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Understanding the full extent of past ecological changes in human-influenced marine

systems is needed to inform present management policies, but is often hampered by

the scarcity of information about exploitation practices and population status over the

entire history of fishing. The history of commercial fishing in South East Australia is

relatively recent and thus easier to document. Our aim is to reconstruct such history

and to use this information to understand general patterns and consequences of fishing

exploitation. Intense exploitation of marine resources arrived in South East Australia with

European colonization in the early 1800s, and unregulated sealing, whaling and oyster

dredging resulted in the first documented significant impact on local marine populations.

Exploitation extended to demersal resources in 1915 when the trawl fishery developed.

Between the early 1800s and the 1980s, some of the exploited stocks collapsed,

but fishing moved further offshore and in deeper waters as technology improved and

new resources became available or were discovered. This phase of fisheries expansion

masked the unsustainable nature of some fishing industries, such as trawling and

whaling, and postponed the need for management regulations. From the 1990s onward,

an increasing awareness of the depleted nature of some fisheries led to the establishment

of management strategies aiming at a more sustainable exploitation of target stocks and,

from the mid-2000s onwards, management strategies were revised and improved to

better address the effect of fishing on multiple components of marine ecosystems. This

led to the recovery of some depleted populations and to increased habitat protection.

The relatively short history of fishing exploitation and the small scale of the fishing industry

in South East Australia played a significant role in limiting the magnitude of fishing impacts

on local populations and helped to achieve recoveries when fisheries restrictions were

imposed. However, the experience in South East Australia also shows that ecological

improvements for some depleted populations can be slow, suggesting that the time

to recovery may be longer than expected despite relatively low historical and present

levels of exploitation, favorable social conditions and a large investment in resource

management and scientific research.

Keywords: ecological baseline, fishing history, fisheries management and sustainability, long-term fishing
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INTRODUCTION

Humans began fishing so long ago that the early effects of
fishing and the true extent of impacts on marine systems are
often unknown (e.g., Pauly, 1995; Jackson et al., 2001, 2011).
Aboriginal settlements along coastal areas and first European
colonies outside of Europe depended on the extraction of
marine resources for survival, almost certainly impacting marine
populations, but seldom left (conventional) records informing
on the magnitude of these changes (Jenkins, 1921; Aguilar, 1986;
Attenbrow, 2010; Erlandson and Rick, 2010).

Historical reconstructions of fisheries and fish populations
are essential to define the scale of anthropogenic impacts on
natural systems, and to inform current ecological assessments
and management targets. In the Gulf of California, Mexico,
for example, the analysis of retrospective records revealed that
exploitation reduced the abundance of whales, sea lions, turtles,
large sharks, groupers, and oysters far more than previously
known (Sáenz–Arroyo et al., 2005; Sáenz-Arroyo et al., 2006).
At a global scale, historical reconstructions of whole ecosystems
(e.g., kelp forests and benthic communities) shed light on the
consequences that past changes in ecosystem structure are having
on their function today (Jackson et al., 2001), thus stressing the
importance of historical analyses as pre-requisites for ecosystem
assessment and management (Jackson et al., 2001; McClenachan
et al., 2012; Fortibuoni et al., 2017).

In South East Australia (including the states of New
South Wales, Victoria, and Tasmania; Figure 1), studies with
a historical perspective have revealed important long-term
ecological changes, and documented the challenges of fisheries
administration that inevitably limited resource protection in
early periods. For example, the analysis of historical data
revealed that intensive beach seining and gillnetting along the
coast of Tasmania lead to a consistent range reduction for
some species and a loss of predatory reef fishes between the
1800s and the 2000s (Last et al., 2011). Also, the lack of
knowledge about exploited marine resources, and management
objectives dominated by socio-economic rather than ecological
considerations, were responsible for substantial decreases in the
abundance of some of the species targeted by the trawl fishery
between 1915 and 1961 (Klaer, 2001, 2006; Jacobsen, 2010).

These studies (and other key syntheses; e.g., Smith and Smith,
2001 detailing the trawl fishery) narrates important chapters
of fishing in South East Australia, but the whole story still
needs to be framed and interpreted, so that the broad impact
of fisheries on marine populations of the region can be traced.
Such a story is the focus of our study, which specifically aims at
identifying and describing South East Australian main fisheries
in terms of landings, economic (rather than cultural) value and
ecological impacts through time. Although our work considers
the South East Australian region, it can also provide insight in
understanding general patterns and consequences of exploitation
that may be pertinent to other regions. This is because the history
of commercial fishing in South East Australia is shorter than
in many other temperate systems (e.g., Mediterranean, Black,
and North Seas; Cardinale et al., 2014; Holm et al., 2014) and
can be documented from end to end, and thus used to fill in

information gaps occurring in marine systems with a longer
history of exploitation.

We initially review Aboriginal and colonial fisheries
(including coastal fisheries and the hunting of marine mammals)
to about 1900, and their impacts on marine populations. Then,
we explore the history of bottom trawling and its management
from 1915 to the present, searching for the causes, timing and
scale of demersal resource depletion. Next, we briefly consider
other important commercial and recreational fisheries of the
twentieth and twenty-first century targeting demersal and pelagic
stocks in this region. Finally, we compare the history of South
East Australian fisheries with other fishing histories worldwide.
The history of fishing in South East Australia followed a similar
course to that described in other parts of the world. However, the
later development of this industry had important implications
for resource exploitation and management, with possible
repercussions on the present status of marine populations in the
region.

ABORIGINAL FISHERIES AND FISHERIES
OF THE COLONIES

Aboriginal Fisheries
Aboriginals arrived in South East Australia more than 35,000
years ago. It is unclear when they started to use marine resources
of the region as contemporary coastal zones have been submerged
by sea-level rise following the Last Glacial Period (30,000 to
18,000 years ago; O’Connell et al., 2010; Johnson and McFarlane,
2015). The earliest archeological records of marine resource
exploitation in coastal regions of South East Australia come from
excavation of middens and date back about 8,000–11,000 years
(Attenbrow, 2012; Johnson and McFarlane, 2015), and revealed
that a wide range of marine species composed a consistent part
of the diet of coastal inhabitants (Attenbrow, 2010; Johnson
and McFarlane, 2015). Archeological records and studies in the
published literature on past and present Aboriginal fishing in
South East Australia are scarce (Henry and Lyle, 2003; O’Connell
et al., 2010; Schnierer and Egan, 2016) and here we present
information to the best of our knowledge.

When Europeans arrived in New SouthWales in 1788, Sydney
(Figure 1) and its environs had an aboriginal population of about
3,000 (Attenbrow, 2010), the biggest settlement in the region.
These were skilled fishers using hand spears, and hooks and
line, who fished from rock platforms in shallow waters or from
bark canoes. Main targets were snapper (Sparus aurata) and
yellowfin bream (Acanthopagrus australis), although flatheads
(Platycephalidae), leatherjackets (Monacanthidae), seals, and
crustaceans (i.e., crabs and lobsters) were also popular items.
Shellfish, such as oysters, cockles, mussels, limpets, and abalone
were a fundamental source of protein, and Aboriginals collected
them along the shores or while free diving. Occasionally, beached
whales were also consumed (Thompson, 1893; Attenbrow, 2010).

In Tasmania, in the late 1600s (hence well before European
colonization) there were circa 5,000 aboriginals (Johnson
and McFarlane, 2015) who mainly lived along the coast.
Unlike populations from the Australian mainland, Tasmanian
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FIGURE 1 | Map of South East Australia showing main fishing locations, South East Trawl (SET) fishery management boundaries and sectors.

Aboriginals’ main marine activities were hunting seals and
collecting shellfish (mainly abalone) and rock lobsters in near-
shore waters. Finfish was part of the aboriginal diet prior to
3,700 years ago and after European colonization, but we have no
archeological records indicating this habit between these periods
(Taylor, 2007; Johnson and McFarlane, 2015). Whether this
food resource had been temporarily abandoned is still debated
among experts. Some postulate a dietary shift toward higher-
energy foods, such as seals and seabirds, due to cooler climatic
conditions (Johnson and McFarlane, 2015). Others argue that
fish were cooked on beaches and bones burned or washed away,
thus leaving no tracks in archeological remains (among the many
theories; Taylor, 2007).

The relatively small past Aboriginal population of South
East Australia exploited marine resources for subsistence, and
although it is reasonable to hypothesize that they had a small
footprint at the broader regional scale, we have no record
confirming this.

Today, Indigenous cultural fisheries are recognized as one of
the three Australian fishing sectors along with the commercial
and recreational sectors. Yet information on Indigenous fisheries
is mostly lacking and research and improved management is
strongly needed (Nursey-Bray, 2011; Schnierer, 2011). Present
Aboriginal fisheries are small-scale fisheries of high cultural
value; operate mainly in estuaries, rivers and coastal areas, and
target a wide range of marine species, including (in South
East Australia) flathead, snapper, bream (Acanthopagrus spp.),

mullet (Mugilidae), whiting (Sillaginidae), prawns, lobsters,
crabs, abalone, and pipis (Plebidonax deltoides) (Noble et al.,
2016; Schnierer and Egan, 2016). Most of these species overlap
with those targeted by the commercial and recreational sectors,
but no estimates of Aboriginal fishing harvest in South East
Australia are available (Schnierer, 2011; Schnierer and Egan,
2016).

Sealing and Whaling
Seal and whale hunting by Europeans were likely the first
large-scale human impact on marine resources in Australia
(Thompson, 1893; Gill, 1967). These industries arose soon after
British settlers established the colony of Sydney in New South
Wales in 1788, and of Hobart in Tasmania in 1804. The primary
product was oil, the first valuable export from the new colonies
(Thompson, 1893; Gill, 1967).

The sealing industry had an intense albeit short history. Large
colonies of fur seals (Arctocephalus pusillus doriferus and A.
australis forsteri), southern elephant seals (Mirounga leonina),
and Australian sea lions (Neophoca cinerea) were discovered
along the Bass Strait shore and islands (Figure 1) in 1797, and on
Macquarie Island in 1810. The sealing industry developed rapidly
and mainly targeted fur seals, but by the early 1830s unregulated
harvest exhausted seal populations, collapsing the industry, and
finally ending this valuable trade (Gill, 1967; Ling, 1999b). By
then, the industry had killed about 243,000 fur and 10,000
elephant seals in Bass Strait, and 199,000 fur seals at Macquarie
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Island. These figures accounted for about 33% of the recorded
harvest in southern Australia and New Zealand (Ling, 1999a,b).
Annual estimates in fur seal catches are shown in Figure 2 (data
from Ling, 1999b) and are indicative of the evolution of the
sealing industry. These values are from seal skin cargoes that
were landed in Sydney and Hobart and should be regarded as
underestimates because not accounting for foreign vessels fishing
in Australian waters (e.g., English vessels) and because some
harvest was most likely unreported (Ling, 1999b). Millions more
seals were harvested in Antarctic waters, whose populations also
potentially interacted with Australian ecosystems (Biuw et al.,
2007). In 1975, all seals in Australian Commonwealth and State
waters became protected (Kirkwood et al., 2010). While fur
seal populations are showing clear signs of recovery since then
(Kirkwood et al., 2010), breeding colonies of southern elephant
seal and Australian sea lion have not returned to Bass Strait (Ling,
1999a,b).

In other countries, commercial sealing began well before
Australian colonies were formed, and was, in some instances, of
an even greater scale (Roberts, 2007). The first records date back
to the 800s in Scandinavia, Greenland, and Iceland, where walrus
(Odobenus rosmarus) was the main target species. Between the

FIGURE 2 | Annual harvest of (A) fur seals and (B) southern right whales in

South East Australia. (A) shows the number of seal skins landed from Bass

Strait by colonial vessels between 1798 and 1948; data from Ling (1999b). (B)

shows the number of southern right whales killed along the south-east

Australian coast during the colonial bay whaling industry; data from Carroll

et al. (2014).

1400s and the late 1700s sealing had spread in the Arctic Ocean,
and throughout the Atlantic, from Newfoundland to the South
Georgia Islands, where about 1.2 million seals had been killed
(more than double the number of seals killed over the history of
sealing in South East Australia). At the turn of the nineteenth
century sealing reached the Pacific, Indian, and the Southern
Ocean (e.g., South Shetlands Islands). Among the most heavily
exploited regions was Juan Fernandez, off the coast of Chile,
where about 3 million seals were killed in only seven years in
the 1790s (more than six times the seals killed in South East
Australia).

The whaling industry contributed to the economy of the
Australian colonies for a longer period. At first, a poor knowledge
of the South East Australian coast and limited capital for
developing an offshore whale fishery confined domestic whaling
to local bays (Thompson, 1893; Colwell, 1969), where southern
right whales (Eubalaena australis) gathered (Thompson, 1893;
Dakin, 1934). The first bay whaling stations were established
in the Derwent estuary in 1804 (Colwell, 1969), and by 1841
there were 35 whaling stations around the coast of Tasmania
and others in New South Wales (e.g., Twofold Bay) and Victoria
(e.g., Portland Bay) (Thompson, 1893; Dakin, 1934; Colwell,
1969). By the mid-1840s, intense harvest had exhausted the local
stocks of southern right whales, and the industry began to decline
(Thompson, 1893). Bay whaling continued to operate, although
on a smaller scale, until the end of the century. During its history,
this industry killed about 13,000 southern right whales in the
region (Carroll et al., 2014). Annual catches in southern right
whale for the bay whaling industry are reported in Figure 2 (data
from Carroll et al., 2014), and show the rise and decline of this
industry. These estimates derive from several sources, including
oil exports that have been converted into number of whales killed
andmay not account for all removals, hence should be considered
as indicative.

By the 1800s, whaling was a well-established activity along
the coast of Europe, North America, and in the Arctic (Roberts,
2007). In these regions, whaling developed so long ago that
early records are quite scarce, but we know that Norwegians
and Basques were among the first and most famous whalers
(Aguilar, 1986; Roberts, 2007). For instance, the Basque inshore
whaling industry targeting right and bowhead whales (Eubalaena
glacialis, and Balaena mysticetus) began in the 1050s in the Bay of
Biscay, and extended to the shores of Newfoundland in the 1530s
(Aguilar, 1986; Roberts, 2007). Within the next seventy years
about 40,000 whales were harvested in Newfoundland (Aguilar,
1986), and by the 1700s the North Atlantic whale fishery was
in decline. Whales were still abundant elsewhere, and offshore
whaling companies later moved to the Pacific and the Southern
Hemisphere (Roberts, 2007), where history repeated itself.

In the late 1790s, British, American, and French whalers
established Sydney and Hobart as the main ports for the
exploitation of Australian and New Zealand offshore stocks,
and in the 1820s the improved economic condition of the
Australian colonies allowed colonial whalers to join this offshore
industry (Thompson, 1893; Colwell, 1969; Carroll et al., 2014).
In the 1850s, more than 80 whaling vessels were sailing out
of Port Jackson (Sydney), and another 40 out of Hobart. All
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were targeting sperm whales (Physeter macrocephalus) and the
Australian and New Zealand populations of southern right
whales (Thompson, 1893; Colwell, 1969; Bach, 1976), which
migrated to offshore feeding grounds during summer (Carroll
et al., 2014). From 1830 to 1900, whaling killed about 58,000
southern right whales, with 82% of this removal occurring within
the first 20 years (Carroll et al., 2014). By 1850, the southern right
whale population (for the whole Southern Hemisphere) declined
to about 6% of its former abundance (Scott Baker and Clapham,
2004). Also, the global population of sperm whales decreased to
about 71% of its original level by 1880 (Whitehead, 2002).

In the late 1800s, explosive harpoons, steam-driven whaling
vessels and the compressor (used to pump gas into the whale
carcass to prevent it from sinking) were developed. These new
technologies, and the discovery in 1904 of extensive stocks of
whales in the Southern Ocean boosted a large scale whaling
industry (Clapham and Baker, 2002), which killed approximately
2 million whales in the Southern Hemisphere between 1904
and 1964 (Clapham and Baker, 2002; Rocha et al., 2015) and
most likely caused shifts in the body size distribution of whale
populations (Clements et al., 2017). Southern right whales
became protected in Australian waters in 1935 after the industry
had collapsed and whales’ abundance steeply declined, while
commercial exploitation of sperm whales continued until 1980,
when a ban on whaling of all species in Australian waters
was introduced (Whale Protection Act. 1980; Suter, 1982). This
ban was driven by an increasing awareness of the need to
conserve overexploited and remaining whale populations and a
change in public and political attitude toward whales, which were
perceived as social and intelligent animals (Suter, 1982). In 1986,
the International Whaling Commission (IWC), established in
1946 to regulate whaling worldwide, introduced an international
moratorium on commercial whaling that is still in place today
(although a few nations are not bound by it; Rocha et al., 2015).

Since the first whaling operations in South East Australia,
the industry had evolved dramatically. It grew from a domestic
fishery operating in coastal bays to a large international fishery
targeting offshore stocks over a broad geographical region.
Southern right and sperm whales were the main targets, and the
abundance of the southern right whale population, in particular,
experienced a steep decline after intense harvest. Concurrent
with the development of the fishery, fishing technologies had
markedly improved and management restrictions changed from
virtually no regulations to a full fishing ban over the time span of
less than 150 years.

Colonial Finfish Fisheries
Fishing for finfish was a form of livelihood for the first European
settlers in South East Australia, though remained a marginal
activity for the first 150 years of settlement (Tenison-Woods,
1882; Thompson, 1893; Tull and Polacheck, 2001). Coastal
fisheries existed throughout the colonial period, but records are
sparse. Those that do exist (e.g., surviving diaries from the convict
fleets; Tench, 1793 in Hill, 2008) indicate that the few fishers who
were amongst the earliest settlers hardly adapted to the native
Australian ecosystems, which had a high relative composition
of chondrichthyes (sharks and rays) and invertebrates (especially

crustaceans) compared to temperate ecosystems in the northern
hemisphere. This led them to ultimately focus on landing
large rays or switch to targeting bird life (Hill, 2008). Even
after settlements started to expand, fisheries did not expand
proportionally. The limited scale of the fish trade was mostly
due to the small colonial population (190,000 inhabitants in New
South Wales and 68,000 in Tasmania in 1850; Bach, 1976), the
wealth of agricultural and pastoral products, and greater job
opportunities offered by these land-based industries (Dannevig,
1909; Tull and Polacheck, 2001).

In 1880, a New South Wales colonial Royal Commission was
formed to assess local fish stocks and to determine whether
fisheries could be developed further. A wide range of people
involved in fisheries were interviewed to gather information.
At that time, about 8 line-fishing and 27 seine boats fished in
the numerous bays of Port Jackson, and regularly supplied the
Sydney Fish Market. All the main fishing grounds were between
Port Stephens and Jervis Bay (about 200 km north and south of
Sydney, respectively; Figure 1). Other locations along the coast
and further from Sydney were so remote that they remained
almost unknown to professional fishermen until the turn of the
nineteenth century (Fisheries Inquiry Commission, 1880). The
primary target species of line fisheries was snapper, considered
the most abundant and valuable of all fish, and caught within
10 miles of the coast and in depths to about 60m. Net fishing
included the use of seine, drift, and stake nets (nets fixed on
the ground and stretched across river streams) and was limited
to beaches and bays. Among other common target species were
sea mullet (Mugil cephalus), yellowfin bream, whitings, black fish
(Girella elevata), garfish (Hyporhamphus australis), and flatheads
(Fisheries Inquiry Commission, 1880). In bays of Port Jackson,
fishermen reported a consistent decline in catches, particularly
of the once very abundant snapper, in years preceding the 1880
commission (although precise information on the timing and
extent of this decline is lacking). Much of the problem was
blamed on the use of nets, and to prevent a further decline of fish
stocks, the colonial Government introduced the Fishery Act 1881,
a formal attempt to safeguard marine resources of the region
(Tenison-Woods, 1882; Thompson, 1893). Regulations included
minimummesh size, minimum weight for target species, and the
requirement of an annual boat license (Tenison-Woods, 1882;
Thompson, 1893).

Following the example of the Royal Commission in New
South Wales, in 1882 a Royal Commission into the Fisheries
of Tasmania was formed (Fisheries Inquiry Commission, 1883).
At that time the island’s population was still small (115,000
inhabitants; Fenton, 2011), and fishing was restricted to the
Derwent and Tamar River estuaries and to near shore waters
in the south east of the Island. The main fishing gears used
were oyster dredges, lobster traps, seines, and handlines. Oysters,
southern rock lobsters (Jasus edwardsii), and striped and bastard
trumpeters (Latris lineata and Latridopsis forsteri) were the main
target species. As fishing played a marginal role in the Tasmanian
economy, the Royal Commission assessed marine resources
when many were almost untouched, except for the native oyster
beds, already extensively overfished, and the kingfish stock
(identified as gemfish, Rexea solandri, or barracouta, Thyrsites
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atun, as the two species are morphometrically similar), which was
declining in inlet waters (Fisheries Inquiry Commission, 1883).

In summary, at the end of the 1800s, Australian fisheries
resources were still relatively unexploited. While a few coastal
stocks close to Sydney andHobart had been intensively exploited,
everything else beyond these regions and offshore was still
unexplored and unexploited. At the turn of the century, the newly
formed Commonwealth of Australia (which included the six
previously separate British self-governing colonies) recognized
the need to develop a trawl fishery in its waters, given that in
Europe trawling had been a remunerative fishing activity for
centuries (Harrison, 1991; Roberts, 2007). In 1906, for example,
more than 10,000 steam trawling vessels fished in Great Britain,
landing nearly 400,000 t of demersal fish (Thurstan et al., 2010).
Thus, between 1909 and 1914, the Commonwealth Government
decided to invest in exploratory trawl surveys, which were
initially conducted in the continental shelf of South East Australia
and recorded fish catches sufficient to justify the development of
a trawl fishery in the region (Dannevig, 1909).

BOTTOM TRAWLING

Steam Trawling
Following exploratory fishing, the New SouthWales Government
imported three steam trawlers in 1915, and industrial fishing
commenced. It was the beginning of the South East Trawl Fishery
(SET), which later developed into Australia’s major finfish fishery
in terms of landings (e.g., Klaer, 2001; Tilzey and Rowling,
2001). This fishery was the main source of impact on marine
communities of the regions, and therefore it is here described
in more detail. The SET reached a peak in landings of 62,269 t
in 1990, though 40,000 t were of orange roughy (Hoplostethus
atlanticus), a species that became overexploited within the next
4 years. Today landings are much lower. In 2015, the fishery
landed 7,318 t of fish, with a gross value of production (GVP)
of 33 million AUD (decreasing from 53 million AUD in 2013;
Patterson et al., 2015, 2016). For comparison, in 2014, the
United Kingdom’s bottom trawl fishing production was 170,000 t
of fish (Elliott et al., 2014). Many factors can influence bottom
trawl fishing production, but this comparison clearly highlights
the much smaller scale of the South East Australian trawl fishery
compared to other trawling industries.

The SET had a troubled start. After having lost capital,
the New South Wales Government sold the fleet in 1923 to
private enterprises, and by 1929, 17 vessels were operating
and targeting mainly tiger flathead (Platycephalus richardsoni),
latchet (Pterygotrigla polyommata), and chinaman leatherjacket
(Nelusetta ayraud) (Klaer, 2001; Gowers, 2008). During War
World II the trawling fleet declined as the U.S. Army
requisitioned men, vessels and fuel, and by 1943 only one
steam trawler and a few Danish seiners (bottom purse seiners)
introduced in 1933 were operating. Soon afterWWII the number
of steam trawlers stabilized to about 10, but in 1961 the steam
trawling period ended due to increased operational costs and
the collapse of the flathead stock in the mid-1940s. For the
next decade only Danish seiners were active because they were
more economical to operate than trawlers and were better able

to exploit inshore fishing grounds (e.g., Klaer, 2001; Tilzey and
Rowling, 2001) (Figure 3). Following extensive investigation,
overfishing and the use of inappropriate net mesh sizes were
identified as main causes of the tiger flathead collapse. The
introduction of minimum mesh size regulations, together with
the demise of the steam trawl fleet, led to a recovery of the stock
during the 1960s and 1970s (Tilzey, 1994).

Over the history of steam trawling, fishing grounds had
expanded southwards, reaching Cape Everard (Figure 1), and
into deeper waters. Catch rates declined by half between the
early 1920s and the late 1950s, and the catch composition
changed over time (Klaer, 2001). Whereas, flathead, latchet
and chinaman leatherjacket dominated early catches, redfish
(Centroberyx affinis), and jackass morwong (Nemadactylus
macropterus) formed the bulk of later catches (Klaer, 2001).
Fishing vessels and practices generally remained similar. A
Vigneron-Dahl modification to the otter trawl gear (leading to
a wider spread) was introduced in 1925 and may have increased
efficiency by a factor of about 30%. Vessels increased in average
size from 200 t in the 1920s to over 300 t in the 1950s (Klaer,
2004). Other undocumented changes to gear, fisher knowledge,
and ability to locate fish have likely increased fishing efficiency.
If accounted for in catch rates, these would increase the already
substantial declines in abundance, particularly evident for certain
species and times, during the steam trawl period.

Diesel Powered Trawling
In 1971, the first purpose-built diesel-powered otter trawler
was introduced to the SET and this trawling method rapidly
expanded through the 1970s. Large spawning migrations of
gemfish were discovered off New South Wales in waters
between 300 and 400m depth, and this species became the
main target during winter months. Soon, the fishery expanded
to waters around Tasmania and western Bass Strait and to
depths of about 600m (Figure 4). By 1976, gemfish had become
the main commercial species in the SET, and by 1982 the
number of vessels involved in the fishery rose to 180 (Tilzey and
Rowling, 2001). This growth was helped by the absence of major
management restrictions (Tilzey, 1994; Grieve and Richardson,
2001).

The very rapid development of the fishery, followed by
declines in fishing yields, raised questions about its long-term
profitability, and emphasized the need for control over the
expansion of the trawl fishery to underutilized areas. This
moved the Commonwealth Government to intervene in the SET
management (Grieve and Richardson, 2001). Hence, in 1985,
the Commonwealth Government defined the SET boundaries
and three management sectors (Eastern Sector A, Eastern Sector
B, and South West Sector, Figure 1); set entry criteria for each
sector; and issued new fishing licenses only for the South West
Sector, still considered underexploited (Tilzey, 1994; Grieve
and Richardson, 2001). In 1986, abundant stocks of orange
roughy and blue grenadier (Macruronus novaezelandiae) were
discovered on the continental slopes off Tasmania and Victoria,
and the trawl fishery expanded in the South West Sector (Tilzey,
1994; Tilzey and Rowling, 2001).
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FIGURE 3 | Temporal distribution of SET (A) retained catch and (B) commercial effort. (A) shows years when target stocks of the trawl or other fisheries (scallop and

school shark) were first classified as overfished (or close to be overfished as for pink ling); while (B) reports main fishery management actions and policy directions.

Data for the steam trawling period are from Klaer (2006), catch data for the diesel powered period are from Patterson et al. (2015) and fishing effort data for the diesel

power period are from the Australian Fisheries Management Authority, AFMA. Between 1961 and 1971 only a few Danish seiners were active, and catch and effort

data within this decade are from such vessels. However, detailed catch and effort data for this period is not available and thus values are underestimates. Full catch

reconstruction for the entire period are included in some individual species assessments for the region. SET, South East Trawl fishery; CTS, Commonwealth Trawl

Sector; AFMA, Australian Fisheries Management Authority; TAC, Total Allowable Catch; ITQ, Individual Transferable Quota; AMS, Alternative Management Strategy;

SOFF, Securing Our Fishing Future; HSP, Harvest Strategy Policy; ERA, Ecological Risk Assessment; MRN, Marine Reserve Network.

In the 1980s, catch rates of eastern gemfish stocks,
together with spawners’ mean length declined. This led to
the implementation of Total Allowable Catch (TAC) limits
for this stock in 1988, and Individual Transferable Quota
(ITQ) allocations a year later (Tilzey, 1994). TACs and ITQs
were also introduced for orange roughy in 1990 and for 15
other target species in 1992 (Caton et al., 1997). Concurrently,

the Australian Fisheries Management Authority (AFMA) was
created as a statutory authority for the management of fisheries
and target stocks under Commonwealth jurisdiction (Grieve and
Richardson, 2001; Patterson et al., 2016). The use of ITQ was
then in its infancy, and Australia, together with the Netherlands,
Iceland, Canada, and New Zealand, was among the pioneers
(Chu, 2009).
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FIGURE 4 | Spatial distribution of trawling effort in cumulative (log of) hours trawled for four representative periods of the trawling industry: (A) 1915-1960, the steam

trawling period; (B) 1986, the discovery of orange roughy stocks; (C) 2001, the peak of trawling effort; and (D) 2007, reduction in trawling effort following management

restrictions. Data for the steam trawling period are from Klaer (2006) and for the diesel power period are from the Australian Fisheries Management Authority, AFMA.

During the 1990s, trawling expanded to deep waters and the
number of vessels declined (from 180 in 1982 to 108 in 1997).
Through this period, average vessel tonnage and horsepower
increased, as did fishing efficiency, with vessels employing more
sophisticated electronic fishing and navigation systems (e.g.,
since the mid-1980s, net-sonde and GPS started to be used)
(Tilzey and Rowling, 2001). Fishing effort increased steadily, but
the average catch remained fairly stable at about 20,000-25,000 t
(excluding large catches of orange roughy between 1986 and
1994; Figures 3, 4) (Larcombe et al., 2001; Patterson et al., 2016).
This stability masked shifting species composition as, by the
late 1990’s, catches of orange roughy, eastern gemfish, and blue
warehou (Seriolella brama) had collapsed, and those of redfish
and pink ling (Genypterus blacodes), other main target species,
had experienced steep declines (redfish catches also collapsed in
2000; Figure 3) (Caton and McLoughlin, 1999; Punt, 2007; Little
and Rowling, 2008; Upston et al., 2014; Patterson et al., 2016).
Despite these species being then classified as over or fully fished
(Caton and McLoughlin, 1999), often TACs either remained at

their original levels or increased, suggesting that socio-economic
management objectives often prevailed over sustainability aims
(Tilzey and Rowling, 2001). See Table 1 for a summary of key
management steps for the SET.

The Trawl Fishery Today
In 2003, the SET fishery merged into the broader Southern
and Eastern Scalefish and Shark Fishery (SESSF). This saw
all of the main Commonwealth demersal fisheries (i.e., those
managed by the Commonwealth of Australia as opposed to State
Governments) brought under the same management objectives.
Accordingly, the SET fishery became the Commonwealth Trawl
Sector (CTS) of the SESSF (Patterson et al., 2016). Following
30 years of increased exploitation, the status of many CTS fish
stocks had deteriorated. At that time, many Australian fisheries
were facing similar problems, i.e., depletion of fish resources and
low profitability, and this situation called for radical management
changes. Changes were also arising from a number of new policy
directions that aimed at a wider consideration of the impacts of
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TABLE 1 | Key management steps for the South East Trawl fishery.

Year Key management

step

Management actions Reference

1980s Commonwealth

intervention on SET

management

Definition of SET boundaries

& management sectors

Establishment of entry

criteria & fishing licenses

Tilzey, 1994;

Grieve and

Richardson,

2001

1990s Introduction of output

controls

Creation of AFMA

Setting of TACs and ITQs

for 16 target species

Grieve and

Richardson,

2001; Patterson

et al., 2016

2000s Toward EBFM

approach

Implementation of AMS

project

Removal of 50% of SET

fishing concessions (2005)

as part of the SOFF

Smith et al.,

2004; Australian

National Audit

Office, 2009

Implementation of HSP for

all Commonwealth Fisheries

(2007)

Smith et al.,

2008

Implementation of ERA for

all Commonwealth fisheries

(2005)

Hobday et al.,

2011

Creation of MRN (2007) Commonwealth

of Australia

Department of

Environment and

Energy, 2015

Abbreviations are as per Figure 3.

ocean-related activities on all aspects of the natural environment
(Smith et al., 2007), reflecting a worldwide trend to ecosystem
based fisheries management (EBFM; Pikitch et al., 2004).

The need to restore Australian, particularly Commonwealth,
fisheries and ecosystems resulted in several major management
reviews and initiatives. In 2004, the Alternative Management
Strategy (AMS) project was funded to carefully review the SESSF
management plan and identify management options that would
lead to better ecological, economic, and social outcomes (Smith
et al., 2004; Fulton et al., 2014); and in 2005, AFMA initiated
a process to implement both a Harvest Strategy Policy (HSP,
initially implemented as a harvest strategy framework in the
SESSF) to set species and stock specific catch limits (Smith
et al., 2008), and an ecological risk assessment (ERA) to address
the broader ecological effect of fishing (Hobday et al., 2011).
Concurrently, the Securing Our Fishing Future (SOFF) structural
adjustment package (Australian National Audit Office, 2009) was
announced, and the fishery buyback component of the package
resulted in the removal of 50% of the fishing concessions from
the CTS, which in turn reduced fishing effort by an almost equal
amount (Figure 3).

Since the mid 2000s, TACs and/or landings for most quota
species have decreased and the number of quota stocks assessed
has increased (from 24 to 37, in the SESSF; Smith et al., 2008,
2013; Patterson et al., 2016). Total landings have been below
TACs for some quota species, and this possibly reflects the
tendency to target a few high-valued species until their TACs
is reached (e.g., orange roughy), while TACs for other species
remain not fully fished. In terms of ecological improvements,

by 2013 none of the quota stocks assessed was classified as
subject to overfishing (i.e., fishing mortality above the limit
reference point). However, trends in the number of stocks
classified as overfished (i.e., biomass below the limit reference
point) remained almost constant with seven SESSF stocks still
overfished in 2015 (Patterson et al., 2016). Among these are
orange roughy (eastern stock), eastern gemfish, blue warehou,
and redfish, all primary target species of the CTS and currently
subject to explicit stock recovery strategies, including zero or low
commercial TACs (AFMA, 2017). Orange roughy (eastern stock)
is showing signs of recovery (AFMA, 2017).

Meanwhile, the ERA assessed the impact of fishing on a
range of habitats and target, bycatch, threatened and endangered
species, and the subsequent environmental risk management
responses resulted in increased spatial management of the
fishery with the introduction of area closures and habitat
protection (Hobday et al., 2011). In addition, in 2012 the
South-East Commonwealth Marine Reserves Network (MRN)
was established in the SESSF region. The reserves cover an
area of 388,464 km2 across a depth range of 40–4,600m and
include a range of zonings, from “sanctuary” to “multiple use”
zones. This placed major restrictions on commercial fisheries
(Commonwealth of Australia Department of Environment and
Energy, 2015), especially the demersal fisheries.

While broad scale fishery-independent trawl surveys of the
kind undertaken in Europe and the USA have not been a feature
of Australian fisheries management, possibly due to limited
demersal resources and hence economic value of this fishery, an
understanding of how today’s fish community compares to that
of pre-fishing is possible via observations from ad-hoc scientific
surveys. Throughout the history of trawling, a range of bottom
trawl surveys has been carried out in South East Australia. Some
of these studies preceded the beginning of the SET, whereas
others assessed demersal resources at different stages after
commercial exploitation began (data and data description are
available in Novaglio et al., 2015). Importantly, this information
covers the entire history of trawling and has been used to
quantify long-term changes in fish communities of the region.
For instance, a comparison of pre-fishing communities (sampled
between 1898 and 1915) with those sampled in the 1980s
and 2000s showed shifts in community composition, and steep
declines in the abundance of commercial species, such as
flathead,morwongs (Cheilodactylidae), and gurnards (Triglidae),
most likely due to fishing (Novaglio, 2016). In another study,
the application of species-area relationships to the survey data
revealed changes in community structure, in terms of richness,
evenness, species abundance and spatial distribution, as trawl
fishing established and intensified (Novaglio et al., 2016).

OTHER FISHERIES OF THE TWENTIETH
AND TWENTY-FIRST CENTURIES

During the last century trawling has been the major fishing
activity by landed weight in South East Australia, but is far from
being the only fishery and it is not even the most profitable.
Traps, hooks, and lines and other means of net fishing have been
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and still are important fishing methods in the region. Hooks
and lines have been used to catch fish from the period of first
European colonization, long before the development of trawling.
At present, the Scalefish Hook Sector (ScHS), which uses drop-
line and demersal long-line, spatially overlaps and shares most of
its target species with the CTS. Its production is relatively small
and, in 2016, amounted to about 650 t of fish landed (Patterson
et al., 2016).

A shark fishery, today known as the Shark Gillnet and Hook
Sector (SGHS), developed in the 1930s in Victoria. The fishery
expanded to the waters of Tasmania and South Australia in
the mid-1940s due to the high demand for food production
and vitamin A from shark liver oil during WWII. The main
fishing method was long-lining, replaced by gillnetting from the
1960s onwards, and the main target species was school shark
(Galeorhinus galeus), replaced in the 1970s by gummy shark
due to a high content of mercury and steep decline of school
shark (Walker, 1999; Patterson et al., 2016). During the 1980s,
school shark was again the main target species, but became
overexploited by 1990 (Walker, 1999; Patterson et al., 2016),
and is today assessed as overfished (although the assessment
is uncertain; AFMA, 2017). School shark has been under a
rebuilding strategy since 2008, and management arrangements
include a low incidental TAC that aims to reduce school shark
bycatch while targeting gummy shark (AFMA, 2017). At present,
the SGHS, also targeting elephantfish (Callorhinchus milii) and
sawshark (Pristiophoridae), is an important sector of the SESSF
in terms of landings and economic value. The fishery landed
about 2,000 t of fish in 2015, with a GVP of about 17 million AUD
(Patterson et al., 2016).

In Tasmanian and Victorian waters in particular, southern
rock lobster, abalone, and scallop (Pectinidae) have all been the
basis of particularly valuable State-managed fisheries. Southern
rock lobster and abalone fisheries remain the most profitable
fisheries in South East Australia, delivering high-quality products
for export. For instance, in 2012, the GVP for the Tasmanian
and Victorian rock lobster fisheries combined amounted to about
77 million AUD, and for the abalone fisheries to about 106
million AUD (Hartmann et al., 2013; Tarbath and Gardner, 2015;
Victorian Fisheries Authority, 2016). Tasmania is by far themajor
producer and its rock lobster and abalone fisheries alone outreach
the CTS in GVP (143 compared to 53 million AUD, in 2012).
In contrast, the once valuable commercial scallop fishery, which
opened in 1973, collapsed in the late 1980s, and since then has
been at times closed to aid recoveries. The fishery is at present
restricted to limited areas and seasons (Patterson et al., 2016).

The commercial rock lobster fishery began during the 1830s,
when rock lobsters were collected by hand or using hoop nets in
shallow waters within about 80 km of Hobart (Frijlink and Lyle,
2013). In 1925, the use of lobster pots was legalized in Tasmania,
and annual catches rose from 39 t to 1,080 t in 15 years (Frijlink
and Lyle, 2013). By then, the fishery had steadily expanded along
the East and North West Tasmanian coast, and around the Bass
Strait islands (Frijlink and Lyle, 2013). After WWII, the rock
lobster fishery bloomed and catches further increased due to
a higher number of licensed vessels and pots employed and
technological advances, such as the adoption of diesel engines
and on-board refrigerators (Phillips et al., 2002; Frijlink and

Lyle, 2013). The total annual catch reached 2,000 t in 1967 but
catch rates steeply declined (Frijlink and Lyle, 2013), and to
protect the profit of established fisherman, the fishery, which
was then managed by limits on size and number of pots and
by seasonal closures, became limited entry (Phillips et al., 2002).
However, fishing effort (and power) kept growing as licensed
fishers invested in bigger and better equipped boats, driven (at
least in part) by increased lobster demand and price resulting
from the development of an export market to Asia in the 1980s
(Phillips et al., 2002; Frijlink and Lyle, 2013). This expansion led
to concerns about economic overfishing and, to further protect
profits, TACs and ITQs were introduced in 1998 (Phillips et al.,
2002). Between 1998 and 2006 fishing effort decreased and catch
rates increased (with TAC at about 1,500 t constraining catches).
However, after 2006, the rock lobster biomass declined and,
between 2009 and 2012, the TAC was reduced by about 30%. The
decrease in abundance was likely due to a prolonged period of
very low recruitment (Hartmann et al., 2013).

The wild abalone industry developed in South East Australia
about the 1960s. The main target species are blacklip (Haliotis
rubra, dominating the catches), greenlip (H. leavigata), brownlip
(H. conicopora), and roes (H. roei) abalone (Mayfield et al.,
2012), which are harvested by divers generally in waters less
than 20m deep. The combined abalone commercial harvest
of Tasmania and Victoria reached a peak of about 6,000 t in
1984, following the development of a live market to Asia,
and stabilized at about 4,000 t from 1990 onwards. However,
in Victoria catches have been declining since 2007 due to
an outbreak of AVG (Abalone Viral Ganglioneuritis) and the
proclamation of MPAs has also limited fishing effort (Mayfield
et al., 2012). Today, management regulations include fishing
effort and size limits, TACs and ITQs (introduced in 1985 in
Tasmania and in 1988 Victoria), and access rights (established in
1994; Mayfield et al., 2012). Importantly, this resource has been
sustainably exploited for the last 50 plus years (Mayfield et al.,
2012).

South East Australian pelagic fisheries can be divided into
small pelagic and tuna fisheries. The historical barracouta
(Thyrsites atun) fishery was the predominant (small) pelagic
fishing activity in the first half of the 1900s in waters off western
Victoria and around Tasmania, and ceased around the 1970s
(Grant et al., 1978; Tilzey and Rowling, 2001). Small pelagic
fisheries using purse seine andmidwater trawl gears and targeting
Australian sardine (Sardinops sagax), mackerel (Trachurus spp.)
and redbait (Emmelichthys spp.) arose in the 1980s. Catches were
around 12,000 t in the early 1990s and declined below 2,000 t per
year afterwards due to lack of market demand and processing
facilities (Patterson et al., 2016). In 2014 a factory trawler was
introduced and landings peaked again at about 12,000 t in 2016,
though this was still well below the set TAC (Haward et al., 2013;
Patterson et al., 2016). In contrast to the diminutive small pelagic
fishery, tuna fisheries in the region, which developed in the
1950s and gained importance since, have a substantial economic
value (Tuck, 2004; Patterson et al., 2016). Currently, fishing
gears used for tuna are long-line and purse seine. While tropical
tunas are landed, Southern Bluefin tuna (Thunnus maccoyii) is
the most valuable targeted species and the 2015 catch of this
species amounted to about 5,500 t with a GVP of 37 million AUD
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(Patterson et al., 2016). Similar numbers were reached for the
eastern tuna and billfish fishery, which extends along the whole
east coast of Australia and mainly catches swordfish (Xiphias
gladius) and yellowfin tuna (Thunnus albacares) (Patterson et al.,
2016).

Finally, recreational fishing has been an increasingly
important component of the total fisheries harvests in South
East Australia. Despite growing awareness of the significance
of recreational fisheries in Australia through the 1990s,
information and assessments remained scarce until 2000,
when Commonwealth, state and territory fisheries agencies
implemented the National Recreational Fishing Survey (NRFS;
Henry and Lyle, 2003). The survey provided the first estimates
of Australian recreational catch, effort and rate of fishing
participation by state, and thus established an important baseline
against which trends can be compared (Lyle et al., 2014). In 2000
the rate of recreational fishing participation was about 17% of
the population in New South Wales, 12% in Victoria and 29%
in Tasmania (Henry and Lyle, 2003), and fisheries targeted a
broad range of invertebrates (e.g., squids, abalone, and lobsters)
and finfishes (Henry and Lyle, 2003), with flatheads being
the primary finfish species group recreationally harvested in
South East Australia. In 2000, the estimated annual recreational
harvest of finfish for New South Wales, Victoria and Tasmania
combined was about 14,000 t, compared with the total CTS
catch of about 30,000 t. The estimated annual recreational
harvest does not include species that have been captured and
released or discarded due to size and bag limits, poor eating
quality or for ethical reasons, though release rates might be
high for some species (e.g., 80% for sharks and rays and 44%
for flatheads Australian-wide; Henry and Lyle, 2003). Estimates
of annual catches for the recreation fishing sector are uncertain
due to a range of factors including rough conversion of fish
numbers (reported by fishers) into weight (more useful for
comparison with other fisheries) and difficulties in tracking
fishing operations. For this reason, estimates of recreational
catch should be considered with caution.

Since 2000, various fisheries agencies in Australia have
conduced state-wide surveys that provided comparable
information to those reported in the NRFS. In South East
Australia, these surveys were performed in New South Wales
and Tasmania (West et al., 2013; Lyle et al., 2014). The most
recent available data are for 2013-14 (West et al., 2013; Lyle et al.,
2014) and show a decline in recreational fishing participation,
effort and catches in both states. Fishing participation declined
to about 12% (from 17%) of the population in New South
Wales and to about 22% (from 29%) in Tasmania; the decline
was partially driven by changing demography (e.g., population
aging) and reflects a common trend to other Australian states.
Fishing effort (measured as the sum of days spent fishing
for each recreational fisher) has also decreased by about
40% between 2000 and 2013-14 in New South Wales and by
about 33% in Tasmania. Line fishing has remained by far the
predominant fishing method in both states although a range
of other activities, such as pot and dive fishing, and the use
of gillnets, were reported. Total catch decreased in time, but
the catch composition remained fairly constant with some
variation among fish groups (e.g., increase in squid catches due

to increased appreciation of these as a food item). Breams and
flatheads remained the most commonly caught group of species
in New South Wales and Tasmania respectively, and flatheads
dominated Tasmanian catches by weigh. For the 2013-14 survey,
indicative estimates of harvest by weight (instead of numbers)
are available only for the most commonly caught fish species
and amount to around 1,600 t in New South Wales and 500 t in
Tasmania (representing underestimates of the total recreational
harvest). The rate of release after capture was about 56% in
New South Wales and 44% in Tasmania. For some species,
recreational harvest was significant and exceeded or equaled
state commercial fisheries catches; while for other commercially
targeted species recreational catches were minimal. For instance,
recreational harvest of flathead was double the commercial catch
in New South Wales and more than six times in Tasmania.
These comparisons highlight the importance of recreational
fisheries, for some species in particular, and the need to include
recreational harvest in stock and ecological assessments.

DISCUSSION

The history of South East Australian fisheries followed a
similar course to exploitation histories described worldwide
(Jackson et al., 2001; Lotze and Milewski, 2004), but it is better
documented because it occurred in more recent years. As such,
this history offers a rare and illustrative case study to understand
general patterns of fishing development and regulation.

In South East Australia, the Aboriginal era was characterized
by small-scale, subsistence fisheries, and lasted until the
end of the eighteenth century. At that time, and as had
previously happened in the Americas, the arrival of European
colonists marked the beginning of intensive exploitation of large
vertebrates and shellfish (Jackson et al., 2001; Lotze andMilewski,
2004; Lotze et al., 2006). Initial extraordinary profits and a general
lack of management restrictions promoted overexploitation of
some marine populations (e.g., whales, fur seals, oysters, and
snappers) and contributed to the extirpation of others, such as
the southern elephant seal and the Australian sea lion colonies of
Bass Strait. Subsequently, the advent of new technologies (e.g.,
steam whalers and trawlers, and then diesel engines) allowed
expansion of fishing into deep seas and open oceans (Tilzey
and Rowling, 2001; Clapham and Baker, 2002; Roberts, 2007),
thus facilitating the exploitation of stocks once unreachable. In
South East Australia, exploitation extended to demersal resources
when a trawling industry developed on the continental shelf of
New South Wales in 1915 and expanded to southern and deeper
waters in the 1970s. Meanwhile, other fisheries, such as shark
fishing and whaling, established or increased their range, thus
increasing impacts on both demersal and pelagic ecosystems.
During this phase of fishing expansion, steep declines in the
abundance of target species and stock collapses (e.g., southern
right whale, tiger flathead, and school shark) were masked by
the availability or discovery of other resources to be exploited,
hiding the unsustainable nature of the fishing industry (in both
ecological and economic terms), and in some cases postponing
the need for management regulations.

In more recent years (i.e., from the 1990s onwards), awareness
of the effect of fishing on marine life grew worldwide (Pikitch
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et al., 2004; Lotze et al., 2006) and the willingness to restore
depleted ecosystems often prevailed over short-term economic
interests. In South East Australia, the quota system implemented
in the SET in the early 1990s to protect individual stocks
from overexploitation was revised and improved in 2005, and,
concurrently, new regulations designed to address the effect
of fishing on multiple components of marine ecosystems (e.g.,
reduction in fishing effort and area closures) were introduced.
Following the introduction of more explicit management
strategies, the number of stocks assessed in South East Australia
has increased, those subject to overfishing has decreased (to
none for the SESSF; Patterson et al., 2016), and some of the
depleted mammal and fish populations and key ecological taxa
are showing signs of recovery (e.g., seal populations, eastern
orange roughy stock, and benthos habitat-formers; Kirkwood
et al., 2010; Bax and Hedge, 2015; Patterson et al., 2016).
At present, about 6% of the stocks assessed in Australia are
overfished (Flood et al., 2014), while about 85% of those assessed
in Mediterranean European countries are currently overfished
(Colloca et al., 2013). This comparison highlights a marked
difference in stock status, and potentially management actions
and their outcomes among countries.

Australian fisheries have been regarded as overall well-
managed and sustainable fisheries, particularly compared to
those worldwide (e.g., Alder et al., 2010). In South East Australia,
this may be due to a range of factors including the relatively
late beginning of the fishing industry. Fisheries of South East
Australia developed when considerable fishing knowledge, skills
and technologies were already available (e.g., steam and diesel
engine, refrigeration, vessels, and nets able to work in tough
sea conditions), and thus fishing effort moved to more remote
and deeper waters after relatively few years of exploitation
and possibly before most resources were too depleted to be
recovered. The opposite situation can be observed, for example,
in the Mediterranean and Black Seas, which have been heavily
exploited for thousands of years (Holm et al., 2014). However,
the availability of advanced skills and technologies at the start
of exploitation also implied that exploitation on targeted stocks
suddenly shifted from none to being significant, with little time
for fisheries to gradually learn and adjust. As such, some high-
valued species that are particularly sensitive to the effect of
fishing, such as gemfish and orange roughy (Clark, 2001), became
depleted very quickly. There has been a concerted effort in the
last decade to recover these and other depleted populations (i.e.,
AMS, HSP, ERA, and SOFF; see Figure 3). While overfishing
is under direct management control and has quickly ceased,
recoveries of quota species from overfished status have not
been as evident. Among the possible reasons are ecological
characteristics of some quota stocks, such as long generation
times, which imply slow recoveries; recoveries being dependent
on environmental conditions driving recruitment; and a lack
of information on stock status when the assessment relies on
commercial catch data (e.g., CPUE) and TACs are set to zero or
very low levels (AFMA, 2017).

With the availability of fishing technologies, investments in
fishery research began at the onset of exploitation, resulting in
the development of some innovative management legislation

able to buffer some of the effects of fishing on populations.
For instance, the 1880 New South Wales Royal Commission
assessed fisheries and resources of the region after only a few
years of colonial exploitation, and among the outcomes were
management restrictions that regulated the rock lobster fishery
in Tasmania (e.g., size and effort limits), and that ensured its
sustainability through time (Phillips et al., 2002). In addition,
these early investments resulted in the collection of data on
the pre-fishing status of marine resources. Such information
is essential for quantifying the full extent of fishing-induced
ecological changes on communities, and hence to tailor todays’
management objectives (e.g., Jackson et al., 2001). For example,
the 1910 Endeavour expedition surveyed demersal resources
of the continental shelf of South East Australia before the
development of the trawling industry, and the 1976 Kapala
expedition did the same on the continental slope (Novaglio et al.,
2015). These data have been used to assess the historical impact
of fishing on communities of the region (Andrew et al., 1997;
Graham et al., 2001; Novaglio, 2016; Novaglio et al., 2016).

A range of other ecological and social factors had clear
implications for the exploitation and management of South
East Australian marine resources. Notably, the low productivity
of Australian marine ecosystems (Chavez et al., 2011) and
the narrow continental shelf characterizing the South East
Australian region precluded the extensive development of
fisheries capturing thousands to millions of tons of fish as
has happened in many other regions of the world (e.g.,
China, Indonesia, and United States; FAO, 2016). In addition,
Australian governments and private enterprises had favored the
development of more profitable land-based industries, such as
mining and agriculture, which attracted a greater amount of
capital and offered greater job opportunities (Dannevig, 1909;
Tull and Polacheck, 2001; Barber et al., 2015). Hence fishing
intensity has been relatively limited. As such, fisheries have
not been as deeply embedded in the Australian culture and
economy as they have in many other societies (e.g., the many
fishery-dependent communities of Mediterranean and North
European countries; Brookfield et al., 2005; Natale et al., 2013)
and employment in the fishing industry has promptly shifted to
other industries when necessary. For example, in 2005 fishing
effort was drastically reduced, with much of the employment
absorbed by the booming mining industry (Australian National
Audit Office, 2009).

The short yet complex history of fishing exploitation in South
East Australia highlights unavoidable and common challenges
in developing and managing fisheries, and provides examples
of failures and successes. As such, this review may serve to
inform the evolution of fisheries elsewhere (e.g., in developing
countries, where fisheries are rising and growing fast; FAO, 2016),
and thus avoid common pitfalls in fisheries development and
management. Among the most evident lessons is the importance
of the early adoption of fisheries management, supported by
fisheries research, allowing timely response to early declines in
fish stocks, and enforcement of regulations aimed at protecting
key ecological species and habitats, besides target stocks. Early
assessments of marine resources provide an essential baseline
against which fishing impacts and management effectiveness
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can be properly quantified. Lastly, fisheries should be managed
taking into account (i) ecosystem functional limits, such as
productivity, which may constrain sustainable exploitation, and
(ii) the current availability of a wide range of fishing skills
and modern technologies, which can consistently speed up
overexploitation of marine resources.

Despite the more recent focus on management and the large
investment in research to recover depleted populations, and
despite some favorable conditions such as the relatively small
scale of Australian fisheries and hence low fishing intensity,
the experience in South East Australia shows that ecological
improvements for depleted populations can be slow, suggesting
that the time to recovery may be longer than expected, even for
what may be regarded as a well-managed fishery.
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