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Abstract
We present a new, intuitive approach for the representation of fisheries catches

within profiles perpendicular to coast of the Exclusive Economic Zones (EEZ) of

countries, or of Large Marine Ecosystems (LME). These ‘catch transects’ show

where catch is extracted in the water column and near the sea bottom on plots of

log-bathymetry versus log-distance offshore and thus allow for representation of

the catch density of pelagic and benthic fisheries. Hence, they also allow direct

visual comparison of the intensity of fishing through time and space. The California

Current, North Sea and the South China Sea LMEs and the EEZs of Australia,

Canada, Chile, China, India and Thailand are presented as examples, revealing the

general intensification and extension of fishing offshore and into the depths over

the decades from the 1950s. Catch transects reveal how these trends have acceler-

ated in some areas, but surprisingly have reversed themselves in some others. It is

proposed that these catch transects will be particularly useful for communicating

the results of large-scale fisheries studies to a wide spectrum of groups ranging

from the fishing industry to the general public.
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Introduction

Humans have forever longed to see what occurs

in the ocean’s depths, sometimes out of curiosity

or to anticipate dangers, but most often to better

locate its resources (Cushing 1973; Brunner

2011). Our bodies are not well adapted to pene-

trate into the ocean’s depth, and our eyes lack

clear underwater vision, but our technologies have

been progressively refined to compensate for our

landlubbers’ biology, and thus we have explored

the marine world in increasingly sophisticated

ways ranging from submersibles and remotely

operated vehicles to ship-born hydroacoustics and

networks of tethered sensors. Fisheries have partic-

ularly benefited from these developments and espe-

cially from the transfer of military technology,

particularly those for antisubmarine warfare

(Cushing 1973; Pauly et al. 2002).

Along with direct scientific surveys (Walsh

1996), these technologies provide a sense of the

relative location and abundance of the marine

resources of an area (see e.g. contributions in For-

get et al. 2009). Unfortunately, they can prove

limited in providing the spatial scale of informa-

tion necessary to deal with wider resource alloca-

tion issues or studies of the interaction of fishing

on other resources or habitats. Sensing from satel-

lites, which allows coverage of extensive areas of

global oceans, is often limited to bathymetry and

ocean colours, the latter has allowed inferences

about primary productivity (Dulvy et al. 2009).

But, looking at the distribution of fisheries

resources at depth from satellites is not yet possi-

ble.

Just as the global diversity of marine species is

essentially a function of latitude (Gaston 2000), as

also noted by Charles Darwin, who wrote that ‘lat-

itude is more important than longitude’ (Pauly

2004), their productivity and abundance is largely

a function of depth and distance from the coast,

notably because coastal lands are major source of

marine nutrients (Heincke 1913; Zeller and Pauly

2001). Thus, plotting fisheries catch on bivariate

graphs with (log) depth and (log) distance from

the coast should provide a context for their inter-

pretation in terms of other variables, such as the

historic development of fishing capacity. Here, we

attempt to do that by combining existing detailed

global catch mapping data (Watson et al. 2004)

with information on the depth distributions of the

fished organisms (Zeller and Pauly 2001; Morato

et al. 2006; Pauly et al. 2008; Watson and Morato

2013). The ‘catch transects’ of LMEs and EEZs

thus obtained, which are reminiscent of the cross-

sectional catch maps in FAO (1972), can facilitate

scientific comparisons between regions, and peri-

ods in the same region, guide decision-making

with regard to overlaps with sensitive habitats and

endangered resources and also help educate a

wide spectrum of the public about the origins of

our sea food.

Methods

Transects

Creating a catch transect requires working with

mapped global catch data. The global catch data

we used were previously assigned to a grid of spa-

tial cells 30-min latitude by 30 min of longitude

(see details below). We needed to construct repre-

sentative transects or cross sections upon which

catch could be mapped for each of the designated

areas (Large Marine Ecosystems or Exclusive Eco-

nomic Zones). We started by finding for each des-

ignated area, the average ocean depth within fixed

ranges of distances perpendicular to the shore. We

decided that log10 distances (km) and log10 depths

(m) would be more useful, as most activity of

interest occurs comparatively close to shore and at

shallow depths, with change being relatively

slower as distance from the coast and depth

increases. Here, we are only concerned with

coastal waters, that is, the waters within large

marine ecosystem (LME) boundaries (Sherman

et al. 1990) or the Exclusive Economic Zones (EEZ)

of countries (usually 200 nautical miles). These

areas also roughly correspond to the inshore bio-

geochemical provinces described by Longhurst

(1998; see also Watson et al. 2003).

For depths, we used the NOAA ETOPO1 data set

(Amante and Eakins 2009), which provided a grid

of ocean depths with a resolution of one minute in

latitude and longitude. This data set has more

than 233 million points representing approxi-

mately 1.85-km spacing over the world’s oceans.

The computational challenge was to estimate, for

each of these points, the distance from substantial

land masses, while ignoring smaller islands. This

was accomplished using a Microsoft VB.net rou-

tine which first calculated offshore differences

starting immediately adjacent to the coast, then

moved its focus to points progressively further
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offshore in a way that made use of all previous estab-

lished distances, greatly reducing computing times.

Given a fine grid of points associated with both

depth and perpendicular distance from shore, it is

then possible to construct a representative transect

for any coastal area of interest. The procedure

used here assigns relevant points to a series of dis-

tances offshore of 0, 0.2, 0.4…2.2 log10 km. The

transects presented here extend 160 km offshore,

which should encompass the productive core area

of both LMEs and EEZs. For each point on the

transect, we calculated the average depth from the

detailed bathymetry. If there were insufficient data

(which occurred most frequently at the shoreward

end of transects – where log10 distances perpendic-

ular to shore meant that actual distances were

very short), a geometric increase in depth was

assumed.

Global catch

Annual catch data plotted in transects was taken

from the spatially disaggregated global catch data-

base of the Sea Around Us project (Watson et al.

2004). This online database (www.seaaroundus.

org accessed 5 December 2012) is derived mainly

from global fisheries catch statistics assembled by

the Food and Agriculture Organization of the Uni-

ted Nations (FAO) from submission by its member

countries (FAO 2009), complemented by the statis-

tics of various international and national agencies

and reconstructed data sets (Watson and Pauly

2001; Watson et al. 2004; Zeller and Pauly 2007).

Reconstructed data sets are those prepared by

experts working with the Sea Around Us project

which augment those currently available in the

public domain. These statistics, after harmoniza-

tion, were disaggregated into a spatial grid system

that breaks down the world’s ocean into

180 000 cells (0.5°latitude by 0.5° longitude),

based on the geographical distribution of over

1500 commercially exploited fish and invertebrate

taxa, using ancillary data such as the fishing

agreements regulating foreign access to the EEZs of

maritime countries. These data are not strictly

‘catches’ but largely represent ‘landings’ (what was

retained and reported), although we adjusted these

to account for illegal and unreported catch on the

global estimates (Agnew et al. 2009). That latter

consisted of using the 5-year averages (for 1980–

2003) reported for most of the 18 FAO statistical

reporting areas. We assigned the average global

value for groups not included in Agnew et al.

(2009), and values before 1980 were assigned the

1980–1984 average value. Agnew et al. (2009)

reported a general decline in these unreported

catch categories in recent years, as did Zeller and

Pauly (2005). We used the average value from Ag-

new et al. (2009) for estimates of years after 2003.

As Agnew et al. (2009) also showed that illegal

and unreported catch varies with taxonomic

group, it was decided to assign a value of only 5%

to all landings of large tuna (Scombridae) and bill-

fish (Istiophoridae), rather than the higher and less

representative area averages.

The bathymetric distribution of each reported

species or group of commercial fish or invertebrate

was determined based on knowledge of their hab-

its, as described in FishBase (www.fishbase.org

accessed 5 December 2012) for fishes and SeaLife-

Base (www.sealifebase.org accessed 5 December

2012) for invertebrates. Here, we were most con-

cerned with broad brush estimates for where the

taxa were caught and not with their fine-grained

biological distribution. The resulting groupings of

taxa with similar depth distribution are here called

‘bathymetric groups’. For non-demersal species,

we assumed a triangular distribution (Table 1) –

which is a continuous probability distribution with

lower limit a, upper limit b and mode c, where

a < b and a � c � b. Demersal species were

assumed to be taken in close proximity to the bot-

tom (usually by trawl gear).

Mapping catch onto transects

For each transect, a 600 9 400 resolution grid

(pixels in a bitmap) was constructed to represent a

representative cross section although the water

column to 10 000 m in depth (4 in log10 of

depth) by approximately 160 km in length (dis-

tance offshore) for the selected EEZ or LME. Then,

the catch (log10) was plotted onto this bathymetric

transect, with colour representing the density of

catch taken from each representative depth and

distance offshore grid cell. The continuous vertical

distributions for species (Table 1) were discretized

into the 400-pixel y-resolution of the transect bit-

map figures. Pelagic and demersal catches were

scaled by colour differently to allow greater detail

to be seen (when they overlap, the highest density

for each group was represented by the colour cod-

ing). The figures were finished with batch process-

ing in R (Ihaka and Gentleman 1996).

© 2013 John Wiley & Sons Ltd, F I SH and F I SHER IES , 15, 445–455 447

Coastal catch transects R Watson and D Pauly



Areas represented by transects

Three LMEs (California Current, North Sea and

South China Sea) and six EEZs (Australia, Canada,

Chile, China, India and Thailand) were selected as

representative catch transects (Fig. 1). These rep-

resent large areas, jointly accounting for 30% of

all global catch since 2000.

Results

Fisheries around the world vary; some are domi-

nated by rich nutrient upwellings supporting strong

but often variable pelagic fisheries (such as off Chile;

Y�a~nez et al. 2001), whereas others are a mixture of

fisheries for both demersal and pelagic resources.

Fishing in coastal regions has changed since the

late1940s to early 1950s, when the first global data

sets became available (Watson et al. 2004) (Table 2).

Here, we illustrate how finely mapped global catch

data can be combined with information on where

in the water column commercial species are taken

to provide representative catch transects through

both LMEs and EEZs around the world in such man-

ner as to make visible interdecadal changes in fishing

practices and fished resource status.

Table 1 Bathymetric groups used for global commercial species and their modelled location in the water column.

Some groups were closely associated with the bottom (labelled as bottom), and others were distributed according to a

triangular distribution with the maximum (range) shown below.

Group Depth range Includes

Small pelagics 50 (1–200) Peruvian anchoveta (Engraulis ringens, Engraulidae),
South American pilchard (Sardinops sagax, Clupeidae),
Atlantic herring (Clupea harengus, Clupeidae), chub mackerel
(Scomber japonicus, Scombridae), Inca scad
(Trachurus murphyi, Carangidae), etc

Large pelagics 100 (10–300) Large tunas and mackerels (Scombridae), North Pacific hake
(Merluccius productus, Merlucciidae), swordfish, large pelagic sharks

Squid and krill 100 (1–200) Squid and krill
Demersal fishes Bottom Alaska Pollack (Theragra chalcogramma, Gadidae), Atlantic cod

(Gadus morhua, Gadidae), largehead hairtail (Trichiurus lepturus,
Trichiuridae), blue whiting (Micromesistius poutassou, Gadidae),
sandlances (Ammodytidae), saithe (Pollachius virens, Gadidae),
haddock (Melanogrammus aeglefinus, Gadidae), etc

Shrimp Bottom Shrimp
Lobster and crab Bottom Lobster and crabs
Other demersal invertebrates Bottom Oysters, mussels, octopus, clams, scallops, etc

Table 2 Breakdown of global catch by decade by bathymetric groups (million tonnes followed by the percentage this

forms of decadal total).

Group 1950s 1960s 1970s 1980s 1990s 2000s

Small pelagics 107 (46) 242 (56) 303 (52) 388 (54) 426 (53) 287 (51)
Large pelagics 8.8 (4) 15.5 (4) 24.3 (4) 35.9 (5) 52.5 (7) 44.6 (8)
Pelagic inverts 5.8 (3) 8.0 (2) 11.4 (2) 20.8 (3) 28.7 (4) 23.5 (4)
Demersal fishes 88.6 (38) 136 (31) 200 (34) 218 (30) 215 (27) 147 (26)
Shrimps 7.4 (3) 10.6 (2) 17.3 (3) 22.7 (3) 31.9 (4) 24.6 (4)
Crabs and lobster 2.7 (1) 4.6 (1) 6.3 (1) 8.2 (1) 12.0 (1) 9.6 (2)
Other demersal invertebrates 11.1 (5) 16.8 (4) 22.1 (4) 28.8 (4) 33.4 (4) 23.2 (4)
Total 231.6 433.6 584.2 722.0 800.0 559.4

2000s represents only 2000–2006 inclusive.
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Large Marine Ecosystems (LME)

We examined three significant LME areas. The

California Current (Fig. 2) located along the coast

of California (located in Fig. 1) includes both pela-

gic and demersal fisheries. Here, the intensifica-

tion and offshore extension of fisheries from the

1950s to the 2000s can be clearly seen. Note the

thin blue area on the bottom representing where

demersal stocks were taken and how this also

extends offshore and to deeper waters with time.

Perhaps, nowhere is this expansion trend more

obvious than in the LME area for the South

China Sea (Fig. 2). Already intense in the 1950s

by global standards, fisheries in this area further

intensified and gradually extended to cover the

entire LME (Cheung and Pitcher 2008). In con-

trast to these and other fisheries, those within the

North Sea LME (Fig. 2) became slightly less

intense during this same time scale, reflecting

efforts to rebuild some of the pelagic (Zimmer-

mann 2002) and demersal stocks (Froese and

Proelß 2010).

Comparing all three figures, it is notable that

except for fisheries on demersal stocks (which may

extent to nearly 1000 m in depth), the fisheries

targeting pelagic fish tend to operate in waters

between 50 and 100 m below the surface. In the

North Sea, however, which is relatively shallow,

most of the water column is fished and has been

for over a century (Froese and Pauly 2003).

Exclusive Economic Zones (EEZ)

The immense area claimed by China as its EEZ has

experienced intensive fishing pressure since the

1950s, which increased further with every passing

decade (Fig. 3). Pelagic and demersal stocks in this

area are exploited at levels that are comparable to

the highest anywhere, even those far offshore.

However, the offshore expansion of fisheries can

be seen even more clearly in the EEZ areas of Chile

and India (Fig. 3). The offshore expansion of

demersal fisheries within the Indian EEZ area is

particularly visible, with the outer shelf, barely

impacted in the 1950, being fully exploited by the

1990s, the fisheries then expanding to cover the

whole shelf area (Bhathal and Pauly 2008). Note

that the demersal fisheries around India (particu-

larly on its west coast) have been generally limited

to shelf areas as the dissolved oxygen in deeper

waters is usually too low for most bottom fishes

(Banse 1968; Pauly 2010).

Fisheries within Canadian waters (Fig. 4)

showed an intensification of pelagic fisheries in the

1970s and 1980s, but atypically, this was reduced

in later decades. During this period, however, the

pressure on demersal stocks continued to build

and moved deeper and further offshore, with cata-

strophic results (Walters and Maguire 1996). The

fisheries in the Australian EEZ have also intensi-

fied, with those in offshore areas building in inten-

sity, while the fisheries in the EEZ of Thailand are

Figure 1 Large Marine Ecosystems (LMEs) and Exclusive Economic Zone (EEZs) areas (outlined areas) represented by

catch transects.
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mostly intensive trawl fisheries, or other fisheries

operating in shallow waters, where differentiating

between demersal and pelagic fishes is difficult

(Longhurst and Pauly 1987).

Discussion

We have demonstrated how the mapping of

virtual transects can provide comparable snap-

shots of fisheries by area, allowing spatial and

temporal comparisons. The California Current LME

(CCMLE) shown in Fig. 2 has a significant history

of fisheries collapse. The once great small pelagic

fisheries here had all but collapsed by the 1950s

(Aquarone and Adams 2009a). In recent

years, fisheries there have focused on salmons

[Chinook (Oncorhynchus tshawytscha, Salmonidae),

coho (Oncorhynchus kisutch, Salmonidae), sockeye

(Oncorhynchus nerka, Salmonidae), pink (Oncorhyn-

chus gorbuscha, Salmonidae), chum (Oncorhynchus

keta, Salmonidae)], pelagic fisheries, groundfish and

invertebrates. Salmon abundance has fluctuated.

Small pelagics still form a large part of fisheries

there and include northern anchovy (Engraulis

mordax, Engraulidae), jack mackerel (Trachurus

symmetricus, Carangidae), chub mackerel (Scomber

japonicus, Scombridae) and South American pil-

chard (Sardinops sagax, Clupeidae). Anchovy and

mackerel fluctuate enormously in abundance.

Although this area generally has a low productiv-

ity, it does have seasonal upwellings of cold nutri-

ent-rich water that generate localized areas of high

primary productivity (Aquarone and Adams

2009a). Squid are now important to fisheries there.
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Figure 2 Catch transects for the California Current, South China Sea and the North Sea Large Marine Ecosystems.

Catch densities (log10 tonnes year�1) are scaled by colour (see legend). Demersal catches are scaled differently from

pelagic catches. Locations of LME areas represented are shown in Fig. 1.
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Some albacore tuna (Thunnus alalunga, Scombridae)

are also caught in this area.

Our data series starts in the 1950s about the

time that the huge fisheries for small pelagics had

largely collapsed in the CCLME. The intensification

we observed in transect plots (Fig. 2) reflects

strong catches of North Pacific hake (Merluccius

productus, Merlucciidae), South American pilchard

and squid. The fisheries of this area have also

diversified over recent decades, allowing for fisher-

ies expansion and intensification. Here, as in many

of the world’s fisheries, fishing now extents further

offshore and into deeper waters (Morato et al.

2006; Swartz et al. 2010; Watson and Morato

2013). If we compare the fishing intensity there to

that of the South China Sea LME (Fig. 2), how-

ever, we see that fishing in the California Current

LME is of relatively moderate intensity.

Fisheries are supported by the ecosystems they

are embedded in (Worm et al. 2006). Primary pro-

ductivity in each area is dependent on many factors,

including incident solar radiation and nutrient

availability. Fisheries take a portion of the energy or

carbon flow up the food web from its primary pro-

ductivity base. Fisheries are constrained usually by

local primary production (Chassot et al. 2010). The

portion of primary productivity required to support

fisheries in an area – that is the ratio between the

total average primary production and that which is

encapsulated through trophic transfer to those fish

species/products that are removed through fishing –

is called the Primary Production Required (PPR). For

the fisheries in the CCLME, on average over recent

years, this is about 10–20% (Watson et al. 2013).

By contrast, the fisheries of the South China Sea

LME (Fig. 2) are intense and have increased stea-
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Figure 3 Catch transects for the Exclusive Economic Zones of China (Mainland), Chile and India. Catch densities (log10
tonnes year�1) are scaled by colour (see legend). Demersal catches are scaled differently from pelagic catches.

Locations of EEZ areas represented are shown in Fig. 1.
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dily for many years (Watson et al. 2013). This

area is biologically diverse, tropical, moderately

productive – but has many overlapping fisheries

claims (Heileman 2009) and enormous and rap-

idly increasing fishing capacity (Anticamara et al.

2011; Watson et al. 2012). PPR here is now

approaching 250% (Watson et al. 2013). This

level of intensive extraction requires food web con-

tributions to be imported through currents or

upwellings from outside the fished area but,

regardless, it is unlikely that this level of fishing

intensity can continue to be supported. Reductions

in returns on investment motivates fishing fleets to

redouble their efforts and to expand their range of

operations (Watson et al. 2012). Because further

expansion here is difficult, fleets from Asia are

now fishing more broadly including the Atlantic

coast of Africa and elsewhere (Pauly et al. 2012).

The illustrative transects we present in Fig. 2 pro-

vide a means to observe these changes and to con-

trast them to fisheries in other areas.

The North Sea LME contrasts with the South

China Sea LME because it has actually reduced its

fishing intensity (Fig. 2) and, through strong man-

agement, has decreased PPR to 70% from a peak

of 240% in the 1970s. Although only moderately

productive, this area has been fished since

recorded history and, moreover, quite intensely by

world standards (Aquarone and Adams 2009b).

The fleets of the European Union have been

unable to expand further here in the last few dec-

ades and have instead extended their presence

elsewhere in the world’s oceans including north-

western Africa (Watson et al. 2013), causing
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problems for local fisheries (Bonfil et al. 1998; Ka-

czynski and Fluharty 2002; Atta-Mills et al.

2004). Fortunately, the trend we observe in the

North Sea LME is towards more sustainable levels

of exploitation (Zimmermann 2002; Froese and

Proelß 2010) although, arguably, this comes

about through the export of fishing capacity to

other areas with its inherent problems.

Examination of our newly proposed catch tran-

sects confirms with a glance that global fisheries

have, with rare exceptions, intensified and extended

into deeper depths and further offshore, as previ-

ously reported by Morato et al. (2006), Watson and

Morato (2013). While our current methodologies

already allow areas such as a country’s EEZs to be

compared with other areas and examined through

time, we believe that this approach is only in its

infancy. It will soon be possible to explore, using a

similar approach, representations of where different

(and sometimes destructive) fishing gear is

deployed, where the valuable stocks are located,

and where fishing and sensitive habitats overlap.

Mapping large-scale threats in the marine environ-

ment is important (Halpern et al. 2008), notably

because it helps galvanize public opinion and for-

eign collective policy. This will be increasingly

important as we consider potential climate change

impacts (Cheung et al. 2010).

Insights into how global fisheries operate in time

and space are difficult to achieve (Worm et al.

2009). To map global fisheries requires that you

first have data sets that represent their catch (Wat-

son et al. 2004) and/or fishing effort (Watson et al.

2012, 2013). These data sets were compiled from

a range of sources such as the FAO and augmented

by expert reconstructions where possible (Zeller

and Pauly 2007). Catch data so compiled are then

usually only available by relatively large statistical

reporting areas, sometimes covering entire ocean

basins. To map these into finer spatial grids, this is

a requirement to use auxiliary data such as data-

bases of international fishing agreements (fishing

fleet access) and detailed information about the

ranges of the commercial species being fished

(where fished taxa are found). Maps prepared in

this way have captured the imagination of scien-

tists, managers and the staff of environmental

NGOs for more than a decade now (Watson et al.

2005). When trying to explore how fisheries have

intensified and extended further offshore (Swartz

et al. 2010) and into the depths (Morato et al.

2006), it has been difficult to represent the process

in a way that provides quick insights and yet is

available for the many political and biological divi-

sions of the world’s ocean such as LMEs and EEZs

(Watson et al. 2003). Here, we have combined

what is known about the fished distributions of the

commercial taxa with fine-scale globally mapped

data. This has been overlain on generalized profiles

generated from 1-min bathymetric data, so that

representative but generalized catch profiles or

cross sections can be prepared for any area, regard-

less of their variability or scale. Until advances in

the underlying data and computing processes, this

was not achievable. We believe that these catch

transect profiles will prove useful to a wide range

of professionals and the general public trying to

visualize fisheries and their potential impacts.
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