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Abstract
Traditional fisheries in developing countries are often marginalized from mainstream
policymaking. This is crucial as many people depend on these fisheries for their
livelihood.
Using a case study of a traditional, medium-scale sardine (Sardinella lemuru) fishery
employing paired purse seiners (slerek) in the upwelling ecosystem of the Bali Strait,
Indonesia, the overall objective of this dissertation is to search for viable policy options
for responsible use of the sardine resources. This is achieved by exploring issues in
multiple domains: biological, ecological, social, economic and human dimensions.
A synthesis of the official catch statistics shows that administrative inefficiencies and
lack of good governance have created different versions of production statistics for the
fishery. Not all sardine caught and landed are entirely reported; on average fishing-day,
only about 45% of the catch is landed in government landing sites.
Analyses show that the slerek fishery, contributes to the practise of illegal,
unreported and unregulated (IUU) fishing. From 1950 to 2001, only half to one-third of
what were actually caught were reported. A socio-economic analysis indicates that
financial uncertainty and poverty are the main reasons for this IUU fishing practise.
Poverty index of average slerek fishing households plunged from 25.7 in 2004 to -8.6 in
2008, as the loan interest rate was set up to 38% per annum and sardine are dwindling.
Single-species and ecosystem-based assessments concluded that the slerek fishery
has overexploited the sardine resources. Ecosystem analyses (Ecopath with Ecosim:
EwE) using 20-year simulations (2001-20) suggest that climatic variability would
increase the fishery; with a caveat of increased landing volatility. Insights derived from
five harvest strategies tested using stochastic El Niño effects show that only 50% fishing
effort reduction from the 2001 level could provide a sustainable option in the long term.
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Finally, an evaluation of the sustainability status of these harvest strategies was
implemented using RAPFISH with a newly-proposed evaluation field, the human
dimensions of traditional fisheries. Results show that trade-offs between economic and
human dimension options are crucial in our case, as forgone values from human
dimension option is more than what we can derive from choosing an economic option.
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1 General Introduction and Review of the Bali Strait Fisheries

1.1 General Introduction and Research Goals
The majority of small- and medium-scale fisheries, in particular in developing
countries, are traditional and artisanal, multispecies and multi-gear fisheries. The
fisheries are known to employ many people and are crucial in providing food and
livelihoods to a large number of people living in coastal areas. For example, in the year of
2000 alone, it was estimated that about 21 million tonnes of catches per year was landed
by nearly 12 million small-scale fishers worldwide; a contribution between 25 to 33% of
global marine fisheries landings (Chuenpagdee, Liguori, Palomares, & Pauly, 2006).
Despite this significant contribution, small- and medium-scale fisheries are still quite
marginalized from mainstream policymaking (Pauly, 1997); and many policies
formulated are inadequate, unsustainable and biased towards band-aid solutions (Bailey
& Jentoft, 1990). Lack of holistic understanding of the trade has precluded
implementation of effective policies and management. Known for strong patron-client
relationships and socio-cultural norms, these fisheries are also plagued by poverty. In
fact, it has long been known that fishers and their families in this fisheries sector are
generally among the poorest strata within Third World societies and often regard their
livelihood as the option of the last resort (e.g., Smith, 1979; Bailey, 1988; Pauly, 1997).
The marginality and disempowerment of the small- and medium-scale fisheries are
such that they are vulnerable to uncertainties, volatility and other external dynamics that
adversely affect their catches. Upwelling ecosystems, which are dominated by small
pelagic species, are especially susceptible to uncertainties, volatility and external
dynamics. One can therefore assume that small- and medium-scale fisheries that exploit
upwelling ecosystems in the developing world must have developed a strategy to
maintain their survival.
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Indonesia’s fisheries are dominated by small- and medium-scale fisheries 1. For
example, according to the data of Indonesia’s Ministry of Marine Affairs and Fisheries,
by 2000, the numbers of registered small- and medium-scale fishing boats accounted for
99% of the total fishing boats, while large-scale fishing boats only account for less than
1%. In Indonesia, the Bali Sardinella (Sardinella lemuru, locally known as the 'lemuru')
fishery in the Bali Strait is a medium-scale fishery that uses purse seine nets, hauled by a
pair of boats as a tandem unit called a slerek. The fishery is known as an upwelling
fishery and it serves as the major contributor to the overall lemuru landing in the country
(Merta, 1995). Like many other upwelling fisheries, it has also experienced a 'boom and
bust' nature affected by environmental variability such as El Niño (e.g., Ghofar &
Mathews, 1996), resulting in disruptions to the economic and social well-being of the
fishers that exploit the stock, and other people involved in the processing and marketing
industry. Given their vulnerability to uncertainties, volatility and other external dynamics,
the small- and medium-scale fisheries in the strait have developed strategies to ride out
rough times. One particular adaptation strategy observed, for example, is to under-report
their catches so as to pay less landing tax, which in turns will affect feed back to
management policies and the sustainability of the resources, and eventually the livelihood
of the fishing community in question.
A multi-species stock assessment of the fisheries in the Bali Strait is lacking. There
is also limited ecosystem research on the Bali Strait. Meanwhile, explicit recognition of
environmental variability and uncertainties in the catch of the Bali Strait fisheries in
management is lacking. Thorough understanding about the human-oriented realities of
the fisheries is also lacking. All of these issues pose difficult tasks for scientists in
1

Priyono & Sumiono (1997) provided descriptions of the fisheries sectors in Indonesia. Small scale
fisheries are defined as consisting of all fishing units which use sail-powered boats (i.e., dug-out boats
and plank-built boats), and outboard engine-powered boats. As well, fishers who operate without any
gear (i.e., gleaners) and fishers who operate fixed or mobile gears without any boat are assigned to
small scale fisheries, regardless of the size of their gears. The second category is medium scale
fisheries, which includes privately-owned (as opposed to company-owned) boats, of generally less than
5 gross tonnes (GT) and up to 30 GT, that use inboard engines. At the upper end of the category are the
large scale fisheries, which include boats of >30 GT and beyond (i.e., to greater than 200 GT). The
large scale fisheries are operated in isolation from the small and medium scale fisheries, and owned by
a combination of private domestic (Indonesian) companies, joint-venture corporations, and stateowned enterprises.
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assessing the impact of lemuru fishing in order to provide sound management advice and
for the managers to formulate viable policy options for responsible use of the sardine
resources. Therefore, this dissertation aims to fill this void by examining the following:
1. To explore and understand the dynamics of the fishery using a synthesis of
historical accounts and socio-culture perspectives (Chapter 1 and 2);
2. To trace the time series of reported sardine catch data throughout the multiple
jurisdictional levels of the complex Indonesian fisheries statistics system (Chapter
2);
3. To estimate the time series of the true sardine catch and calculate the unreported
catch; and to examine the factors underlying under-reported and unreported catch
(Chapter 3);
4. To explore of the extent of maximum sustainable yield that can be sustained by
the ecosystem using single-species and ecosystem-based assessments (Chapter 4);
5. To analyze the ecosystem effect of the fishery given the estimated true catch and
environmental variability, i.e., El Niño (Chapter 4);
6. To explore various trade-offs in policy options using ‘Ecopath with Ecosim’
ecosystem-based modelling; policy options are devised using multiple sources of
information, including local knowledge and stakeholders’ perspectives (Chapter
4); and
7. To evaluate the sustainability status of these policy options using multidimensional scaling ordination, i.e., RAPFISH rapid appraisal system, that takes
into account not only ecological factors, but also social, technological, economics
and ethics, and a new field called ‘human dimension of traditional fisheries’ is
introduced to help understand the dynamics of traditional and artisanal fisheries
(Chapter 5).
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1.2 Research Design in Data Collection and Analyses
In general, developing country fisheries often lack a standardized and systematic
way of doing things. The traditional and cultural context of the fishery make the study of
these fisheries even more difficult than it already is due to the informal, kin-ship and
patron-client nature of the enterprise. Therefore, in this thesis to attempt a holistic
understanding and thorough knowledge of the system and issues, I implemented a mixed
methods approach (sensu Creswell, 2003) for the research design. This approach
combines both quantitative and qualitative approaches, in both the data collection and
data analysis components. The strategy that I used to collect the data follows a concurrent
triangulation strategy (sensu Creswell, 2003, Fig. 11.3a, p. 214; and see Figure 1.1), as a
means to offset the weaknesses inherent within a single approach.
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+

Quantitative
(QUAN)

Qualitative
(QUAL)

QUAN
Data Collection:

QUAL
Data Collection:

• Landing site censuses
• Opportunistic surveys: fishing
ports, fishing villages and fish
markets
• Desk studies on records, reports,
archives, databases, interview &
FGDs transcripts, taxonomy,
toponymy & etymology records,
and satellite imageries
• Meta-analysis of models and
other empirical studies

• Direct observation
(living in the fishing community)
• In-depth semi-structured
interviews
• Focus group discussions (FGDs)
• Taxonomy, toponymy and
etymology interviews
• Showing video footage of
underwater world
• Participatory fishing
• Post-fieldwork personal
communication
• Taking photographs & video
footage of relevant object of
observations
• Keep field notes/journal during
the fieldwork

QUAN
Data Analysis:
• Reported catch analysis (ch.2)
• Estimating true catch (ch.3)
• Monte Carlo simulations
(ch.3, 4)
• Poverty index analysis (ch.3)
• Debt-to-assets ratio analysis (ch.3)
• Time series analysis (ch.4)
• Ecopath modelling (ch.4)
• Bootstrap sampling (ch.4)
• Ecosim simulations (ch.4)
• Single-species & ecosystem-based
stock assessment (ch.4)
• Sensitivity analysis (ch.4)
• RAPFISH (multi-dimensional
scaling ordination) analysis (ch.5)

QUAL
Data Analysis:
• Historical analysis (ch.1, 2, 3, 5)
• Documents/transcripts/archival
analyses (ch.1, 2, 3, 4, 5)
• Issue-focused analysis
(ch.1, 2, 3, 4, 5)
• Photography and video footage
analysis (ch.1, 2, 3, 5)

Data results compared:
to confirm, cross-validate and corroborate findings, and to find convergence
Sequential form of data collection

+

‘ch.’

Data triangulation & cross-validation
Simultaneous or concurrent form of data collection
= Chapter

Figure 1.1

Research design model implemented in this thesis: a mixed methods approach
that uses a concurrent triangulation strategy (sensu Creswell, 2003).
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Fieldwork in the study area was undertaken in order to understand how the fishery
system works and to collect data, both quantitatively and qualitatively. The study area is
administratively bounded by two provinces (Bali and East Java), and within these
provinces, it is located in two regencies (Jembrana in Bali; and Banyuwangi in East
Java). In Jembrana the centre of the fishery is in Negara district, and in Banyuwangi, the
Muncar district (Figure 1.2)

Java

Sea

Madura Island
Sampang

Banyuwangi
Regency

East Java
Province
Muncar
District
Kedungrejo

Jembrana
Regency
Negara
District
Pengambengan

Bali Sea
Bali
Island

Lombok
Island

Blambangan
Peninsula

Indian
Figure 1.2

Ocean

The Bali Strait. Muncar district on the east coast of East Java is the most important
fishing port (with Kedungrejo village as its hub) for the Bali sardinella (lemuru)
purse seine (slerek) fishery, while Negara district on the west coast of Bali is the
second most important (with Pengambengan village as its hub). Both Banyuwangi
and Jembrana regencies are delineated with dashed lines. Sampang village on the
nearby Madura Island is where the ancestors of most Muncar-based slerek fishers
originally came from (see Appendix A for details). Inset shows the archipelago of
Indonesia with the location of the study area pointed by an arrow.
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In total, I spent 147 days (~ 5 months) in the study area, comprising visits in 2002,
2004 – 2005 and 2006. In 2002, as dictated by local custom, courtesy visits to the local
communities in the area to meet with community leaders, some community members,
government officials, village councils, and local experts were conducted from June 12 –
15, 2002; June 29 – July 10, 2002, and July 15, 2002 (total 17 days). In addition,
accompanied by local fishery officers, I toured the main fishing ports and fishing villages
of Jembrana and Banyuwangi regencies on opposite sides of the Bali Strait. The main
aims were self-introduction, explanation about the purpose of the study, getting guidance
on how participants should be selected, and the identification of issues important to the
local fishing communities: no formal interviews were conducted.
Subsequently from 2004 through 2006, with two local research assistants 2, I spent an
accumulated total of 130 days (4.3 months) in the study area, living within the fishing
communities to get local data, first-hand accounts, some immersion experience and to
better comprehend the issues 3. Pilot fieldwork 4 took place from March 18 – 21, 2004 and
March 29 – April 13, 2004, while the actual fieldwork took place from July 14 to October
21, 2004 and February 13 – 19, 2005. A follow-up visit was carried out from December
14 – 16, 2006. Additionally, occasional communication (viz., telephone, email and text
messages) with some respondents occurred after the field season was completed.
In a triangulation of data results, results from thirteen data collection methods were
compared and corroborated (Figure 1.1). The first data collection method was direct
observation by living within the fishing communities throughout the entire fieldwork
period. In the Negara district, we rented a living space in a house in Pengambengan
2

Mr. Abdul Muis (a Masters graduate in Coastal and Ocean Resources Management from Bogor
Agricultural University, West Java, Indonesia, currently working as a management strategy consultant
with MDConsults, in Jakarta, Indonesia) and Ms. Uma Khumairoh (a Bachelor graduate in Botanical
Sciences from Brawijaya University, East Java, Indonesia, and is currently a Masters student at
Wageningen University, the Netherlands).

3

Major funding for the fieldwork was provided by the Doctoral Research Award Grant (No. 10192499906075-019) from the International Development Research Centre, Ottawa, Canada (www.idrc.ca).

4

During the pilot fieldwork period, in addition to testing the data collection methods as will be
explained later, my assistants and I also spent time in acquiring various research permits from both
local and provincial authorities in East Java and Bali (Appendix B).
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village (Appendix C1, Figure C.1.1a). We shared the house with the owner, an elderly
widowed lady (60+ years old in 2004) with no children. Her family and extended
relatives work in the lemuru fishery as boat crew and traditional fish flakes & fish oil
makers. Meanwhile, in Muncar district we rented a living space in a house in Tembokrejo
village (Appendix C1, Figure C.1.1b), whose owner is also a widow (40+ years old in
2004) who works in a fish meal plant/cannery as an accountant. She has two sons, aged
15 and 10 years old in 2004. These living spaces also served as our ‘field offices’ where
we discussed and consolidated our logistic plans and conducted some of our desk-top
works (Appendix C1, Figure C.1.2). Despite our busy schedules with our interviews and
other research activities, we were involved in the daily lives of the village; for example,
we regularly had our meals in local eateries and mingled with the locals, we were invited
to lunches, dinners and Ramadhan fast-breaking meals. We were also invited to a local
community meeting, I was once asked to become a designated photographer in a
ceremony ritual for baby naming and first hair-cut, we organized a birthday party for one
of our landlady’s sons, we joined communal praying gatherings in local mosques, we cast
our votes 5 and observed the 2004 Presidential election held locally in Muncar district,
and we also occasionally hung around with boat crew when they were mending the nets
during the full moon period.
The second method was individual in-depth semi-structured interviews using a set of
questionnaires. Questionnaires using structures from Neis et al. (1999), Cheung &
Sadovy (2004), and Ainsworth (2004) were developed and revised iteratively during pilot
tests to reflect the Indonesian context. Fifty-one respondents were interviewed for an
average of 2 to 3 hours, but some lasted for 4 to 5 hours, split into two days.
The third method was 1 to 2 hour focus group discussions (FGD, Morgan &
Krueger, 1998) with several (3-6) people of similar experience, age groups and gender.
Pre-selected topics guided the discussions and techniques were revised iteratively during
the pilot tests. A total of 41 discussants were reported from 9 discrete FGDs. In total,
5

Both of my assistants and I are Indonesian citizens and we registered ourselves in Muncar district to
cast our votes for the 2004 Presidential election.
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there were 92 respondents recruited for both interviews and FGDs, with four respondents
participating in both sessions.
To effectively access fishers’ knowledge, shared understanding of local terms for
fish, fishing grounds and fishing gear is required (Johannes, 1993, cited in Neis et al.,
1999). Therefore, in some in-depth interviews and FGDs, I also conducted
taxonomy/toponymy 6/etymology 7 interviews, as a fourth method. These interviews
aimed to collect and record, in the respondents’ mother-tongue language, the local
common names of fish, marine mammals, seabirds and invertebrates, fishing gear, local
fishing grounds, oceanographic, ecological and other fishery-related phenomena.
Respondents freely explored a set of colourful posters of fish, marine mammals, seabirds,
invertebrates, and fishing gear along with local nautical maps.
Additionally, depending on the availability of electricity for our laptop, as a fifth
method, I also presented some video footage 8 of underwater world of the tropics that
show predator-prey relationship and ecosystem effects of fishing after we finished with
the interview or FGD. This is aimed to explore further their opinions and to tease out
certain issues that we just discussed in the interviews and FGDs. Separate courtesy visits
explaining the project, anonymity and data rules were paid to all potential respondents.

6

According to Encyclopedia Britannica, Inc. (2008b), toponymy is defined as: “taxonomic study of
place-names, based on etymological, historical, and geographical information. A place-name is a word
or words used to indicate, denote, or identify a geographic locality such as a town, river, or mountain.
Toponymy divides place-names into two broad categories: habitation names and feature names. A
habitation name denotes a locality that is peopled or inhabited, such as a homestead, village, or town,
and usually dates from the locality's inception. Feature names refer to natural or physical features of
the landscape and are subdivided into hydronyms (water features), oronyms (relief features), and
places of natural vegetation growth (meadows, glades, groves)”.

7

Etymology is defined by Encyclopedia Britannica, Inc. (2008a) as “the history of a word or word
element, including its origins and derivation”. The inquiry of the etymology and translation of species
common names from local languages to Indonesian and English followed the techniques developed by
Buchary, Wahyuningsih, & Pauly (2003).
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The length of the video shown was about 2 to 10 minutes per footage. Original source of video footage
is from the “Blue Planet” series of the BBC (BBC Worldwide Ltd., 2002).
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Prior verbal 9 consent to voluntary participation, audio-taping, and photography 10 were
obtained on each day the interview and FGD took place.
As information is unevenly distributed among members of fishing communities,
being concentrated among skippers and retired fishers, particularly those with long
careers and who are especially observant (Neis et al., 1999), I employed the ‘snowball
sampling’ method (sensu Babbie, 1989, cited in Neis et al., 1999) to identify local experts
for the interviews and FGDs. To adequately represent all community members, willing
participants over the age of 18 11 were selected based on: (1) geographic characteristics
such as location of villages where respondents reside, and location of fishing grounds or
fishing related activities; (2) demographic characteristics such as age groups, occupation
types (viz., fishers, non-fishers and local experts), gender and ethnic groups; and (3)
fishing sector characteristics such as fishing fleet types, or whether the fishers are
migratory or permanent. Non-local experts who do not reside in the area were also
canvassed and recruited.
The sixth method was participatory fishing, which arose as an invitation from fishers
themselves. Many fishers in Muncar district believe that having student observers or
researchers on their boat brings luck in one of the busiest fishing grounds in Indonesia.
We received invitations from owners of a slerek purse seine (overnight, September 22 –
23, 2004), a banjang sero or tidal weir (low tide, October 2, 2004), and a bagan tancap or
stationary bamboo platform lift-net (night of October 8, 2004).

9

Verbal consent is deemed more culturally appropriate in many communities in Indonesia, as many
people have low levels of literacy and they would experience discomfort with a requirement to read
and/or sign a document.

10

It is interesting to note that in several cases, even before we asked for their verbal consent, we were
asked first by the would-be respondents if we would bring cameras; and when we said yes, we were
asked to take family photos of them and their family members. We sent copies of these to them, as our
courtesy.

11

In accordance with UBC Behavioural Research Ethics Board’s requirements, the age of majority in
British Columbia (19) is used in this study. Meanwhile, the age of majority in Indonesia is 18 (male)
and 15 (female) according to Indonesia’s Civil Code (Kitab Undang-Undang Hukum Perdata).
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The seventh method comprised a census at fish landing sites to tally the overall
number of catch weighing scales used in the area. Weighing scales are either official
government scales located at government landing sites, or unofficial scales owned by
private entrepreneurs and located outside government landing sites. Systematic censuses
(1 in Negara district and 5 in Muncar district) were carried out from the back of a
motorbike. The motorbike was driven relatively slowly to cruise along all streets once
only for each census. An estimated area with a radius of 1-km (in Negara) and 3-km (in
Muncar) from the fishing port was covered.
The eighth method comprised opportunistic surveys of the fishing ports and fishing
villages performed from the back of a motorbike. For example, in the back alley of a
hamlet in Muncar district, I came across a small enterprise processing elasmobranch
carcasses and fins, leading to agreement for interviews and data acquisition (E. Buchary,
personal observation, 16 December 2006). Visits to local fish markets improved our
knowledge of the local common names of fish and invertebrates and of the most common
fish and invertebrates caught and landed.
The ninth method was a desk study of various written records, reports, archives,
databases, interview and FGDs transcripts, taxonomy/toponymy/etymology records, and
satellite imageries. I focused on official reports and archives from government agencies,
from village level (viz., fishing port/fish auction site) up to national level in Jakarta, and
to international level at the headquarters of FAO-UN in Rome, Italy. I also reviewed
fishers’ personal log-books 12, Indonesian newspaper archives, transcripts from interviews

12

Donated by some respondents during the fieldwork. Locally, these personal log-books are called “buku
bakul” (buku = book, and bakul = basket, or vendor in Javanese and Madurese colloquial). As proof to
financial accounting’s nuts and bolts of the fishing business, many fishers consider that these logbooks can bring local social disorder as much as bringing financial administration order for the person
who owns the log-books. As such, many respondents admitted that they would usually destroy these
log-books after certain fishing seasons once outstanding debts and financial obligations are reconciled.
However, when interviewed in 2004, one particular successful fisher (who owns fleets of purse seine
and long line) still keep his purse seine log-books series from decades ago for unknown reasons. When
informed about the importance of the fishing log-books to this study and permission was requested to
photocopy them, he answered that he would donate these log-books instead. Some other fishers also
donated their log-books dated from non-continuous random years.
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and FGDs, species records acquired during the taxonomy/toponymy/etymology
interviews, research publications, various databases, and satellite imageries of the study
area.
The databases reviewed include: the Bali Strait fisheries catch database maintained
by the Faculty of Fisheries of Brawijaya University, in Malang, East Java, Indonesia
(Fakultas Perikanan UNIBRAW, Dinas Kelautan dan Perikanan Propinsi Jawa Timur, &
Dinas Kelautan dan Perikanan Propinsi Bali, 2007), The Cephalopod Page
(http://www.thecephalopodpage.org/),

SeaLifeBase

(http://www.sealifebase.org/),

FishBase (http://www.fishbase.org/), the archives database of the El Niño Southern
Oscillation

Index

(SOI)

(http://www.bom.gov.au/climate/current/soihtm1.shtml),

CephBase (http://www.cephbase.utmb.edu/),

the Asian Development Bank database

(www.adb.org), the WorldBank database (www.worldbank.org), and the Bank Indonesia
database (http://www.bi.go.id/sipuk/en/index.asp?id=4).
Satellite imagery archives were also used to independently cross-check the number
of the slerek boats moored at the landing sites and along the beach. Two sets of satellite
imageries were acquired: (1) for the area of Muncar coast and neighbouring districts, the
imagery was purchased from GeoEye (www.geoeye.com) 13: IKONOS Geo-1m resolution
and

in

color,

metadata

source

ID:

2001012702383820000011623317

and

2001012702383820000011623317, dated January 27, 2001; and (2) for the area of
Negara coast and neighbouring districts, the imagery was a GeoEye image (IKONOS
Geo-1m resolution and in color, metadata source ID: 2003071902503300000011600883,
dated July 19, 2003) that was distributed by i-cubed and uploaded at Yahoo Map and can
be freely downloaded from Yahoo Map (http://ca.maps.yahoo.com/broadband#mvt=
h&trf=0&lon=114.606001&lat=-8.4008&mag=1).
The tenth method was meta-analysis of models and other empirical studies. These
include

ecosystem

models

maintained

at

the

database

of

Ecopath

models

(www.ecopath.org) and those published at Christensen & Pauly (1993).
13

Helpful technical support from Mr. Jeff Ferrara of GeoEye, USA is gratefully acknowledged.
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The eleventh method used was occasional personal communication, via cellular
phone 14, email and text messages, with some respondents during and after the field
season was completed to clarify, confirm and verify some information.
Taking photography and video footage of relevant objects of observation were
techniques employed as the twelfth method. These were implemented during
participatory fishing activities (i.e., the sixth method), and various opportunistic surveys
of the fishing ports, fishing villages and fish markets (i.e., the eighth method). The use of
photography and video footage in the fieldwork is intended to provide more thorough
documentation of the issues and as a visual tool to review, reflect on the issues and
reappraisal after the fieldwork is completed (sensu Collier & Collier, 1986, and Marshall
& Rossman, 1999, p. 124 - 126). The use of video footage was only implemented in the
public area setting. Photography was used in both public area and private area (i.e.,
interview and FGD, the second and third method) settings. Prior consent to photography
implemented during the interview and FGD was obtained on each day the interview and
FGD took place.
For the thirteenth method, I kept my own personal field notes/journal during the
entire fieldwork to record various related incidents and information, and latter are used to
review and reflect on the issues after the fieldwork is completed.
Data triangulation between results obtained through different sets of data collection
and data analytical methods was used to confirm, cross-validate and corroborate findings,
and to find convergence (Figure 1.1). The triangulation process helps: (1) reduce data
uncertainty in data collection and analysis, (2) reduce biases in respondents’ responses
and memory recollection, and (3) to see pattern and propensity.

14

The use of cellular phone in the fieldwork is paramount considering that most public phones did not
work and that land lines were not available in remote areas in Indonesia.
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1.3 Final Disposition and Storage of the Raw Data
This section is taken in whole from the final report (Ref#: H04-80176-003) that I
submitted to the Behavioural Research Ethics Board of the University of British
Columbia (BREB-UBC) on March 11, 2009.
As explained in the Application for Behavioural Ethical Review form 15 (Box#29 in
the form, Ref#: B04-0176, dated Feb 12, 2004) submitted to BREB-UBC, the raw data
(i.e., interview audiotapes, including the transcripts, in original language), in accordance
with UBC Policy #85 16, will be kept for at least 5 years after the work is published. These
data will be kept by myself and by my supervisor (Dr Tony Pitcher) for future reference
and will be stored under secured conditions, for example in computer hard disk and/or
other electronic storage media with password protection, and in a locked cabinet within a
premise with restricted access. If no follow up study takes place (see Box#30 in the form,
Ref#: B04-0176, dated Feb 12, 2004), relevant hard copy documents of raw data will be
shredded/destroyed/burned and relevant audiotapes will be demagnetized to ensure that
confidentiality and anonymity will not be breached. Any other electronic data deriving
and/or synthesized from the raw data will be retained by me under secured conditions as
noted above.
As described in the ethics application, some audiotapes are invaluable such as those
containing traditional and local ecological knowledge and fishing history embedded in
the oral history interviews with the community elders. To preserve this invaluable
information for future research use, consent from all respondents if they would be willing
to have these audiotapes archived at the UBC library system following the end of the
study had been sought during the fieldwork and approval was granted. I had also
explained to them about how and when it would be appropriate for others to have access
to this archived information. Physical archiving in a library, while providing preservation
for future use, provides limited access in a sense that future users need to specifically
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Copy of the Certificate of Approval from BREB-UBC can be seen in Appendix B.
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www.universitycounsel.ubc.ca/policies/policy85.pdf.
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contact the library with their intention and come to the library (or order through interlibrary loan) to gain access to the audiotapes. This way would help filter the process that
only future users with genuine research intention that would have access to these
audiotapes.
However, upon the completion of the fieldwork and after consulting with Ms. Sally
Taylor (a reference librarian at UBC library specializing in fisheries sciences), we were
advised that unlike some other university libraries, UBC has no mechanism/provision to
archive interview audiotapes. We were told that the only available and relevant way of
archiving raw data (like the kinds that we have) at UBC library is by way of electronic
print-out archiving (i.e., pdf format or word document); in this case it is for the printed
version of the interviews (i.e., the transcripts) submitted as an appendix of the thesis. We
were not aware of the inability of UBC library system to archive audiotapes when we
first submitted the ethics approval application in February 2004.
Currently, the only way that a thesis is submitted at UBC is through electronic
submission into a digital repository system (at cIRcle, www.circle.ubc.ca). The cIRcle
system is openly accessible to anyone on the web, and allows direct and immediate
global access to the thesis the minute right after the electronic submission.
Appropriate measures to protect the anonymity and confidentiality of the
respondents have been applied in the transcripts. In the transcripts, the interviews were all
transcribed 17 in Bahasa Indonesia, the lingua franca of the study area and the language
of the interviews. We believe that preserving the original language of the interviews in
the transcripts would preserve the nuance of the context and perspectives of the issues.
Selected specific sentences deemed important for the analysis were noted (in balloon
style) with brief English translation, located on the right edge of the transcripts. To ensure
anonymity, all names of respondents in the transcripts have all been changed into an
17

Transcription was conducted by research assistant, Mr. Abdul Muis, and was effectively completed in
about six months time. With each interview lasting from 2 – 3 hours to 4 – 5 hours (in a few cases),
and each FGD lasting from 1 – 2 hours, I ended up having 600+ pages of transcriptions (single space,
Word document).
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alpha-numeric coding system. Likewise, references to people’s names in the transcripts
have also been changed into pseudonyms 18 and references to special locations, places,
periods or conditions deemed to have sensitive nature (e.g., location of fish spawning
grounds, location of fishing grounds, whether someone has been accused by the locals of
committing a socially unacceptable act, etc.) and may potentially give adverse impact in
the future for the local community in question, have also been concealed appropriately
(i.e., blackened-out). However, given the immediate global access to cIRcle, we consider
that this kind of digital repository system would give some vulnerability to the subjects
mentioned in the transcripts. There is also the potential misuse of the transcripts by
irresponsible researchers, i.e., plagiarism.
We therefore plan the following as an alternative way to archive this information:
(1)

Instead of submitting the transcripts as an appendix of the thesis, it will be
archived as a supplement of the thesis, a separate document.

(2)

While the thesis will be submitted electronically to UBC cIRcle system once
the degree program is completed, the supplement (containing selected parts of
the interview transcripts 19, with full anonymity and confidentiality measures
as noted above) will be embargoed until 5 years after the degree program is
completed. In other words, there will be a 5-year delay in the disclosure of
these selected parts of interview transcripts.

18

To avoid any similarity to any person living or dead in the study area, pseudonyms will be chosen from
an unrelated cultural background (e.g., Anglo-Saxon). This is because some information provided may
be locally sensitive and may potentially have unexpected consequences in the future.

19

These selected transcripts would contain invaluable information, such as traditional and local
ecological knowledge and fishing history embedded in the oral history interviews with the community
elders, as noted in the UBC ethics application and approved by the BREB-UBC (see copy of certificate
in Appendix B).
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The embargo period is intended to:
(1)

Provide an extra degree of protection (in addition to anonymity and
confidentiality measures noted above) to the subjects in question, in lieu of
limited access provided by physical archiving in a library, and

(2)

Provide a protection from potential would-be plagiarists that may benefit
from these transcripts had the transcripts is accessible globally right after the
study is completed. It is hoped that a 5-year embargo period would give
enough time for publications of the work.

Conclusively, we have informed BREB-UBC about this alternative plan for the final
disposition and storage of raw data in the final report of the completion of behavioural
study (Ref#: H04-80176-003, dated March 11, 2009), and it was approved on March 12,
2009.
Additional note not included in the BREB-UBC final report (Ref#: H04-80176-003):
Technical details on the submission of embargoed materials were discussed with
UBC Library (Ms. Sally Taylor), UBC Faculty of Graduate Studies (Ms. Max Read) and
my supervisor (Dr Tony Pitcher) following the thesis defense on February 10, 2010, and
prior to digital submission of the thesis to cIRcle on March 4, 2010. Ms. Taylor offered
me two options for the submission of the embargoed document to cIRcle:
(1)

Submit the embargoed supplementary document together with the thesis on
March 4, 2010 to cIRcle, but an automatic 5-year embargo protection would
be applied to the supplementary document;

(2)

Submit the embargoed supplementary document in five (5) years time to
UBC cIRcle, and in the mean time, I shall be responsible for looking after the
data set during the five (5) years embargo time by keeping the data set under
secured conditions as noted above.
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Notwithstanding the secured measures that have been applied to UBC’s cIRcle
digital information repository system, I still feel not comfortable to take a risk in
submitting the embargoed document together with the thesis in March 2010. Therefore, I
have decided to choose option #2. As agreed in the discussion, in five (5) years time, I
shall contact the cIRcle Coordinator 20 at the UBC Library to deposit it into cIRcle then.

1.4 Review of the Bali Strait Fisheries: Synthesis from the Fieldwork
1.4.1 Area Description
The Bali Strait is a 3,126 sq.km funnel-shaped marine environment that is located
between the island of Java and Bali, in central Indonesia (Figure 1.2) adjacent to the
Indian Ocean in the south and the Bali Sea in the north. It is shallow (ave. depth = 50m)
in the northern part while deeper (~ 400m to 1,400m) in the southern part; the northern
opening is about 2.5 km wide, while the southern is wider at 55 km (Merta, Widana,
Yunizal, & Basuki, 2000).
The oceanographic conditions of the strait are influenced by bi-annual monsoons
(Wyrtki, 1961, cited in Ritterbush, 1974; and various accounts from respondents) and El
Niño and La Niña events that occur interchangeably every 2 to 7 years (Climate
Assessment for the Southwest (CLIMAS), 2003; and various accounts from respondents).
The northwest monsoon that lasts from November to March brings winds that
generate a coastal current that flows along the south coast of Java towards the east.
Meanwhile, the southeast monsoon lasts from June to October where the coastal current
goes in the opposite direction, from east to west as it is pushed by the south equatorial
current of the Indian Ocean, and reaches maximum around July (Burhanuddin & Praseno,
1982, and Saliyo, 1973; cited in Merta et al., 2000) when it generates an upwelling in the
area south of Sumbawa, Lombok, Bali and the eastern tip of East Java (Figure 1.3).
However, recent surveys (in 1997: Merta et al., 2000; and in 2004: Hendiarti et al., 2005)
indicate that the timing of the upwelling process (denoted by lowest average sea surface
20

Currently held by Hilde Colenbrander (hilde.colenbrander@ubc.ca).

18

temperature) may be delayed to August. The months of April and May represent an intermonsoonal period where currents become weak.
Although most respondents were not aware of the term ‘El Niño’ per se, they
fondly remember the year of 1997-98, noted for its major El Niño (Ghofar, Mathews,
Merta, & Salim, 2000), when the amount of sardines caught was beyond their
imagination to the point that some boats sank with overloaded fish. The sardine fishery
therefore has a boom and bust nature as expected for small pelagic planktivorous fish
driven by El Niño and La Niña events, respectively.
The two monsoons described above govern the seasonality of the sardines as the
upwelling brings nutrients enhancing phytoplankton and consequently zooplanktons, and
eventually fish. The SE monsoon is considered as ‘the fish season’ by the fishers in the
strait, with the glut peaks around September to October, and occasionally the glut would
continue to the early part of November. Off season occurs during the NW monsoon and
the inter-monsoonal period. It is quite common that many purse seines would get as little
as 0.5 ton of sardines/fleet/fishing trip during the off season. On the contrary, a maximum
landing of 15 – 20 tons/fleet/fishing trip during the regular glut period and 30 – 40
tons/fleet/fishing trip during El Niño years (like that in 1997-98) are quite normal;
meanwhile, discarding and high-grading are also common during the glut and El Niño.
Slerek fishing trips are conducted for 11 to 20 days each month during new moon 21
phases only, with an average of 15 fishing-days/month. A fishing-day is normally
comprised of one trip, although 2-3 trips/fishing-day is not uncommon during the glut
and El Niño seasons. During full moons, the crew members work on the land to mend
nets and do necessary repairs.

21

The fishing cycle for sardines is lunar. Skippers and Captains acknowledged that the sardines cannot
be fished when the moon is full, because it is hard to visually find them under the moonlight. Their
iridescent bodies would glow in the water, making it difficult to see them in the moonlight. Thus, all
lemuru fishing is done during the new moon phases, when the moon is dark.
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The schematic diagram of water mass movement in the southern coast of
Java and the Bali Strait (Nontji & Ilahude, 1975, cited in Wudianto, 2001):
(A) during NW monsoon, and (B) during SE monsoon. CCSJ = wind-driven
coastal current of southern Java, SEC = south equatorial current of the Indian
Ocean. Reprinted and modified from Wudianto (2001) with permission.

1.4.2 The Respondents and their Particulars
Ninety-two respondents (18 females and 74 males, excluding non-local experts)
were locally recruited during the fieldwork using snow-ball sampling. The main reason
for the unbalanced gender ratio recruited is because males dominate the activities related
to fishing and fisheries in the strait. The youngest age recruited was 25 years old, while
the oldest was 80+ years old. Generally, respondents recruited were biased (n = 26)
toward 40 – 49 age group (Figure 1.4).
The 92 respondents were living in 15 coastal villages and 2 towns, spread in two
regencies and within two provinces. Meanwhile, information was also sought from nonlocal experts who have intimate knowledge of the Bali Strait fisheries and its ecosystem.
Unlike the names of the locally-recruited respondents which shall remain anonymous
(see section 1.3)18 for privacy and confidentiality reasons, names of these non-local
experts will be disclosed and annotated appropriately.
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Figure 1.4

Distribution of respondents based on age groups, recruited from both
Jembrana and Banyuwangi regencies, on both sides of the Bali Strait.

One parameter for respondents’ recruitment was the type of main occupation: in
total there are 15 types canvassed for the interviews and FGDs. ‘Fisher’ (or nelayan in
Indonesian) is the occupation that has the highest number (n = 38) of respondents (Figure
1.5). In the Indonesian language, the context of nelayan is quite broad and does not
exclusively include only those people that catch fish for their livelihood, but also those
people that own the fleets. This is because most fleet owners started their career as either
ordinary crew members or individual operators. Being a fleet owner can be considered as
the top achievement of a nelayan. Most crew members, individual operators and skippers
interviewed all aspire to be fleet owners one day. When this ‘fisher’ group is further
broken down into specific occupation characteristics (Figure 1.6), ‘individual operator’ is
the most frequent (n = 16).
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Figure 1.5

Distribution of occupations amongst respondents, recruited from both sides
of the Bali Strait.

Figure 1.6

Types of occupation characteristics within the ‘fisher’ group. In the Bali Strait, a
skipper is also the captain of the boat that he operates. Some fleet owners also
become skippers of their own boats.
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1.4.3 The Fisheries System: Fishing Gear and the Stakeholders
There are sixteen types of fishing gear operating in the Bali Strait and two types of
fishing gear mooring in the strait but operating elsewhere (Table 1.1).
Table 1.1

No.

Types of fishing gear in the Bali Strait as noted during the field
observations: June – July 2002, March – April 2004, July – October 2004,
February 2005 and December 2006.

Fishing gear
(English, local name)

Target species
(Latin, English, Indonesian or local name)

Fishing gear that moor and operate in the Bali Strait:
1.

Pair-boat system purse
seine
(slerek, Figure 1.7)

During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), all agegroups
During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)

2.

Fixed lift-net attached
to a bamboo platform
and operated with
kerosene lamps (bagan
tancap)

A random assortment of:
 Loligo spp.(squids; cumi)
 Juveniles (sempenit) and sub-adults (protolan) of Sardinella
lemuru, especially after spawning season (in June)
 Some shrimps
 Various small demersal fish, such as Leiognathus spp.
(splendid ponyfish, peperek)

3.

Scoop or dip-net
(serok)

Mainly used in the 1940s – 1970s, it is rarely used now.
However, some small-scale fishers still use this gear. Target
species are a random assortment of:
 Loligo spp.(squids; cumi)
 Juveniles (sempenit) and sub-adults (protolan) of Sardinella
lemuru, especially after spawning season (in June); also a bit
of the adults (lemuru)
 Other small pelagics
 Various small demersal fish, such as Leiognathus spp.
(splendid ponyfish, peperek)

4.

Gleaning (cari kerang
dan bulung)

These are mainly done by women, sometimes accompanied by
their children. They glean by using simple tool (e.g., screw
driver) or with no tool at all. Their target species are seaweed
(bulung) for those gleaners on the coast of Negara district, and
benthic invertebrates, especially molluscs (kerang) for those
gleaners on the coast of Muncar district.
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Table 1.1

Types of fishing gear in the Bali Strait as noted during the field
observations: June – July 2002, March – April 2004, July – October 2004,
February 2005 and December 2006.

No.

Fishing gear
(English, local name)

Target species
(Latin, English, Indonesian or local name)

5.

Push net operated using
a small boat equipped
with an outboard
engine (slodo mesin, or
simply slodo)

A random assortment of:
 Juveniles (sempenit) and sub-adults (protolan) of Sardinella
lemuru, especially after spawning season (June)
 Sergestid shrimps
 Various small demersal fish

6.

Small seine net
(payang oras)

During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), all agegroups
During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)

7.

Large seine net
(payang Panarukan)

During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), all agegroups
During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)

8.

Handline (pancing)

Mainly demersal fish, such as:
 Trichiurus spp. (hairtails; layur)
 Epinephelus spp.(groupers; kerapu)
 Various species of elasmobranch juveniles (sharks; cucut,
and rays; pari)
 Lutjanus spp. (snappers, kakap)
 Nemipterus spp. (sweetlips, kurisi)

9.

Tidal weir with nylon
net (banjang sero or
banjang waring)

Anything that got caught up in the weir during the ebb and flow
cycles, particularly:
 Various kinds of shrimps: Metapenaeus spp. (udang kecrek,
udang manis putih); mysids shrimps (gerago)
 Portunus pelagicus (swimming crabs; rajungan)
 Leiognathus spp. (splendid ponyfish, peperek)
 Juveniles (sempenit) and sub-adults (protolan) of Sardinella
lemuru, especially after spawning season (June)
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Table 1.1

No.

Types of fishing gear in the Bali Strait as noted during the field
observations: June – July 2002, March – April 2004, July – October 2004,
February 2005 and December 2006.

Fishing gear
(English, local name)

Target species
(Latin, English, Indonesian or local name)

10.

Traditional lobster
diving, using goggles,
net and spear (selam
udang barong dengan
jaring dan tombak)

Panulirus spp. (reef lobsters; udang barong)

11.

Multifilament nylon
drift gill net (jaring
insang, jaring gilnet)

Mainly target Katsuwonus pelamis (skipjack tuna; cakalang,
benglong), but also Euthynus affinis (eastern little tuna;
tongkol) and the juvenile and sub-adult (size 2 – 5 kg/fish) of
Thunnus albacares (baby tuna).
Also catch elasmobranch (sharks; cucut, and rays; pari), small
and medium pelagics (including S. lemuru), and a bit of
demersal species (small, medium and large).

12.

Monofilament nylon
bottom gill net (jaring
senar)

Mainly target medium and small pelagics (including S. lemuru),
large, mediun and small demersals species, crabs, shrimps and
lobster, and a bit of elasmobranch (sharks; cucut, and rays;
pari).

13.

Muncar-based one-boat
system purse seine
(perahu gardan) –
smaller in size than the
migrant one-boat
system (see below #16)

Target species is similar to slerek fleets.
During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), all agegroups

14.

Beach seine (pukat
pantai)

During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)
More or less similar to slerek, but with different proportion.
During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), mainly
sub-adult and juvenile groups
During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)
 Also some small and medium demersal fish
 Various kinds of shrimps: Metapenaeus spp. (udang kecrek,
udang manis putih)
 Portunus pelagicus (swimming crabs; rajungan)
 Various species of elasmobranch juveniles (sharks; cucut,
and rays; pari)
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Table 1.1

Types of fishing gear in the Bali Strait as noted during the field
observations: June – July 2002, March – April 2004, July – October 2004,
February 2005 and December 2006.

No.

Fishing gear
(English, local name)

Target species
(Latin, English, Indonesian or local name)

15.

Turtle hunter (pemburu
penyu)

Local Balinese turtle hunters in the strait used to be rampant up
to 1980s. However, by late 1980s, their numbers declined.
Conservation awareness is credited to their demise. In 2004,
turtle hunters still exist (only on the coastal areas in Negara
district) in very small numbers and only target few turtles, about
10 turtles/year (mainly green turle, Chelonia mydas) for
Balinese religious ceremonial purposes only (Respondent SB38,
Respondent SB39, and Respondent SB41, focus group
discussion, 21 August 2004).

Fishing gear that come as migrant fishing fleets, temporarily moor and operate in the Bali
Strait:
16.

Migrant one-boat
system purse seine
(kapal Tubanan)

During SE monsoon:
 Mainly Sardinella lemuru (lemuru sardines; lemuru), all agegroups
During NW monsoon, a random mix of:
 Decapterus spp. (scads; layang), all age-groups
 Euthynus affinis (eastern little tuna; tongkol)
 Scomberomorus spp. (mackerel, tenggiri)

Fishing gear that moor in the Bali Strait but fish elsewhere:
17.

Traditional longliner,
operated using wooden
boats (rawe mungsing)

Various species of adult sharks from Carcharhinidae,
Sphyrnidae, and Orectolobidae families. Fishing grounds are
mainly in Indonesian waters 22 not far from Australian waters.
Also in waters in the vicinity22 of Kalimantan and Sulawesi
islands (Respondent SB70, personal communication, 16
December 2006).

18.

Modern longliner,
operated using large
fiberglass boats
equipped with modern
equipment (rawe tuna)

Various species of tuna, such as Thunnus alalunga (albacore
tuna), Thunnus obesus (bigeye tuna), and Thunnus maccoyii
(southern bluefin tuna). Fishing grounds are mainly in eastern
Indonesia, such as the Banda Sea, Arafura Sea and Seram Sea.

Note: See Appendix A for descriptions on ethnic-based specialization with regards to the
ownership and operating of fishing gear.

22

As per the UBC-BREB ethics protocol of my research, the exact fishing ground location is herewith
concealed although they were disclosed during the interview.

26

Despite this array of distinct fishing gear targeting different species, in terms of
bulk catch landed, Sardinella lemuru (lemuru sardines) is the dominant species with more
than 90% of total catch (Hendiarti et al., 2005; based on official records). Meanwhile,
narrative evidence from interviews suggests that it is about 75 – 80% of the total catch on
average. These are mainly exploited by the pair-boat system purse seine (Slerek, Figure
1.7; Hendiarti et al., 2005; and various accounts from respondents).

Float

Float line

Net, ¾ - 1"

Weight

Weight line

Ring
Purse
line
Boats

Figure 1.7

Bali Strait-style purse seines, locally known as Slerek, are usually composed
of a pair of boats, the net boat (left, see photo) and the fish boat (right, see
photo) that work in tandem (see diagram). Net hauling is operated manually
by 25 to 50+ crew (in 2004), and fish schools are eye-spotted by the
skipper/Captain sitting at the high bench, also called ‘the stage’ (see red
arrow) of the net boat. The engines are mounted and ‘clipped’ on the edge of
the boat (blue circle) and the long shaft of the propeller would go sideways;
each fleet would have 5 – 7 engines in 2004 at 30 horsepower (HP)/engine,
totalling to 150 – 210 HP/fleet. Needing more speed to chase the fish schools,
the net boat would have 3 – 4 engines, while the fish boat would have 2 – 3
engines. Schematic diagram is from Wudianto (2001), modified and reprinted
here with permission. Photo credit: Eny Buchary, in Pangpang Bay, Muncar,
2004.

Administratively speaking, the Bali Strait fisheries are managed by both Banyuwangi
Regency, in the province of East Java, and Jembrana Regency, in the province of Bali
and there has been a joint licensing agreement between the two provinces since 1977
(Wudianto, 2001). This joint agreement was formalized into a fishery management body
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in 2000 comprising stakeholders from both provinces, overseen by both provincial and
regency governments (FAO-Norway Government Cooperative Programme, 2001).
However, regular and meaningful working collaboration is minimal mainly due to lack of
funding (S. Nurhakim 23, personal communication). In addition, awareness and
understanding of how a fishery management body should and can function amongst
government officials involved is lacking (Respondent SB65, personal communication, 28
September 2004).
The fisheries system in the Bali Strait can be regarded as anything but a
homogeneous and streamlined system. The fishery system relies on a crowded and
labour-intensive network of stakeholder interdependence (Figure 1.8), which receives and
shares the value of the catch (and even the by-products and wastes) in an intensely
distributive ramified fashion, from the moment the fish are caught, landed, bought, sold,
re-bought and re-sold, and so on (see Appendix D for descriptions on the stakeholders
and their inter-relationships). The network is very efficient in making use of the fish
resources caught and landed. Almost everything is used and processed into something
marketable; even the fish oil waste flushed by the various fish meal plants and canneries
into effluent pipes are strained and processed into industrial-grade grease for distribution
and sale into regional market.
This network system has always been there; it is more crowded now, but perhaps
as labour-intensive as it was when Emmerson (1980, Table 4, p.50) observed the fishery
in 1975. Therefore, a simple perturbation in one link of the network would have a serious
consequence of disrupting the whole web of interdependence. The fact that the fisheries
in the strait are very much shaped by the history of the multi-ethnic community that build
Muncar and Negara districts (Appendix A), when resource appropriation is deemed
unfair, inter-gear and thus, inter-ethnic violence could erupt and turned ugly (see section
1.5.5).
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Senior fisheries scientist at the Research Centre for Capture Fisheries of Indonesia’s Ministry of
Marine Affairs and Fisheries
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The network of stakeholder interdependence (Figure 1.8) develops over time and
has formed into a community safety net. Its intricacies are nurtured by the prevalent
patron-client relationships and strong kinship, which made up the foundation of a social
safety net. At individual level, fishers and their families would specifically invest in gold
jewelries 24 for their wives during the southeast monsoons and El Niño events as a store of
wealth and as a personal safety net 25, to help buffer themselves against uncertainties of
income during the northwest monsoons and La Niña events when fish are scarce. The
lack of formal government social safety net, inaccessible financial resources, lack of
other livelihood options and the prevalent cyclical boom and bust nature of the fishery
have enabled the fishing community to evolve in such a way so that social safety net, as
embodied by the patronage institution, provides a place where both personal safety net
and community safety net rest upon and thrive so that they help buffer the community
against any shocks and uncertainties.

24

Other types of store of wealth were also observed during the fieldwork in the study area, for example,
land for agriculture (e.g., rice fields), motorcyles, cars, luxury home furnishing, etc. However,
interview accounts suggest that since gold jewelries have always been the easiest type of investment to
sell and/or pawn in short notice, fishers’ wives prefer to invest in gold jewelries rather than in any
other types of store of wealth.

25

During the interview session with Respondent SB70 (personal communication, 5 October 2004), who
is an owner of two pairs of slerek boats and a patron to all crew members and the two skippers, his
wife admitted that, with her husband’s approval, she would buy gold jewelries during the glut seasons,
notably during southeast monsoons and El Niño episodes, for the wives of all crew members and the
wives of the two skippers. She asserted that she did this as a means to encourage them, as their clients,
to buffer themselves against uncertainties by having some gold as personal safety net.
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Figure 1.8 Schematic diagram of a simplified representation of the network of stakeholder interdependence of the slerek fishery system in
the Bali Strait. See Appendix D for descriptions on the stakeholders.
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1.4.4 The Evolution of the Lemuru Fishery in the Strait
Respondent SB23 who was 80+ years old during the interview explained that the
lemuru fishery had started in the strait even before Japanese troops came to the area in
1942. At the time, scoop or dip nets (serok) and small dug-out boats (sampan or jukung)
with sail were normally used. The dug-out boat had a maximum capacity of 0.2 – 0.3
tonnes when fully loaded. Most lemuru caught then were usually the largest size
(representing the oldest age-group or senescent stage), known locally as bei kocing or
lemuru kucing, about 20 – 25 cm long (Respondent SB23, personal communication, 10
August 2004).
During the National Revolution period (1945 – 49) 26, fishing in the strait was
temporarily halted by Dutch troops by means of force. The temporary halt was enough to
make all sorts of fish so abundant thereafter that fishers could catch them using cast nets
(jala buang) and handlines (pancing) from the beach (Respondent SB23, personal
communication, 10 August 2004).
After the revolution, during the 1950s to 1960, the lemuru fishery in the strait grew
slowly. Soemarto (1960) described various gear that were used then: (1) jala oras or
payang oras (seine nets made of cotton and leaves of Gebang palm, Corypha utan;
operated by wooden sailing boats ranging in size from (Length x Breadth x Depth): 5.5m
x 0.8m x 0.5m to 7.5m x 1.5m x 0.75m, with 3 – 6 crew members, including the skipper),
(2) jaring lemuru or jaring eder (cotton gill nets, also operated using the same wooden
sailing boats), (3) jala buang (cast nets made of cotton, operated using dug-out boats that
were 4m x 0.6m x 0.5m in size, with 1 – 2 crew members), and (4) serok (scoop or dip
nets made of cotton thread, operated using the same dug-out boats).

26

Following Japan’s surrender in World War II on August 15, 1945 and Indonesia’s proclaimed
independence on August 17, 1945; the Dutch troops came back to Indonesia’s archipelago to reestablish their rule. It was not until December 1949 that the Dutch finally surrendered and left the
archipelago. This period, 1945 – 1949, was known in Indonesia’s history as a National Revolution
period, and Respondent SB23 remembered this period as a chaotic and bloody time.
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Slerek purse seines were introduced in the Bali Strait in 1974. Their introduction
was not without violence (see section 1.5.5). Following the violent incidents, ownership
of slerek fleets resumed in Muncar: first using the once despised cooperative system
sponsored by the government that lasted until the early 1980s (Respondent SB35,
personal communication, 19 August 2004), then replaced by the usual patron-client
system which resulted in an exponential rate of increase in fleet numbers.
Merta (1995) reported that slerek fleets started with 10 units in 1974, and
increased to 44 units in 1975, to 119 units in 1977 and to 295 units in 1990 (of which
only 273 units had licenses). By 2002, the number decreased with about 150 units of
active pairs of slerek from both sides of the strait (Dewa Gede Raka Wiadnya 27, personal
communication, 14 June 2002). Meanwhile, in 2004 the number continued to decline. It
was noted that the number of active pairs had declined to only 113 units in 2004
(Respondent SB35, personal communication, 19 August 2004; and Respondent SB53,
personal communication, 12 September 2004), despite the fact that there were 273
licenses issued. The main perceived reason for this decline is because fishing was no
longer profitable for some fishers.
In terms of boat size, boats used for lemuru fishery have also undergone an
increase in size over the past decades. During the 1930s through the 1940s, the dug-out
boats had a tonnage of 0.2 to 0.3 GT (Respondent SB23, personal communication, 10
August 2004). In the 1950s through the 1960s, boat size increased to 0.4 to 1.7 GT (reestimated 28 using data in Soemarto, 1960). In the 1970s, they were between 3.5 to 4 GT
(re-estimated28 using data provided by Respondent SB73, personal interview, 11 October
2004). By the end of the 1980s, boat size increased to 15 GT (re-estimated28 using data in

27

Professor at the Faculty of Fisheries, Brawijaya University, Malang, East Java.

28

Gross tonnage formula used is based on the Decree of the Minister of Marine Affairs and Fisheries
KEPMEN No.10/2003:
(Length x Breadth x Depth x Coefficient of Block)/2.83
Coefficient of block (Cb) for slerek boat is 0.56 (Iskandar & Pujiati, 1995). In naval architecture, Cb
indicates a ratio between boat displacement volume and the multiplication product of its dimension
(Length x Breadth x Depth).
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Merta, 1995), and jumped to 28.7 – 36.8 GT in the 1990s (re-estimated28 using data in
Wudianto, 2001). During the fieldwork in 2004, on average slerek boats were in the order
of 25 – 30 GT (Respondent SB56, personal communication, 20 September 2004),
although in some cases, I also found slerek boats that were larger, as much as 40 GT
(Respondent SB2, personal communication, 3 August 2004) and 52 GT (re-estimated28
using data provided by Respondent SB44 (personal communication, 24 August 2004) 29.
Interestingly, a few fishers that realized the decline of lemuru stocks, like Respondent
SB35 (personal communication, 19 August 2004), reduced their boat size from 30 GT to
15 GT.
The mesh size of the slerek purse seine nets has always been ¾”, which experts
considered as detrimental 30 to the lemuru stocks as it catches the juvenile sardines
(sempenit, approx. 3 to 10 cm TL) and the sub-adult sardines (protolan, approx. 10 to 13
cm TL) as well (Wudianto, 2001). Local governments of both East Java and Bali
provinces had implemented regulations to limit the use of purse seine net mesh size to
minimum 1” to allow both sempenit and protolan to escape, but this regulation has
proven to be ineffective 31 and its enforcement is lacking (Dewa Gede Raka Wiadnya27,

29

Unfortunately, progression of fishing boat size is not monitored in Indonesia. Often the case, a fishing
boat with a size greater than 30GT would still carry a medium-scale license, which is the original
license of the boat when it was first issued many years ago when the boat was still under 30GT. This is
a practise that can be considered a form of IUU fishing amongst domestic fishing fleet and is discussed
elsewhere (Buchary, Pitcher, & Willoughby, 2008).
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At ¾” mesh size, protolan would be caught but sempenit would be gilled and stuck in the net;
therefore, fishers usually would avoid sempenit schools during the net setting, as catching sempenit
would pose risks to the nets and to the crew who would manually haul them (Respondent SB53,
personal communication, 12 September 2004; Respondent SB56, personal communication, 20
September 2004). Nevertheless, sempenit cannot be totally avoided as their existence often overlaps
with protolan’s. Once caught, about 40% of sempenit would be damaged as they are gilled in the net
and became mushy, therefore, they are discarded (Respondent SB55, personal communication, 17
September 2004).
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This is because fishers found that by using ¾” mesh size net, fishing can be carried out throughout the
year by avoiding sempenit, but catching protolan, adult sardines (lemuru, approx. 13 to 18 cm TL), and
senescent sardines (lemuru kucing, approx. 18 to 25 cm TL) and therefore, guaranteeing income
continuity (Respondent SB4, personal communication, 4 August 2004). Nobody is willing to forego
this income continuity opportunity (Respondent SB4, personal communication, 4 August 2004), as
most of them is poor and have short term view in financial planning (Respondent SB35, personal
communication, 19 August 2004).
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personal communication, 14 June 2002; Respondent SB35, personal communication, 19
August 2004).
Except for the use of engines, the slerek fishery has always been a fishery whose
nets are operated entirely in manual mode since its introduction in 1974. The slerek
fishery in the strait is the only fleet that resembles a commercial enterprise in terms of the
sheer abundance of the fish caught and of how the government licensing system operates.
However, the slerek fleets are managed like a small-scale fishery entity where patronclient relationships and kinship are very strong and these serve as the social safety net for
the fishing community in question.
A simple kaleidoscope on the evolution of lemuru fishery in the Bali Strait is
presented in Appendix C2.
1.4.5 The Culture of Conflict Sown by Resource Appropriation Problems
Despite the existence of a lemuru fishery management body that is supposed to
manage and control the appropriation of lemuru stocks in the strait (FAO-Norway
Government Cooperative Programme, 2001), the exploitation of lemuru continues in an
open access, mare liberum fashion. Anybody that could afford to buy the means to fish
can access the resources any time they want.
Since the beginning, when slerek was introduced in 1974, the exploitation of
lemuru in the Bali Strait follows a style typical of common-pool resource, resulting in a
random outbreak of inter-gear and inter-ethnic violent incidents (e.g., Emmerson, 1987).
In the Bali Strait, purse seine nylon nets were first acquired from Japan by some Muncarbased fish plants and canneries at the beginning of 1974 and were made into pair-boat
style slereks (Respondent SB77, personal communication, 17 October 2004). At the time,
there were only 14 units of privately-owned slerek fleets (Respondent SB77, personal
communication, 17 October 2004). Most of them were owned by Chinese-descent
Indonesians who also owned the fish plants and canneries (Emmerson, 1987). The first
half of 1974 showed a marked increase of lemuru catches landed by these slerek boats
34

which created social tension with traditional fishers (mostly payang) who were still using
nets made of cotton.
By mid-1974, following a petition by the traditional fishers declaring that the new
gear destroyed lemuru stocks, the operation of these privately-owned slereks was banned
by the local government in Muncar (Emmerson, 1987; Respondent SB77, personal
communication, 17 October 2004). Ironically, responding to the pleas of the same
traditional fishers to catch more fish with better techniques, the local government assisted by the Marine Fisheries Research Institute in Jakarta (Wudianto, 2001) - made a
plan to develop the lemuru fisheries by empowering traditional fishers with an aid
package that comprised similar gear (Emmerson, 1987).
The new gear would also be managed through a new government-sponsored
fisheries cooperative system called Koperasi Unit Desa “Mino Blambangan” 32
(Emmerson, 1987; Respondent SB77, personal communication, 17 October 2004;
Respondent SB73, personal interview, 11 October 2004). Unfortunately, the government
only had money to provide 7 units of this new slerek gear (each with 12 crew members);
while thousands of other expectant fishers were not selected to receive the aid package
(Emmerson, 1987). The manner in which the aid packages were distributed was
considered unfair by many fishers (Respondent SB73, personal interview, 11 October
2004).
The new cooperative system did not work. One thing very obvious was the fact
that from the beginning, the cooperative system tried to undermine the strong kinship and
patron-client relationship in the area, which the government considered as exploitative to
the crew members and skippers (Kasijanto, 1976; Emmerson, 1987).
Perhaps it was a combination of these two factors: (1) perceived injustice of
fishing gear aid package distribution, and (2) government attempt to undermine the wellestablished patron-client relationship; that triggered a violent incident in the history of the
32

See details on the history of fisheries cooperatives development in Muncar in Chapter 2, section 2.2.
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Bali Strait known as Malamun - an acronym of Malapetaka Muncar, or Muncar’s
Calamity - on September 30, 1974 (Respondent SB75, personal communication, 13
October 2004). During Malamun, the new government slerek fleets were set afire by
traditional fishers in Muncar (Kompas, 1974; Emmerson, 1987; Respondent SB77,
personal communication, 17 October 2004; Respondent SB73, personal interview, 11
October 2004). Thousands of disappointed fishing folk (mostly Madurese payang fishers)
ran amok in the fishing port and surrounding areas, created chaos and destruction for the
whole day against Chinese-owned shops and properties 33, and even targeting bagan
(fixed lift-net) bamboo structures owned by the Buginese fishers; which prompted the
police and military personnel to be deployed to take control of the situation (Kompas,
1974; Emmerson, 1987; Respondent SB77, personal communication, 17 October 2004;
Respondent SB73, personal interview, 11 October 2004; Respondent SB55, personal
communication, 17 September 2004). Apart from a major loss due to the destructions
(about Rp.99.5 million, or about USD 240,000 in 1974 value), luckily nobody was
reported killed (Kompas, 1974). As the new government cooperative system did not work
(although it is still exist until now but assumes very minimal role), the patron-client
relationship resumed, and as a result the slerek fleet increased exponentially.
Fishing activities in the strait carried on without any major incident until the
1990s, when migrant Tubanan boats started to come in the strait (mainly to Muncar
district), targeting the same lemuru species. At the beginning when there were only 13
units in 1992, nobody really complained and everybody was quite happy fishing together
(Respondent SB73, personal interview, 11 October 2004). However, resource
appropriation conflicts started to emerge with the local slerek fishers when a total of 130
33

Latent dislike against the Indonesians of Chinese descent is a racial prejudice that has deep historical
roots, which stemmed from Dutch colonial policies and practices centuries ago (Indonesian Legal
Studies Foundation, 2006; Utomo, 2000). The discrimination continued throughout the Soekarno’s
(1945–1967) administration and was institutionalized further during Soeharto’s (1967–1998) regime
(Utomo, 2000). Fortunately, following the fall of Soeharto in 1998, effort to turn the tide of the
prejudice was pioneered during the presidency of B.J. Habibie (1998–1999) and K.H. Abdurrahman
‘Gus Dur’ Wahid (1999–2001) and maintained by the subsequent presidents by acknowledging the
cultural heritage of the Indonesian Chinese minorities and repealing some of the most notorious laws
that undermine them (Indonesian Legal Studies Foundation, 2006). Nevertheless, the prejudice still has
not completely disappeared and somehow persists in the sub-consciousness of the nation. It continues
to haunt the nation each time there is unrest.
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units were noted in 2004 (Respondent SB53, personal communication, 12 September
2004). Moreover, in later years, they have tended to stay much longer and with bigger
boats, i.e., 35 - 40 GT in 2004 (Respondent SB67, personal communication, 30
September 2004).
The main complaint brought about by the slerek fishers, interestingly was not
about the conflict over the fish per se. It was rather, the difference of fishing methods
used that created tension, and therefore, conflicts (Respondent SB67, personal
communication, 30 September 2004). For example, slerek must operate in pitch darkness,
during the new moon phase, as the skipper relies on his own vision (while perching on
the high bench) to visually spot the lemuru schools. On the other hand, the Tubanan boats
use high intensity halogen light to attract lemuru schools. It is the bright light used by the
Tubanan boats that is blamed by the slerek skippers to have caused the glare that affect
their vision (Respondent SB67, personal communication, 30 September 2004;
Respondent SB70, personal communication, 5 October 2004).
The tension between slerek and Tubanan fleets culminated in late 2006 when some
crew members of a slerek fleet set a Tubanan boat at sea afire while fishing (Respondent
SB76, personal communication, 16 December 2006). The incident was quickly resolved
when all juragan darat (boat owners) of slerek fleet in Muncar, in a spirit of camaraderie,
pitched in money to pay for the compensation to the owner of the victimized Tubanan
boat (Respondent SB53, personal communication, 16 December 2006). It seems that by
2008 the flow of migrant Tubanan boats has been stemmed and those boats that were in
Muncar were deported back to their original hometowns on the northern coast of East
Java (Media Partisipasi, 2008); only time will tell whether the fishing community in the
Bali Strait could turn the tide of the culture of conflict that have haunted them for
decades.
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2

Beyond Fisheries Catch Statistical Data for the Bali Strait: the Story
Behind the Numbers 34

2.1 Introduction
An accurate evaluation of the impact of fisheries is impossible to derive if one were
to work on inaccurate catch data. This not only leads to poor fisheries management
policies, but also to unwise investment decisions by companies in the fisheries sector and
risky credit provisions to these companies by banks. This is particularly true for many
developing world fisheries, including those in Indonesia, where there are still many
challenges in the capacity, efficiency and effectiveness of national statistical systems.
On top of technical barriers, the issue of statistical data quality is made worse in
Indonesia because working in the statistics division of a government office or
organization is still considered as a bad career choice; being transferred to a statistics
division is considered as a punishment or demotion, and few government employees at
the non-decision making level know the benefit and purpose of statistical data collection
and

maintenance

(Nurhakim23,

personal

communication;

Soecipto 35,

personal

communication, 28 September 2004).
To begin the evaluation of the impact of fisheries in the Bali Strait, one needs to look
at the state of the data used in the management framework. Therefore, in this Chapter 2, I
explore what lies behind the numbers within fisheries statistical data sets. The case study
focuses on medium-scale 36 domestic purse seine fishing fleets in the Bali Strait, locally
known as slerek (see Figure 1.7 in Chapter 1). Slerek mainly targets sardine (Sardinella
34

A version of this chapter will be submitted for publication. Buchary, E.A. and Pitcher, T.J. Beyond
Fisheries Catch Statistical Data for the Bali Strait: the Story Behind the Numbers.
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Former Chief at the Regency Fisheries Office of Banyuwangi Regency, East Java, Indonesia.
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In Indonesia’s fisheries system (Priyono & Sumiono, 1997), medium-scale fishing fleets include
privately-owned (as opposed to company-owned) boats, of generally less than 5 gross tonnes (GT) and
up to 30 GT, that mostly use inboard engines. Medium-scale fishing boats tend to have access to few
or no shore-based amenities such as ice plants, cold storage facilities or workshops. A fisher usually
owns one or, at the most, a few fishing units.
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lemuru), commonly known as lemuru. Using information acquired from comparative
analyses of reported official catch records, I compared nominal catch data of S. lemuru
from the Bali Strait from 1972 to 2001 across all administrative jurisdictions to assess its
reporting consistency, and from 1950 to 1971 to reconstruct the historical catches of
lemuru prior to formal government data collection. Direct observations in the field and
information gained from individual semi-structured interviews and focus group
discussions (FGDs) were used to systematically trace the flow of how the data were
collected, enumerated and reported in the system. Synthesis from these three approaches
was used to: (1) understand how the fisheries data collection and reporting systems work,
(2) point out where and why data gaps occurred, and (3) provide some suggestions for
improvements.

2.2 The Slerek Fishery: Background on its Development and Statistics
System
The lemuru fishery had existed in the Bali Strait even before Japanese troops came to
the area in 1942 (Respondent SB23, personal communication, 10 August 2004).
Respondent SB23 recalled that during 1930s – 1940s in Negara district, he and his fellow
fishers used scoop (serok) and cast nets (jala buang) to catch lemuru, with sail powered
dug-out boats (jukung) (personal communication, 10 August 2004). Interviews with two
very old (80+ years old) respondents (Respondent SB19, personal communication, 8
August 2004; Respondent SB23, personal communication, 10 August 2004) indicated
that there were no other significant fisheries in those decades except the lemuru fishery
and that the fishery was mainly for subsistence as market access was very hard. During
the National Revolution period (1945 – 1949), fishing in the strait was temporarily halted
by Dutch troops by means of force and was resumed in 1950 (Respondent SB23, personal
communication, 10 August 2004).
After the revolution, in the 1950s, the lemuru fishery in the strait grew slowly. Two
types of gear emerged (Soemarto, 1960): (1) jala oras or payang oras (seine nets made of
cotton and leaves of Gebang palm, Corypha utan), and (2) jaring lemuru or jaring eder
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(cotton gill nets); both of these gear were operated using wooden sail powered boats
(perahu or sampan), and both targetted lemuru.
During 1950s and 1960s, fixed lift nets using a bamboo platform (bagan tancap),
targetting squid and small fish (including juvenile and sub-adult lemuru), came to
Muncar district brought in en masse (see details in Appendix A, in Chapter 1) by Bugis
fishers and their families from South Sulawesi (Respondent SB52, personal
communication, 12 September 2004). In 1968, another gear, a bamboo tidal weir
(banjang kerei), emerged in Muncar district and targeted small fish, mainly juvenile and
sub-adult lemuru (Respondent SB69, personal communication, 2 October 2004). Both of
these gear have been operated on a small scale in Pangpang Bay, calm and enclosed
waters in Muncar district, ever since their arrival, and never made it to Negara district.
A new gear to catch lemuru using a purse seine net and a pair of boats was first
introduced in Muncar in 1974 (Respondent SB73, personal interview, 11 October 2004),
and was later introduced in Negara district in 1975 (Respondent SB13, personal
communication, 6 August 2004). At that time, the size of the boats was merely 3.5 to 4
GT (re-estimated using data provided by Respondent SB73, personal interview, 11
October 2004). The new gear was called ‘slerek’ and its introduction was not without
intense violence (see details in Chapter 1). Slerek fleets continued to grow in number and
in size. Except for the use of engines, the slerek fishery has always been operated entirely
in manual mode, i.e., the purse nets are set and pulled by hand. In 2004, on average slerek
boats were in the order of 25 – 30 GT (Respondent SB56, personal communication, 20
September 2004). However, by 2004 some fishers, realizing the decline of lemuru stocks,
reduced their boat size from 30 GT to 15 GT (Respondent SB35, personal
communication, 19 August 2004). Propelled by the significant fuel price increase
beginning in 2005 (PT. Pertamina (Persero), 2008), many fishers reduced their fishing
frequency and some even sold their boats altogether (Respondent SB56, personal
communication, 20 June 2008).
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By 2004, along with slerek there are sixteen other types of fishing gear operating in
the Bali strait and two types of fishing gear mooring in the strait but operating elsewhere
(see Table 1.1, Chapter 1). Despite this array of distinct fishing gear targeting different
species, in terms of bulk catch landed, S. lemuru is the dominant species with more than
90% of total catch and mainly caught by slerek (Hendiarti et al., 2005). According to
Merta, Widana, Yunizal, & Basuki (2000), from 1976 – 1994, slerek landing comprised
80 - 99% of total catch landed in Muncar. Other species caught by slerek include round
scads (Decapterus spp., layang), eastern little tuna (Euthynnus affinis, tongkol), and
mackerel (Scomberomorus spp., tenggiri) that are caught either as by-catch or targeted in
the off-lemuru season in much lower numbers than lemuru.
Bi-annual monsoons (Wyrtki, 1961, cited in Ritterbush, 1974) and El Niño events
that occur every 2 to 10 years (Ghofar, Mathews, Merta, & Salim, 2000) influence the
oceanographic conditions of the strait, and therefore, seasonality governs the lemuru
fishery. The southeast monsoon (June – October) generates an upwelling in the strait and
is considered as ‘the fish season’ glut by the fishers. The glut peaks around September to
October, and occasionally it would continue to the early part of November. Off season
occurs during the Northwest monsoon (November – March) and the inter-monsoonal
period (April and May). The fishery also has a boom-and-bust nature as expected for
small pelagic planktivorous fish whose recruitment is driven by El Niño events.
Commercial lemuru fishing in the Bali Strait is restricted to fishers based in Muncar
district, specifically in Kedungrejo village (Banyuwangi regency, East Java province) and
in Negara district, specifically in Pengambengan village (Jembrana regency, Bali
province) (Figure 1.2 in Chapter 1). Therefore, processing facilities such as fish meal
plants and canneries are also concentrated in these two districts. Despite its resemblance
to a commercial enterprise in terms of the sheer abundance of the fish caught and of how
the government licensing system operates, the slerek fleets are managed like a smallscale fishery entity where patron-client relationships and kinship are very strong
(Respondent SB4, personal communication, 3 August 2004; Emmerson, 1976, 1987;
Budhisantoso, Setiawati, Subagyo, & Suhardi, 1991).
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The first account of national fisheries statistics in Indonesia was from 1973, when
Indonesia had its first national agricultural census (Yamamoto, 1980). Using this census
data as a reference, a standardized national marine fisheries statistical system was
established in 1976 with the help of Dr Tadashi Yamamoto, a fishery statistician assigned
by FAO and UNDP from 1973 to 1978 to overhaul and implement a proper national
fisheries statistics system for Indonesia (Yamamoto, 1980). Results of this major project
were codified and documented for the nation-wide use (Directorate General of Fisheries,
1975a, 1975b, 1980b, 1990b). Although the official national standardized system was
officially launched in 1976, the project managed to work on the data collected from prior
years (notably going back to 1973 37) to be included as part of the new system
(Yamamoto, 1980).
Prior to the establishment of this national fisheries statistical system, each region had
their own way of enumerating and recording fisheries statistics, and therefore the earlier
data sets cannot easily be used to make nation-wide comparison (Wahyudi, 1996). In
Muncar district, for example, the amount of lemuru landed was first tallied and recorded
in late 1920s, after a local marine fisheries cooperative, Koperasi Perikanan Laut “Minak
Djinggo”, was established in 1927 (Respondent SB75, 1997a). In 1949, Minak Djinggo
cooperative evolved into another local marine fisheries cooperative, Koperasi Perikanan
Laut “Pantai Bahagia” (Respondent SB75, 1997a). Nevertheless, these early records
(1927 – 1949) of lemuru catch and other fisheries information could not be found
anywhere. It is possible that these data were destroyed during the Japanese occupation in
Indonesia during the Second World War (1942 – 1945) and during the National
Revolution period (1945 – 1949) (Respondent SB75, personal communication, 13
October 2004).
Once fishing activities in the strait resumed in 1950 (after the end of National
Revolution), the catch data continued to be tallied and recorded by Pantai Bahagia
cooperative. In 1958, this cooperative evolved into another local cooperative, Koperasi
Simpan Pinjam “Nelayan Muncar”; and in 1965, it evolved again and was split into two
37

For the Bali Strait, it went back to 1972 (Directorate General of Fisheries, 1974).
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local cooperatives: Koperasi Perikanan Laut “Sumber Mulyo”, and Koperasi Perikanan
Laut “Sumber Rezeki” (Respondent SB75, 1997a). While the standardized statistical
system was in the process of being established, a government-sponsored marine fisheries
cooperative, Koperasi Unit Desa “Mino Blambangan” was founded in 1975 in Muncar,
as an amalgamation of the two local cooperatives previously founded: Sumber Mulyo
and Sumber Rezeki cooperatives. As noted by Wahyudi (1996), the catch data collected
and tallied by these local cooperatives were considered as non-standard, and as such they
were not included in any official government reports and documents. For the Bali Strait
lemuru catch records, official catch data started in 1972 (Directorate General of Fisheries,
1974). Fortunately, Ritterbush (1974) was able to get hold of the 1950 – 1971 data set 38
for his masters thesis when he visited Muncar from October 1973 – March 1974; and I
used it in my analysis depicted in Figure 2.3 (as data source #8).
No information on the account of lemuru statistics enumeration from Negara district
prior to 1973 was found. Nevertheless, historical accounts from various interviews
suggest that lemuru fishing in Negara was much smaller in scale compared to that in
Muncar and it has always been the case.

2.3 Some Challenges to Fisheries Catch Statistics
In managing the fishery resources using stock assessment tools, fishery managers
rely heavily on the catch data as a basis for input to design management options. Like any
stock inventory system, fishery stock assessment needs an informative and transparent
‘fish stock balance’. This balance takes into account how much fish is extracted from the
ocean in total in relation to how much is actually produced through growth, immigration
and recruitment.
At equilibrium, as derived from Russell’s equation (E. S. Russell, 1931):
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Ritterbush’s (1974) masters thesis, in fact, is the first and only account that published this 1950 – 1971
data set of lemuru landed at the official landing site at the village, and tallied by the now-defunct local
marine fisheries cooperatives in Muncar. In his thesis, he also presented the lemuru catch of 1972-73.
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Total fish stock extraction from the ocean ≈ Total fish stock production in the ocean
Where:
Total fish stock extraction

= total fishery catch
= nominal landings + discards (+ take-home + other
catch diversion)

And:
Total fish stock production

= growth + immigration + reproductive output –
mortality – predation

In the past, often accepted at face value, the accuracy of ‘total fishery catch’ statistics
used as data input needed for the ‘total stock extraction’ side of the balance was rarely
challenged. But in the past ten years this has changed with the increased awareness of
Illegal, Unreported and Unregulated (IUU) fishing.
Pitcher, Watson, Forrest, Valtýsson, & Guénette published the first paper that
provides an in-depth review on IUU fishing and systematic quantification of the missing
catch (2002). In their paper, in light of IUU fishing, they described that fisheries catches
may be separated into three components: (1) nominal catch reported to a monitoring
agency, generally to a national body that itself reports to the Food and Agriculture
Organization of the United Nations (FAO), (2) reported discards, usually as a result of an
observer program, and (3) unreported catch that comprised: (a) unreported discards, (b)
unmandated or unregulated catch, and (c) illegal catch, which also includes misreported
and under-reported catch.
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IUU fishing has been a subject of global concern since the 1990s, when deep
concerns over the development of distant water fleets 39 that create wide-scale
overexploitation emerged (Richards, 2003; MRAG, 2005). Since then, there have been a
number of initiatives on combating IUU fishing; in particular, the negotiations of the
FAO International Plan of Action on IUU fishing (FAO, 2001). Up until then, ‘nominal
landings’ were usually considered as total fisheries catch statistics and termed ‘fisheries
production statistics’ in many countries. It is this production statistics that is reported to a
monitoring agency, generally to a national body that itself reports to FAO (Pitcher et al.,
2002). Although discards for certain gear (e.g., trawls) have been acknowledged for quite
some time and have been monitored in select fisheries in the developed world, the
reported nominal landings can still be erroneous (Agnew et al., 2009).
With the advent of evaluating fishing impacts at an ecosystem scale (e.g., Christie,
Fluharty, White, Eisma-Osorio, & Jatulan, 2007; Christensen, Aiken, & Villanueva,
2007; Andrew et al., 2007; Garcia & Cochrane, 2005), the meaning of true fisheries catch
has never been more important. This is especially true since the expected benefits from
IUU fishing usually far exceed the cost of being apprehended (Sumaila, Alder, & Keith,
2006). The failure to understand the full extent of fishing can result in not only ‘blind’
fisheries management that jeopardizes ecosystem structure, but also compromises
fisheries benefits (Evans, 2000).
In general, when people discuss IUU fishing, topics seem to revolve around largescale fisheries and/or foreign fishing fleets. In practice, IUU fishing happens in many
fisheries (FAO, 2002), including domestic fishing fleets, artisanal, small-scale and
medium-scale fisheries. In the developing world, such as in Indonesia, the consequences
can be more serious. The absence of proper management facilities in developing world
fisheries (e.g., fishers’ cooperatives that work for the benefit of the fishers, observer
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It started with the development of the distant water fishing fleets of the Soviet Union in the 1950s,
followed by the development of similar fleets by Japan, other Far Eastern states, European states and
the USA in the 1970s .
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programs, official fish log-book systems, and monitored centralized landing facilities)
have exacerbated the impact of the missing quantities of the true catch.
In any fisheries, quantifying the unaccounted part of the true catch can present a
significant technical challenge. Regulatory agencies may hold no mandate to record the
catch statistics for certain fishery/species/gear, e.g., anchovy catch by Sulawesi migrant
fishers in Kabui Bay, Raja Ampat (Papua, Indonesia) that has never been officially
accounted for by Raja Ampat fisheries officers (Bailey, Rotinsulu, & Sumaila, 2008).
Moreover, the issue can be compounded by the politically sensitive nature of the
situation, especially when the target species is an endangered species and/or if the gear
used is violating existing rules. For example, humphead wrasse (Cheilinus undulatus),
listed as Endangered in IUCN 40 Red List (B. Russell, 2004) and listed in Appendix II of
CITES 41 as of 2005, are widely caught in Indonesia using potassium cyanide to be traded
in the lucrative market of live reef food fish (LRFF) in Hong Kong (Sadovy et al., 2003).
Using cyanide for fishing is illegal in Indonesia as stipulated by Fisheries Act No.9/1985
(Halim, 2002) and later replaced by Fisheries Act No.31/2004 (President of the Republic
of Indonesia, 2004) and hence it is very difficult to get the actual true catch of
Indonesia’s humphead wrasse.
In the artisanal fisheries of developing countries, like the slerek fishery, the
traditional and cultural context makes the catch data verification exercise even more
difficult than it already is due to the informal, kin-ship and patron-client nature of the
trade and therefore, its lack of standardized and systematic way of doing things.
Therefore, in this study to get an idea about the state of the catch data enumerated,
reported and used in the management framework, I implemented a mixed methods
approach in the research design (sensu Creswell, 2003). This approach combines both
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International Union for Conservation of Nature and Natural Resources.

41

Convention on International Trade in Endangered Species of Wild Flora and Fauna. Having a species
listed in the Appendix II of CITES means that exports and imports of the species must be documented
by government authorities as having been taken legally. In the case of Humphead Wrasse from
Indonesia, the legal way to catch the fish is by using hook and line, fish trap and gill net.
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quantitative and qualitative approaches, in both the data collection and data analysis
components (see Figure 1.1 in Chapter 1).

2.4 Materials and Methods
2.4.1 Data Collection Methods
A total of five-month fieldwork in the study area was carried out in 2002, 2004,
2005 and 2006. During this time, I implemented a mixed methods approach, which
combines both quantitative and qualitative approaches. This was carried out by: (1) direct
observation through living within the fishing communities to get local data, first-hand
accounts, and to better comprehend the issues, (2) having some immersion experience,
for example, by participating in fishing activities, (3) implementing individual in-depth
semi-structured interviews, focus groups discussions (FGDs) and taxonomy, toponymy
and etymology interviews, (4) conducting desk-top studies on various records, archives
and databases, and (5) maintaining post-fieldwork personal communication with some
respondents.
The direct observation through living within the fishing communities had enabled
me to not only have first-hand accounts on various issues in the daily life of the fishers,
but also to do landing site censuses 42, opportunistic surveys of the fishing ports, fishing
villages and fish markets, and take photography and video footage on relevant objects of
observation.
During the 5-month fieldwork, I also managed to undertake participatory fishing in
a slerek fleet and in two other types of fishing gear (i.e., bagan tancap and banjang). This
enabled me to get an idea of how the fishing activity was carried out, how much fish was
caught in a typical fishing day, how much was landed, how and where 43 the fish were

42

Notably tallying the total numbers of government scales vis-à-vis private scales in landing sites and
fishing ports.

43

In government scales versus private scales.
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weighed, how they were enumerated and by whom, and how they were sold through
various formal and informal trade channels.
Ninety-two respondents (18 female and 74 male) were recruited and canvassed
using a snowball sampling method (sensu Babbie, 1989, cited in Neis et al., 1999) for
individual semi-structured interviews, FGDs and taxonomy, toponymy and etymology
interviews. Interviews and FGDs were audio-taped and transcribed17 in the original
language of the interview (viz., Indonesian).
Additional methods of data collection include desk-top studies on records,
archives, databases and satellite images of the study area, and maintaining post-fieldwork
personal communication 44 with some respondents. Detailed descriptions on data
collection methods, consenting procedure, dealing with respondents’ anonymity and postfieldwork data archiving system are given in Chapter 1 45.
Data triangulation between results obtained through different sets of data
collection and data analytical methods was used to confirm, cross-validate and
corroborate findings, and to find convergence (see Figure 1.1 in Chapter 1). Therefore,
data uncertainty in data collection and analysis, and biases in respondents’ response and
memory recollection can be reduced. Data triangulation is also helpful to see pattern and
propensity.
2.4.2 Analytical Methods
To get a thorough understanding of the system, desk-top studies on official catch
records, archives, databases and satellite images were cross-validated with groundthruthing obtained using direct observations in the field, participatory fishing and
44
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Via cellular phone, email and text messages.
The fieldwork protocols had been approved and certified by the Behavioural Research Ethics Board of
the University of British Columbia (BREB-UBC). Local research permits from various administrative
jurisdictions of the study area had also been acquired prior to starting the fieldwork. Copy of BREBUBC Certificate of Approval and list of local research permits are compiled in the Appendix B.
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personal accounts from respondents (i.e., fishers, data enumerators, fish meal plant
manager and labours, fisheries managers, and fisheries scientists) gained from individual
semi-structured interviews, FGDs, taxonomy, toponymy and etymology interviews, and
post-fieldwork personal communication. Additionally, photography and video footage
analysis were also used to reflect on the information synthesized (Collier & Collier, 1986;
Marshall & Rossman, 1999, p.124 - 126).
Meanwhile, to cross-check whether the fish catch reporting system throughout
jurisdictions and responsible agencies is consistent, I collated, compared and traced
nominal catch data of S. lemuru from the Bali Strait from 1972 to 2001, across all
administrative jurisdictions (i.e., village, district, regency, province, national and
international). Additionally, to get an idea of the historical catch record of lemuru, I also
used the village-level data set that was collected by previous local fisheries cooperatives
(1950 – 1971) and was published in Ritterbush (1974).
The official reported (nominal) catch data set used in the analyses mainly
comprised official published government records, but it also includes material from
individual scientists, researchers in government agencies and multi-agency projects, and
personal journals. Time series of the median of official records and its 5th and 95th
percentile were also estimated. The time series of the median of official records is used as
a point of reference to estimate the true catch (see Chapter 3).

2.5 Results and Discussion
2.5.1 The Fate of the Caught Fish Once Landed
During day time, dense schools of lemuru are found close to the bottom like most
small clupeids, while at night they move close to the surface to feed on plankton forming
scattered schools (Merta et al., 2000). Therefore, lemuru fishing with any gear in the
strait is normally conducted during the night (approximately from 7pm to 5am).
Ritterbush (1974, p.10) also noted that, “As the sun rises the schools migrate downward.
Consequently, all fishing is carried out at night during periods of little or no moon.”.
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This is in agreement with various narrative accounts of respondents that describe fishing
only occur during the new moon phase (petengan) 46.
By 6am, slerek boats arrive pair by pair at their own preferred landing sites. Based
on our observations in 2004 in Negara district, only about 25% of the boats went to the
government landing site, while the majority of the boats went to unofficial landing sites
(which are located about 1 km from the official site). In Muncar, the unofficial landing
sites are scattered along a 5.5 km beach stretch (Respondent SB75, personal
communication, 13 October 2004), while the government landing site (i.e., fishing port)
is located in the middle of the stretch 47.
This is understandable, since there were only a handful of government scales for
the easily spoiled fish that were landed in high ambient temparature 48, often in great
abundance. During a census of scales on five different occasions, I found that there were
only 8 government scales, compared to 47 – 65 scales at various unofficial landing sites
in and around the fishing port in Muncar district. Meanwhile, in Negara district, I noted 2
to 3 unofficial scales at the unofficial landing sites and 2 government scales in the official
landing site. Direct observation in the field also found that on both coasts of the strait, the
unofficial landing sites were such hives of activies compared to those found in the official
landing sites. Not only more fish were landed here (due to the fact that there were more
scales), but services and support system were found to be more complete and diverse in
unofficial landing sites: ice plants, traditional makers of fish flakes, fish vendors, food
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Petengan comes from a Javanese term peteng, which means ‘dark’. Therefore, petengan literraly
means ‘to do it in the dark’. The new moon phase is called petengan because of the absence of
moonlight. The opposite of petengan is padangan, which comes from a Javanese term padang that
means ‘bright’. The full moon phase is called padangan.
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The landing of catches in the unofficial landing sites was in ‘full view’ of the fisheries field
enumerators and fisheries officers. The sheer amount of lemuru landed at any given fishing-day
making it impossible to have them all landed and weighed in government landing site. However, based
on my field observation during participatory slerek fishing on 22 – 23 September 2004 and various
opportunistic surveys of the fishing ports, the landing often occur during the time (i.e., 5 to 6am) when
the fisheries field enumerators and fisheries managers were not present yet.
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The line-up for the scales was too long in the official site, rendering spoilage of the fish and causing
the price to drop from canned fish price to fish meal price.
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and drink vendors, fish traders/dealers, pedicab drivers, rentals of pick-up trucks, boat
workshops, engine spare parts shops, cigarette vendors, etc. In other words, the unofficial
landing sites provide venues for the network of stakeholders to thrive and form into a
community safety net for the fishing community in the area. Various respondents also
admitted that the location of the unofficial landing sites is perceived to be more
convenient for the fish porters (who are paid flat fee per carry-out service) to carry the
fish back-and-forth from the boats to the trucks 49. One additional but main reason why
fishers prefer to land their catches in unofficial landing sites is the fact that these sites are
outside the responsibility area of the government enumerators (Respondent SB53,
personal communication, 12 September 2004) and thus, catches are not recorded nor
reported. As a consequence, fishers do not pay landing tax 50 when they land fish in these
sites (Respondent SB35, personal communication, 19 August 2004; Respondent SB75,
personal communication, 13 October 2004). This last issue will be dealt with in detail in
Chapter 3.
Assuming no discards, on an average fishing-day about 28 to 38% (mode at
30%) by weight is diverted as ‘take-home’ from the total catch prior to landing
(Respondent SB53, personal communication, 3 July 2002; Respondent SB35, personal
communication, 19 August 2004, 20 August 2004; Respondent SB56, personal
communication, 30 June 2007; Respondent SB75, personal communication, 13 October
49

In Negara district, the new pier that was built in the government fishing port was too long and fish
porters (panol) don’t like to carry the heavy fish basket that far given the flat fee which was set at
Rp.50,000 or US$8.00 (2004 value) per tonne of lemuru landed (Respondent SB2, personal
communication, 3 August 2004). In Muncar district, during direct observation, I noted that the location
of the pier was as such that it was too high to climb up during low tides, rendering difficulties for fish
porters to walk along the ramps onto the pier from the boats. Meanwhile, access from fishing boats to
beach landing sites were much easier.
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According to the Decree of the Minister of Marine Affairs and Fisheries No. PER.05/MEN/2008
(Minister of Marine Affairs and Fisheries of the Republic of Indonesia, 2008), all fishing boats < 6GT
(viz., small-scale fishery) are not mandated to report their catches; meanwhile, all other boat sizes have
to report their catches. The implication is that small-scale fishery sector does not have to pay landing
tax. Landing tax (intres or retribusi) is regulated and coordinated at provincial level. The tax brackets
vary, and they depend on the province, and scale and types of fishery. For the Bali Strait slerek fishery
that generally use 25 – 30GT boats in 2004, the landing tax is 2% in Jembrana regency (Respondent
SB4, personal communication, 4 August 2004), where fisher pays 1% and buyer pays 1%; and 4% in
Banyuwangi regency (Respondent SB53, personal communication, 12 September 2004), where fisher
pays 2% and buyer pays 2%. This tax is part of fisheries sector contribution to regional gross domestic
product. See footnote 54 for details on landing tax.

55

2004). The amount may seem a lot. However, considering the number of people
involved, the amount seems reasonable as incentives, in-kind payment and as ‘giveaway’ to 85 – 112 persons each time (see details in Figure 1.8 in Chapter 1 and Appendix
D): 25 to 50+ crew members (pandega) in each fleet, a group of 12 fish porters (panol)
per fleet, a group of 6 boat scrubbers/cleaners (penguras) per fleet, 2 – 4 fish unloaders
(pengisi) per fleet, and about 40+ women and children who would swarm (ngujur) around
the fleet once they drop anchor. There were also some cases when crew members
(pandega) took more fish than they were entitled to and sold them off to some fish
dealers/brokers (belantik) without the knowledge of the fleet owners (Respondent SB44,
personal communication, 24 August 2004; Respondent SB45, personal communication,
24 August 2004). Therefore, on average, I estimate that only 62 to 72% (mode at 70%) of
the total fish catch gets as far as the weighing scales (viz., landed).
Using narrative accounts about unreported amount of catches (Respondent SB35,
personal communication, 19 August 2004; Respondent SB75, personal communication,
13 October 2004), I then estimated that only 28 to 56% (mode at 45%) 51 of what is
actually caught is landed in official landing site (i.e., government fishing port), while 14
to 42% (mode at 26%) would likely arrive at unofficial landing sites/scales (Figure 2.1).
These accounts are in agreement with the accounts of the owner of the 2 – 3 unofficial
scales in Negara district (Respondent SB36, personal communication, 20 August 2004).
In the absence of a true fish auction usually held at official landing site, the fate of
fish post-weighing is quite dynamic: some fish are forwarded to various fish plants and
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This is for estimation of lemuru landing during 1974 – 2001, after slerek gear is introduced in the
strait. For the historical landing of lemuru (1950 – 1973), using accounts from very old (80+ years old)
respondents (Respondent SB19, personal communication, 8 August 2004; Respondent SB23, personal
communication, 10 August 2004), I guesstimated that the take-home amount was about 3%, and that
only 40 to 80% of what was actually caught was landed in official landing site (the port where the local
cooperative was located), while 17 to 57% would likely arrived at unofficial landing sites. These
lemuru were caught using various gear prevalent in those decades, i.e., serok, jala buang, payang oras,
jaring eder, bagan tancap and banjang kerei (see text). The higher percentage of lemuru landed in
official site was due to the fact that there were still very few fishers at the time and thus, tallying
catches was easier.
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cold storage plants as per initial financial contract agreements 52, some are sold to beachbased traditional fishing enterprises, and some are bought by other entrepreneurs. The
fish bought by the other entrepreneurs are either shipped out of the area or re-sold back to
the area to other buyers. The sardine fishery trade flow system in the Bali Strait is
complex (Figure 2.1) as this is a reflection of the underlying crowded and fragile network
of human interdependence as discussed in Chapter 1 (see Figure 1.8 in Chapter 1). If one
needs to estimate the true catch of the fish, the only feasible option is to trace the data
directly from the fishers who first caught the fish (ex-vessel), which is what was
implemented in this study and detailed quantitatively in Chapter 3.
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In the absence of formal access to financial loans in banks, many slerek owners (juragan darat) have
opted for binding interest-free financial contracts with fish plants, cold storage plants and/or other
private financiers (i.e., pengambeg, see Figure 1.8 in Chapter 1, and Appendix D for details) since
early 1980s. Essentially, the contract finances the fishing operations. The loan is given upfront to the
slerek owners and is paid back through the price difference between the set price with the market price,
which is about US$0.01/kg in 2004. The set price is unilaterally determined by the financier. As a
return, once under contract, the financiers are obliged to buy the fish in both glut and low seasons,
giving peace of mind to the slerek owners. Additionally, the financiers also take care by providing
money in difficult times, such as when family members are sick and need hospitalization, funerals,
weddings, children’s school tuition fees and other family needs. The money that was given in most
cases is not expected to be paid back, as it symbolizes the deepening of the relationship between the
financier (the patron) and the fleet owner (the client). It is not necessarily a loan in a true sense as there
is no interest. In a few instances, when the slerek owner died before the principal amount is fully paid,
the balance of the ‘loaned’ money is carried forward to the heir (beneficiary) without interest. Some
relationships are so harmonious and trustful that even Islamic pilgrimage trips to Mecca are taken care
of. This patron-client relationship somehow forms a social insurance system for the fishing
communities-at-large (Emmerson, 1976, 1987), a form of social safety net that buffer the community
during the difficult time, such as during La Niña episodes when fish is scarce. Some successful slerek
owners eventually are recognized by banks and become financiers for other boats, while still keeping
their status as an ambeg’an (one who is financed) of their own pengambeg (financier). By 2008, after
the continuing increase of fuel price and the 2006-2007 El Niño incident that created glut (and in
consequence, the ex-vessel fish price fell), unfortunately, some of these juragan darat and pengambeg
went bankrupt, unable to pay their debt to the banks. The context and scope of this issue is discussed in
Chapter 3.
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Figure 2.1

Schematic diagram of the fate of caught lemuru once landed; (1) takehome fish refers to unaccounted fish given to crew members, boat
cleaners, fish unloaders and fish porters as in-kind payment and
incentives, and also to fish that were given-away to women and children
who are ngujur (see Figure 1.8 in Chapter 1, and Appendix D); (2)
including canneries, fish meal & pellet producers; (3) including
brokers/dealers, buyers/processors, retailers and private financiers; (4)
fish are traded either back into the system (local) or go out of the system
(regional). Shaded area depicts landing beaches. The percentage values in
this figure apply to 1974 – 2001 period, see footnote 51. Length & width
of arrows are not significant.

2.5.2 How the Landed Fish are Enumerated and Reported Throughout the System
In Indonesia’s fisheries statistical system, information on production means
(fishing units, fishery establishments and fishers) is collected through frame surveys or
licensing systems (especially for industrial fisheries); while quantity of catch and value
are sampled in fishing ports and landing places (FAO-SEAFDEC, 2005). In Indonesia,
there are two main government bodies officially responsible for collecting, enumerating
and reporting fisheries statistics: (1) the Ministry of Marine Affairs and Fisheries (or
DKP) through the District Fisheries Office (Cabang Dinas Perikanan Kecamatan), and
(2) the Central Statistical Bureau (or BPS) through the Regency Statistics Office (Kantor
Statistik Kabupaten). Both agencies have their own enumerators that are responsible for
collecting, enumerating and reporting related data and information. Additionally,
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according to FAO-SEAFDEC (2005), a third government body, the Custom Office
(reports to the Ministry of Finance) also collects and reports fisheries statistics. However,
data collated and reported by the Custom Office (Direktorat Jenderal Bea dan Cukai)
usually comprised marine and seafood products in their final form (i.e., canned, frozen,
smoked, chilled, fresh, meal, etc.) destined for overseas export and not the ex-vessel
landing of catches. Therefore, the Custom Office is excluded in my analysis.
The fisheries field enumerators cover fisheries statistics only, while the statistical
bureau field enumerators cover data and information from various sectors, including the
fisheries sector. Both types of field enumerators work at the village level (ex-vessel)
(Figure 2.2). Depending on where the fish are weighed, the records are not automatically
enumerated. If the fish are weighed at government-owned scales located at the official
fish landing sites within a government fishing port complex, the amounts will be recorded
daily (Respondent SB53, personal communication, 12 September 2004) by the fisheries
field enumerators who later submit the report to the DKP’s District Fisheries Office
(Figure 2.2).
Fish landings at the government sites are recorded every day but during the
fieldwork in the study area, I never observed any fisheries field enumerators recording
landings at the scattered unofficial scales in Muncar. This finding is corroborated by the
information I received from a local fisheries officer that the government fishing port in
Muncar has 15 fisheries field enumerators in 2004 which are only responsible for
monitoring the weighing 53 of landings at those 8 government-owned scales on a daily
basis (Respondent SB53, personal communication, 12 September 2004). Meanwhile, in
Negara, landing monitoring is a bit more widespread; the 4 fisheries field enumerators
that were employed there say that they divide tasks between official (2 scales) and
unofficial landing sites (2 – 3 scales) (Respondent SB79, personal communication,
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In Muncar government fishing port, fish weighing is only carried on a sampling basis: 3 baskets per
fleet unit, the average basket weight (viz., 80kg in 2004) will be used as a factor to estimate landing
based on the numbers of baskets carried by fish porters for each fleet. The sampling system was
selected to avoid long waiting in line-ups that would easily spoil the fish in the high ambient
temperature.

59

August 2004). However, monitoring at unofficial landing sites do not necessarily cover
all unofficial scales used and records were not necessarily synchronized between official
and unofficial sites (Respondent SB6, personal communication, 5 August 2004). This is
also corroborated by the fact that during the fieldwork: (1) neither my two assistants nor I
saw any of the 4 fisheries field enumerators recording landings by the unofficial scales,
and (2) during our several visits to the Jembrana Regency Fisheries Office in 2004, we
were told by various fisheries officers that they did not have any current official records
of fish catch in the regency and they did not keep any copies of their own previous
records either. The only reason that they gave us for this was that all records (apparently
in hardcopies only) were lost and destroyed during a move from an old office to the new
office.
Records from government landing sites (at village level) are collected and
enumerated

daily

and

assembled

every

month

(Respondent

SB53,

personal

communication, 12 September 2004) for reporting to the DKP’s District Fisheries Office,
and they are then submitted to their respective subsequent superiors (i.e., regency and
provincial level) through the official channels all the way up to the national level in
Jakarta (headquarters of DKP), and eventually to the international level at the
headquarters of FAO-UN in Rome, Italy (Figure 2.2). At the regency level, data are
initially processed; then at the provincial level, they are compiled and further processed;
and finally, while at the national level, the data sets are again further compiled,
processed, analyzed and then disseminated (FAO-SEAFDEC, 2005). The District
Fisheries Office also has a collaborative link with the District Government (Kecamatan)
Office that may include, among others, sharing of the fisheries statistics reports.
Since the statistical bureau field enumerators have a larger responsibility for data
enumeration and collection from various sectors, and in many cases they work alone in a
district, they don’t necessarily record the fisheries statistics themselves at government
landing sites. Often, the statistical bureau field enumerator himself requests data directly
from the fish plants, cold storage plants and from the DKP’s District Fisheries Office
(Respondent SB78, personal communication, 18 October 2004; Respondent SB80,
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personal communication, 15 September 2004). It is also important to note here that the
statistical bureau field enumerators do not record landings at the unofficial scales
(Respondent SB80, personal communication, 15 September 2004). Once summarized and
synthesized, they would then periodically report their statistics data (including fisheries
data) to their superiors at the BPS Regency Statistics Office, which will then submit them
to their respective superiors through the official channels all the way up to the national
level in Jakarta (headquarters of BPS), which is the national repository for cross-sectoral
statistical data and indicators (Figure 2.2). It is this data that is usually available on
request by international agencies such as UNDP (United Nations Development
Programme) or national agencies such as BAPPENAS (National Development Planning
Coordinating Board) to implement their various mandates, such as those that fall within
the Millennium Development Goals (MDG). Many international researchers also seek
their relevant data and information from BPS to support various projects, such as the
many projects that started up after the disastrous tsunami that struck the Aceh region in
December 2004.
Given the increasing awareness of regional autonomy after the implementation of
the Local Autonomy Act (UU No. 22/1999) in Indonesia, following the 1998 reform,
local governments have gained new authority concerning marine fisheries management
(Satria & Matsuda, 2004). As such, the District Government Offices also request data
from

the

statistical

bureau

field

enumerators

(Respondent

SB80,

personal

communication, 15 September 2004), which will then submit them to their respective
superiors through the official channels all the way up to the national level in Jakarta
(headquarters of the Ministry of Home Affairs or DEPDAGRI), to be shared with the
Regional Development Planning Coordinating Board (BAPPEDA) along the way, and
ultimately to the National Development Planning Coordinating Board (BAPPENAS) as
well (Figure 2.2).
Looking at the way the data reporting system works (Figure 2.2), in theory, results
obtained through the BPS channel (enumerated by statistical bureau enumerators) should
be the same as the results obtained from the DKP channel (enumerated by the fisheries
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field enumerators) as they pertain to the same thing. In reality, they are not the same, as
will be shown in the next section. The ineffectiveness of the enumeration system and the
complexities of the fisheries system have resulted in some overlap (and possibly
multiple-counting) of data enumeration in one area while data from other areas remains
unreported.
2.5.3 Inconsistencies in Data Reporting
To cross-check whether the fisheries catch statistics reporting system throughout
jurisdictions and responsible agencies is consistent, I collated and compared nominal
catch data of S. lemuru from the Bali Strait from 1950 to 2005 (Figure 2.3), across all
government jurisdictions, caught and landed by fishers from the eastern coast of East
Java and western coast of Bali. Specific attention was given for the time period of 1972
onwards when the Bali Strait catches were reported using the standardized system. The
data set mainly includes official records from both the DKP and BPS channels as
discussed above, and from personal journals of a retired chief of a government landing
site, individual scientists, researchers in government agencies and multi-agency projects.
The 1950 – 1971 data sets that was collected and enumerated (at the village level by nowdefunct local cooperatives) prior to the establishment of the standardized statistics system
was presented to retrace the historical records of lemuru catch in the strait.
Results show that throughout the 1972 – 2001 period no single data set fully
matches any other (Figure 2.3 and 2.4), although there is agreement in some general
trends. In fact, the nominal catch recorded by the government landing sites, at the village
level (red circles in Figure 2.4), are quite different from the median of all reported
nominal catch (solid line in Figure 2.4). It appears that different levels of jurisdiction
report their own versions of the data, with a tendency that values reported from village
level (i.e., the government landing sites at the fishing ports) are the lowest of all (Figure
2.3 and 2.4).
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Figure 2.2 Schematic diagram of the slerek fishery system in the Bali Strait that shows fate of landed lemuru, how landed lemuru are
officially enumerated and how the statistics are reported and used throughout the official channels. Licensing procedures are
excluded in this diagram. In brackets and italics are jurisdiction names in Indonesian.
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Five reasons may explain why these data reporting inconsistencies throughout
jurisdiction may be happening; (1) significant catches are landed in unofficial sites, and
those that are landed in official sites are either under-reported or misreported, (2)
adjustments to catch and landed value statistics for political reasons, (3) misidentification
of common names of fish, (4) misidentification of scientific names, and (5) continuous
change in administrative boundaries that impacts the boundaries of fisheries statistical
areas.
2.5.3.1 Significant Catches are Landed in Unofficial Sites
As elucidated in Figure 2.1, significant amount of catches are landed in unofficial
landing sites. Even for landings made at the government landing sites, under-reporting
and misreporting are quite common as previously noted by the various accounts of
respondents during interviews.
In the day-to-day life of the fishing communities, given the uncertainty in fish
catch, lack of any government social safety net, lack of trust and respect for the authority,
an almost non-existent financial access for the fishers, and the obligation to pay landing
taxes 54, it appears that catch reporting is being used by the fishers as a leverage to hedge
against uncertainty and poverty (see detail in Chapter 3). In other words, after unreported
take-home amount of catches have been accounted for amongst the crew members, boat
cleaners and fish porters, etc., fleet owners very rarely report their true landings to the
local fisheries authority.
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In Indonesia’s fishery system, the actual catch reported to the authority will be used to determine the
amount of landing tax (locally known as intres or retribusi) that the fishers need to pay. The landing
tax for slerek fishery has been set by regional regulation (perda) to 5%, where 2.5% is supposed to be
paid by the fisher and 2.5% by the buyer. However, the 1998 reform era stipulated various packages of
tax deregulation. For some time, the landing tax was completely abolished. Then in early 2000, it was
reintroduced and prompted complaints from fishing communities in Jembrana regency, while in
Banyuwangi regency, fishermen ignored it altogether. Following demonstrations critizing the
reintroduction of the landing tax, the tax level was reduced, in Jembrana to 2% (Respondent SB4,
personal communication, 4 August 2004), where fishers pay 1% and buyer pays 1%, and in
Banyuwangi to 4% (Respondent SB53, personal communication, 12 September 2004), where fishers
pay 2% and buyer pays 2%. However, in practice, the collection of landing tax is sporadic, both in
spatial and temporal terms; and sometimes it is not collected at all.
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Figure 2.3 Profile of reported/nominal annual catch (tonnes) of Lemuru (Sardinella lemuru) from
the Bali Strait, 1950 - 2005, as recorded by various sources and agencies across
jurisdictions. Data sources (see legend): (1) various unpublished landing record
archives of KUD Mina Blambangan Fishers’ Cooperative, 1975 – 1996 (Respondent
SB75, 1997b), and Merta et al. (2000, Table 4); (2) Merta et al. (2000, Table 24 and
37); (3) Cabang Dinas Perikanan Daerah Kabupaten Banyuwangi (1990, 1991, 1992),
Dinas Perikanan Daerah Kabupaten Daerah Tingkat II Banyuwangi (1993, 1994, 1995,
1996, 1997, 1998, 1999, 2000), Dinas Perikanan dan Kelautan Kabupaten Banyuwangi
(2001, 2002, 2003), and Merta et al. (2000, Table 25); (4) Badan Pusat Statistik
Kabupaten Banyuwangi & BAPPEDA Kabupaten Banyuwangi (2002), BAPPEDA
Kabupaten Banyuwangi & Badan Pusat Statistik Kabupaten Banyuwangi (2003, 2004),
BAPPEDA Kabupaten Banyuwangi & Kantor BPS Kabupaten Banyuwangi (2001),
BAPPEDA Kabupaten Dati II Banyuwangi & Kantor BPS Kabupaten Banyuwangi
(2000), BAPPEDA Kabupaten Dati II Banyuwangi & Kantor Statistik Kabupaten
Banyuwangi (1995, 1997), Kantor Statistik Kabupaten Banyuwangi (1992, 1994,
1996), Kantor Statistik Kabupaten Banyuwangi & BAPPEDA Kabupaten Dati II
Banyuwangi (1998, 1999), Kantor Statistik Kabupaten Jembrana (1987, 1988, 1990),
Kantor Statistik Kabupaten Jembrana & Kantor Bupati KDH Tk. II Kabupaten
Jembrana (1992, 1993); (5) Dinas Perikanan Daerah Propinsi Daerah Tingkat I Jawa
Timur (2000), Dinas Perikanan Daerah Tingkat I Propinsi Bali (2000); (6) Merta et al.
(2000, Table 5, 6 and 9); (7) Fakultas Perikanan UNIBRAW (1999), Fakultas
Perikanan UNIBRAW, Dinas Kelautan dan Perikanan Propinsi Jawa Timur, & Dinas
Kelautan dan Perikanan Propinsi Bali (2007); (8) Ritterbush (1974), and Ghofar &
Mathews (1996); (9) Directorate General of Capture Fisheries (2001, 2002, 2003,
2004, 2005, 2006, 2007), Directorate General of Fisheries (1974, 1979, 1980a, 1981,
1982, 1985a, 1985b, 1986, 1987, 1988, 1989, 1990a, 1991, 1992, 1993, 1994, 1995,
1996, 1997, 1998, 1999, 2000, no date-a, no date-b, no date-c).
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Figure 2.4 Distribution of reported/nominal annual catch (tonnes) of the Sardinella lemuru
from the Bali Strait, 1950 – 2001. Each open dot (○) represents a reported landing
for a particular year by a particular jurisdictional authority. The red circles (●)
represent reported landings from the combined government landing sites located at
the lowest level of jurisdiction, the village. The line represents the median, while
error bars denote 5th and 95th percentiles. Grey shading depicts possible range of
landing distribution. Slerek started in 1974. The 1950 – 1971 period represents
historical catch of lemuru, while the 1972 – 2001 period represents data sets
collected using standardized statistical system.

The level of actual reporting varies according to whether or not they made money
the previous month (Respondent SB35, personal communication, 19 August 2004). On
average, after 30% 55 take-home amount, fishing fleet owners would only report about
70% of what they actually landed, the minimum amount that they would report is 50%
and the maximum amount that they would report is 75% (Respondent SB35, personal
communication, 19 August 2004). The amount of misreporting in the study area varies
from fisher to fisher; however, this account may shed some light on the uncertainty of the
nominal catch records.

55

Take-home is estimated to be about 28 to 38% (mode at 30%).
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Meanwhile, realizing these tendencies, local fisheries authorities appear to employ
some adjustment measures to account for the missing and misreported data. As seen in
Figure 2.3, the nominal catch data from the District reports are much higher that those
reported by the government landing site reports at village level. Adjustment of the data to
be reported to the higher authority is not an uncommon practice, though often not readily
admitted. Local fisheries authorities in the Bali Strait did not openly acknowledge this,
although they acknowledged the amount of catch data that they believed were missing
from monitoring (Respondent SB53, personal communication, 12 September 2004;
Respondent SB75, personal communication, 13 October 2004).
Other local fisheries authorities such as those in eastern Indonesia (where I
implemented a similar suite of methods for a study not included in this thesis) openly
admitted these adjustment measures, as they realized the fact that there were fish landings
that were out of their control given the scattered landing locations (Respondent KM60,
personal

communication,

11

December

2004;

Respondent

KM118,

personal

communication, 2 February 2005; Respondent KM113, personal interview, 4 February
2005). The magnitude of the adjustment is not always the same for every location and
every time, and is usually based on the best guesstimation by the officers in question.
However, such adjustment can be re-assessed, with difficulty, by tracing the fish flow
carefully from when and where it’s landed (ex-vessel). However, data adjustment that is
solely based on non-technical reasons, which is hard to trace, leads us to a second reason.
2.5.3.2 Adjustments to Catch and Landed Value Statistics for Political Reasons
In the context of Indonesia’s sectoral development system, when it comes to
progress evaluation of sectoral development, success level is usually defined by the size
of production generated by the sector; and in the case of fisheries, it’s the size of
production and production value of the landing (S. Nurhakim23, personal communication,
20 November 2007). Sectoral development success in a region (i.e., regency level) will
be used as a bargaining tool by the regency in question to propose an annual budget to the
provincial and central governments for next year’s fiscal year (S. Nurhakim23, personal
communication, 20 November 2007).
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Consequently, the fisheries annual production report is expected to almost always
show positive growth. A frequent incidence of negative growth (both for production and
landed value) would be used as an indication that the fisheries sector is not productive
and therefore does not warrant enough funds to be allocated for the development or
management budget. This is when various adjustments to the fish landings and landed
value statistics occur (S. Nurhakim23, personal communication, 20 November 2007) and
it is almost impossible to assess or estimate its magnitude as it is never disclosed
officially.
2.5.3.3 Misidentification of Common Names of Fish
Indonesia has the world’s richest marine biodiversity. For example, with more than
2,000 species of fish recorded (Froese, Luna, & Capuli, 1996) and more than 700 distinct
languages spoken 56 (Gordon, 2005) by over 700 ethnic groups 57 (Joshua Project, 2008),
there is an enormous diversity of common names for the organisms with which people
interact (Buchary, Wahyuningsih, & Pauly, 2003).
The Bali sardine is known to local (mainly Muslim 58) fishing communities in Bali
and East Java by four different names, depending on the age-classes as determined by the
average total length: (1) sempenit for juvenile stage, approx. 3 to 10 cm; (2) protolan for
sub-adult stage, approx. 10 to 13 cm, (3) lemuru for adult stage, approx. 13 to 18 cm, and
(4) lemuru kucing for senescent stage, approx. 18 to 25 cm (Respondent SB53, personal
communication, 3 July 2002).
However, in day-to-day parlance, fishermen and fish traders assign the fish into
four different categories based on its price schedule (Respondent SB2, personal
56

The number of languages listed for Indonesia is 742. Of those, 737 are living languages, two are
categorized as second language without mother-tongue speakers, and three are categorized as extinct
(http://www.ethnologue.com/show_country.asp?name=ID).
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Joshua Project (http://www.joshuaproject.net/) recorded 767 ethnic groups in Indonesia.
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The Balinese Hindu fishing communities have a different naming system for the fish. They call both
‘lemuru’ and ‘lemuru kucing’ as kocing and bei kocing, respectively; wherein bei = fish, and kocing is
simply a fish name. While ‘sempenit’ and ‘protolan’ are called the same, there is another name for a
size-class between ‘sempenit’ and ‘protolan’. This is called ‘lentreng’ and essentially is a larger
sempenit (approx. 8 – 10 cm).
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communication, 3 August 2004; Respondent SB6, personal communication, 5 August
2004; Respondent SB56, personal communication, 20 September 2004; Respondent
SB67, personal communication, 30 September 2004; Respondent SB70, personal
communication, 5 October 2004): (1) sardén 59 for lemuru and lemuru kucing, those high
quality larger-size fish which fetch high prices and are processed for canning; (2)
tepungan or ikan tua 60, for smaller-size fish (i.e., sempenit and protolan) and spoiled
larger-size fish (i.e., lemuru and lemuru kucing) which fetch lower prices and are
processed for fish meal at the plants; (3) pilihan 61, for a mixture of different species
(other than the sardines and mostly are not economically important) and age-classes,
which also fetch low prices, similar to tepungan and are usually sold to the fish meal
plants, and (4) apkir 62, for fish (sardines or otherwise) of reject quality by fish meal
plants and canneries, which are therefore sold to beach-based traditional fish meal
entrepreneurs for making flake meal. It is with these price-based common names that
fishermen record their catches in their personal log-books (buku bakul) 63.
Nevertheless, due to the difficulties in observation and enumeration in the hustle
and bustle of the landing sites, fisheries and statistical field enumerators and local
fisheries officers do not record daily landings 64 based on local biological traits (i.e., ageclasses: sempenit, protolan, lemuru and lemuru kucing) nor local trade parlance preferred
by the fishermen (i.e., sardén, tepungan or ikan tua, pilihan, and apkir). Everything is
lumped into one category and called ‘lemuru’. Consequently, the published reported
catch statistics for lemuru have also never been differentiated based on age-classes.
59

Sardén = sardines.

60

Tepungan = of meal quality; ikan tua = old fish, refers to its nature that rots easily, in the absence of
enough icing.
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Pilihan = of something that needs to be sorted and weeded.

62

Apkir = of reject quality, something that is rejected.
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As observed in the personal log-books of Respondents SB70, SB56 and SB73, all slerek owners. They
kindly donated these log-books to me during the fieldwork.
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As observed in the various unpublished landing record archives (1975 – 1996) of KUD Mina
Blambangan Fishers’ Cooperative, which is the government-appointed authority that kept and
maintained official landing records at the village level in Muncar district. Respondent SB75, who was
a former manager of the cooperative and a former chief of government fish landing site, kindly
donated these archives to me during the fieldwork. They were his own original personal copies.
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Whether these lemuru statistics refer to data from ‘lemuru-size fish only’, or also from
lemuru of other age-classes and of other price-schedules, is not clear. Respondents’
answers were also not clear.
2.5.3.4 Misidentification of Scientific Names
As ‘lemuru’ is also the standard Indonesian name for S. lemuru set by the national
statistics system (Dwiponggo, 1987), it is under this name that the statistics are
summarized and reported from the landing sites on the coasts, to the district office,
regency office, provincial office and all the way to the national office. These lemuru
statistics from the Bali Strait will then be lumped together with other ‘lemuru’ statistics
that come from other regions in Indonesia, and later reported to FAO as the production of
lemuru (Sardinella lemuru) from Indonesia. However, this is a serious misnomer as will
be explained below.
While lemuru from the Bali Strait is taxonomically identified as Sardinella lemuru
(Gloerfelt-Tarp & Kailola, 1984), not all fish identified as lemuru from other areas in
Indonesia are from the same species, although S. lemuru also occur in some other parts of
Indonesia, such as in south of Ternate (near Ambon), Jakarta Bay and off Central Java in
the Java Sea (Gloerfelt-Tarp & Kailola, 1984). According to Burhanuddin, Hutomo,
Martosewoyo, & Moeljanto (1984, cited in Merta, 1995), in Indonesia’s fisheries
statistics system, the common name ‘lemuru’ apparently also includes four other
taxonomically distinct species: Sardinella longiceps (English: Indian oil sardines; local
names: tembang moncong, temban monco, bete lalaki, lemuru, tembang mata kucing,
malaka, mapikal, teli, maa pirale), S. aurita (E: round sardinella), S. leiogaster (E:
smooth-belly sardinella; LN: ciro, siro, lemuru, sibula, sembula, tanjan, sabula laisi), S.
clupeiodes (E: Bleeker smooth-belly sardinella; LN: tengkurung, siro, ciro, cincin,
lemuru, sabula laisi, sembula, tanjan), which then in the data aggregation process would
all be lumped together with Amblygaster sirm (E: spotted sardinella, LN: ciro, siro,
lemuru, lengoro, lenguru, sabola, sardin, sembula, sibula, tanjan, tengkurung, teros). The
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five distinct species 65 have their own local common names as noted above, viz., Schuster
& Djajadiredja (1952), which is updated by Buchary et al. (2003) and incorporated into
www.fishbase.org. However, they seem to be lumped together into “lemuru” in the
interests of simplicity.
Hence, Indonesia’s lemuru statistics as reported by the national fisheries office and
later reported to FAO cannot be used at face value as Sardinella lemuru for reasons stated
above. Fortunately, realizing this situation, from 2004, Amblygaster sirm is being
reported separately from the Sardinella spp. (I.G.S. Merta 66, personal communication, 27
June 2007). It is unclear, however, whether the five sardinella species (S. longiceps, S.
lemuru, S. aurita, S. leiogaster and S. clupeiodes) are now reported separately from each
other.
The Indonesian fisheries statistics system developed by Dr Tadashi Yamamoto in
the early 1970s (Yamamoto, 1980) created a standardized set of statistical forms with
Indonesian common names, both for species names and fishing gear (Directorate General
of Fisheries, 1975a, 1975b, 1980b, 1990b). It is these forms that are then distributed to all
regency and district fisheries offices throughout Indonesia for data collection procedure.
While the creation of these forms is very good for an efficient standardized system for a
country the size of Indonesia, unfortunately, not all fisheries field enumerators
understand the Indonesian common names listed in the form (due to language barriers
and the multi-species and multi-gear nature of the fisheries), leading to misallocation of
65

The following is the geographic distribution of these five species using common name accounts
documented by Schuster & Djajadiredja (1952): (1) Sardinella longiceps is found in South Sulawesi,
Jakarta Bay, Central Java, and Maluku; however, according to FishBase (www.fishbase.org), studies
and reports pertaining to S. longiceps from Indonesia probably refer to S. lemuru; (2) S. leiogaster is
found in South Sulawesi, Jakarta Bay, Central Java, and West Java; (3) S. clupeiodes are found in
South Sulawesi, Jakarta Bay, Central Java, and West Java; (4) Amblygaster sirm is found in Jakarta
Bay, Central Java, West Java, Madura, and South Sulawesi; meanwhile, according to Gloerfelt-Tarp &
Kailola (1984), A. sirm is found from southwest Sumatra to Timor Sea; and (5) S. aurita, however, is
not documented in Schuster & Djajadiredja (1952). Clupeoid taxonomy revision by Wongratana
(1983) have allocated S. aurita in Indonesia into S. lemuru (I.G.S. Merta, personal communication, 30
July 2009). Additionally, FishBase (www.fishbase.org) does not list S. aurita to occur in Indonesia
either.
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Senior fisheries scientist at the Research Centre for Capture Fisheries of Indonesia’s Ministry of
Marine Affairs and Fisheries, and one of the members of my thesis supervisory committee.
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fish species and fishing gear into the wrong categories 67 (E. Buchary, personal
observation in eastern Indonesia, October 2004 to February 2005).
2.5.3.5 Continuous Change in Administrative Boundaries
The last and fifth reason for the inconsistencies in landing data reporting is the
continuous change in the fisheries statistical area boundaries, due to changes in
Indonesia’s geopolitical map that affect administrative boundaries (Table 2.1) and recent
developments in fisheries management zones.

Table 2.1.

No.
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The effects of Indonesian geopolitical map changes to the Indonesian fisheries
statistical areas: 1973 to present. Data sources: (Directorate General of Capture
Fisheries, 2001, 2007; Directorate General of Fisheries, 1974, 1980a, no date-a).
Period

Number of
provinces

Number of
statistical areas

Notes

1.

1973 - 1974

26

26

Standardized fisheries statistical
system established in 1973.
Statistical areas followed exactly
provincial boundaries.

2.

1975 - 1977

26

32

Improvement in data collection
system by accounting for locations
of the coastal areas in all provinces
had increased the number of
statistical areas; but they were still
located within respective
administrative boundaries.

During a fieldwork (not part of this thesis) in West and East Nusa Tenggara provinces in 2004-2005, I
observed accounts of species and gear misallocation in the standardized statistical forms completed by
fisheries field enumerators. Unfortunately, this is not an uncommon case, as field enumerators are
more familiar with common names in their own languages (Respondent KM21, personal
communication, 29 November 2004; Respondent KM22, personal communication, 29 November
2004; Respondent KM24, personal communication, 29 November 2004; Respondent KM25, personal
communication, 29 November 2004). They acknowledged this problem and admitted that some of
them had repeatedly asked their main offices for some fish and gear posters (which are published by
DKP) to cross-check the common names with (Respondent KM2, personal communication, 29
November 2004; Respondent KM23, personal communication, 29 November 2004), but none had
arrived at the time.
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Table 2.1.

No.

The effects of Indonesian geopolitical map changes to the Indonesian fisheries
statistical areas: 1973 to present. Data sources: (Directorate General of Capture
Fisheries, 2001, 2007; Directorate General of Fisheries, 1974, 1980a, no date-a).
Period

Number of
provinces

Number of
statistical areas

Notes

3.

1978 - 1998

27

33

East Timor was annexed by
Indonesia in 1975 and became the
27th province in 1976. The
statistical area system was modified
by 1978. Everything remained
stable during the New Order regime
of Suharto.

4.

1999 - 2004

26

32

Democracy reform took place in
1998, ousting the three decades of
Suharto regime. East Timor became
a sovereign state in 1999: one less
province, one less fisheries
statistical area.

5.

2005 - present

33

41

Following 1998 reform, an
enactment of Local Autonomy Act
(UU No. 22/1999) had spurred
euphoria of devolution of power,
resulting in the creation of new
provinces in almost every quarter.

A first attempt to improve the statistical system had been initiated in 1999 with the
enactment of the Decree of the Minister of Agriculture, KepMentan No.
995/Kpts/IK.210/9/99 when those 41 statistical areas (Table 2.1) were rearranged into 9
large fisheries management zones (Figure 2.5a), but it was not implemented until 2004
with the stipulation of Fisheries Act (UU No.31/2004) (Sulistiyo 68, personal
communication, 17 June 2007). In each of the zones there is a coordinating forum 69 for
the management and utilization of fisheries resources dealing with the allocation of
68

Head of Maritime Territory Division, Agency for Marine and Fisheries Research, Ministry of Marine
Affairs and Fisheries.

69

Known as Forum Koordinasi Pengelolaan Pemanfaatan Sumberdaya Ikan (FKPPS) or Coordinating
Forum for Fish Resource Management and Utilization. This forum is managed under DKP (Ministry of
Marine Affairs and Fisheries).
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fishing effort, the issue of fishing licenses and with the evaluation of management
measures and controls.
The establishment of these 9 fisheries management zones (Figure 2.5a) was
initially planned to use an ecosystem approach, but at the end the output was very coarse
(S. Nurhakim23, personal communication, 8 June 2007). Critics have argued that the fact
that these 9 zones were designed based on the location of landing ports (rather than on
ecosystem boundary and origin of catches) have created misleading statistical findings 70
(Panggabean, 2006). In addition, due to their huge sizes and lack of internal stratification
(for example for nearshore small-scale fisheries or for off-shore deep-water fisheries),
smaller areas like the Bali Strait become “statistically diluted” in a large zone. In 2007,
the 9 fisheries management zones were revised into 11 zones (Figure 2.5b) to account for
environmental characteristics, cartography norms and maritime boundaries, particularly
EEZ (Nurhakim, Nikijuluw, Nugroho, & Prisantoso, 2007).
When I compare the provincial statistics published at the national-level reports for
ecosystem-based analyses, it is not obvious to see how these administrative changes over
the years affect the statistical re-arrangement of the catch data; as one ecosystem may
spread into more than one statistical area. Consequently, the time-series trend of catches
per statistical area in the national statistics reports cannot be compared directly, unless:
(1) there have not been any administrative changes to the area in question, like the Bali
Strait, or (2) analyses are carried out at the national level for the whole of Indonesia. It
remains a Herculean task to rearrange the 11 large fisheries management zones into more
manageable sizes for fisheries management purposes.

70

For example, the Fisheries Management Zone III (Java Sea) which is pivoted on the fishing port
located in Jakarta is known to have landed many tuna species, making it as if tuna originated in the
Java Sea. This is misleading, considering the fact that most tuna landed in zone III (Jakarta fishing
port) originated from Indian Ocean (zone IX) and Pacific Ocean, north of Papua (zone VII). The tuna
catch was landed in Jakarta because the Jakarta fishing port is one of the few fishing ports in Indonesia
that has modern facilities for tuna landing (Panggabean, 2006).
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Figure 2.5 Fisheries management zones of Indonesia: (A) The old 9 zones: I. Malacca
Strait, II. South China Sea, III. Java Sea, IV. Flores Sea and Makassar Strait, V.
Banda Sea, VI. Seram Sea and Tomini Bay, VII. Sulawesi Sea and Pacific
Ocean, VIII. Arafura Sea, and IX. Indian Ocean; (B) The new 11 management
zones. In the new zones, zone IX and VII were each split into two zones, and
East Timor was excluded. Red box inset shows the study area, the Bali Strait.
Figure A is courtesy of Dr Tonny Wagey, Regional Coordinator of Arafura and
Timor Seas Expert Forum; Figure B is courtesy of Mr. Aris Budiarto of
Directorate of Fish Resources, Directorate-General of Marine Capture
Fisheries, Ministry of Marine Affairs and Fisheries of the Republic of
Indonesia.
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2.6 Conclusions
It is demonstrated in this chapter that understanding the real story behind fisheries
statistics numbers is important prior to using these statistics for management framework.
Too often, fisheries catch data are accepted as is without being critically challenged and
this needs to change.
The grave inconsistencies found in many of the reported catch data of the Bali Strait
lemuru fishery might be minimized if the following technical suggestions can be
considered:
1. Data enumeration and reporting at the village level would be improved by using
local trade parlance names, so as to avoid terminology confusion in the field and
that all landings can be readily covered as they are,
2. Conversion from local trade parlance names into standardized format can be
conducted at the regency level,
3. Periodic and occasional surveys to assess landings at unofficial scales would help
to gauge the level of uncertainty of the landings at the government sites,
4. Better collaboration between the fisheries field enumerators and statistical bureau
field enumerators would help synchronize the reported statistics, and
5. Indonesia needs to develop her fisheries management zones into more
manageable size zones based on marine ecosystem delineation and stratification,
and local fishery systems. Therefore, fisheries catches from small ecosystems like
the Bali Strait will not be statistically diluted and as a consequence, management
priority can be delegated accordingly.
6. Non-technical problems encountered in this case study, particularly in the way the
data is adjusted for political reason as it goes through different jurisdictions,
require stronger and more concerted effort across jurisdictions and cannot easily
be resolved. Lack of funding issues, trust crises between stakeholders and the
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fisheries authority, and political dynamics are also factors that require more than
simply technical fixes. However, periodic checks on the consistency of reported
catch throughout jurisdictions as shown in this chapter can be used to monitor the
level of changes and adjustments made so that the problem can be tackled
appropriately. Additionally, in the next chapter (Chapter 3), using information
from my interviews and after some cross-validation with ground thruthing; I
attempt a reconstruction of the likely true range of lemuru catches in the Bali
Strait. Periodic checks on the reported catch vis-à-vis true catch using a similar
technique could be undertaken in the future by the management agency to
continuously adapt policies in reducing the gap between reported catch and
reconstructed true catch.
These examples show that cases of unreporting, under-reporting, and misreporting of
fisheries catch statistics in Indonesia are very common and real, either by chance (e.g.,
due to lack of landing facilities and therefore, significant amount of catches are landed in
unofficial landing sites) or deliberate (e.g., as a leverage to hedge against uncertainty and
poverty). Unfortunately, the notion that these unaccounted catches can be legally
considered part of IUU fishing is not commonly understood by the many mostly poor
traditional fishers involved, as their actions are part of their survival strategy, which will
be discussed further in Chapter 3. The repercussions of reporting inaccurate data are very
serious, considering that these data are used to plan and implement various fisheries
development and livelihood programs, such as those by FAO and UNDP. Thus, these
mis-informed development and livelihood programs would have potentially adverse
consequences to the marine ecosystem in question and eventually to the fishing
communities that depend on it. Unless a holistic review of the fisheries statistics system
and improvements are carried out, I suggest that official fisheries statistics for Indonesia
need to be interpreted with caution and cannot be meaningfully used as is.
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3 Unaccounted Values: Under-reporting Sardine Catches as Part of a
Strategy against Poverty in the Bali Strait, Indonesia 71

3.1 Introduction
Illegal, unreported and unregulated (IUU) fishing by domestic fishing fleets in
Indonesia receives little public attention and consequently, its magnitude and scope is
largely unknown. Although IUU fishing is typically discussed only for large-scale and/or
foreign fishing fleets, IUU fishing happens in many fisheries (FAO, 2002). Therefore,
IUU catch does occur in domestic fishing fleets, in artisanal, small-scale and mediumscale fisheries.
In Indonesia, concerns about IUU fishing have emerged since the 1970s (Kompas,
1974a, 1974b), although the ‘IUU fishing’ term was not known nor used then.
Nevertheless, it is only perhaps since early 2000 that Indonesia began to seriously focus
on tackling the IUU fishing problems (S. Nurhakim23, personal communication). Each
year foreign, large-scale fleets cost Indonesia USD3 – 6 billion (V. Nikijuluw 72, cited in
Kompas Online, 2008), roughly 3.5 – 7% of 2007 State Budget (Kompas Online, 2008).
Public discourse on IUU fishing in Indonesia heavily focuses on the ‘illegal’ component
of the IUU terminology, particularly by foreign fishing fleets (see e.g., Damanik, Suhana,
& Prasetiamartati, 2008; Sularso, 2008). Given the nature of this type of IUU fishing
where foreign fishing fleets poach in national territorial waters, public opinion is shaped
in such a way that emotion often runs high 73. As such, solutions proposed are high-tech

71

A version of this chapter has been accepted for publication as an invited chapter of a refereed book.
Buchary, E.A., Pitcher, T.J., and Sumaila, U.R. (in press). Unaccounted values: under-reporting
sardine catches as a strategy against poverty in the Bali Strait, Indonesia. In: R. E. Ommer, R.I. Perry,
P. Cury and K. Cochrane (eds.). World Fisheries: A Social-Ecological Analysis. Wiley-Blackwell,
Oxford, UK. Forthcoming, Spring 2010.

72

Former Chief of Research Centre for Capture Fisheries of Indonesia’s Ministry of Marine Affairs and
Fisheries

73

Based on observations of discussions in the Illegal Fishing Indonesia Yahoo Group
(http://asia.groups.yahoo.com/group/Illegal_Fishing_Indonesia/) of which I am a member. The group
has 416 registered members as of June 2009. The internet-based group comprises Indonesians of
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(e.g., surveillance system using satellite), punitive (i.e., fisheries tribunal), and biased
toward use of legal, institutional and fisheries instruments (Sularso, 2008). These
approaches may be useful to curb IUU fishing by foreign fishing fleets, but do not
address inherent problems of IUU fishing by domestic fishing fleets that often are smalland medium-scale, traditional, strong in kinship and is based on a patron-client system.
As part of the approaches in evaluating the fisheries management of the Bali Strait
fisheries, this chapter explores and quantitatively evaluates IUU fishing for a domestic
fishing fleet in the study area and proposes recommendations to help with this issue. The
case study focuses on a medium-scale 74 domestic purse seine fishing fleets in the Bali
Strait, locally known as slerek (see Figure 1.7, Chapter 1). Using the median of official
records as reference points (see Chapter 2), I estimated the true catch of the sardine using
Monte Carlo simulations based on fishers’ personal accounts of catches, landings and
discards. Incentives to under-report are explored not only by examining technical
rationales, but also by teasing out the financial state of the fishers in light of the
increasing fuel price, prevalent lending financing schemes, their debt-to-assets ratio, and
their relative poverty.

3.2 Highlight of the Fishery
There are sixteen types of fishing gear operating in the Bali Strait and two types of
fishing gear mooring in the strait but operating elsewhere (see Table 1.1, in Chapter 1).
Despite this array of distinct fishing gear targeting different species, in terms of bulk
catch landed, Sardinella lemuru (locally called ‘lemuru’) is the dominant species with
more than 90% of total catch (Hendiarti et al., 2005, based on official records75). These
students, government officers, etc.) who have concerns on IUU fishing in Indonesia and other current
issues in marine fisheries, marine ecosystem and marine environment.
74

In Indonesia’s fisheries system, medium-scale fishing fleets include privately-owned (as opposed to
company-owned) boats, of generally less than 5 gross tons (GT) and up to 30 GT, that mostly use
inboard engines. Medium-scale fishing boats tend to have access to few or none of the shore-based
amenities such as ice plants, cold storage facilities or workshops. A fisher usually owns one or, at the
most, a few fishing units.
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Meanwhile, narrative evidence from interviews suggests that it is about 75 – 80% of the total catch on
average.
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are mainly exploited by the pair-boat system purse seine (slerek) (Hendiarti et al., 2005).
Other species caught by slerek include round scads (Decapterus spp., layang), eastern
little tuna (Euthynnus affinis, tongkol), and mackerel (Scomberomorus spp., tenggiri) and
are caught either as by-catch or targeted in the off-lemuru season in much lower numbers
than lemuru.
The size of the boats used to catch lemuru has increased tremendously. When it
started during the 1930s through the 1940s, the sail-propelled dug-out boats that were
used had a tonnage of 0.2 - 0.3 GT (Respondent SB23, personal communication, 10
August 2004). In 2004, on average slerek boats were in the order of 25 – 30 GT
(Respondent SB56, personal communication, 20 September 2004). Interestingly, a few
fishers that realized the decline of lemuru stocks reduced their boat size from 30 GT to 15
GT (Respondent SB35, personal communication, 19 August 2004). Propelled by the
significant fuel price increase beginning in 2005 (PT. Pertamina (Persero), 2008), many
fishers reduced their fishing frequency and even sold their boats (Respondent SB56,
personal communication, 20 June 2008).
Seasonality governs the lemuru fishery. The Southeast monsoon (June – October)
generates an upwelling in the strait and is considered as ‘the fish season’ by the fishers in
the strait. The glut peaks around September to October, and occasionally the glut would
continue to the early part of November. Off season occurs during the Northwest monsoon
(November – March) and the inter-monsoonal period (April and May).
During the off season, it is quite common that many slerek fleets would get as little
as 0.4 - 0.5 ton of sardines/fleet/fishing trip. On the contrary, a maximum landing of 15 –
20 tons/fleet/fishing trip during the regular glut period and 30 – 40 tons/fleet/fishing trip
during El Niño years (like that in 1998) are quite normal; meanwhile, discarding and
high-grading are also common during glut and El Niño.
Commercial lemuru fishing in the Bali Strait is restricted to fishers based in Muncar
district, specifically in Kedungrejo village (Banyuwangi regency, East Java province) and

91

in Negara district, specifically in Pengambengan village (Jembrana regency, Bali
province) (Figure 1.2, Chapter 1). Therefore, processing facilities such as fish meal plants
and canneries are also concentrated in these two districts.
The slerek fishery plays an important role in these two districts, not only as a source
of protein but also as a source of employment and stimulates the economic chains in the
two districts. From interviews in 2004, it was suggested that at least 70% of the
population 76 in Muncar and Negara engaged in slerek fishery activities, either directly as
slerek fishers (i.e., fleet owners, skippers and crew members) or indirectly (e.g.,
dealers/brokers, boat cleaners, fish porters, retailers, inter-regional traders, private
financiers, beach-based entrepreneurs, seasonal vendors, fish meal plants and cannery
workers, boat mechanics, boat builders, ice plants, rental of trucks and motorbikes for
transporting fish, rental of weighing scales, collector of fish oils flushed as fish plants’
effluent, etc.). Meanwhile, statistics on the number of people working directly as slerek
fishers were 13,449 in Negara (for 2002, Badan Pusat Statistik Kabupaten Jembrana,
2003) and 23,106 in Muncar (for 1998 77, Badan Pusat Statistik Kabupaten Banyuwangi,
1999). Merta, Widana, Yunizal, & Basuki (2000) described the contribution of the slerek
fishery to the gross regional domestic products (GRDP) of both Banyuwangi and
Jembrana regencies. From 1988 to 1997, the highest GRDP attained (both occurred in
1991) was 5.31% and 20% for Banyuwangi and Jembrana, respectively; while the lowest
were 1.58% (in 1997) and 13.41% (in 1990) for Banyuwangi and Jembrana, respectively
(Merta et al., 2000). This is higher than the national average at 2% (Fauzi, 2003).
Except for the use of engines, the slerek fishery has always been a fishery operated
entirely in manual mode since its introduction in 1974. The slerek fishery in the strait is
the only fleet that resembles a commercial enterprise in terms of the sheer abundance of
the fish caught and of how the government licensing system operates. However, they are
76

77

According to 2002 statistics, there were a total of over 230,000 registered residents in Muncar
(122,238) and Negara (112,241) districts (Badan Pusat Statistik Kabupaten Jembrana, 2003;
BAPPEDA Kabupaten Banyuwangi & Badan Pusat Statistik Kabupaten Banyuwangi, 2004).
Unfortunately, the latest statistical data on the number of fishers in Muncar that can be acquired in
2004 was from 1998. No latter statistics were found.
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managed and operated like a small-scale fishery entity where patron-client relationships
and kinship are very strong, and the purse nets are set and pulled by hand. In 2004, the
average slerek fleet unit has between 25 to 50+ crew members that work for an average
of 15 fishing-days/month; they only work during the new moon phases only.

3.3 Materials and Methods
3.3.1 Data Collection Methods
A total of five-month fieldwork in the study area was carried out in 2002, 2004,
2005 and 2006. Ninety-two respondents (18 female and 74 male) were recruited and
canvassed using snowball sampling method (sensu Babbie, 1989, cited in Neis et al.,
1999) for individual in-depth semi-structured interviews, focus group discussion (FGD)
and taxonomy, toponymy and etymology interviews. Interviews and FGDs were audiotaped and transcribed17 in the original language of the interview (viz., Indonesian).
Additional methods of data collection include participatory fishing, landing site
censuses42, opportunistic surveys of the fishing ports, fishing villages and fish markets,
photography and video footage on relevant objects of observation, post-fieldwork
personal communication44, and desk-top studies on records, archives, databases and
satellite images of the study area. Detail descriptions on data collection methods,
consenting procedure, dealing with respondents’ anonymity and post-fieldwork data
archiving system are given in Chapter 145.
Data triangulation and cross-validation between different sets of data collected
through different means was used to reduce data uncertainty and biases in respondents’
memory recollection, and to see pattern and propensity.
3.3.2 Analytical Methods
3.3.2.1 Fate of Landed Lemuru and Reported Catch
As elucidated in Chapter 2, I collated, compared and traced catch data of S. lemuru
from the Bali Strait from 1950 to 2001, across all administrative jurisdictions (i.e.,
village, district, regency, province, national and international) to cross-check whether the
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fish catch reporting system throughout jurisdictions and responsible agencies is
consistent. The data set mainly comprised of official government records, but it also
includes material from individual scientists, researchers in government agencies and
multi-agency projects. Time series of the median of official records and its 5th and 95th
percentile were also estimated. The time series of the median of official records are used
as a point of reference to estimate the true catch.
3.3.2.2 Estimating True Catch
The technique to estimate IUU catch was originally developed for North Atlantic
ecosystem by Pitcher & Watson (2000). The focus of the technique is on estimating the
missing catch (i.e., discards, illegal catch, unreported, misreported, unregulated, etc.) by
way of interpolations from influence factors, guided by incentive ratings and harnessed
by anchor points. Since its original development, the technique has been further refined
and implemented in various geographical areas: North Atlantic (Forrest, Pitcher, Watson,
Valtýsson, & Guénette, 2001), Iceland and Morocco (Pitcher, Watson, Forrest,
Valtýsson, & Guénette, 2002), British Columbia, Canada (Ainsworth & Pitcher, 2005),
Eritrea (Tesfamichael & Pitcher, 2007), and Raja Ampat, Indonesia (Varkey, Ainsworth,
Pitcher, Goram, & Sumaila, 2010). Uncertainty in estimates and trends are addressed by
applying Monte Carlo resampling that uses likely ranges of error and previous authors
have assumed an asymmetric triangular distribution around a specified mode (Appendix
E).
The method used in this chapter has been modified from previous case studies to
adjust with the condition of the study area that is data-deficient. In this study, instead of
estimating the missing catch, I aimed at estimating the true catch, based on: (1) how the
fishery evolved and developed over time, (2) how the climatic (El Niño) effects influence
the total catches through discarding and highgrading practices, and (3) how much is
under-reported and unreported based on interview accounts, direct observations and
surveys vis-à-vis reported catch from government records.
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The reason for not estimating the missing catch in this study are two-fold: (1) the
lack of known studies on discards, high-grading, and illegal and unreported catch from
the study area to use as anchor points to ground the incentive ratings from; in fact, this
study is the first of its kind that attempts to do so for the study area, and (2) the extreme
volatility of landings due to the cyclical nature of El Niño has made it difficult for
respondents to confidently define the specific ranges of discards and high-grading for
periods of different El Niño strength. Moreover, under such extreme glut circumstance at
sea, respondents seem to remember more about the amount of fish they caught, landed
and even under-reported than the amount they discarded and high-graded.
Therefore, the methods to estimate true catch can be broken down into the
following steps:
1. I created a time series of official reported catch based on official reports from
various jurisdictions and calculated the median values (see Chapter 2);
2. Using written records and personal accounts from interviews and FGD, I
established the historical timeline of the fishery, taking note the regulatory,
technological, fish meal and cannery industry development, socio-political, and
particularly climatic changes (i.e., El Niño) that are likely to have affected the fate
of the lemuru caught, landed and distributed (see Chapters 1 and 2);
3. I estimated the percentage ranges of take-home 78, i.e., upper bound, lower bound
and mode (see Chapter 2) using personal accounts from interviews and FGDs (see
Appendix D), and cross-validated by accounts from participatory fishing, landing
site censuses, opportunistic surveys of the fishing ports, fishing villages and fish
markets, and post-fieldwork personal communication;
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Take-home is the amount of fish given away as incentives for crew members, as in-kind payment for
services rendered (i.e., by boat scrubbers, fish unloaders, fish porters, etc.), and as ‘give-away’ to
various people that ask (i.e., ngujur, see Figure 1.8 in Chapter 1, and Appendix D) along the way from
the time the fish is landed at the beach, weighed at the scale, loaded into and unloaded from a truck.
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4. Using interview accounts and insights from step 2, I estimated the percentage
ranges of catches that are recorded at the government landing site: upper bound,
lower bound and mode values;
5. Using estimations from steps 3 and 4, I estimated the percentage ranges of catches
landed at non-government landing sites 79: upper bound, lower bound and mode
values;
6. Using percentage ranges from steps 3, 4, and 5, and median values from step 1, I
estimated the likely range of true catch values: upper bound, lower bound and
mode values. Due to technological changes in fishing gear used and the different
states of fishery development, the percentage ranges for all estimations (steps 3, 4,
5, and 6) were split into two distinct periods: 1950 - 1973 and 1974 - 2001;
7. Once the likely range of true catch values is determined (step 6), I employed
Monte Carlo resampling (5,000 runs) to empirically determine the mean of
estimated true catch with error for each year and the 5th and 95th percentiles. The
error distribution assumed an asymmetric triangular distribution around a
specified mode (Appendix E);
8. I added the discards and high-grading adjustments to the 5,000 Monte Carlo
outputs, using estimations proxied at El Niño events in certain years (see next
section), and recalculated the Monte Carlo resampling (5,000 runs) to determine
the mean of adjusted estimated true catch for each time period, including its 5th
and 95th percentiles.

3.3.2.3 Discards and Highgrading
Respondents’ personal accounts indicated that during glut periods, especially
during the El Niño years, discarding and high-grading were common (Respondent SB56,
personal communication, 18 January 2007; Respondent SB67, personal communication,
79

These are anywhere on the beach along the coast line, but the government landing site (i.e., the fishing
port).

96

30 September 2004; Respondent SB70, personal communication, 5 October 2004;
Respondent SB76, personal communication, 16 December 2006). The magnitude of the
discards varies considerably. One fisher admitted having to discard three full-boat loads
of lemuru (e.g., approx. 90 tons in total) in one month only during the 1998 El Niño
(Respondent SB70, personal communication, 5 October 2004). Another fisher
acknowledged that he used to discard lemuru in puluhan ton (tens of tons) in a fishing
trip during the 1991 El Niño (Respondent SB67, personal communication, 30 September
2004). In a recent El Niño event, discards and high-grading were also observed. For
example, approx. 1,200 tons of lemuru were discarded in a single day in late December
2006 (Respondent SB56, personal communication, 18 January 2007), while another
respondent observed a rather large slerek fleet caught 3-boat load of lemuru (approx. 90 –
120 tons in total) and discarded/high-graded 1-boat load (approx. 30 – 40 tons) back into
the oceans on December 15, 2006 (Respondent SB76, personal communication, 16
December 2006).
Accounts on discarding and high-grading in the Bali Strait are closely related to El
Niño events (see Chapter 1). However, except for random accounts of extreme discards
and high-grading that people remember, nobody interviewed can confidently define the
specific ranges of discards and high-grading for periods of different El Niño strength;
moreover, studies on discards and highgrading in the study area are also lacking.
Therefore, to deal with this situation, I used El Niño’s strength as a proxy and assumed a
subjective range of discards and highgrading. A global assessment of fisheries by-catch
and discards estimated that, on a global aggregated scale, the ratio of discarded weight to
total weight of herrings, sardines and anchovies group (ISSCAAP 80 Group 35) is 0.10 or
10% (Alverson, Freeberg, Pope, & Murawski, 1994). Using this estimation as a reference
point, in this analyses I assumed that when the strength of El Niño in the area is: (1)
moderate, discard/high-grading rate is 5%, (2) moderate-strong, 10%, (3) strong, 15%,
and (4) very strong, 20%. The rate of discards and high-grading are calculated against
estimated true catch determined by Monte Carlo resampling (see step 7, from section
80

International Standard Statistical Classification of Aquatic Animals and Plants of FAO-UN. Used in
the FAO Year Books and in FAO Aquaculture Production Statistics.
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3.3.2.2). Meanwhile, the strength of El Niño used in this analyses refers to the Southern
Oscillation Index (SOI) calculated by the Bureau of Meteorology of the Australian
Government (Bureau of Meteorology of Australia, 2008), given the proximity of the
study area to Australia.
3.3.2.4 Financial State of the Fishers
For this analysis, I only examine the financial state of slerek owners. Crew
members earn their personal income through the share of the total net revenue, which is
about 1/28th to 1/60th, depends on the number of the crew per fleet (i.e., 25 to 50+ in
2004). However, since patron-client relationship is very strong, they also often receive
various discretionary funds, bonuses and favours from the owners (see Chapter 1).
The financial state of slerek fishing fleet household is examined through how
much their average monthly revenue is, how much cost they incur, and how much
average debt they have. Revenue estimation is calculated using one of these two ways:
(1) estimation using information on average monthly gross income and average monthly
variable costs, whenever possible, or (2) extrapolated from the monthly average estimates
of their catch/fishing-day, average fishing-days per month and average ex-vessel price of
lemuru, and adjusted with the average monthly variable costs of slerek.
In the Bali Strait, it is common for fishers to have debt (Respondent SB21, personal
communication, 8 August 2004; Respondent SB67, personal communication, 30
September 2004; Respondent SB24, personal communication, 10 August 2004;
Respondent SB36, personal communication, 20 August 2004; Respondent SB56,
personal communication, 20 September 2004). Most debt incurred is to cover the fixed
costs (i.e., the cost of boats, net, and engines). However, when revenue is low during the
off seasons, they also incur debt for variable costs (i.e., diesel fuel, kerosene for lanterns,
regular net repair, labour costs and other associated costs). Although it is common for
fishers-at-large to borrow money from private financiers, viz., either from prominent
individuals who are rich or from the fishing plants where they sell the fish to (see details
in Chapter 1), these private financiers, fish plants and some established slerek owners
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also borrow from banks. It is difficult to get a hard number on the amount of debt that
fishers incur. Bank managers were unwilling to disclose the information (even for
research purposes) and most respondents were unwilling or were embarrassed to disclose
their debt although they admitted that they almost always borrow money for the fixed
costs to buy the slerek unit 81. Thus, in this study, I use precisely the fixed cost (i.e., the
cost of boats, net, and engines) as an indicator of the debt, based on the total number of
boats that they own 82. Their debt load is then calculated using ‘Debt-to-Total-Assets
Ratio’ (Harrison, Horngren, Lemon, & Lemon, 2004; Weygandt, Kieso, Kimmel,
Trenholm, & Kinnear, 2007a, b) as follows:
Debt
Debt-to-Total-Assets Ratio (D/A) = ——————————
(Debt + Owner’s Equity)

The D/A ratio reveal the extent to which a business entity is financed with debt
from creditors (Harrison et al., 2004). It is also an indicator of a company’s ability to
absorb losses without hurting the interests of its creditors (Weygandt et al., 2007b). A
healthy business has a good balance between assets provided through debt and assets
provided by the owner (i.e., owner’s equity or capital). The lower the D/A ratio, the
greater the chance that the business will be able to ride out rough times. Companies or
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One slerek unit is comprised of a pair of boats, one set of purse seine net, and 7 – 8 engines for both
boats (see photo and schematic diagram in Figure 1.7 in Chapter 1).
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Most slerek fishers in the study area own between 2 to 5 slerek units in 2004 – 2005. Only a few own
one unit. In the D/A ratio estimation, I used 2 – 5 units. Meanwhile, owner’s equity is conservatively
assumed to be in the range of one slerek unit. The equity represents the capital or investments that
fishers own, such as land, houses, cars, motorcycles, wives' gold jewellries, and other assets that were
not directly calculated here due to the absence of information. During the interviews, unless I observed
it myself, I did not directly ask the respondents about their equity, as this was considered culturally
insensitive and rude.
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business entities with high D/A ratios have high risks or high leverage 83 and could be in
danger if creditors start to demand repayment of debt 84.
Depending on the industry, however, as a general rule, Harrison et al. (2004)
proscribed that a profitable business entity with strong cash flow can withstand a D/A
ratio of 0.70 – 0.80; meanwhile, a business entity with weak cash flow needs a lower D/A
ratio of about 0.60 – 0.70. Traditionally, a D/A ratio of 0.50 was considered ideal,
however, as today’s companies become more efficient in their operations, a D/A ratio of
around 0.60 – 0.65 is now considered normal (Harrison et al., 2004). Nevertheless,
Harrison et al. (2004) also cautioned that business entities with cyclical nature, such as
the case of the Bali Strait sardine fishery, would be better off with lower D/A ratio.
3.3.2.5 Poverty Index
An index measuring relative poverty of fishers and relative debt of commercial
fishing enterprise has been proposed (Sumaila, 2003). The index provides managers a
way to measure the likely pressure on the sustainable management of fisheries that may
result from this poverty or debt. Sumaila’s poverty index has two components: (1) for
subsistence or small-scale fisheries, and (2) for commercial or large-scale fisheries
(Sumaila, 2003). In this study, I use the first index, which is mathematically expressed as:

P – Index fishing community

Income fishing community
= ——————————
Income poverty line

(Sumaila, 2003)
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The concept of the Debt-to-Total-Assets ratio (D/A) is closely linked to the concept of leverage, the
debt-to-equity ratio (L). They are linked mathematically through the equation L = (D/A) / [ 1 - (D/A) ].
The key concept is that high leverage is related to higher risk (W. Antweiler, personal communication,
18 February 2010).

84

I thank Dr Werner Antweiler of UBC Sauder School of Business for the discussions on debt-to-total
assets ratio and leverage ratio (personal communication, 15 and 18 February 2010).
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However, since I focus on a particular fleet (i.e., slerek fleet), I re-express the
equation to:
P – Index fishing fleet

Income

Income fishing fleet household
= ———————————
Income poverty line

fishing fleet household

denotes the average net income of slerek fleet households

in the Bali Strait. I also divide this net income by the number of dependents that each
household support to get the per capita income. The fleet households used in the analyses
only cover the household of fleet owners. Crew members’ households are not included in
the analyses.
Income

poverty line

is the income below which a person or family is considered to be

below the poverty line in a given country. In this study I use the national poverty line for
Indonesia’s rural community (Badan Pusat Statistik, 2008).

3.4 Results and Discussion
3.4.1 Official Records of Landed Lemuru
Details on how the data of landed lemuru are collected, enumerated and reported
throughout the official government channels are given in Chapter 2.
A compilation of the Bali Strait lemuru catch data from 1950 to 2001 collected
from every administrative jurisdiction in the area shows a very inconsistent picture from
year to year (see Figure 3.1, original data sources is listed in Figure 2.3 in Chapter 2).
Results show that throughout the period no single data set fully matches any other,
although there is agreement in some general trends. In fact, the landings recorded by the
government landing sites, at the village level (red circles in Figure 3.1), are quite
different from the median of all reported landings (solid line in Figure 3.1). It appears
that different levels of jurisdiction report their own versions of the data, with a tendency
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that values reported from village level (i.e., the government landing sites at the fishing
ports) are the lowest of all.
3.4.2 Estimated True Catch
On an average fishing-day during 1974 – 2001 period 85, about 28 to 38% (mode at
30%) by weight is diverted from the total catch prior to landing as take-home
(Respondent SB53, personal communication, 3 July 2002; Respondent SB35, personal
communication, 19 August 2004; Respondent SB56, personal communication, 30 June
2007). The amount may seem a lot. However, considering the number of people
involved, the amount seems reasonable as incentives, in-kind payment and as ‘giveaway’ to 85 – 112 persons each time: 25 to 50+ crew members in each fleet, a group of
12 fish porters per fleet, a group of 6 boat scrubbers/cleaners per fleet, 2 – 4 fish
unloaders per fleet, and about 40+ women and children who would swarm around the
fleet once they drop anchor (i.e., ngujur, see Chapter 1). Therefore, on average, I estimate
that only 62 to 72% (mode at 70%) of the total fish catch gets as far as the weighing
scales (viz., landed).

85

See footnote 51 for estimations in 1950 – 1973 period.
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Figure 3.1 Distribution of reported/nominal annual catch (tonnes) of the Sardinella lemuru
from the Bali Strait, 1950 – 2001. Each open dot (○) represents a reported
landing for a particular year by a particular jurisdictional authority. The red
circles (●) represent reported landings from the combined government landing
sites located at the lowest level of jurisdiction, the village. The line represents
the median, while error bars denote 5% and 95% percentiles. Grey shading
depicts possible range of landing distribution. Slerek started in 1974. The 1950
– 1971 period represents historical catch of lemuru; while the 1972 – 2001
period represents data sets collected using standardized statistical system.

Nevertheless, a significant amount of these landed catches are landed in unofficial
sites, and those that are landed in official sites are either under-reported or misreported.
The level of actual reporting that fishers do varies according to whether or not they made
money the previous month (Respondent SB35, personal communication, 19 August
2004). On average, after 30% 86 take-home amount, fishing fleet owners would only
report about 70% of what they actually landed, the minimum amount that they would
report is 50% and the maximum amount that they would report is 75% (Respondent
86

Take-home is estimated to be about 28 to 38% (mode at 30%).
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SB35, personal communication, 19 August 2004). Thus, using narrative accounts about
unreported amount of catches (Respondent SB35, personal communication, 19 August
2004; Respondent SB75, personal communication, 13 October 2004), I estimated that
only 28 to 56% (mode at 45%)51 of what is actually caught is landed in official landing
site during average fishing-day 87, while 14 to 42% (mode at 26%) would likely arrive at
unofficial landing sites/scales (Figure 2.1 in Chapter 2 for details).
After taking into account discards and high-grading during El Niño years 88 (1972,
1973, 1977, 1978, 1982, 1983, 1987, 1988, 1991 – 1995, 1997, and 1998), our Monte
Carlo simulation outputs suggest an estimated true catch (Figure 3.2) that is 2 to 3 times
higher than what had been reported in the official records (median value in Figure 3.1).
Various factors affect why fishers under-report their catch and land their catches in
non-government, unofficial landing sites. Lack of government landing facility is the most
cited reason among my respondents. For example, in Muncar district, there were only 8
government-owned scales available for the sheer amount of lemuru landed everyday
under high ambient temperature. Thus, unofficial scales sprouted everywhere; I noted
that there were about 47 – 65 scales during five censuses in 2004 and 2006 (see details in
Chapter 2). Additionally, the location of the unofficial landing sites is perceived to be
more convenient for the fish porters49. As noted in Chapter 2 (section 2.5.1), unofficial
landing sites also provide more services and support system for the fishing communities.
In other words, unofficial landing sites provide a venue for the intricate network of
stakeholders to function as a community safety net, without which the fishing community
and the sardine fishing trade would find it hard to thrive. However, interview accounts
suggest that the main reason why fishers under-report their catches is financial insecurity
(Respondent SB35, personal communication, 19 August 2004; Respondent SB75,
personal communication, 13 October 2004).
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Not during glut period or El Niño years.

88

The years of 1965 and 1966 were also El Niño years. However, respondents’ accounts indicate that
fishing was very low (almost none), as there were pogroms in East Java and Bali during 1965 to 1966.
Thus, these two years are excluded in discards and high-grading adjustments.
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Despite the fact that the fishing community relies heavily on three prevalent
informal safety nets: personal, community, and social safety nets (see section 1.4.3 in
Chapter 1), in the day-to-day life of the fishing community, given the uncertainty in fish
catch caused by extreme climate variability brought about by El Niño and La Niña
events, unavailability of government social safety net, an almost non-existent financial
access for the fishers-at-large, limited government fishing port facilities, and on top of
that, the obligation to pay government landing tax for all fish caught and landed

50,54

,

catch reporting is being used by the fishers as a leverage to hedge against uncertainty and
poverty (Respondent SB35, personal communication, 19 August 2004; Respondent
SB75, personal communication, 13 October 2004). Meanwhile, alternative livelihood
opportunities are also limited. Most fishers also do not have enough skills to transfer to
other types of livelihood; given their less than enough formal education 89, their skills and
knowledge are limited to fishing activities. From these findings, it is obvious that the
three safety nets are not strong enough to dampen the financial adversities. Though
under-reporting to avoid paying landing tax can be considered as tax evasion by
definition, from the perspective of the fishers-at-large, their actions are viewed as
maintaining their survival given the financial adversities as will be discussed in the next
section.

89

From interview accounts, I found that in general, my respondents who were fishers only completed the
equivalent of grade 4 – 5 elementary school. Generally speaking for most fishers, access to basic
formal education is hampered either by, (1) financial difficulties, (2) not enough school facilities
and/or teachers nearby their homes, (3) a mindset which believes that going to school for boys is not
important as long as you can fish, or (4) a mindset which believes that going to school for girls is not
important as girls would ‘ended up in the kitchen anyway’ when they become adult. Although
education from grade 1 to 12 in public schools in Indonesia is subsidized, it is not completely free.
Parents still need to pay all kinds of fees: tuition fees, uniform fees, school building fees, fees for
books, fees for field trips, etc.
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Figure 3.2

Estimated true catch (tonnes) of the lemuru from the Bali Strait, 1950 –
2001. Smoothed black line denotes mean of 5,000 Monte Carlo runs, and
error bars denote 5th and 95th percentiles. The smoothed grey line denotes
median of official records (from Figure 3.1). Grey shading depicts
possible range of estimated true catch distribution. The Monte Carlo
simulations assumed an asymmetric triangular distribution (Appendix E).

3.4.3 Financial Insecurity: Lending Schemes and Debt-to-Assets Ratio
Most Indonesia’s banks don’t easily lend money to fishers, unless they have solid
equity that can be used as collateral. Even so, the interest rate applied is high. Bank
Indonesia, the country’s central bank, has developed 70 lending models for small-scale
and medium-scale enterprises (Bank Indonesia, 2008a), and some of these models are
presented in Figure 3.3. The aim of these lending models is to provide loan templates for
potential borrowers and the banks in preparing for a loan application.
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One of the models described is for small-scale and medium-scale fishing
enterprises (i.e., 7 – 30 GT boats). In their financial analyses (Bank Indonesia, 2008b), a
discount factor of 24% is used for the net present value (NPV) analysis of this model,
both for investment credit (i.e., fixed costs) and working capital credit (i.e., variable
costs). The range of bank loan interest rate proposed is from 16% to 38% p.a. (Bank
Indonesia, 2008b). These rates are relatively higher than most rates of other lending
models (Figure 3.3). The rates proposed for the fishing enterprises model are second only
to those for the grouper ranching/mariculture model. Loan payment schedule for smallscale and medium-scale enterprises in the Indonesian banking system is also constrained
by the fact that borrowers cannot pay back loan more than 33% of their gross revenue (R.
Salam 90, personal communication, 20 June 2008).
From fieldwork interviews, it seems that fishers and fishing community at large
lack the basic knowledge of banking system and financial management. For example,
when asked about the rate of interest that they have to pay to the bank, most of them
stated the monthly nominal amount that they have to pay. Most fishers cannot decipher
the meaning of compounding interest rate. They understand what it means to periodically
pay some nominal amount for loan interest, but they cannot discern the grave
consequences of having a line of credit with a compounding interest rate of 16 - 38% p.a.

90

Rahman Salam, S.H., M.Eng., Indonesia-based International Business Advisor for the Organization for
Small & Medium Enterprises and Regional Innovation, JAPAN (SMRJ).
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Figure 3.3

Some examples of lending model schemes for small-scale and mediumscale enterprises developed by the Bank Indonesia (Bank Indonesia,
2008a). The black dots (●) represent average loan interest rates (%, per
annum) suggested by the Bank. The grey line represents a range of
suggested loan interest rates for the small and medium-scale marine
capture fisheries sector. Each bar represents suggested discount factor in
the NPV analysis for different lending model schemes. The bar charts
above were created using data from the website of the Bank (2008a).

Under these rates and loan repayment schedule system, borrowers are vulnerable.
At times when revenue is low (e.g., when weather is bad for fishing), interest rates
continue to compound. The costs of procuring a complete set of one unit81 of slerek fleet
is about 200 – 300 million IDR, or USD 23,000 – 34,000 (in 2004 value). Most slerek
owners have 1 – 2 units, but a few have up to 4 – 5 units. Based on these, my preliminary
estimation suggests that post-fuel price increase, the average debt-to-assets (D/A) ratio of
slerek fleet owners is about 71 to 84%. This is much higher than the median D/A ratios
for all publicly listed companies in Indonesia (Figure 3.4), which have a range of D/A
ratios of 41% to 33.5% during 2001 to 2004 (The World Bank, 2009) 91.

91

Unfortunately, 2004 is the most recent year that the D/A ratios of corporate sector are available for.
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Financial insecurity became the main issue in the daily life of fishing communities
(Respondent SB56, personal communication, 20 June 2008) when the Indonesian
government reduced the fuel price subsidy and increased average fuel price by 125% in
March 2005 (The Jakarta Post Online, 2005). The subsidy reduction was incremental; by
2007 – 2008 diesel fuel price was three times as much as it was in 2004 (PT. Pertamina
(Persero), 2008), from USD 0.18/litre to USD 0.60/litre. Average monthly operating cost
for a fleet was about 30 – 40 million IDR, or USD 3,400 – 4,500 in 2004; assuming the
same fishing frequency and distance of fishing, it became 90 – 120 million IDR, or USD
9,300 – 12,000 92 by 2006.

Figure 3.4
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Comparison of estimated range of debt-to-asset ratios of slerek fishing
households (this study) after the increase of fuel price with the median of
debt-to-asset ratios of all publicly listed companies in Indonesia, 2001 – 2004
(The World Bank, 2009).

This cost increase reflects the fuel price increase by three-fold.
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3.4.4 Measuring Relative Poverty in Fisheries
Relative poverty indices were estimated using the information on average net
income of slerek owners’ households and average poverty line for rural Indonesia (Figure
3.5). Results show a grim picture for slerek fleet owners post-fuel price increase (Figure
3.6), the Poverty index plunging from 19.8 to 31.5 (average = 25.7) in 2004, to 0.9 to 16.3 (average = -8.6) in 2008. In other words, an average slerek owner was about 26
times richer than an average rural person in 2004, but became about 9 times poorer than
an average rural person in 2008. By mid-2008, many slerek fleet owners had reduced
their fishing-days. Even if they go fishing when they feel the weather is right, their net
revenue is diminished considerably due to the sky-rocketing costs (Respondent SB56,
personal communication, 20 June 2008).

Figure 3.5

National poverty line of rural Indonesia, 1976 – 2008. The poverty line data
were available from 1976 to 2008 (Badan Pusat Statistik, 2008), with
observations conducted every three years from 1976 to 1997, and annually
from 1998 to 2008. Data gaps from 1976 to 1997 were computed using simple
interpolation based on the rate of change of poverty line levels between
neighboring years, assuming that the inter-annual changes in poverty level are
relatively linear.
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Figure 3.6

Relative changes of poverty index (P-Index) amongst slerek fishing fleet
owners in the Bali Strait, 2004 – 2008, as compared to Indonesia’s rural
population. The red line indicates P-Index = 1. Area inside the trapezium
shows possible range of estimated poverty indices.

3.5 Conclusions
In this study, I have shown that the domestic fishing fleet contribution to IUU fishing
is considerable. My estimates suggest that the true catch of lemuru from the Bali Strait is
likely to be about 2 to 3 times the official reported catch. This is possible not only
because of the lack of government landing facilities and other issues, but also because
fishers use their catch reporting as leverage and strategy against uncertainty and poverty.
Measurement of their relative poverty using a poverty index (Sumaila, 2003) suggested
that IUU fishing within domestic fishing fleets such as the slerek will not be reduced
unless poverty within the fishing communities is properly tackled.
In his paper, Sumaila (2003) argues that “high poverty levels among subsistence
fishers make them have high discount rates, rates that may be larger than the official
rates of the countries where these fishers reside” (p.1). The NPV discount factor
suggested by the Indonesia’s Central Bank for loan application for small-scale and
medium-scale fishing enterprises was 24% per annum, while the range of loan interest
rate proposed by the Central Bank is from 16% to 38% p.a. Therefore, it is safe to assume
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that the personal discount rates for the fishers are higher than these. This in turn will
continue drive the rate of catch under-reporting, misreporting and non-reporting.
To help with these issues, I suggest some recommendations:
1. In light of the poverty situation amongst the slerek fishing communities,
restructuring prevailing financial schemes, notably on borrowing scheme, may
provide some level of financial security; and thus, may help in improving the
catch reporting quality,
2. Additionally, temporary exemption of landing tax for medium-scale fishing units
during current economic rough times might also help; with a caveat that should
economic condition improves, the landing tax should be reinstated. A balance
between ‘carrot and stick’ policy is important here. Improvement of economic
condition can be measured, among others, by the poverty index. The total monies
collected from landing tax are not significant. Despite the vastness of the
Indonesia’s archipelagic waters compared to her land mass, average contribution
from Indonesia’s fisheries sector to national gross domestic product is around 2%
(Fauzi, 2003). This number may suggest that either the economic performance of
fisheries sector is still low, or that under-reporting and non-reporting of catches is
so rampant that the landing tax collected does not reflect the actual amount of fish
caught,
3. Effective implementation of alternative and supplemental livelihood options,
specifically tied to micro-credit schemes, may also help. When implemented
effectively, micro-credit schemes not only increase the financial resilience of
fishers, but also provide new opportunities for them to give value-added to their
catches, and
4. Lastly, as most fishers lack knowledge about banking systems and financial
management, increasing their skills on these would help them in the long run in
managing their fishing business.
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4.1 Introduction
In an upwelling ecosystem like the Bali Strait, primary productivity is significantly
correlated with environmental dynamics such as the upwelling, El Niño Southern
Oscillation (ENSO) episodes, ocean temperature, precipitations, wind forcing, etc. (see
various contributions in Pauly, Muck, Mendo & Tsukayama (1989) and Durand et al.
(1998). The consequence of these dynamics is very pronounced, notably for the small
pelagic planktivorous fish, such as the Bali sardinella (Sardinella lemuru) or ‘lemuru’.
Lemuru fishery catches in the Bali Strait have a boom-and-bust nature (Figure 4.1b) as
they are driven by the periodic ENSO episodes (Figure 4.1a) that upwell colder water
masses (Figure 4.1d) richer in nutrients. The correlation between ENSO episodes and the
lemuru catches in the Bali Strait is significant (Pearson’s r(46) = -0.2519, p < 0.1; Figure
4.2) and strong as shown by the plot of detrended catch anomaly against the time series
plot of mean estimated true catch of lemuru and time series plot of Southern Oscillation
Index, or SOI (Figure 4.1c).
The lemuru fishery is also influenced by the oscillating bi-annual monsoon-driven
coastal upwellings that bring water masses richer in nutrients as indicated by the
oscillating peaks of chlorophyll-a concentration (Figure 4.3a) and by the declines of
monthly mean ocean temperature during the southeast monsoon that indicate coastal
upwellings 94 (Figure 4.3b). Indeed, it has been suggested that 55% of the variability of
lemuru abundance in the Bali Strait is caused by environmental factors (Dr. Saul Saila 95
of the University of Rhode Island, cited in Merta, 1992).
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A version of this chapter will be submitted for publication. Buchary, E.A. and Pitcher, T.J. Ecosystem
Analysis of the Bali Strait, Indonesia: Exploring Options under Uncertain Catch Reporting and
Environmental Variability.
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A coastal upwelling index for the Bali Strait does not exist at the time of the study.

95

Based on his analysis of the lemuru fishery using the POPSYS programme (Berryman & Millstein,
1988)
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Figure 4.1 The influence of environmental variability in the Bali Strait on the lemuru fishery.
Fluctuations of the lemuru catch (B), here is represented as the mean of 5,000
runs of Monte Carlo simulations for the estimation of lemuru true catch (x 103
txkm-2; see Chapter 3), is strongly driven by, (A) the El Niño Southern Oscillation
(ENSO) episodes as indicated by sustained negative values of the Southern
Oscillation Index (SOI) (Bureau of Meteorology of Australia, 2009). The strong
correlation of the relationship (see Figure 4.2) is also shown by, (C) the strongly
correlated time series of detrended lemuru catch anomaly (x 103 txkm-2). The
ENSO is also characterized by, (D) pronounced dips of annual mean ocean
temperature (°C) during the episodes (Asia Pacific Data Research Center, 2007).
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Figure 4.2 Statistically significant correlation between the detrended lemuru catch anomaly
(x 103 txkm-2; Figure 4.1.c) and the Southern Oscillation Index (SOI) of the El
Niño episodes, 1950 – 2001 (Figure 4.1.a).

Trophic interactions also play important roles in the upwelling ecosystems, as have
been shown previously in other upwelling areas (e.g., Jarre-Teichmann & Pauly, 1993;
Jarre-Teichmann & Christensen, 1998; Vasconcellos, 2000). Small pelagic forage fish,
such as sardines and anchovies are planktivores. However, despite the seemingly ‘simple’
diet composition, mixed trophic impact analysis (Ulanowicz & Puccia, 1990;
Christensen, Walters, & Pauly, 2004) suggested some indirect effects as some groups that
most strongly favoring these forage fish are not necessarily the most important food items
of the forage fish in question (Jarre-Teichmann & Christensen, 1998).
In upwelling ecosystems, small pelagic forage fish occupy a crucial intermediate
trophic level position and is typically dominated by only one schooling species (at the
most, several species) in sheer abundance; meanwhile the lower and higher trophic levels
are occupied by a large number of species. This position has an important role as the
‘regulator’ that channel energy flow from intermediate trophic level to both up and down
the trophic levels; and because of this role; some upwelling ecosystems with these
characteristics earn their names as ‘wasp-waist’ ecosystems (Rice, 1995; Bakun, 2006).
Trophic interactions also help define the recruitment success of small pelagic forage fish,
as it is largely determined by the dynamics of primary production (Cushing, 1982) and
moderate upwelling conditions that provide optimal opportunity for the reproductive
success (Cury & Roy, 1989).
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Figure 4.3 Other environmental variability factors that affect the Bali Strait lemuru fishery: (A) temporal variability of SeaWiFSderived chlorophyll-a (mgxm-3) in the Bali Strait, Sept 1997 – Dec 2003 (Susanto & Marra, 2005); (B) temporal variability
of mean monthly ocean temperature (°C) at 5m depth in the Bali Strait, Jan 1997 – Dec 2001 (Asia Pacific Data Research
Center, 2007). The trenches on graph B that occur every year, usually in the months of Aug – Sept, represent dips in ocean
temperature brought about by the coastal upwellings during the southeast monsoon (Jun – Oct) that bring cooler water and
increased nutrients (see graph A) to the surface (Susanto & Marra, 2005); (C) Pearson’s correlation between the detrended
lemuru catch anomaly (Figure 4.1.c) and the temporal variability of chlorophyll-a concentration is statistically significant
(Pearson’s r(2) = -0.9642, p < 0.05); (D) meanwhile, the relationship is not statistically significant (Pearson’s r(3) =
0.6838, p > 0.1) when the detrended lemuru catch anomaly is correlated with the monthly mean ocean temperature.
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4.2 On Understanding the Ecosystem of the Bali Strait and its Fishery
4.2.1 Previous Research
The Bali Strait (see Figure 1.2 in Chapter 1), is an area located between the island
of Bali and the East Java province in central Indonesia. The area of the Strait is relatively
small (approximately 3,126 km2), has an upwelling phenomenon driven by bi-annual
monsoons and is pronouncedly influenced by climatic impacts such as El Niño episodes.
While there are several types of artisanal fishery in the area (see Table 1.1 in Chapter 1),
the fishery in the strait at large is dominated by slerek, a pair-boat purse-seining (see
Figure 1.7 in Chapter 1) and the catch is very much ‘single species’ in nature. The most
dominant species caught by slerek is a small pelagic fish called the Bali sardinella
(Sardinella lemuru), commonly called ‘lemuru’. The lemuru fishery has a boom-and-bust
nature (Figure 4.1b) as expected for small pelagic planktivorous fish whose recruitment is
driven by El Niño events (Figure 4.1a).
The biology and ecology of lemuru and its fishery in the Bali Strait can be
considered to be one of the most researched areas of study in Indonesia. As the only
major lemuru fishery in the country, the fishery has been, for the past four decades (Table
4.1), continuously researched mainly by the scientists at the Research Institute for Marine
Fisheries (BPPL, Balai Penelitian Perikanan Laut) based in Jakarta.

Table 4.1

Various studies on the biology and ecology of Bali sardinella (Sardinella
lemuru) and its fishery. Titles in brackets are the English translations of the
original Indonesian titles. Complete citations are listed in the references list.
This list is not exhaustive, as most reports are grey literature and unpublished.
Studies on the economics and socio-politico-culture of the fishery are excluded.
Title of research

No.

Author & year

Scope of research

1.

Soemarto (1960)

Craft and gear utilized in the sardine
fishery at Muntjar, Indonesia

Fishing method;
descriptive

2.

Soerjodinoto
(1960)

Synopsis of biological data on Lemuru,
Clupea (Harengula) longiceps (C.V.)

Biology & ecology,
historical catch
records; descriptive
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Table 4.1

No.

Various studies on the biology and ecology of Bali sardinella (Sardinella
lemuru) and its fishery. Titles in brackets are the English translations of the
original Indonesian titles. Complete citations are listed in the references list.
This list is not exhaustive, as most reports are grey literature and unpublished.
Studies on the economics and socio-politico-culture of the fishery are excluded.
Author & year

Title of research

Scope of research

3.

Dwiponggo
(1972)

[Fishery and preliminary research on
the growth rate of lemuru (S. longiceps)
in Muncar, Bali Strait]

Biology; analytical

4.

Ritterbush (1974)

Certain aspects of the population
biology of the Bali Strait Lemuru
fishery

Single species stock
assessment1, biology,
historical catch
records; analytical and
descriptive

5.

Barus &
Nasution (1982)

[Purse seine as a gear for catching oil
sardine, Sardinella longiceps in the Bali
Strait]

Fishing gear
technology; analytical

6.

Sujastani &
Nurhakim (1982)

[The stock assessment of lemuru (oil
sardinella), Sardinella longiceps, in the
Bali Strait]

Single species stock
assessment2; analytical

7.

Gumilar (1985)

[Level of exploitation of Lemuru
(Sardinella longiceps) fishery in the
Bali Strait]

Single species stock
assessment3, biology;
analytical

8.

Salim (1986)

Assessment of the Lemuru (Sardinella
longiceps) fishery in the Bali Strait,
Indonesia

Single species stock
assessment2; analytical

9.

Martosubroto,
Naamin &
Nurhakim (1986)

[Towards rational management of
Lemuru fishery]

Single species stock
assessment2; analytical

10.

Dwiponggo,
Hariati, Banon,
Palomares, &
Pauly (1986)

Growth, mortality and recruitment of
commercially important fishes and
penaeid shrimps in Indonesian waters

Biology; analytical

11.

Budihardjo,
Amin, &
Rusmadji (1990)

[Estimations on the growth and
mortality rates of Sardinella longiceps
in the Bali Strait]

Biology; analytical

12.

Merta (1992)

[The population dynamics of lemuru,
Sardinella lemuru Bleeker 1853
(Pisces: Clupeidae) in the Bali Strait
and its management alternatives]

Single species stock
assessment4 and
biology; analytical

13.

Merta & Eidman
(1995)

Prediction of biomass, yield and value
of the lemuru (Sardinella lemuru)
fishery in the Bali Strait

Single species stock
assessment5; analytical
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Table 4.1

No.

Various studies on the biology and ecology of Bali sardinella (Sardinella
lemuru) and its fishery. Titles in brackets are the English translations of the
original Indonesian titles. Complete citations are listed in the references list.
This list is not exhaustive, as most reports are grey literature and unpublished.
Studies on the economics and socio-politico-culture of the fishery are excluded.
Author & year

Title of research

Scope of research

14.

Venema (1996)

Results of surveys for pelagic resources
in Indonesian waters with the R/V
Lemuru, December 1972 to May 1976

Survey (acoustic,
trawling & trolling);
analytical descriptive

15.

Pet, van Dense,
Machiels,
Sukkel,
Setyohadi &
Tumuljadi
(1997a)

Catch, effort and sampling strategies in
the highly variable sardine fisheries
around East Java, Indonesia

Single species catch
and effort analysis2,
development of
sampling strategies,
and single species
surplus production
model; analytical

16.

Pet, van Dense,
Machiels,
Sukkel,
Setyohadi &
Tumuljadi
(1997b)

Length-based analysis of population
dynamics and stock identification in the
sardine fisheries around East Java,
Indonesia

Single-species, studies
on growth parameters,
length frequency
analysis, spawning and
recruitment, and catch
curve analysis;
analytical.

17.

Dewi (1999)

[On the analysis of the behaviour of
exploited lemuru using system
dynamics approach]

Single-species
stochastic dynamic
modelling using
environmental factors
(upwelling & sea
surface temperature);
analytical

18.

Ghofar,
Mathews, Merta
& Salim (2000)

Incorporating the Southern Oscillation
Indices to the Management Model of
the Bali Strait Sardinella Fishery

Single-species surplus
production modelling6
using environmental
factor (El Niño index);
analytical

19.

Wudianto (2001)

[The analysis of distribution and
abundance of lemuru (Sardinella
lemuru, Bleeker 1853) in the Bali
Strait: its relation with catch
optimization]

Survey (acoustic,
oceanography, boat
sampling), biology,
fishing strategy;
analytical and
descriptive

Note:

(1) Length-based yield-per-recruit’s Beverton & Holt (1957), (2) Surplus production
model, (3) Yield-per-recruit’s Beverton & Holt (1957), (4) Length-based yield-perrecruit’s Jones (1981), (5) Length-based cohort analysis VPA’s Thompson & Bell
(1934), (6) Surplus production model with environmental variability using
CLIMPROD (Fréon, Mullon, & Pichon, 1993).
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Previous research in the study area mainly focused on the lemuru as a singlespecies stock. The lemuru stock is considered to be highly variable due to the schooling
behaviour of the fish, the impact of ENSO, the upwelling that occurs in the southeast
monsoon and the trophic interactions. Therefore, the validity of the single species
methods used in previous assessments of the lemuru fishery, which indicated that the
fishery may be overfished, is questionable (FAO-Norway Government Cooperative
Programme, 1999). Nevertheless, considering that the mean-size-at-capture has steadily
decreased since 1978 96 (Pet et al., 1997b), concern was raised over the current effort
levels that may drive the fishery to extinction by recruitment overfishing and reduction of
spawning biomass to very low levels should a more severe environmental condition occur
in the Strait (Pet et al., 1997b; Ghofar et al., 2000). Additionally, all previous stock
assessment and modelling studies (Table 4.1) rely solely on the official government
records for their lemuru catch input and these records were assumed to be a true catch
representation of the lemuru; an assumption that was proven to be very misleading (see
Chapter 2 and Chapter 3).
Martosubroto (1997, cited in Ghofar et al., 2000) recommended that any stock
assessment of small pelagic fishes in the Asia-Pacific region should take into account
both fishing effort and environmental information. Nevertheless, albeit there has been
increasing scientific interest in the effects of ENSO on fish stocks in Indonesian waters
(Ghofar, 1998) with particular reference to the Bali Strait lemuru (Ghofar & Mathews,
1996), environmental variability has only been given limited attention to the overall
fishery management plan in the strait. Studies on the lemuru fishery that included
environmental factor are also very limited; meanwhile, trophic interactions and trophic
ontogeny have never been considered.
Two studies on the Bali Strait lemuru stock that have explicitly incorporated
environmental variability are: (1) a study by Dewi (1999) that modelled the boom and
bust nature of lemuru landing, as a single species, by incorporating ocean temperature
96

This was when slerek (pair-boat purse seine gear) started to be widely used in the Strait; after it was
introduced in 1974 (see Chapter 1).
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and upwelling factor using system dynamics modelling (Forrester, 1961); and (2) a study
by Ghofar et al. (2000) that incorporated El Niño Southern Oscillation Index (SOI) into a
single-species analysis with surplus production model for the lemuru (slerek) fishery,
using CLIMPROD approach (Fréon, Mullon, & Pichon, 1993). Both studies showed
some good fit, but neither has included trophic interactions nor trophic ontogeny, despite
findings from previous studies on upwelling areas that trophic interactions also play
important roles (e.g., Jarre-Teichmann, 1998; Jarre-Teichmann & Christensen, 1998). In
one of their conclusions, Ghofar et al. (2000) suggested the application of ecosystembased models such as ‘Ecopath with Ecosim (EwE)’ (Christensen & Walters, 2004a) that
could incorporate both environmental parameters along with ecosystem effect of fishing,
to further the understanding of how the Bali Strait ecosystem functions in order to assist
in the management of the lemuru fishery.
A preliminary ecosystem-based model of the Bali Strait ecosystem for the period
of 1990s using EwE and using the official government catch statistics for the lemuru
catch input was constructed (Buchary et al., 2002). The model was ground-truthed during
my fieldwork in 2004 and 2005; among other methods by showing the simulation results
to some respondents who were slerek fishers (see methods in section 4.3.1). Responses
from respondents were various; however, their main comments were that the modelled
lemuru catches were way too low and that some additional species and types of fishing
gear needed to be added.
4.2.2 On Fisheries Management Target: Realities and Challenges
The concept of Maximum Sustainable Yield (MSY) has been the Holy Grail of
fisheries science and management. As elucidated by Larkin (1977) and Smith (1988), the
history of its origin stemmed from the beginning of the 20th century when Hjort (1908)
first proposed a new approach to determining the status of fish stocks using ‘vital
statistics’ (i.e., age distribution) of fish and when Baranov (1918) first proposed the use
of biological information (e.g. growth and abundance) to develop a catch equation. Later,
Russell (1931) and Graham (1935) enriched the idea by bringing dynamic pool model
(from a base of natural history and fishery biology) to the forefront. The quest for MSY
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in managing fisheries continued to flourish and reached its golden age after the Second
World War when, among others, Schaefer (1954) introduced the classic single species
surplus production model with equilibrium-fitting method that explicitly estimates MSY.
Essentially, MSY is ‘the largest catches that can be taken over the long-term without
causing the population to collapse’ (Jennings, Kaiser, & Reynolds, 2001); this is done so
by only taking the surplus production part of the single-species population biomass under
the assumption that the biomass is equilibrium and undifferentiated (Haddon, 2001).
Nevertheless, when catches exceed this amount, recruitment overfishing occurs and
catches will be sub-optimal.
Since then, the quest for single-species management target in fisheries has gone
through many refinements and has become more and more sophisticated, e.g., yield-perrecruit models, age-structured models, virtual population analysis, delay-difference
models, Bayesian analysis, etc.; and have as well evolved into multi-species ramification
of the models. With the advent of more powerful computers, model fitting procedures
have also shifted to non-equilibrium-fitting method (Hilborn & Walters, 1992). As such,
equilibrium-fitted surplus production MSY is no longer encouraged to be used as a target
in fisheries management (Larkin, 1977; Punt & Smith, 2001; Hilborn & Walters, 1992);
precisely because in the real world, fish population biomass is rarely (or perhaps never)
in equilibrium state and is not undifferentiated (Hilborn & Walters, 1992; Haddon, 2001).
More recently, however, MSY has been given a new life and could perhaps be useful
again, but only if it is considered as a limit threshold to be avoided, rather than as a
management target (Mace, 2001).
Despite the transition to more sophisticated models in many fisheries management
jurisdictions, mainly in developed countries, the data demanding and computer intensive
nature of these sophisticated models have precluded their use in developing countries. In
1980s, when classic surplus production models and its MSY had gone out of fashion
(Haddon, 2001), what happened in the tropical developing world fisheries of Southeast
Asia was the opposite (Pauly, 1979). Simple surplus production models like Schaefer’s
(1954) had gained popularity and were widely used and routinely applied to multispecies
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situations to estimate MSY and the associated level of effort, fOPT (Pauly, 1979), despite
much evidence that this grossly overestimates both the MSY and fOPT (Pauly, 1979,
1987).
Of particular interest, there are two kind of simple surplus production models that
are widely used in the region to estimate MSY and fOPT (Pauly, 1979):
9. The XMB Model (Gulland, 1970, 1971) that combined the classic Schaefer model
(Schaefer, 1954) with some concepts from Beverton & Holt (1957) and prescribed
that:
(a)

MSY ≈ X y M y B∞
Where: X is proportionally constant, usually set at 0.5,
M is the natural mortality, and
B∞ is the unexploited (virgin) biomass of the stock, or

(b)

MSY = X y M y B∞
Where: X ≈ 0.5 if the mean length-at-first-capture (LC) is 40 – 70% of the
asymptotic length (L∞) in the stock in question,
M is the natural mortality, and
B∞ is the unexploited (virgin) biomass of the stock.

10. The TBSM, or ‘Total Biomass Schaefer Model’ (Schaefer, 1954) which describes
that:
(a)

Any fish population biomass in a finite ecosystem follows a logistic growth
curve toward a theoretical carrying capacity limit, B∞, which corresponds
to unexploited (virgin) biomass,

(b)

Maximum growth rate occurs at 0.5 y B∞ , while growth rate is zero at B =
0 and at B∞; and therefore
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(c)

The highest net growth of the stock (i.e., surplus production), that is the
amount available as MSY, occurs when fishing effort reduce B∞ to half its
original value, and

(d)

MSY can be sustained indefinitely as long as the biomass of the exploited
stock is maintained at 0.5 y B∞.

Critiques of these two models are discussed in detail elsewhere (Pauly, 1979,
1987; Pitcher & Hart, 1982; Mous et al., 2005).

In Indonesia, the Ministry of Marine Affairs and Fisheries (DKP) was established
in 2000, although the National Commission for the Stock Assessments of Marine Fish
Resources was already established in 1996. The Commission draws their members from
the community of fisheries scientists, both from academia and government research
institutes. Their duty is to officially carry out stock assessments for various commercially
exploited fish species and provide advice on management targets. Ideally, the
Commission works on the assessments every year; however, lack of budget has only
allowed them to work periodically, usually every 2 to 3 years (S. Nurhakim23, personal
communication).
Prior to 1996, the management of fisheries was carried out by Directorate General
of Fisheries under the Ministry of Agriculture. Meanwhile, stock assessments would be
carried out, on select stocks, by fisheries scientists, mainly at the Research Centre for
Marine Fisheries (also at the time under the Ministry of Agriculture). The establishment
of the Commission has standardized 97 the choice of methods to be used in the nationwide assessments and the types of stocks to be assessed. Advice from the Commission is
then incorporated into the Strategic Planning (Renstra) of DKP every five years as total
allowable catch (TAC) allocated for the stocks in question (Departemen Kelautan dan
Perikanan Republik Indonesia, 2005).

97

Research on select local stocks deemed to be important (e.g., lemuru), may use many other methods as
well, see Table 4.4.
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The general stock assessment methods used by the Commission comprise several
approaches (Table 4.2), with the two models described above (i.e., XMB and TBSM) as
the only models used to determine MSY and fOPT. In consideration of the precautionary
principle, DKP have allocated the management target (i.e., TAC) to be 80% of MSY for
the period of 2005 – 2009 (Departemen Kelautan dan Perikanan Republik Indonesia,
2005). Nevertheless, due to the devolution of decision making power in fisheries
management to regional governments (Satria & Matsuda, 2004), some fish stocks
deemed important for the region in question have had their TAC set regionally. In the
case of the Bali Strait lemuru, TAC has now been regionally set at 50% of MSY
(Sumenep Regency Government, 2007; Muhammad 98, personal communication, 1
September 2009).
Table 4.2

No.

98

General stock assessment methods implemented for various marine fisheries
resources in Indonesia (Komisi Nasional Pengkajian Stok Sumber Daya Ikan
Laut, 1998). The resources addressed include both commercially exploited and
non-commercially exploited species (for conservation management purposes).

Resources addressed

Census/
transect

1.

Large pelagic fish

2.

Small pelagic fish

3.

Demersal fish

4.

Shrimp and other
crustaceans

5.

Molluscs and sea
cucumbers

x

6.

Reef fish

x

7.

Ornamental fish

x

8.

Marine mammals

x

Swept
area

Acoustic

Surplus
Production
x

x

Tagging

Extra- &
intrapolation
x
x

x

x
x

x

x

Prof. DR. Sahri Muhammad, Professor of Fisheries at Brawijaya University, Malang, East Java. Prof.
Muhammad is the Principal Investigator of a recent stock assessment study of the Bali Strait lemuru.
The study was commissioned by the provincial governments of East Java and Bali, to review the
current license quota in the Strait in light of declining lemuru catches. The study used classic Schaefer
model with equilibrium-fitting method, and used government official statistics.
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Table 4.2

No.

General stock assessment methods implemented for various marine fisheries
resources in Indonesia (Komisi Nasional Pengkajian Stok Sumber Daya Ikan
Laut, 1998). The resources addressed include both commercially exploited and
non-commercially exploited species (for conservation management purposes).

Resources addressed

Census/
transect

9.

Marine reptiles

10.

Seaweed

x

11.

Wild-sourced fry and
fingerlings for
commercial mariculture

x

12.

Coral reefs

x

Swept
area

Acoustic

Surplus
Production

Tagging

Extra- &
intrapolation

x

x

In this chapter, I have revised the existing ecosystem model of the Bali Strait
(Buchary et al., 2002). Major improvements are to the catch data (using estimated true
catch from Chapter 3), the model framework and the inclusion of environmental factor
and its variability. In light of prevalent MSY estimates for the Bali Strait lemuru
calculated by colleagues in Indonesia that mainly used single species classical surplus
production models and official government catch statistics, I also made comparative
analysis between these MSY estimates with MSY estimates that I calculated using the
estimated true catch (from Chapter 3) and MSY estimates that I generated using
ecosystem-based approach (EwE). Finally, I also explored harvest strategy options that
include aspirations from local stakeholders (as collected during my fieldwork) and from
the local government.

4.3 Materials and Methods
In this study, I have used the Ecopath with Ecosim suite of methods (EwE:
Christensen & Pauly, 1992; Walters, Christensen, & Pauly, 1997) to model and represent
the ecology of the Bali Strait upwelling ecosystem and its fisheries system.
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EwE is a trophic mass-balance modelling approach that uses thermodynamic laws as
the underlying accounting system. It accounts for biomass or energy flows that go in and
out of functional groups, which are groups of similar species aggregated by life history
and ecological characteristics. EwE also apportions the production of groups to predators
and fisheries according to diet composition of the group in question and total catch of the
group by specific fishing gear.
EwE model can represent the ecosystem impact of fisheries (Pauly, Christensen, &
Walters, 2000), habitat modification (Pitcher, Buchary, & Hutton, 2002; Ainsworth,
Varkey, & Pitcher, 2008a), pollution (Okey et al., 2004), and the tandem effects of
environmental variability and fishing on the stability of upwelling ecosystems (JarreTeichmann, 1998; Cury et al., 2000). Theoretical and mathematical backgrounds of EwE
modelling approach are detailed elsewhere (e.g., Walters et al., 1997; Christensen et al.,
2004). Reviews of EwE are found in Fulton, Smith, & Johnson (2003), Christensen &
Walters (2004b, 2005), Plagányi & Butterworth (2004), and Plagányi (2007).

4.3.1 Data Collection Methods
The newly reconstructed Ecopath model of the Bali Strait was built for 1980; it is a
‘past model’ and represents the condition of the strait in early 1980s. Data were sourced
from various published accounts; meanwhile, primary and additional secondary data to
revise and update the model were acquired during the fieldwork in the study area.
A total of five months of fieldwork in the study area were carried out in 2002,
2004, 2005 and 2006. Ninety-two respondents (18 female and 74 male) from different
occupational backgrounds (see Figure 1.5 and 1.6 in Chapter 1) were recruited and
canvassed using snowball sampling method (sensu Babbie, 1989, cited in Neis et al.,
1999) for individual in-depth semi-structured interviews, focus group discussion (FGD,
Morgan & Krueger, 1998) and taxonomy, toponymy and etymology interviews.
Interviews and FGDs were audio-taped and transcribed17 in the original language of the
interview (viz., Indonesian).
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Additional methods of data collection include participatory fishing, landing site
censuses42, opportunistic surveys of the fishing ports, fishing villages and fish markets,
photography and video footage on relevant objects of observation, post-fieldwork
personal communication44, and desk-top studies on records, archives, databases and
satellite images of the study area. Detail descriptions on data collection methods,
consenting procedure, dealing with respondents’ anonymity and post-fieldwork data
archiving system are given in Chapter 145.
4.3.2 Analytical Methods
4.3.2.1 Validation of and Improvement to the Previous Model Framework
Validation of the previous model (Buchary et al., 2002) was carried out during the
fieldwork. Two aspects of the model were validated: (1) lemuru catch, and (2) model
structure, particularly species components of the ecosystem and types of fishing gear
operating in the area.
Validating the Lemuru Catch
The lemuru catches produced by the previous model were validated by showing
some respondents the Ecosim simulation runs and the corresponding average catch/fleet
during the glut period, notably the three most recent major El Niño years (i.e, 1982-83,
1991-92 and 1997-98). The choice of these three periods was deliberate, as it was easier
for most respondents to remember catch level during glut periods (which was
phenomenal for the Strait) than during regular or low seasons. These respondents were
either owners of slerek or skipper/captain of slerek. The average catch/fleet was
calculated as the annual lemuru catch for these years divided by the number of operating
slerek (i.e., lower, ‘best’, and upper value) in the year.
Validating the Model Structure
Validation of model structure pivoted on the species diversity of the ecosystem,
and the types of fishing gear operating in the area. The previous model of the Bali Strait
(Buchary et al., 2002) had 14 functional groups: 5 fish groups, 3 invertebrate groups, 2
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plankton groups, 1 seabird group, 2 marine mammal groups and 1 detritus group; and 3
fishing gears (i.e., handlines, Danish seines and purse seines). This structure was
considered not detailed enough to capture the diversity of the ecosystem when validated
during the fieldwork.
Information on the species diversity of the Strait and the types of fishing gear used
was collected through the taxonomy, toponymy and etymology interviews (described in
Chapter 1), and then later triangulated with results from previous independent surveys in
the Bali Strait and vicinity, and with direct surveys during the fieldwork.
The taxonomy, toponymy and etymology interviews were aimed to collect and
record, in the respondents’ mother-tongue language, the local common names of fish,
marine mammals, seabirds and invertebrates, fishing gear, local fishing grounds,
oceanographic, ecological and other fishery-related phenomena. Respondents freely
explored a set of colourful posters (complete with scientific names) with photos and
illustration of fish, marine mammals, seabirds, invertebrates, and fishing gear along with
local nautical maps that show locations of banks, reefs, channels, and other geographical
features in the strait. In some occasions, depends on the availability of electrical source
for our laptop, I also presented a couple of video footage 99 of underwater world of the
tropics, predator-prey relationship and ecosystem effects of fishing after we were finished
with the interview or FGD (focus group discussion). The showing of this video footage
was aimed to probe further the respondents’ opinions and to tease out certain issues that
we just discussed in the interviews and FGDs.
Results from these interviews were triangulated with: (1) the list of fish species
documented by the surveys of R/V Lemuru in the Bali Strait, from December 1972 to
May 1976, which carried out the first resources survey for the strait (Venema, 1996), (2)
the list of marine mammals species surveyed in the vicinity of the Bali Strait in 2005
(Kahn, 2005), and (3) the list of seabird species in central and eastern Indonesia and their
99

The length of the video shown was about 2 to 10 minutes per footage. Original source of the video
footage is from the “Blue Planet” documentary TV series of the BBC (BBC Worldwide Ltd., 2002).
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movement as briefly documented in the practical guide for bird-watching in Indonesia
(Jepson, 1997).
Additional triangulation during the fieldwork was also carried out using
opportunistic surveys of the fishing ports and fishing villages performed from the back of
a motorbike to do in-situ observations on the kinds of fishing gear used by local fishers
and on any other fishery-related activities. Visits to a local market, Pasar Brak, in
Muncar district improved our knowledge of the most common fish and invertebrates
caught and landed, and of the local common names of fish and invertebrates; thereby
facilitated our understanding of these various common names often rapidly mentioned
during the interviews and FGDs.
4.3.2.2 Relative Adjustment to Non-Lemuru Catches
Insights derived from interviews, FGDs and direct observations in the field suggest
that under-reporting and misreporting of catches occur not only for lemuru catch, but also
for catches of other species. To implement a similar technique that was applied to the
lemuru catch in tracing their ex-vessel flow (see Chapter 2) and in estimating their true
catch (see Chapter 3) for each and every species caught from the Strait is a herculean task
given the high species diversity of the catches, and thus, it is beyond the scope of this
thesis. However, some relative adjustments to the reported catch 100 of these various
species are needed for the model construction. Therefore, official government figures for
these various catches were adjusted accordingly (Table 4.3) based on my understanding
of the fishery system using information from the interviews, FGDs and various
opportunistic surveys of the fishing ports, fishing villages and the local market.
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The non-lemuru catch statistics used in this study are from the official government reports of the East
Java and Bali provinces (Fakultas Perikanan UNIBRAW, Dinas Kelautan dan Perikanan Propinsi Jawa
Timur, & Dinas Kelautan dan Perikanan Propinsi Bali, 2007).
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Table 4.3

No.

Relative adjustment factors applied to the reported catch of non-lemuru species
in the Bali Strait.

Species group

Relative
adjustment
factor
(against the
reported catch)

Rationales for adjustment

1.

Large pelagics

0.25

Accounts from taxonomy, toponymy, and
etymology interviews suggest that large
pelagic fish like tuna, dolphin fish, marlin, etc.
are mainly found and caught at the southern
boundary of the strait, adjacent to the Indian
Ocean. Only a few of them are naturally found
in the strait. Most catches are landed in
Muncar and Negara districts. Therefore, the
official report over-reported the actual large
pelagics caught from the Strait.

2.

Large demersals

0.75

Large demersals tend to be found more in the
strait than outside the strait. However,
interview accounts suggest that some larger
demersals come from deeper areas of the
strait, adjacent to the Indian Ocean. These
fish from outside the strait were also landed
in Muncar and Negara district area.

3.

Small &
medium
demersals

1.5

4.

Sharks

0.1

There are more small and medium demersal
fish found in the strait than the large
demersal fish. For similar reason like the
lemuru, a lot of them are not accounted for
appropriately. The adjustment is set at 1.5.
The majority of sharks (especially the adult
and large ones) that are landed in Muncar
district are caught by Muncar-based
traditional shark longliners (rawe mungsing)
and they were caught from outside the Bali
Strait (Respondent SB70, personal
communication, 16 December 2006). Only
the juveniles and the small ones are caught
from the strait, mainly by the handliners
(pancing) and are landed in Negara district
(Respondent SB25, personal communication,
11 August 2004).

5.

Rays

0.7

As with the large demersals, the rays tend to
be found more in the strait than outside the
strait. However, some larger rays come from
deeper areas of the strait, adjacent to the
Indian Ocean.
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Table 4.3

No.

Relative adjustment factors applied to the reported catch of non-lemuru species
in the Bali Strait.

Species group

Relative
adjustment
factor
(against the
reported catch)

Rationales for adjustment

6.

Small &
medium
pelagics
(excluding
lemuru)

2

The majority of fish caught from the strait are
small and medium pelagics, due to an
upwelling phenomenon driven by bi-annual
monsoons and is influenced by climatic
impacts such as El Niño events. As outlined
in Chapter 3, estimated true catch of small
pelagics is about 2 to 3 times the reported
catches. In here, I set the adjustment for nonlemuru small and medium pelagics to 2.

7.

Shrimps, squids
& cuttlefish,
seaweed,
zooplankton
(sergestids),
crabs and
lobsters

3

Invertebrate such as shrimps, squids,
cuttlefish, sergestids (krill-like zooplankton),
seaweeds, etc. are mainly caught by small
scale fishing gear (mostly boats of < 6 GT or
no boat at all). These include the push nets
(slodo), the lift nets (bagan), traditional
divers (selam lobster), the gleaners (kumpul
kerang dan bulung) and the tidal weirs
(banjang sero). Operators of these gear rarely
report their catch, as the government does not
require operators of boats less than 6 GT to
report their catch as they are considered as
subsistence fisheries (Minister of Marine
Affairs and Fisheries of the Republic of
Indonesia, 2008). Adjustment is then set to 3.

4.3.2.3 Fitting the Past Model to Historical Observed Data
Once the 1980 Ecopath model was thermodynamically balanced and made sense in
ecological terms, and before various Ecosim management scenarios simulations could be
run, the model needed to undergo a fitting procedure so that it could reproduce with
reasonable accuracy the actual historical responses or patterns in the time series, given
drivers such as fishing effort and climate effects. This is a critical step in the development
of a credible model for policy analysis, and the way to do this is through an iterative
process called ‘fitting’ the model to observed time series data (Christensen et al., 2004, p.
112).
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In Ecosim, one of the most important input parameters is the vulnerability factor,
v, a scaling factor which determines the foraging behaviour of functional groups in
predator–prey interactions (Walters et al., 1997; Walters & Martell, 2004). Magnitude of
v controls the rate of movement of a prey group between their foraging arena (vulnerable
to predation) and refuge (safe from predators). Nevertheless, the vulnerability factor in
Ecosim is difficult to measure empirically. As such, this parameter was estimated from
fitting the 1980s Ecopath model using Ecosim simulations to time series of several
observed data that span from 1980 to 2001:
1. Mean estimated true catch of lemuru (see Figure 4.1b, and Chapter 3). These
mean estimated true catch data were apportioned into their relevant stanza. The
stanza used in the model consisted of juvenile, sub-adult and adult (see section
2.5.3.3, page 68, for further description) using estimations calculated by
Wudianto (2001, Table 18, p. 119). He estimated the average distribution of
lemuru catches per stanza, caught by slerek in 1998. His dataset was based on
33,847 fish sampled from lemuru landed in Muncar (East Java) and
Pengambengan (Bali). In the Bali Strait, minimum mesh-size regulation for slerek
exists (i.e., 1-inch), however, its enforcement is lacking. The common mesh size
used for slerek was ¾-inch. Therefore, all stanza groups were commercially
exploited.
2. Standardized slerek fishing effort (Figure 4.4). In this study, I used effective
horse-power (HP-day/year) used by the slerek boats to represent fishing effort
parameter in the model. In the Bali Strait lemuru fishery, the power of the engines
used plays an important factor whether the boats will be successful in catching the
fish. This is because, unlike most modern and sophisticated purse seiners (T.
Pitcher, personal communication), the way the slerek fishing activities are carried
out is by way of actively searching for the sardine schools. From direct
observation in a participatory night fishing activity on a unit of slerek boats from
7:00 PM on September 22, 2004 to 4:30 AM on September 23, 2004, I noted that
the boats never stop running during the entire time that we were at sea, unless
when the crew were hauling the nets, scooping the fish out from the nets and
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putting them into the boat holds. The engines were also never switched off
throughout the entire fishing activity. In recent years, fishers have noticed that the
lemuru tend to swim much further ashore, a behaviour which they call ‘smarter’
(Respondent SB2, personal communication, 3 August 2004; Respondent SB4,
personal communication, 4 August 2004; Respondent SB23, personal
communication, 10 August 2004; Respondent SB67, personal communication, 30
September 2004). Biologicaly speaking, the Bali Strait lemuru stock may have
experienced a range collapse. An increase in engine power (accompanied by an
increase in boat size) is the strategy that most slerek fishers use to ‘outsmart’ the
sardine to find and chase them.
3. Mean standardized CPUE (catch per unit effort) of those three lemuru stanzas,
i.e., juvenile, sub-adult and adult (Figure 4.5), using information from point 1 and
2 above.
Prior to fitting, onset vulnerability factors were estimated as a function of their
trophic levels (Cheung, Watson, & Pitcher, 2002). During the fitting procedure in the
Ecosim model, vulnerability factors by prey groups were varied iteratively using an
automated optimization routine (Christensen et al., 2004). The vulnerability factors were
then estimated by minimizing the sum of squares of residuals between the predicted
changes in biomasses and yield from the 1980s Bali Strait model and the observed CPUE
and mean estimated true catch of three lemuru stanzas that were commercially exploited
from 1980 to 2001, respectively.
The final step in the fitting process is to reconstruct the annual relative primary
productivity pattern or ‘primary productivity anomaly’ (PPA) (sensu Christensen et al.,
2004) that may represent historical productivity ‘regime shift’ in the ecosystem. PPA
essentially is a production multiplier that affects the primary production; it does this by
affecting the search rate of the primary producer group (Ainsworth, personal
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communication, 30 June 2009) 101. Assuming that the production pattern cascades up the
food web to affect higher order groups, the PPA effects would minimize the residuals
between predicted and observed time series of biomasses and yield. Following the fitting
procedure, basic Ecopath input parameters were also adjusted as needed based on their
estimated ranges to improve the fit. The estimated vulnerability factors were then used as
a basis to estimate the vulnerability factors in the Ecopath model of 2001 (see next
section).
4.3.2.4 Generating the Present-Day Model
The ‘present-day model’ used in this study is for 2001 and represents the condition
of the strait in early 2000s. The present-day model was generated as an end-state result
from the 22-year Ecosim projection from 1980 to 2001 obtained during the model fitting
procedure using the 1980 Ecopath ‘past’ model.
The retrieved present-day model is then re-balanced using the vulnerability
estimates that are adjusted proportionately with those from the fitted past model (see
section 4.3.2.3). In adjusting these vulnerability estimates, it is important to make sure
that for each predator-prey interaction, the product of vulnerability * predation mortality
should be consistent across time periods (Walters 102, cited in Ainsworth101, personal
communication, 16 June 2009). Therefore, if predation mortality for prey (i) and pred (j)
is twice as big in the present-day model compared to the past model, we must divide the
past model’s vulnerabililty (i)(j) by 2 before it is transferred to the present-day model,
and this applies to all interactions (Ainsworth101, personal communication, 16 June 2009).
Vulnerability estimates from both models are presented in Appendices F1, F2 and F3.
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Dr. Cameron H. Ainsworth, Post-doctoral Fellow (NOAA), Northwest Fisheries Science Center,
Seattle, W.A., USA.

102

Dr Carl J. Walters, Professor of Fisheries, Fisheries Centre and Department of Zoology, University of
British Columbia, Vancouver, Canada.
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Figure 4.4 Time series of standardized slerek fishing effort in the Bali Strait, 1974 to
2004. The effort was calculated as a total fleet fishing effort as represented by
horsepower-day⋅year-1, based on fieldwork data and published account (Merta,
Widana, Yunizal, & Basuki, 2000). When introduced in 1974, slerek used
15HP engines. The dramatic jump in 1995-97 represents a mass conversion
from using 15HP to 30HP engines. Each slerek fleet would use 5 - 7 engines.
The conversion could possibly be triggered by the high abundance of fish
during 1997-98 El Niño. The declining fishing effort trend post-1997 was
caused by less number of slerek units (Figure 4.6) and declining fishing
frequency. Interview accounts found that average monthly fishing-day were 20
fishing-days⋅month-1 in 1974-84, 17 fishing-days⋅month-1 in 1984-94, 16
fishing-days⋅month-1 in 1995-99, and 15 fishing-days⋅month-1 in 2000-04.
Despite the decline, the 30HP engine continued to be used ever since. The
model fitting only use values from 1980-2001. The error bars denote minimum
and maximum values.
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Figure 4.5 Standardized mean catch per unit effort (CPUE) of the sardine groups, 1974 –
2001. In estimating the CPUE, I used the mean estimated true catch of the total
lemuru from Figure 4.1b, proportion of catches per stanza estimated by
Wudianto (2001), and standardized fishing effort data from Figure 4.4. All
lemuru stanzas co-exist in the system and were caught by slerek. Thus, to
estimate CPUE per stanza, I assumed that: (1) the spatial distribution of each
stanza is similar, and (2) the catchability of each stanza is relatively similar.
Model fitting only used values from 1980-2001.

4.3.2.5 Using El Niño as an Environmental Variability Factor in Ecosim Simulations
Evidence is accumulating that marine ecosystems undergo decadal-scale
fluctuations which appear to be driven by large-scale patterns of climate variability (e.g.,
Beamish, 1995; Bakun, 1996). One of these large-scale patterns is the El Niño Southern
Oscillation (ENSO) (Stenseth et al., 2002). ENSO is the strongest climate signal of global
impact which also affects marine ecosystems, fish stocks and fisheries (e.g., Glantz,
2001) on a time scale of 3 – 7 years (Alheit & Hagen, 2001).
The El Niño Southern Oscillation (ENSO) is basin-wide changes in air-sea
interaction in the equatorial Pacific Ocean that occur every 3 to 7 years (Alheit & Hagen,
2001) and having important consequences for weather around the globe (Climate
Assessment for the Southwest (CLIMAS), 2003). ENSO is measured by an index called
the Southern Oscillation Index (SOI) calculated from the monthly or seasonal
fluctuations in the air pressure difference between Tahiti in South Pacific Ocean and
Darwin in Northern Australia (Bureau of Meteorology of Australia, 2002). For this study,
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I used SOI that are computed by the Bureau of Meteorology of Australia, due to the
proximity of the study area to Australia.
There are several ways of calculating SOI. The method used by the Bureau of
Meteorology of Australia is the Troup SOI (Troup, 1965) which is the standardized
anomaly of the Mean Sea Level Pressure (MSLP) difference between Tahiti and Darwin,
and it is calculated as follows (Bureau of Meteorology of Australia, 2002):
[ Pdiff - Pdiffav ]

SOI = 10 *

⎯⎯⎯⎯⎯⎯⎯
SD (Pdiff)

where :
Pdiff
Pdiffav

= (average Tahiti MSLP for the month) - (average Darwin MSLP for the
month)
= long term average of Pdiff for the month in question; and

SD (Pdiff) = long term standard deviation of Pdiff for the month in question.

The multiplication by 10 is a convention (Bureau of Meteorology of Australia,
2002). Using this convention, the SOI normally ranges from about –35 to about +35, and
these equate to 3.5 standard deviations above and below the mean (Trewin 103, personal
communication, 21 July 2009). The SOI is usually computed on a monthly basis, with
values over longer periods such as a year being sometimes used; daily or weekly values,
though can be computed, do not convey enough useful information about the current state
of the climate (Bureau of Meteorology of Australia, 2002). The value of the SOI can be
quoted as a whole number. In this study, I used the monthly SOI dataset from January
1950 to December 2008. In total, there are 708 SOI data points, comprising data sets
spanning 58 years and 12 months in each year (Appendix F9, Bureau of Meteorology of
Australia, 2009).
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Blair Trewin, National Climate Centre, Bureau of Meteorology of Australia.
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4.3.2.6 Forecasting the Time Series of the Environmental Variability Factor
Various observational studies suggested that in many areas that have been
analyzed, changes of climate variability have amplified; leading to extreme conditions
(Easterling et al., 2000). Changes in ENSO frequency and strength have also been
predicted to happen, given the realistic climate change future scenario of increasing
greenhouse-gas concentration (Timmermann et al., 1999). The consequential effects of
climate change have also been observed in the last 25 years to have increased fisheries
biomass yields in some areas and decreased in others (Sherman, Belkin, Friedland,
O'Reilly, & Hyde, 2009); and were predicted to alter the spatial distributional range of
marine biodiversity (Cheung et al., 2009).
However, despites the predictions that climate change is bound to affect ENSO
(Timmermann et al., 1999; Fedorov & Philander, 2000), there has not been any general
agreement amongst climate scientists on the frequency and order of magnitude of change
(Cheung 104, personal communication, 25 July 2009). In fact, it has also been suggested
that projection on how climate change will influence ENSO, have enormous uncertainties
(Fedorov & Philander, 2000).
In the Ecosim simulations, to emulate the future changes of climate variability I
employed a stochastic ENSO effects by conducting bootstrap sampling onto the SOI. The
purpose of the bootstrap sampling, that draw randomly from 708 SOI data points with
replacement, is three-fold: (1) to generate time series of forecast SOI, (2) to emulate
stochastic variability in climate change effects on SOI, and (3) as a form of sensitivity
analysis (to deal with the uncertainties) by having an array of time series sets with
different frequency and amplitude.
The bootstrap sampling is repeated many times, and time series with the least SSQ
(sum of squares of residuals) are selected as candidates of forecast run. Five runs of
104

William W. L. Cheung, M.Phil., Ph.D., Lecturer in Marine Ecosystem Services, and IUCN Groupers &
Wrasses Species Specialist Group, School of Environmental Sciences, University of East Anglia,
Norwich, UK.
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baseline SOI time series were selected (i.e., ‘SOI base’), with each run representing a
frequency pattern that is distinct (in terms of periodicity or interval) from the other four.
To emulate the amplification of the magnitude of SOI amplitude, an additional five
runs with increased variability (i.e., amplitude) were also drawn (i.e., ‘SOI base + var’) in
the bootstrap. The magnitude was randomly increased up to 50%. In total, there are ten
runs of time series of forecast SOI to be used as forcing function that will drive the 2001
present-day model in Ecosim simulations for 20 years, until 2020.
The amplitude of the forecast SOI was subsequently scaled to recreate the
observed amplitude of sardine variability. The scaling procedure (e.g., Ainsworth,
Varkey, & Pitcher, 2008b) ensures that the degree of forecast SOI variability is
representative of the past variability of sardine groups.
4.3.2.7 Maximum Sustainable Yields: Single-Species and Ecosystem-Based
Comparison
Single-Species Assessments
In line with the national program to develop the marine fisheries (Bailey,
Dwiponggo, & Marahudin, 1987), the Indonesian government has been using MSY and
its corresponding fOPT to manage commercially exploited fish stocks (Komisi Nasional
Pengkajian Stok Sumber Daya Ikan Laut, 1998). The earliest stock assessment study on
the Bali Strait lemuru was conducted in 1973-74 (Ritterbush, 1974; Bjarnasson 105,
personal communication, 1974, cited in Sujastani & Nurhakim, 1982) when lemuru
fishery was still in the early part of its ‘modernization’ 106 development. The main gear
used at that time was sail-propelled payang (seine nets, see Appendix C2, Figure C2.1a),
while outboard engine-propelled slerek (pair-boat purse seine) was just introduced in
1974. Ritterbush’s study concluded that the lemuru fishery at the time was already fully
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Capt. B. Bjarnasson, Master Fisherman, on board of R.V. Lemuru during the FAO/UNDP acoustic
survey in the Bali Strait, 1973 – 74

106

In the history of Indonesia’ fisheries development, the term modernization implies the use of engines
and nylon nets.
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exploited. Ever since Ritterbush’s study was published, there have been more than a
dozen stock assessment studies on the lemuru using different modelling approaches and
each producing different level of MSY estimates; all concluded that the fishery was
overfished (Table 4.4).

Table 4.4

No.

Various single species stock assessment studies on the lemuru fisheries in the
Bali Strait.

Author & year

MSY
(tonnes)

1.

Bjarnasson105
(pers. comm..
1974) cited in
(Sujastani &
Nurhakim, 1982)

2.

Ritterbush (1974)

3.

Sujastani, Amin,
& Merta (1977),
cited in Sujastani
& Nurhakim
(1982)

44,000 –
66,000

4.

Buzeta,
Dwiponggo, &
Sujastani (1979),
cited in Sujastani
& Nurhakim
(1982)

55,000

5.

Sujastani (1980)

35,000

6.

Sujastani &
Nurhakim (1982)

37,600

7.

Sujastani &
Nurhakim (1982)

36,800

Y/R
max
(g)

f opt.
(slerek
unit)

F
(year -1)

35,000

Technique

Status

Acoustics &
surplus
production
model

Not stated

Y/R Beverton &
Holt (1957)

Fully
exploited

150

Acoustics &
surplus
production
model

Overfished

200

Acoustics &
surplus
production
model

Overfished

Surplus
production
(Schaefer, 1954)

Not stated

188

Surplus
production
(Schaefer,
1954); using
1974-80 data

Overfished

190

Surplus
production
(Schaefer,
1954); using
1977-80 data

Overfished

14.22 –
11.85

Fmax =
0.5 - 0.8
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Table 4.4

No.

Various single species stock assessment studies on the lemuru fisheries in the
Bali Strait.

Author & year

MSY
(tonnes)

Y/R
max
(g)

f opt.
(slerek
unit)

F
(year -1)

Technique

Status

8.

Sujastani &
Nurhakim (1982)

33,200

196

Surplus
production
model (Fox,
1970); using
1974-80 data

Overfished

9.

Sujastani &
Nurhakim (1982)

36,000

154

Surplus
production
model (Fox,
1970); using
1977-80 data

Overfished

10.

Gumilar (1985)

Y/R Beverton &
Holt (1957)

Overfished

11.

Martosubroto et
al. (1986)

66,306

238

Surplus
production
(Schaefer, 1954)

Overfished

12.

Martosubroto et
al. (1986)

62,317

242

Surplus
production
(Fox, 1970)

Overfished

13.

Salim (1986)

60,559

123

Multiple
regression
method, fitted
by Gulland's
moving average
(1961)

Overfished

14.

Salim (1986)

80,332

207

Schnute’s
method (1977)

Overfished

15.

Salim (1986)

49,440

260

Surplus
production
(Schaefer, 1954)

Overfished

3.9

Fmax =
1.2

(q = 0.00108)
16.

Salim (1986)

48,835

257

Surplus
production
(Schaefer, 1954)

Overfished

(q = 0.00068)
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Table 4.4

No.
17.

Various single species stock assessment studies on the lemuru fisheries in the
Bali Strait.

Author & year
Salim (1986)

MSY
(tonnes)

Y/R
max
(g)

49,581

f opt.
(slerek
unit)

F
(year -1)

259

Technique

Status

Schaefer model
fitted by
Tukey’s
Jacknife (Sokal
& Rohlf, 1981)

Overfished

(q = 0.00108)
18.

Salim (1986)

47,512

320

Schaefer model
fitted by
Tukey’s
Jacknife (Sokal
& Rohlf, 1981)
(q = 0.00068)

Overfished

19.

Jurusan
PerikananFakultas
Peternakan
UNDIP (1992)

40,000

180

Surplus
production
(Schaefer, 1954)

Overfished

20.

Merta (1992)

Fmax =
3.0

Y/R Jones
(1981)

Overfished

21.

Merta & Eidman
(1995)

34,041

F array,
X = 0.8

Length-based
cohort analysis
VPA
(Thompson &
Bell, 1934)

Overfished

22.

(Sumenep
Regency
Government,
2007); and
Muhammad 98
(pers. comm. 1
Sept. 2009)

56,444;

fTAC

Overfished

TAC =
28,222

=145

Surplus
production
(Schaefer, 1954)

25.83

TAC =
50% y
MSY

Except for some studies that used yield-per-recruit and VPA models, the majority
of the assessment used the surplus production model of Schaefer (1954) and a few used
Fox model (1970). These two models treat the stock as a single undifferentiated biomass
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pool without age classes or cohort. Fitting methods used were mainly equilibrium-fitting,
although some analysis used other fitting methods (e.g., Schnute, Gulland’s moving
average and Tukey’s Jacknife) to improve the fit. It is not clear whether the techniques
implemented in the surplus production models used a lag to account for the time-lag
between spawning and recruitment. However, in his critiques of the surplus production
models used in South East Asia, Pauly (1987) have indicated that most of the models that
he evaluated did not use a lag. Catch data used in the assessments were from official
government statistics, while fishing effort (f) input data used to estimate MSY and fOPT
were based on the number of slerek fleet unit. Three issues begged our attention from the
use of these data and techniques:
1. Official government fisheries catch statistics in Indonesia are known to be
seriously under-reported (Willoughby, Monintja, & Badrudin, 1997; Wagey,
Nurhakim, Nikijuluw, Badrudin, & Pitcher, 2009). In the Bali Strait, fishers land
only about 45% of their lemuru catches in the official landing site (Buchary,
Pitcher, & Sumaila, in press, and also Chapter 2); meanwhile, after accounting for
the landing in unofficial landing sites, unreported take-home amount and
discarded lemuru (especially during the El Niño period), the estimated true catch
of lemuru from the Strait is likely to be about 2 to 3 times the official reported
catch (see Chapter 3). Using lower estimation of catches in the analysis may
underestimate the population rate of increase, r, in the system, thereby may
produce a lower MSY estimate;
2. The use of the number of slerek fleet unit as fishing effort (f) in the analysis is
misleading. This is because there has been continuing increase in the outboard
engine power used over the period in question. Of particular interest is during
1994-95 when horse power of engine significantly increased (Figure 4.4) although
the number of slerek fleet operating remain relatively the same for the period in
question (Figure 4.6). Underestimating the fishing effort in the analysis may
overestimate the MSY.
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3. The lemuru population in the Strait has marked annual variations of recruitment.
This is particularly true given the climatic variability (i.e., El Niño) as previously
shown by Ghofar et al. (2000) that used surplus production model with
environmental variability considered for the lemuru stock, using CLIMPROD
suite of methods (Fréon et al., 1993). As such, not including the time-lag in the
analysis would also overestimate MSY (e.g., Pauly, 1987).

Ecosystem-Based Assessments
The ecosystem-based equilibrium analysis implemented in this study used an
Ecosim routine (EwE: Christensen et al., 2004). In the analysis, I ran the model to
determine the level of catch and biomass of adult sardine, sub-adult sardine and juvenile
sardine at equilibrium under a range of fishing mortalities. The simulations produce
points on a surplus production curve which can be plotted to estimate the current
exploitation status and the optimal exploitation level (FOPT).
The ecosystem-based equilibrium analysis produces outputs similar to those
produced by simple (equilibrium) surplus production models commonly used in singlespecies fisheries management. Parameters estimated included MSY, F (fishing mortality),
yield, unexploited biomass (B∞, also referred to as carrying capacity, K), etc.
Additionally, the ecosystem-based equilibrium analysis relies on the assumption of
deterministic population behaviour in growth, recruitment and mortality, and so it is
subject to some of the same criticisms as surplus production models (Larkin, 1977; Punt
& Smith, 2001). However, the use of environmental variability and trophic interactions in
this ecosystem-based equilibrium analysis provides a major advantage over simple single
species equilibrium analysis that is undifferentiated. Production curves that result from
ecosystem-based assessment can potentially be very different from single-species
production curves. Therefore, it is prudent to analyze sources of the discrepancy in an
ecosystem context. As such, direct and indirect trophic interactions that may favourably
or unfavourably affect the sustainability of the sardine groups were examined using
‘Mixed Trophic Impact (MTI)’, a network analysis routine in Ecopath (Christensen et al.,
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2004). MTI is a form of sensitivity analysis that summarizes the net impact of functional
groups and fisheries (fishing gear) on each other. It is based on the Leontief matrix
(Leontief, 1951), and was applied to Ecopath by Ulanowicz & Puccia (1990).
To account for the three issues related to data and techniques mentioned above,
and to explore how trophic interactions and environmental variability would affect the
MSY estimates, in this study, I explored and compared the lemuru MSY estimates
calculated by colleagues in Indonesia as described above (Table 4.4) with MSY analyses
using improved data and techniques:
1. MSY estimates calculated using single-species surplus production models and
non-equilibrium-fitting method, and with estimated true catch (from Chapter 3,
Figure 4.1b), time-lag and more realistic fishing effort (Figure 4.4). The model
fitting and analysis used the CEDA suite of methods software (Kirkwood,
Auckland, & Zara, 2001); and
2. MSY estimates calculated using ecosystem-based assessment and with estimated
true catch, multi-stanza life history of lemuru that represents trophic ontogeny and
underlying environmental variability. The model fitting and analysis used EwE
(Christensen et al., 2004).

4.3.2.8 Exploring Options for Harvest Strategies
In projecting the present-day model to the future with Ecosim, I used six scenarios
of harvest strategy. These options can be described as follows:
Over-Optimistic Scenario ‘Inexorably Increasing Fishing Effort’
To explore the consequences of increasing fishing effort in the Bali Strait, an overoptimistic scenario is simulated. In this scenario, increasing fishing effort is not emulated
through a dramatic jump in slerek fishing effort (such as the conversion of engine power
in 1995), but rather through slow but compounding technological advances in boat and
gear design (e.g., increase in boat length and the length of the purse seine nets), and
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improvements in fish-finding and navigation equipment (e.g., the use of halogen lights,
instead of visual scouting by the skipper) that may cause the effective fishing capacity of
a fleet to increase through time. Technological improvements in fishing efficiency are
often “guesstimated” to increase at about 2 - 5% a year, although the actual figure may
well be higher (Pope, 2002; Beddington 107, personal communication). Therefore, given
the current state of the lemuru fishery, this 2% annual rate of increase (i.e., compounded)
was chosen as a conservative over-optimistic scenario for the Bali Strait.
Stakeholder Scenario ‘Status-quo’
When interviewed in 2004, most respondents acknowledged the fact that the future
for the Bali Strait’s lemuru fishery is quite bleak if no tangible improvements can be
found. However, given the lack of a structured safety net provided by the government and
the lack of fishers’ capability and their inability to access other opportunities, they have
nothing to choose from but to keep the status-quo. Therefore, a second scenario is to
simulate the status-quo whereby fishing effort is kept at the base year level of the presentday model (i.e., 2001) throughout the entire 20 years of simulation.
Government Scenario ‘Small Effort Reduction’
In response to a recommendation from a current study conducted by Brawijaya
University in Malang, East Java that indicated that the sardine in the Bali Strait has been
overfished (Prasetya Online, 2007), the governments of East Java and Bali province have
decided to reduce the current fishing effort (Sumenep Regency Government, 2007;
Muhammad98, personal communication, 1 September 2009). The way the lemuru fishery
in the strait is managed has been through capping the number of licenses to be issued for
slerek fleet. The number of licenses capped has varied over the years (see dashed line in
Figure 4.6). However, given the lack of motivation to enforce the law, the changes in the
number of licenses capped were more to accommodate the actual number of slerek fleet
operating in the strait (Dinas Perikanan Daerah Propinsi Daerah Tingkat I Jawa Timur,

107

Prof. John Beddington, CMG FRS is Professor of Applied Population Biology at Imperial College,
London, UK; and is current the Chief Scientific Adviser to the UK Government.
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2000; Dinas Perikanan Daerah Tingkat I Propinsi Bali, 2000), rather than to actually
manage the fishery and the lemuru stock.
The last modification of the license cap was in 1985 when it was limited to 273. In
later years, when sardine stock dwindled, slerek fishers naturally reduced their own
fishing effort without having to be instructed by the government by having less vessels go
fishing or less fishing days (Respondent SB24, personal communication, 10 August
2004); some fishers even went bankrupt and sold off their slerek fleet (Respondent SB56,
personal communication, 20 June 2008). When I carried out my fieldwork in 2004, there
were only 113 slerek fleets operating (Respondent SB53, personal communication, 12
September 2004). In 2002, the number of slerek fleet operating was about 150
(Wiadnya27, personal communication, 14 June 2002). Meanwhile, in 1998 and 1999,
there were 224 slerek fleets operating (Respondent SB53, personal communication, 12
September 2004). Therefore we can safely assume that there were about 150 slerek fleets
operating in 2001 (i.e., the base year of our present-day model).
Both East Java and Bali province governments have recently decided to reduce the
license cap to 145 (see solid red line in Figure 4.6) and are currently pursuing a new joint
provincial agreement (Sumenep Regency Government, 2007). As there were already 150
slerek fleets in 2001, the 145 license cap proposed by the government scenario translates
only to a 3.33% reduction of fishing effort from the 2001 level (Figure 4.6). In this
government scenario simulation, the fishing effort is reduced by 3.33% and kept at that
level throughout 20 years of simulation.
Conservation Scenario ‘50% Effort Reduction’
In this scenario, considering the mindset of various stakeholders (including the
fishers themselves) that believe that the fishery has overexploited the sardine stock in the
Strait, I designed a harvest strategy that aims to see if the sardine biomass would bounce
back if the total fishing effort is reduced by 50% permanently from the 2001 baseline.
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Figure 4.6 The number of slerek fleet operating in the Bali Strait (solid black line) and the
slerek licenses capped by the governments of East Java and Bali province
(dashed black line). The red solid line indicated a new proposed plan by the two
provincial governments to reduce the current level of slerek license cap. The
blue solid line indicates simulated level of license cap to be implemented in
‘Government Scenario’ (see text). Data on the number of slerek fleet operating
and licenses capped from 1974 to 1998 are from Merta et al. (2000), while the
data after 1998 were acquired from the fieldwork (see text).

Adaptive Fishing Effort Scenario ‘Adapting with the Climate’
During the fieldwork, one particular respondent brought to our attention that a few
slerek fishers, including himself, that realized the dwindling nature of the sardines have
rolled back their fleet fishing power by reducing their boat size from 30 gross tonnes
(GT) to 15 GT (Respondent SB35, personal communication, 19 August 2004). By using a
50% smaller boat, they would use less outboard engines 108 and thus, would save them
almost 50% in operating costs (Respondent SB35, personal communication, 19 August
2004). The dwindling nature of sardine usually coincides with La Niña episodes that
108

A slerek fleet with 30GT boats would need 7 outboard engines of 30 horsepower (HP) per engine,
resulting in a total engine power of 210 HP/fleet. Meanwhile, a fleet with 15 GT boats would only
need 5 engines of 30 HP/each, resulting in a total engine power of 150 HP. With a total engine power
of 210 HP, a slerek fleet would need 400 – 600 liters of diesel fuel per fishing-day to operate.
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would occur every 3 to 7 years, in alternation with El Niño (Stenseth et al., 2002; Alheit
& Hagen, 2001; see Figure 4.1a). In times when sardine is exceedingly abundant during
the El Niño episodes, slerek fishers have often increased their fishing power by
increasing their boat size and consequently by increasing the power of their engines108
(Respondent SB2, personal communication, 3 August 2004; Respondent SB35, personal
communication, 19 August 2004); this last happened in 1995 (Figure 4.4). When I did my
fieldwork in 2004 – 2005, slerek boats were either made to order from boat makers in the
neighbouring Madura island (see Figure 1.2), or from a local slerek boat maker in Negara
district (Respondent SB4, personal communication, 4 August 2004).
As mentioned in section 4.3.2.3, point 2 on page 136, the power of engines used in
slerek boats is paramount to the success of the fishing activity. This is because slerek
boats actively look after the fish schools throughout the entire time at sea. Engine power
(i.e., horse power) has been considered as the best index of fishing effort for all sorts of
commercially operated traditional and artisanal fishing gear catching small pelagic
species in the Phillippines (Dalzell, Corpuz, Ganaden, & Pauly, 1987). This is probably
because of: (1) given the lack of technological sophistication of fishing gear in the region,
most gear (including purse seines) are mainly manually operated, either in scouting the
fish schools or in encircling, setting and hauling the net; and this kind of manual labor
needs a lot of power from the engines, and (2) the array of gear and vessels used in the
area is wide (which is very typical of developing world fisheries) and that a standardized
fishing effort is needed to account for differences in fishing power of different fishing
vessels. Previous studies have also shown the correlation between fishing power and: (1)
engine power for North Sea trawlers (Beverton & Holt, 1957), and (2) fuel consumption,
which is itself related to engine power (Lévi & Grannetti, 1973). Various interview
accounts found that in the Bali Strait slerek fishery, fuel consumption is the second major
cost factor of fishing, after the cost of the slerek unit (i.e., boats, nets, and engines).
To emulate this harvest strategy, I designed the fishing effort of the slerek to be
proportional to forecast SOI, both the baseline and increased SOI. In total, there are ten
adaptive fishing effort strategies (Figure 4.7).
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Figure 4.7 Adaptive fishing effort scenario: slerek harvest strategies were designed in
proportion to the forecast SOI runs (see section 4.3.2.6, and Figure 4.13).
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Close-all Fishing Scenario
During the National Revolution period (1945 – 1949, see Chapter 1), fishing in the
strait was temporarily halted by Dutch troops by means of force and was slowly resumed
in 1950 (Respondent SB23, personal communication, 10 August 2004). The temporary 4
– 5 years halt was enough to make all sorts of fish so abundant thereafter (and even
washed ashore and died on the beach) that fishers could catch them using jala buang
(cast nets) and pancing (handlines) from the beach (Respondent SB23, personal
communication, 10 August 2004; Respondent SB19, personal communication, 8 August
2004). To explore what is the maximum recovery that the Bali Strait ecosystem could
attain, a scenario is emulated by closing all fishing gear from operating for the entire 20
simulation years.

4.4

Results and Discussion

4.4.1 The Ecopath Models of the Bali Strait: Past and Present-Day
The past model of the Bali Strait is constructed for the year of 1980; a period
which was a few years after the slerek fleet got re-established in the study area following
a severe local conflict on resource appropriation, ironically caused by the introduction of
slerek in 1974 (see section 1.4.5 in Chapter 1). The newly constructed model of the Bali
Strait is a major improvement (Table 4.5) compared to the previous model which was
built for the years of 1990s (Buchary et al., 2002). The species composition (Appendix
F4) has also been significantly updated using results from taxonomy, toponymy and
etymology interviews and from a validation procedure during the fieldwork (see section
4.3.2.1). As a consequence, the food web structure has also become more diverse and has
more food chain interconnections (Figure 4.8). The new model (for reference year 1980)
also introduced multi-stanza life history (i.e., trophic ontogeny) for the sardine species,
by splitting the growth of sardine into three stages: adult, sub-adult and juvenile. The
choice of these three stanzas also reflects the way the species is caught, traded and
described in the fishery (see Chapter 2). A matrix of the diet composition is presented in
Appendix F5, while a matrix of the newly-improved fishing gear structure and their
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catches of the 1980 model that benefits from the IUU analysis of Chapter 3 is presented
in Appendix F6.

Table 4.5 Input and output (in bold) parameters of the revised Ecopath model of the Bali
Strait in 1980 (i.e., the ‘past model’)
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Functional group
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

TL
1.00
1.00
1.00
2.00
3.00
2.44
2.78
3.07
3.47
1.36
2.07
2.54
2.47
2.40
3.08
2.86
3.50
3.63
3.00
2.93
3.68
3.81
2.18
3.10
3.67
3.80
3.35
3.53
4.24
3.74
1.00

B
(t⋅km-2)
13.00000
13.13000
6.78000
18.00000
0.10000
0.59000
0.25000
0.22000
0.24000
0.10600
9.29600
3.85000
12.09000
20.53000
0.75900
5.55600
1.43400
0.03300
1.39400
0.84350
0.07000
0.07000
0.00400
0.00053
0.00095
0.05000
0.00900
0.00650
0.02320
0.00152
120.0000

P/B
(year-1)
231.0000
10.2300
13.7600
40.0000
12.0000
3.8200
2.9100
3.0410
4.3500
1.1000
6.5700
2.8900
2.9500
3.0000
2.8000
2.8320
2.1740
0.6400
1.1300
2.5680
1.8280
0.9200
0.8310
0.5000
0.2331
1.0000
1.3000
0.0861
0.0450
0.0800
-

Q/B
(year-1)
150.000
56.800
19.120
14.550
15.210
14.790
9.000
27.400
15.990
19.810
34.300
14.050
14.160
10.870
3.200
3.670
12.840
9.140
6.130
4.155
2.500
1.165
5.000
8.200
2.100
14.156
156.000
-

EE

P/Q

0.952
0.245
0.239
0.696
0.038
0.739
0.458
0.206
0.566
0.950
0.700
0.817
0.393
0.095
0.600
0.700
0.600
0.413
0.076
0.389
0.966
0.933
0.500
0.500
0.500
0.849
0.918
0.134
0.600
0.021
0.314

0.2670
0.2110
0.2000
0.2000
0.2000
0.2940
0.1220
0.2400
0.1810
0.1490
0.0870
0.1990
0.2000
0.2000
0.2000
0.3080
0.2000
0.2000
0.1500
0.2000
0.2000
0.2000
0.2000
0.1590
0.0410
0.0032
0.0005
-

GE

0.40
0.39
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
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(A)

(B)

Figure 4.8 Food web diagram of: (A) the previously constructed past model of the Bali
Strait in 1990s that has 14 functional groups and 3 fishing gear (Buchary, Alder,
Nurhakim, & Wagey, 2002); and (B) the newly constructed past model of the
Bali Strait in 1980 that has 31 functional groups and 16 fishing gear (this study).
The diagram was constructed using a SAS interface developed by Kumar &
Varkey (2009).

Meanwhile, the “present-day” model of the Bali Strait was retrieved at year 2001
from an Ecosim run starting at 1980; although it has similar food web structure, it shows
a rather different picture with less biomass in some functional groups, but higher in
others (Table 4.6).

Table 4.6 Input and output (in bold) parameters of the Ecopath model of the Bali Strait in
2001 (i.e., the ‘present-day’ model)
No.

Functional group

TL

1
2
3
4
5
6
7
8
9
10
11
12
13

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine

1.00
1.00
1.00
2.00
3.00
2.74
2.90
3.11
3.59
1.38
2.11
2.67
2.85

B
(t.km-2)
19.14000
8.46000
4.51000
43.67000
1.61000
2.38000
0.38000
0.12000
0.62000
0.05400
23.75800
0.98250
7.54000

P/B
(year-1)
230.1700
12.7700
16.7200
25.1600
11.9300
3.7300
2.1400
2.2300
3.3900
0.7700
7.6700
3.6500
2.4300

Q/B
(year-1)
94.67
58.50
19.23
16.41
16.63
16.33
18.43
33.40
15.08
20.65

EE

P/Q

GE

0.95
0.38
0.36
0.51
0.03
0.72
0.40
0.14
0.64
0.99
0.75
0.91
0.51

0.2660
0.2040
0.1940
0.1310
0.1340
0.2070
0.0420
0.2300
0.2420
0.1180

0.40
0.39
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
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Table 4.6 Input and output (in bold) parameters of the Ecopath model of the Bali Strait in
2001 (i.e., the ‘present-day’ model)
No.

Functional group

TL

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

2.53
3.06
2.90
3.77
3.54
3.00
3.04
3.67
3.66
3.39
3.19
3.93
3.81
3.36
3.47
4.27
3.81
1.00

B
(t.km-2)
9.20000
0.00900
11.30000
0.54000
0.04900
5.08000
1.19000
0.01100
0.18000
0.00800
0.00051
0.00837
0.07400
0.00002
0.00700
0.01560
0.00160
186.15000

P/B
(year-1)
2.4400
2.9000
2.3900
1.9200
0.6600
0.9500
2.0200
1.9000
0.9200
0.8100
0.4500
0.2300
1.0200
1.5000
0.0876
0.0620
0.0600
-

Q/B
(year-1)
33.50
16.99
14.90
14.45
3.79
4.06
14.76
10.30
7.05
4.49
2.77
2.12
5.39
9.70
2.40
20.09
175.37
-

EE

P/Q

GE

0.10
0.72
0.72
0.83
0.38
0.04
0.36
0.94
0.94
0.50
0.49
0.50
0.81
0.96
0.11
0.64
0.01
0.27

0.0730
0.1690
0.1610
0.1330
0.1730
0.2340
0.1370
0.1840
0.1310
0.1800
0.1640
0.1100
0.1890
0.1540
0.0360
0.0031
0.0003
-

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

4.4.2 Fitting the Models using Times Series Drivers as Forcing Function
As explained in section 4.3.2.3, three types of drivers (Appendix F7) were used to
fit the Ecosim 1980 past model: (1) mean estimated true catch of sardines for adult
sardines, sub-adult sardines and juvenile sardines groups from 1980 to 2001 (Figure
4.1b), (2) standardized slerek fishing effort from 1980 to 2001 (Figure 4.4), that are
scaled to the base year of the fitted model (i.e., 1980), and (3) mean CPUE (catch per unit
effort) of those three sardines groups from 1980 to 2001 (Figure 4.5).
A time series (1980 – 2001) of annual relative primary productivity or ‘primary
productivity anomaly’ (PPA) that may represent historical productivity ‘regime shift’ in
the ecosystem (sensu Christensen et al., 2004, see section 4.3.2.3) was generated by
Ecosim simulation (Appendix F8) and was used to also help fit the model.
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Predicted biomasses (Figure 4.9) and yields (Figure 4.10) of the three sardine
groups from the fitted model matched relatively well with the observed relative biomass
and yield (i.e., estimated true catch) trends, with the exception of the predicted yield for
adult sardine (Figure 4.10a). The total sum of squares of residuals was minimized to
around 18.9 from over 400 after varying the vulnerability factors iteratively during the
fitting process.
The lack of fit for the predicted yield of adult sardine (Figure 4.10a) could shed
some light on three issues that may individually or collectively affect the fit:
1. The lemuru true catch was probably over-estimated during the El Niño years, i.e.,
1982-83, 1987-88, 1991-94, and 1997-98;
2. The CPUE time-series for adult sardine used in this simulation may not be the
best indicator of stock abundance (Hilborn & Walters, 1992). Nevertheless, they
are the only available time-series of abundance index for the Bali Strait lemuru at
the time of this study; and
3. The average distribution of lemuru catches per stanza 109 (Wudianto, 2001) used in
this study may have over-estimated the proportion of adult sardine stanza caught
and landed; in other words, the proportion of sub-adult sardine and juvenile
sardine may have been under-estimated.

109

Based on 33,847 fish sampled from lemuru landed by slerek in Muncar (East Java) and Pengambengan
(Bali) throughout 1998.
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Figure 4.9 Time series of predicted biomasses (line) and observed relative biomasses (blue
dots) of the 3 functional groups of sardine in the 1980 model of the Bali Strait,
with each group representing the growth stanza of the fish: (A) adult sardine, (B)
sub-adult sardine, and (C) juvenile sardine. The observed relative biomasses are
CPUE estimated from fieldwork survey (see Figure 4.4 and 4.5) and has been
scaled by the model to obtain the best fit with the predicted biomasses.
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Figure 4.10 Time series of predicted yield (line) and observed yield (blue dots) of the 3
functional groups of sardine in the 1980 model of the Bali Strait, with each
group representing the growth stanza of the fish: (A) adult sardine, (B) subadult sardine, and (C) juvenile sardine. The observed yields are based on the
estimated true catch of the sardine (see Chapter 3).
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The trend of the fitting outputs shows that following the 1997 – 98 El Niño
episode, after slerek fishing effort jumped dramatically in 1995 with the mass conversion
of engine power used from 15HP to 30 HP per engine (Figure 4.4), the peak amplitude of
both the predicted and observed biomass and yield are shorter compare to those shown in
previous Niño years.
One interesting finding that resulted from the fitting procedure is the biomass and
yield of jellyfish (Figure 4.11). The peaks of the jellyfish biomass and yield coincide with
October 1997, when there was strong El Niño in 1997-98. This simulated finding
corroborates with the independent finding that I obtained from interviews that during the
1997-98 El Niño, there was a bloom of jellyfish in the Bali Strait and many fishers
including slerek fishers had to catch jellyfish 110, too, as they were caught in the purse
seine nets; a drying facility (Figure 4.12) was specifically built in Muncar for this
unexpectedly high landing of jellyfish (Respondent SB53, personal communication, 3
July 2002). The species of the jellyfish was identified by Dr. Toyokawa 111 when he
visited Muncar a few years ago, as a single species called Crambione mastigophora or
‘Prigi type’ jellyfish, a rhizostome jellyfish known as one of the eight commercially
traded jellyfish in Southeast Asia that usually blooms during the months of July through
October in Muncar (Omori & Nakano, 2001).

110

The caught jellyfish were dried and processed in Muncar and later exported to Taiwan and Japan
(Respondent SB53, personal communication, 3 July 2002).

111

Dr Masaya Toyokawa, National Research Institute of Fisheries Science, Japan.
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Figure 4.11 Time-series of predicted: (A) biomass, and (B) yield of jellyfish functional
group, as a result of fitting the 1980 Ecopath model of Bali Strait.
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Figure 4.12 Drying rack facility in Muncar, East Java, which was built specifically for
jellyfish landing in 1997-98. Photo credit: Eny Buchary, in Muncar, 2002.

The inherent direct and indirect trophic interactions observed using Mixed Tropic
Impact analyses (MTI) on the jellyfish group (Figure 4.13) suggest that the bloom of
jellyfish biomass in the model were caused by the bloom of zooplankton (the sole prey of
jellyfish) and phytoplankton (the sole prey of zooplankton, a trophic cascade effect to the
jellyfish) brought about by the underlying cyclical climatic impact.
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Figure 4.13 Mixed trophic impacts on the jellyfish group as impacted group in the: (A)
past model, and (B) present-day model of the Bali Strait. The bars show
combined direct and indirect trophic impacts that an infinitesimal increase of
any of the groups listed is predicted to have on the jellyfish group. Most
groups have a negative impact on themselves, interpreted as increasing withingroup competition for resources.
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Unfortunately, jellyfish landing is not recorded anywhere in the government
reports for the Bali Strait area (e.g., Fakultas Perikanan UNIBRAW et al., 2007). Even
the jellyfish landing during the glut period of 1997-98 was not recorded; and this is
corroborated with the statement of Dr Omori that, “Data [on jellyfish landing] is not
available from Indonesia and unreliable, if there are” (Omori 112, personal
communication, 2 February 2009). The only information on jellyfish landing is from the
fish plant and canneries that process and export jellyfish to East Asia, the same
companies that process sardines (Toyokawa111, personal communication, 1 February
2009). Unfortunately, when I was doing my fieldwork in 2004, these fish plant and
canneries did not welcome any request for catch data. Therefore, given the unavailability
of any jellyfish landing data from the area, for the 1980 past model I assumed that the
landing of jellyfish in 1980 was about the same as the reported landing of sergestids (i.e.,
krill-like shrimps) in 1980, which was 42 tonnes (or 0.013 tonnes/km2) 113. Using this
number as a starting point, the model fitting process then estimated that there was 2,017
tonnes (or 0.645 tonnes/km2) of jellyfish landed in 1997 that peak in October. It would be
interesting, for future work, to be able to cross-validate this predicted yield of jellyfish in
1997 with the actual 1997 records of jellyfish landing kept by those fish plants and
canneries.

112

Dr Makoto Omori, Director, Akajima Marine Science Laboratory, Japan.

113

The decision to use the reported landing record of sergestid shrimp for jellyfish group is based on the
rationale that: (1) both are invertebrates that have strong seasonality in the Strait, and (2) the growth
rate of jellyfish is closer to that of sergestid shrimp’s, compared to the growth rates of other
invertebrates in the model.
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4.4.3 Forecasting Environmental Indices
By using the 708 data points of SOI (Appendix F9) in the bootstrap sampling, I
forecasted five runs of baseline SOI, with each run having a frequency pattern (i.e.,
periodicity and interval) that is difference from the other four runs (Figure 4.14, grey
lines). An additional five runs of SOI with increased variability were also bootstrapped to
emulate the amplification of El Niño variability (Figure 4.14, colour lines). I randomly
increased the magnitude of the amplitude (in the bootstrap sampling) up to 50%. The
choice of 50% is mainly based on the fact that the SOI normally ranges from about –35 to
about +35, which equates to 3.5 standard deviations above and below the mean,
following a normal distribution (Trewin103, personal communication, 21 July 2009);
meanwhile, an increase in the amplitude greater than 50% of the baseline SOI would
result in much more forecast SOI that are greater than -35 and +35.
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SSQ = 34,229.95

SSQ = 33,585.32

SSQ = 34,414.01

SSQ = 33,679.56

SSQ = 32,432.17

Figure 4.14 Twenty-year forecasting of SOI using bootstrap sampling (drawing with
replacement) from the original 708 SOI data points, 1950 – 2008 (Bureau of
Meteorology of Australia, 2009). The grey lines represent forecast baseline
SOI, “SOI base” (5 runs), while the coloured lines represent increased
variability in forecast SOI, “SOI base + var” (5 runs), totalling to 10 runs of
forecast SOI for harvest strategy simulations in this study. SSQ = sum of
squares of residuals.
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4.4.4 Exploring MSY Estimates: Single-Species in Contrast with Ecosystem-Based
4.4.4.1 Single-Species Assessment
For the single-species stock assessment analysis, I used the surplus production
suite of methods included in the Catch Effort Data Analysis (CEDA) suite of methods
software (Kirkwood et al., 2001), with improved data and techniques. Catch and effort
data included are from 1974 to 2001. Improvements include:
1. Using estimated true catch (tonnes) of lemuru (from Chapter 3);
2. Using standardized fishing effort parameters (HP-day⋅year-1) that account for
engine power development and fishing frequency (Figure 4.4), instead of using
nominal number of slerek fleet (Figure 4.6);
3. The use of time-lag (year) in the fitting procedure to represent a lag between
spawning and recruitment in the stock analyzed;
4. The use of non-equilibrium fitting method; and
5. The use of initial proportion parameter that represents the degree of exploitation
of the stock before the start of the dataset. The value lies between 0 and 1, with 1
indicating negligible prior exploitation, and 0 indicating a stock almost
completely exterminated before the current dataset began.
To get an idea of the type of relationship between catch per unit effort (CPUE) of
the lemuru and the standardized fishing effort of slerek that landed the lemuru in
question, I plotted the two datasets using equilibrium fitting of surplus production model
(Figure 4.15); the shape suggests that it is a Fox model (Fox, 1970).
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Figure 4.15 Relationship between annual CPUE of slerek and annual slerek fishing effort
since the beginning of the fishery in 1974. Blue dots signify some important
periods for the fishery: 1974 was when slerek fishery started; 1981-982 was
considered a very strong El Niño period; 1995 was when there was mass
conversion of engine power; 1997-98 was a strong El Niño period; and 2001
was the end of observation for the dataset. The datasets were plotted using
equilibrium-fitting of surplus production model. This shape suggests a Fox
model.

Using CEDA suite of methods, I then used the Fox model, non-equilibrium fitting
technique and the least-squares fit error model to estimate a range of MSY under several
initial proportion and time-lag values. Ritterbush (1974) indicated that in 1973-1974, the
lemuru stock was already fully exploited. Therefore, I used a range of initial proportion
between 0.5 and 0.9 to get an array of MSY estimates. For similar reason, I used two
time-lag values to capture the link between sardine spawners and recruits: 1 year and 2
years, based on prior knowledge of the system. Various length frequency analyses
suggest that lemuru in the Bali Strait recruit before they turn 1-year old. Ritterbush
(1974) reported that the mean length at recruitment (LR) for lemuru in 1973-74 was 9.2
cm FL (fork length), which equals to 10.42 cm TL (total length) and corresponds to 0+
year class. In 1990-92, Pet et al. (1997b) found that the LR was 11 cm TL and also
corresponds to 0+ year class. Meanwhile, Wudianto (2001) reported LR in 1998 to be 7
cm FL, which equals to 7.95 cm TL. Using TL – age conversion for the lemuru (Sujastani
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& Nurhakim, 1982), 10.42 cm TL, 11 cm TL and 7.95 cm TL corresponds to 3.5-months
old, 4-months old, and 1-month old, respectively. Therefore, this biological information
justifies the use of these two time-lag values (1 and 2) for the MSY estimation. A
bootstrap method that requires the fitting method to be repeated 1,000 times was also
employed to generate confidence intervals for the MSY estimates.
The difference in the onset parameters for time-lag and initial proportion resulted
in different estimations of MSY, with those estimated with time-lag = 1 and initial
proportion = 0.5 gave the highest MSY value (48,632 tonnes). When sum of squares of
residuals (SSQ) between the expected catch and observed catch values were calculated
(Figure 4.16a); results suggest that the lowest SSQ (i.e., thereby, producing the best-fit
MSY) was obtained when time-lag = 1 and initial proportion = 0.5, and that is when
MSY = 48,632 tonnes (Figure 4.16b). This finding corroborates with previous findings
that suggest the lemuru stock in the Bali Strait was already fully exploited in 1973-74
(Ritterbush, 1974), indicating that the best initial proportion is 0.5 114. Meanwhile, studies
by Ritterbush (1974), Pet et al. (1997b) and Wudianto (2001) showed that the LR of
lemuru occurs when the stock is at 0+ year class, which corroborates the SSQ result that
the optimal time-lag is 1.

114

When initial proportion is 1, it indicates negligible prior exploitation, while 0 indicates a stock almost
completely exterminated before the current dataset began.
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Table 4.7 Distribution of MSY estimates from this study using Fox model
(non-equilibrium-fitting method, least-squared fit error model), and
under different initial proportion and time-lag values.
Initial proportion

Note:

Time-lag = 1

Time-lag = 2
MSY (tonnes)

q§

0.00000003*

46,588

0.00000002*

45,042‡

0.00000002*

45,472

0.00000002*

0.7

39,734‡

0.00000002*

43,057

0.00000002*

0.8

27,091‡

0.00000002*

34,869

0.00000002*

0.9

3.44*

0.00000001*

7.06*

0.00000001*

MSY (tonnes)

q

0.5

48,632 ‡

0.6

§

‡ best-fit MSY, with the lowest SSQ between expected and observed catch
§

q is catchability coefficient
* indicates invalid result as initial proportion at 0.9 may be too high for the
sardine stock in question that was already fully exploited by 1973-74.

(A)

(B)

Best-fit MSY:
48,632 tonnes

Figure 4.16 Relationship between initial proportion and: (A) sum of squares of residuals
(SSQ), and (B) MSY, under two different time-lags. Graphs are smoothed.
Dashed lines in (B) indicate a range of MSY estimates that are likely to be
unrealistic given the high initial proportion (see text).
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The bootstrap analysis with 1,000 replicates that generated confidence intervals for
the best-fit MSY estimate provides a rather different picture (Figure 4.17). Results in
Figure 4.17 suggest that the range of MSY estimated in this analysis (Figure 4.18a) has a
wider spread than those estimated in previous studies:

Figure 4.17 Box-and-whisker plots of comparative of statistics between 17 single-species
surplus production MSY estimates (equilibrium fitting) from previous studies
(Table 4.4) and single-species surplus production MSY estimates (nonequilibrium fitting) generated by 1,000 bootstrap replicates in this study.

The use of estimated true catch and better techniques for the surplus production
assessment in this study has produced higher MSY estimates for the sardine population.
This is because higher MSY estimates suggest higher r, the population rate of increase
(T.J. Pitcher, personal communication). Meanwhile, the wide spread range of MSY
estimates from the bootstrap analysis reflect the overall uncertainty of the estimation and
should be considered as a strong indication that the lemuru stock in the Bali Strait has
high recruitment variability and thus, should be treated with caution and that MSY
estimates alone cannot be used as the ultimate sole target for fisheries management. The
wide range of MSY estimates is probably a result of environmental variability; an issue
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that will be dealt with in the next section, the ecosystem-based assessment. A previous
study by Ghofar et al. (2000) that used CLIMPROD surplus production modelling
showed significant relationship between environmental variability and the lemuru
recruitment.
In Figure 4.18a, we also note that 35% of the outputs from 1,000 bootstrap
replicates produced MSY estimates that are unrealistically low (<<< 1 tonnes) and thus,
are considered invalid for our purpose (this is marked with red bar in Figure 4.18a). One
reason that may have triggered this to happen is the possibility of ‘recruitment failure’
predicted by the model during the fitting. When this unrealistic estimates are removed
(Figure 4.18b), we note that most of the bootstrap frequency occur in a range that
overlaps with the spread of MSY range estimated in the previous assessments (Figure
4.17).

Figure 4.18 One thousand separate bootstrap estimates of the MSY from the surplus
production (Fox) model (non-equilibrium fitting method) of the Bali Strait’s
lemuru stock, 1974 – 2001. Onset parameters are: initial proportion = 0.5 and
time-lag = 1. The bar charts in: (A) showed complete frequency outputs; while
those in (B) have had the unrealistic estimates (red bar in A) removed. See text
for details.

174

Figure 4.19 showed some important diagnostic graphs for the Fox model runs in
this exercise: observed and predicted catch (Figure 4.19a), observed and predicted CPUE
(Figure 4.19b) and plot of residual catches and time (Figure 4.19c).

(A)

(B)

(C)

Figure 4.19 Important diagnostic outputs from non-equilibrium fitting of the surplus
production (Fox) model using least squared fit error model for the Bali Strait
lemuru, 1974 - 2001: (A) observed vs. predicted catch, (B) observed vs.
predicted CPUE, and (C) residual catches vs. time plot. Lines are smoothed.
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4.4.4.2 Ecosystem-Based Assessments
The ecosystem-based equilibrium analysis benefits from the estimated true catch
of lemuru calculated previously (Chapter 3), the 1980 Ecopath model that had been
previously fitted (see section 4.4.2), and the primary productivity anomaly (PPA,
Appendix F8; generated during the automated optimization routine in Ecosim) that may
represent ‘historical regime shift’ in the ecosystem, and it is used as a proxy for
environmental variability. The ecosystem-based equilibrium analysis also account for
trophic ontogeny as the lemuru was constructed with their multi-stanza life history (i.e.,
juvenile, sub-adult and adult) in the Ecopath model.
To produce the yield and biomass curves at equilibrium for the three sardine
functional groups, I ran the Ecosim simulations for 22 years (1980 – 2001) while
simultaneously setting the fishing mortality (F) of the three sardine groups under a range
of F throughout the simulation years and maintaining the F’s of other exploited groups
constant at the base level (F1980). The simulations were run repeatedly for every F level of
the sardine groups, ranging from 0 to 2, with 0.05 increments.
Ecosystem-based assessments suggest that the estimated MSY for total sardine is
75,348 tonnes (Figure 4.20a), higher than what was estimated under the non-equilibrium
single-species assessments (Figure 4.17: median = 66,993 tonnes) and the MSY estimates
from previous studies (Table 4.4 and Figure 4.17: median = 48,174 tonnes). The higher
estimation from this ecosystem-based assessment was probably made possible due to
trophic interactions and underlying environmental variability in the model. While this
may sound ‘very encouraging’ for overly optimistic fisheries management strategy, a
look at the age-class context of the analysis suggests a different picture (Figure 4.20). The
MSY estimated for adult stanza (Figure 4.20b), sub-adult stanza (Figure 4.20c) and
juvenile stanza (Figure 4.20d) are 6,773 tonnes, 15,028 tonnes, and 53,547 tonnes,
respectively. Although there are uncertainties associated with the estimates, results
suggest that at BMSY, juvenile stanza accounts for 71% of the total sardine stock; while
sub-adult and adult sardine account for 20% and 9%, respectively. When compared with
their respective FMSY’s (0.75 – 0.8 year-1), the adult sardine had been severely overfished,
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both in 1980 (F = 1.86 year-1) and 2001 (F = 3.27 year-1). Meanwhile, the sub-adult
sardine was still underfished in 1980 (F = 0.64 year-1) but overfished in 2001 (F = 1.15
year-1). On the other hand, the juvenile sardine is still underexploited, both in 1980 (F =
0.09 year-1) and 2001 (F = 0.15 year-1).
By explicitly accounting for the inherent direct and indirect trophic interactions
within the ecosystem, Mixed Trophic Impact (MTI) bars (Figure 4.21 and Figure 4.22)
provide more information about the inter-stanza dynamics within the lemuru stock. Both
in the past model (1980, Figure 4.21) and present-day model (2001, Figure 4.22), the
sardine stanzas are strongly negatively impacting each other which is attributed to the
competition for food resources. All of the three stanzas of sardine eat the same prey:
phytoplankton, zooplankton and detritus (i.e., ‘marine snow’ 115). Although the proportion
of what they eat per prey group is different (with the adult stanza eat more zooplankton
and less phytoplankton than the juvenile, and vice versa), however, all of them compete
for the same food resources in the model. However, in reality different stanzas will likely
feed on different plankton species and sizes, as previous studies on lemuru diet
composition had shown (Ritterbush, 1974; Wudianto, 2001). As such, they are
constrained by the density-dependent mechanism when it comes to their survival given
the food available to them. Their dependency toward their food resources is shown by the
strong positive impact given by phytoplankton, zooplankton and detritus to all three
groups of sardine, both in the past (Figure 4.21) and present-day model (Figure 4.22).
Some interesting trophic cascade effects are noticed in the present-day model,
when the biomasses of these sardine groups have been severely depleted (see Table 4.6
vis-à-vis Table 4.5). For example, jellyfish, whose biomasses increased sixteen times in
the present-day model (Table 4.6) due to increased biomasses of zooplankton and
phytoplankton (Table 4.6 and Figure 4.13), started to negatively impact the sardine
groups in the present-day model (Figure 4.22). This is not found to be the case in the past
115

The presence of unrecognizable detritus, known as ‘marine snow’, as an important diet component of
lemuru (i.e., 30 – 40%) is noted not just in the Bali Strait (Ritterbush, 1974), but also in the diet of S.
lemuru in Western Australia (Gaughan & Mitchell, 2000). Marine snow has organic content and is
associated with some kind of bacteria.
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model (Figure 4.21). The kind of jellyfish that exist in the Bali Strait is a single species
identified as Crambione mastigophora (Omori & Nakano, 2001) and they solely eat
zooplankton: veligers, copepods, tintinnids, and larvacea (Toyokawa, personal
communication, 1 February 2009; Larson, 1991, cited in Arai, 1997). These are the same
kind of zooplankton that all of the three sardine groups eat in the Strait (Ritterbush, 1974;
Wudianto, 2001).
In the case of the lemuru fishery in the Bali Strait, drawing insights from both the
single-species and ecosystem-based assessments, I can safely conclude at this time that
the slerek fishery has overexploited the lemuru resources. The adult and sub-adult groups
of the stock have been severely overexploited by 2001 and this is recruitment overfishing.
Although by 2001 the lemuru stock, particularly the juvenile stanza, still supports the
slerek fishery, it probably won’t be too long before the whole stock would collapse. In
fact, starting in 2006 – 2007, some slerek fishers started to experience the scarcity of the
lemuru and slerek fishing became highly non-profitable; some of them sold off their
boats and went bankrupt (Respondent SB56, personal communication, 20 June 2008).
Instead of using equilibrium single species assessment and traditional
interpretation of MSY, Hilborn & Walters (1992) and Haddon (2001) have suggested that
investigating alternative harvest strategies may provide more insights into choosing the
‘best’ policy for fisheries management. Using insights and knowledge from the fieldwork
interviews and by using the EwE ecosystem approach, in the next section, I have
explored several harvest strategies for the Bali Strait lemuru fishery.
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Figure 4.20 Ecosystem-based yield (red line) and biomass equilibriums (blue line) for the Bali Strait sardinella,
Sardinella lemuru: (A) total sardine, (B) adult sardine, (C) sub-adult sardine, and (D) juvenile sardine.
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Figure 4.21 Mixed trophic impacts in the past model of the Bali Strait on: (A) adult
sardine, (B) sub-adult sardine, and (C) juvenile sardine, as impacted groups.
The matrices show combined direct and indirect trophic impacts that an
infinitesimal increase of any of the groups listed is predicted to have on the
sardine groups. Most groups have a negative impact on themselves, interpreted
as increasing within-group competition for resources.
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Figure 4.22 Mixed trophic impacts in the present-day model of the Bali Strait on: (A) adult
sardine, (B) sub-adult sardine, and (C) juvenile sardine, as impacted groups.
The matrices show combined direct and indirect trophic impacts that an
infinitesimal increase of any of the groups listed is predicted to have on the
sardine groups. Most groups have a negative impact on themselves, interpreted
as increasing within-group competition for resources.
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4.4.5 Exploring Options for Harvest Strategy
4.4.5.1 Over-Optimistic Scenario ‘Inexorably Increasing Fishing Effort’
Due to the open access nature of the Bali Strait, once the sardine stock biomass
bounces back (for example if another strong El Niño comes along), it is not impossible
for the slerek fishers to restore their fishing capacity. This had happened in a previous El
Niño episode, notably in 1997-98. According to Bureau of Meteorology of Australia
(2008), during 1991 to 1995 there was a long moderate to long moderate-strong El Niño
episode. It does not hit a strong level until 1997, when SOI sustained negative values
from March 1997 to April 1998 (Appendix F9). However, slerek fishers had increased
their fishing effort already, in fact double (by converting engine power from 15HP to
30HP), in 1995, two year before the strong El Niño came along. As such, as a
conservative measure to emulate slow increase of fishing effort, an over-optimistic
scenario is simulated whereby a 2% annual rate (i.e., compounded) of fishing effort
increase is simulated. Results show a rather bleak outlook (Figure 4.23 and Figure 4.24),
worse than the already miserable stakeholder scenario (i.e., the status-quo, see next
section). One could only imagine what would happen to the lemuru fishery in the Bali
Strait and its social-economy ramification, if the annual rate of fishing effort increase is
greater than 2%.
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(A)

(B)

Figure 4.23 Predicted biomass (tykm-2) from over-optimistic scenario under: (A) baseline
SOI runs, and (B) increased variability SOI runs, for adult, sub-adult and
juvenile sardine. Simulation was run for 20 years, from January 2001 to
December 2020. Each coloured line represents distinct SOI run.
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(A)

(B)

Figure 4.24 Predicted yield (tykm-2) from over-optimistic scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December 2020.
Error bars show the range of Ecosim outputs (as a result of various SOI runs);
the upper error bars represent the 95th percentile limit, and the lower error bars
represent the 5th percentile limit; red lines represent median values; each black
dot (•) represents an Ecosim output under a particular SOI run for a particular
year; and grey shading depicts possible range of predicted yields.
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4.4.5.2 Stakeholder Scenario ‘Status-Quo’
Keeping the fishing effort level according to what stakeholders wanted, that is
status-quo at the level of 2001 throughout the entire 20 years of simulation, would result
in a level of predicted biomass for adult and sub-adult sardine up to one-quarter (Figure
4.25) of what it would be like under close-all scenario (see section 4.4.5.6). Increasing
the SOI effect would positively impact all biomasses (Figure 4.25b).

(A)

(B)

Figure 4.25 Predicted biomass (tykm-2) from stakeholder scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December
2020. Each coloured line represents distinct SOI run.
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The predicted yield trends resulting from this scenario show fluctuating trends
(Figure 4.26), with increased yield predicted, up to almost double, if El Niño effects were
to increase (Figure 4.26b). However, gaps between minimum and maximum predicted
yield are wider under the increased SOI runs.

(A)

(B)

Figure 4.26 Predicted yield (tykm-2) from stakeholder scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December
2020. Error bars show the range of Ecosim outputs (as a result of various SOI
runs); the upper error bars represent the 95th percentile limit, and the lower
error bars represent the 5th percentile limit; red lines represent median values;
each black dot (•) represents an Ecosim output under a particular SOI run for a
particular year; and grey shading depicts possible range of predicted yields.
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4.4.5.3 Government Scenario ‘Small Effort Reduction’
The government plan to reduce fishing effort in the Bali Strait by capping slerek
fleet licenses down to 145 from current level of 273 may seem like a huge reduction,
ostensibly 47%, in fishing capacity. However, if we see what had actually happened was
that without government intervention, slerek fishers had already reduced their own
fishing effort due to dwindling sardine stock. In 2001, there were about 150 slerek fleet
operating (Figure 4.6), down from 200 in 2000 (Wiadnya27, personal communication, 14
June 2002); meanwhile in 2004, the number of slerek fleet operating declined again to
only 113 (Respondent SB53, personal communication, 12 September 2004). Therefore, a
reduction to 145 actually equals to a mere 3.33% reduction from 2001 level (Figure 4.6).
It is not surprising that simulation results from government scenario (Figure 4.27 and
Figure 4.28) are not that much different from simulation results of the stakeholder
scenario (Figure 4.25 and Figure 4.26). Wider gaps in yield fluctuation are also observed
when SOI effects are increased (Figure 4.28b)
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(A)

(B)

Figure 4.27 Predicted biomass (tykm-2) from government scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December
2020. Each coloured line represents distinct SOI run.
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(A)

(B)

Figure 4.28 Predicted yield (tykm-2) from government scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December 2020.
Error bars show the range of Ecosim outputs (as a result of various SOI runs);
the upper error bars represent the 95th percentile limit, and the lower error bars
represent the 5th percentile limit; red lines represent median values; each black
dot (•) represents an Ecosim output under a particular SOI run for a particular
year; and grey shading depicts possible range of predicted yields.
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4.4.5.4 Conservation Scenario ‘50% Effort Reduction’
In the conservation scenario, I explored whether sardine biomass would bounce
back if fishing effort is reduced by 50% (from the 2001 level) throughout the 20
simulation years, and how the fishing effort reduction would affect the predicted yield.

(A)

(B)

Figure 4.29 Predicted biomass (tykm-2) from conservation scenario under: (A) baseline
SOI runs, and (B) increased variability SOI runs, for adult, sub-adult and
juvenile sardine. Simulation was run for 20 years, from January 2001 to
December 2020. Each coloured line represents distinct SOI run.
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(A)

(B)

Figure 4.30 Predicted yield (tykm-2) from conservation scenario under: (A) baseline SOI
runs, and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December
2020. Error bars show the range of Ecosim outputs (as a result of various SOI
runs); the upper error bars represent the 95th percentile limit, and the lower
error bars represent the 5th percentile limit; red lines represent median values;
each black dot (•) represents an Ecosim output under a particular SOI run for a
particular year; and grey shading depicts possible range of predicted yields.
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Predicted output for both biomass (Figure 4.29) and yield (Figure 4.30) show that
the sardine catch would increase to almost double if we compare with those outputs in
stakeholder and government scenarios; and it is almost three times if we compare with
those outputs in over-optimistic scenario. In aggregate term, there would be more
sardines landed if we reduce the effort by 50%. Increased SOI also benefit both the
predicted biomass and yield, but as usual, the gaps between maximum and minimum
predicted yield is wider compared with baseline SOI.
4.4.5.5 Adaptive Fishing Effort Scenario ‘Adapting with the Climate’
To create a harvest strategy that emulates climate variability, I designed the fishing
effort of the slerek to be proportional to forecast SOI, both the baseline and increased
SOI. This means that when the forecast SOI sustained negative value (as in during the El
Niño periods), the fishing effort increased proportionately. Conversely, when the forecast
SOI sustained positive values (as in during the La Niña periods), the fishing effort
decreased proportionately. These patterns tried to mimic some fishers’ behavior in the
Strait that roll back their fishing activity during the La Niña periods and return to their
regular (or even increased) fishing activity during the El Niño periods.
Results show that both in trends of predicted biomass (Figure 4.31) and predicted
yield (Figure 4.32) are comparable to those of stakeholder and government scenarios.
However, the cyclical nature (i.e., amplitude) of the predicted yield is more pronounced
with some years show negligible yield. In essence, adapting the fishing effort with
climate variability would only enhance the boom and bust nature of the fishery compared
to other scenarios.
Increased El Niño effect would only affect positively in terms of both predicted
biomass and yield. However, compared to stakeholder and government scenarios, this
scenario would have wider variability, as well, both in predicted biomass and predicted
yield.

192

(A)

(B)

Figure 4.31 Predicted biomass (tykm-2) from adaptive fishing effort scenario under: (A)
baseline SOI runs, and (B) increased variability SOI runs, for adult, sub-adult
and juvenile sardine. Simulation was run for 20 years, from January 2001 to
December 2020. Each coloured line represents distinct SOI run.
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(A)

(B)

Figure 4.32 Predicted yield (tykm-2) from adaptive scenario under: (A) baseline SOI runs,
and (B) increased variability SOI runs, for adult, sub-adult and juvenile
sardine. Simulation was run for 20 years, from January 2001 to December
2020. Error bars show the range of Ecosim outputs (as a result of various SOI
runs); the upper error bars represent the 95th percentile limit, and the lower
error bars represent the 5th percentile limit; red lines represent median values;
each black dot (•) represents an Ecosim output under a particular SOI run for a
particular year; and grey shading depicts possible range of predicted yields.
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4.4.5.6 Close-All Fishing Scenario
In this study, I attempt to explore the maximum recovery that the Bali Strait
ecosystem could attain by implementing a close-all fishing scenario in Ecosim
simulations, whereby all 16 fishing gears in the model are not allowed to fish for 20 years
of simulation (2001 – 2020).

Results (Table 4.8 and Figure 4.33) indicate that

biomasses benefit from fishing pressure release, a typical direct impact; however, they
also show biomasses that suffer from fishing pressure release due to trophic interactions.
In general, adult sardine benefit greatly from the closing of the fishery, while sub-adult
sardine benefit as well, but not as much as the benefit attained by the adult sardine. On
the other hand, juvenile sardine suffers slight biomass loss from fishing pressure release.
The predicted biomasses for juvenile sardine, both in baseline and increased SOI, were
estimated to be slightly less than or the same as those predicted under all previous
scenarios (Table 4.8). This finding supports earlier finding described in the mixed trophic
impact matrices (Figure 4.21 and 4.22) that show all sardine stanzas are competing for
the same food resources. The biomass of adult sardine that significantly bounced back in
this scenario, up to ten times, is an indication that adult sardine has been under
tremendous fishing pressure. The increase of adult sardine biomass in this scenario has
exerted increased food competition pressure on the juvenile sardine and affecting its
survival.

Table 4.8

Relative biomass change attained under close-all fishing scenario compared
to those attained under the other harvest strategy scenarios. All changes are
approximation, measured by the average height of the amplitude.
Other scenario

Adult
SOI

Adult
SOI+

SubAd
SOI

SubAd
SOI+

Juv
SOI

Juv
SOI+

Over-optimistic “inexorably increasing”

10 X

6X

2X

1.3 X

0.75 X

0.8 X

Stakeholder “status-quo”

4X

3X

1.5 X

1X

1X

1X

Government “small reduction”

3X

3X

2X

1.3 X

1X

0.8 X

Conservation “50% reduction”

2X

2X

1X

1.5 X

1X

1X

3.3 X

3X

1.25 X

1.3 X

1X

0.8 X

Adaptive

Note: “X” means ‘times, a multiplication of’; “1 X” means ‘relatively no change’ or ‘equal to’.
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During fieldwork interviews, a respondent that was old enough to remember the
period of National Revolution (1945 – 1949), whereby fishing in the Strait was
temporarily halted for about 4 – 5 years, mentioned the sheer abundance of lemuru in the
inshore area and that they were even washed ashore and died on the beach (Respondent
SB23, personal communication, 10 August 2004). It is not clear why the fish died at that
time, however, it can be speculated that the fish could have died due to lack of food as a
result of increased food competition from increasing biomasses of sardine.

(A)

(B)

Figure 4.33 Predicted biomass (tykm-2) from close-all fishing scenario under: (A) baseline
SOI runs, and (B) increased variability SOI runs, for adult, sub-adult and
juvenile sardine. Simulation was run for 20 years, from January 2001 to
December 2020. Each coloured line represents distinct SOI run.
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4.4.5.7 Across-Scenarios Comparison
To better understand the pro and cons of the various harvest strategy scenarios, I
am comparing all of these harvest strategy scenarios across by using three parameters: (1)
annual predicted yields (tykm-2) from 20 years of simulation, (2) total predicted yields
(tykm-2) aggregated in 20 years, and (3) average predicted end-state biomasses (tykm-2) at
year-20. Results are presented in the following Figures 4.34, 4.35 and 4.36.

Figure 4.34 Annual predicted yields (tykm-2) of the sardine groups after 20 years of
simulation across harvest strategy scenarios and SOI runs tested. Error bars
show the range of Ecosim outputs (as a result of various SOI runs); the upper
error bars represent the 95th percentile limit, and the lower error bars represent
the 5th percentile limit. Bar graphs represent median values.

Figure 4.35 Total predicted yields (tykm-2) of the sardine groups in 20 years of simulation
across harvest strategy scenarios and SOI runs tested. Error bars show the range
of Ecosim outputs (as a result of various SOI runs); the upper error bars
represent the 95th percentile limit, and the lower error bars represent the 5th
percentile limit. Bar graphs represent median values.
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Figure 4.36 Predicted end-state biomass (tykm-2) of the sardine groups after 20 years of
simulation, across harvest strategy scenarios and SOI runs tested. Error bars show
the range of Ecosim outputs (as a result of various SOI runs); the upper error bars
represent the 95th percentile limit, and the lower error bars represent the 5th
percentile limit. Bar graphs represent median values.

Simulation results show that both stakeholder and government scenarios would
likely produce similar expected outcomes, which is not surprising at all. Although the
Bali Strait lemuru fishery has had a management body since 2000 that comprises both
provincial governments of East Java and Bali (FAO-Norway Government Cooperative
Programme, 2001), actual implementation of management measures is very poor (for
various reasons, mainly funding), if non-existent. Throughout the years, ever since the
slerek license cap was implemented by both provincial governments in 1977 at 100
licenses (and there were 193 slerek operated), there has never been any law enforcement
that regulates the license limit in a manner that resembles a proper input control measure.
On the contrary, the trend of the license cap limit actually follows the development
of the slerek fishery (Dinas Perikanan Daerah Propinsi Daerah Tingkat I Jawa Timur,
2000; Dinas Perikanan Daerah Tingkat I Propinsi Bali, 2000; and see Figure 4.6). In
other words, both provincial governments that comprise the management body allow the
behaviour of the slerek fishing effort imposed by the slerek fishers to decide their
fisheries management decision. Looking back at how the slerek fishery evolved
throughout history and how the culture of conflicts lingers in the multi-ethnic and multigear community (see Chapter 1), it is possible that the government simply use a conflict
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avoidance strategy 116. Therefore, the proposed plan to ‘reduce’ the slerek license cap to
145 will not give any significant benefits to the sardine resources unless enforcement is
strict, and even if it is, the result would be just as the stakeholders wanted (based on their
opinion in 2004 when I interviewed them), status-quo at best.
Meanwhile, letting the fishery evolve by itself in a mare liberum fashion, even at a
conservative 2% annual rate of increase, would drive the fishery to extinction by
overfishing and reduction of spawning biomass to very low levels; for example, under
over-optimistic scenario and baseline SOI regime, the average end-state biomass of adult
sardine after 20 years of simulation is predicted to be at 0.66 tykm-2 or just a little over
2,000 tonnes for the whole of Strait.
Surprisingly enough, the adaptive fishing effort scenario that tries to adapt with the
change of climate variability resulted in more or less similar outputs like those predicted
by both the stakeholder and government scenarios. The only difference is the larger
variability (shown by wider error bars) attained under the adaptive fishing effort scenario.
In this scenario, fishers attempt to maximize their return by maximizing their fishing
effort during the El Niño, thereby putting more pressure on the stock biomass, and rolling
back during the La Niña.
The conservation scenario, obviously predicted a rather rosy picture, notably for
the adult sardine, but not for the sub-adult and the juvenile sardine due to trophic
interactions. Simulation results suggest that the conservation scenario is predicted to have
better adult sardine annual yields, total yields, and average end-state biomasses compared
with those predicted in all other harvest strategy scenarios.

116

This kind of conflict avoidance strategy typically implemented by government authorities in fisheries
management is also known as “minimum sustainable whinge” (sensu Pope, 1983, ‘whinge’, verb: to
complain, whine, in an annoying way). Hilborn (2007) considered this strategy as a political objective
and related this strategy as “the tendency of politicians to cave in spinelessly to the demands of the
fishing industry, just as they do when faced with angry farmers” (The Economist Global Agenda, 2005,
cited in Hilborn, 2007).
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4.5 Conclusions
In this chapter, an ecosystem-based modelling analysis is implemented for the Bali
Strait ecosystem and its sardine purse seine (slerek) fishery. The model constructed in
this chapter is from 1980 (i.e., a past model). The newly reconstructed model benefited
from a validation process with stakeholders during the fieldwork. Validations were
carried out for catch and discards components, species composition and gear structure.
This 1980 past model also managed to emulate well the observed historical time series
data after fitting procedure and was used to generate a present-day model of 2001 that
was used in the harvest strategy exploration.
In this chapter I also conducted non-equilibrium surplus production single-species
assessment (with better data and technique) and ecosystem-based assessment to derive
MSY estimates, and conducted comparative analyses of these MSY estimates with those
MSY estimates calculated by various simple surplus production single-species
assessments previously made for the lemuru. Based on both the single-species and
ecosystem-based assessments, it can be concluded at this time that the slerek fishery has
overexploited the lemuru resources. The intense exploitation level against the adult and
sub-adult groups of the stock by 2001 is an indication of recruitment overfishing. The
slerek fishery still relies on the juvenile stock and it’s just a matter of time when the
lemuru fishery collapse should the fishing intensity continued unabated.
The MSY estimation exercise shows that setting up MSY target for fisheries
management by simply calculating the target species as an undifferentiated biomass pool
would provide a too-overly-optimistic advice and could potentially be detrimental to the
target species and a recipe of disaster for the fishery and the fishing community that
depends on it. Exploring the ecosystem effects of fishing would help in shedding some
light on how the mechanism of species interaction works on each other and therefore,
would provide more prudent insight in setting up a viable management target.
Insights derived from the five harvest strategies tested using the EwE approach can
be allocated into three groups: (1) the status-quo will be the likely outcome from the
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stakeholder, the government, and the adaptive scenarios, (2) the demise of the slerek
fishery will be the likely outcome from over-optimistic scenario, and (3) the sustainable
outlook will be the likely outcome from the conservation scenarios. Increased
environmental variability that could be expected in this era of climate change would only
positively enhanced the fishery in all scenarios, but would create more volatility of
landing as the amplitude of the SOI is increased.
A responsible way of implementing results from the harvest strategies tested is not
simply a matter of assigning input controls, such as a license cap, based on the predicted
MSY. In a traditional and artisanal fishery like the slerek fishery, the ramification goes
beyond the license cap. I believe that what actually matters for most, should input control
is strictly implemented, is who would get assigned to a license. Implementing input
control through limiting the number of fleet operating per se for the slerek fishery in the
Bali Strait will not work if there is no strong enforcement, as we have witnessed ever
since the license cap system was implemented in 1977. Even if there is a strong and
committed enforcement, it could potentially enhance the division between the lucky ones
and the unlucky ones, and potentially inflame another conflict. The ‘luck’ factor here is
strongly correlated with access to financial resources (as discussed in Chapter 3).
Given the history of the fishing community (especially in Muncar) and the lack of
the existing government’s social safety net for the fishery sector at large, keeping a stable
rate of employment in the fishery is as important as maintaining the viability of the
sardine stocks. Probably, a better and prudent way of implementing any harvest strategy
in the slerek fishery would be to let all the fishers work, but only with limited fishing
power (i.e., the capacity of the engine) and limited size of boats. In 2004, most slerek
fleet use 30HP engines and each fleet has 5 – 7 engines (totalling to 150 – 210 HP of
engine power per fleet), and most boats have a length overall (LOA) between 18 to 20
metres and a gross tonnage of 25 – 30GT. Limiting the number of fleet would only
increase the unemployment as each slerek fleet employs at least 50 crew members (in
2004), plus 100+ more people per fleet in the downstream channel of the fishery (i.e.,
boat scrubbers, fish porters, traditional flake makers, labours in fish plants and canneries,
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people who collect fish oil in the effluent pipes of fish plants, etc.; see Figure 1.8).
Another thing that is also important to consider is to provide opportunities for the fishing
community at large in the Strait to adapt even more, as climate change brings more
variability that in turn affects volatility in El Niño episodes. Adaption can be in relation
to fishing activity as their main livelihood, but it can also relate to an alternative,
complementary or supplemental livelihood.
The exercise that was completed in this chapter is meant to provide options to
explore possibilities, given the uncertain catch reporting and environmental variability.
The models used in this chapter would also benefit from continued feedback and
improvements from the management and stakeholders of the fishery should any particular
harvest strategy be chosen.
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Sustainability of Simulated Harvest Strategies for a Traditional
Fishery: the Bali Strait Sardine Case 117

5.1 Introduction
Historical evidence shows that marine fisheries have been a strong influence in
shaping many human societies (Pitcher, 2001), but equally important, human societies
have also repeatedly improved fishing methods over the millennia (Gabriel, Lange,
Dahm, & Wendt, 2005). For thousands of years, fishing technology evolved from simple
tools, harpoons and traps, to cotton nets to the use of nylon nets and eventually powerful
steam boats, sonar and factory trawlers (e.g., Pitcher, 2001). In fact, after the Second
World War, the advent of large scale fishing vessels and technological development have
been inexorable and the development rate increased exponentially, which has led to
unsustainable fishing practices worldwide (Schiermeier, 2002; Pauly et al., 2002) leading
to a litany of fish stock collapses (Hutchings, 2000).
Indeed, as Andres Von Brandt – a German scientist who produced a classic
compendium of fishing gear of the world - put it, “fishing gear belongs to the material
culture of most peoples and fishing is a living occupation” (Gabriel et al., 2005, p. 2). As
humankind and the culture of their fishing gear evolve, the dynamics of human behaviour
towards fishing also evolve as they adapt to various forces (e.g., climatic, oceanic,
economic, social, policy, etc.); and thus, behavioural dynamics are at the root of marine
resource use and management (see e.g., Hanna, 2001). Therefore, to fully understand
marine fisheries as a living entity, and to discern how fishing affects the marine
ecosystem and how, in turn, the ecosystem affects the fishing communities; we cannot
divorce the coupling interactions between humans and fisheries. Nevertheless, since the
advent of fisheries science in the 20th century (T. D. Smith, 1988, 2002), the management
117

A version of this chapter will be submitted for publication. Buchary, E.A. and Pitcher, T.J.
Incorporating Human Dimensions of Fisheries in Appraising the Sustainability of Simulated Harvest
Strategies for a Traditional Fishery: the Bali Strait Sardine Case.

215

of fisheries has conventionally focused on the fish stocks per se (see e.g., Beverton &
Holt, 1957; Hilborn & Walters, 1992; Haddon, 2001; Walters & Martell, 2004) where the
human system is divorced from the fish and its ecosystem. As the nature of fish
population dynamics is inherently uncertain, fish stocks model predictions may provide
imprecise estimates at best, but at worst, they can provide simply wrong answers (see
e.g., Pitcher & Hart, 1982; Hilborn & Walters, 1992).
The problems currently experienced in fishery management throughout the world,
occur in four domains, namely, biological, ecological, economic and social crises
(Cochrane, 2000). As such, the consequential effects of mismanagement faced by
fisheries management authorities when they failed in constraining fishing capacity are
steep. For example, in the case of the North Atlantic cod stocks in eastern Canada that
collapsed in the late 1980s and was closed to fishing in 1992 (Rose, 2007), the adverse
societal repercussions lasted for years (Milich, 1999; Rose, 2007). However, in
developed nations such as Canada, government-sponsored measures such as vessel and
license buy-back programs and income-support programs are available to mitigate
problems (Pitcher, Buchary, & Sumaila, 2002). In developing countries, the effect of
consequential challenges becomes more serious. This is because research and
management funding is scarce, a government social safety net is lacking and most
importantly, fisheries have traditionally provided assured food security for many coastal
populations.
The underlying precepts in conventional fisheries management have been considered
problematic for traditional, small-scale fisheries in developing countries (Mahon, 1997;
Berkes, Mahon, McConney, Pollnac, & Pomeroy, 2001; Allison & Ellis, 2001).
Suggestions have been proposed to shift the main emphasis of fishery management in
traditional, small-scale fisheries in developing countries from fish stock assessmentoriented (viz., biology/ecology dimension) to other critical dimensions of fishery
management, e.g., those that emphasize whole-system view of fishery assessment rather
than on fish stock assessment (Mahon, 1997); other suggestions include sustainable
livelihood approaches that seeks to improve fisheries management by bringing to the fore
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the adaptive strategies of fisherfolk themselves in responding to resource fluctuations and
other shocks and uncertainties (Allison & Ellis, 2001).
Some proponents have suggested more practical and adaptive approaches by
designing a conceptual framework that takes into account ecological, social and
economic processes arising outside the domain of the fishery and that lays out a natural
order for the management process, into which one can sensibly place alternative
approaches and methods to derive social-ecological configuration as desired outcomes
(Andrew et al., 2007). Meanwhile, other proponents have suggested a more holistic
approach: Berkes (2003) introduced a shift in management philosophy that treats
fisheries as integrated social-ecological, complex adaptive systems, characterized by
nonlinearity, uncertainty, scale and self-organization; and De Young, Charles, & Hjort
(2008) proposed the application of human dimensions (viz., economic, institutional and
socio-cultural components) within the ecosystem approach to fisheries process (FAO,
2003; Garcia & Cochrane, 2005). To help mitigate problems within fisheries at large,
Hanna (2001) suggested putting an effort in understanding human-ecological interface
with special attention given to seven ignored areas: incentives, feedbacks, management
scale, monitoring and evaluation, alternate management approaches, the role of history,
and human capital.
Looking at these suggestions and proposals for new approaches to help mitigate
problems of fisheries management implemented for traditional, small-scale fisheries, one
can draw a unifying theme: a consideration for human dimensions of fisheries, and for
human-oriented realities.

5.2 Indonesia’s Fisheries Management: Some Highlights
As a developing country and an archipelagic nation, Indonesia’s fisheries are
dominated by traditional, small- and medium-scale fisheries1. For example, according to
data provided by Indonesia’s Ministry of Marine Affairs and Fisheries, by about 2000,
the numbers of registered small- and medium-scale fishing boats accounted for 99% of
the total fishing boats, while large-scale fishing boats accounted for less than 1%.
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The legal basis for fisheries management in Indonesia is enshrined in the Act No. 31
of 2004 (President of the Republic of Indonesia, 2004). The Act has several articles
related to some aspects of the human dimensions of fisheries in the management:
Article 3 listed “to increase the livelihood and prosperity of small-scale fishers and
small-scale operators of mariculture and aquaculture”, as the first goal 118 of the
fisheries management;
Article 6 stated that “fisheries management scope has to consider customary laws
and/or local knowledge and has to take into account community participation”;
Article 52 outlined that “the Government controls, encourages and/or carries out
research and development for fisheries to produce much needed knowledge and
technology in developing the fisheries industry, so that it could become more
effective, efficient, economic, with high competitiveness, and environmentally
friendly, and also that respects traditional knowledge/local culture”;
Articles 60 – 63 stipulated some provisions to empower small-scale fishers and
small-scale operators of mariculture and aquaculture, which include low-interest
credit schemes and seed funds, trainings and workshops, development of small-scale
business units and cooperatives, open-access provision for all small-scale fishers and
small-scale operators of mariculture and aquaculture to fish and/or operate anywhere
in Indonesian waters, and the encouragement of partnership for these small-scale
fishers and operators with fisheries industry.
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There are nine goals of fisheries management in Indonesia (Article 3, Act No.31/2004): (1) to increase
the livelihood and prosperity of small-scale fishers and small-scale operators of mariculture and
aquaculture, (2) to increase the country’s revenue and foreign exchange, (3) to increase the expansion
of and opportunity for employment, (4) to increase the supply and consumption of fish protein, (5) to
optimize the management of fish resources, (6) to increase productivity, quality, value added, and
competitiveness, (7) to increase the raw material supply for seafood industry, (8) to achieve the
optimal use of fish resources, fish farming areas, and the environment where the fish live, and (9) to
guarantee the conservation of fish resources, fish farming areas and spatial lay-out of the environment
where the fish live.
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Other than those articles above, there is no other definite provision that explicitly
account for human dimensions of fisheries. In fact, in Article 7, it explicitly stipulated the
use of maximum sustainable yield (MSY) and total allowable catch (TAC) as
management measures for controlling and managing fisheries activities (see Chapter 4 for
detail discussion on the limitation of MSY technique and the state of use of MSY in
Indonesia).
Although the total areal extent of Indonesia’s marine waters is much larger (77%) 119
than her land mass (23%), the average contribution from Indonesia’s fisheries sector to
national gross domestic product (GDP) has been around 2% (Fauzi, 2003), with current
contribution at 2.7% in 2009 according to Paskah Suzetta 120 as cited by Aris (2009). This
could be the reason why the Act heavily focuses on economic interests although it is also
balanced by environmental interests (Dirhamsyah, 2006). In fact, to boost the economic
contribution of fisheries to the state’s coffer, Indonesia’s National Development Planning
Agency has planned to increase the fisheries sector contribution to national GDP to 4%
by 2014 (Aris, 2009). In their press release in early 2009 (Departemen Kelautan dan
Perikanan Republik Indonesia, 2009), Indonesia’s Ministry of Marine Affairs and
Fisheries indicated two target outputs to be achieved by 2014 for this projected GDP: (1)
increasing fisheries production by 46% (to 12.73 million tonnes) from 2008 level (8.71
million tonnes), and (2) increasing fisheries export value by 8% (to US$2.8 billions) from
2008 level (US$2.6 billions). The fisheries production indicated above include both
marine capture fisheries and aquaculture fisheries, whereby marine capture fisheries
account for about 60% of total fisheries production (Departemen Kelautan dan Perikanan
Republik Indonesia, 2009).
Recently, however, there have been vocal criticisms raised by various local NGOs
asking the government to revise the Act. The main argument of these NGOs is that the
Act is pitting traditional small-scale fishers and coastal communities against private
119

Total marine area = 6,120,673 km2 (territorial sea = 3,205,695 km2, and claimed Exclusive Economic
Zone, EEZ = 2,914,978 km2) (World Resources Institute, 2003); land mass = 1,811,569 km2 (Central
Intelligence Agency, 2009).
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Chief of the National Development Planning Agency (BAPPENAS) of the Republic of Indonesia.
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sectors in fishing industries who have large assets and equities (Republika Newsroom,
2009). It is also argued that the Act is not sensitive enough to the interests of traditional
small-scale fishers and coastal communities, resulting in economic and social
discriminations against the traditional small-scale fishers (Republika Newsroom, 2009).

5.3 The Study Area – Bali Strait Ecosystem
The Bali Strait (see Figure 1.2 in Chapter 1) is an area of approximately 3,126 km2,
and is located between the island of Bali and the East Java province in central Indonesia.
The area has an upwelling phenomenon driven by bi-annual monsoons and is influenced
significantly by climatic impacts such as El Niño events.
The Strait is plied by various traditional fishing gears. By 2004, there were sixteen
types of fishing gear operating in the strait and two types of fishing gear mooring in the
strait but operating elsewhere (see details in Chapter 1). Despite this array of distinct
fishing gear targeting different species, in terms of bulk catch landed, Sardinella lemuru
(commonly called ‘lemuru’) is the dominant species with more than 90% of total catch
and mainly caught using a purse seine gear (Hendiarti et al., 2005) called slerek (Figure
1.7 in Chapter 1). The lemuru fishery has a boom-and-bust nature as expected for small
pelagic planktivorous fish whose recruitment is driven by El Niño events. In terms of
scale, the slerek fishery is categorized as a medium scale fishery (sensu Priyono &
Sumiono, 1997)1.
The contribution of the slerek fishery to the gross regional domestic products
(GRDP) of both Banyuwangi and Jembrana regencies varies depending on the landed
catches that are very much influenced by the El Niño cycle. For example from 1988 to
1997, the percentage range of contribution to GRDP attained by both regencies were in
the order of 1.58% to 20% (Merta, Widana, Yunizal, & Basuki, 2000), which is higher
than the national average at 2% (Fauzi, 2003).
Despite its commercial nature, the slerek fleets are all managed like a small-scale
fishery entity where patron-client relationships and kinship are very strong (Respondent
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SB4, personal communication, 3 August 2004; Emmerson, 1976, 1987; Budhisantoso,
Setiawati, Subagyo, & Suhardi, 1991). Day-to-day activities of the slerek fishery are
thick with traditions that typically characterize traditional and artisanal fisheries.
Background accounts on the social, economic and cultural views of the slerek fishery to
provide insights for the analysis in this chapter are documented in Appendix G1.
As human dimensions of fisheries are minimally considered in Indonesia’s Fisheries
Act and therefore in overall practices of fisheries management in Indonesia, I have made
a synthesis of the situation, drawing insights from:
1. The social, economic and cultural views of the slerek fishery collected during the
fieldwork in the study area (see also Appendix G1);
2. The technological development of the gear and historical background of the
fishery, and the demographic view of the fishing community (Chapter 1);
3. The administrative/institutional view of the fisheries management (Chapter 2);
4. The welfare view of the fishing community livelihood (Chapter 3);
5. The ecological and biological views of the marine ecosystem, and climatic
variability effects to the fishery (Chapter 3 and 4); and
6. Suggestions and proposals of various authors (see section 5.1 above) for new
approaches to help mitigate problems of fisheries management implemented for
traditional, small-scale fisheries.

In this chapter, I have done an analysis of the human dimensions of a traditional fishery
(i.e., the slerek fishery) using empirical data from my fieldwork in the study area.
Specifically, I have incorporated human dimensions of traditional fisheries in appraising
the sustainability status of simulated harvest strategies 121 (from Chapter 4) using a
multidisciplinary approach called RAPFISH (Pitcher & Preikshot, 2001), based on the
121

The harvest strategy options include aspirations from local stakeholders (as collected during my
fieldwork) and from the local government.
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transparent and semi-quantitative scoring of sets of ecological, economic, ethical, social
and technological attributes. The goal of the analysis is three-fold:
1. To evaluate the sustainability status of these simulated harvest strategies in all of
these multidisciplinary fields, including the newly-proposed field, the human
dimensions of fisheries;
2. To explore the trade-offs of choosing any particular harvest strategies given the
human-oriented realities; and
3. To see and explore if human dimensions of fisheries can be a discriminating
factor in evaluating the sustainability status of traditional fisheries.

5.4 Materials and Methods
RAPFISH, which stands for ‘Rapid Appraisal Technique to Evaluate the
Sustainability Status of Fisheries’ is a non-parametric, multi-disciplinary, and multivariate ordination technique for evaluating the comparative sustainability of fisheries
(Pitcher, 1999; Alder, Pitcher, Preikshot, Kaschner, & Ferriss, 2000; Pitcher & Preikshot,
2001; Kavanagh & Pitcher, 2004). The technique employs simple, easily-scored
attributes to provide a rapid, cost-effective, transparent, and multi-disciplinary appraisal
of the status of a fishery, in terms of comparative levels of sustainability (Pitcher, Bundy,
Preikshot, Hutton, & Pauly, 1998). Sustainability is described semi-quantitatively by a set
of defined criteria represented in a numerical analysis by a set of scored attributes in five
fields considered critical to the long-term viability of fisheries: ecological, economic,
ethical, social, and technological fields (Pitcher, 1999). Intended to provide a multidisciplinary insights in appraising a fishery, RAPFISH is not intended to replace
conventional stock assessment for setting quotas (Pitcher & Preikshot, 2001). Reviews
and critiques on RAPFISH are found, among others, in Hall & Mainprize (2004),
Bavinck & Monnereau (2007), and Leadbitter & Ward (2007).
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5.4.1 Data Collection Methods
In applying the RAPFISH technique, I have assigned the harvest strategies
analysed in Chapter 4 as the scenarios to be appraised. In total, there are ten (10) harvest
strategies; therefore these are called the ‘10 scenarios’ appraised in RAPFISH (more
details about RAPFISH and the ten scenarios will follow in the next section). The semiquantitative scoring of these ten scenarios was mainly based on the results of the
ecosystem-based analysis of these harvest strategies (see section 4.4.5.7, Chapter 4,
particularly Figure 4.34), supported by various indicators and information from field data,
published accounts, expert opinion, and stakeholder opinion with defined uncertainties in
scores. The following are descriptive accounts on how the data and information were
acquired.
A total of five months fieldwork in the study area was carried out in 2002, 2004,
2005 and 2006. Ninety-two respondents (18 female and 74 male) were recruited and
canvassed using snowball sampling method (sensu Babbie, 1989, cited in Neis et al.,
1999) for individual in-depth semi-structured interviews, focus group discussion (FGD)
and interviews for taxonomy of target and non-target species, toponymy of places (e.g.,
fishing grounds, spawning grounds, etc.), and etymology and translation of species
common names. Interviews and FGDs were audio-taped and transcribed17 in the original
language of the interview (viz., Indonesian). Additional methods of data collection
include direct observation through living within the fishing communities, participatory
fishing, landing site censuses42, opportunistic surveys of the fishing ports, fishing villages
and fish markets, photography and video footage on relevant objects of observation, postfieldwork personal communication44, and desk-top studies on records, archives, databases
and satellite images of the study area. Detail descriptions on data collection methods,
consenting procedure, dealing with respondents’ anonymity and post-fieldwork data
archiving system are given in Chapter 145.
Data triangulation between results obtained through different sets of data
collection and data analytical methods was used to confirm, cross-validate and
corroborate findings, and to find convergence (see Figure 1.1 in Chapter 1). Therefore,
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data uncertainty in data collection and analysis, and biases in respondents’ response and
memory recollection can be reduced. Data triangulation is also helpful to see pattern and
propensity.
5.4.2 Analytical Methods
5.4.2.1

RAPFISH Technique

Background
RAPFISH development started in 1996, when pilot work using Principal
Component Analysis to appraise the sustainability status of the fisheries produced arched,
biased plots (Pitcher, 1999). Pitcher (1999) described that further development of
RAPFISH used nonparametric multidimensional scaling (MDS) (Kruskal & Wish, 1978;
Schiffman, Reynolds, & Young, 1981; Stalans, 1995), which is an ordination technique
that can produce unbiased distance ‘maps’ of relative location (Clarke, 1993) and may be
rotated and shifted linearly with minimal disruption (Clarke & Warwick, 1994). The
underlying analysis in RAPFISH uses the ALSCAL method (Young & Lewyckyj, 1979)
embedded in statistical package SPSS (SPSS Inc., 1996) (Pitcher, 1999; Alder et al.,
2000). Latest development of RAPFISH has transformed the software so that it is more
portable and easy to use; whereby the ALSCAL algorithm was rewritten and embedded
in the popular Microsoft Excel software and its programming language, Visual Basic for
Applications (VBA) (Kavanagh & Pitcher, 2004). This latest development has allowed
users to use RAPFISH as an Excel ‘Add-In’ and thus, SPSS is no longer used (Kavanagh
& Pitcher, 2004). This latest RAPFISH version is Version 6 (Rap1_6.xla, February 2004)
for used in Excel 2000 and beyond 122, and it is the version used in this study. Technical
and programming details on RAPFISH can be found in Alder et al. (2000) and Kavanagh
& Pitcher (2004).
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As Microsoft Excel has undergone much further development since RAPFISH was last developed in
2004, RAPFISH can no longer be used with Excel versions 2007 and beyond (T.J. Pitcher, personal
communication). Therefore, the RAPFISH Excel version 6 (Kavanagh & Pitcher, 2004), which is the
latest version of RAPFISH, can only be used with Excel 2000, 2002 and 2003; I used Excel 2003 in
this study. There is, however, a plan to make RAPFISH as a stand-alone program in the future (T.J.
Pitcher, personal communication).
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The RAPFISH technique has also been used to appraise not just the sustainability
of fisheries (Pitcher & Preikshot, 2001) as implemented in this study; but also the FAO
Code of Conduct for Responsible Fisheries (Pitcher, 1999), ecosystem-based
management of fisheries (Pitcher, Kalikoski, Short, Varkey, & Pramod, 2009), and
evaluation of marine protected area management (Alder, Zeller, Pitcher, & Sumaila,
2002). Outside fisheries and marine management fields, the RAPFISH technique has
been adapted into a technique termed ‘RAP-RICE’ to appraise rice availability system in
Indonesia (Nurmalina, 2008).
Assigning Fisheries (“Scenarios”)
In RAPFISH, fisheries or scenarios to be evaluated are flexibly defined. For
example, it can be defined in a broader context such as a set of fisheries in several
countries sharing common fisheries resources in a defined ecosystem for discrete time
periods (e.g., Tesfamichael & Pitcher, 2006; Alder et al., 2000); or it can be defined in a
narrower scope, such as fisheries in a specified location categorized by gear, by species,
by license type, or by vessel type for a particular year or period (e.g., Baeta et al., 2005);
or it can also be defined as a set of fisheries in a defined location to be simultaneously
compared in a span of time trajectories (e.g., Nsiku, 1999). Essentially, the definition for
fisheries can be based on a range of criteria including spatial, temporal, technological,
anthropological and political measures (Alder et al., 2000).
In this study, the fisheries to be appraised are the results of Ecosim simulations
that tested several harvest strategies for the Bali Strait ecosystem lemuru fishery (see
sections 4.3.2.8 and 4.4.5 in Chapter 4). The Ecosim modelling spans a 20-year period,
from 2001 to 2020, and simulated five harvest strategies 123 under two groups of
stochastic climatic effects scenarios (i.e., baseline Southern Oscillation Index (SOI), and
increased SOI). Therefore, we have ten simulated harvest strategies results which will be
used as the ten scenarios to be appraised in this RAPFISH analysis. Descriptive details of
123

The sixth strategy is called “Close-all fishing scenario”, which aims at exploring the maximum
recovery that the Bali Strait ecosystem could attain. Since this scenario does not produce any catches,
it is not used in our RAPFISH analysis.
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each harvest strategy and climatic scenario are given in Chapter 4; meanwhile, the
following are the summaries:
Harvest Strategies:
1. Stakeholder Scenario ‘Status-Quo’:
This scenario attempts to emulate the status-quo whereby slerek fishing effort is
kept at the base year level of the present-day model (i.e., 2001) throughout the
entire 20 years of simulation.
2. Over-Optimistic Scenario ‘Inexorably Increasing Fishing Effort’:
This scenario is aimed to explore the consequences of increasing slerek fishing
effort in the Bali Strait. Increasing fishing effort is emulated through slow but
compounding technological advances that may cause the effective fishing capacity
of a slerek fleet to increase through time. Given the current state of the lemuru
fishery, 2% annual rate of increase (i.e., compounded) was chosen as a
conservative over-optimistic scenario for the Bali Strait.
3. Government Scenario ‘Small Effort Reduction’:
In this scenario simulation, the slerek fishing effort is reduced by 3.33% (as per the
provincial

governments’

plan,

(Sumenep

Regency

Government,

2007;

Muhammad98, personal communication, 1 September 2009) and is kept at that
level throughout 20 years of simulation.
4. Adaptive Fishing Effort Scenario ‘Adapting to the Climate’:
To emulate this harvest strategy, I designed the fishing effort of the slerek to be
proportional to forecast SOI, both the baseline and increased SOI (Figure 4.7,
Chapter 4).
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5. Conservation Scenario ‘50% Effort Reduction’:
In this scenario, I designed a harvest strategy that aims to see if the sardine
biomass would bounce back if the total fishing effort is reduced by 50%
permanently from the 2001 baseline throughout the 20-year simulation period.
Stochastic Climatic Scenarios:
To emulate the possible future changes of climate variability in Ecosim
simulations, I employed stochastic El Niño effects by conducting bootstrap sampling onto
the SOI dataset (Bureau of Meteorology of Australia, 2009). The bootstrap sampling
drew randomly from 708 SOI data points with replacement (Appendix F9).
Five runs of baseline SOI time series were selected (i.e., ‘baseline SOI’) from the
bootstrap sampling, with each run representing a frequency pattern that is distinct (in
terms of periodicity or interval) from the other four. To emulate the amplification of the
magnitude of SOI amplitude, an additional five runs with increased variability (i.e.,
amplitude) were also drawn (i.e., ‘increased SOI’) in the bootstrap. The magnitude was
randomly increased up to 50%. Therefore, in total there are ten runs of time series of
forecast SOI (Figure 4.13, Chapter 4) used as forcing function that drove the 2001
present-day model in Ecosim simulations for 20 years, until 2020.
Comparative analysis from the 20-year Ecosim simulation results of these five
harvest strategies under these two groups of climatic scenario are presented in section
4.4.5.7 (in Chapter 4). It is the results in this section that are used as the basis when
appraising the ten scenarios in RAPFISH (Table 5.1).
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Table 5.1

Various harvest strategies scenarios analysed using RAPFISH,
their codes in the MDS ordination graphs and types of climate
scenario. Note: sce = scenario.
Scenarios

Code in
graphs

Climate scenario

Stakeholder ‘status-quo’

sce 1

Baseline SOI

Stakeholder ‘status-quo’

sce 2

Increased SOI

Over-optimistic ‘inexorably increasing’

sce 3

Baseline SOI

Over-optimistic ‘inexorably increasing’

sce 4

Increased SOI

Government ‘small reduction’

sce 5

Baseline SOI

Government ‘small reduction’

sce 6

Increased SOI

Adaptive ‘adapting to the climate’

sce 7

Baseline SOI

Adaptive ‘adapting to the climate’

sce 8

Increased SOI

Conservation ‘50% reduction’

sce 9

Baseline SOI

Conservation ‘50% reduction’

sce 10

Increased SOI

Scoring and Analysis
To appraise the ten scenarios (Table 5.1) and evaluate their sustainability status, I
used five evaluation fields as adopted by Pitcher & Preikshot (2001): ecological,
economic, ethical, social, and technological, and comprising a total of 44 attributes. In
addition, I have devised a new evaluation field for RAPFISH called ‘human dimensions
of traditional fisheries’ that comprised 7 attributes. This new evaluation field is
developed to capture the human-oriented realities in fisheries that are not captured by any
other five evaluation fields. In order to make comparative RAPFISH analysis, all ten
scenarios went through appraisal under the same 51 attributes.
The original attributes that were developed by Pitcher & Preikshot (2001) were
mostly scored on a 3- or 4- point ranked scale whereby the extremes of the scoring scale
represent ‘good’ or ‘perfect’ fishery (defined as 100% sustainability score), consisting of
the best possible score for the attribute in question, and a ‘bad’ or ‘worst’ fishery (defined
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as 0% sustainability score), which has the worst score. By creating these two extreme
points, the relative sustainability performance of the appraised fisheries can be assessed
graphically against these benchmarks and against each other. In order to increase the
resolution of ordination, scorers are encouraged to award non-integer scores; however,
this seemed to be problematic as scorers were found to be generally reluctant to do so
(T.J. Pitcher, personal communication). Therefore, in the most recent update of
RAPFISH (April 2006; http://www.fisheries.ubc.ca/archive/projects/rapfish.php), all 44
attributes’ score scales spanning five evaluation fields were rescaled to a maximum of
10-point ranked scale (Table 5.2), in which scorers are encouraged to use non-integer
values as far as possible. Consequently, in the new evaluation field, human dimensions of
traditional fisheries, I also designed the 7 attributes’ score scales on a 10-point ranked
scale (Table 5.3).
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Table 5.2

RAPFISH attributes in their respective fields and notes on their scoring
(Pitcher & Preikshot, 2001), based on the latest update (April 2006,
http://www.fisheries.ubc.ca/archive/projects/rapfish.php). Note: the asterisks
(*) indicate ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Ecological analysis: reflects how the fishery impacts sustainability in terms of the ecology of the
exploited fish and their ecosystem. If the total score from the two ‘killer’ attributes exceeds 17,
then all scores in this evaluation field are set to ‘bad’.
Exploitation status

0

10

FAO-scale like: under- (0-1); fully- (2-4); heavily(5-6); or over-exploited (7-8); completely
collapsed (9-10)*

Recruitment variability

0

10

COV (coefficient of variability): low <20% (0-1);
medium 20-60% (2-5); high 60-100% (6-8); very
high >200% (9-10)

Change in trophic level

0

10

Is the trophic level of the catch in the ecosystem in
which this fishery is embedded decreasing: no (02); somewhat, slowly (3-5); rapidly (6-10) [See
FishBase]

Migratory range

0

10

Number of jurisdictions encountered during life
history (includes international waters): 1-2 (0-2); 34 (3-5); 4-7 (6-8); >7 (9-10)

Range collapse

0

10

Is there evidence of geographic range reduction: no
or very little (0-2); some, slow (3-5); a lot, fast (68); very great, rapid (9-10)*

Size of fish

0

10

Has average fish size landed changed in the past 510 years: no or very little (0-1); yes, a gradual
change (2-5); yes, a rapid large change (6-8); major
rapid reduction (9-10)

Catch before maturity

0

10

Percentage caught before size/age of maturity: none
(0-1); some >30% (2-5); lots >60% (6-8); a lot
>80% (9-10)

Discards

0

10

Percentage of target catch (target spp. juveniles plus
other spp.): low 0-10% (0-1); medium 10-40% (25); high >40% (6-8); very high >100% (9-10)

Species caught

0

10

Number of species caught (retained and discarded):
low 1-10 (0-1); medium 10-100 (2-5); high >100
(6-8); very high (9-10)

By-catch

0

10

Percentage of target catch (target spp. juveniles plus
other spp.): low 0-10% (0-1); medium 10-40% (25); high >40% (6-8); very high >100% (9-10)
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Table 5.2

RAPFISH attributes in their respective fields and notes on their scoring
(Pitcher & Preikshot, 2001), based on the latest update (April 2006,
http://www.fisheries.ubc.ca/archive/projects/rapfish.php). Note: the asterisks
(*) indicate ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Economic analysis: reflects how fisheries management practises impact the economic
sustainability of the fishery and related human communities, as ultimately predicted on ecological
sustainability. If the score from the ‘killer’ attributes equals 9 or 10, then all scores in this
evaluation field are set to ‘bad’.
Fisheries in GDP (Gross
Domestic Product)

10

0

Average wage

10

0

Limited entry

10

0

Marketable right

10

0

Other income

0

10

Sector employment

0

10

Ownership/transfer

0

10

Market

0

10

Subsidy 125

0

10

Importance of fisheries sector in the economy: low
(0-3); medium (4-7); high (8-10). In comparison to
other industries and economic sectors such as
agriculture, tourism, etc. 124
Do fishers make more or less than the average
person? Much less (0-2); less (3-4); the same (5-6);
more (7-8); much more (9-10)
Includes informal limitations: open access (0-2);
weak or informal control (3-4); medium control (56); strong control (7-8); strictly limited (9-10)
Marketable right/quota/share? None or almost none
(0-2); some (3-5); mix (6-8); full Individual
Transferable Quota (ITQ), Community Transferable
Quota (CTQ) or other property right (9-10)
In this fishery, fishing is mainly: casual (0-2); parttime (3-5); seasonal (6-8) full-time (9-10)
Employment in formal sector of this fishery: <10%
(0-3); 10-20% (4-7); >20% (8-10) [compared to all
the other fisheries at the same scale of analysis].
Note: employment includes jobs in processing,
selling, etc. of the catch from a particular fishery
Profit from fishery mainly to: locals (0-2); mixed
city/local (3-5); mainly non-locals (6-8); mainly
foreigners (9-10)
Market is principally: local (0-2); regional/local (35); national/regional (6-8); national/ international
(9-10)
Are subsidies (including hidden subsidies) provided
to support the fishery? No (0-2); somewhat (3-4);
large subsidies (5-6); heavily reliant (7-8); almost
completely reliant on subsidies (9-10)*

124

The importance of fisheries in GDP or in Gross Regional Domestic Product (GRDP) as in the case of
this study is scored relatively against other sectors in the study area.

125

Since RAPFISH technique was published eight years ago (Pitcher & Preikshot, 2001), the notion of
fisheries subsidies has gone through a more rigorous categorization: ‘good’, ‘bad’, and ‘ugly’ (Sumaila
et al., 2007). This, unfortunately, has not yet been incorporated in RAPFISH. Future revisions to
RAPFISH need to include this.
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Table 5.2

RAPFISH attributes in their respective fields and notes on their scoring
(Pitcher & Preikshot, 2001), based on the latest update (April 2006,
http://www.fisheries.ubc.ca/archive/projects/rapfish.php). Note: the asterisks
(*) indicate ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Ethical analysis: is designed to analyse fisheries for five types of justice: creative, productive,
ecosystem, restorative, and distributive. The package of ethical attributes assesses fisheries based on
the various ethical concerns related to these five types of justice, and integrates sustainability on
many levels, including ecological and social. The ethical evaluation field in RAPFISH was
developed by a team of 15 including ethicists, social and natural scientists (Coward, Ommer, &
Pitcher, 2000).
Adjacency and reliance

10

0

Geographical proximity and historical connection
with resource: not adjacent/no reliance (0-2); not
adjacent/some reliance (3-5); adjacent/some
reliance (6-8); adjacent/strong reliance (9-10)

Alternatives

10

0

Alternative to the fishery as sources of support
within the community: none (0-2); some (3-5); lots
(6-8); very many (9-10)

Equity in entry to fishery

10

0

Entry based on traditional/historical
access/harvests? not considered (0-3); considered
(4-7); traditional indigenous fishery (8-10)

Just management

10

0

Inclusion of fishers in management: none (0);
consultations (0-2); co-management/government
leading (3-5); co-management/ community leading
(6-8); genuine co-management with all parties
equal (9-10)

Mitigation – habitat
destruction

10

0

Attempts to mitigate damage to fish habitat: much
damage (0); some damage (1-3); no ongoing
damage or mitigation (4-6); some mitigation (7-8);
much mitigation (9-10)

Mitigation – ecosystem
depletion

10

0

Attempts to mitigate fisheries-induced ecosystem
change to predators, prey or competing organisms
of fishery target: much damage (0-2); some damage
(3-4); no damage or mitigation (5-6); some
mitigation (7-8); much mitigation (9-10)

Illegal fishing (IUU)

0

10

Illegal and unreported fish catches (poaching, transshipments, etc.: none (0-2); some (3-5); a lot (6-8) a
great deal (8-10)

Discards and wastes

0

10

Discards and waste and/or by-catch of birds,
mammals reptiles, structural benthic invertebrates:
none (0-2); some (3-5); a lot (6-8) a great deal (810)
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Table 5.2

RAPFISH attributes in their respective fields and notes on their scoring
(Pitcher & Preikshot, 2001), based on the latest update (April 2006,
http://www.fisheries.ubc.ca/archive/projects/rapfish.php). Note: the asterisks
(*) indicate ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Social analysis: reflects how fisheries management practices impact the sustainability of the society
or community associated with that particular fishery, as ultimately predicated on ecological
sustainability.
Socialization of fishing

10

0

Fishers work as: individuals (0-3); families (4-6);
community groups (7-10). Individuals = working
for commercial company; families = direct
connections to the fishery (e.g., owner/operator);
community groups = social connections (e.g.,
fishing co-operative)

New entrants into the
fishery

0

10

Growth over past ten years: <10% (0-2); 10-20%
(3-5); 20-30% (6-8); >30% (9-10). Increasing
numbers of fishers and people involved (e.g.,
processing)

Fishing sector

0

10

Households containing fishers in the community:
few, <5% (0-2); some, 5-10% (3-5); many, 10-40%
(6-8); a great many, >40% (9-10). Community is
defined at the scale of the fishery defined in the
analysis, e.g. landing site, harbour, city, state, etc.

Environmental knowledge

10

0

Level of knowledge about the fishery resource and
its ecosystem and environment: none (0-2); some
(3-5) ; a lot (6-8); a great deal (9-10)

Conflict status

0

10

Level of conflict with other sectors: almost none (02); some (3-5); lots (6-8); a great amount (9-10):
includes other fisheries or industries (e.g. oil
drilling platforms, catchment run-off)

Fisher influence

10

0

Strength of direct fisher influence on actual fishery
regulations: almost none (0-2); some (3-5); a lot (68); a great deal (9-10)

Fishing income

10

0

Fishing income as % of total family income: <10%
(0-2); 10-50% (3-5); 50-80% (6-8); >80% (9-10)

Kin participation

10

0

Do kin sell and/or process fish? Almost none (0-2);
very few relatives (1-2 people) (3-4); a few
relatives (5-6); some relatives (7-8); fishery is
mainly kin (9-10)
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Table 5.2

RAPFISH attributes in their respective fields and notes on their scoring
(Pitcher & Preikshot, 2001), based on the latest update (April 2006,
http://www.fisheries.ubc.ca/archive/projects/rapfish.php). Note: the asterisks
(*) indicate ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Technological analysis: captures appropriate technologies that minimize risk to sustainability of
the fishery. If the score from the ‘killer’ attribute equals 9 or 10, then all scores in this evaluation
field are set to ‘bad’.
Trip length

0

10

Average days at sea per fishing trip: 1 or less (0-1);
2-4 days (2-4); 5-8 days (5-6); 8-10 days (7-8);
more than 10 days (9-10)

Landing sites

0

10

Are landing sites: dispersed (0-2); somewhat
centralized (3-5); heavily centralized (6-8); distant
water fleet with little or no local landings (9-10)

Pre-sale processing

10

0

Processing before sale, [e.g., gutting, filleting,
salting] none (0-2); some (3-5); a lot (6-8); a great
deal (9-10)

Onboard handling

10

0

Almost none (0-2) [Ice = 1.5]; some (e.g. salting,
boiling) (3-5); sophisticated (e.g. flash freezing,
champagne ice) (6-8); a great amount, such as live
tanks (9-10)

Selective gear

10

0

Device(s) and/or handling of gear to increase
selectivity and reduce by-catch? Very little (0-2);
some (3-5);a lot (6-8); a great amount (9-10)

FADs

0

10

Fish attraction devices: not used (0-2); some, e.g.,
bait is used (3-5); some reliance on FADs (6-8);
almost completely reliant on FADs (9-10)

Vessel size

0

10

Average length of vessels: <5m (0-2); 5-10m (3-4);
10-15m (5-6); 15-20m (7-8); >20m (9-10)

Change in catching power

0

10

Have fishers altered gear and vessel to increase
catching power over past 5 - 10 years? not much (02); a small amount (3-4); somewhat (5-6); a lot (78); a great amount, rapid increase (9-10)

Gear side effects

0

10

Does gear have undesirable side effects (e.g.
cyanide, dynamite, trawl); very few (0-2); some (35); a lot (6-8); fishery dominated by destructive
fishing practices (9-10)*
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In addition to the two extreme points (i.e., ‘good’ and ‘bad’, see Table 5.2) that
represent sustainability benchmark scores for each attribute, RAPFISH also includes two
“half-way” scores (i.e., ‘up’ and ‘down’), which are mirror images of each other to scale
the vertical dimension (i.e., Y-axis), and 16 (pre-defined) anchor points in order to avoid
vertical “flipping” of the MDS ordinates (Kavanagh & Pitcher, 2004). All attributes
selected in RAPFISH should have a clear directionality from ‘bad’ (as conceivable) to
‘good’ (as conceivable) (Kavanagh & Pitcher, 2004).
Scorings were awarded as non-integer values on a scale of 0 – 10 throughout all 51
attributes for all ten scenarios. Once all attributes in all evaluation fields have been
scored, RAPFISH would then convert all scores (including scores from reference and
anchor fisheries) to normalized (Z) values so that all have equal weight in the distance
matrix, and then squared Euclidean distance was computed to express distances between
the fisheries (Alder et al., 2000).
The resulting distance matrix is used as input into the MDS analysis using the
ALSCAL method (Young & Lewyckyj, 1979) to produce two-dimensional ordinations
(Pitcher & Preikshot, 2001). ALSCAL method would iteratively search for the best fit of
the points in the specified dimension (Alder et al., 2000). Ordination errors are indicated
by Kruskal’s stress and RSQ values. The stress values are expected to be greater than 0,
and values that are more than 0.25 are considered unreliable (Clarke & Warwick, 1994).
The stress value represents ‘goodness of fit’, that indicates how well the configuration
(ordination) of points reflects the original data. Meanwhile, RSQ is a squared correlation
index (also generally known as R2); this is a common fit measure, with RSQ ≥ 0.60
considered acceptable fit. In MDS analysis, RSQ reflects the proportion of variance of
the input distance data accounted for by the scaled data, or vice versa (Garson, 2009).
Deviations are reflected in the increase of the stress measure and the decrease of the
RSQ. Finally, for ease of interpretation the MDS output was rotated so that the ‘good’ to
‘bad’ reference vector is horizontal and scaled between zero and 100% (Alder et al.,
2000; Kavanagh & Pitcher, 2004).

235

In RAPFISH, many sources of uncertainty are explicitly expressed. Scoring
uncertainty for each evaluation field was computed using Monte Carlo sampling. In this
analysis, I used a normal (Gaussian) error distribution (95% confidence interval) with
20% of the full attribute score range for each attribute (Kavanagh & Pitcher, 2004). In the
Monte Carlo sampling, one-thousand runs were made and the median and the interquartile ranges that represent the central 50% of the scatter plot data were obtained
(Kavanagh & Pitcher, 2004; Alder et al., 2000).
Sensitivity analysis to identify any anomalies with the attributes analyzed was also
applied. This analysis, termed ‘Leverage Analysis’ (Pitcher & Preikshot, 2001), allows us
to determine which attributes have proportionally larger influence on the results; each
attribute was sequentially dropped from the MDS analysis for each evaluation field
(‘jack-knifing’), providing a value for the percentage influence of each attribute on the
overall ordination. If the status of attributes reflects the sustainability status being
assessed, one expects them to contribute more or less equally to the final result; therefore,
leverage analysis has to produce no surprises, in that no single attribute excessively
affects the scores (Pitcher & Preikshot, 2001). Meanwhile, to see how each attribute
across different scenarios affects the overall score, disaggregated analyses on each
attribute scores in different scenarios being appraised may also be carried out.
Presentation of results to facilitate analysis was carried out using polygonal kite
diagram (Pitcher & Preikshot, 2001) by combining the scores to enable overall
comparisons across simulated harvest strategies, and comparison between simulated
climate effects scenarios. Two-dimensional ordinations of each evaluation fields were
also presented, so were leverage analysis bar charts and results from Monte Carlo
sampling.
Details on how the scores were allocated for each attributes and scenarios are
presented in Appendix G3.
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5.4.2.2 Introducing the Human Dimensions of Traditional Fisheries for RAPFISH
RAPFISH has been used in many parts of the world, both in developed and
developing countries. However, colleagues in developing countries (e.g., A, Fauzi 126,
personal communication, and D. Tesfamichael 127, personal communication) have
expressed concerns that the existing evaluation fields in RAPFISH, particularly those that
are supposed to capture the human dimensions of fisheries (i.e., social and ethical fields),
cannot capture the dynamics and essence of traditional fisheries in developing world.
One reason is perhaps current RAPFISH attributes are not enough to capture the
essence in human dimensions of traditional fisheries that are very dynamic, fluid and easy
to change. Another reason is probably because most attributes in RAPFISH are types of
lagging indicator. Lagging indicator measures or summarizes a trend that already
happened and confirmed its existence (Bridgefield Group Inc., 2006). Lagging indicators
are usually easy to measure and have established way of measuring them as these
indicators are usually published as research and government reports. In RAPFISH,
examples of these include: exploitation status, migratory range, average wage, fisheries in
GDP, adjacency & reliance, fishing income, trip length, etc. However, despite the fact
that they are readily available and are easy to measure, lagging indicators cannot be used
for forecasting to gauge possible and plausible future events (Bridgefield Group Inc.,
2006). The latter capability is captured in leading indicators.
Leading indicator measures something in advance of a new condition based on
prevalent trends, tendencies, and patterns, and therefore, can be used in prediction
(Bridgefield Group Inc., 2006). As it measures key drivers of a trend, it is acknowledged
that defining and/or measuring leading indicator is more difficult (Eckerson, 2006) and is
open to being constested and considered unreliable. One way of measuring leading
indicator is by way of ‘mapping the process and noting critical milestones, which can be
126

Prof. Dr. Ir. Akhmad Fauzi. M.Sc is a Professor in Natural Resources Economics and Head of
Department of Natural Resources and Environmental Economics, Faculty of Economics and
Management, Bogor Agricultural University (IPB), Bogor, Indonesia.

127

Dawit Tesfamichael, B.Sc., M.Sc., Department of Marine Sciences, University of Asmara, Asmara,
Eritrea.
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used as lead measures to flap possible performance problems’ (Kerr, cited in Niven,
2003. p. 189). Examples of leading indicators include stock prices and money supply.
A better way of tackling problems in any performance measures, such as those
represented by the various attributes in RAPFISH, is to balance the lagging indicators
with the leading indicators so we could get more comprehensive information (Niven,
2003).
Seven 128 attributes were developed for a new evaluation field in RAPFISH termed
as ‘Human Dimensions of Traditional Fisheries’ field (Table 5.3). This evaluation field
was developed based on: (1) a synthesis of information, insights and field data
emphasizing on the social, economic, and cultural views, and human-oriented realities of
the fishery (see Appendix G1), from a total of five-month fieldwork in 2002-06 in the
fishing communities of the Bali Strait, (2) a synthesis of analysis in the previous chapters
of this dissertation, and (3) a synthesis of suggestions and proposals of various authors
for new approaches to help mitigate problems of fisheries management implemented for
traditional, small-scale fisheries (see section 5.1 above). Most (if not all of the attributes
in this new field) are leading indicators that attempt to measure key drivers of a trend.
The attributes included in this new evaluation field are intended for
traditional/artisanal, small-scale and medium-scale fisheries. Two particular attributes,
namely: ‘viability of informal sector at the downstream channel’ and ‘dependence of
clients to their patrons’ are specific indicators of traditional fisheries in many developing
countries. Therefore, if one needs to use this evaluation field for non-traditional,
commercial, large-scale fisheries, these two attributes can be replaced with something

128

Initially, there were eight attributes developed for this new evaluation field. The eighth was ‘Relative
Poverty’ that was aimed to measure the likely pressure on the sustainable management of fisheries that
may result from poverty or debt using an index called ‘Poverty Index’ (Sumaila, 2003). However, in
the analytical stage it had to be dropped on statistical ground. The main reason was because during the
leverage (sensitivity) analysis, it was found that this attribute did not contribute significantly to the
final result of the sustainability being assessed. In other words, the percentage influence of the attribute
on the overall ordination was very low and had instead caused only a few attributes to excessively
affect the final score.
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more appropriate with the characters of those fisheries. This, however, has not been done
and tested in this study for lack of fisheries examples in the study area.
The scoring system of these attributes are biased towards qualitative nature (i.e.,
low, medium, high, etc.) to give scorers and researchers more freedom in teasing out
issues, and gauging trends and key drivers found in the scenario being appraised.
The followings are descriptions of how each attribute contributes to the new
evaluation field:
1. Incentive to borrow more money to fund fishing:
This attribute assesses the ‘rush to more fishing’ attitude amongst fishers that
usually comes when there is a strong incentive to fish more. This attribute explores
the scope of ‘incentives’ - one of the seven ignored areas to be included in
understanding human-ecological interface (sensu Hanna, 2001). Many indicators
can be used as the benchmark for the incentive to fish more, for example, the
incidents of glut of landing, increasing market demand, increasing price of target
species, decreasing costs of fishing, increasing subsidy, changes in regulations, etc.
In this study, I used the glut of landing as the incentive being appraised. The boom
and bust nature of the slerek fishery has been the discriminating factor of the
fishery.
2. Incidence of credit default, prompting selling off boats or boat mooring:
This attribute assesses the financial status of the fishers when catches continue to
decline, while credit loans payments are delinquent (see Chapter 3). In the Bali
Strait, the credit default usually occurs at the level of private financiers (i.e.,
patrons) who deal with the banks; however, its repercussion permeates down to the
fishers (i.e., clients) who have financial contract agreements with the patrons (see
section 2.5.1, Chapter 2). This attribute also attempts to gauge debt load (an
indicator of poverty) of fishers-at-large. It has long been known that poverty
plagues fishers and their families in traditional fisheries sector within Third World
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societies (e.g., I. R. Smith, 1979; Bailey, 1988; Pauly, 1997). As banks generally
do not release private information such as credit line delinquency status of their
customers, this attribute can also be measured indirectly using information such as
the number of boats that are sold off or kept mooring on the shore for extended
period, whether or not fishers exit the fishery, etc.
3. Potentials of conflict and/or violence emanating from ‘open access’ situation and
the multiple use of resources:
This attribute assesses the social disharmony that may lead to conflict and/or
violence within and/or with the fishing community when there is resource
appropriation problem. As such, it includes conflicts within the fishery itself, with
other fishery sector, and with other non-fishing sectors (e.g., mining, oil drilling,
forest logging, marine tourism, marine park establishment, etc.). In other words,
potentials of conflict defined in this attribute encompass a broad range of issues
and cross-cut the whole resource use sectors. It is important to explore and
untangle the history of the fishery and the fishing community-at-large (i.e., the role
of history, sensu Hanna, 2001) when assessing this attribute. Often, in the case of
resource appropriation problem, conflict is triggered by a seemingly simple thing
but when the issues are dug out further, we find a more fundamental problem that
accumulates in the community for years. In this study, the potentials of conflict are
gauged through the historical analysis of the slerek fishery (see Chapter 1 and 2),
with special attention given when the lemuru stock dwindles.
4. Viability of informal sector network at the downstream channel of the fishery:
This attribute assesses the viability of informal sector in the fishing community. A
traditional fishery usually serves like a magnet for incoming/migrant workers,
traders and brokers/middlemen that provide services to the fishery. These
incoming/migrant workers, traders and brokers/middlemen form a vibrant network
of stakeholders that comprise an informal sector at the downstream channel of the
fishery. This network helps sustain the fishing community at large and forms into
the social fabric of the community. Essentially, the network is a social capital
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(sensu Coleman, 1988) for the community, as it forms the structure of relations
between different stakeholders and provides functions to facilitate actions and
cooperation (Coleman, 1988; Pretty, 2003). The viability of this network highly
depends on the capability of the fishery in providing jobs and other income
opportunities. In this study, the viability of the network (see Figure 1.8, Chapter 1)
was appraised using information mainly acquired through synthesis of fieldwork
information: interviews, direct observation, historical analyses, etc.
5. Compliance with the current management measure/harvest strategy:
This attribute assesses adoptability of the prevalent harvest strategy (or any other
fisheries management measures) by the fishers. Essentially, compliance (or noncompliance) is an example of an adaptation behaviour and strategy in fulfilling
one’s livelihood. Understanding the adaptive strategies of fisherfolk themselves in
responding to resource fluctuations and other shocks and uncertainties is part of
sustainable livelihood approach that seeks to improve management of traditional
fisheries (sensu Allison & Ellis, 2001). In this study, information on this attribute
was also mainly acquired through synthesis of fieldwork information: interviews,
direct observation, historical analyses, etc.
6. Incentive to under-report or misreport catches:
This attribute assesses the leverage strategy implemented by fishers when they
report their catches to the government landing site enumerators, to other relevant
authority, or to an established catch reporting system (e.g., log-book system). In
the case of the Bali Strait, each time fishers land their catches, they have to report
to government enumerators and thus, they have to pay landing tax based on the
reported catches. Given lack of formal social safety net, under-reporting or
misreporting catches is usually implemented by fishers in the study area to
maintain their current financial/economic survival in the fishery by paying less
landing tax; thus, their incentive is purely economics in this regards (see Chapter
3). This attribute seeks to explore the scope of incentives (sensu Hanna, 2001) that
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underlies the fishery and the adaptive strategies of fisherfolk with regards to
maintaining their livelihood (sensu Allison & Ellis, 2001).
7. Dependence of clients to their patrons:
This attribute assesses the dynamics of the patron-client relationship in the fishing
community. The patron-client relationship is a strong and pervasive relationship
that forms as a primary means of social organization in many traditional societies,
including in small-scale and medium-scale fishing communities. The relationship
is a mutually obligatory and consensual arrangement between an individual (i.e.,
the patron) who has authority, social status, wealth, or some other personal
resources and another person (i.e., the client) who benefits from his or her support
or influence. The patron controls the resources; therefore, the clients are in a
relationship of dependence; thus, the relationship is asymmetrical. In the case of
the Bali Strait fishing communities, some clients and patrons share extended
family ties and kinship.
In many cases the financial arrangement forms as the foundation in the
relationship, however, the role of the patrons goes beyond dollars-and-cents. In his
paper, ‘A framework for the analysis of evolving patron-client ties in agrarian
economies’ (1995), Platteau asserted that patron-client ties are multifaceted
relationships and comprises a strong element of affection and stretch over a wide
and loosely defined domain; as such it implies that the mutual obligations of the
two parties do not end with the exchange of specific economic goods and services
because these relations are mainly motivated by the need to insure against
unforeseen or random fluctuations and therefore, it also include symbolic
exchanges of persona1 favors and obligations.
However, Platteau (1995) also reminded that a potential of oppression can also
exist in patron-client ties, particularly when there is a complete asymmetry and
unequal relationship in the power relation to initiate the terminating move and
when there are almost no restrictions on the patron’s rights. He gave an example of
voluntary slavery or ‘agrestic serfdom’ in some Indian rural areas, where the client
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allows him/herself to be sold off to the patron in exchange for maintenance
throughout their lives and they can be transferred and sold off from one landowner
to another (Platteau, 1995). If such phenomenon is observed in the fishery being
appraised, the score of the attribute should be set to ‘bad’.
In traditional societies such as the Bali Strait fishing communities whereby formal
(i.e., government) social safety net and formal financial access (i.e., bank loan) are
lacking, the patronage institution is important to the survival of the communities.
In other words, the patronage institution is a social capital (sensu Coleman, 1988)
for the fishing communities. Based on my field observation, clients, such as
skippers (juragan panggung) and crew members (pandega) have enjoyed a certain
degree of freedom to initiate the termination of the patronage relationship with the
fleet owners (juragan darat) if they think that the relationship does not work,
which they described as “tidak jodoh” 129 (Respondent SB67, personal
communication, 30 September 2004). When this occurs, the client has to pay back
all the outstanding balance of the monetary value they carried to the old patron,
and usually, the new patron will pick up the tab (Respondent SB67, personal
communication, 30 September 2004). Interestingly, in the occasion of glut during
El Niño episodes for example, it can be quite difficult for fleet owners as patrons
to find good skippers and crew members for their boats (Respondent SB24,
personal communication, 10 August 2004; Respondent SB35, personal
communication, 19 August 2004). In this case, the clients indeed have a certain
degree of bargaining power in the relationship as the patrons compete for the best
skippers and crew members available.

129

Literally, ‘tidak’ = not, ‘jodoh’ = soul mate, a perfect match; in other words, tidak jodoh means that the
relationship is perceived to be not of a soul mate kind, it does not match well.
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Table 5.3

Proposed RAPFISH attributes for the new ‘Human Dimensions of Traditional
Fisheries’ evaluation field. Note: *) indicates ‘killer’ attributes.

Attributes

Good

Bad

Description of scoring

Human Dimensions of Traditional Fisheries analysis: reflects the adaptation behaviours and
strategies, trends and indicators of fishers in traditional fishing society that directly and indirectly
affect sustainability of the resources and the fishery, which in turn affect sustainability of fishing
as a livelihood, and viability of the fishing community at large. If the score from the ‘killer’
attribute equals 9 or 10, then all scores in this evaluation field are set to ‘bad’.
Incentive to borrow more
money to fund fishing

0

10

Incentive is: none to rare (0-2); low (3-5); medium
(6-8); high (9-10)

Incidence of credit default,
prompting selling off boats
or boat mooring

0

10

Incidence is estimated against the decline of total
number of fishing fleet that operate: none to rare, 0
– 5% (0-2); some, 5 – 20% (3-5); quite common, 20
– 40% (6-8); high, >40% (9-10)

Potentials of conflict or
violence emanating from
‘open access’ situation and
the multiple use of
resources

0

10

Potential of conflict is: none (0-2); low (3-5);
medium (6-8); high (9-10)*

Viability of informal sector
network at the downstream
channel of the fishery

10

0

Viability is: low (0-3); medium (4-7); high (8-10)

Compliance with the
current management
measure/harvest strategy

10

0

Compliance is: none (0-2); low (3-5); medium (68); high (9-10)

Incentive to under-report or
misreport catches

0

10

Incentive is: none (0-2); low (3-5); medium (6-8);
high (9-10)

Dependence of clients to
their patrons

10

0

Dependence is: decreasing (0-3); relatively stable
(4-7); increasing (8-10) [in the case of oppression
relationship, attribute score should be set to ‘bad’;
see text]
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5.5

Results and Discussion

5.5.1 RAPFISH Analysis
All 10 simulated harvest strategies (i.e., scenarios) went through analysis with 51
attributes, of which 7 attributes were from the newly-proposed Human Dimensions of
Traditional Fisheries evaluation field. The 2-dimensional RAPFISH ordination plots
(Figure 5.1) indicate that sustainability scores of the ten simulated slerek scenarios for the
Bali Strait ecosystem vary depending on the evaluation field. For example, for the
economic and human dimensions fields, the scores spread over a much wider range of
sustainability scores (20 – 60%, and 20 – 80%, respectively) compared to other fields.
This indicates that the sustainability of the ten scenarios being assessed can be
discriminated more easily by these two evaluation fields; in other words, these two fields
are more pronounced in affecting the sustainability of the appraised fisheries. The
ecological and social fields, on the other hand, have much narrower spreads, with values
ranging from 50 – 70% and 45 – 55%, respectively. Unfortunately, both ethical and
technological fields show a tendency to have ‘clumpy’ plots. One technical rationale that
may explain this tendency is because all ten harvest strategies being assessed tended to
have uniform scores for the attributes of these two fields (Appendix G2). In the case of
ethical field, 6 attributes (out of 8 attributes) have uniform scores: adjacency and reliance,
alternatives, equity in entry to fishery, just management, mitigation of habitat destruction,
and mitigation of ecosystem depletion. Meanwhile, in the technological field, 6 attributes
(out of 9 attributes) are also uniformly scored: trip length, pre-sale processing, on-board
handling, selective gear, FADs, and gear side effects.
Previous RAPFISH analyses with fisheries from developing countries are known
to have similar clumpy plots effects in the ethical field (T.J. Pitcher, personal
communication). A recent example is shown by the RAPFISH appraisal of 12 small-scale
traditional fisheries of various types of fishing gear in the Jakarta Bay, Indonesia, that
show good spread of plots in all fields, except in the ethical field (Fauzi & Anna, 2005).
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Figure 5.1 Two-dimensional RAPFISH ordinations, in six labelled evaluation fields, of the
ten simulated harvest strategies for the Bali Strait slerek fisheries listed in Table
5.1.

One obvious character of developing countries fisheries is that the fisheries
function as the social safety valve for many landless and unemployed people. In the study
area and in many other fishing communities in Indonesia that I have visited, the sea,
although often considered as dangerous and unpredictable (therefore, the use of ritual and
magic, sensu Acheson, 1981, see Appendix G1), is considered as God’s bounty that can
be accessed by anyone (i.e., open access nature). The majority of people live on the
coasts for generations, as such adjacency and reliance has always been a determining
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factor in choosing a livelihood as fishers. Therefore, equal access is enjoyed by many
regardless the types of gear used and target species, and even the ethnic background.
Being a livelihood of safety valve, alternative livelihood is, of course, rare. Just
management can only be dreamed of for the many fishing communities that are often
marginalized socially, economically and politically (Pauly, 1997). Mitigation attempts for
both habitat destruction and ecosystem depletion are also rarely applied as the
governments of these countries may have limited funding to support such programs. All
of these conditions put together have resulted mostly uniform scores for the ethical field.
In the case of technological field, the ten scenarios appraised in this study are
technologically similar in many ways despite the differing nature of the harvest strategies
being assessed. The only discriminating attributes are landing sites, vessel size and
change in catching power. If the fisheries appraised are of distinctly different types of
gear, or of similar type of gear but are from distinctly different time periods (that may
reflect different era of technological phase), the resulting plots would probably have been
more spread.
In terms of sustainability status (Figure 5.1), except for technological and social
fields, all other evaluation fields have a range of scores that are plausible for the
respective field being assessed. For example, in ecological, ethical and human
dimensions fields, the over-optimistic ‘inexorably increasing’ scenarios (both for the
baseline, sce3, and increased SOI, sce4) have all located towards the ‘Bad’ spectrum of
the sustainability scale. On the other hand, the conservation ‘50% reduction’ scenarios
(both for the baseline, sce9, and increased SOI, sce10) have all located towards the
‘Good’ spectrum of the scale. The opposite trend, however, occurred at the technological
and social fields, which will be explained below.
The dynamics of the Bali Strait slerek fisheries follow the cyclical trend of the
landed catches as a result of the cyclical climatic effects of El Niño. The ten simulated
harvest strategies appraised in this study (as RAPFISH fisheries) are a result of the
Ecosim simulation modelling from Chapter 4 that portray oscillating trends of landed
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catches given the fishing effort (harvest strategy) simulated and various underlying
forcing factors that constrain the model (section 4.4.5, Chapter 4). Various interview
accounts with slerek fishers indicated that fishers’ behaviour also respond and adapt with
these cyclical trends. For example, when the catches are exceptionally low, as happens
during the over-optimistic ‘inexorably increasing’ scenarios (i.e., sce3 and sce4), fishers
would respond by reducing the vessel size (Respondent SB35, personal communication,
19 August 2004). On the other hand, they would increase the vessel size when there are
gluts of landings and when landings are exceptionally high such as simulated during the
conservation ‘50% reduction’ scenarios (i.e., sce9 and sce10) (Figure 4.32, Chapter 4).
Where fishers land their fish (as emulated by landing sites attribute in technological field)
also change depends on the amount of fish landed. During the low catch period (such as
what happened in the over-optimistic scenarios), fishers tend to under-report and
misreport catches as leverage against financial uncertainties (see Chapter 3).
Consequently, landing sites are more dispersed as fishers tend to land their catches in
unofficial scales located in unofficial landing sites which are sporadically located along
the beach (see schematic diagram in Figure 2.2, Chapter 2). Meanwhile, when catches are
high, the landing sites that stretch along the beach would obviously be busier than usual;
however, the central of activities is located at the government fishing port as this is the
only place where big trucks (Appendix C2, Figure C2.3b) that would transport the fish to
fish plants and canneries can have direct access to the boats. It is these dynamics that
were captured by the technological field during the RAPFISH scoring, which produced a
perceptively unintuitive ‘Bad’ sustainability status for the conservation scenarios (that
resulted high catches), and ‘Good’ status for the over-optimistic, stakeholder and
government scenarios (that resulted much lower catches).
Similar trends also occurred in the social field, notably with the new entrants to the
fishery, fishing sector, and kin participation attributes. During periods of high landings of
catches as emulated by the conservation scenarios, the slerek fishery became a magnet for
incoming migrant workers from neighbouring regencies. Most of them work in the
informal sector as fish porters (panol), boat scrubbers (pengoras), boat crew members
(pandega), fish dealers/brokers (belantik), etc. (Appendix D). Their existence as seasonal
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new entrants to the fishery is crucial for the community and its economy as shown in the
human dimensions field (as emulated by viability of informal sector). However, in the
social evaluation field, this trend is considered as ‘Bad’ for the sustainability of the
fishery. By the same token, the influx of incoming migrants would also increase the
percentage of households containing fishers in the community, and thus, would
statistically reduce the proportion of kin participation working in the fisheries. All of
these have made the sustainability status of conservation scenarios (sce9 and sce10) is
placed towards the ‘Bad’ scale, while the sustainability status of over-optimistic scenarios
(sce3 and sce4) is placed towards the ‘Good’ scale in the social evaluation field (Figure
5.1). From the ordination results of these two evaluation fields (i.e., technological and
social) it seems that these two fields could not capture well the dynamics of fisheries that
have strongly cyclical and seasonal nature such as the upwelling fisheries.
Ordination results from the new evaluation field, human dimensions of traditional
fisheries, show some encouraging trend. With emphasis given on understanding fishers’
incentives (attribute 1 and 6: see Table 5.3), gauging their poverty level (attribute 2),
bringing their livelihood dynamics to the fore (attribute 5 and 6), taking into account the
history of their fishery and the fishing community-at-large (attribute 3), and harnessing
their social capital (attribute 4 and 7), the new evaluation field captures the humanoriented realities of the appraised scenarios.
The 2-dimensional RAPFISH plots of human dimensions field spread well along
the sustainability status scale, with the over-optimistic scenarios (i.e., sce3 and sce4)
located towards the ‘Bad’ spectrum and the conservation scenarios (i.e., sce9 and sce10)
located towards the ‘Good’ spectrum. The attributes proposed for this new field were able
to discriminate the nature of the ten harvest strategies being assessed. The Kruskal’s
stress value for this field was 0.211, which is below the maximum 0.25 threshold
(Kavanagh & Pitcher, 2004), while the RSQ is 0.858. The leverage analysis (standard
error percentage of influence on median) of this field (Figure 5.2) also show that each
attribute in this field has more or less similar weight of influence towards the final result
of the sustainability status under the human dimensions of traditional fisheries field.
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Kruskal’s stress values for the other five fields (Figure 5.1) resulted values that are
much lower than 0.25: ecological (0.178), economic (0.192), ethical (0.166), social
(0.181), and technological (0.158). Meanwhile, all of the RSQs in these five fields are
well over 0.60: ecological (0.948), economic (0.942), ethical (0.949), social (0.891), and
technological (0.936).
Except for social and technological fields, leverage analysis (Figure 5.2) show that
each attribute has more or less similar weight of influence towards the final result of the
sustainability status under the ecological, economic and ethical fields. Leverage analysis
for the social and technological fields (Figure 5.2) show more skewness (than the other
fields) in the weight of influence towards the final result of the sustainability status.
However, for any single attribute the standard error was less than 6%, which is the ruleof-thumb maximum threshold suggested by Kavanagh & Pitcher (2004). The highest
standard error (5.38%) occurred when FADs (fish aggregating devices) attribute was
omitted during the jack-knifing procedure in the MDS analysis of technological field.
The lowest standard error (0.41%) occurred when adjacency and reliance attribute was
omitted from the ethical field. In these both attributes, I have put uniform scores for all of
the ten scenarios (Appendix G2).
Uncertainty analysis for the scoring that was carried out using 1,000 runs of Monte
Carlo sampling (using normal, Gaussian, error distribution (95% confidence interval)
with 20% of the full attribute score range) suggests well-behaved results for all six
evaluation fields (Figure 5.3).
Results from disaggregated analyses of all 51 attributes against all 10 scenarios
(Appendix G4) show that of all 510 attribute scores, only four are considered ‘outliers’
that are located outside the limit of 2 times the standard deviation (2σ). These are: (1)
change in trophic level (in sce3), (2) other income (in sce3), (3) conflict status (in sce3)
and (4) potential of conflict or violence (in sce3). Scenario 3 is Over-optimistic
“inexorably increasing” (base SOI) scenario. Therefore, univariate analysis is not helpful
in analyzing these scenarios.
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Figure 5.2 Leverage (percentage influence on median) of individual attributes for six
evaluation fields calculated from sensitivity analysis of the ten appraised
simulated harvest strategies for the Bali Strait slerek fisheries described in the
text. Note: s.e. = standard error.
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Figure 5.3 Uncertainty analysis, in six labelled evaluation fields, calculated from the
RAPFISH ordinations of the ten simulated harvest strategies for the Bali Strait
slerek fisheries: (A) scatter plots of 1,000 runs of Monte Carlo sampling for each
fishery being appraised (indicated by different coloured plots), using normal
(Gaussian) error distribution, 95% confidence interval with 20% of the full
attribute score range; and (B) the black dots (●) represent median values of each
fisheries calculated from the scatter of points produced by the 1,000 Monte Carlo
runs shown in A, the red error bars indicate inter-quartile ranges that represent the
central 50% of the scatter plot data.
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5.5.2 Comparison across Harvest Strategy and Climatic Effect Scenarios
To explore the overall comparison of sustainability status in six evaluated fields
across all ten simulated harvest strategies, all scores are presented using polygonal kite
diagrams (Figure 5.4).
Results suggest that the arrays of scores from ecological, ethical, social, and
technological fields do not differ significantly across harvest strategies and across
climatic effect scenarios. However, scores from both human dimensions of traditional
fisheries and economic fields show some interesting results, particularly between overoptimistic scenarios (sce3 and sce4) and conservation scenarios (sce9 and sce10).
In here we see that choosing short-sighted policy measures like the over-optimistic
scenario ‘inexorably increasing fishing effort’ over the conservation scenario ‘50% effort
reduction’, would gain only about 30% more of sustainability score in the economic field
at the expense of loosing about 41 - 42% of sustainability score in human dimensions
field, and vice versa. This is an important insight derived using a multi-disciplinary
analysis; as it supports the notion that heavy emphasis on economic policy measures in a
development program would risk an overlook to basic human-oriented realities. In this
case, the newly proposed field of human dimensions of traditional fisheries is able to act
as a discriminating factor in evaluating the sustainability status of these simulated
traditional fisheries.
Meanwhile, the other three harvest strategies: stakeholder, government and
adaptive scenarios provide intermediate scores. These three scenarios are probably a
compromise between the two ‘extreme’ choices for both the fishers and the government
authorities in the Bali Strait given the current condition in the area (see Chapter 4 for
details on problems with existing fisheries management). The RAPFISH ordination
analyses in all six fields also do not show any difference in sustainability status amongst
stakeholder scenario ‘status-quo’, adaptive fishing effort scenario ‘adapting with the
climate’, and the government scenario ‘small effort reduction’.
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Comparison of the ten harvest strategy scenarios across climatic effects (Figure
5.5) also does not show any significant difference between baseline SOI and increased
SOI in this analysis. This is because the ten scenarios were scored and appraised based on
average analyses of the 20-year simulations (see Figure 4.32, Chapter 4), rather than
contrasting the time periods discretely using both El Niño and La Niña years as separated
entities for RAPFISH analysis.

Figure 5.4 Multidisciplinary kite representation of the evaluation of the Bali Strait slerek
fisheries grouped by harvest strategy scenarios (Table 5.1.), under: (A) baseline
SOI climatic effects scenario, and (B) increased SOI climatic effects scenario.
Each tick mark on the kite axis is equal to 20% of score.
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Figure 5.5 Multidisciplinary kite representation of the evaluation of the Bali Strait slerek
fisheries grouped by climatic effects scenario, under five labelled harvest
strategy scenarios. Each tick mark on the kite axis is equal to 20% of score.
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5.6 Conclusions
In this study, I have shown that the sustainability status of the ten RAPFISH
scenarios appraised do not differ too greatly in each evaluation field, except for the overoptimistic and the conservation scenarios under economic and human dimensions of
traditional fisheries evaluation fields. Trade-offs that should be made between economic
options and human dimension options in this analysis are crucial, considering that the
forgone value from human dimension options is more than what we can derive from
choosing an economic option. This decision is especially important for traditional
fisheries in developing countries, such as the Bali Strait slerek fisheries, that have
traditionally provided assurance to food security and social safety valve for the fishing
communities in the area. With regards to the Indonesia’s Fisheries Act No.31/2004
discussed in the earlier part of this chapter, this exercise may provide more gravity to the
importance of human-oriented realities in Indonesian fisheries that is minimally
considered in the Act, and thus, in the practice of fisheries management in Indonesia.
I have also shown that human dimensions of fisheries can be used as a discriminating
factor in a multi-disciplinary analysis of the sustainability status of fisheries. Its function
would help RAPFISH appraisal even more in a ‘triage’ of fisheries (sensu Pauly, 1998),
to determine where limited management resources might be focused to greatest effect,
particularly in developing nations. By bringing to the fore the adaptive livelihood
strategies of fisherfolk in responding to resource fluctuations and other shocks and
uncertainties (Allison & Ellis, 2001), this new evaluation field have captured and
harnessed values unique to traditional fisheries that are inherent across social, ethical and
economic fields but may not have been explicitly addressed in RAPFISH. In other words,
this new evaluation field contributes to fundamental understanding of traditional fisheries
by using the RAPFISH technique.
The new human dimensions of traditional fisheries evaluation field that I proposed
was developed using the experiential learning and insights that I attained from the case
study of the Bali Strait and enriched by my previous experience in other areas in
Indonesia. It is my intention to make RAPFISH appraisal more explicit and sensitive in
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its evaluation scope for developing world fisheries through the inclusion of humanoriented realities. Therefore, further tests with traditional fisheries case studies from other
developing countries are planned for the future to further develop this new evaluation
field so that it would be a useful and important addition to RAPFISH. Additionally,
future development of this evaluation field should also include additional attributes for
non-traditional, commercial, large-scale fisheries, notably replacing the two attributes
specifically designated for traditional fisheries: viability of informal sector in the
downstream channel of the fishery, and the institution of patronage.
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6

Conclusions, Policy Implications and Recommendations

6.1 Summary
This dissertation has examined the multifaceted issues of a traditional tropical fishery
in a developing country. It uses a case study of a medium scale sardine (Sardinella
lemuru) fishery in the Bali Strait, Indonesia, also called the slerek fishery, or lemuru
fishery. The overall objective of this dissertation is to search for viable policy options for
responsible use of the sardine resources. This is achieved by exploring issues in multiple
domains, i.e., biological, ecological, social, economic and human dimensions, in order to
get a holistic view of the fishery. The dissertation dissected the issues and tackled the
objectives by using a multiple set of tools that combine both quantitative and qualitative
approaches in data collection, analysis and synthesis.
Chapter 1 documented and described the general methodology employed in the data
collection and analyses, and reviewed the background of the study area, the fishing
community-at-large, the respondents who were interviewed, and the dynamics of the
fishery system. In Chapter 2, a synthesis of the quality of official catch statistics data of
the Bali Strait slerek fishery was carried out to evaluate the state of the data used in the
current management framework. Using results and insights from Chapter 2 as a reference,
in Chapter 3 further analysis was carried out to estimate the amount of sardine catch data
that were unreported and misreported in the fishery system and explored the incentives
behind the practise. Chapter 4 provided comparative analysis of three stock assessments
for the sardine fishery: (1) conventional single-species stock assessment currently in
place, (2) modified (i.e., with better data and technique) conventional single-species stock
assessment and (3) ecosystem-based stock assessment that used the sardine true catch
estimation from Chapter 3. Using stochastic El Niño effects to emulate possible future
changes of climate variability in the ecosystem analysis, Chapter 4 also investigated a set
of harvest strategies to provide more insights into choosing the ‘best’ policy for fisheries
management in the study area. Finally, drawing insights from the previous four chapters,
in Chapter 5 an evaluation of the sustainability status of these harvest strategies was
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carried out using a set of multidisciplinary fields that include a newly-proposed field, the
human dimensions of traditional fisheries. All in all, these analyses provide a relatively
thorough knowledge and holistic understanding of a traditional tropical fishery in a
developing country.
In this last chapter, a summary of key findings derived from each of the previous
chapters are presented. Additionally, policy implications emerging from those findings
(except from Chapter 1) are explored, strengths and challenges of the methods and
analyses are discussed, and recommendations for future work are suggested. Following
these, salient conclusions drawn from the synthesis of this dissertation are presented.

6.2 Key Findings, Recommendations, and Policy Implications
6.2.1 General Introduction and Review of the Bali Strait Fisheries
Chapter 1 is a general introductory chapter that describes the general methodology
and a full account of the research design framework employed in the data collection and
analyses are presented. Specific emphasis is given to the scope of the fieldwork program,
data handling and storage, and ethics considerations. Thirteen data collection methods are
described and documented and data triangulation method is explained. Drawing findings
from the fieldwork program and to set the stage for various analyses and synthesis in
subsequent chapters, Chapter 1 reviews the background of the study area, the fishing
community-at-large, and the respondents canvassed in the fieldwork. A set of qualitative
analytical tools that include historical analysis, documents, transcripts and archival
analysis, issue-focused analysis, and photography and video footage analysis are
implemented to explore and understand the dynamics of the slerek fishery using a
synthesis of historical accounts and socio-culture perspectives.
Except for the use of engines, the slerek fishery is operated entirely in manual
mode. It resembles a commercial enterprise in terms of the sheer abundance of the fish
caught and of how the government licensing system operates. However, they are
managed and operated like a small-scale fishery entity where patron-client relationships,
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kinship, and rituals and traditions are very strong. The Bali Strait fisheries system is
multi-species and multi-gear, operated by multi-ethnic fishing community.
Strengths and Challenges
Having an extended fieldwork program in the study area significantly helped the
understanding of how the fishery system works. Daily in situ interactions with the fishing
community, from where the respondents were drawn, helped harness the issues to be
explored and teased out in the interview and focus group discussion sessions. This
opportunity could not be afforded in a secondary data collection method.
In developing country fisheries where a standardized and systematic way of doing
things are lacking and secondary/reported data can be patchy and thus, prone to be
misleading; a fieldwork program should be given a priority for data collection. However,
a fieldwork program requires careful planning. Logistical preparation and research permit
processes are tedious. Data handling, such as transcriptions of interview records requires
a lot of time investment. Personal health and safety are also at risk.
Recommendations for Future Work
Looking back retrospectively, I would not have done anything differently in terms
of fieldwork program planning and conduct, except for the following two points which I
strongly suggest for researchers contemplating doing extensive fieldwork program:
1. The use of a digital recorder and corresponding transcribing software with
transcription foot pedal, instead of a manual mini cassette recorder (as was used in
this study), would significantly help cut down the time spent in transcribing.
About six months time was effectively spent to complete the manual transcription
of the entire interviews and focus group discussions in this study. The use of
digital recorder would also help reduce the clutter of handling piles of cassettes

268

which may lead to occasional human error 130, which is bound to happen when
researcher and assistants are too tired.
2. Anticipating severe health hazards is wise in an extended fieldwork program,
considering that the public health, hygiene and sanitation conditions may be
drastically different from what the researchers are used to. Preparing for extra
emergency medical and health insurance, pre-departure consultation with tropical
medical specialist (for tropical study areas), having prior knowledge of the state
of public health in the study area, and having contingency money in cash would
help buffer the unwanted incidence 131.
6.2.2 Beyond Fisheries Catch Statistical Data
Chapter 2 provides a synthesis of the quality of official catch statistics data of the
Bali Strait slerek fishery over different levels of government jurisdictions to evaluate the
state of the data used in the management framework. Additionally, this chapter also looks
at the extent of how much of the sardine caught and landed on an average fishing-day is
actually reported in the official channel.
Analyses in Chapter 2 show that different kinds and levels of fisheries jurisdiction,
from mid-1970s to 2001, reported different versions of fisheries production statistics for
the same catches of sardine, caught in the same year by the same gear. Administrative
inefficiencies and lack of good governance were observed as the impediments to the
proper catch reporting system. These are not unique to the Bali Strait, as administrative
inefficiencies and lack of good governance have been chronic problems in many areas in
Indonesia. Attempts to improve these situations in Indonesia, fortunately, are ongoing;
for example, in 2000 we saw the creation of the Partnership for Governance Reform in
130

Accidental taping on the side of a cassette that was already being used for interviews but not yet
transcribed twice caused some data loss. Fortunately, they occurred in interviews conducted in areas
outside the scope of this dissertation.

131

During the fieldwork, my two assistants and I were sick a few times causing an extension of two
months of field-time. One illness was due to a local epidemic that we knew nothing about. Lack of
prior knowledge of the state of public health in the study area had created a toll to our personal health
issues while we were in the field, and later caused sustained health handicap after the completion of the
fieldwork program for some time.
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Indonesia, or ‘The Partnership’ (Kemitraan, in Indonesian) that covers areas including:
democracy, public service, security and justice, and environment and economics
(Kemitraan, 2007).
The practise of Illegal, Unreported and Unregulated (IUU) fishing was also observed
in the study area. In Indonesia, IUU fishing is so far considered as the domain of foreign
fishing fleets poaching in Indonesian waters. Chapter 2 presents that cases of IUU fishing
in the study area by domestic fishing fleet are very common and real, either by chance
(e.g., due to lack of landing facilities and therefore, significant amount of catches are
landed in unofficial landing sites) or deliberate (e.g., as a leverage to hedge against
uncertainty and poverty). Results show that assuming no lemuru discards; on an average
fishing-day during 1974 to 2001 about 28 to 38% (mode at 30%) by weight is diverted as
‘take-home’ from the total catch prior to landing. Therefore, on average, only 62 to 72%
(mode at 70%) of the total lemuru catch gets as far as the weighing scales (viz., landed).
Of this, only 28 to 56% (mode at 45%) is landed in official landing site (i.e., government
fishing port), while 14 to 42% (mode at 26%) would likely arrive at unofficial landing
sites/scales. The notion that these unaccounted catches can be legally considered part of
IUU fishing is not commonly understood by the many mostly poor traditional fishers
involved, as their actions are part of their survival strategy, which will be discussed
further in Chapter 3.
Policy Implications
Results from this chapter suggest that the Bali Strait slerek fishery catch reporting
system needs to be evaluated and overhauled, to synchronize between the actual catch
landed and the catch reported. Inter-government agencies collaboration (such as between
local fisheries office and local statistics office) should be increased to help synchronize
the reported statistics. Periodic and occasional surveys to assess landings at unofficial
scales should also be carried out to help gauge the level of uncertainty of the landings at
the government sites. Due the complexities of multi-lingual lemuru common names used
in the fishery, the use of local trade parlance names for data enumeration and reporting at
the lowest level of jurisdiction would help in increasing the recovery of data gap.
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Tackling the issues on reported catch data inaccuracy and unreported/misreported
catch is no simple matter for fishing communities as complex and dynamics as those in
the Bali Strait, known for its history of conflict, sometimes with racial prejudice. This is
because the underlying problem is not just a matter of administrative inefficiencies and
lack of good governance, and lack of government landing facility, but also poverty,
marginality and disempowerment amongst the fishers (as will be explored further in
Chapter 3). Despite the fact that the fishing community relies heavily on three prevalent
safety nets: personal, community, and social safety nets, it is obvious that the three safety
nets are not strong enough to dampen the financial adversities.
Obviously, a more effective way of tackling the issues is by using a fair and
legitimate bottom-up approach, i.e., by involving all stakeholders concerned with the
slerek fishery: slerek fishers, crew members, fish plants and canneries, fish
traders/dealers, local and regional government authorities, local scientists and academics,
and others. Given most fishers-at-large in the study area, especially in Muncar district,
consider themselves as devout Moslems and are very active almost every other day in the
mosques, the use of mosque institution as a venue that embraces all parties involved and
germinates trust is a good option to start initiating tackling this issue. While this may be a
very steep and lengthy process, it is not impossible, as recently shown, for example by a
success story in North Sulawesi, Indonesia, where a community-based coastal resource
management initiative was able to establish integrated coastal management plans and
marine protected areas to curb destructive fishing practices (Crawford, Siahainenia,
Rotinsulu, & Sukmara, 2004).
Strengths and Challenges
The use of triangulations of a multitude of data sets collected through different
means (see Figure 1.1., in Chapter 1) helps creating a relatively complete picture of the
issues and provides ways to see patterns and propensity in catch unreporting and
misreporting. It has a relatively high results-to-resources ratio. However, none of the data
collection methods employed to account for IUU fishing in the study area include the
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ethnography of data enumeration and reporting. This method would help complete the
circle of issues that make up the real story behind reported fisheries statistics.
Recommendations for Future Work
Ethnography of catch data enumeration and reporting allows the researcher to
experience and participate in the daily activities of the fisheries field enumerators and
statistical bureau field enumerators in recording the catches. Following and observing
their daily activities allow a researcher to comprehend the context and identify the
challenges that enumerators face and the needs that they require to complete their tasks;
much the same like the participatory fishing with the fishers that I used to understand
how and how much the sardine are caught and how they are landed.
6.2.3 Under-Reporting Sardine Catches as a Strategy against Poverty
Using results from Chapter 2 as a reference, Chapter 3 examines the extent and
magnitude of unreporting and misreporting of lemuru in the Bali Strait slerek fishery.
Results from Monte Carlo simulations, from 1950 to 2001, show that the true catch of
lemuru from the Bali Strait is likely to be about 2 to 3 times the official reported catch.
This considerable unreported and misreported rate is possible not only because of the
lack of government landing facilities and other technical issues, but also because fishers
use their catch reporting as leverage and strategy against uncertainty and poverty. The
extent of the fishers’ poverty was estimated using debt-to-total-assets (D/A) ratio
(Harrison et al., 2004; Weygandt et al., 2007a, b) and Poverty Index (Sumaila, 2003).
Results show that an average slerek owner has a D/A ratio that is about 71 to 84%, about
30-50% higher than the median D/A ratios for all publicly listed companies in Indonesia
during 2001 to 2004 (The World Bank, 2009) 132. Meanwhile, the Poverty Index
estimation shows that an average slerek owner was about 26 times richer than an average
rural person in 2004; however, after fuel price increase in 2005, they became about 9
times poorer than an average rural person in 2008. This situation is exacerbated by the
fact that the range of loan interest rate proposed by Indonesia’s Central Bank for small132

Unfortunately, 2004 is the most recent year that the D/A ratios of the corporate sector are available for.
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scale and medium-scale fishing enterprises is very steep, at 16% to 38% p.a. Given the
lack of government social safety net, all of these are strong incentives for fishers to not
truthfully report their catches to the government enumerators.
Policy Implications
As also noted in the policy implications section of Chapter 2, no straightforward or
easy solution can be recommended to alleviate the problems of catch misreporting and
under-reporting as the causes are inter-connected. However, some suggestions that are
deemed useful include those that address fishers’ incentives to under-report and
misreport. These include: (1) restructuring prevailing financial schemes for fishers,
notably on borrowing scheme, so that it’s easier for fishers to borrow money and easier
for them to repay their loan; (2) the financial scheme restructurization would be better
implemented through a fisheries bank, or at least an agricultural bank 133, which Indonesia
does not have yet; (3) temporary exemption of landing tax for medium-scale fishing units
during rough economic times (with a caveat that should economic condition improve, as
monitored using a poverty index, the landing tax should be reinstated); (4) effective
implementation of alternative and supplemental livelihood options, specifically tied to
micro-credit schemes; and (5) increasing fishers’ skills and knowledge on banking
systems and financial management to help them effectively manage their fishing business
in the long run.
Strengths and Challenges
The sheer amount of sardine landed each time the boat drops anchor has made it
easier for people to remember the scope of the fish landed, whether it’s at government
official landing sites or at private unofficial landing sites. Memory of respondents
questioned to estimate ranges of landings has, therefore, less uncertainty. Additionally,
the one fishing-day trip nature of the fishery also makes it easier for me to cross-validate
133

Countries like Thailand (FAO, 2010) and Bangladesh (Rahman, 2010) do have agricultural banks to
serve the needs of the rural and fishing communities. As a country with a population (c.a. 240 millions;
Central Intelligence Agency, 2009), much larger than Thailand (c.a. 65 millions; Central Intelligence
Agency, 2010a) and Bangladesh (c.a. 156 millions; Central Intelligence Agency, 2010b) combined, it
is high time that Indonesia has its own agricultural and fisheries banks.
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the interviews accounts with my own direct observations, surveys and participatory
fishing. Unlike many multi-species fisheries, the single-species nature of the catch, given
the upwelling and the El Niño, also helps in lowering the uncertainties of estimates in
ranges of landings and of other species probably caught in the gear.
In this IUU analysis, I aim at estimating the true catch, based on how much is underreported and unreported (from interview accounts, and direct observations and surveys)
vis-à-vis reported catch (from government records), instead of estimating the missing
catch (by way of incentive rating and anchor point methods) as originally proscribed by
Pitcher & Watson (2000) and Pitcher, Watson, Forrest, Valtýsson, & Guénette (2002).
The main reason for this is the lack of known studies on discards, high-grading, and
illegal and unreported catch from the study area to ground the incentive ratings from. In
fact, this study is the first of its kind that attempts to do so for the study area.
Lack of known studies on discards and high-grading also make the estimation of
such parameters for the Monte Carlo simulation became rather difficult. To help with
this, I used a global study on small pelagic fisheries by-catch and discards conducted by
Alverson, Freeberg, Pope, & Murawski (1994) and extrapolated a subjective range of
discards and high-grading rate for several strength levels of El Niño: (1) moderate,
discard/high-grading rate is 5%, (2) moderate-strong, 10%, (3) strong, 15%, and (4) very
strong, 20%. Although in general the ecosystem effects created by these assumed rates
are fine, for some specific ecosystem analysis (see Chapter 4), results indicated that these
ranges could possibly be slightly underestimated. Additionally, the scope of sub-adult
and juvenile sardines caught and landed has also not been defined clearly by respondents
as all three stanzas (i.e., juveniles, sub-adult and adult) co-exist most of the time.
Therefore, all lemuru stanzas are lumped together in the present IUU analyses.
Recommendations for Future Work
Certainly, the discards and high-grading ranges assumed from a global study
(Alverson et al., 1994) may not apply well to the effects of El Niño strength on the
discards and high-grading of lemuru in the Bali Strait. Accounts from respondents
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indicate higher incidents of discards and high-grading during the El Niño periods,
particularly during strong and very strong periods. However, except for random accounts
of extreme discards and high-grading that people remember (see Chapter 3), nobody
interviewed can confidently define the specific ranges of discards and high-grading for
periods of different El Niño strength. A localized study on the effects of El Niño strength
on the discards and high-grading of lemuru would help refine the ecosystem analyses.
The fieldwork program for this IUU study focused on the true catch of lemuru
(Sardinella lemuru) which was carried out during the lemuru season in the south-east
monsoon. As such, true catch estimations on non-lemuru, small pelagic species, mainly
scad (Decapterus spp.), mackerel (Scomberomorus spp.), and eastern little tuna
(Euthynus affinis) that dominate the Bali Strait during the off-lemuru season in the northwest monsoon could not be carried out. Future work on this aspect would help in
shedding more light on the interchange dynamics of lemuru and non-lemuru small
pelagic species during El Niño and La Niña periods, respectively.
A study that aims to see the proportion of landing, discards and high-grading of
lemuru per stanza is also very useful, particularly for ecosystem analyses.
6.2.4 Exploring Options under Uncertain Catch Reporting and Environmental
Variability
Using the Ecopath with Ecosim (EwE) approach (Christensen & Walters, 2004),
Chapter 4 focuses on the ecosystem-based analyses of the Bali Strait with stochastic
variability in climate change effects on the El Niño. An attempt to compare results
between conventional single-species stock assessment currently in place, modified (i.e.,
with better data and technique) single-species stock assessment and ecosystem-based
stock assessment for the sardine that used the true catch estimation from Chapter 3 is
carried out.
Results from the single-species and ecosystem-based assessments show that the
slerek fishery has overexploited the lemuru resources, particularly the adult and sub-adult
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groups. The analysis indicates that the current practise of maximum sustainable yield
(MSY) estimation implemented by the government authority in the study area (and in
Indonesia in general) provides over optimistic advice and could potentially be detrimental
to the target species.
Insights derived from the five harvest strategies tested with EwE show that only 50%
reduction of fishing effort from the 2001 level could provide a sustainable option in the
long term. Meanwhile, the scenario that tests for a continual 2% increase of fishing effort
would lead to the demise of the fishery. The rest of the three scenarios would give a
likely status-quo outcome. Increased environmental variability would only positively
enhance the fishery in all scenarios, but would create more volatility of landing.
The ecosystem-based exercise implemented in this Chapter helps shed some light on
how the effects of climatic variability (i.e., El Niño) drive the cyclical nature of the
sardine and how competition for food resources amongst the multi-stanzas of sardine
(which is driven by primary productivity cycles brought about by the El Niño) affect their
biomass availability for fishing. This should provide more prudent insight in setting up a
viable management target for the slerek fishery.
Policy Implications
Historically, the fishing community in the Bali Strait (particularly in Muncar) is
prone to conflicts. Let alone, as elucidated in Chapter 3, poverty is inherent within the
fishing community. Consequently, although model simulations suggest that reducing
fishing effort by 50% is the best option for the sardine stock (and eventually the fishing
community in the long run), the implementation is not as easy and straightforward as it
may seem. Insights from interviews and living within the fishing community during the
fieldwork suggest that keeping a stable rate of employment in the fishery is as important
as maintaining the viability of the sardine stocks. Probably, a better and prudent way of
implementing the 50% fishing effort reduction would be to let all the fishers work, but
only with limited fishing power and limited size of boats that emulate the safe level of
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input controls, rather than assigning input controls per se, such as a license number
limitation on existing fishing power and boat size level, based on the predicted MSY.
Another thing that is also important to consider is to provide opportunities for the
fishing community at large in the Strait to adapt even more and make them better
prepared, as climate change brings more variability that in turn affects volatility in El
Niño episodes. Adaption can be in relation to fishing activity as their main livelihood, but
it can also relate to an alternative, complementary or supplemental livelihood.
During the interviews with some respondents, it was found out that there is a place in
the deeper part of the strait 134 that is considered by the fishers as ‘the pool of the lemuru’
(Respondent SB53, personal communication, 3 July 2002; Respondent SB2, personal
communication, 3 August 2004). Given their accumulated knowledge of the strait, they
believe that this is where the lemuru comes from. In my view as an ecologist and
biologist, I suspect this is the spawning ground of the lemuru, although no studies or
survey has been conducted on its existence.
Generally, slerek fishers wish to go there, but have so far considered this area as
dangerous on two grounds: (1) it is located in an area that is still unreachable with their
current technology and the area has bathymetrical features that are considered dangerous
for their boats and nets, and thus, it is risky to venture that far, and (2) it is believed that
the area is sacred and protected by the Spirits of the Sea, therefore it is dangerous.
Establishing a marine reserve in this area has been proposed (Fakultas Perikanan
UNIBRAW, 1999), however, its implementation is lacking. One possible reason why this
is so, is probably the fact that the implementation follows a top-down approach, which
usually often fail. Following up this proposal could benefit from the bottom-up approach
utilizing the community’s spiritual beliefs that the area is sacred and therefore, needs to
be respected. The importance of this issue cannot be overstated as interview accounts
suggest that some Australian entrepreneurs have attempted to introduce steel boats to
134

As guided by UBC Ethics policy, the exact name and location of this location will not be disclosed in
this thesis, although it was mentioned during the interviews and its location was pointed out on the
nautical map of the strait.
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some slerek fishers so that they can fish further ashore in any current and wave
conditions; an idea that was rejected by some slerek fishers on two grounds: (1) the boat
cannot employ many crew members which is an important factor for them to consider
given the patronage institution and kinship, and (2) they prefer their own traditional
wooden boats to modern steel boats (Respondent SB4, personal communication, 15
August 2004).
Strengths and Challenges
This chapter presented revised and ground-truthed Ecopath models for the ecosystem
of the Bali Strait. The Ecosim simulations of the 1980 model had shown some dynamics
of the ecosystem that are able to mimic observed trends in the ecosystem over the course
of 20 years. The simulated trends provide some plausible explanation for observations
and offer some interesting clues about possible real ecological processes that are being
reflected in the population dynamics. Ecosystem-based modelling, such as the EwE
approach, provides an insightful way to tease out ecosystem effects of fishing and harvest
strategies as it allows users to explore interactions of ecosystem components that would
never be possible if one only uses single-species approach.
For developing countries, such as Indonesia, that are usually faced with datadeficiency, the data intense nature of most ecosystem-based modelling approaches have
precluded their use. Fortunately, the EwE approach offers, so far, the simplest data
requirement needed to develop an ecosystem-based model and yet it allows us to
understand and attain useful insights from a complex marine ecosystem. Additionally, for
Indonesian standard, the Bali Strait as an ecosystem and as a fishery system has been well
researched with enough data available for EwE modelling.
Nevertheless, in the mechanics of any model building, modellers play a big role in
recreating observed dynamics to any given level of precision and assumptions have to be
made; therefore, there are unavoidably subjective parts to the modelling process. In the
building and development of the Ecopath and Ecosim models for the Bali Strait in this
study, there are several points that need attention:
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1. While comprehensive food and feeding habit study of sardine in the study area
had been carried out, notably by Ritterbush (1974) and Wudianto (2001), and its
information are used in the building of the Ecopath models of the Strait; diet
composition parameters in Ecopath models is known to be the most uncertain of
all parameters. The uncertainty of diet composition parameters in Ecopath models
is explained well by Ainsworth (2006, p. 142) as: “[t]he modeler must determine
a combination of diets and mortalities that permits the observed dynamics, while
staying within the realm of what is ecologically reasonable”;
2. The Bali Strait is dominated by Sardinella lemuru species during the south-east
monsoon. This species is also happens to be the most economically important
species in the fisheries of the Strait. As such, most resources for research in the
study area are mainly focused to study this species. Interview accounts from
respondents and secondary data reported that certain small pelagic species such as
scad (Decapterus spp.), mackerel (Scomberomorus spp.), and eastern little tuna
(Euthynus affinis) dominate the Strait during the off-lemuru season in the northwest monsoon. These three latter species, whose information is limited for the
area during the course of the study, play an ecological role as the alternate
dynamics of the upwelling ecosystem and therefore, their role needs to be
explored to better understand the ecosystem;
3. This study is the first study that addresses trophic ontogeny of lemuru in the Bali
Strait, therefore, the way the trophic ontogeny of lemuru is represented in the
Ecopath models could have benefit from further exploration as current knowledge
about them is limited. The Bali Strait’s sardine multi-stanzas mostly co-exist
throughout the year and the purse seine net mesh size is small enough (3/4-inch) to
catch all stanzas. Thus, all multi-stanzas tend to be lumped together in the
fisheries statistics report and are not too well discriminated; and
4. Although the sardine dominates the system, the trends of the lower (i.e.,
invertebrates, corals, etc.) and higher (i.e., small mesopelagics, turtles, whale

279

shark, seabird, dolphins, etc.) trophic level components of the models cannot be
discounted and thus, there is a need for more cross-validation with observed
trends and proxy abundance information from various accounts, which were not
much available at the time of the study.
Recommendations for Future Work
Thanks to the previous researchers that conducted various researches in the study
area since late 1950s, and the contributions in this thesis, these Ecopath models and
Ecosim simulations of the Bali Strait can represent useful potential tools for the lemuru
fishery policy analysis for both the government of East Java and Bali provinces. Future
improvements to the models should include the following recommendations:
1. The use of a new diet allocation algorithm (Ainsworth, Varkey, & Pitcher, 2007)
specifically developed for tropical ecosystem for estimating diets based on
predator (mouth) gape size, prey body depth and habitat co-occupation. The
algorithm predicts feeding relationships in order to make better use of FishBase
(Froese & Pauly, 2009) diet information. This technique will help reduce the
uncertainty level of diet composition parameter in Ecopath model;
2. Provide research attention to the other small pelagic species, such as scad
(Decapterus spp.), mackerel (Scomberomorus spp.), and eastern little tuna
(Euthynus affinis), that dominate the Strait during the off-lemuru season in the
north-west monsoon;
3. Provide research attention to the trophic ontogeny of lemuru in the Strait; and that
biologists and ecologists should view lemuru as a species with distinct multistanza life history, just as the Bali Strait fishing communities do (see Chapter 2);
and
4. Provide research attention to the lower and higher trophic level components of the
ecosystem. Based on my experience during the fieldwork, respondents in general
do not pay too much attention to species other than the ones that they catch (or
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that affect their catch); therefore, a proper ecological/biological survey would be a
better way to scope out information about species of lower and higher trophic
levels in the Strait.
6.2.5 Human Dimensions of Fisheries in Appraising the Sustainability Status of Fishery
Chapter 5 proposes a new evaluation field for RAPFISH (Pitcher & Preikshot, 2001),
called the human dimensions of a traditional fishery. Using the empirical data from the
fieldwork in Bali Strait, the new evaluation field complements the existing
multidisciplinary evaluation of RAPFISH to analyze the human dimensions of the Bali
Strait sardine fishery by appraising the sustainability status of ten simulated harvest
strategies developed in Chapter 4. The evaluation fields originally included in RAPFISH
are: ecological, economic, ethical, social, and technological.
The development of this new RAPFISH field is based on the synthesis of
contributions in this dissertation and suggestions put forward by various authors (see e.g.,
Hanna, 2001; Mahon, 1997; Berkes, Mahon, McConney, Pollnac, & Pomeroy, 2001;
Allison & Ellis, 2001; Berkes, 2003; De Young, Charles, & Hjort, 2008) to use humanoriented realities in seeking for new approaches to help mitigate problems of fisheries
management implemented for traditional fisheries.
Results show that trade-offs that should be made between economic options and
human dimension options in this analysis are crucial, considering that the forgone value
from human dimension options is more than what we can derive from choosing an
economic option. Essentially, human dimensions of fisheries can be used as a
discriminating factor in a multi-disciplinary analysis of the sustainability status of
fisheries. Its function would help RAPFISH appraisal even more in a ‘triage’ of fisheries
(sensu Pauly, 1998), to determine where limited management resources might be focused
to greatest effect, particularly in developing nations.
By bringing to the fore the adaptive livelihood strategies of fisherfolk in responding
to uncertainties (Allison & Ellis, 2001), this new field has captured and harnessed values
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unique to traditional fisheries that are inherent across social, ethical and economic fields
but may not have been explicitly addressed in RAPFISH. In other words, this new field
contributes to fundamental understanding of traditional fisheries by using the RAPFISH
technique.
Policy Implications
Indonesia’s fisheries management is enshrined in Fisheries Act No.31/2004
(President of the Republic of Indonesia, 2004). Its content has been heavily criticized by
various local NGOs for its lack of sincere support for small-scale and traditional fisheries
(Republika Newsroom, 2009).
Recently, however, Indonesia’s People’s Representative Council (DPR), sometimes
referred to as the House of Representatives, has just approved revisions to the Act
(Antara News, 2009; Media Indonesia.com, 2009), which is enshrined in the Act No.
45/2009 (President of the Republic of Indonesia, 2009). The revisions mainly addressed
issues related to IUU fishing, licensing, fisheries regulation enforcement, and fisheries
court. However, I still have not seen any tangible changes in its scope and emphasis for
the inclusion of human-oriented realities of traditional fisheries.
Analysis presented in this chapter may provide more gravity to the importance of
human-oriented realities in Indonesian fisheries that are minimally considered in
Indonesia’s Act No.31/2004 and Act No.45/2009, and thus, in the practise of fisheries
management in Indonesia.
Strengths and Challenges
The new proposed evaluation field was developed using the experiential learning and
insights that I attained from the case study of the Bali Strait and enriched by my previous
experience in other areas in Indonesia. While it works well for the study area and
possibly for Indonesia’s case, its usefulness and scope of strengths and weaknesses have
not been explored and tested in traditional fisheries of other developing nations.
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Additionally, the scoring of the ten harvest strategies whose sustainability status was
tested in this study was only carried out by me (i.e., as an academic), therefore, possibly
exposing the analysis to some level of personal bias.
Recommendations for Future Work
The newly-proposed RAPFISH evaluation field could benefit from further tests with
traditional fisheries case studies from other developing countries. Having different kinds
of scorers (i.e., academics, policy makers, NGOs, government bureaucrats, etc.) test this
new evaluation field would help in gauging the effects of discrepancies emanating from
different perspectives of stakeholders (which is a chronic problem in achieving consensus
on any negotiations on policies that directly affect human-oriented realities); thereby,
giving us the feedback to refine the new evaluation field.

6.3 Concluding Remarks: Lessons from the Case of Bali Strait Sardine
Fishery
Some people may consider that traditional fisheries are benign and do not exert the
same impact that large scale fisheries do. Some other people may romanticize traditional
fisheries and consider the trade as exotic and view them as ideal trades living in perfect
harmony with nature and one another. While there are some grains of truth in both of
these views, the daily realities may be different.
Given the socio-economic and cultural nature of the trades, the majority of
traditional fisheries are located in developing countries. In general, they are small- and
medium-scale, artisanal, multispecies and multigear fisheries, multi-ethnic, employ high
number of people, and strong in patron-client relationship and socio-culture norms. Due
to these diverse characters and myriad traditions and rituals, these fisheries often are not
easy to manage and therefore, are marginalized from mainstream policy makers. As a
result, many policies formulated are inadequate, unsustainable and biased towards bandaid solution. While some fishing communities regard their livelihood as the lifestyle of
their choice, in these days of global economic hardship, many now regard their livelihood
as the option of the last resort.
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To implement effective policies and management to this sector of fisheries, having a
holistic view of the trade is very important. Lacking perspectives on the fisheries would
not only render mismanagement and ineffectiveness of the policies, but also risks the
resources and the fishing communities that depend on the resources.
Using a case study of a traditional sardine fishery in the Bali Strait, Indonesia,
various analyses presented in this dissertation have shown that management decisions
made using only the biological and technical domains of the fishery and using
inappropriate tools and materials/data will give poor results.
For example, for a long time, Indonesia’s official fisheries production statistics have
been accepted by many – researchers, managers and politicians alike - as if they are the
true amount of catches that were actually caught and landed by fishers. The realities are
quite the opposite. In their paper more than twenty years ago, Dudley & Harris (1987)
have alerted about this fisheries statistics problem in Indonesia; yet, no tangible followups have been made. Evidently, results presented in Chapter 2 show that various
administrative inefficiencies and lack of good governance have created an array of
versions for fisheries production statistics for the sardine fishery in the Bali Strait.
Relying on any particular version of statistical reports for making management decision
would only result in mismanagement.
In the early 1970s, encroachment of foreign fishing fleets into Indonesia’s sovereign
waters alerted the government to the danger of illegal, unreported and unregulated (IUU)
fishing (Kompas, 1974a, 1974b), although the ‘IUU fishing’ term itself was not known
nor used then. It is only perhaps since early 2000 that Indonesia began to seriously focus
on tackling the IUU fishing problems (S. Nurhakim23, personal communication), and
even then, emphasis and resources have mainly been put into IUU fishing by foreign
fishing fleets as IUU fishing by domestic fishing fleet is not in the public discourse.
Results in Chapter 3 show that domestic fishing fleets, such as the Bali Strait slerek
fishing fleet, do have their fair share in the practise of IUU fishing; analyses show that
only half to one-third of what were actually caught were reported. Though these findings
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may sound astounding, a socio-economic perspective of this issue indicated that they
mostly do this as an adaptation to weather the storm of financial uncertainties, given lack
of government social safety net. This is a very rational reaction. Thus, combating IUU
fishing by domestic fishing fleets should look more for the incentives of the act itself,
rather than to immediately resort to punitive effort.
The use of conventional equilibrium surplus production modelling technique in
allocating catch quota in South East Asia has been criticized thirty years ago as the
technique is known to grossly overestimate quota (Pauly, 1979; Pauly, 1987). However,
Indonesia’s National Marine Fish Stock Assessment Commission (Komisi Nasional
Pengkajian Stok Sumber Daya Ikan Laut, 1998) have prescribed the equilibrium surplus
production modelling as one of the standardized methods to be used to estimate MSY and
total allowable catch (TAC). Obviously, advice from the Commission is then
incorporated into the Strategic Planning (Renstra) of Indonesia’s Ministry of Marine
Affairs and Fisheries (DKP) every five years as TAC allocated for the stocks in question
(Departemen Kelautan dan Perikanan Republik Indonesia, 2005). Using the true catch
data of Bali Strait lemuru as a case, analyses in Chapter 4 presented that the use of such
technique can no longer be disregarded, unless the demise of fisheries is to be expected.
An elucidation using non-equilibrium surplus production modelling on the true catch data
set yields higher MSY estimates compared with those MSY values previously estimated
by the equilibrium surplus production modelling techniques which may implies
indicating higher r or population rate of increase. Meanwhile, although estimates from
EwE ecosystem-based modelling suggest higher MSY values, when results are
differentiated per stanza, they suggest much lower estimates.
Ecosystem-based simulations in Chapter 4 suggest that climatic variability in the
upwelling ecosystem of the Bali Strait, would only positively affected the sardine fishery;
with a caveat that increased volatility of landings is expected to occur more often. These
insights should alert policy makers to enable the fishing communities in question (and in
other upwelling areas in Indonesia) to prepare better for these events.
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Indeed, the uncertainties brought about by climatic variability should encourage
DKP to be more prudent in their policy decision about allocating fisheries catch quota
and projecting GDP originating from fisheries sector. Unfortunately, what actually
happened is quite the opposite. For example, the Indonesian government has planned to
project the GDP from fisheries sector to be increased up to 4% by 2014, from 2.7% in
2008 (Aris, 2009) by projecting the increase of overall fisheries catches up to 46% by
2014 (Departemen Kelautan dan Perikanan Republik Indonesia, 2009). Although this is a
national projection and does not specifically projected for the Bali Strait alone, we can
expect that fisheries production for the Bali Strait is projected to be about in the same
order of magnitude. However, analyses presented in Chapter 4, suggest that an inexorably
increase in fishing effort at a ‘conservative’ value of 2% annually compounded would
lead to the demise of the sardine fishery. I would not be surprised if the catch and GDP
projection is based on the official reported catch that does not account for catches taken
by IUU fishing, both by domestic and foreign fishing fleets.
Using constant ex-vessel prices 135 of the sardine in 2004 and by using annual
average estimated true catch of the sardine from 1980 – 2001 at 79,608 tonnes 136; I
estimated that the annual average total value of the fishery is US$8.8 million. Meanwhile,
by using the same constant ex-vessel prices and by opting for the 50% effort reduction
“Conservation” scenario 137, the predicted average total value of the fishery after 20 years
is estimated at US$9.1 million when the climatic effects is at baseline level, and at
US$13.4 million when the climatic effects is at increased level. While this may sound
optimistic, it is crucial to point out that in the first 5 years 138 some sacrifices are needed
as the average total value is predicted to be much lower, at US$5.4 million and US$8.3
million, during the baseline and increased climatic effects, respectively. When planning

135

The ex-vessel prices for adult sardine, sub-adult sardine and juvenile sardine in 2004 is US$151/tonne,
US$78/tonne, and US$78/tonne, respectively. The higher price is for canned fish quality price, while
the lower price is for fish meal quality price.

136

See Figure 3.2, in Chapter 3.

137

Based on the median predicted yield of 20 years simulations, the average annual predicted yield of
sardine is 66,952 tonnes and 98,820 tonnes, for baseline and increased climatic scenarios, respectively.
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for this policy recommendation, it is important to take note of the costs that need to be
spent in the first few years to offset some losses, before some benefits can be reaped in
the long term.
A rough estimation of the direct costs for all policy recommendations proposed in
this thesis for the study area yielded an estimated amount of US$1.25 million 139; this is
about 14% of the average annual total value of the fishery (US$8.8 million).
While biological and ecological domains are present in Indonesia’s Fisheries Act
No.31/2004 (and its revisions, No.45/2009), the heavy emphasis on the economic domain
in the Act cannot be overlooked. Despite the magnitude of traditional fisheries in
Indonesia, their importance and needs have not been voiced eloquently in the Act.
Economic interest often takes precedent in the name of acquiring revenues for
development. This mindset is probably caused by the fact that Indonesia has a vast
expanse of marine waters and thus, it has been continuously romanticized that Indonesia
must have a lot of fish and should therefore produce as such. The use of equilibrium
surplus production model on misreported catch data to estimate MSY and devise policies
does not help either. Yet, analyses presented in Chapter 5 show that trade-offs that should
be made between economic options and human dimension options in this study are
crucial, considering that the forgone value from human dimension option is more than
what we can derive from choosing an economic option, at least in the case of the Bali
Strait. This decision is especially important for traditional fisheries in developing
countries, such as the Bali Strait slerek fisheries, that have traditionally provided
assurance to food security and social safety valve for the fishing communities in the area.

138
139

Based on the median predicted yield of 5 years simulations, the average annual predicted yield of
sardine is 42,117 tonnes and 64,953 tonnes, for baseline and increased climatic scenarios, respectively.
Budget were estimated using information acquired from: Ir. Suhana, M.Si., Chief of Research in
COMMIT (Center for Ocean Development and Maritime Civilization) in Bogor, Indonesia and an
expert staff of maritime affairs and fisheries at the Indonesia’s House of Representatitves (Dewan
Perwakilan Rakyat) for the period of 2004 – 2009 and 2009 – 2014; Dr Arif Satria, Dean of Faculty of
Human Ecology, Bogor Agricultural University (IPB), Bogor, Indonesia; Ms. Pammy Paramita,
researcher at the Anthropological Research Centre, University of Indonesia, Jakarta, Indonesia; and
from using my previous experience working in many areas in Indonesia.
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On a whole, salient lessons that can be taken from the case of Bali Strait sardine
fishery in searching for viable policy options for responsible use of the fishery resources
are: (1) government (i.e., officially reported) fisheries statistics in Indonesia are not
reliable and should be taken very cautiously, (2) domestic fishing fleets, even traditional
ones, have their own fair share in IUU fishing, (3) their main rationale for committing
IUU fishing is to survive financially given the lack of government social safety net, (4)
current practise of allocating catch quota in Indonesia, using equilibrium surplus
production technique, is very risky to the viability of the fisheries itself, (5) ecosystembased assessment provides a different picture of the fish stock, (6) climatic variability
would give positive impact for the upwelling fishery of the Bali Strait, with a caveat of
increased volatility of landings, and (7) viewing the fisheries management issues through
the lens of human-oriented realities of the trade show that simply using business as usual
approach (i.e., economic option, in the case of this study) in managing traditional
fisheries would not help the sector at all.
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Appendix A.

Historical Overview of the Multi-Ethnic Communities of
Muncar and Negara Districts that Shapes the Fisheries
System in the Bali Strait.

Some patterns of ethnic-based specialization with regards to the ownership and
operating of fishing gear (see Table 1.1 for list of fishing gear) were observed in both
regencies. However, access to fisheries and fishing gear is not limited by ethnicity.
Fishing gear specialization and livelihood preference was shaped by the socio-cultural
history of the community, and thus, the fishery.
Slerek owners (especially in Banyuwangi regency, East Java) are mainly people of
Madurese descent. Their ancestors came from a village called Sampang, on the southern
coast of the nearby Madura Island (Figure 1.2); they are now mostly well beyond 2nd
generation Madurese 140. Meanwhile, their crew members (25–50+) are a random mix of
East Javanese and Madurese descent. In Jembrana regency in Bali, however, slerek
ownership is mainly held by Malay-Balinese 141 fishers. Only a few Balinese 142 own
slerek fleets, but these few were quite successful and prominent in the community. Slerek
crew members in Jembrana are a random mix of Malay-Balinese and East Javanese
descent.
Ownership of Perahu Gardan fleets was also held mainly by people of Madurese
descent and their crew members (20 – 25 people) are a random mix of East Javanese and

140

They call themselves: Muncar-Madurese, and they have also inter-married with local east Javanese.

141

They call themselves Muslim-Balinese or Malay-Buginese of Bali and they are mostly coastal people.
Their ancestors are the Buginese (and some Bajo) people who fled the fall of Makassar (in South
Sulawesi) when it was conquered by the Dutch colonials and their local allies in 1666 – 1669
(Acciaioli, 2005; Respondent SB36, personal communication, 20 August 2004). Generations later, a
flow of Malay migrants from Trengganu (in Malaysia) led by a known Muslim preacher, Datuk Haji
Muhammad Saleh, came to the western coast of Bali to spread Islam. Generations of intermarrying
between the settled Buginese and Bajo with the Malay newcomers and the local Balinese, have
resulted in descendants known as the present-day Malay-Balinese or Malay-Buginese of Bali
(Respondent SB36, personal communication, 20 August 2004).

142

They call themselves: Hindu-Balinese. Most Hindu-Balinese in Jembrana are pastoralists and farmers
and live upland. Only a few live on the coast and become fishers.
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Madurese descent. Unlike slerek, perahu gardan employ smaller crews, as they use
winches in hauling their nets. No perahu gardan were observed in Jembrana regency
during the fieldwork.
The migrant Kapal Tubanan boats, however, are mainly owned by Javanese fishers,
as they are migrant fishers originally from Tuban, a fishing town on the northern coast of
East Java, adjacent to the Java Sea. Recently, Tubanan boats also come from other
fishing towns on the northern coast of Central and East Java. The skippers/captains and
crew members are also mainly Javanese. These boats moor off Muncar coast and fish in
the strait during their in-migration for the fish season. The migrant Tubanan boats started
coming to the strait in early 1990s. These boats also use winches and employ fewer crew
members than slerek fleets.
The individually-operated bagan tancap were brought in flocks to the area by Bugis
people, originally from the province of South Sulawesi, in Sulawesi Island 143. Hundreds
of bagan tancap bamboo platform structures dotted the coastal waters of Banyuwangi
regency, in particular off Muncar district in Pangpang Bay. No bagan tancap were
observed during the fieldwork in the vicinity of Jembrana regency waters. Exclusively
owned and operated by the Buginese fishers until around the 1980s or so, by 2002, bagan
tancap owners and operators were mainly Madurese (Respondent SB52, personal
communication, 6 July 2002).
Owners, operators and crew members of payang fleets in Muncar district were also
dominated by the Madurese. There were no payang fleets in Jembrana regency observed
during the fieldwork. Meanwhile, banjang sero (also called ‘banjang waring’) and slodo
are mainly owned and operated by East Javanese fishers. No banjang sero and slodo were
observed in Jembrana regency during the fieldwork.
143

These bagan Buginese fishers and their families mainly came to Muncar district (in Banyuwangi
regency) during 1950s to 1960s (Respondent SB52, personal communication, 12 September 2004) as
part of a spontaneous massive exodus of people from South Sulawesi to different parts of Indonesian
archipelago due to the bloody Kahar Muzakkar’s Islamic rebellion (1950 – 1965) in South Sulawesi
(Respondent SB52, personal communication, 12 September 2004; Acciaioli, 2005; Stacey, 2007, p. 24
- 25).
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The rest of the fishing gear (Table 1.1) are owned and operated by a random mix of
ethnic groups of people prevalent in the study area: Madurese, East Javanese, MalayBalinese, Balinese, and Buginese. As in the case of the modern longliners that are capitalintensive, they are owned by big companies based in cities such as Denpasar (in Bali),
Surabaya (in East Java) and Jakarta (Indonesia’s capital in north-western Java), and many
of these companies are owned by Indonesians of Chinese descent (E. Buchary, personal
observation, 15 July 2002 and 14 August 2004).
Most fish porters (panol) are seasonal migrant workers, they mainly come from
Jember regency in inland East Java province. Therefore, the majority of them are East
Javanese ethnic.
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Appendix B.

List of Various Research Permits from Both Local and
Provincial Authorities in East Java and Bali; and Copy
of Certificate of Approval from the Behavioural
Research Ethics Board of the University of British
Columbia (BREB-UBC).

List of research permits and clearance from the study area:
No.

Level of Clearance

Clearance Particulars (Indonesian in italic,
English translations are given in square brackets)

PROVINCIAL CLEARANCE (obtained from the Office of the Home Affairs Services of the
Provincial Government; or PEMDA PROPINSI in each respective province):
1.

East Java Province

Surat Izin Badan Kesatuan Bangsa Pemerintah
Propinsi Jawa Timur, No.: 072/165/212/2004, tanggal
6 April 2004 tentang Penelitian/Survey/Research
[Letter of Permit from the Nation Building Council of
the Province of East Java, No.: 072/165/212/2004,
dated 6 April 2004 pertaining to Observation/Research/
Survey]

2.

Bali Province

Surat Keterangan/Izin Badan Kesatuan Bangsa dan
Perlindungan Masyarakat Daerah Pemerintah Propinsi
Bali, No.: 070/705/KBPM, tanggal 30 Maret 2004
tentang Penelitian, Survey, KKL/KKN, Study Banding,
Kerbaksos, PKL, Pengabdian Masyarakat
[Certificate/Letter of Permit from the Council of Nation
Building and Society Protection of the Province of Bali,
No.: 070/705/KBPM, dated 30 March 2004 pertaining
to Research, Survey, Extended Program, Comparative
Study, Social Work, Fieldwork, and Community
Service]

REGENCY CLEARANCE (obtained from the Office of the Home Affairs Services of the
Regency Government; or PEMDA KABUPATEN in each respective regency):
1.

Banyuwangi Regency, East Java

Surat Keterangan/Izin Badan Kesatuan Bangsa
Pemerintah Kabupaten Banyuwangi, No.
072/162/429.306/2004, tanggal 8 April 2004 tentang
Permohonan Izin Penelitian
[Certificate/Letter of Permit from the Nation Building
Council of the Banyuwangi Regency Government, No.
072/162/429.306/2004, dated 8 April 2004 pertaining to
Research Permit Application]
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No.
2.

Level of Clearance
Jembrana Regency, Bali

Clearance Particulars (Indonesian in italic,
English translations are given in square brackets)
Surat Keterangan/Izin Kantor Polisi Pamong Praja,
Kesatuan Bangsa dan Perlindungan Masyarakat
Pemerintah Kabupaten Jembrana, No.
331/122/III/PPKL, tanggal 31 Maret 2004 tentang Izin
Penelitian/Survey/Study Banding
[Certificate/Letter of Permit from the Office of Police
Civil Services, Nation Building and Society Protection
of the Jembrana Regency Government, No.
331/122/III/PPKL, dated 31 March 2004 pertaining to
Permit for Research/Survey/Comparative Study]

DISTRICT CLEARANCE (obtained from each respective District in the study area):
1.

Negara District, Bali

Surat Keterangan Pemerintah Kabupaten Jembrana
Kecamatan Negara, No.: 331/197/Kesos, tanggal 31
Maret 2004 tentang Izin Mengadakan
Penelitian/Survey/Study Perbandingan di Desa
Perancak, Air Kuning, Yeh Kuning, Pengambengan,
Cupel, Tegal Badeng Barat, Baluk, dan Banyubiru
[Certificate from the District Office of Negara,
Jembrana Regency Government, No.: 331/197/Kesos,
dated 31 March 2004 pertaining to Permission to
Conduct Research/Survey/Comparative Study in the
villages of Perancak, Air Kuning, Yeh Kuning,
Pengambengan, Cupel, Tegal Badeng Barat, Baluk, and
Banyubiru]

2.

Melaya District, Bali

Surat Keterangan Pemerintah Kabupaten Jembrana
Kantor Camat Melaya No.: 072/159/04/Pol.PP, tanggal
1 April 2004 tentang Penelitian di Desa-Desa seKecamatan Melaya
[Certificate from the Office of the District Head of
Melaya, Jembrana Regency Government, No.:
072/159/04/Pol.PP, dated 1 April 2004 pertaining to
Research in all villages in Melaya District]

3.

Mendoyo District, Bali

Surat Keterangan Pemerintah Kabupaten Jembrana
Kecamatan Mendoyo No.: 331/152/Umum, tanggal 1
April 2004 tentang Izin Mengadakan
Penelitian/Survey/Study Perbandingan di Desa-Desa
se-Kecamatan Mendoyo
[Certificate from the District Office of Mendoyo,
Jembrana Regency Government, No.: 331/152/Umum,
dated 1 April 2004 pertaining to Permission to Conduct
Research/Survey/Comparative Study in all villages in
Mendoyo District]
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No.
4.

Level of Clearance
Pekutatan District, Bali

Clearance Particulars (Indonesian in italic,
English translations are given in square brackets)
Surat Keterangan Pemerintah Kabupaten Jembrana
Kantor Camat Pekutatan No.: 331/227/Skrt./2004,
tanggal 1 April 2004 tentang Izin Mengadakan
Penelitian/Survey/Study Perbandingan di Desa
Medewi, Pulukan, Pekutatan, Pangyangan, Gumbrih,
Pengeragoan, Asahduren dan Manggissari.
[Certificate from the Office of the District Head of
Pekutatan, Jembrana Regency Government, No.:
331/227/Skrt./2004, dated 1 April 2004 pertaining to
Permission to Conduct Research/Survey/Comparative
Study in the villages of Medewi, Pulukan, Pekutatan,
Pangyangan, Gumbrih, Pengeragoan, Asahduren and
Manggissari]

5.

Tegaldlimo District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Tegaldlimo No.: 072/6810/429.513/2004,
tanggal 8 April 2004 tentang Izin Penelitian/Survey di
Desa-Desa Dalam Wilayah Kecamatan Tegaldlimo
[Certificate from the District Office of Tegaldlimo,
Banyuwangi Regency Government, No.:
072/6810/429.513/2004, dated 8 April 2004 pertaining
to Permission to Conduct Research/Survey in all
villages within the area of the District of Tegaldlimo]

6.

Muncar District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kantor Camat Muncar No.: 072/350/35.10.05/2004,
tanggal 14 September 2004 tentang Izin Penelitian di
Desa-Desa se-Kecamatan Muncar
[Certificate from the Office of the District Head of
Muncar, Banyuwangi Regency Government, No.:
072/350/35.10.05/2004, dated 14 September 2004
pertaining to Permission to Conduct Research in all
villages in Muncar District]

7.

Rogojampi District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Rogojampi No.: 072/411/429.506/2004,
tanggal 14 September 2004 tentang Permohonan Izin
Survey di Desa Blimbingsari, Patoman, Bomo dan
Watukebo
[Certificate from the District Office of Rogojampi,
Banyuwangi Regency Government, No.:
072/411/429.506/2004, dated 14 September 2004
pertaining to Permit Application for Survey in the
villages of Blimbingsari, Patoman, Bomo and
Watukebo]
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No.
8.

Level of Clearance
Kabat District, East Java

Clearance Particulars (Indonesian in italic,
English translations are given in square brackets)
Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Kabat No.: 072/342/429.507/2004, tanggal
14 September 2004 tentang Permohonan Izin Penelitian
di Desa Badean, Sukojati, Pondoknongko dan Kalirejo
[Certificate from the District Office of Kabat,
Banyuwangi Regency Government, No.:
072/342/429.507/2004, dated 14 September 2004
pertaining to Permit Application for Research in the
villages of Badean, Sukojati, Pondoknongko and
Kalirejo]

9.

Banyuwangi District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Banyuwangi No.: 072/772/35.10.16/2004,
tanggal 14 September 2004 tentang Permohonan Izin
Penelitian di Kelurahan Lateng, Mandar, Kepatihan,
Karangrejo, Kertosari, Sobo dan Pakis
[Certificate from the District Office of Banyuwangi,
Banyuwangi Regency Government, No.:
072/772/35.10.16/2004, dated 14 September 2004
pertaining to Permit Application for Research in the
villages of Lateng, Mandar, Kepatihan, Karangrejo,
Kertosari, Sobo and Pakis]

10.

Kalipuro District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Kalipuro No.: 072/422/429.405/2004,
tanggal 15 September 2004 tentang Riset Perikanan di
Desa Ketapang, Kelurahan Bulusan dan Kelurahan
Klatak
[Certificate from the District Office of Kalipuro,
Banyuwangi Regency Government, No.:
072/422/429.405/2004, dated 15 September 2004
pertaining to Fisheries Research in the villages of
Ketapang, Bulusan and Klatak]

11.

Wongsorejo District, East Java

Surat Keterangan Pemerintah Kabupaten Banyuwangi
Kecamatan Wongsorejo No.: 050/517/35.10.18/2004,
tanggal 16 September 2004 tentang Permohonan Izin
Penelitian di Wilayah Pesisir Desa Bimorejo, Bengkak
dan Bangsring
[Certificate from the District Office of Wongsorejo,
Banyuwangi Regency Government, No.:
050/517/35.10.18/2004, dated 16 September 2004
pertaining to Permit Application for Research in the
coastal areas of the villages of Bimorejo, Bengkak and
Bangsring]
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Copy of the first certificate of approval from BREB-UBC, Canada:
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Appendix C.
C1.

Supplementary Material for Chapter 1.

Photographs of the Rented Living Space during the Fieldwork and of Some
Typical Daily Activities.

(A)

© Eny Buchary, 2004

(B)

© Eny Buchary, 2004

Figure C1.1

Rented living space during the fieldwork in: (A) Negara District, Jembrana
Regency, the Province of Bali; the house is located in Pengambengan
village, (B) Muncar District, Banyuwangi Regency, the Province of East
Java; the house is located in Tembokrejo village.
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(A)

(D)

(B)

(E)

(C)

(F)

Figure C1.2

Unless we went out for interviews, focus group discussions, direct field
observations, or mingle with the locals, these were the typical daily activities
in our ‘field office’: (A) preparing lunch, (B) transcribing interview records
(by assistant) and reviewing interview questionnaires, (C) dinner together,
(D) washing the dishes, (E) organizing data and preparing for next day’s
interview, and (F) visit by thesis supervisor in August 2004. All of these
photos were taken in our field office in Pengambengan village. Photo credits:
Eny Buchary, 2004.
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C2.

Kaleidoscope of the Lemuru Fishery in the Bali Strait.
As a result of photography analysis (sensu Collier & Collier, 1986), the following

photographs are presented as a kaleidoscope to describe how the lemuru fishery in the
Bali Strait evolves. The photographs cover the period of 1970s, when the lemury fishery
was still using sail-propelled payang (seine nets) and the period of 2000s when slerek
(pair-boat purse seine fleet) was the main gear used. Photographs of the earlier years are
courtesy of Mr. Jim Henry of Center for Southeast Asian Studies, Northern Illinois
University, USA; while those of the current years were taken during my fieldwork in the
study area.

(A)

© Jim Henry, 1975

(B)

© Eny Buchary, 2004

Figure C2.1

The horizon of the Bali Strait in: (A) March – April 1975, (B) August 2004.
In the 1970s, all we could see in the horizon were the sail-propelled payang
(seine nets), either payang oras (small seine nets) or payang Panarukan
(large seine nets). In 2000s, all of these were replaced by the enginepropelled slerek (pair-boat purse seines).
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(A)

© Jim Henry, 1975

(B)

© Eny Buchary, 2004
© Eny Buchary, 2004

Figure C2.2

The way the lemuru was handled and traded once the boat drops anchor is
still the same, either in: (A) March – April 1975 with payang, or in (B)
October 2004 with slerek. A group of people would swarm around the boat
immediately. Some were fish unloaders (pengisi), fish porters (panol), and
lower fish dealers (belantik bawah), while others were women and children
that would ask for some fish (ngujur) (see Figure 1.8 and Appendix D).
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(A)

© Jim Henry, 1975

© Eny Buchary, 2006

© Eny Buchary, 2006

(B)

© Eny Buchary, 2006

Figure C2.3

As lemuru fishery evolved from using payang to slerek, the size of the boats
also gets bigger, and so is the size of the baskets (godong) used to carry the
fish: (A) March – April 1975, and (B) December 2006. In the 1970s, the
size of each basket was estimated to be about 20-25 kg; in 2000s, each
basket weighs about 80-100 kg. Panol (fish porters) that carry the fish are
now no longer carrying the baskets on foot to the market like those in the
1970s. In the 2000s, they ride trucks with their baskets.
305

Appendix D.

D.1

No.

Stakeholders of the Bali Strait Lemuru Fisheries and
their Inter-Relationships.

Various Stakeholders in the Bali Strait’s Lemuru Fisheries System, as
Observed During the Field Observations: June – July 2002, March – April
2004, July – October 2004, February 2005 and December 2006.
*) Stakeholder Names are Listed in their Original Local Names and
Literal Translation are Given in Brackets.
Description of fishing-related role and
their related particulars

Stakeholder*)

Recruited
for
interview
or FGD?

Fisher (= nelayan) group:
1.

Juragan Darat
(= Lord of the
Land)

Boat or fleet owner. All are locals and men. Earns income
from shared revenue of catch. Revenue sharing formulae are
specific. They mainly sell to their pengambeg (see
stakeholder #8). Some juragan darat are also skippers of
their own boats. Once successful, some of them became
pengambeg for others. As the owner of the boat/fleet, they
have a patronage relationship (as the patron) with their
juragan laut (the skipper, stakeholder #2) and their pandega
or sawi, their crew members (stakeholder #3).

Yes

2.

Juragan Laut

Skipper or Captain of the boat/fleet. Earns income from
shared revenue of catch. Revenue sharing formulae depends
on the skills and track record 144. Most are locals. All are
men. The term ‘stage’ refers to the high-chair used by
skipper when spotting for fish schools (Figure 1.7). As a
skipper or Captain of the boat, they have a patronage
relationship (as the patron) with their pandega or sawi, their
crew members (stakeholder #3, the client).

Yes

(= Lord of the
Sea) or
Juragan
Panggung
(= Lord of the
Stage) for
slerek

144

A Skipper’s track record is mainly determined by how much fish he can catch and land every fishingday. This track record is very important when negotiating revenue splitting formulae with a fleet owner
(as a potential employer). The visual abundance of fish when landed at the landing site is very
important for many slerek skippers. Many consider this image of abundance as a symbol of their
strength and skills as a skipper and their masculinity and virility as men; therefore, it is considered as a
valuable social status (Respondent SB67, personal communication, 30 September 2004).
Consequently, most of them would not trade the highly esteemed image of landing high abundance of
lemuru (which could be valued at lower ex-vessel price) with the image of landing lower abundance of
lemuru (which has a potential to be valued with higher ex-vessel price) (Respondent SB67, personal
communication, 30 September 2004).
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D.1

No.

3.

Various Stakeholders in the Bali Strait’s Lemuru Fisheries System, as
Observed During the Field Observations: June – July 2002, March – April
2004, July – October 2004, February 2005 and December 2006.
*) Stakeholder Names are Listed in their Original Local Names and
Literal Translation are Given in Brackets.
Description of fishing-related role and
their related particulars

Stakeholder*)
Pandega, or
Sawi (= fish
labourer)

Boat crew member, gathers between 25 to 50+ men per
slerek fleet in 2004. Most are locals. Earn income from
shared revenue of catch, plus meal costs (uang makan,
valued at 1-2 t of lemuru/fishing-day, split evenly amongst
all crew members; Respondents SB44 and SB45, personal
communication, 24 August 2004). Revenue sharing
formulae are specific, depends on their responsibility in the
fleet 145. They receive take-home fish as bonus (gacok’an, at
25 - 30% of total catch; Respondent SB56, personal
communication, 30 June 2007). As crew members, they
have a patronage relationship (as the client) with their
juragan laut (their skipper, stakeholder #2) and their
juragan darat (the owner of the boat/fleet, stakeholder #1).

Recruited
for
interview
or FGD?
Yes

Non-fisher group:

145

4.

Penguras
(= scrubber/
cleaner)

Boat scrubbers and cleaners that clean and guard the boat
each time after unloading. They earn income from shared
revenue of catch selling (uang bagi, 1.5 part from net
revenue; Respondent SB35, personal communication, 20
August 2004) and cleaning fee (uang kurasan, 5% from net
revenue; Respondent SB35, personal communication, 20
August 2004; Respondent SB56, personal communication,
30 June 2007). They also receive take-home fish (at 100 kg
of fish or roughly 1 - 3.3% from total catch; Respondent
SB35, personal communication, 20 August 2004) as in-kind
payment (uang wing = soap money; ‘Wing’ is a leading
local brand of soap). Most are locals, all are men.

No

5.

Pengisi
(= filler)

Fish unloaders, responsible for unloading the caught fish
from the boat’s hold and fill them into the baskets to be
carried by the panols (see below). Earns income from
shared revenue of catch selling (uang bagi, 2.5% from net
revenue; Respondent SB56, personal communication, 30
June 2007). They also receive take-home fish as in-kind
payment or bonus (gacok’an, included in the bonus for crew
members, stakeholder #3). Most are locals. All are men.

No

Different roles and responsibilities of pandega in a slerek fleet: (1) jurumudi or kiter (steering man),
(2) juru mesin (engine man), (3) juru timah (lead/weight man), (4) juru pelampung (float man), (5)
pasang dan tarik jaring (net setter & hauler), and (6) juru serok ikan (fish scooper – these are crew
members, other than the engine men and steering man, that board the fish boat and are responsible for
scooping the fish out from the pursed net into the boat’s hold).
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D.1

Various Stakeholders in the Bali Strait’s Lemuru Fisheries System, as
Observed During the Field Observations: June – July 2002, March – April
2004, July – October 2004, February 2005 and December 2006.
*) Stakeholder Names are Listed in their Original Local Names and
Literal Translation are Given in Brackets.
Recruited
for
interview
or FGD?

No.

Stakeholder*)

Description of fishing-related role and
their related particulars

6.

Panol or
Manol (= a
person who
does any hard
labour)

Fish porters, mainly seasonal migrant workers from inland
East Java. Thus, they are mainly East Javanese. All are men.
They carry the fish in pair, and are organized as a group of
25 men in 2004, hired by fleet owners. In 2004, they are
paid (bayar panol, uang manol) at Rp.50,000/t of lemuru
landed and shared revenue (uang bagi) of catch selling
(valued at 25kg of lemuru/t landed) (Respondent SB2,
personal communication, 3 August 2004). They also receive
take-home fish as in-kind payment (cawuk’an), about 300500g of fish taken from each basket carried (Respondent
SB56, personal communication, 30 June 2007). In 2004,
each basket weighs about 80 – 100 kg (Respondent SB2,
personal communication, 3 August 2004; Respondent SB53,
personal communication, 12 September 2004).

No

7.

Belantik
bawah (=
lower dealer),
or Belantik
pasir (= beach
dealer/broker)

Fish dealers/brokers that mainly buy the take-home fish
received by pandega, penguras, pengisi, panol, and from
those who ngujur (stakeholder #14). Many belantik bawah
are local women. They usually sell the fish to beach-based
entrepreneurs, such as the traditional fish flakes & fish oil
makers (stakeholder #11), or to belantik atas ( #9).

Yes

8.

Pengambeg
(= one who
ties) 146

Private financier that provide loan money (without interest)
to fishers (mainly juragan darat) to run the fleets. Juragan
darat, usually lack guaranteed continuous income, would be
denied application for formal loan from banks. Therefore,
pengambegs fill in this void (as the patron), as they usually
can obtain loans from banks due to their economic stability.
Juragan darat (as the client) usually sell their catch to
pengambeg with mutually agreed price, usually unilaterally
determined by the pengambeg. In 2004, the difference
between set price and market price is about US$0.01/kg. In
some cases, the pengambegs are the fish meal plants/fish
canneries themselves, while in other cases they are just
wealthy individuals. Pengambeg’s clients are mostly
medium-scale fishing enterprises, such as slerek fleets and
Tubanan fleets. Some successful juragan darat eventually
are financially recognized by the banks and become

Yes

146

One who is tied to a pengambeg is called ambeg’an, which is one who is financed by a pengambeg.
The pengambeg–ambeg’an relationship is highly defined by mutual trust – typical a patron-client
relationship. Meanwhile, relationship between pengambeg and the bank is purely financial.

308

D.1

No.

Various Stakeholders in the Bali Strait’s Lemuru Fisheries System, as
Observed During the Field Observations: June – July 2002, March – April
2004, July – October 2004, February 2005 and December 2006.
*) Stakeholder Names are Listed in their Original Local Names and
Literal Translation are Given in Brackets.
Stakeholder*)

Description of fishing-related role and
their related particulars

Recruited
for
interview
or FGD?

pengambeg for other boats, while still keeping their status
as an ambeg’an146 of their own pengambeg. The existing
patron-client relationship of the two parties does not end
with the newly assumed financial recognition of the juragan
darat (as the client) by the bank. Instead, the juragan darat
will become a new patron for other fishers that need
patronage.
9.

Belantik atas
(= upper
dealer/broker),
or belantik
timbang (=
scale dealer/
broker)

Fish dealers/brokers that mostly buy fish caught by fleets
that do not have any financial ties with any pengambeg. The
belantik atas usually deal with the pengisi in buying and
selling the fish landed. Sometimes they also buy from
belantik bawah. They sell the fish either directly to fish
meal plants, canneries, cold storage or to other buyers (local
and regional). Both men and women share this role.

Yes

10.

Timbang
(= scale), or
Pemilik
Timbang (=
scale owner)
Pembuat
gaplek dan
minyak ikan (=
makers of fish
flakes & fish
oil)

Owners of unofficial/private scales that weigh fish landed in
unofficial landing sites. They are paid by cash for each
basket weighed. Both men and women share this role.

Yes

Beach-based traditional fish flakes & fish oil makers –
mainly buy fish from belantik bawah, but also buy the takehome fish from pandega, penguras, pengisi, and panol.
Some of them also buy fish cuts and scrapes from fish
plants and canneries. Materials are processed mostly on the
beach. The products are sold to local companies that make
cattle and poultry feed for domestic use. Most are women.

Yes

11.

12.

Bakul (=
vendor with
baskets)

Individual retailers that buy fish from individual operators
and sell them in the local market or to regional retailers.
Sometimes they would add value to the fish, by drying and
salting. Most are women.

No

13.

Pengepul (=
one who
collects)

Fish buyer/processor and private financier. Pengepuls are
those people whose occupational roles are quite similar like
those of pengambegs but with less capital. They are also
individual people, as opposed to companies (in
pengambeg’s case). Other roles that pengepul performs that
pengambeg don’t are: physically collect the fish in his/her
premises, and sometimes add value (by drying, salting,
icing, etc.) prior to selling. They usually buy fish from
individual operators. Both men and women share this role.

Yes
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Description of fishing-related role and
their related particulars

Recruited
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interview
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As private financier, they also have patronage relationship
with their clients, in this case the individual operators who
operate fishing gear other than slerek.
14.

Ngujur (= to
ask for fish)

Mostly women and children, about 40 - 50 people per slerek
fleet, who would swarm around the boats each time they
drop anchor. They usually ask anyone in and around the
boats (i.e., pandega, pengisi, panol, and penguras) for fish;
sometime they would give minor help during unloading and
expect some fish in return. They also pick-up those fish that
fell from baskets. Most often they are successful in their
asking. If not, it is well known that they often would ‘help
themselves’ (= nyawuk, not considered as stealing), about 5
- 10 fish/person or 0.2 - 1.3% of total catch for all 40 - 50
people (Respondent SB75, personal communication, 13
October 2004). Those who ngujur often sell the fish to
belantik bawah (see stakeholder #7). They could also bring
the fish home for their own consumption, if the fish are still
fresh. In return for the ‘free’ fish, during the full moon when
the pandega (crew members) mend their nets on land, these
women would present them with cigarettes and some snacks
as thank-you gifts. They also would occasionally present the
pengisi (fish unloaders), panol (fish porters) and penguras
(boat scrubbers) with similar treatment as an appreciation.
Over time they build good reciprocal relations. This is also a
form of patron-client relationship, although their
relationship seems to be less asymmetrical.

No

15.

Pabrik ikan (=
fish plant) and
pabrik tepung

Companies that buy fish directly from belantik atas or from
fleets that open lines of credit with them (their own
ambeg’an). The fish are processed into fish meal and/or
canned (mostly for export). Cold storage simply store fish.
Owners and managers of these companies are mostly
Indonesians of Chinese descent. The plant workers are a
random mix of prevalent ethnic groups, mainly women.
Head offices are often in big cities. A lot of these companies
assume the role as the financier (pengambeg, the patron,
stakeholder #8) for juragan darat (boat/fleet owners, the
client, stakeholder #1).

Yes:

(= fish meal
plant); also
Kol storéd
(= cold
storage)

fish meal
and
cannery
manager (1)
Plant
workers (6)
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Various Stakeholders in the Bali Strait’s Lemuru Fisheries System, as
Observed During the Field Observations: June – July 2002, March – April
2004, July – October 2004, February 2005 and December 2006.
*) Stakeholder Names are Listed in their Original Local Names and
Literal Translation are Given in Brackets.

No.

Stakeholder*)

Description of fishing-related role and
their related particulars

16.

Pengumpul
buangan
minyak ikan
(= collector of
fish oils
flushed as fish
plants’
effluent)

Individuals that work in groups along the open sewer canals
around fish meal plants and canneries. They collect fish oil
contained in the waste water flushed from the effluent pipes
of these plants and canneries. The fish oil film is manually
strained from the water with a strainer, then collected into
drums, boiled and processed. The results are industrialgrade fish grease and sold regionally. Most are women,
accompanied by their children.

Recruited
for
interview
or FGD?
No
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Appendix E.

The Use of Triangular Distribution in Monte Carlo
Resampling Routine.

In determining the estimated true catch using Monte Carlo 5,000 resampling routine,
the error assumption employed is assumed to follow a triangular distribution as
previously assumed by various authors who worked on IUU fishing analyses. The
triangular distribution is typically used as a subjective description of a population for
which there is only limited sample data, which is typical of IUU fishing data. It is based
on knowledge of the minimum (i.e., lower bound), maximum (i.e., upper bound) and an
‘inspired guess’ or ‘best guess’ as to what the modal value might be.
In probability statistics, triangular distribution is a continuous probability distribution
with lower bound a, mode c and upper bound b. While asymmetrical triangular
distribution is assumed for the 1974 – 2001 period, in the historical period (1950 – 1973),
I assumed symmetrical triangular distribution as there is not enough information
available:
1. Take-home (which is unreported) is between 28 to 38% (mode at 30%) during
1974 – 2001, and 1 to 5% (mode at 3%) during the period of 1950 – 1973;
2. Only 28 to 56% (mode at 45%) of what is actually caught is landed in official
landing site (i.e., government fishing port) during average fishing-day in the
period of 1974 – 2001, and 40 to 80% (mode at 60%) during the period of 1950 –
1973; and
3. Using the likely percentage ranges in 1 and 2, therefore, the total amount of
catches landed in non-official landing sites (excluding take-home) is estimated to
be 14 to 42% (mode at 26%) during the period of 1974 – 2001, and 17 to 57%
(mode at 37%) during the period of 1950 – 1973.
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For each year, lower bound (a), the upper bound (b), and the mode value (c) for
estimated true catch (x) of lemuru is determined from the likely ranges in 1, 2, and 3
above. The amount of true catch (x) will fall somewhere in the estimated range between
the lower bound (a) and the upper bound (b) so that:

P[a ≤ x ≤ b
For values of

]= ∫

b

a

f ( x )dx = 1

x between a and b, the probability density function f(x) of the triangular

distribution is then given by:

⎧ 2( x − a )
⎪⎪ (b − a )( c − a ) for a ≤ x ≤ c
f ( x) = ⎨
2( b − x )
⎪
for c ≤ x ≤ b
⎪⎩ (b − a )(b − c )
The mode is given by

c. The following figure shows the empirical probability

distribution:

Figure E.1

Example distribution of the error assumption used in the Monte Carlo 5,000
re-sampling routine. The triangle represents the probability density function,
f(x), with lower bound (a), upper bound (b) and mode (c). The line is the
cumulative probability distribution function of the true catch. The height of
the triangle is 2/(b – a).
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Appendix F.

F1.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Supplementary Material for Chapter 4.

Vulnerability Estimates from the Pre-Fitted Past Model, Computed as a Function of the Trophic Levels of the
Groups.
Prey \ predator
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals

1
2

2

3

4
3.85

5

6

7
5.3
5.3

5.7

4.67
4.67
4.67

2
2

8

9

10
2.67

6.57

2.67

11
3.98
3.98
3.98
3.98

6.57
6.57

5.3

12
4.85

13
4.72

14
4.59

15
5.85

4.85

4.72

4.59

5.85
5.85

6.57
4.67

5.3

5.3

5.83

6.57
6.57
6.57
6.57
6.57
6.57

3.98

6.57

3.98

5.85
5.85
5.85
5.85
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No.
23
24
25
26
27
28
29
30
31

Prey \ predator
Green turtles
Reef-associated
turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

1

2

3

4

5

6

7

4.67

5.3

8

9

10

11

12

13

14

2.67

3.98

4.85

4.72

4.59

15

Continued:
F1.

No.
1
2
3
4
5
6
7
8
9
10
11
12

Vulnerability Estimates from the Pre-Fitted Past Model, Computed as a Function of the Trophic Levels of the
Groups.
Prey \ predator
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine

16
5.44

5.44

17

6.63
6.63

6.63
5.44

6.63
6.63

18
6.87
6.87
6.87
6.87
6.87
6.87
6.87
6.87
6.87

19

5.7

20
5.57
5.57
5.57
5.57
5.57
5.57
5.57
5.57
5.57
5.57
5.57

21

22

6.96
6.96
7.2

23

24

4.19
4.19
4.19
4.19

25

26

27

28

29

6.69

30

7.07

6.94

6.96
6.96
6.96
6.96

7.2
7.2
7.2
7.2

5.89
5.89

6.96
6.96

7.2

5.89

6.94

6.94

7.19
7.19
7.19
7.19

6.35
6.35
6.35
6.35

7.19
7.19

6.35

7.07

6.69

8

6.69

8

7.07
7.07
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No.
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

F2.
No.
1
2
3
4

Prey \ predator
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated
turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

16
5.44
5.44

17
6.63

6.63
6.63

18

19

20
5.57
5.57

6.87
6.87
6.87
6.87
6.87
6.87

21
6.96

5.57

6.63

5.57

22

23

24

25

26
7.19
7.19

7.2

6.96
6.96

7.19
7.19
7.19
7.19
7.19
7.19
7.19
7.19

7.2
7.2

6.87
6.87

27

28
6.69
6.69
6.69
6.69
6.69

29
8
8
8
8
8

30
7.07
7.07
7.07
7.07
7.07

6.69

8

7.07
7.07

6.35

7.07

7.19

7.07

7.19
7.19

7.07

7.19
7.19
7.19
5.44

6.63

5.57

7.2

7.07

Vulnerability Estimates from the Fitted Past Model, Estimated from the Optimal Search Routine.
Prey \ predator

1

Phytoplankton
Seaweed
Seagrass
Zooplankton

2

2

3

4

5

6

7
5.3
5.3

11.1

4.67
4.32
4.67

8

9

1.07
2
2

6.57

10

11

12

13

14

15

2.67

3.98
5.9
3.43
3.98

2.5

9.81

3.2

5.85

3.55

1.12

2.41

2.01

2.67
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No.

Prey \ predator

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

1

2

3

4

5

6

7

8

9

10

11

12

13

14

6.57
6.57

5.3

15
5.85

5.43
4.77

5.3

5.3

4.67

5.3

6.02

6.57
5.15
5.47
4.6
6.57
7.1

3.98

6.57

3.98

5.9
4.54
4.43
2.54

2.67

11

9.64

3.41

2.86
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Continued:
F2.

Vulnerability Estimates from the Fitted Past Model, Estimated from the Optimal Search Routine.

No.

Prey \ predator

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks

16

17

18

19

2.51

1.06

5.5
5.44

6.63
14.2
1.04
1.01

6.56
5.59
3.75

1.04
11.2

6.87
6.87
6.87
6.87
6.87
6.87
6.87
6.87
6.87

6.87
6.87
6.25
6.87
6.87
6.87

6.63

6.1

20
5.57
5.57
5.57
5.57
5.57
5.57
5.57
5.57
2.47
5.57
4.65
5.57
5.27

22

6.96
6.96
7.2

23

24

4.19
4.19
4.19
4.19
5.89
5.89

6.96
6.96
6.96

7.2

5.89

7.06
6.96

7.2
4.69

26

27

28

29

30

7.07

6.94

7.2
7.2
7.2
7.2

7.2

25

6.69

6.96
6.96
6.96
6.96

7.21

5.57

6.87

21

6.94

6.94

7.19
7.19
7.19
7.19

6.35
6.35
6.35
6.35

7.19
7.19
7.19
7.19

6.35

5.81
7.19
7.19
7.19
7.19
7.19
7.19
7.19
7.19
7.19
7.19

6.35

7.07

6.69

8

6.69
6.69
6.69
6.69
6.69
6.69

8
8
8
8
8
8

6.69

8

7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07
7.07

7.07
7.07
7.07
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No.

Prey \ predator

27
28
29
30
31

Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

F3.

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

6.87
7.19
7.19
7.19
4.52

4.24

5.57

7.2

7.07

Vulnerability Estimates from the Present-Day Model, Computed as an Adjustment to the Fitted Past Model, as
such that for Each Predator-Prey Interaction, the Vulnerability * Predation Mortality should be Consistent
across Time Period.

No.

Prey \ predator

1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics

2

2

3

4

5

6

7
7.23
7.15

1.63

1.9
1.8
1.85

8

9

1.03
2
2

5.32

10

11

12

13

14

15

4.26

2.18
3.03
2.01
2.19

17.3

98.3

14.9

1256

28.8

2.29

9.96

263

4.27

5.17
6.09

7.96

1231

5.03
1.83

6.87

24.9

5.21
6.04
8.11
5.15
7.26
6.99

2.14

1245
1509
1124
473
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No.

Prey \ predator

18
19
20
21
22
23
24
25
26
27
28
29
30
31

Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

1

2

3

4

5

6

7

8

8.33

4.67

9

10

6.37

5.3

11

12

13

14

9.64

3.41

2.86

15

2.75

2.67

11

Continued:
F3.

No.
1
2
3
4
5
6
7

Vulnerability Estimates from the Present-Day Model, Computed as an Adjustment to the Fitted Past Model, as
such that for Each Predator-Prey Interaction, the Vulnerability * Predation Mortality should be Consistent
across Time Period.
Prey \ predator
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs

16

17

18

19

20

3.67

8.23
8.5
8.41
8.25
8.03
8.04
9.32

2.54

1.07

46.6
45

22
21.7
21.3
20.8
20.7
24.4

21

22

75
74.2
3.54
71.2
80.6

3.43
4.11

23

24

60.6
60
58.8
57.3

25

26

27

28

302

29

30

11.5

74.1
4640
5433

92.8

11.6
13.7

5009
5661

11.2
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No.

Prey \ predator

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus

16

14.1
2.42
1.59

17

18

63.1

27
23.9

56.2
64.6
48.2

1.98
144

20.9

28.2
29.1
24
31.3
21.2
25.7

67.1

19

20

21

22

10.3
3.87
7.53
6.67

88.1
79

4.57
4.02

71.3
98.7
120

3.46

14.3
10.1
13

9.74

4.41

85.5
83.7

4.31
3.08

21.3
28.2

23

24

4658

25

74.5

26

27

28

29

15.1
13.4

6181
5548

335

31.4

11.7
16.8
21.2
15.8

5015

12.1
17.5
11.9
14.4
14.3
14.1
11.7
13.5
15.9
11.8
11.9

5900

422
528
396
407
367
437

39.3
48.5
36.8
37.8
34.2
40.4

361

33.7

30

11.2
15.8
19.5
14.8
15.2
13.8
16.3
13.6
13.4

12.8
15
11.3

12
12
14.4
4.52

4.24

5.57

7.2

7.07
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F4.

No.

Species Composition of all Functional Groups of the Bali Strait Model in
1980.

Functional group

Species composition

Sources

1

Phytoplankton

Cyanophyta, diatoms and dinoflagellates

Wudianto (2001)

2

Seaweed

Epilithic algae, endolithic algae, reef turf algae,
benthic fleshy algae, macroalgae, and benthic
algae)

Direct
observation,
unidentified.

3

Seagrass

Spermatophytes (sea grass)

Direct
observation,
unidentified.

4

Zooplankton

Crustaceans: copepodes, amphipods, isopods,
euphausiids, lucifer, ostracoda, cladocera, crab
larvae, shrimp larvae, and sergestids.

Ritterbush
(1974), Wudianto
(2001).

Mollusks: pteropods, heteropods, gastropods,
and bivalve larvae.
Tinntinidae (ciliates), Chaetognaths, Oikopleura,
fish eggs, and fish larvae (ichthyoplankton)
5

Jellyfish

Crambione mastogophora – single species and
very seasonal

Omori & Nakano
(2001)

6

Shrimps

Metapenaeus affinis, Metapenaeus endeavouri,
Metapenaeus ensis, Metapenaeus monoceros,
Parapenaeopsis cornuta, Penaeus japonicus,
Penaeus kerathurus, Penaeus monodon, and
Penaeus semisulcatus.

T/T/E interviews

7

Crabs

Carpilius maculates, Podophthalmus vigil,
Portunus hastatoides, Portunus pelagicus, and
Scylla serrata.

T/T/E interviews

8

Lobsters

Palinurus elephas, Palinurus homarus,
Palinurus longicep, Palinurus ornatus,
Palinurus polyphagus, Palinurus versicolor, and
Thenus orientalis.

T/T/E interviews

9

Squids and cuttlefish

Sepia latimanus, Sepia pharaonis, Sepiella
inermis, Euprymna morsei, Loligo duvauceli,
Loligo edulis, Sepioteuthis lessoniana, Sepia
bandensis, and Sepia brevimana.

T/T/E interviews,
Roper, Sweeney
& Nauen (1984),
Jereb & Roper
(2005)

10

Corals

Mostly ahermatypic (non-reef builder) coral,
although some hermatypic (reef builder) coral
exist in small area.

In-depth
interviews and
focus group
discussions
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No.

Functional group

Species composition

Sources

11

Benthic invertebrates

Anadara granosa, Anadara inequilvalis,
Codakia tigerina, Malleus malleus, Perna
viridis, Pina bicolor, Solen grandis, Squilla
mantis, Lingula unguis, Cassis fimbriata,
Charonia tritonis, Cypriocassis rufa, Nilo
aethiopicus, Strombus canarium, Trochus
niloticus, Turbo petholatus, Bohadschia similis,
Holothuria fuscogilva, Stichopus chloronatus,
and Echinus esculentus.

T/T/E interviews

12

Adult sardine

Sardinella lemuru, size 13 – 18 cm

T/T/E interviews

13

Sub-adult sardine

Sardinella lemuru, size 10 – 13 cm

T/T/E interviews

14

Juvenile sardine

Sardinella lemuru, size 3 – 10 cm

T/T/E interviews

15

Scad

Decapterus macrossoma and Decapterus russelli

T/T/E interviews

16

Other small pelagics

Cypsilurus poesilopterus, Rastrelliger
brachysoma, Rastrelliger kanagurta, and
Dussumiera acuta.

T/T/E interviews

17

Medium pelagics

Auxis rochei, Auxis thazard, Scomber
australicus, and Scomberomorus guttatus.

T/T/E interviews

18

Large pelagics

Tetrapturus angustirostris, Xiphias gladius,
Istiophorus orientalis, Makaira indica, Makaira
mazara, Tetrapturus audax, Coryphaena
hyppurus, Acanthocybium solandri, Allothunnus
fallai, Katsuwonus pelamis, Gymnosarda
unicolor, Thunnus obesus, Thunnus tonggol,
Thunnus alalunga, Thunnus albacores,
Euthynnus affinis, Euthynnus lineatus,
Scomberomorus commersonii, Scomberomorus
queenslandicus, Sphyraena genie, Tylosurus
crocodilus, Eletheronema tetradactylum,
Trichiurus savala, Caranx sexfasciatus,
Megalaspis cordyla, Elagatis bipinnulatus, and
Chirocentrus dorab.

T/T/E interviews,
Froese, Luna &
Capuli (1996)

19

Small mesopelagics

Benthosema fibulatum, Benthosema pterotum,
Diaphus chrysorhynchus, Diaphus coeruleus,
Diaphus effulgens, Diaphus fragilis, Diaphus
garmani, Diaphus lucidus, Diaphus signatus,
Diaphus splendidus, Diaphus subortalis,
Diaphus watasei, Lampadena luminosa,
Lampanyctus lineatus, Myctophum asperum,
Myctophum brachygnathum, Notoscopelus
resplendens, and Notoscopelus resplendens.

Venema (1996),
Froese, Luna &
Capuli (1996)

20

Small demersals

Leiognathus equulus, Nemipterus japonicus,
Nemipterus nematophorus, Priacanthus tayenus,
Siganus virgatus, Therapon theraps, Upeneus
sulphurous, Valamugil speigleri, Caesio
chrysozonus, and Caranx bajad.

T/T/E interviews,
and Venema
(1996).
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No.

Functional group

Species composition

Sources

21

Medium demersals

Harpodon nehereus, Psedorhombus arsius,
Hemirhamphus far, Cromileptes altivelis,
Cynoglossus lingua, Psettodes erumei, Siganus
guttatus, Siganus javus, and Chorinemus tala.

T/T/E interviews
and Venema
(1996).

22

Large demersals

Congresox talabon, Aprion virescens, Etelis
carbunculus, Plotosus canius, and
Pristipomoides multidens.

T/T/E interviews

23

Green turtles

Green turtle (Chelonia mydas)

T/T/E interviews

24

Reef-associated
turtles

Hawksbill turtle (Eretmochelys imbricate)

T/T/E interviews

25

Oceanic turtles

Leatherback turtle (Dermochelys coriacea), and
Olive Ridley (Lepidochelys olivacea)

T/T/E interviews

26

Sharks

Juvenile stage: Alopias superciliosus,
Carcharhinus amblyrhinchos, Carcharhinus
brachyurus, Carcharhinus falciformis,
Carcharhinus limbatus, Carcharhinus
longimanus, Galeocerdo cuvier, Mustelus
manazo, Prionace glauca, Sphyrna zygaena,
Stegostoma fasciatum, Alopias vulpinus, and
Orectolobus maculates.

T/T/E interviews

Adult stage: Atelomycterus marmoratus, Squalus
mitsukurii, Carcharias dussumieri, and
Carcharhinus cautus.
27

Demersal rays

Aetomylaeus nichofii, Gymnura micrura,
Squatina spp., Trygon kuhlii, Trygon sephen,
and Rhynchobatus djiddensis.

T/T/E interviews

28

Whale sharks

Whale shark (Rhyncodon typus)

T/T/E interviews

29

Dolphins

Bottlenose dolphin (Tursiops truncatus), Spinner
Dolphin (Stenella longirostris), Fraser's dolphin
(Lagenodelphis hosei), Pantropical Spotted
Dolphin (Stenella attenuata), Short-finned Pilot
Whale (Globicephala macrorhynchus).

Kahn (2005)

30

Seabirds

Fregata minor, Sterna albifrons, and Bulweria
bulwerii.

T/T/E interviews,
Jepson (1997)

31

Detritus

Note:

T/T/E = taxonomy, toponymy and etymology interviews.
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F5.

Diet Composition Matrix for all Functional Groups of the Bali Strait Model in 1980.

No.

Prey \ Predator

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays

1

2

3

4

5

6

7

8

9

1

10
0.65057

1

0.0281
0.4
0.0564

0.0105
0.0025
0.274617

0.18672

0.316617
0.0013

0.0475

0.071909
0.3567

0.6355

0.0105

1

0.0013
0.03238
0.064759
0.097139
0.064759
0.064759

0.01046
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No.

Prey \ Predator

28
29
30
31

Whale sharks
Dolphins
Seabirds
Detritus
Import
Sum

1

2

3

4

5

6

0.1588
0

0

0

1

1

1

7

8

9

10

0.2935
1

0.16271
1

1

1

19

20

Continued:
F5.

Diet Composition Matrix for all Functional Groups of the Bali Strait Model in 1980.

No.

Prey \ Predator

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics

11
0.004
0.12669
0.06949
0.004

12
0.1144

0.5433

13

14

0.133536

0.151183

0.466908

0.396458

15
0.0585

0.5095

16

17

0.1389

0.6944

0.007

0.126921
0.01422

0.0013
0.05999

0.2075

0.0833

0.058
0.087

0.02224
0.03336

0.0725

18

0.076321
0.115181
0.230362

0.387864
0.00662

0.00013
0.00013
0.0789
0.00013
0.00213
0.00025
0.00013
0.00248
0.00551

0.00188
0.01252
0.1459
0.01208

1

0.006
0.006
0.006
0.066
0.0029
0.0104
0.0066
0.0066
0.0121
0.0102
0.6939
0.0036
0.0054
0.0072
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No.

Prey \ Predator

18
19
20
21
22
23
24
25
26
27
28
29
30
31

Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus
Import
Sum

11

12

13

14

15

16

17

18

19

20

0.00121
0.01039
0.0001

0.00513

0.0072

0.00038
0.00013

0.73573
1

0.3423
1

0.399556
1

0.452359
1

0.0278
1

0.03608

0.1499

1

0.72572
1

1

1

27

28

29

30

1

Continued:
F5.
No.
1
2
3
4
5
6
7

Diet Composition Matrix for all Functional Groups of the Bali Strait Model in 1980.
Prey \ Predator
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs

21

22

0.01562
0.01562
0.04631
0.135359
0.067679

0.03932
0.01917

23

24

0.29987
0.06
0.00816
0.032

25

26

0.0944

0.0233

0.12363
0.0443
0.0023

0.00291

0.004782
0.00052

0.1
0.049

0.0448

327

No.

Prey \ Predator

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus
Import
Sum

21

22

0.067679
0.0207

0.01861
0.03722

0.194428
0.003473
0.006947

0.1191

23

24

25

0.4534

0.06719

0.01861

0.422726
0.049769

26

27

0.00052
0.007693

0.049
0.05

0.005932
0.001681
0.003361
0.005042

0.652

0.065936
0.002071
0.005102
0.015036
0.031212
0.010204
0.001661
0.0005
0.0001
1E-05
0.010994

0.52173
0.13991

28

29

0.0292

30

0.154525

0.005457
0.010914
0.016371
0.010914
0.010914
0.010914

0.003545
0.00709
0.010635
0.00709
0.00709
0.075278

0.010914

0.141496

0.1

0.0673
0.0222
0.0444
0.0666
0.0313
0.26253
0.0183
0.29093
0.10901

0.00001
0.00001
0.00001

0.0001
0.000501
0.00001
0.04002
1

1

0.0193
0.59997
1

0.5
1

0.80627
1

0.82703
1

0.8
1

1

0.593252
1

1
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F6. Landing (t⋅km-2) of all Functional Groups of the Bali Strait Model in 1980 Caught by 16 Different Fishing Gear.
No.

Group Name

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine
Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks

Stationary
lift net

Gleaning

Tidal
nylon net
weir

Lobster
diving

Pair-purse
seiner (slerek)

Handline
& longline

Small
seine nets

Large
seine nets

0.003318

0.003318

0.129559
0.01990618
0.003317696
0.001351
0.00002

0.01327079
0.01579856
0.0085

0.007564

0.005446909

0.000197

0.036407

0.010269

7.02816534
7.429664135
1.56073904
0.372273088
2.859756947
0.525179863

0.000627

0.060718
0.064187
0.013484
0.493798
0.201396
0.090781

0.017126
0.018104
0.003803
0.139276
0.056804
0.025605

0.021593
0.000529
0.001588
0.068036

0.006901

0.04028631

0.007042
0.011518
0.742345
0.003187
0.002024
0.004107
0.04039

0.020851
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No.
27
28
29
30
31

Group Name
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus
Sum

Stationary
lift net

Gleaning

Tidal
nylon net
weir

Lobster
diving

Pair-purse
seiner (slerek)

Handline
& longline

0.003018495

0.001129

Small
seine nets

Large
seine nets

0.964088

0.274304

0.0005

0.085987

0.151152

0.08926183

0.0085

19.78806

0.833416

Continued:
F6. Landing (t⋅km-2) of all Functional Groups of the Bali Strait Model in 1980 Caught by 16 Different Fishing Gear.

No.
1
2
3
4
5
6
7
8
9
10
11
12

Group Name
Phytoplankton
Seaweed
Seagrass
Zooplankton
Jellyfish
Shrimps
Crabs
Lobsters
Squids and cuttlefish
Corals
Benthic invertebrates
Adult sardine

Singleboat purse
seiner

Migrant
single-boat
purse
seiner

Push
net

Multifilament
nylon drift
gillnet

Monofilament
nylon bottom
gillnet

Turtle
hunters

Scoop

Beach seine

0.0199
0.0133
0.0158

0.00000045

0.00000045

0.000368655

0.003317696
0.000634464
0.000422976

0.006682192
0.000251917
0.001919386

0.002417233

0.031757

0.027683102

0.006554

0.003725235

Total
0
0.1295585
0
0.03981236
0.01327078
0.03557766
0.03229002
0.01041849
0.09405943
0
0.02159309
7.144599
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No.

Group Name

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Sub-adult sardine
Juvenile sardine
Scad
Other small pelagics
Medium pelagics
Large pelagics
Small mesopelagics
Small demersals
Medium demersals
Large demersals
Green turtles
Reef-associated turtles
Oceanic turtles
Sharks
Demersal rays
Whale sharks
Dolphins
Seabirds
Detritus
Sum

Singleboat purse
seiner

Migrant
single-boat
purse
seiner

0.00000047
0.00000010

0.00000047
0.00000010

Push
net

0.0403

Multifilament
nylon drift
gillnet

Monofilament
nylon bottom
gillnet

0.138415515
0.110732406
0.019394506
0.376043975
0.141992345
0.004141119
0.029673142
0.009152998
0.004263606

Turtle
hunters

Scoop

Beach seine

Total

0.016892215
0.016892215

0.032769
0.026215

0.091975458
0.2047517

0.011527

0.018626174
0.014900939
0.004305566
0.030767886
0.005155367

0.003161058
0.015685443
0.011575286

0.000111

7.719189
1.748355
1.036089
3.788398
1.73581
0.007328132
0
0.04903365
0.02919252
0.05969781
0.001535509
0.000105566
0.000105566
0.03968375
0.01073214
0.00005
0.0005
0
0
23.74698

0.007164221
0.000247553
0.003469235

0.001536
0.000106
0.000106

0.000001

0.000001

0.0893

0.00652029
0.005603559
0.00005

0.012199801
0.000487879

0.8764524

0.3824745

0.000112794
0.000493472

0.001747

0.108934

0.09334358
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F7. Time Series Forcing Function Used to Drive the 1980’s Ecopath Model of the
Bali Strait During the Model Fitting Procedure.

Title
pool
code
type
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Adult
Sardine
CPUEmean

Sub-adult
Sardine
CPUEmean

Juvenile
Sardine
CPUEmean

Adult
Sardine
Cmean

Sub-adult
Sardine
Cmean

Juvenile
Sardine
Cmean

Slerek
effort

12

13

14

12

13

14

5

0
0.00955
0.00828
0.01493
0.02121
0.01396
0.00413
0.00091
0.00370
0.01068
0.00957
0.01193
0.01703
0.01524
0.01090
0.01184
0.00252
0.00098
0.00600
0.00616
0.00189
0.00228
0.00563

0
0.01009
0.00875
0.01578
0.02242
0.01476
0.00437
0.00096
0.00391
0.01129
0.01012
0.01261
0.01800
0.01611
0.01152
0.01251
0.00267
0.00104
0.00635
0.00652
0.00200
0.00241
0.00595

0
0.00212
0.00184
0.00331
0.00471
0.00310
0.00092
0.00020
0.00082
0.00237
0.00212
0.00265
0.00378
0.00338
0.00242
0.00263
0.00056
0.00022
0.00133
0.00137
0.00042
0.00051
0.00125

6
7.28860
7.15194
14.33628
20.66326
13.79712
5.58114
1.21561
4.86689
13.90533
12.08318
15.29203
21.66600
19.61549
14.03068
15.18121
7.39732
2.88823
17.65539
15.26527
4.67574
3.93465
7.29570

6
7.70497
7.56050
15.15527
21.84369
14.58531
5.89997
1.28505
5.14492
14.69971
12.77345
16.16562
22.90372
20.73606
14.83222
16.04847
7.81990
3.05323
18.66399
16.13733
4.94285
4.15942
7.71248

6
1.61857
1.58822
3.18365
4.58867
3.06392
1.23940
0.26995
1.08079
3.08795
2.68330
3.39589
4.81135
4.35600
3.11578
3.37128
1.64272
0.64139
3.92072
3.38995
1.03834
0.87376
1.62015

3
1.00000
1.13122
1.25792
1.27602
1.29412
1.76923
1.75000
1.72436
1.70513
1.65385
1.67949
1.66667
1.68590
1.68590
1.67949
3.83710
3.85158
3.85158
3.24344
3.24344
2.26244
1.69683
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F8. Primary Production Anomalies (PPA), 1980 – 2001, as Searched and
Generated by Ecosim Using the 1980’s Ecopath Model of the Bali Strait during
the Model Fitting.

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
0.653
1.364
1.317
1.064
1.31
1.267
1.164
1.116
0.721
0.712
1.121
1.472
0.901
0.674
1.027
1.244

0.819
0.933
1.477
1.368
0.737
0.496
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F9. Time Series of Southern Oscillation Index (SOI), 1950 – 2008 (Bureau of
Meteorology of Australia, 2009)

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Jan

Feb

Mar

Apr

5.1
16.5
-9.2
2.2
6
-5.4
11.3
5.6
-16.8
-8.7
0.3
-2.5
17
9.4
-4
-4
-12
14.6
4.1
-13.5
-10.1
2.7
3.7
-3
20.8
-4.9
11.8
-4
-3
-4
3.2
2.7
9.4
-30.6
1.3
-3.5
8
-6.3
-1.1
13.2
-1.1

17.6
9.6
-7.9
-6
-3.6
15.2
12.4
-2.2
-6.9
-14
-2.2
6.3
5.3
3
-0.3
1.6
-4.1
12.9
9.6
-6.9
-10.7
15.7
8.2
-13.5
16.2
5.3
12.9
7.7
-24.4
6.7
1.1
-3.2
0.6
-33.3
5.8
6.7
-10.7
-12.6
-5
9.1
-17.3

17.6
-1.4
0.2
-5.8
-0.9
2.9
9.4
-0.9
-1.4
8.4
5.6
-20.9
-1.4
7.3
8.4
2.9
-13.9
7.8
-3
1.8
1.8
19.2
2.4
0.8
20.3
11.6
13.2
-9.5
-5.8
-3
-8.5
-16.6
2.4
-28
-5.8
-2
0.8
-16.6
2.4
6.7
-8.5

16.8
-1.3
-8.8
-0.5
6.9
-3
11.1
1.2
1.2
3.6
7.8
9.4
1.2
6.1
13.5
-12.9
-7.1
-3
-3
-8.8
-4.6
22.6
-5.5
-2.1
11.1
14.4
1.2
-9.6
-7.9
-5.5
-12.9
-5.5
-3.8
-17
2
14.4
1.2
-24.4
-1.3
21
-0.5

May
7.6
-6.6
6
-31.9
4.4
13.1
17.9
-12.2
-8.2
2.8
5.2
1.3
12.3
2.8
2.8
-0.3
-9
-3.5
14.7
-6.6
2.1
9.2
-16.1
2.8
10.7
6
2.1
-11.4
16.3
3.6
-3.5
7.6
-8.2
6
-0.3
2.8
-6.6
-21.6
10
14.7
13.1

Jun

Jul

Aug

Sep

Oct

Nov

Dec

26.9
5
7.4
-2.3
-1.5
16.4
12.3
-2.3
0.2
-6.3
-2.3
-3.1
5
-9.6
7.4
-12.8
1
6.6
12.3
-0.6
9.9
2.6
-12
12.3
2.6
15.5
0.2
-17.7
5.8
5.8
-4.7
11.5
-20.1
-3.1
-8.7
-9.6
10.7
-20.1
-3.9
7.4
1

21.1
-8.2
3.5
-1
4.2
19.2
12.6
0.9
2.2
-5
4.8
2.2
-0.4
-1
6.8
-22.6
-1
1.6
7.4
-6.9
-5.6
1.6
-18.6
6.1
12
21.1
-12.8
-14.7
6.1
-8.2
-1.7
9.4
-19.3
-7.6
2.2
-2.3
2.2
-18.6
11.3
9.4
5.5

12.3
-0.5
-3.7
-17.2
10.4
14.9
11
-9.5
7.8
-5
6.6
0.1
4.6
-2.4
14.3
-11.4
4
5.9
0.1
-4.4
4
14.9
-8.9
12.3
6.6
20.7
-12.1
-12.1
1.4
-5
1.4
5.9
-23.6
0.1
2.7
8.5
-7.6
-14
14.9
-6.3
-5

6.9
-7
-3.4
-13
4.5
14.1
0.2
-10.6
-3.4
0.2
6.9
0.8
5.1
-5.2
14.1
-14.2
-2.2
5.1
-2.8
-10.6
12.9
15.9
-14.8
13.5
12.3
22.5
-13
-9.4
0.8
1.4
-5.2
7.5
-21.4
9.9
2
0.2
-5.2
-11.2
20.1
5.7
-7.6

17.1
-8
1.8
-0.1
1.8
15.2
18.3
-1.3
-1.9
4.2
-0.7
-5
10.3
-12.9
12.8
-11.1
-2.5
-0.1
-1.9
-11.7
10.3
17.7
-11.1
9.7
8.5
17.7
3
-12.9
-6.2
-2.5
-1.9
-5
-20.2
4.2
-5
-5.6
6.1
-5.6
14.6
7.3
1.8

12.5
-3.4
-0.7
-2
3.9
15.1
1.9
-11.9
-4.7
11.1
7.2
7.2
5.2
-9.3
2.6
-17.9
-0.1
-4
-3.4
-0.1
19.7
7.2
-3.4
31.6
-1.4
13.8
9.8
-14.6
-2
-4.7
-3.4
2.6
-31.1
-0.7
3.9
-1.4
-13.9
-1.4
21
-2
-5.3

23
-3
-12.6
-4
12.8
9.3
10.3
-3.5
-6.5
8.2
6.7
13.8
0.6
-11.6
-3
1.6
-4
-5.5
2.1
3.7
17.4
2.1
-12.1
16.9
-0.9
19.5
-3
-10.6
-0.9
-7.5
-0.9
4.7
-21.3
0.1
-1.4
2.1
-13.6
-4.5
10.8
-5
-2.4
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1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008

Jan

Feb

Mar

Apr

5.1
-25.4
-8.2
-1.6
-4
8.4
4.1
-23.5
15.6
5.1
8.9
2.7
-2
-11.6
1.8
12.7
-7.3
14.1

0.6
-9.3
-7.9
0.6
-2.7
1.1
13.3
-19.2
8.6
12.9
11.9
7.7
-7.4
8.6
-29.1
0.1
-2.7
21.3

-10.6
-24.2
-8.5
-10.6
3.5
6.2
-8.5
-28.5
8.9
9.4
6.7
-5.2
-6.8
0.2
0.2
13.8
-1.4
12.2

-12.9
-18.7
-21.1
-22.8
-16.2
7.8
-16.2
-24.4
18.5
16.8
0.3
-3.8
-5.5
-15.4
-11.2
15.2
-3
4.5

May
-19.3
0.5
-8.2
-13
-9
1.3
-22.4
0.5
1.3
3.6
-9
-14.5
-7.4
13.1
-14.5
-9.8
-2.7
-4.3

Jun

Jul

Aug

Sep

Oct

Nov

Dec

-5.5
-12.8
-16
-10.4
-1.5
13.9
-24.1
9.9
1
-5.5
1.8
-6.3
-12
-14.4
2.6
-5.5
5
5

-1.7
-6.9
-10.8
-18
4.2
6.8
-9.5
14.6
4.8
-3.7
-3
-7.6
2.9
-6.9
0.9
-8.9
-4.3
2.2

-7.6
1.4
-14
-17.2
0.8
4.6
-19.8
9.8
2.1
5.3
-8.9
-14.6
-1.8
-7.6
-6.9
-15.9
2.7
9.1

-16.6
0.8
-7.6
-17.2
3.2
6.9
-14.8
11.1
-0.4
9.9
1.4
-7.6
-2.2
-2.8
3.9
-5.1
1.5
14.1

-12.9
-17.2
-13.5
-14.1
-1.3
4.2
-17.8
10.9
9.1
9.7
-1.9
-7.4
-1.9
-3.7
10.9
-15.3
5.4
13.4

-7.3
-7.3
0.6
-7.3
1.3
-0.1
-15.2
12.5
13.1
22.4
7.2
-6
-3.4
-9.3
-2.7
-1.4
9.8
17.1

-16.7
-5.5
1.6
-11.6
-5.5
7.2
-9.1
13.3
12.8
7.7
-9.1
-10.6
9.8
-8
0.6
-3
14.4
13.3
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Appendix G. Supplementary Material for Chapter 5.

G1.

Social, Economic and Cultural Views of the Bali Strait Slerek Fishery
System
The Bali Strait slerek fishery resembles a commercial enterprise in terms of the sheer

abundance of the fish caught and landed, and of how the government licensing system
operates. The licensing system, nevertheless, is only formality. Essentially, the
enforcement of the licensing limitation (e.g., size of boat) is rarely implemented due to
various fisheries management constraints, such as lack of funding, human resources, etc.
The slerek fishery system also has very strong patron-client ties and kinship
(Respondent SB4, personal communication, 3 August 2004; Emmerson, 1976, 1987;
Budhisantoso, Setiawati, Subagyo, & Suhardi, 1991). The fishery system also relies on a
crowded and labour-intensive network of stakeholder interdependence (see Figure 1.8 in
Chapter 1), which receives and shares the value of the catch (and even the by-products
and wastes) in an intensely distributive ramified fashion, from the moment the fish are
caught, landed, bought, sold, re-bought and re-sold, and so on. The network is so ramified
and delicate (see details in Appendix 1.5 in Chapter 1) that a single perturbation in one
link of the network would have a serious consequence of disrupting the whole web of
interdependence.
For example, when slerek was introduced in Muncar district in mid-1974 as a
government-sponsored fishery development program (Wudianto, 2001), the government
also introduced a new government-sponsored fisheries cooperative in the area, Koperasi
Unit Desa “Mino Blambangan”, by amalgamating two local cooperatives previously
founded: Sumber Mulyo and Sumber Rezeki fisheries cooperatives (see section 2.2,
Chapter 2). The grand plan was that the new slerek gear would also be managed through
the new cooperative (Emmerson, 1987; Respondent SB77, personal communication, 17
October 2004; Respondent SB73, personal interview, 11 October 2004).
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The new cooperative then assumed a new role to auction off all the lemuru landed by
all slerek fleets and other gear catching lemuru at the time to the highest bidders, with a
percentage of the landed value paid to the cooperative. Additionally, the cooperative
collected a percentage of the landed value as a landing tax (retribusi or intres) to be paid
to the government. Fishers were also encouraged to be members of the cooperative to get
membership benefits, such as accident insurance. By assuming this role, essentially, the
cooperative took away the social niche traditionally occupied by the financiers
(pengambeg) as the patrons whose original role is to buy the landed fish with a mutually
agreed price between the financiers and the fleet owners (i.e., the clients) and whose
other functions, among others, is to provide protection and help (viz. social safety net) to
the fishers and their families in difficult times such as when accident happens at sea. As a
result, the new cooperative did not work. One thing very obvious was the fact that from
the beginning, the cooperative system tried to undermine the prevalent institution of
patronage; the government considered the patron-client relationship as exploitative to the
clients (Kasijanto, 1976; Emmerson, 1987).
Given the close-knit association within the network of stakeholders, the adverse
cascading effects reverberated through the community. In addition to problems with new
slerek gear appropriation that was considered unfair by the fishers (see section 1.4.5 in
Chapter 1), the undermining attempt by the government could have contributed to a
violent incident laden with racial prejudice, known in the history of the Bali Strait as
Malamun, an acronym of Malapetaka Muncar, or Muncar’s Calamity, on September 30,
1974 (Respondent SB75, personal communication, 13 October 2004). Following the
incident, however, the Mino Blambangan cooperative was officially launched in Muncar
in May 1975. By 2004, it still exists but from field observation, I found that its role is
very minimal, membership is dwindling and fish auction has never been practiced for
years. Across the strait, another government-sponsored fisheries cooperative, Koperasi
Unit Desa “Mina Karya” was also established in Negara district in 1977; however,
violent incident was never observed in the area. Nevertheless, the role of Mina Karya
cooperative in the day-to-day operations of slerek fleets in Negara was also very minimal
and fish auction ceased to operate after late 1990s (Respondent SB45, personal
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communication, 24 August 2004). Both fisheries cooperatives also are known to have
various management and financial problems that did not gain any respect from the fishers
(Respondent SB44, personal communication, 24 August 2004; Respondent SB45,
personal communication, 24 August 2004; Respondent SB53, personal communication,
12 September 2004; Respondent SB73, personal interview, 11 October 2004).
Ethnic-based specialization with regards to the ownership and operating of fishing
gear, and also to trade specialization and livelihood were also observed in both regencies.
However, access to fisheries and fishing gear is not limited by ethnicity. This
specialization was very much shaped by the socio-cultural history of the community (see
Appendix A). Based on historical analysis of the fisheries and field observation that I did,
I found that it is likely that the fisheries system in the Bali Strait will continue to have
potentials to be prone from racial tension at some level, especially when fish resources
dwindles and/or if resource appropriation is deemed unfair as what happened during the
Malamun in September 1974.
Unlike in some areas of Indonesia where traditional management institution,
customary tenureship, and/or communal-property right exist and are practised as common
resource management tools 147, the Bali Strait fishing communities do not appear to have
such institutions in place. This could be because they are not necessarily the indigenous
inhabitants of the area; thus, they may be lacking the necessary notion of a ‘sense of
place’ to cultivate such an institution. Additionally, the differences in religious affinity
amongst slerek fishing communities and thus, differences in cultural identity may have
hindered the development of any common resource management tools.
The socio-culture make-up of the Bali Strait slerek fishing community is very multiethnic as a result of evolving acculturation process (see Appendix A). The majority of
slerek fishers in Muncar, are Muncar-Madurese Muslims. Their ancestors are of
147

For example, Sasi in Maluku islands (Mantjoro, 1996; Harkes, 1999); Panglima Laot in Aceh coastal
communities (Nurasa, Naamin, & Basuki, 1994); and Awig-awig amongst highland Balinese farmers
and pastoralists (Geertz, 1980; Suradisastra, Sejati, Supriatna, & Hidayat, 2002) and in Lombok coastal
communities (Satria, Matsuda, & Sano, 2006).
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Madurese descent that came from a village called Sampang, on the southern coast of the
nearby Madura Island (Figure 1.2, Chapter 1), they are now well beyond their 2nd
generation and have inter-married with local east Javanese. Meanwhile, the slerek fishers
in Negara are mainly Malay-Balinese who are also Muslims. Their ancestry could be
traced back to the 17th century when waves of migrants came to western Bali: the
exodus 148 of seafaring Buginese and Bajo people from southern Sulawesi and the flow of
Malay migrants from the Malaysian peninsula that came to Bali to spread Islam, and they
all inter-married with the local Hindu Balinese (Respondent SB36, personal
communication, 20 August 2004). Some few slerek fishers in Negara district are Hindu
Balinese. As such, in addition to refraining from fishing during full moon phases (see
section 1.4.1, Chapter 1), slerek fishers also refrain from fishing during their respective
religious and traditional holidays. However, the refrain from fishing that stems from these
religious and traditional holidays does not seem to be a resemblance of a traditional
management institution per se.
The practice of traditional animism and dynamism beliefs and rituals concerning the
relationships among spirits, resources and the human community are observed in the Bali
Strait slerek fishing communities. Although the majority of the slerek fishers consider
themselves practicing devout Muslims, the cultural layers of the ancient traditional
beliefs of the highlands Osing 149 people (i.e., the indigenous people of Banyuwangi
regency), remained dominant in the fishing activities and syncretically dovetails with the
existing Islamic belief system of the Muncar fishers (Nurainiyah, 2007).

148

Due to the fall of Makassar (in South Sulawesi) when it was conquered by the Dutch colonials and
their local allies in 1666 – 1669 (Acciaioli, 2005; Respondent SB36, personal communication, 20
August 2004).

149

The Osing (or Using) people are the indigenous people of Banyuwangi regency who now live in the
highlands as farmers and pastoralists, notably in the Blambangan peninsula (Figure 1.2, Chapter 1).
The peninsula was the site of the ancient capital of the Principality of Blambangan, a Hindu kingdom
that dates back to the 13th century and fell in the 16th century (Saputra, 2001). Originally Hindu and
lived in reclusive to maintain their Hindu culture and identity in the midst of the spread of Islam in
East Java in 16th century, the Osing people were forced to open up and mingle with the outsiders when
the Dutch took control of the Blambangan peninsula in the 18th century, which eventually made them
to convert to Islam (Saputra, 2001).
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For example, to deal with the uncertainties of the catches and the climatic effects,
fleet owners (juragan darat) and skippers (juragan laut) would regularly consult old wise
men (orang tua, orang pinter, Kyai) and shamans (dukun) to make important decisions
(Respondent SB67, personal communication, 30 September 2004; Respondent SB56,
personal communication, 20 September 2004). These include: when, where and how to
optimally catch the lemuru, what good and lucky names to choose for their boats, with
whom to start a patron-client contract, which skipper to hire, which fleet owner to work
with, etc. The wise men and shamans were also sought for their help and advice to protect
the slerek boats from troubles, accidents and evil spirits at sea, and for guiding the boats
to find thick schools of fish. To protect and guide the boats at sea, the wise man and/or
shaman would then give the fleet owners some amulets (jimat) to attach and install in the
boats’ masts: 24K gold needles (jarum emas) and written magic mantra (rajah)
(Respondent SB70, personal communication, 16 December 2006). The slerek fishers also
collectively hold an annual thanksgiving ceremony (Petik Laut) for the Gods of the Sea,
during which a wise man or a shaman would preside and direct the ceremony rituals with
various offerings (sajen) (Respondent SB67, personal communication, 30 September
2004; Respondent SB70, personal communication, 16 December 2006).
The practice of ritual and magic by the Bali Strait slerek fishing communities to deal
with uncertainties of catches and climatic effects that I observed in the field concurs with
what Acheson described in his paper ‘Anthropology of Fishing’ (1981): “While fishermen
can reduce risk and uncertainty through the development of technology, institutions, and
communication, the sea is still a dangerous and risky environment for a terrestrial
animal such as man” (Acheson, 1981, p. 287). He then cited Malinowski’s work
‘Argonauts of the Western Pacific’ (1922) that observed similar use of ritual and magic
amongst the Trobriand fishers in northeast Papua New Guinea and suggested that “human
beings cope with irreducible risk through ritual and magic” (Acheson, 1981, p. 287).
In addition to the practice of magic and rituals to avert uncertainties of catches and
climatic effects, the fishing community buffers themselves against these uncertainties by
making use of the existing social safety net (as embodied in the patronage institution), the
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individual’s personal safety net (implemented through investment in gold during the glut
seasons as a store of wealth) and the community safety net (that is formed by the
intricacies of the network of stakeholder interdependence). These three kinds of safety
nets have continuously evolved within the fishing community as formal government
safety net is lacking.
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G2.

Scores Used for the Ten Simulated Harvest Strategies for the Bali Strait Slerek Fishery in the Six RAPFISH
Evaluation Fields

Recruitment variability

Change in trophic level

Migratory range

Range collapse

Size of fish caught

Catch before maturity

Discards

Species caught

By-catch

Stakeholder ‘status-quo’ - base SOI

sce 1

7.5

4.8

1

2

4

3

5.5

0.5

0.5

0.5

Stakeholder ‘status-quo’ - increasing SOI

sce 2

6.8

6.3

0.5

2

3.5

2.75

5.5

2.25

0.5

0.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

8.5

8.35

3

2

5.5

4.5

5.5

0.5

0.5

0.5

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

8

8.4

1.5

2

4.5

4

5.5

2.25

0.5

0.5

Government ‘small reduction’ - base SOI

sce 5

7.25

6.2

1

2

3.75

2.75

5.5

0.5

0.5

0.5

Government ‘small reduction’ - increased SOI

sce 6

6.5

6.5

0.5

2

3

2

5.5

2.25

0.5

0.5

Adaptive ‘adapting with the climate’ - base SOI

sce 7

7.5

8

1

2

4

3

5.5

0.5

0.5

0.5

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

7

8.05

0.5

2

3.25

2.5

5.5

2.25

0.5

0.5

Conservation ‘50% reduction’ - base SOI

sce 9

5

6

0.25

2

1

1

5.5

0.5

0.5

0.5

Conservation ‘50% reduction’ - increased SOI

sce 10

4.5

6.5

0.1

2

0.5

0.5

5.5

2.25

0.5

0.5

Attributes >
Bali Strait: Harvest Strategies
V

ECOLOGICAL

Exploitation status

Scenarios code in graphs

Field #1 - Ecological Field:
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Average wage

Limited entry

Marketable right

Other income

Sector employment

Ownership/transfer

Market

Subsidy

Stakeholder ‘status-quo’ - base SOI

sce 1

2.5

3.8

4.8

0

6.8

4.5

1

4.8

2.5

Stakeholder ‘status-quo’ - increasing SOI

sce 2

3.8

5

3.2

0

8

6.2

2.8

6.2

2.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

0.5

1.5

7

0

3

1.5

0

0.5

2.5

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

1.5

2

6.8

0

5

2

0

1

2.5

Government ‘small reduction’ - base SOI

sce 5

2.8

4

4.5

0

7

5

1.5

5

2.5

Government ‘small reduction’ - increased SOI

sce 6

4

5.5

3

0

8.5

6.5

3

6.5

2.5

Adaptive ‘adapting with the climate’ - base SOI

sce 7

2.5

3.8

4.8

0

6.8

4.5

1

4.8

2.5

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

3.5

4.5

3.5

0

7.8

5.8

2.5

5.8

2.5

Conservation ‘50% reduction’ - base SOI

sce 9

5.5

8.5

0.5

0

10

9.5

4

8.5

2.5

Conservation ‘50% reduction’ - increased SOI

sce 10

6

9

0

0

10

10

5

9

2.5

V

ECONOMIC

Fisheries in GDP

Attributes >
Bali Strait: Harvest Strategies

Scenarios code in graphs

Field #2 - Economic Field:

343

Equity in entry to fishery

Just management

Illegal fishing (IUU)

Discards & wastes

sce 1

9.5

1

1

1

4

3.5

8.5

1

Stakeholder ‘status-quo’ - increasing SOI

sce 2

9.5

1

1

1

4

3.5

7.8

4.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

9.5

1

1

1

4

3.5

9.7

1

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

9.5

1

1

1

4

3.5

9.1

4.5

Government ‘small reduction’ - base SOI

sce 5

9.5

1

1

1

4

3.5

8.2

1

Government ‘small reduction’ - increased SOI

sce 6

9.5

1

1

1

4

3.5

7.5

4.5

Adaptive ‘adapting with the climate’ - base SOI

sce 7

9.5

1

1

1

4

3.5

8.5

1

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

9.5

1

1

1

4

3.5

8

4.5

Conservation ‘50% reduction’ - base SOI

sce 9

9.5

1

1

1

4

3.5

5

1

Conservation ‘50% reduction’ - increased SOI

sce 10

9.5

1

1

1

4

3.5

4.5

4.5

V

Mitigation of Habitat
Destruction
Mitigation of Ecosystem
Depletion

Alternatives

Stakeholder ‘status-quo’ - base SOI

Attributes >
Bali Strait: Harvest Strategies

ETHICAL

Adjacency & Reliance

Scenarios code in graphs

Field #3 - Ethical Field:
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New entrants into the fishery

Fishing sector

Environmental knowledge

Conflict status

Fisher influence

Fishing income

Kin participation

sce 1

10

2.5

6.5

5

4

1.5

9

6.5

Stakeholder ‘status-quo’ - increasing SOI

sce 2

10

6.3

7.2

5

2.75

1.5

9

5.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

10

0

3

5

8.5

1.5

9

8

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

10

0.2

3.5

5

6.5

1.5

9

7.5

Government ‘small reduction’ - base SOI

sce 5

10

3

6.7

5

3.5

1.5

9

6.5

Government ‘small reduction’ - increased SOI

sce 6

10

6.5

7.5

5

2.5

1.5

9

5.5

Adaptive ‘adapting with the climate’ - base SOI

sce 7

10

2.5

6.5

5

3.8

1.5

9

6.5

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

10

6

7

5

3

1.5

9

6

Conservation ‘50% reduction’ - base SOI

sce 9

10

9

8.5

5

1.5

1.5

9

5

Conservation ‘50% reduction’ - increased SOI

sce 10

10

10

9

5

0.5

1.5

9

4.5

V

SOCIAL

Stakeholder ‘status-quo’ - base SOI

Attributes >
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Scenarios code in graphs

Socialization of fishing

Field #4 - Social Field:
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Landing sites

Pre-sale processing

On-board handling

Selective gear

FADS

Vessel size

Change in catching power

Gear side effects

Stakeholder ‘status-quo’ - base SOI

sce 1

1

2

0

1.5

2.5

1

7.5

2

2.5

Stakeholder ‘status-quo’ - increasing SOI

sce 2

1

2.8

0

1.5

2.5

1

8

2.5

2.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

1

0.5

0

1.5

2.5

1

6.5

6.5

2.5

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

1

1.5

0

1.5

2.5

1

7

7

2.5

Government ‘small reduction’ - base SOI

sce 5

1

2.5

0

1.5

2.5

1

7.5

1.5

2.5

Government ‘small reduction’ - increased SOI

sce 6

1

3

0

1.5

2.5

1

8

2

2.5

Adaptive ‘adapting with the climate’ - base SOI

sce 7

1

2

0

1.5

2.5

1

7.5

4.5

2.5

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

1

2.5

0

1.5

2.5

1

8

5

2.5

Conservation ‘50% reduction’ - base SOI

sce 9

1

4.5

0

1.5

2.5

1

8.5

0

2.5

Conservation ‘50% reduction’ - increased SOI

sce 10

1

5

0

1.5

2.5

1

9.2

0.2

2.5

Attributes >
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V

TECHNOLOGICAL

Trip length

Scenarios code in graphs

Field #5 - Technological Field:
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2.2

7.2

4

5

7.5

8.5

3.8

Stakeholder ‘status-quo’ - increasing SOI

sce 2

3.25

5.75

2.75

6.5

5.8

7.8

5.5

Over-optimistic ‘inexorably increasing’ - base SOI

sce 3

0.8

9

8.5

1.5

9

9.7

1.5

Over-optimistic ‘inexorably increasing’ - increased SOI

sce 4

1.5

8.5

6.5

2

8

9.1

2

Government ‘small reduction’ - base SOI

sce 5

2.35

6.8

3.5

5.5

2

8.2

4

Government ‘small reduction’ - increased SOI

sce 6

3.5

5.5

2.5

7

1.2

7.5

6

Adaptive ‘adapting with the climate’ - base SOI

sce 7

2.3

7

3.8

5

7

8.5

3.8

Adaptive ‘adapting with the climate’ - increased SOI

sce 8

2.8

6

3

6

6

8

5

Conservation ‘50% reduction’ - base SOI

sce 9

8

1

1.5

8

0.8

5

8.5

Conservation ‘50% reduction’ - increased SOI

sce 10

9

0.5

0.5

9

0.2

4.5

9

Potential of conflict or violence
("open access")
Viability of dependent informal
sector
Compliance with current harvest
strategy
Incentive to under-report or
misreport catches
Dependence of clients to their
patrons

Incidence of credit default

sce 1

V

HUMAN DIMENSIONS OF
TRAD. FISHERIES

Stakeholder ‘status-quo’ - base SOI

Attributes >
Bali Strait: Harvest Strategies

Scenarios code in graphs

Incentive to borrow more money

Field #6 - Human Dimensions of Traditional Fisheries Field:
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G3.

Details on How the Scores were allocated for Each Attributes and Scenarios
Scoring of all 510 attributes of RAPFISH (Table 5.2 and 5.3) in this study was based

on the results of the 20-year Ecosim simulation results of ten harvest strategies as
presented in section 4.4.5.7 (in Chapter 4), particularly Figure 4.34 (annual predicted
yield) and Figure 4.36 (predicted end-state biomass). The ten harvest strategies discussed
in Chapter 4 were used as the RAPFISH scenarios (Table 5.1).
The scoring of the attributes was semi-quantitative in the first five RAPFISH fields,
while in the sixth field (Human Dimensions), the scoring was biased towards qualitative
nature (i.e., low, medium, high, etc.). This is because the Human Dimensions field
encompasses leading indicators that aim to gauge trends and key drivers found in the
scenarios (see section 5.4.2.2, in Chapter 5).
Previous studies using RAPFISH were carried out on existing fisheries with
historical data which are easier to score. RAPFISH has never been applied so far to
results of modelling simulations and this is the first time that RAPFISH is going to be
used as such.
To make it easy to score the results of model simulation predictions, I first carried
out the scoring of sce1 (i.e., stakeholder, status-quo scenario, base SOI) to establish a
baseline score. I choose sce1 as a reference point in the scoring because I have already
had a baseline understanding of the slerek fishery based on my fieldwork experience.
Scores of sce1 were then used as anchors to score other scenarios in proportion to sce1,
based on the results of annual predicted yield (Figure 4.34) and predicted end-state
biomass (Figure 4.36). Additionally, I also used primary data acquired from the
fieldwork; secondary data on various indicators and information; published accounts;
expert opinion; and stakeholder opinion; all of these with defined uncertainties in scores
which were then used in the uncertainty analysis (see Figure 5.3., section 5.5.1, page
252). To increase the resolution of ordination, scores were awarded as non-integer values
as much as possible in all attributes.
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Field #1 – Ecological Field:
Exploitation Status
The predicted end-state biomass (Figure 4.36) of total sardine for sce1 (stakeholder,
status-quo, base SOI) after 20 years of simulations suggests a value of 8.75 t/km2, with
adult sardine predicted at 2.82 t/km2. Given the state of current exploitation (see Chapter
4), this predicted end-state biomass earned a score of 7.5 (middle range of overexploited) for ‘exploitation status’ attribute.
Other scenarios were scored proportionately based on the proportion of their
predicted end-state biomasses (Figure 4.36): sce2 (stakeholder, status-quo, increased
SOI) at 6.8 (between heavily and over-exploited); sce3 (over-optimistic, base SOI) at 8.5
(nearly completely collapsed); sce4 (over-optimistic, increased SOI) at 8 (overexploited); sce5 (Government, base SOI) at 7.25 (over-exploited; low-end); sce6
(Government, increased SOI) at 6.5 (between heavily and over-exploited); sce7
(Adaptive, base SOI) at 7.5 (middle range of over-exploited); sce8 (Adaptive, increased
SOI) at 7 (over-exploited); sce9 (Conservation, base SOI) at 5 (heavily; low-end); and
sce10 (Conservation, increased SOI) at 4.5 (between fully and heavily).
Recruitment Variability
As shown in Chapter 4, recruitment variability for the sardine fishery in the Bali
Strait is high. Studies that focus on the coefficient of variability of recruitment for the
Bali Strait sardine population is lacking. Therefore, for our RAPFISH analysis, I used
coefficient of variability of annual predicted yield (Figure 4.34) as a proxy for this
attribute.
Using estimations of the coefficient of variability of annual predicted yield, I set the
score for sce1 (stakeholder, status-quo, base SOI) at 4.8 (upper-end; medium). Scores for
the rest of the scenarios were as follows: sce2 (6.3: low-end; high, 60 – 100%), sce3
(8.35: between high, 60 – 100%, and very high, >200%), sce4 (8.4: between high, 60 –
100%, and very high, >200%), sce5 (6.2: low-end; high, 60 – 100%), sce6 (6.5: low-end;
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high, 60 – 100%), sce7 (8: upper-end; high, 60 – 100%), sce8 (8.05: between high, 60 –
100%, and very high, >200%), sce9 (6: low-end; high, 60 – 100%), and sce10 (6.5: lowend; high, 60 – 100%).
Change in Trophic Level
The dominance of the sardine in the catch is as such that trend of trophic level of the
catch remains more or less the same throughout the years; with possibility of very slight
decrease over a long term as the stock is heavily exploited and the size of the fish caught
also slightly getting smaller (Respondent SB23, personal communication, 10 August
2004). For the scoring, I set a score of 1 (middle range; no) for sce1, and adjusted
proportionately across scenarios based on the predicted annual yield (Figure 4.34) and
predicted end-state biomass (Figure 4.36): sce2 (0.5: low-end; no), sce3 (3: low-end;
somewhat slowly), sce4 (1.5: middle range; no), sce5 (1: middle range; no), sce6 (0.5:
low-end; no), sce7 (1: middle range; no), sce8 (0.5: low-end; no), sce9 (0.25: low-end;
no), and sce10 (0.1: very low-end; no).
Migratory Range
Although there is no specific study on the migration of the stock of Sardinella
lemuru in the Bali Strait, it is believed that the stock is resident in the strait and only
migrate from the deeper part of the strait (southern Bali Strait) towards the coastal area of
the strait at the end of the dry season (Pet et al, 1997). Consequently, for this attribute,
they fall into two administrative jurisdictions (i.e., East Java and Bali), thus, I assigned a
score of 2 (i.e., 1 to 2 jurisdictions) for all scenarios.
Range Collapse
Anecdotal information from interviews suggest that range collapsed may have
occurred in the Bali Strait. In recent years, as fishing effort continued to increase
significantly for three decades (since mid-1970s), fishers have noticed that the lemuru
tend to swim much further ashore, a behaviour which they call ‘smarter’ (Respondent
SB2,

personal

communication,

3

August

2004;

Respondent

SB4,

personal
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communication, 4 August 2004; Respondent SB23, personal communication, 10 August
2004; Respondent SB67, personal communication, 30 September 2004). As such, in sce1,
I set the range collapse attribute to 4 (middle range; slow). Scores for other scenarios are
given proportionately based on predicted end-state biomass (Figure 4.36): sce2 (3.5: lowend; some, slow), sce3 (5.5: between some, slow and a lot, fast), sce4 (4.5: upper-end;
some, slow), sce5 (3.75: low-end; some, slow), sce6 (3: low-end; some, slow), sce7 (4:
middle range; some, slow), sce8 (3.25: low-end; some, slow), sce9 (1: low-end; no or
very little) and sce10 (0.5: low-end; no or very little).
Size of Fish Caught
Interview accounts suggest that there has been no major change in lemuru size
caught over the years. Drawing insights from direct observations and interview account
with the oldest respondent (i.e., Respondent SB23, personal communication, 10 August
2004; he was 80+ years old when interviewed) I found that, for the same stanza, the
lemuru caught in 1950s were considered to be slightly larger than the lemuru caught in
2004 – 2005. It is possible that continued heavy exploitation on the lemuru, especially
after mid-1970s when slerek was introduced, has shifted the average size of lemuru.
Therefore, in the scoring for this attribute, I set the score for sce1 (stakeholder statusquo, base SOI) at 3 (middle range of gradual change) and adjusted the scores of other
scenarios based on configuration of annual predicted yield (Figure 4.34): sce2 (2.75:
middle range of gradual change), sce3 (4.5: upper-end; gradual change), sce4 (4: middle
range of gradual change), sce5 (2.75: middle range of gradual change), sce6 (2: low-end;
gradual change), sce7 (3: middle range of gradual change), sce8 (2.5: low-end; gradual
change), sce9 (1: upper-end; no or very little), and sce10 (0.5: low-end; no or very little).
Catch Before Maturity
Using estimation by Wudianto (2001) that sampled 33,847 sardine landed by slerek
from the Bali Strait throughout 1998, the stanza proportion of sardine caught by slerek
were estimated to be 43.88% for adult sardine, 46.38% for sub-adult sardine and 9.74%
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for juvenile sardine. The slerek purse seine fishery does not discriminate sardine stanzas
as they used ¾” mesh size for their net. As such, all stanzas are caught. Based on
Wudianto’s estimates, the proportion of non-matured sardine caught was therefore,
56.12%. Consequently, all scenarios earned the same score: 5.5 (between some >30% and
lots >60%).
Discards
Interview accounts on discarding and high-grading in the Bali Strait are closely
related to El Niño events (see Chapter 1 and 3). Studies on discards and highgrading in
the study area are lacking. Therefore, to deal with this situation, I used El Niño’s strength
as a proxy and assumed a subjective range of discards and highgrading. As described in
Chapter 3, a global assessment of fisheries by-catch and discards for small pelagic fish
(i.e., herrings, sardines and anchovies group) is estimated at 10% (Alverson, Freeberg,
Pope, & Murawski, 1994). Using this estimation as a reference point, in this analyses I
assumed that when the strength of El Niño in the area is: (1) moderate, discard/highgrading rate is 5%, (2) moderate-strong, 10%, (3) strong, 15%, and (4) very strong, 20%.
In our RAPFISH analysis, all ‘base SOI’ scenarios were scored at 0.5 (low-end; low,
0 – 10%), and all ‘increased SOI’ scenarios were scored at 2.25 (low-end; medium, 10 –
40%).
Species Caught
The fishery almost exclusively catches Sardinella lemuru during the sardine season.
In off-seasons (north-west monsoon), the fishery caught scad (Decapterus spp.),
mackerel (Scomberomorus spp.), and eastern little tuna (Euthynus affinis). Therefore, a
score of 0.5 (middle range; low, 1 – 10 species) were given to all scenarios.
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By-catch
As the fishery is an upwelling fishery that brings almost exclusively one species (S.
lemuru), by-caught species is rare. As such a score of 0.5 (middle range of low, 0 – 10%)
were given to all scenarios.
Field #2 – Economic Field:
Fisheries in GDP
Merta, Widana, Yunizal, & Basuki (2000) described the contribution of the slerek
fishery to the gross regional domestic products (GRDP) of both Banyuwangi and
Jembrana regencies. From 1988 to 1997, the highest GRDP attained (both occurred in
1991) was 5.31% and 20% for Banyuwangi and Jembrana, respectively; while the lowest
were 1.58% (in 1997) and 13.41% (in 1990) for Banyuwangi and Jembrana, respectively
(Merta et al., 2000). Although this is higher than the national average at 2% (Fauzi,
2003), it is certainly lower than other sectors. For example, agriculture (food crop &
horticulture sectors) contribute between 11.86 – 51.28% in Jembrana from 1980 to 2002
(Jembrana Regency Statistics Annual Reports, various years) and 48% in 2009 in
Banyuwangi (Hidayat, 2009). Consequently, I set a score of 2.5 (upper-end; low) for sce1
(stakeholder, status-quo, base SOI). Contribution of fisheries in GDP correlates with the
amount of fish landed. Therefore, in this attribute, I used annual predicted yield (Figure
4.34) as a reference to score this attribute: sce2 (3.8: between low and medium), sce3
(0.5: low-end; low), sce4 (1.5: middle range; low), sce5 (2.8: low), sce6 (4: low-end;
medium), sce7 (2.5: middle range; low), sce8 (3.5: between low and medium), sce9 (5.5:
middle range; medium), sce10 (6: upper-end; medium).

Average Wage
Interview accounts suggest that for slerek fishers, wage is positively correlated with
the amount of fish landed. This is because the wage is determined through a proportion of
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total catch landed. Average wage for a slerek crew member 150 (i.e., deck hand) was found
to be less than average wage in the trade. For example, in 2004 their wage was found to
be around US$67 – 122/month 151 (Respondents SB57, SB58, SB59, SB60, SB61 and
SB62, focus group discussion, 11 September 2004); meanwhile, a traditional fish flake
makers working on the beach could make a minimum of US$224/month 152 (Respondent
SB19 and SB20, personal communication, 8 August 2004).
Therefore, for the scoring, I used annual predicted yield to base the scoring for
average wage. In sce1, a score of 3.8 (upper-end; less) was set. Scores for other scenarios
were set as follows: sce2 (5: low-end; the same), sce3 (1.5: middle range; much less),
sce4 (2: upper-end; much less), sce5 (4: upper-end; less), sce6 (5.5: upper-end; the same),
sce7 (3.8: upper-end; less), sce8 (4.5: between less and the same), sce9 (8.5: between
more and much more), and sce10 (9: low-end; much more).
Limited Entry
Access to the Bali Strait as a fishing ground has never been controlled or limited per
se under any regulation. Generally speaking, the fishing community is open to anyone
who wishes to fish there. Interview accounts found that the fishing community in the
study area believes that the Lemuru is a bounty from God and can be enjoyed by anyone
(e.g., Respondent SB2, personal communication, 3 August 2004; Respondent SB67,
personal communication, 30 September 2004). However, as the sardine stock dwindles
and especially when the difference in fishing methods would adversely affect them (see
section 1.4.5 and Appendix G1), social control supersedes any other regulatory measures,
often in a violent way, as had happened in the past, i.e., in September 1974 and
December 2006. Therefore, the abundance of sardine limits the access and entry to the

150

Average wage (or income) of slerek owners are not included in the analysis, as their wage is very
much influenced by many factors, such as their debts and their obligation to pay off their debts to
private financiers and/or banks.

151

Rp.600,000 – 1,000,000/month, in 2004 value.

152

Rp.2,000,000/month, in 2004 value.

354

Strait. Consequently, I used predicted end-state biomass (Figure 4.36) as a reference in
determining the score for this attribute.
I set the score for ‘Limited Entry’ to 4.8 (between weak or informal control and
medium control) for sce1 (stakeholder, status-quo, base SOI). Scores for other scenarios
were apportioned according to their respective predicted end-state biomasses: sce2 (3.2:
low-end; weak or informal control), sce3 (7: low-end; strong control), sce4 (6.8: between
medium and strong control), sce5 (4.5: middle range between weak or informal control
and medium control), sce6 (3: low-end; weak or informal control), sce7 (4.8: middle
range between weak or informal control and medium control), sce8 (3.5: middle range;
weak or informal control), sce9 (0.5: low-end; open access) and sce10 (0: open access).
Marketable Right
The Lemuru fishery has never had any marketable right, quota or share. Thus, a
score of 0 (none) is applied to all scenarios.
Other Income
For most fishers, their jobs in the slerek fleet are their only livelihood option,
particularly during high season and glut periods. Alternative livelihood is very few and
moreover, their skills are not easily transferable to other jobs. However, as the fishery is
very seasonal, in low season and La Niña periods when fish is scarce, people attempt to
find various other odd jobs to survive financially. As such, income from other jobs is
very much influenced by the amount of fish caught and landed. Consequently, I used
annual predicted yield (Figure 4.34) as a reference to score the scenarios: sce1 (6.8:
middle range; seasonal), sce2 (8: upper-end; seasonal), sce3 (3: low-end; part-time), sce4
(5: upper-end; part-time), sce5 (7: middle range; seasonal), sce6 (8.5: middle range
between seasonal and full-time), sce7 (6.8: middle range; seasonal), sce8 (7.8: upper-end;
seasonal), sce9 (10: full-time), and sce10 (10: full-time).
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Sector Employment
The slerek fishery plays an important role in the area, not only as a source of protein
but also as a source of employment and stimulates the economic chains. From interviews
in 2004, it was suggested that at least 70% of the population 153 in Muncar and Negara
districts engaged in slerek fishery activities, either directly as slerek fishers (i.e., fleet
owners, skippers and crew members) or indirectly (e.g., dealers/brokers, boat cleaners,
fish

porters,

retailers,

inter-regional

traders,

private

financiers,

beach-based

entrepreneurs, seasonal vendors, fish meal plants and cannery workers, boat mechanics,
boat builders, ice plants, rental of trucks and motorbikes for transporting fish, rental of
weighing scales, collector of fish oils flushed as fish plants’ effluent, etc.). Meanwhile,
statistics on the number of people working directly as slerek fishers were 13,449 in
Negara (for 2002, Badan Pusat Statistik Kabupaten Jembrana, 2003) and 23,106 in
Muncar (for 1998 154, Badan Pusat Statistik Kabupaten Banyuwangi, 1999).
The employment rate of the fishery is strongly correlated with the amount of fish
landed seasonally. Therefore, I used annual predicted yield (Figure 4.34) to score this
attribute for all ten scenarios. In the stakeholder ‘status-quo’ scenario (sce1, base SOI)
which is used as a reference, the score was set at 4.5 (low-end; 10 – 20%) as the annual
predicted yield remain low after 20 years of simulations and that most employment are in
informal sector (cf. formal sector, as required in this attribute). Scores for other scenarios
are set proportionately according to the distribution of annual predicted yield as follows:
sce2 (6.2: middle range; 10 – 20%), sce3 (1.5: middle range; <10%), sce4 (2: middle
range; <10%), sce5 (5: middle range; 10 – 20%), sce6 (6.5: upper-end; 10 – 20%), sce7
(4.5: low-end; 10 – 20%), sce8 (5.8: middle range; 10 – 20%), sce9 (9.5: upper-end;
>20%) and sce10 (10: > 20%).

153

154

According to 2002 statistics, there were a total of over 230,000 registered residents in Muncar
(122,238) and Negara (112,241) districts (Badan Pusat Statistik Kabupaten Jembrana, 2003;
BAPPEDA Kabupaten Banyuwangi & Badan Pusat Statistik Kabupaten Banyuwangi, 2004).
Unfortunately, the latest statistical data on the number of fishers in Muncar that can be acquired in
2004 was from 1998. No latter statistics were found.
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Ownership/Transfer
The Bali Strait sardine fishery is a traditional and local fishery, where most (if not
all) profit go to the local community, as patron-client and kinship are very strong.
However, despite the fact that they are traditional, the fishery is also a commercial
enterprise. When landing is high, especially during the glut season in El Niño periods,
flocks of incoming migrants come from neighboring regencies to seek for jobs, usually as
fish labors, such as fish porters (panol), boat scrubbers (penguras), fish traders, fish
dealers, etc. The income and profits that these incoming migrant labors earn in the fishery
are transferred back to their home regencies as they go back home when the season
subside.
For this attribute, I set a score of 1 (middle range, locals) for sce1 (stakeholder,
status-quo, base SOI). Other scenarios’ scores were determined proportionately according
to their respective distribution in the annual predicted yield: sce2 (2.8: between locals and
mixed city/local), both sce3 and sce4 earned a score of 0 (locals) due to their dwindling
predicted yield, sce5 (1.5: middle range; locals), sce6 (3: low-end; mixed city/local), sce7
(1: middle range; locals), sce8 (2.5: between locals and mixed city/local), sce9 (4: middle
range; mixed city/local) and sce10 (5: upper-end; mixed city/local).
Market
Generally speaking, all lemuru caught and landed are sold and processed locally,
either into fish meal and canned sardine in local meal factories and canneries, or into ikan
pindang (sardine boiled in salted water), gaplek ikan (fish flakes) and minyak ikan (fish
oil) in traditional enterprises. Most of these are traded locally and regionally
(Respondents SB31, SB32, SB33, and SB34, focus group discussion, 18 August 2004),
while some products such as canned sardine and fish meal are exported to regional and
international markets (Respondent SB21, 9 August 2004). During glut season, more
products are exported to international market (Respondent SB21, 9 August 2004).
Therefore, to score this attribute, I used annual predicted yield to base the scoring from.
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Given the annual predicted yield for sce1, I set a score of 4.8 (middle range;
regional/local). Other scenarios are scored as follows: sce2 (6.2: low-end; national/
regional), sce3 (0.5: low-end; local), sce4 (1: middle range; local), sce5 (5: upper-end;
regional/local), sce6 (6.5: low-end; national/regional), sce7 (4.8: middle range;
regional/local), sce8 (5.8: between regional/local and national/regional), sce9 (8.5:
between national/regional and national/international), and sce10 (9: low-end;
national/international).
Subsidy
Based on direct observations in the field, I did not find any direct subsidy for the
fishery per se. However, some sort of national subsidy for everybody does exist in fuel
price (albeit it has been reduced significantly in 2005). As such, ceteris paribus, I set a
score of 2.5 (middle range between no and somewhat) for the subsidy attribute of all
scenarios.
Field #3 – Ethical Field:
Adjacency and Reliance
The fishing community of the Bali Strait has a very strong adjacency and reliance to
the fishery and the strait ecosystem, at least since they occupy the area beginning 17th
century (see Appendix G1). Regardless whatever the scenarios, the score for this attribute
was set equal for all ten scenarios: 9.5 (middle range; adjacent/strong reliance).
Alternative
Although the fishery is a livelihood and has strong cultural background for the
community, the lack of skills and formal education amongst the fishers has limited their
options to work outside the slerek fishery. In other words, alternative livelihood is very
low. Thus, score for this attribute was set to 1 (middle range; none) for all ten scenarios.
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Equity in Entry to Fishery
As I explained earlier, generally, the fishing community in the study area believes
that the Lemuru is a bounty from God and can be enjoyed by anyone. As such, entry to
the fishery is equal, regardless of their geographic, ethnic, social and cultural background.
Score for this attribute was then equally set at 1 (low-end; not considered) for all
scenarios.
Just Management
Like in many developing world fisheries, fisheries management measures in the Bali
Strait are mostly decided unilaterally either by decision makers in Jakarta (i.e., the capital
of the country), or in the regency’s capitals (i.e., Banyuwangi and Negara). It is very rare
for slerek fishers to be involved (even at some degree) at the management level.
However, in recent years (since late 1990s) we have seen some efforts 155 by the
government to formalize local stewardship mechanisms into formal organizations coined
as ‘communication forums’. These forums are then used as a venue for local fisheries
managers to introduce management plans, to gauge for reactions and to seek for opinions.
In other words, the function of the forum is mainly for consultation. Therefore, I set an
equal score if 1 (middle range; consultation) for this attribute in all ten scenarios.
Mitigation of Habitat Destruction
There has been no habitat damage per se known in the Bali Strait and no known
mitigative measures, as well. All scenarios were scored with an equal score of 4 (lowend; no ongoing damage or mitigation).
Mitigation of Ecosystem Depletion
The Bali Strait ecosystem has been fished heavily for its sardine since mid-1970s.
Many studies, including this study, found that the sardine has been over-exploited.
Fishing effort reduction measures (e.g., mesh size limit) have been proposed with no
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Through a loan project called “CO-FISH”, funded by Asian Development Bank (ADB) (Fakultas
Perikanan UNIBRAW, 1999).
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success. Therefore, there have been no known successful mitigative measures to alleviate
the ecosystem depletion problem in the Strait. I then set an equal score of 3.5 (middle
range; some damage) to all ten scenarios.
Illegal Fishing (IUU)
As explained in Chapter 3, the practice if IUU fishing is very significant in this
slerek fishery. On average fishing-day, only 45% of what was caught is reported to the
government reporting system. Based on interview accounts and direct observation, I
found that under-reporting and misreporting is usually more pronounced when there is a
scarcity of fish, as fishers tend to under-report and misreport catches as leverage against
financial uncertainties (see Chapter 3). Consequently, landing sites are more dispersed as
fishers tend to land their catches in unofficial scales located in unofficial landing sites
which are sporadically located along the beach (see schematic diagram in Figure 2.2,
Chapter 2). Meanwhile, when catches are high, the landing sites that stretch along the
beach would obviously be busier than usual; however, the central of activities is located
at the government fishing port as this is the only place where big trucks (Appendix C2,
Figure C2.3b) that would transport the fish to fish plants and canneries can have direct
access to the boats.
Using this background information as a reference, I set a score of 8.5 (between a lot
and a great deal) for sce1 (stakeholder, status-quo, base SOI). Scores for other scenarios
were determined using the distribution of annual predicted yield in each scenario: sce2
(7.8: middle range; a lot), sce-3 (9.7: upper-end; a great deal), sce4 (9.1: middle range; a
great deal), sce5 (8.2: between a lot and a great deal), sce6 (7.5: middle range; a lot), sce7
(8.5: between a lot and a great deal), sce8 (8: upper-end; a lot), sce9 (5: upper-end;
some), and sce10 (4.5: upper-end; some).
Discards and Wastes
Description of this attribute is similar to the description of ‘Discards’ attribute in the
Ecological field, therefore, I shall not repeat here. All ‘base SOI’ scenarios were scored at
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1 (middle range; none), and all ‘increased SOI’ scenarios were scored at 4.5 (middle
range; some).
Field #4 – Social Field:
Socialization of Fishing
The slerek fishery in the Bali Strait is very strong in patron-client relationship and
kinship. The unit of boats is operated by a group of men that work in tandem as crew
members led by a skipper who also acts as a Captain of the boat. In 2004, there were 25
to 50+ crew members in each pair of slerek boats that work as a community group.
Therefore, all scenarios earned an equal score of 10 (community groups).
New Entrants into Fishery
This attribute is similar to the ‘Sector Employment’ in Economic field. In the Bali
Strait, new entrants to the fishery are strongly correlated with the amount of fish landed
on a seasonal basis. Consequently, I used annual predicted yield (Figure 4.34) to score
this attribute for all ten scenarios. The baseline reference is sce1 (stakeholder, status-quo,
base SOI), where it is estimated that new entrants to the fishery are in the average range
of about 10% (score: 2.5, between <10% and 10 – 20%). By using annual predicted yield,
scores for other scenarios were proportionately determined: sce2 (6.3: low-end; 20 –
30%), sce3 (0: <10%), sce4 (0.2: low-end; <10%), sce5 (3: low-end; 10 – 20%), sce6
(6.5: low-end; 20 – 30%), sce7 (2.5: between <10% and 10 – 20%), sce8 (6: upper-end;
20 – 30%), sce9 (9: low-end; >30%), and sce10 (10: upper-end; >30%).
Fishing Sector
More than 150,000 156 people in both Banyuwangi and Jembrana regencies are
directly and indirectly work in the slerek fishery sector. Of this, about 36,000 work
directly in the fishery (Badan Pusat Statistik Kabupaten Banyuwangi, 1999; Badan Pusat
Statistik Kabupaten Jembrana, 2003) or about 22 - 24% on average. The numbers of
household containing fishers is determined by the amount of fish landed. Consequently, I
156

See ‘Sector Employment’ to see how this number was derived.
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used annual predicted yield (Figure 4.34) to base the analyses from. Therefore, in sce1
(stakeholder, status-quo, base SOI), I set the score of this attribute to 6.5 (low-end; many,
10 – 40%). Other scenarios are: sce2 (7.2: middle range of many, 10 – 40%), sce3 (3:
low-end; some, 5 – 10%), sce4 (3.5: low-end; some, 5 – 10%), sce5 (6.7: low-end; many,
10 – 40%), sce6 (7.5: middle range of many, 10 – 40%), sce7 (6.5: low-end; many, 10 –
40%), sce8 (7: middle range of many, 10 – 40%), sce9 (8.5: between many, 10-40% to a
great many, >40%), and sce10 (9: low-end; a great many, >40%).
Environmental Knowledge
Level of environmental knowledge amongst the slerek fishers is assumed to be the
same, and the score is set at 5 (upper-end; some) for all ten scenarios. No traditional
management institution, customary tenureship, and/or communal-property right were
found in the study area (Appendix G1).
Conflict Status
Historical evidence show that conflicts in the study area are strongly correlated with
the scarcity of fish, such as what happened in September 1974 and December 2006 (see
Appendix G1). Therefore, I used both annual predicted yield (Figure 4.34) and predicted
end-state biomass (Figure 4.36) to score this attribute. In sce1 (stakeholder, status-quo,
base SOI), I set the score of this attribute to 4 (middle range of some). In other scenarios,
the score were set as follows: sce2 (2.75: between almost none and some), sce3 (8.5:
between lots and a great amount), sce4 (6.5: low-end; lots), sce5 (3.5: low-end; some),
sce6 (2.5: between none and some), sce7 (3.8: low-end; some), sce8 (3: low-end; some),
sce9 (1.5: low-end; almost none), and sce10 (0.5: low-end; almost none).
Fisher Influence
As explained in ‘Just Management’ attribute in Ethical field, slerek fishers are not
directly involved any fisheries management measures or have any direct influence on
actual fishery regulations (other than social pressure that is usually exerted through
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violent means, as expressed in a conflict case). Therefore, I set an equal score for this
attribute throughout all scenarios: 1.5 (middle range of almost none).
Fishing Income
Due to various reasons, such as lack of formal education and transferrable skills and
lack of any tangible opportunities, most fishers do not have enough options for alternative
livelihood. As such, percentage of family income is dominated by income from slerek
fishery sector. I set an equal score for this attribute throughout all ten scenarios: 9 (lowend, >80%).
Kin Participation
Generally speaking, kin participation in any selling and/or processing of the fish is
quite strong in the slerek fishery. However, during the glut or El Niño periods, more
people are coming from neighboring areas as new entrants into the fishery. This mass
influx of people coming to Muncar and Pengambengan (both are the hubs of the slerek
fishery) would decrease the percentage of kin participation in the fishery, as the total
people involved in the fishery increased. The contrary occurs, however, during the low
seasons and when La Niña comes as these incoming migrants would go back to their
respective hometowns in neighboring regencies (e.g., Jember, Malang, etc.).
Therefore, I used the annual predicted yield (Figure 4.34) as the baseline in scoring
this attribute for sce1 (stakeholder, status-quo, base SOI): 6.5 (between a few relatives
and some relatives). Scores for other scenarios were set in proportion to the distribution
of annual predicted yield: sce2 (5.5: upper-end; a few relatives), sce3 (8: upper-end; some
relatives), sce4 (7.5: low-end; some relatives), sce5 (6.5: between a few relatives and
some relatives), sce6 (5.5: low-end; a few relatives), sce7 (6.5: between a few relatives
and some relatives), sce8 (6: upper-end; a few relatives), sce9 (5: low-end; a few
relatives), and sce10 (4.5: between very few relatives and a few relatives).
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Field #5 – Technological Field:
Trip Length
Due to the short distance between the sardine fishing grounds and the home ports of
the slerek fishers, the fishing trip has always been 1 night/day. Based on direct
observations and participatory fishing with the slerek fishers, I found that the fishers
would start departing the home port at around 3:30 PM and they would moor for a few
hours in a calm water area, notably the Pang Pang Bay. By 6:30 PM, they would all leave
the bay for their respective fishing grounds and would start actively seeking for sardine
schools the entire night; setting and hauling the nets a few times, until around 4 AM. By
5 AM, they would all go back home. Therefore, the score for the trip length attribute was
equally set to 1 (1 or less average fishing-day at sea per fishing trip) for all ten scenarios.
Landing Site
The majority of slerek boats would land their catches in unofficial landing sites (see
Chapter 3) that are dispersedly located along the beaches. The dispersal of landing site is
more pronounced during low seasons and La Niña periods. This is because fishers tend to
under-report and misreport catches as leverage against financial uncertainties (see
Chapter 3). Meanwhile, when catches are high, the landing sites that stretch along the
beach would obviously be busier than usual; however, the central of activities is located
at the government fishing port as this is the only place where big trucks (Appendix C2,
Figure C2.3b) that would transport the fish to fish plants and canneries can have direct
access to the boats.
With this information as a reference, I set the score for Landing Site attribute at 2
(upper-end; dispersed) for sce1 (stakeholder, status-quo, base SOI). Using annual
predicted yield (Figure 4.34) as a baseline, other scenarios were scored as follows: sce2
(2.8: between dispersed and somewhat centralized), sce3 (0.5: low-end; dispersed), sce4
(1.5: middle range of dispersed), sce5 (2.5: between dispersed and somewhat
centralized), sce6 (3: low-end; somewhat centralized), sce7 (2: upper-end; dispersed),
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sce8 (2.5: between dispersed and somewhat centralized), sce9 (4.5: middle range of
somewhat centralized), sce10 (5: upper-end; somewhat centralized).
Pre-Sale Processing
Once caught the sardine would all be kept in the boat holds throughout the entire
night at sea until they are unloaded in the morning by fish porters (panol) and loaded into
trucks. There are no pre-sale processing implemented to the caught fish. Therefore, all
scenarios earned an equal score of 0 (low-end; none).
Onboard Handling
The only onboard handling implemented to the caught sardine is the use of ice
blocks in the boat holds. No other means of onboard handling was used. Therefore, I set
an equal score of 1.5 (middle range of none; ice = 1.5, convention in RAPFISH) for all
ten scenarios.
Selective Gear
Technically speaking, the purse seine nets used by the slerek fishers do not have any
specific design that would increase gear selectivity. In fact, the current regulation to limit
mesh size to 1” has not been followed through and fishers continue to use ¾” mesh size.
However, despite this fact, fishers attempt to avoid catching juvenile (sempenit) as
juvenile sardine tend to be gilled and got stuck in the net. If this happens, the net becomes
very heavy to pull out from the water, rendering potential boat capsize and accident at
sea. Thus, I set an equal score for all ten scenarios at 2.5 (between very little and some).
FADs
Slerek fishing does not use any FADs in catching the sardine. Scores for this
attribute were set equally to 1 (middle range of not used) for all ten scenarios.
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Vessel Size
The size of the vessel (boat) depends on the abundance of fish caught and landed.
During the fieldwork in 2004, average vessel size was 15 – 20m. Fishers tend to reduce
their boat size during the low seasons and La Niña periods, and increase their boat size
during high seasons and El Niño periods (Respondent SB35, personal communication, 19
August 2004). Therefore, in our RAPFISH scoring, this difference is reflected in base
SOI vis-à-vis increased SOI scenarios. I used the annual predicted yield (Figure 4.34) as a
reference of landing trends.
I set the vessel size attribute score for sce1 (stakeholder, status-quo, base SOI) to 7.5
(low-end; 15 – 20m). Other scenarios were scored proportionately according to the
distribution of annual predicted yield as follows: sce2 (8: upper-end; 15 – 20m), sce3
(6.5: between 10 – 15m and 15 – 20m), sce4 (7: low-end; 15 – 20m), sce5 (7.5: low-end;
15 – 20m), sce6 (8: upper-end; 15 – 20m), sce7 (7.5: low-end; 15 – 20m), sce8 (8: upperend; 15 – 20m), sce9 (8.5: between 15 – 20m and > 20m), sce10 (9.2: low-end; > 20m).
Change in Catching Power
For the Bali Strait slerek fishery, catching power is analogous to the power of
engines used on the boats. In 2004 when I interviewed slerek fishers, they admitted that
in recent years, particularly during the low seasons, they found that the sardine tend to
swim much further ashore, a behavior which they called ‘smarter’ (Respondent SB2,
personal communication, 3 August 2004; Respondent SB4, personal communication, 4
August 2004; Respondent SB23, personal communication, 10 August 2004; Respondent
SB67, personal communication, 30 September 2004). To outsmart the fish, the fishers
responded by increasing their engine power. In the slerek fishery, the engine power is
paramount to the success of fishing as the pair of boats actively seeks for the sardine
school during the entire time that they are at sea. During the high seasons and El Niño,
they found that the fish swim closer to shore, and therefore the fishers do not need to use
much engine power to scout for the sardine. Consequently, I used the annual predicted
yield (Figure 4.34) to base the scoring with.
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In our RAPFISH analysis, I set a score of 2 (upper-end; not much) for sce1
(stakeholder, status-quo, base SOI). Other scenarios were scored as follows: sce2 (2.5:
between not much and a small amount), sce3 (6.5: between somewhat and a lot), sce4 (7:
low-end; a lot), sce5 (1.5: middle range of not much), sce6 (2: upper-end; not much),
sce7 (4.5: between a small amount and somewhat), sce8 (5: low-end; somewhat), sce9 (0:
low-end; not much), and sce10 (0.2: low-end; not much).
Gear Side Effects
Slerek fishery operates purse seine nets and targets sardine. Other than catching
juvenile and sub-adult stanza of the sardine, there is no other side effect of the gear.
Therefore, score was set equally for all ten scenarios at 2.5 (between very few and some).
Field #6 – Human Dimensions of Traditional Fisheries:
Incentive to Borrow More Money
In this study, this attribute attempts to gauge the ‘rush to more fishing’ attitude
amongst fishers when there is a glut of sardine landing. During high seasons and El Nino
periods, fishers tend to borrow more money to get bigger boats. When fish are scarce, a
lot of fishers either sell their boats to pay offs loans, or reduce their boat size. Therefore, I
used the annual predicted yield (Figure 4.34) as a basis to assess the scores. In the
reference scenario, sce1 (stakeholder, status-quo, base SOI), I set the score to 2.2
(between none to rare, and low). Other scenarios were scored proportionately according
to their distribution in the annual predicted yield: sce2 (3.25: low-end; low), sce3 (0.8:
low-end; none to rare), sce4 (1.5: middle range; none to rare), sce5 (2.35: between none
to rare and low), sce6 (3.5: low-end; low), sce7 (2.3: between none to rate and low), sce8
(2.8: between none to rare and low), sce9 (8: upper-end; medium) and sce10 (9: low-end;
high).
Incidence of Credit Default
During low seasons and La Niña, sardines are scarce. Meanwhile, fishers are still
obligated to pay off their monthly credit payments. Interview accounts suggest that
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fishers would have more debt burden during low seasons (e.g., Respondent SB35,
personal communication, 19 August 2004; Respondent SB56, personal communication.
20 September 2004; Respondent SB67, personal communication, 30 September 2004).
The increasing debt load and the fishers’ inability to pay off their loans would eventually
put them into a credit default situation with their banks. Ideally, information on credit line
delinquency is desired to score this attribute. As this information was not released by
local banks in the study area, I used information of percentage of fishers that exit the
fishery as a proxy to assess this attribute.
Using interview accounts (Respondent SB56, personal communication, 20 June
2008), I set a score of 7.2 (middle range; quite common, 20 – 40%). Scores for other
scenarios were determined proportionately against sce1 based on the annual predicted
yield (Figure 4.34): sce2 (5.75: between some, 5 – 20%, and quite common, 20 – 40%),
sce3 (9: low-end; high, >40%), sce4 (8.5: between quite common, 20 – 40%, and high,
>40%), sce5 (6.8: low-end; quite common, 20 – 40%), sce6 (5.5: between some, 5 –
20%, and quite common, 20 – 40%), sce7 (7: middle range of quite common, 20 – 40%),
sce8 (6: low-end; quite common, 20 – 40%), sce9 (1: middle range of none to rare, 0 –
5%), and sce10 (0.5: low-end; none to rate, 0 – 5%).
Potential of Conflict or Violence
Historical accounts suggest that when sardine stock dwindles in the Bali Strait and
fishers compete for the few fish there is, conflicts tend to emerge. For this attribute, I
used the predicted end-state biomass (Figure 4.36) of all scenarios for the reference of the
appraisal. In sce1 (stakeholder, status-quo, base SOI) I set the score at 4 (middle range of
low). Other scenarios were scored proportionately against sce1 as follows: sce2 (2.75:
between none and low), sce3 (8.5: between medium and high), sce4 (6.5: low-end;
medium), sce5 (3.5: low-end; low), sce6 (2.5: between none and low), sce7 (3.8: middle
range of low), sce8 (3: low-end; low), sce9 (1.5: middle range of none), and sce10 (0.5:
low-end of none).
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Viability of Dependent Informal Sector
Like many developing world fisheries, the slerek fishery in the Bali Strait relies
heavily on the informal sector that makes up the social fabric of the community. Informal
sector is the economic sector that is not monitored or taxed by the government. In the
Bali Strait this includes almost all service providers for the slerek fishery, ranging from
fish porters (panol), boat scrubbers (penguras), ice plants, food and drink vendors, etc.
The viability of this sector highly depends on the capability of the fishery in providing
jobs and other income opportunities. In other words, the viability of this sector depends
on the amount of fish caught and landed. As a consequence, I used annual predicted yield
(Figure 4.34) to use as a reference for my appraisal.
Using Figure 4.34, I set a score of 5 (middle range of medium) for sce1 (stakeholder,
status-quo, base SOI). Other scenarios are scored as follows: sce2 (6.5: middle range of
medium), sce3 (1.5: low-end; low), sce4 (2: middle range of low), sce5 (5.5: middle
range of medium), sce6 (7: upper-end; medium), sce7 (5: middle range of medium), sce8
(6: middle range of medium), sce9 (8: low-end; high) and sce10 (9: middle range of
high).
Compliance with Current Harvest Strategy
Compliance (or non-compliance) is an example of an adaptation behaviour and
strategy in fulfilling one’s livelihood. Often the case, this adaptation behaviour positively
correlated with how someone deal with uncertainties and make use of the opportunities
that come along. In the case of slerek fishery, the uncertainties that fishers have to face
are the boom and bust nature of fishery and the financial uncertainties that come with
these. The poverty amongst slerek fishers, lack of law enforcement, lack of formal safety
net, and the high loan interest rates and discount rates prevalent in Indonesia also
exacerbate the situation. As a result, fishers tend to use any possible glut opportunities to
benefit financially as much as possible. The consequence of this attitude is that fishers
tend to not comply with management measures when they see too good an opportunity in
front of them, such as the glut of landing.
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In this study, I used annual predicted yield (Figure 4.34) to base my appraisal for this
attribute. For sce1 (stakeholder, status-quo, base SOI), I set a score of 7.5 (middle range
of medium). Meanwhile, other scenarios were scored as follows: sce2 (5.8: between low
and medium), sce3 (9: low-end; high), sce4 (8: upper-end; medium), sce5 (2: upper-end;
none), sce6 (1.2: middle range of none), sce7 (7: middle range of medium), sce8 (6: lowend; medium), sce9 (0.8: middle range of none), and sce10 (0.2: low-end; none).
Incentive to Under-Report or Misreport Catches
This attribute is correlated with the Illegal Fishing (IUU) attribute in Ethical field. In
the case of the Bali Strait slerek fishery, under-reporting and misreporting tend to be
pronounced during the low seasons and La Niña periods, as fishers try to maintain their
financial survival. Therefore, ceteris paribus, incentive to under-report and misreport is
more pronounced when the sardine catch is low. In appraising this attribute, I used the
annual predicted yield (Figure 4.34) to assess the scenarios.
For sce1 (stakeholder, status-quo, base SOI), I set a score of 8.5 (between medium
and high). Scores for other scenarios were determined using the distribution of annual
predicted yield in each scenario: sce2 (7.8: middle range of medium), sce3 (9.7: upperend; high), sce4 (9.1: low-end; high), sce5 (8.2: between medium and high), sce6 (7.5:
middle range of medium), sce7 (8.5: between medium and high), sce8 (8: upper-end;
medium), sce9 (5: upper-end; low), and sce10 (4.5: upper-end; low).
Dependence of Clients to Their Patrons
Patronage institution is very strong in the Bali Strait fishing community. It is part of
social safety net and paramount to the survival of the community. The patronage
institution becomes the foundation in the financial arrangement between fishers and their
financiers. During the high seasons and El Niño periods, fishers tend to borrow more
money to finance their boats to go fishing (Respondent SB56, personal communication,
20 September 2004). As a consequence, dependence of clients to their patrons also
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increases. In this RAPFISH analysis, I used the annual predicted yield as the basis in
appraising this attribute.
For sce1 (stakeholder, status-quo, base SOI), I set the score to 3.8 (between
decreasing to relatively stable). Scores for other scenarios are set as follows: sce2 (5.5:
middle range of relatively stable), sce3 (1.5: middle range of decreasing), sce4 (2: middle
range of decreasing), sce5 (4: low-end; relatively stable), sce6 (6: upper-end; relatively
stable), sce7 (3.8: between decreasing and relatively stable), sce8 (5: middle range of
relatively stable), sce9 (8.5: low-end; increasing), and sce10 (9: middle range of
increasing).
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G4.

Disaggregated Analyses on Each Attribute Scores in Different Scenarios for the Bali Strait Slerek Fishery in the Six
RAPFISH Evaluation Fields

Recruitment variability

Change in trophic level

Migratory range

Range collapse

Size of fish caught

Catch before maturity

Discards

Species caught

By-catch

Stakeholder "status-quo" - base SOI

sce 1

7.5

4.8

1

2

4

3

5.5

0.5

0.5

0.5

Stakeholder "status-quo" - increasing SOI

sce 2

6.8

6.3

0.5

2

3.5

2.75

5.5

2.25

0.5

0.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

8.5

8.35

3

2

5.5

4.5

5.5

0.5

0.5

0.5

Over-optimistic "inexorably increasing" - increased SOI

sce 4

8

8.4

1.5

2

4.5

4

5.5

2.25

0.5

0.5

Government "small reduction" - base SOI

sce 5

7.25

6.2

1

2

3.75

2.75

5.5

0.5

0.5

0.5

Government "small reduction" - increased SOI

sce 6

6.5

6.5

0.5

2

3

2

5.5

2.25

0.5

0.5

Adaptive "adapting with the climate" - base SOI

sce 7

7.5

8

1

2

4

3

5.5

0.5

0.5

0.5

Adaptive "adapting with the climate" - increased SOI

sce 8

7

8.05

0.5

2

3.25

2.5

5.5

2.25

0.5

0.5

Conservation "50% reduction" - base SOI

sce 9

5

6

0.25

2

1

1

5.5

0.5

0.5

0.5

Conservation "50% reduction" - increased SOI

sce 10

4.5

6.5

0.1

2

0.5

0.5

5.5

2.25

0.5

0.5

Average (μ) =

6.9

6.9

0.9

2

3.3

2.6

5.5

1.4

0.5

0.5

Standard deviation (σ) =

1.25

1.21

0.84

0

1.52

1.21

0

0.92

0

0

2σ =

2.51

2.43

1.68

0

3.03

2.43

0

1.84

0

0
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ECOLOGICAL

Exploitation status

Scenarios code in graphs

Field #1 - Ecological Field:

372

μ + 2σ =

9.36

9.34

2.61

2

6.33

5.03

5.5

3.22

0.5

0.5

μ - 2σ =

4.35

4.48

-0.74

2

0.27

0.17

5.5

-0.47

0.5

0.5

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
Outlier
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Within "μ + 2σ" Limit (Ecological):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Ecological):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI
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Average wage

Limited entry

Marketable right

Other income

Sector employment

Ownership/transfer

Market

Subsidy

Stakeholder "status-quo" - base SOI

sce 1

2.5

3.8

4.8

0

6.8

4.5

1

4.8

2.5

Stakeholder "status-quo" - increasing SOI

sce 2

3.8

5

3.2

0

8

6.2

2.8

6.2

2.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

0.5

1.5

7

0

3

1.5

0

0.5

2.5

Over-optimistic "inexorably increasing" - increased SOI

sce 4

1.5

2

6.8

0

5

2

0

1

2.5

Government "small reduction" - base SOI

sce 5

2.8

4

4.5

0

7

5

1.5

5

2.5

Government "small reduction" - increased SOI

sce 6

4

5.5

3

0

8.5

6.5

3

6.5

2.5

Adaptive "adapting with the climate" - base SOI

sce 7

2.5

3.8

4.8

0

6.8

4.5

1

4.8

2.5

Adaptive "adapting with the climate" - increased SOI

sce 8

3.5

4.5

3.5

0

7.8

5.8

2.5

5.8

2.5

Conservation "50% reduction" - base SOI

sce 9

5.5

8.5

0.5

0

10

9.5

4

8.5

2.5

Conservation "50% reduction" - increased SOI

sce 10

6

9

0

0

10

10

5

9

2.5

Average (μ) =

3.3

4.8

3.8

0

7.3

5.6

2.1

5.2

2.5

Standard deviation (σ) =

1.68

2.43

2.31

0

2.14

2.75

1.67

2.76

0

2σ =

3.37

4.87

4.63

0

4.28

5.51

3.34

5.52

0
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ECONOMIC

Fisheries in GDP

Scenarios code in graphs

Field #2 – Economic Field:

374

μ + 2σ =

6.63

9.63

8.44

0

11.57

11.06

5.42

10.73

2.5

μ - 2σ =

-0.11

-0.11

-0.82

0

3.01

0.04

-1.26

-0.31

2.5

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
Outlier

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Within "μ + 2σ" Limit (Economic):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Economic):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

OK
OK
OK
OK
OK
OK
OK
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Equity in entry to fishery

Just management

Illegal fishing (IUU)

Discards & wastes

sce 1

9.5

1

1

1

4

3.5

8.5

1

Stakeholder "status-quo" - increasing SOI

sce 2

9.5

1

1

1

4

3.5

7.8

4.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

9.5

1

1

1

4

3.5

9.7

1

Over-optimistic "inexorably increasing" - increased SOI

sce 4

9.5

1

1

1

4

3.5

9.1

4.5

Government "small reduction" - base SOI

sce 5

9.5

1

1

1

4

3.5

8.2

1

Government "small reduction" - increased SOI

sce 6

9.5

1

1

1

4

3.5

7.5

4.5

Adaptive "adapting with the climate" - base SOI

sce 7

9.5

1

1

1

4

3.5

8.5

1

Adaptive "adapting with the climate" - increased SOI

sce 8

9.5

1

1

1

4

3.5

8

4.5

Conservation "50% reduction" - base SOI

sce 9

9.5

1

1

1

4

3.5

5

1

Conservation "50% reduction" - increased SOI

sce 10

9.5

1

1

1

4

3.5

4.5

4.5

9.5

1

1

1

4

3.5

7.7

2.8

Standard deviation (σ) =

0

0

0

0

0

0

1.67

1.84

2σ =

0

0

0

0

0

0

3.34

3.69

V

Average (μ) =

Mitigation of Habitat
Destruction
Mitigation of Ecosystem
Depletion

Alternatives

Stakeholder "status-quo" - base SOI
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ETHICAL

Adjacency & Reliance

Scenarios code in graphs

Field #3 – Ethical Field:

376

μ + 2σ =

9.5

1

1

1

4

3.5

11.02

6.44

μ - 2σ =

9.5

1

1

1

4

3.5

4.34

-0.94

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Within "μ + 2σ" Limit (Ethical):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Ethical):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

377

New entrants into the fishery

Fishing sector

Environmental knowledge

Conflict status

Fisher influence

Fishing income

Kin participation

sce 1

10

2.5

6.5

5

4

1.5

9

6.5

Stakeholder "status-quo" - increasing SOI

sce 2

10

6.3

7.2

5

2.75

1.5

9

5.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

10

0

3

5

8.5

1.5

9

8

Over-optimistic "inexorably increasing" - increased SOI

sce 4

10

0.2

3.5

5

6.5

1.5

9

7.5

Government "small reduction" - base SOI

sce 5

10

3

6.7

5

3.5

1.5

9

6.5

Government "small reduction" - increased SOI

sce 6

10

6.5

7.5

5

2.5

1.5

9

5.5

Adaptive "adapting with the climate" - base SOI

sce 7

10

2.5

6.5

5

3.8

1.5

9

6.5

Adaptive "adapting with the climate" - increased SOI

sce 8

10

6

7

5

3

1.5

9

6

Conservation "50% reduction" - base SOI

sce 9

10

9

8.5

5

1.5

1.5

9

5

Conservation "50% reduction" - increased SOI

sce 10

10

10

9

5

0.5

1.5

9

4.5

Average (μ) =

10

4.6

6.5

5

3.7

1.5

9

6.2

Standard deviation (σ) =

0

3.48

1.92

0

2.33

0

0

1.08

2σ =

0

6.96

3.84

0

4.66

0

0

2.16
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SOCIAL

Stakeholder "status-quo" - base SOI

Scenarios code in graphs

Socialization of fishing

Field #4 – Social Field:

378

μ + 2σ =

10

11.56

10.38

5

8.32

1.5

9

8.31

μ - 2σ =

10

-2.36

2.7

5

-1.01

1.5

9

3.99

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK

Outlier
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Within "μ + 2σ" Limit (Social):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Social):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI
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Landing sites

Pre-sale processing

On-board handling

Selective gear

FADS

Vessel size

Change in catching power

Gear side effects

Stakeholder "status-quo" - base SOI

sce 1

1

2

0

1.5

2.5

1

7.5

2

2.5

Stakeholder "status-quo" - increasing SOI

sce 2

1

2.8

0

1.5

2.5

1

8

2.5

2.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

1

0.5

0

1.5

2.5

1

6.5

6.5

2.5

Over-optimistic "inexorably increasing" - increased SOI

sce 4

1

1.5

0

1.5

2.5

1

7

7

2.5

Government "small reduction" - base SOI

sce 5

1

2.5

0

1.5

2.5

1

7.5

1.5

2.5

Government "small reduction" - increased SOI

sce 6

1

3

0

1.5

2.5

1

8

2

2.5

Adaptive "adapting with the climate" - base SOI

sce 7

1

2

0

1.5

2.5

1

7.5

4.5

2.5

Adaptive "adapting with the climate" - increased SOI

sce 8

1

2.5

0

1.5

2.5

1

8

5

2.5

Conservation "50% reduction" - base SOI

sce 9

1

4.5

0

1.5

2.5

1

8.5

0

2.5

Conservation "50% reduction" - increased SOI

sce 10

1

5

0

1.5

2.5

1

9.2

0.2

2.5

Average (μ) =

1

2.6

0

1.5

2.5

1

7.8

3.1

2.5

Standard deviation (σ) =

0

1.33

0

0

0

0

0.76

2.49

0

2σ =

0

2.66

0

0

0

0

1.51

4.98

0
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TECHNOLOGICAL

Trip length

Scenarios code in graphs

Field #5 – Technological Field:

380

μ + 2σ =

1

5.29

0

1.5

2.5

1

9.28

8.1

2.5

μ - 2σ =

1

0

0

1.5

2.5

1

6.26

-1.86

2.5

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Within "μ + 2σ" Limit (Technological):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Technological):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI
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Incidence of credit default

Potential of conflict or
violence ("open access")

Viability of dependent
informal sector

Compliance with current
harvest strategy

Incentive to under-report or
unreport catches

Dependence of clients to their
patrons

sce 1

2.2

7.2

4

5

7.5

8.5

3.8

Stakeholder "status-quo" - increasing SOI

sce 2

3.25

5.75

2.75

6.5

5.8

7.8

5.5

Over-optimistic "inexorably increasing" - base SOI

sce 3

0.8

9

8.5

1.5

9

9.7

1.5

Over-optimistic "inexorably increasing" - increased SOI

sce 4

1.5

8.5

6.5

2

8

9.1

2

Government "small reduction" - base SOI

sce 5

2.35

6.8

3.5

5.5

2

8.2

4

Government "small reduction" - increased SOI

sce 6

3.5

5.5

2.5

7

1.2

7.5

6

Adaptive "adapting with the climate" - base SOI

sce 7

2.3

7

3.8

5

7

8.5

3.8

Adaptive "adapting with the climate" - increased SOI

sce 8

2.8

6

3

6

6

8

5

Conservation "50% reduction" - base SOI

sce 9

8

1

1.5

8

0.8

5

8.5

Conservation "50% reduction" - increased SOI

sce 10

9

0.5

0.5

9

0.2

4.5

9

Average (μ) =

3.6

5.7

3.7

5.6

4.8

7.7

4.9

Standard deviation (σ) =

2.72

2.85

2.33

2.37

3.34

1.67

2.46

2σ =

5.45

5.7

4.66

4.75

6.68

3.34

4.92

Attributes >
Bali Strait: Harvest Strategies
V

HUMAN DIMENSIONS
OF TRAD. FISHERIES

Stakeholder "status-quo" - base SOI

Scenarios code in graphs

Incentive to borrow more
money

Field #6 – Human Dimensions of Traditional Fisheries Field:
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μ + 2σ =

9.02

11.43

8.32

10.3

11.43

11.02

9.83

μ - 2σ =

-1.88

0.02

-1.01

0.8

-1.93

4.34

-0.01

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9
sce 10

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
Outlier
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI

sce 1
sce 2
sce 3
sce 4
sce 5
sce 6
sce 7
sce 8
sce 9

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

OK
OK
OK
OK
OK
OK
OK
OK
OK

Conservation "50% reduction" - increased SOI

sce 10

OK

OK

OK

OK

OK

OK

OK

Within "μ + 2σ" Limit (Human Dimensions):
Stakeholder "status-quo" - base SOI
Stakeholder "status-quo" - increasing SOI
Over-optimistic "inexorably increasing" - base SOI
Over-optimistic "inexorably increasing" - increased SOI
Government "small reduction" - base SOI
Government "small reduction" - increased SOI
Adaptive "adapting with the climate" - base SOI
Adaptive "adapting with the climate" - increased SOI
Conservation "50% reduction" - base SOI
Conservation "50% reduction" - increased SOI

Within "μ - 2σ" Limit (Human Dimensions):
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