7) conducted on the FHS data combined with the 

Observer Program data recommended that the minimum required set coverage in 

order to obtain representative sampling is 2%. However, this assumes that a truly 

random sample can be obtained across all vessels. Thus, if there is bias in sampling, 

then presumably the minimum required sampling level would be higher than 2%. A 

coverage of 2% would effectively imply that the current number of observers would 

need to be at least doubled. Although this might not be realistic to be implemented in 

the current situation given the cost, there is always a trade-off between costs of 

obtaining information and the increased certainty conferred by the increase in 

information (Smith et al., 1997), and the benefit of observer data has long been 

emphasised (Punt, 1999). The coverage level of 2% is lower than other countries, 
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such as Australia with 10% coverage (of total hooks) (AFMA, 2006) and New 

Zealand with 10% and 100% coverage (of total hooks) for New Zealand domestic 

longline vessels and for New Zealand charter longline vessels, respectively (Anon., 

2007a). The 2% coverage is also lower than that suggested by the Indian Ocean Tuna 

Commission (IOTC) under Resolution 09/04 on a Regional Observer Scheme with 

5% coverage (of total longline sets) that will be implemented to their Contracting 

Parties or Co-operating non-Contracting Parties (including Indonesia as Indonesia is 

one of the IOTC Contracting Parties) by 2012 (subject to revision and review) 

(IOTC, 2009). However, given that the Indonesian fleet is the largest in the Eastern 

Indian Ocean (IOTC 20081
\ representative catch and effort information is urgently 

required. The need ·for observer sampling to be both spatially and temporally 

representative, i.e. to include the area where fishing mainly occurred and the whole 

fishing season, was emphasised. This was also suggested by Hall (1999) in 

developing a sampling design to estimate bycatch. 

8.3 Management Recommendations 

It is recommended that Indonesia needs to take a "bottom-up" approach to fisheries 

management to fulfil all fundamental requirements to conduct fisheries management. 

This has to start with obtaining consistent, reliable and representative fishery data. 

Since there is a shortage of effort information for the Indonesian Indian Ocean tuna 

longline fishery (Campbell, 2003, Proctor et al., 2003), then satisfying this 

requirement is urgent. While it is laudable that Indonesia is keen to demonstrate 

responsible stewardship, this thesis has highlighted the limitations inherent in the 

current data collection regimes. The first priority for Indonesia should, therefore, be 

15Presentation by Herrera, M. (IOTC) at Steering Committee Meeting for Monitoring of 
Indonesia's Tuna 
Fisheries, 27-28 May 2008, Jakarta 
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to resolve these issues via the implementation of reliable data collection and 

processing schemes, ideally including mandatory logbook reporting and an ongoing 

Observer Program. In addition, a greater understanding of fleet dynamics and 

socioeconomic and environmental drivers in the fishery would be very useful for 

interpreting observed patterns. These issues should be resolved as a matter of priority 

above that of, for example, undertaking local stock assessments. As tuna are highly 

migratory and are largely shared stocks (Majkowski, 2007), a better aim for 

Indonesia is to be able to contribute to the regional stock assessments undertaken by 

IOTC and Commission for the Conservation of Southern Bluefin Tuna (CCSBT) via 

the provision of reliable data. 

Indonesia needs an observer program which is not restricted to one fishing company, 

is not restricted to a subset of the year and is representative in terms of spatial and 

fleet coverage. The current trial Observer Program highlighted that fleet coverage 

was limited due to limitation in participation of tuna fishing companies. Additionally, 

many of the vessels are not of a standard to meet the health and safety prerequisites 

for placement of observers (Proctor, pers comm., 2009). The health and safety issue 

is one of the key challenges facing the development of a formal National fisheries 

observer program for the longline fishery (Proctor, pers comm., 2009). The 

exploratory analyses of the Observer Program data suggested that dominant species 

caught and fishing strategies used varied among companies. Therefore, engaging 

fishing companies to be involved in the Observer Program would be a priority to 

ensure the representativeness of data collected. 

As Indonesia is currently planning to establish a more formal observer program, 

there is, therefore, a good opportunity to design and implement· a sampling strategy 
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to ensure the representativeness of data yielded. Simulation work suggested that a 

coverage level of 2% of all sets is the minimum level required to yield representative 

catch and effort trends. Practically, this would mean at least doubling the current 

number of observers from six to twelve, which would obviously confer increased 

high costs. However, the need to obtain representative data is urgent, and the cost 

must be weighed against the benefits in this context. As monitoring of the Indonesian 

longline fishery provides important information for the annual assessments of the 

spawning population of SBT, it is possible that CCSBT member nations may 

contribute to the cost of establishing a formal observer program. 

In addition, to capture fishery trends as a whole, it is strongly recommended that a 

mandatory logbook system be implemented across the entire commercial fleet. The 

logbook data should, at a minimum, include set by set information on catch (by 

species) and effort (including number of hooks and fishing position), characteristics 

of fishing vessel (including name and vessel size (GT)) and environmental data. A 

logbook system has been long implemented in other fisheries, such as, Australia 

which has been collecting catch and effort data from the Australian pelagic longline 

fishers operating in the Eastern Tuna and Billfish fishery since the mid 1980s (Barrat 

et al., 2001, Findlay and Bromhead, 2002) and from Japanese longliners operating in 

the Australian Fishing Zone (AFZ) since 1979 (Findlay and Bromhead, 2002), and 

Japan began to oblige Japanese tuna vessels (>20 GT) to submit their logbook in the 

early 1960s (Miyabe and Okamoto, 2005). The Observer Program data can be used 

to validate the logbook data. It should be acknowledged that W ASKI ("Unit 

Pengawas Kapal Ikan" = Office for control and surveillance of fisheries vessels) 

manages a logbook system for Berroa-based longline vessels, but the information 

written in these logs is most often obtained from the vessel's agent or from the 
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processing company, rather than from the vessel's skipper or fishing master (as it 

was intended) (Proctor et al., 2003). As a consequence, the catch information, in 

terms of catch composition and volume information, is frequently "coarse" (Proctor 

et al., 2003). Therefore, it may not be easy to implement a logbook system in 

Indonesia. This is a stewardship for the fishery managers to find a way to make the 

submission of the logbook (with reliable data) mandatory for longline fishing 

vessels, perhaps by implementing a trade-off between data and license, to provide a 

strong incentive for vessels to complete and submit their logbooks (SFP, 2007). 

8.4 Suggested Future Work 

As the PSB data set provides the longest history of Indonesian longline fishing 

activities (Pet-Soede and Ingles, 2008), it records the change from surface to deep 

longlining by vessels from this one company. The data set suggests that latent effort 

in the form of inefficient targeting may exist for the fishery. Given that i) the 

suggestion of latent effort came from analysis conducted on the PSB data, ii) PSB is 

the only one company who has been recording and providing catch and effort data, 

and iii) the trial Observer Program has been collected data from the company's 

vessels since 2005, it is recommended to bring the PSB data up to date and 

incorporate recent data in analyses. By doing this, a full picture of the company can 

be obtained and the suggestion of targeting inefficiency by vessels from the company 

may be able to be addressed. To further attempt to resolve the issue of potential of 

targeting inefficiency, an understanding of fleet dynamics and behaviour rationale is 

critical. This could be done through interviews with the PSB company and its crews 

(including fishing behaviour, target species, environmental conditions and market 

demands that may influence catch trends) in a form of social research. Another 

attempt could be through the continuation of recording PSB vessels' activities by the 
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Observer Program. Once the PSB data is updated, then data from PSB vessels 

collected by the trial Observer Program can be used to validate the PSB data. 

Some steps can be taken in order to improve the ongoing FHS data collection 

program. However, it should be acknowledged that this would not necessarily be a 

priority for W ASKI, given that the sea trips for the FHS students are viewed solely 

as training exercises. In addition, it needs to be acknowledged that the data were not 

intended to be used to characterise the fishery. But, the fact remains that this is a 

valuable source of catch and effort information for the fishery, considering the lack 

of logbook data and a representative observer program (in terms of fleet coverage). 

Errors can be minimised by using a species identification guidebook, formal training, 

capturing images of unknown species for later identification by experts, and cross

checking quoted locations on a map at the end of each day. To improve the 

usefulness of the information collected, data collection needs to be extended to 

include more environmental data, for example, moon phase and sea conditions, and 

more bycatch species. By collecting more environmental data, the nominal CPUEs 

obtained from the FHS data can be standardised to obtain proxy abundance indices, 

which in tum, can be compared with the indices obtained from the Observer Program 

data. As only eight bycatch species have currently been collected by the FHS data, 

collecting more bycatch species will enable to obtain trends on dominant bycatch 

species and compare with dominant bycatch species suggested by the Observer 

Program data. To address the within-year bias resulting from the data restriction of 

time of the year, the student trips should ideally be distributed more evenly 

throughout the year. 
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If the FHS program could be modified to incorporate the above recommendations, it 

could be considered to be a secondary, informal observer program. With additional 

targeting and environmental information, CPUE standardisation could be conducted 

on the FHS data set to obtain proxy abundance indices for the four tuna species. The 

standardised CPUE trend could then be compared with that obtained from the 

Observer Program data set. The FHS data set could also be used to validate logbook 

data if a logbook system is able to be implemented. 

With regard to the Observer Program data set, revisiting the CPUE standardisations 

is suggested as a longer time series is obtained. As Indonesia is attempting to have a 

more formal, broader observer program, then it is recommended that the 

implementation of a full observer program, takes into account the simulation results, 

which in tum can be revised as necessary as more information becomes available. 

8.5 Concluding Remarks 

Improving understanding of the Indonesian tuna longline fishery is a key step to 

achieving sustainable fisheries to the benefit of Indonesia (including all sectors of the 

fishery stakeholder) but also for the Regional Fisheries Management Organisations 

(RFMOs) that have responsibility for managing the stocks and for regional 

neighbours like Australia who share the tuna stocks. Therefore, strong collaboration 

and participation from/within the fishery stakeholders in Indonesia and also between 

Indonesia and other fishing nations through the RFMOs needs to be maintained and 

improved. Maintaining sustainable yields of tuna stocks can only be achieved by 

conducting responsible fishing activities. 
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The three data sets analysed in this thesis suggest that the Indonesian tuna longline 

fishery operating out of Benoa Fishing Port seems to target YFT, BET and ALB. The 

observer data suggested that BET and YFT were targeted mainly in the northern part 

of the Eastern Indian Ocean above 20°S, while ALB were targeted below 20°S. 

However, the three data sets show little consistency and may not be considered fully 

representative of the fishery. 

The data do show that SBT were caught in the lowest proportion of the tuna catch 

(BET, YFT, ALB and SBT) and one interpretation that is consistent across the three 

data sets is that there is relatively little, if any, effort which is actively dedicated to 

SBT. However, given that the data sets showed the concentration of Indonesian 

fishing effort the only known SBT spawning ground and the high overall catch levels 

of the Indonesian longline fleet for tuna in general, the amount of Indonesian SBT 

catch and fishing activities on the SBT spawning grounds is not insignificant and 

should continue to be closely monitored. 

The data, especially the comparison between individual companies within the 

Observer Program data, also suggest that the fishery is highly variable in terms of the 

amount of catch and effort, the target species, its spatial extent, targeting practices 

and catch composition. If the data are assumed to be representative, one suggestion 

might be that the fishery has operated inefficiently. In particular, the PSB data 

suggest that the PSB vessels did not effectively target BET wi_th deeper longline sets. 

This suggests that the latent effort may exist in the fishery, which would imply that 

future impacts, should efficiency improve, could be substantially greater than that 

suggested by current activity. Given the lack of conclusive evidence that can be 

drawn from the three data sets, the establishment of a robust data collection strategy, 
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together with at least 2% observer coverage, as informed by the simulations, is of 

highest priority to attempt to resolve the issue of the nature of the fishery and its 

level of inefficiency, and to develop a robust CPUE time series. 
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