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Who Brings in the Fish? The Relative
Contribution of Small-Scale and
Industrial Fisheries to Food Security
in Southeast Asia

Lydia C. L. Teh* and Daniel Pauly

Sea Around Us, Institute for the Oceans and Fisheries, The University of British Columbia, Vancouver, BC, Canada

Amidst overexploited fisheries and further climate related declines projected in tropical
fisheries, marine dependent small-scale fishers in Southeast Asia face an uncertain future.
Yet, small-scale fishers are seldom explicitly considered in regional fisheries management
and their contribution to national fish supply tends to be greatly under-estimated
compared to industrial fisheries. Lack of knowledge about the small-scale sector
jeopardizes informed decision-making for sustainable ecosystem based fisheries
planning and social development. We fill this knowledge gap by applying reconstructed
marine fish catch statistics from Cambodia, Malaysia, Thailand, and Vietnam—countries
of the Gulf of Thailand—from 1950 to 2013 to assess the relative contribution of
small-scale and industrial fisheries to national food security. Reconstructed catches
quantify reported and unreported fish catch from industrial, small-scale, and recreational
fishing. We then conduct a comparative analysis of the degree to which the industrial
and small-scale sectors support food security, by converting total catch to the portion
that is kept for human consumption and that which is diverted to fishmeal for animal
feed or other purposes. Total reconstructed marine fish catch from the four Southeast
Asian countries totalled 282 million t from 1950 to 2013, with small-scale sector catches
being underestimated by an average of around two times. When the amount of fish
that is diverted to fishmeal is omitted, small-scale fishers contribute more food fish for
humans than do industrial fisheries for much of the period until 2000. These results
encourage regional fisheries management to be cognisant of small-scale fisheries as
a pillar of socio-economic well-being for coastal communities.

Keywords: fishmeal, small-scale fisheries, food fish, food security, Southeast Asia

INTRODUCTION

Small-scale inshore fisheries are the backbone of socio-economic well-being in coastal communities
throughout the world (Béné, 2006; Harvey, 2006; Teh and Sumaila, 2013), particularly in the tropics
where the majority of countries with heavily fish dependent populations are situated (Golden et al.,
2016). In these locations, fish is crucial for food security and health, providing not only daily protein
requirements, but also a range of essential micronutrients that fend off diseases of malnutrition.
The importance of fish to society is more so given that it is relied upon by some of society’s most
vulnerable groups, including the poor and stateless migrants, who might otherwise have no other
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means of livelihood (Béné et al., 2007, 2010). Fisheries in the
tropics are predicted to fall by as much as 30% by 2050 as
a result of global ocean warming and changes in net primary
production (Cheung et al., 2016). Despite this abject negative
outlook, national governments are not well-prepared to deal with
its potential socio-ecological outfalls, not least due to glaring gaps
in knowledge about the magnitude and nature of small-scale
fisheries (Pauly, 1997, 2006; van Zwieten et al., 2002). There is
thus a very real and urgent need to assess the role of small-scale
fisheries, and to translate this knowledge to timely and relevant
policies on sustainable fisheries and marine management for food
security (Teh et al., 2007; Barnes-Mauthe et al., 2013).

The definition and terminology for small-scale fishers varies
from country to country (Table1). In Malaysia, small-scale
fisheries are most consistent with traditional fisheries which
include those fishers who use traditional gears such as hook-
and-line, bagnets, traps, lift nets, seine nets, barrier nets, and
scoop nets. In Vietnam, fisheries are commonly classified as near-
shore and offshore rather than as small and large scale (Pomeroy
et al., 2009), while in Cambodia the term coastal fisheries is
used, and involves family-scale fishing units operating from the
coast to a depth of 20m (FAO, 2011b). Thailand’s Department
of Fisheries” definition is based on boat gross tonnage, whereby
small-scale is defined as inboard powered boats of less than
10 GT, and that generally operate inshore. For the purpose of
this study, we define small-scale fisheries as those that exhibit
some or all of the following characteristics: (i) primarily geared
toward household consumption, sale at the local level, or export
in the case of high value species; (ii) usually at low level (primary
and secondary) of economic activity; (iii) for fulfilling cultural
or ceremonial purposes; (iv) non-mechanized, or involve low
technology and low capital investment; (v) undertaken by the
fisher and/or family members only; (vi) conducted within inshore
areas; and (vii) minimally managed (Teh and Sumaila, 2013). We
consider industrial fisheries to be large-scale, commercial fishing
operations that involve substantial capital investment and take
place in coastal or offshore fishing grounds, in which fishing is
typically carried out by a crew and lasts from days to months at a
time.

Small-scale fisheries in Southeast Asia (SEA) tend to be
overshadowed by the large-scale commercial (industrial) sector,
which, due to a larger fishing capacity, has historically been
favored by governments as the more efficient method of
marine resource exploitation. Starting with the introduction
of trawling in the mid-20th century, first in Thailand then
Malaysia, governments rapidly expanded the fishing power of
their industrial fleets in the “race for fish” toward national social
and economic development objectives (Morgan and Staples,
2006). These fisheries generated national income, supplied food
to feed the country, and provided local jobs that were ironically
supposed to benefit poor fishing households, i.e., small-scale
fishers. Yet, the concerns of small-scale fishers were considered
secondary or even completely overlooked at the national level
(van Zwieten et al, 2002; Pauly, 2006). Tellingly, small-scale
fishers and their catch are largely unaccounted for in the fisheries
statistics of many countries, including Vietnam and Cambodia
(van Zwieten et al, 2002; Pomeroy et al., 2009; Teh et al,

2016Db,c¢), or greatly under-represented in others such as Thailand
and Malaysia (Teh and Teh, 2016; Teh et al., 2016a) (Table 1).

The biased investment in industrial fisheries has resulted in
overfishing throughout Southeast Asia—in the Gulf of Thailand,
demersal fish stocks in the 1990s had fallen to just one tenth
of their levels in the mid-1960s when trawling began (FAO,
1997). The depletion of inshore fish stocks has often come at
the socio-economic expense of small-scale fishers (Panayotou,
1980; Salayo et al., 2006), many of whom have limited control
over marine resource access issues (but see Kurien, 2004). Up
to now, the disparity between industrial and small-scale sector
catches has not been easily quantified due to inconsistent or
lack of accounting of small-scale catches. Small-scale fisheries are
notoriously hard to quantify. Often, they take place in rural areas
that may be remote and difficult to monitor, but even in urban
areas small-scale fisheries can be poorly monitored due to low
prioritization and budgetary constraints (Pauly, 1997; Béné et al.,
2010). Ignorance also plays a role, as activities such as gleaning by
women and children have until recently not been recognized for
their important role in securing household food and nutritional
requirements (Harper et al., 2013).

The objective of this paper is to assess the relative contribution
of the industrial and small-scale fishing sectors to national
food security. We do this by analyzing previously reconstructed
marine fisheries catch data from four countries that border
the Gulf of Thailand—Vietnam, Cambodia, Thailand, and
Malaysia—for the period 1950 to 2013, and estimating the
proportion of fish catch from each sector that is available directly
for humans’ consumption.

METHODS

The historical reconstruction of fisheries catch statistics for
Cambodia (Teh et al, 2014a), Malaysia (Teh and Teh, 2014),
Thailand (Teh et al., 2015), and Vietnam (Teh et al., 2014b)
estimated total fish catch from each country’s EEZ in the
period 1950 to 2010 that were caught by their domestic fishing
fleet, by adding unreported catch to officially reported fish
landings. Reported fish landings were typically extracted from
the FAO’s fisheries statistics database while unreported catches
from small-scale (artisanal and subsistence), industrial, and
recreational fishing were estimated by synthesizing data from
a variety of literature. As each of the four countries’ detailed
catch reconstruction methods are explained elsewhere (Teh and
Teh, 2014; Teh et al., 2014a,b, 2015), we have not reproduced
them in this paper. Rather, we briefly describe how unreported
fish catches were estimated in each country’s fishing sectors
(Table 2).

Industrial Sector

Unreported industrial catch was estimated by raising reported
landings by a multiplier which reflects the level of illegal,
unregulated, or unmonitored fishing. In Thailand, 20% was
added to catches of demersal fisheries to account for unreported
industrial catch (Teh et al., 2015), while in Vietnam, total landings
were raised by an unreported catch ratio of 1.9 (Teh et al,
2014b). In Cambodia, “A significant amount of the marine catch
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TABLE 1 | Description of fisheries that are considered industrial and small-scale in each of the four studied countries, and their coverage in national fisheries statistics.

Sectors covered in national statistics

Family-scale fishing units, fishing up to depth of 20m
Fishing with traditional gears (hook-and-line, bag net,

Boats < 5 GT that operate near shore, with inboard or

Boats > 30 m that pay tax
Licensed industrial and traditional gears

Landed industrial and small-scale catches

outboard engines, or are non-powered

Industrial Small-scale
Cambodia Boats > 30m
Malaysia Deep-sea fishing vessels > 70 GRT that operate
beyond 30 nautical miles from shore, and fishing trammel net, lift net, and traps)
with commercial gears (trawl, purse seine, driftnet,
and gill net)
Thailand Inboard powered boats > 5 GRT
Vietnam “Offshore” boats with engines > 90 hp Near shore fisheries

Not specified

TABLE 2 | Methods for estimating unreported industrial and small-scale catch for each country.

Cambodia Malaysia Thailand Vietham
Industrial Unreported catch multiplier Fishing effort Unreported catch multiplier Unreported catch multiplier
Small-scale Fish consumption & fishing effort Fishing effort Fishing effort Unreported catch multiplier

is transferred to foreign vessels at sea and is not landed in
Cambodia” FAO (2017), with suggestions that up to 80% of
marine fish catch is sold at sea and not reported (Chansothea
et al., 2007; FAO, 2011a). Reported landings were thus raised
by a factor of 4 during years when fisheries management was
minimal (1960-1990), after which the percentage of catch sold at
sea was linearly decreased to 25% in 2000 and then held constant
to the end of the catch reconstruction period (Teh et al., 2014a).
Unreported industrial fish catch in Malaysia was based on the
fishing effort of unlicensed trawlers. The catch by unlicensed
(unreported) trawlers was derived by applying an unlicensed
to licensed ratio to the number of licensed trawlers. There
were an estimated 452 unlicensed, as opposed to 138 licensed
trawlers operating in Peninsular Malaysia in 1966 (Anon, 1968).
This generates an unlicensed to licensed ratio of 3.28, which
was used as the starting anchor point in 1964, the year that
industrial sector catches were first accounted for in the catch
reconstruction. Thereafter, anchor points were 5.06 and 1.46 in
1967 and 1998 respectively. Intervening years between anchor
points were linearly interpolated, and the 1998 anchor point was
carried forward to 2010 due to reports of ongoing unlicensed
fishing by trawlers along the East Coast in the mid-2000s (Anon,
2008).

Small-Scale Sector

Two methods were used generally, one based on fish
consumption and the other on fishing effort. The fish
consumption method estimated catch by assuming that
small-scale fishing was supplying at least enough fish to feed the
coastal population. Thus, fish catch was estimated by multiplying
coastal population by a fish consumption rate. This approach was
typically used in the earlier reconstruction periods when local
fisheries were less commercialized. For example, in Malaysia
the fish consumption method was used from 1950 to 1965.
Thereafter, fishers were assumed to have become more market
oriented and increased production levels, and the small-scale
catch estimation was accordingly adjusted to the fishing effort
method. Similarly, small-scale fishing in Cambodia was assumed

to be mostly subsistence based from 1950-1980, during which the
fish consumption method was used. The fishing effort method
estimated total catch by multiplying the number of fishers or
boats with a catch rate to derive a time series of catch. Appendix
1 in Supplementary Materials provides more information on the
methods used to estimate unreported small-scale sector catch.

Discards

Fish discarded at sea are treated as part of industrial catch,
and were generally estimated by applying a discard rate to total
industrial (reported and unreported) catch. Fish discards tend to
be low value fish which have no commercial value or are too small
to be eaten. Fish discarding in Southeast Asia is generally low
because of existing markets for fertilizer and fishmeal, which use
low value fish as inputs. Discard rates were primarily extracted
from a study on fish discarding practices in marine fisheries
around the world (Kelleher, 2005). In Cambodia, a discard rate
of 1% (Kelleher, 2005) of industrial catch was used starting in the
mid-1990s. In Thailand, the discard rate was linearly decreased
from 22% (Kungsawan, 1996) of total catch in the 1960s when
industrial trawling began to 1% (Kelleher, 2005) by 2000. In
Vietnam, only large trawlers that operate offshore for several
days discard low value fish (Long, 2003), which made up about
50-60% of their total catch (Long, 2003). We treated these as
the amount of fish discarded at sea. In Peninsular Malaysia, fish
discards was estimated based on the proportion of low value fish
in landed catch, which averaged 30% from 1976 to 2010.

Recreational Catch

Recreational catch — recreational catch, which is defined as fish
caught for leisure, was estimated for Thailand and Malaysia. This
method will not be described here as it is not considered in this

paper.

Reconstructed Fish Catch Statistics
Extension to 2013

We updated reconstructed marine fish catch statistics from their
ending year of 2010 to 2013. To calculate total reconstructed
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catch in 2011 and subsequent years, we adjusted the preceding
year’s catch by the percentage change in annual reported landings
as reported by FAO in FishStat]'.

In this study we use previously reconstructed catch data from
1950 to 2010, and extended catch data from 2010 to 2013, to
estimate the quantity of industrial and small-scale fish catch that
is used directly for human consumption.

Fishmeal Production

We used the quantity of catch that is channeled to fishmeal
production as the proxy for the amount of fish used for non-
human consumption. Trawl nets are the dominant gears that
catch low value fish (LVF) that are processed into fishmeal
(Pomeroy et al., 2007). Thus, we only used the quantity of
catch from industrial trawlers in deriving the amount of fish for
fishmeal. This was calculated as follows:

Cﬁshmeal = Cina" % trawl™% LVFy,1" % LVFﬁshmeal

Where  Cgipmear is the amount of fish for non-human
consumption, C;,4 is industrial sector catch, % trawl is the
% of catch caught by trawl nets, % LVF,,,,,; is the % of trawl catch
that is LVE and % LVFjgpeq is the % of LVF used for fishmeal.
The exception was Cambodia, for which, due to lack of data
on % trawl and % LVF;,,,1, we estimated Cpgeqr based on the
reported percentage of trash fish in total marine catch.

The percentage of catch caught by trawl nets was estimated
from national fisheries statistics that provided landings by
gear type (Malaysia, Thailand), or from published literature
(Vietnam). Data on the species composition of trawl catches
were also obtained from national statistics and literature, and
were used to derive the proportion of low value fish in trawl
catches. The proportion of low value fish that is channeled toward
fishmeal ranged from a high of 100% in Cambodia to 50% in
Vietnam, where there are competing uses of low value fish for
fishmeal and fish sauce production (Edwards et al., 2004). Anchor
points of the parameters used to calculate fishmeal production are
detailed in Appendix 2.

Data Uncertainty

The uncertainty associated with each catch reconstructions is
addressed using a “pedigree” procedure (Pauly and Zeller, 2016).
In this approach, the authors of each catch reconstruction
evaluate the quality of the time series data in each fisheries sector
over three time periods (1950-1969), 1970-1989, and 1990-
2010) by assigning a score from a scale of 1 (very low) to 4 (very
high). Each score has a percentage uncertainty range associated
with it, as shown on Table 3. This same procedure was used
by the Intergovernmental Panel on Climate Change to quantify
uncertainty in its assessments (Mastrandrea et al., 2010). We then
calculate the average of the uncertainty percentages across all
sectors, time periods, and countries to generate the upper and
lower bounds for uncertainty.

'Food and Agriculture Organization of the United Nations, Fisheries and
Aquaculture Department. Software available at URL: http://www.fao.org/fishery/
statistics/software/fishstatj/en.

TABLE 3 | “Score” for evaluating the quality of time series of reconstructed
catches, with their confidence intervals (IPCC criteria from Figure 1 of Mastrandrea
etal., 2010)t.

Score —% +%  Corresponding IPCC criteria*

4 Very high 10 20 High agreement & robust evidence

3  High 20 30 High agreement & medium evidence or
medium agreement & robust evidence
2  Low 30 50 High agreement & limited evidence or medium

agreement & medium evidence or medium
agreement & robust evidence

1 Very low 50 90 Less than high agreement & less than robust

evidence

T This table is from Zeller et al. (2015).

*Mastrandrea et al. (2010) note that “confidence increase” (and hence confidence intervals
are reduced) “when there are multiple, consistent independent lines of high-quality
evidence.”

RESULTS

Reconstructed marine fish catches from the industrial and small-
scale (artisanal and subsistence) sectors, as well as recreational
fishing, in Cambodia, Malaysia, Thailand, and Vietnam totalled
about 282 million t from 1950 to 2013, averaging 972,000 t in the
1950s and increasing to 7.3 million t in the last decade (Figure 1,
Appendix 3 in Supplementary Materials). Total reconstructed
catch was about 1.7 times higher than the catch amount reported
to the FAO on behalf of the four countries for the same time
period, which we show with the average percentage uncertainty
associated with the reconstructed catch (Figure 2). The highest
contribution to total catch was made by Thailand with 37%, while
at 2% Cambodia contributed the least (Figure 3). Highest under-
reporting occurred in the 1950s when reconstructed catches were
2.3 times that of reported catch, then decreased to a level of
1.8 in the last decade. Small-scale catches were similarly under-
reported by about two times across the catch reconstruction
period (Figure 4). The proportion of small-scale sector catch fell
from comprising almost all of total reconstructed catch in the
1950s to about 35% in 2013, with the largest drop observed in
the 1960-1970 decade (Figure 5). Overall, industrial sector catch
comprised 70% of total catches in Cambodia; 76% in Malaysia;
53% in Thailand; and 32% in Vietnam.

Small-scale fisheries, from being the main source of fish in
the 1950s, were overtaken in the mid-1970s by industrial sector
catches (with the exception of Vietnam, where the industrial
sector did not take off until the late 1980s). Although much
higher than small-scale catches, the contribution of industrial
catch to local food security is not as great as initially appears
to be when assessed by the proportion of industrial catch that
is channeled toward human and non-human consumption, the
latter as measured by catch amount used for fishmeal production.
Across all four countries, the proportion of industrial catch used
for fishmeal averaged 30%. When fishmeal is omitted, catch from
the small-scale sector exceeds the portion of industrial catch that
is consumed by people from 1950 until around 2000 (Figure 6).

Depending on the fisheries sector and time period, the original
reconstructed catch data were estimated with uncertainty ranges
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FIGURE 1 | Total reconstructed catch of Cambodia, Malaysia, Thailand, and
Malaysia showing the contribution of different sectors. The solid line indicates
reported catch. Recreational catches are too small to appear on this graph.
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FIGURE 2 | The mean weighted uncertainty (dashed lines) of total
reconstructed catch. Uncertainty is based on data quality scores assigned to
each country.

of between 20-50%, associated with high to low confidence in
data quality.

DISCUSSION

Throughout Southeast Asia small-scale fishing is vital for the
well-being of coastal communities, where it provides food,
informal employment, and income for some of the poorest
and most marginalized segments of society (Béné, 2006;
Pomeroy, 2012). Despite this, the contribution of small-scale
fisheries is inherently overlooked by national governments. The
reconstructed marine fisheries catch of Cambodia, Malaysia,
Thailand, and Vietnam show clearly the significant contribution
of this sector. For the first time, we quantified the amount of fish
caught by small-scale fishers and find that they were the main
providers of fish nationally until the rise of industrial fishing.
Even when overtaken in terms of catch amount by the industrial

Vietnam

Catch (t x109)
-
1

Thailand

0

1950 1960 1970 1980 1990 2000 2010

FIGURE 3 | Total reconstructed catches from four Southeast Asian countries.
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FIGURE 4 | Unreported and reported small-scale sector catches from four
Southeast Asian countries.
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FIGURE 5 | Percentage change in small-scale and industrial sector catch
contribution from 1950 to 2013.

sector, small-scale fisheries remain important at the community
level where they act as social safety nets (Béné et al., 2007, 2010).
Coastal dwellers in Southeast Asia, whose fish consumption rates
are high (Needham and Funge-Smith, 2014), and especially those
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FIGURE 6 | The proportion of industrial sector catch (aggregated across all
four countries) that is used for human and non-human consumption (fishmeal).
The solid line shows small-scale sector catch.

in rural or remote locations, rely on the catch brought in by small-
scale fishers for meeting daily protein and micronutrient needs
(Needham and Funge-Smith, 2014).

In each of the four countries, accelerated industrial sector
catch coincided with national fisheries expansion plans after
World War II which looked to fishing as a way to achieve food
security and economic development. In Thailand the otter trawl
was introduced as part of the government’s National Economic
and Social Development Plan in 1961 (Butcher, 2004). This
paved the way for subsequent depletion of Thailand’s inshore
marine resources, and intensification of the “race for fish” in
the Gulf of Thailand (Butcher, 2004). Fisheries expansion in
Vietnam during the late 1950s to mid-1960s was supported by
investments from the U.S. government (Butcher, 2004), while
economic liberalization policies introduced in 1986 spurred rapid
growth of the country’s industrial fisheries (Pomeroy et al., 2009).
In Malaysia, government investment in commercial fisheries
through a series of National Economic Plans led to rapid growth
in the number of trawlers and surge in industrial fish landings in
the mid-1960s to 1970s (Butcher, 2004).

The rise of industrial fishing has come at the expense of small-
scale fisheries, as small-scale catches from the four countries have
declined from comprising 80% of total reconstructed catch in the
mid-1960s to 35% in 2013. Reports of decreased catches in small-
scale fisheries are common throughout Southeast Asia (Butcher,
2004; Morgan and Staples, 2006; Teh et al., 2007), a trend that
is supported by this study. The overall decline in small-scale
catches shown in this study concurs with fishers’ perceptions
of reduced catches regionally. In Thailand, small-scale fishers
apparently were able to catch up to eight times as much fish in the
1980s compared to 2000s (Lunn and Dearden, 2006). In Vietnam,
small-scale fishers perceived that fish catch had decreased by
slightly over 40% over the span of the 2000s (Sinh and Long,
2011). Similarly, small-scale fishers in Cambodia experienced a
marked reduction in catches in the 2000s (Doma, 2011). Not
surprisingly, the unequal distribution of marine resources has
been the root cause of on-going conflict between small-scale

fishers and large commercial fishing operators across Southeast
Asia (Salayo et al, 2006). When trawling started to expand
in the 1960s, trawlers and traditional fishers got into violent
confrontations over valuable shrimp stocks in in the Straits of
Malacca (Butcher, 2004). Then, as now, indiscriminate trawling
not only damaged small-scale gears but also crowded small-scale
fishers out of their traditional fishing grounds (Pomeroy et al,,
2007).

The higher catches obtained by industrial vessels do not
translate to increased fish supply for human consumption.
The conversion of low value fish to livestock feed and the
negative implications of this practice for societal food security
and fisheries sustainability is widely acknowledged (Pauly, 1996;
Funge-Smith et al., 2005). However, it has been difficult to make
policies to manage this issue due to insufficient monitoring and
data on the catch of low value fish. Our results indicate that
across all four countries, the amount of catch diverted to fishmeal
accounts for 14% of total reconstructed fish catch (excluding
recreational fishing) from 1950 to 2013 (Figure 6). This is lower
than existing estimates, where 25% of landed fish is thought to be
used for livestock/fish feed purposes (Funge-Smith et al., 2005).
Despite being on the low end, the loss of fish to fishmeal as
estimated in this study is still substantial to the extent that it
diminishes the contribution of industrial fishing to human food
security relative to the small-scale sector.

In other words, our analysis highlights the importance of
small-scale fishing in supplying fish to feed local populations.
When the quantity of fish not intended for human consumption
is taken out of industrial catch, small-scale sector catch is higher
than that of the industrial sector from 1950 until 2001, with
the exception of minor deficits in 1995 and 1996, whereas
this threshold would have occurred earlier in the 1980s if all
industrial catch was destined for human consumption. If the
proportion of total marine fisheries catch used for fishmeal was
25% as estimated elsewhere, the small-scale sector would be the
main supplier of food fish until 2009 when it gets outpaced by
the industrial sector, assuming small-scale catches are entirely
consumed by humans. This reinforces the important role of
small-scale fisheries in supporting food security at household and
national levels (FAO, 2005; Sowman and Cardoso, 2010). This
should not imply that industrial fishing completely erodes food
security, as labor income earned by fishing crew and national
revenue from fisheries exports indirectly support people’s ability
to purchase fish or other food.

In this study we have attributed all fishmeal catch to the
industrial sector. This does not suggest that the small-scale sector
does not catch low value fish, which it in fact does. Rather,
since “trash fish that could be used for human consumption
are produced by fishermen on short fishing trips.” (Goh and
Tan-Low, 2008), we have made the assumption that low value
fish caught by small-scale fishers are still entirely consumed
by humans, either fresh or processed into fish sauce or other
edible products, for example nam pla in Thailand and nuoc
mam in Vietnam (Pauly, 1996). The results should also not be
interpreted to mean that industrial landings are entirely wasteful,
as portions of low value trawl catches do get channeled for direct
human consumption (Sowman and Cardoso, 2010). Moreover,
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as a primary input for aquaculture, fishmeal can be indirectly
linked to food security and livelihoods. In the past 20 years,
aquaculture production has increased quickly and is predicted
to exceed capture fisheries production in the near future (World
Bank, 2013). Increasing human demand for fish is expected to
be met by aquaculture, which, aside from direct consumption,
also supports food security through the provision of income and
employment (Belton and Thilsted, 2014).

The fishmeal catch estimates we have provided here tend to be
conservative, so are more likely to be on the lower side of actual
fish tonnage used to produce fishmeal. We accounted only for
low value fish from trawlers, as this is the gear responsible for the
vast majority of “trash fish” catch. In Thailand, about 95% of low
value fish are reportedly from trawl fisheries (Funge-Smith et al.,
2005).Other industrial gears such as purse seine also bring in
some low value fish, but the contribution is comparatively minor
at around 3% of total low value fish catch (Funge-Smith et al,,
2005). The production of fishmeal often makes use of low value
fish that are categorized as “trash fish” but also other food fishes of
commercial value that are either damaged, too small, or not fresh
enough. The proportion of catch we attributed to low value fish
did not take into account other food fish (except for Thailand,
where “food fish” was identified specifically as a component of
“trash fish”), thus actual amounts of low value fish in total catch
are likely to be higher than that estimated here.

The reconstructed catch data were estimated with uncertainty
ranges of —29-48% when averaged across countries, fisheries
sectors, and time periods. This level of uncertainty carries over
to the current study, which is based on the original country
reconstructions. Specifically, the results are driven by the amount
of fisheries catch that is used for fishmeal production, an
estimate that is based on reconstructed industrial catch and thus
subject to this uncertainty range. Much of the uncertainty is
due to extremely limited fisheries data, especially in the early
time period of 1950-1969 and within the small-scale fishing
sector. To help readers manage uncertainty, we have provided
data sources and stated study assumptions in the main text
and supporting information, so that readers can identify where
potential data discrepancies may have entered the computations.
To this extent, we acknowledge the dynamic nature of this
research and invite suggestions on data sources we may have
overlooked, and/or to improve underlying assumptions. The
uncertainty levels we have presented should be interpreted
with caution—in the later period from 1990 to 2010, Thailand
and Malaysia received “high” data quality scores in their
industrial sectors, suggesting improved data quality through
time. We also emphasize that the uncertainty levels we have
presented are concerned with the statistical accuracy of data,
which is different from conventional uncertainty measures such
as confidence intervals and error bars which deal with the
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