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EXECUTIVE SUMMARY

Two species of freshwater eels belonging to the genus Anguilla are found in Victoria.
The shortfinned eel Anguilla australis is found along the east Australian coast from
subtropical Queensland to eastern South Australia and throughout Tasmania; the
longfinned eel A. reinhardstii is found from northern Queensland to Wilson’s Promontory
in Victoria and north-eastern Tasmania. Both species live in fresh water and estuaries
but migrate to sea to spawn, following which adult eels die. The spawning area for these
eels is thought to be in the vicinity of central and western Polynesia. The life cycle of
shortfinned eels is similar to that of other species of eels, with adult “silver” eels
migrating to sea in from about November to May and juvenile “glass” eels returning to
estuaries in winter and spring (July to September).

The Victorian commercial eel fishery extends across coastal Victoria, and operates in
estuarine and freshwater habitats including lakes, rivers, swamps and privately-owned
dams. Production from the fishery has been generally declining over the last few years,
predominantly due to prolonged drought conditions, with 86 tonnes of eels caught in
2004/05.

There is a general decline in eel fishery production worldwide, with dramatic declines of
abundance of juvenile European (A. anguilla) and Japanese (A. japonica) eels. Several
factors including overfishing, habitat loss, barriers to migration, pollution and disease are
reportedly to blame, although oceanic and climatological factors may also be
contributing to glass eel recruitment failure through reduced plankton production. Natural
eel resources are being exploited throughout the lifecycle, including the glass eel and
silver (adult migrating) eel phases and the European eel population is now considered to
be outside safe biological limits and the fishery no longer sustainable.

In comparison to other eel-producing countries, research into eel biology and ecology in
Australia has historically been relatively fragmented and opportunistic. Much of what is
known of the biology and ecology of A. australis and, to a lesser extent A. reinhardtii,
has been the result of research undertaken on eel populations in New Zealand. The first
substantial body of research in eel biology in Victoria was undertaken during the 1970’s
and 80’s, primarily on shortfinned eels in Victoria and Tasmania. The first eel research
with a “pational” focus was undertaken during 1994-2000, specifically on glass eel
migration and biology and eel aquaculture, in Victoria, Tasmania, NSW and Queensland.
Further collaborative research has since been undertaken on longfinned eel biology in
Queensland and NSW. At present, all Australian and New Zealand research on eel is
coordinated by the Australia and New Zealand Eel Reference Group (ANZERG) which is
the major forum for coordinating research and management of eels in Australia and New
Zealand.

A limited number of studies on the tolerance of eels to specific environmental variables,
or indeed reporting on fish kills involving eels, were apparent in the literature. Of the
studies documented, the most commonly reported environmental stressors included
dissolved gases (oxygen and carbon dioxide), temperature, salinity and parasite
infestation, singularly or in combination. Eels are notably more resistant than other
species of fish to low oxygen concentrations and high temperatures. Different eel life
stages are adapted differently to salinity however and environmental salinity can affect
the response of eels to other stressors.



Review of Eel Biology

Eels are susceptible to a number of diseases and parasites. Outbreaks of many of these
are temperature dependent, and those most thoroughly studied occur under aquaculture
conditions.

Few reports on fish kills in Australia appear in the literature, and none involving eels
were found. An eel “kill” occurred in November 1999 in Lake Gnarpurt, a stock-enhanced
eel fishery about 30km north-east of Camperdown, where an estimated 100 tonnes of
eels died. The cause of the kill was not investigated. Mass infestations of the nematode
Anguillicola crassus have been associated with major eel mortality events in Europe,
where the combination of environmental conditions, including high water temperature,
hypoxia, and pesticide exposure, and parasite infestation may have precipitated the high
mortalities in eels.

It is difficult to ascribe clearly identifiable reasons for the major eel mortalities that have
occurred in Victoria. It is suggested that under the general circumstances surrounding
the eel mortality events in Victoria, a combination of environmental variables may have
been responsible.

Despite the extensive research undertaken on eel biology, particularly on that of the
European, American and Japanese eels, many gaps in the knowledge of eel biology
exist, in particular during the marine migration phases of eels.

Further study in elucidating the causes and prevention of fish kills involving eels could
include:

Diel (over a 24 hour period) monitoring of key water quality variables in affected
and unaffected water bodies over summer at surface and at depth

Collection of morphometric and histological data on eels in these water bodies,
including live and dead eels during future fish kill events

Undertake survival and recovery trials with eels during future fish kill events
Population biology study of stock-enhanced eel lakes in western Victoria

Testing of tolerance to the main environmental stressors over a wide size range,
including glass eels, elvers, yellow eels and silver eels
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BACKGROUND

Over the last two summers, 2004/05 and 2005/06, a number of fish kill events, primarily
involving eels, occurred in a number of waterbodies across Victoria. Some of the
greatest quantities of dead eels were observed in lakes which have been routinely
stocked with eels as part of the commercial eel fishery. The investigations to date into
these eel mortality events have focussed on understanding water quality conditions and
fish disease status. Results obtained to date have not identified a conclusive cause of
these mass mortalities. It is currently thought that a complex interaction of factors is
leading to the eel deaths.

To better understand what these factors may be, a second stage of the eel death
investigation has been proposed. An independent Eel Death Investigation Reference
Group has been established to overview the second stage of the investigation. This
report will be used to inform the Reference Group on the status of eel biological
knowledge, including an overview of eel biology and the state of eel fisheries in Australia
and worldwide, past and current eel research, known biological and environmental
factors which may contribute to eel deaths, known environmental tolerances of eels and
the identification of relevant key knowledge gaps and associated experimental or data
collection requirements to address these gaps.

Objectives

The primary aim of this report is to review the current understanding of eel biology,
lifecycles, distribution, susceptibility to disease and environmental stressors in south
eastern Australia and to highlight key gaps in this knowledge.
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OVERVIEW OF EEL BIOLOGY

Life cycle and distribution of eels in south-easter n Australia

Distribution

The genus Anguilla comprises 15 recognised species worldwide, four of which occur in
Australia (Anguilla australis, A. reinhardtii, A. obscura and A. bicolour). Of these, the
shortfinned eel (A. australis) and longfinned eel (A. reinhardtii) support commercial
fisheries in south-eastern Australia. A. bicolour is restricted to northern WA and northern
New Guinea and A. obscura is found in western New Guinea and Queensland. A.
reinhardtii generally inhabits tropical and subtropical regions ranging from Cape York in
northern Queensland, to eastern Victoria and north-eastern Tasmania, while A. australis
is considered to be a more temperate species, common from south-east Queensland to
south-east South Australia, and throughout Tasmania (Figure 1). Both species are found
outside Australia in the South Pacific. A. australis also occurs in New Caledonia, Norfolk
Island and Lord Howe Island (Ege 1939, Jellyman 1987) and comprises significant
commercial and customary fisheries in New Zealand. A. reinhardtii is also found in the
South Pacific region, including New Guinea, Solomon Islands, New Caledonia and Lord
Howe Island (Schmidt 1928, Ege 1939, Allen 1991), and has been recently recorded in
New Zealand (Jellyman et al. 1996a). In Victoria A. australis is common throughout all
coastal Drainage divisions while A. reinhardtii is restricted to drainage basins east of
Wilson’s Promontory (Figure 1). Occasional specimens of longfinned eels are found in
waters west of Wilson’s Promontory. These are suspected to be accidental introductions
with translocations of shortfinned eel stocks from Gippsland during commercial stock
enhancement exercises.

A number of key features distinguish A. australis from A. reinhardtii. In A. australis the
dorsal fin originates slightly in front of, or level with, the anal fin, while in A. reinhardtii the
dorsal fin originates well in front of the anal fin (Beumer 1996). A. reinhardtii reaches a
much larger size (over 20kg) than A. australis (up to 6kg), and A. reinhardtii “yellow” eels
have a mottled green/brown appearance, whereas A. australis yellow eels are a uniform
olive green/brown colour. In both species, females grow to a much greater size than
males (Table 1).

Despite such a broad distribution for each species, it is generally accepted that both the
shortfinned and longfinned eel species belong to single genetic stocks respectively. This
would imply that glass eels do not necessarily return to the same local area that their
parent stock came from. Previous studies of New Zealand and Australian populations of
A. australis have found that the species is derived from a single spawning population
(Dijkstra & Jellyman 1999, Smith et al. 2001, De Silva 2003b). However, recent evidence
of genetic variability in the European eel, A. anguilla, (Wirth & Bernatchez 2001) raises
the question of whether such variability in the genetic structure of Australasian eel stocks
may occur over a broader geographic scale than has previously been examined.
Preliminary genetic analysis of A. reinhardtii from a broad geographic range on the east
coast of Australia provides some indication that genetic structuring may occur in this
species (Moore et al. 2004). The question of genetic diversity is an important one, as a
homogeneous gene pool would mean that eels from different locations may have similar
tolerances. If however eels do have a distinct genetic makeup in different locations, then
this may have implications for translocation of eels.
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Life Cycle

All species of anguillid eels are considered to be catadromous, spending the majority of
their life cycle in fresh water or estuaries, but returning to the sea to spawn. Evidence of
anguillid eels completing their life-history entirely in marine environments has been
presented for two species at least (A. anguilla and A. japonica, (Tsukamoto et al. 1998,
Tzeng et al. 2000)). The marine habitat of anguillid eels is largely unknown. Coastal
habitats for eels in the adult migratory phase or the glass eel phase have not been
documented, however once glass eels reach the estuarine/freshwater interface, they
may prefer habitats such as seagrass/macrophytes or rocks/cobbles during the day
(Silberschneider 2005). In freshwater systems, habitat preferences of eels include
macrophytes, woody debris, under-cut banks, cobbles, gravel, mud and sand substrates
(Glova 1999, Jellyman & Chisnall 1999). Eels are opportunistic feeders whose diet
includes a wide variety of invertebrates and fish, the latter comprising a greater
proportion of the diet as eels increase in size (McKinnon 2005). Neither adult nor
juvenile eels are known to feed during their respective migration phases, except as
larvae (leptocephali).

Anguillid eels are thought to be semelparous, reproducing once only in the ocean before
dying. A. australis and A. reinhardtii eels are long-lived, generally reaching maturity at
between 10-20 years (Beumer 1996, Pease 2004). At the onset of migration, adult eels
undergo a number of morphological changes, including skin colour change, in particular
a “silvering” of the belly colour, increase in eye size, a reduction in the gut and
development of the gonads (Todd 1981a, van den Thillart et al. 2005). van den Thillart et
al. (2005) recently developed an index for the determination of “silvering” in European
eels based on length, weight, eye diameter and pectoral fin length. Eels cease to feed at
this stage, relying on large fat reserves to sustain hormal gonad development during the
spawning migration (Tesch 1977, Boetius & Boetius 1980, van den Thillart et al. 2005).

The suggested marine migration of juvenile eels is shown in Figure 2. Both species are
thought to spawn in the vicinity of central and western Polynesia, between Samoa and
the Coral Sea (Schmidt 1925, Castle 1963, Tesch 1977, Jellyman 1987, Aoyama et al.
1999) however the exact location of the spawning area(s) is unknown. Adult A. australis
migrate to sea in summer and autumn (Sloane 1984b, Jellyman 1987), with males
preceding females (Jellyman 1987), and glass eels return to estuaries in winter and
spring (Jellyman 1977a, Beumer & Harrington 1980, Beumer 1983, Sloane 1984a,
Beumer & Sloane 1990, McKinnon & Gooley 1998) at between about 4.5-7 months of
age (McKinnon et al. 2002). A. reinhardtii adults also migrate to sea in summer/autumn,
however A. reinhardtii glass eels tend to return to estuaries from spring to autumn at
about 3-4 months of age (McKinnon et al. 2002). Glass eels of each species are sexually
undifferentiated and may continue to arrive at some estuaries throughout the year,
particularly in tropical and subtropical regions (McKinnon et al. 2002).

The respective life cycles of both A. australis and A. reinhardtii are similar to those of
other anguillid eels (Figure 3). Table 1 provides a description of the various life stages of
eels. Based on estimated hatching dates from glass eel ageing, A. australis spawns
between October and March, and A. reinhardtii spawns between July and October
(Figure 3) (McKinnon et al. 2002). Eggs are pelagic and hatch after about 2 days (Satoh
et al. 1992, Lokman & Young 2000). The newly hatched larvae, or leptocephali, survive
on the resources of their yolk sac for about 8 days before commencing exogenous
feeding (Tanaka et al. 2001). As the leptocephali feed and grow, they are transported
toward the eastern Australian coastline by the South Equatorial Current, and then along
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the coast by the East Australian Current (Jellyman 1987, Aoyama et al. 1999, Shiao et
al. 2001). In the vicinity of the continental shelf the leptocephali commence
metamorphosis into the glass eel phase and are thought to temporarily cease feeding
(Deelder 1970, Tesch 1977). Stomachs of A. australis glass eels collected from estuaries
in south-eastern Australia were found to be empty (Allan 1995) supporting the idea that
glass eels do not feed prior to their arrival at estuaries.

Following metamorphosis from the leptocephalus stage (Figure 3, Table 1), glass eels
migrate toward coastal waters utilising various modes of transport, including active
swimming and advection (McCleave 1993, Jessop 1998). It is not clear whether
leptocephali are also transported in this manner (McCleave 1996). Glass eels change
from a diel rhythm to a tidal rhythm of vertical migration and selectively use tidal stream
transport for migration towards and within estuaries (McCleave & Kleckner 1982) where
pigmentation develops (Sloane 1984a). Upon arrival to the estuary, A. australis and A.
reinhardtii glass eels are between 50-60mm in length (Table 1) and weigh between 0.1-
0.2g each (McKinnon et al. 2002). In the estuary glass eels undergo a transition from
hypoosmoregulation in seawater to hyperosmoregulation in freshwater (Wilson et al.
2004) prior to upstream migration.

Sex differentiation occurs in the yellow phase of the freshwater component of the eel's
life cycle (Colombo & Grandi 1996). It is however, uncertain exactly what determines sex
ratio in eel populations. Sex ratios of eels may be determined by population density,
whereby high population density relative to available habitat may result in a dominance
of males in the population (Krueger & Oliveira 1999), or by habitat, whereby the
proportion of females in the population increases with distance upstream (Tesch 1977).
More recently, Oliveira et al. (2001) showed that the proportion of female eels increases
with the amount of available lacustrine habitat.

Despite the extensive research undertaken on the Anguilla genus, major components of
eel biology remain unknown.
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Table 1. Description of the different life stages o

f eels. SF, shortfinned eels; LF, longfinned

eels.
Stage Description Age Size Habitat
Leptocephalus | Larval form. Narrow, | Metamorphose Metamorphose at 55-60mm | Marine
deep-bodied, shaped | at 3.5-6 months | (SF) and 50-55mm (LF)
like a willow leaf (SF) and
4 months (LF)
Glass eel Transparent juvenile | SF 4.5-7 months | 55-60mm (SF) Marine &
All stages from estuarine
metamorphosed LF 5.5-6.5 50-55mm (LF)
larva to pigmented months
elver
Elver Fully pigmented < | year to about 30 cm Predominantly
juvenile <30cm long 5 years freshwater
Yellow eel Migratory phase 5 years+ > 30cm Predominantly
complete. Generally freshwater
>30cm long. Sexual
differentiation occurs
in this stage
Silver eel Adult eel migrating to | 10-20 years+ SF males 500mm and Marine.
spawning grounds 250g, females 1.3m and
6kg. Metamorphosis
LF males 650mm and commences in
600g, females 1.6m and freshwater
22kg

10
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Figure 1. Distribution of shortfinned and longfinne d eels in eastern Australia (Kailola et al.
1993) .
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Longfinned eel
z Area

2 Shortfinned eel

:_'\S[l:)ing Area ?

Figure 2. Suggested migration routes of shortfinned and longfinned larvae and juveniles
(McKinnon et al. 2002)
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Yellow eel .
\$\Metamorph05|s

Silver eel
. (10-20 yrs old)
Pigmented Elver Migrate Nov-May
Fresh Water
Estuary Estuary
Marine Water
Glass eel
(4-8 months old) Egg
Spawning Oct-Mar (SF eel)
Jul-Oct (LF eel)
Metamorphosis Leptocephalus

(3.5 - 6 months old)

Figure 3. Lifecycle of shortfinned (  A. australis ) and longfinned ( A. reinhardtii ) eels.
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STATE OF EEL FISHERIES IN AUSTRALIA AND
OVERSEAS

Commercial eel fisheries exist in Victoria, Tasmania, NSW and Queensland, however
the eel fishery in Victoria is by far the largest in terms of quantity produced. The Victorian
and Tasmanian eel fisheries comprise mainly shortfinned eel, and fisheries in
Queensland and NSW target mainly longfinned eels.

Victorian Eel Fishery

The Victorian commercial Eel Fishery has produced up to 450 tonnes, worth
approximately $4.7M annually (McKinnon 2002, Anon. 2005a). Overall, the shortfinned
eel makes up approximately 95% of total eel production in Victoria, however longfinned
eels may comprise up to 20% of the total catch in some years (Figure 4). The eel fishery
has been relatively stable, in terms of production, over the last 2 decades, however the
fishery is strongly affected by seasonal factors, and recent drought conditions have
resulted in relatively low production of shortfinned eel in successive years (Figure 4). A
large component of eel production is from stock enhancement, whereby elvers and small
or poorly conditioned “yellow” eels, or “snigs”, are stocked under specified licence
conditions into selected Crown waters (mainly western Victorian lakes) and large private
dams for extensive ongrowing under natural conditions. Translocation of eels into and
within Victoria is now undertaken according to translocation guidelines and protocols
recently developed (Anon. 2005b). In the past, substantial quantities of elvers have been
sourced from the Trevallyn Tailrace (Tamar River) and Meadowbank Dam (Derwent
River) in Tasmania for restocking into Victorian waters. This practice is expected to
continue, according to appropriate translocation protocols, once stock-enhanced waters
recover from current drought conditions.

In most years the commercial catch is roughly comprised of up to 40% stock-enhanced
shortfinned eel product, however protracted drought conditions since 1994 have resulted
in a significant decrease in both stock-enhanced, and wild shortfinned eel production
(Figure 4). By contrast, longfinned eel production has been maintained at between 10
and 50 tonnes annually (Figure 4). The longfinned eel fishery in Victoria is restricted to
the east of the State, by virtue of the species’ distribution, and prevailing drought
conditions appear to have impacted this component of the fishery to a lesser degree
than that of the shortfinned and stock enhanced fishery components of the fishery
(Figure 4).

An apparent recovery in the wild shortfinned eel sector in 2001 suggests that the effects
of drought may have been mitigated in riverine habitats in coastal Victoria, while the
stock enhanced shortfinned eel sector, although comparatively low, appears to have
stabilised at between 40-50 tonnes under continuing drought conditions in western
Victoria (Figure 4). The wild shortfinned and longfinned eel components of the fishery
are comprised largely of migrating adult eels. The reliance of the existing commercial eel
fishery in Victoria on this component of the fishery is consequently very great,
particularly during periods of drought when productivity from stock-enhanced waters is
low.

14
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There are 18 licences in the commercial Victorian Eel Fishery, and each licence entitles
the holder to fish in specified Crown waters allocated to that licence, and in certain
unspecified Crown waters, and in private waters. Crown waters in which stock
enhancement occurs are fished by Eel Fishery Access Licence (EFAL) holders under an
Aquaculture Licence.

The commercial fishery is input managed, with limited entry, gear restrictions and water
allocation the main input restrictions. There is no Total Allowable Catch (TAC) set for the
fishery in Victoria. Fyke nets are the only gear permitted for use by EFAL holders and
only holders of an EFAL may use or possess fyke nets. Fyke nets are described as a
framed hoop net, with 1-3 wings leading into a drum section where a series of non-return
funnels guides fish into a bag end (Beumer et al. 1981). A small quantity of eel is also
taken commercially in bay and inlet fisheries by haul seine operators.

475
450 -

B Stock Enhanced Shortfinned Eel
425 4 DO wild Shortfinned Eel
400 - B Wild Longfinned Eel

375 4

350 |

325 1

300 1 m

275 |

250 1 I

225 | I

200 1

175 1

150 1

125 |

100 |
75
50

25
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SR N R R R N A RS

Figure 4. Commercial Victorian eel catch, 1979-2003  (McKinnon & Leporati 2003)

World Eel Fisheries

Production from major eel fisheries around the world is shown in Figure 5. There is a
general decline in eel fishery production worldwide, with dramatic declines of abundance
of juvenile European (A. anguilla) and Japanese (A. japonica) eels of 99% and 80%
respectively (Dekker et al. 2003). These two species presently account for around 80%
of commercially fished eel worldwide (Figure 5). Several factors including overfishing,
habitat loss, barriers to migration, pollution and disease are reportedly to blame
(Klinkhardt 2004, ICES 2005), although oceanic and climatological factors may also be
contributing to glass eel recruitment failure through reduced plankton production
(Knights 2003). Natural eel resources are being exploited throughout their lifecycle,
including the glass eel and silver (adult migrating) eel phases. Glass eels are targeted as

15



Review of Eel Biology

eels cannot yet be reproduced artificially on a commercial scale, and therefore are the
primary seedstock source for eel aquaculture worldwide. Indeed, aquaculture production
of eels, based on the supply of glass eels from the wild, far exceeds production of eels
from commercial yellow and silver eel fisheries, with almost 250,000 tonnes of farmed
eels produced annually, mostly from China (Klinkhardt 2004).

The eel fishery in Europe is the world’s largest eel fishery. Downward trends in yellow
eel (age 1+) recruitment have been evident for the last two decades and the population
is now considered to be outside safe biological limits and the fishery no longer
sustainable (ICES 2005). It has been recommended that all anthropogenic impacts
should be reduced to the lowest possible level and a recovery plan be developed.
Proposed actions include: limit exploitation by fisheries (eg closed seasons, gear
controls, licensing), habitat re-creation, controlling non-fishery mortality (eg disease,
pollution etc) and restocking using aquaculture-produced eels, however at present there
is no centrally formulated long term management objective for the European eel
population, nor any proactive fisheries management system operating on a stock wide
basis (ICES 2005).

6000 - —m— Asia
gSOOO ] —a— Europe
84000 .

N —«—USA &

83000 7 Canada
T©2000 - —e— New

L_) Zealand
LclljlOOO | %W —x— Australia

O = I I I —X |
2000 2001 2002 2003
Year

Figure 5. World catch of eels 2000-2003 (Source: FA O FIGIS Database)
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OVERVIEW OF EEL RESEARCH

In comparison to other eel-producing countries, research into eel biology and ecology in
Australia has historically been relatively fragmented and opportunistic. Some of the first
accounts of often spectacular elver migration events in south-eastern Australia were
recorded early last century (Kershaw 1911, Whitley 1929). Amongst the early scientific
research into Australasian eel species are records of A. australis and A. reinhardtii
leptocephali from the South Pacific, which provided the first indication of a spawning
locality and migration routes for these species (Schmidt 1925, Cairns 1941, Jespersen
1942). Much of what is known of the biology and ecology of A. australis and, to a lesser
extent A. reinhardtii, has been the result of research undertaken on eel populations in
New Zealand, in particular on distribution and genetics (Cairns 1941, Jellyman et al.
1996a, McDowall et al. 1998, Dijkstra & Jellyman 1999, Smith et al. 2001), migration
(Jellyman 1977b, a, 1979, Todd 1980, 1981b, Jellyman et al. 1996b, Jellyman et al.
1999, Boubee et al. 2001, Jellyman 2001, Marui et al. 2001, Arai et al. 2003, Jellyman &
Sykes 2003), age and growth (Chisnall 1989, Chisnall & Hayes 1991, Chisnall & Kalish
1993, Horn 1996, Jellyman 1997, Jellyman 2001, Marui et al. 2001), habitat use (Glova
1999, Jellyman & Chisnall 1999, Arai et al. 2003), and reproductive biology and general
life history (Cairns 1941, Todd 1981a, Jellyman 1987, Jellyman 1988, Arai et al. 1999,
Lokman & Young 2000, Davey & Jellyman 2005).

The first substantial body of research in eel biology in Victoria was undertaken during the
1970’s and 80's, primarily on shortfinned eels in Victoria and Tasmania. The first eel
research with a “national” focus was undertaken during 1994-2000, specifically on glass
eel migration and biology and eel aquaculture, in Victoria, Tasmania, NSW and
Queensland. Further collaborative research has since been undertaken on longfinned
eel biology, in Queensland and NSW, and research into the effect of hydroelectricity
dams on the upstream and downstream passage of shortfinned eels in Tasmania has
recently been undertaken. The following is a summary of the findings of key research on
eel biology undertaken in Victoria:

Beumer (1979) studied the feeding and movements of shortfinned and longfinned eels in
Macleods Morass (Gippsland). No relationship between size of eel and size of prey
items was apparent, but feeding followed seasonal patterns with the greatest intensity
during spring and summer. The home range of shortfinned eels was found to be in the
order of 400 m and movements were closely related to temperature fluctuations with
peaks associated with feeding in the littoral zones. The home range of longfinned eels is
probably less than 300 m (Pease 2004). Both species are however capable of extensive
movements of several kilometres (Beumer 1979, Jellyman et al. 1996b, Pease 2004).

Beumer et al. (1981) examined the composition and abundance of bycatch in fyke nets
and mesh nets in the eel fishery. They found in the areas studied, that tortoises were
caught regularly, however mortalities were low and that birds and mammals were caught
infrequently with sporadic mortalities. Modifications to the design and use of fyke nets to
reduce bycatch were recommended, and included bycatch exclusion grids and raising
the cod end to prevent drowning of air breathing animals. Such practices have since
become commonplace in the Victorian eel fishery.

Beumer & Bacher (1982) measured mercury concentrations in longfinned and
shortfinned eels during 1975-78 and found that during that mean mercury concentrations
were well below the Australian statutory health limit of 0.5 ng g ™. Both eel species were
considered to be suitable indicators of mercury pollution. In a later study, Fabris &

17
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Theodoropoulos (1999) found that mercury concentrations in Victorian shortfinned eels
were lower than had previously been reported and recommended that assessment of
residues in wild eels should be undertaken at intervals of at least five years and that
future assessment should include the determination of synthetic pyrethroid insecticides,
which are increasingly replacing organophosphates in Victorian agriculture.

Beumer & Bacher (1982) performed a preliminary study of fish movements through a
fish-ladder in the Lerderderg River in Victoria and found that shortfinned eel migration
was temperature dependent and followed seasonal patterns. Potential improvements to
the fish-ladder were discussed, as was the necessity to expand fish-ladder technology in
Australia.

Sumner et al. (1984) analysed the lipid content and fatty acid composition of Victorian
and New Zealand shortfinned eels. The Victorian eels contained a higher fat content and
lower degrees of unsaturation of lipids than New Zealand eels. The results were
influenced by temperature differences between Victoria (warmer) and New Zealand
(cooler). In cooler temperatures feeding occurs for shorter periods, food availability is
diminished and hibernation can occur. Eels with a higher fat content can demand a
greater price in international markets.

Beumer & Sloane (1990) studied the distribution and abundance of glass eels in eastern
Australia. They found that longfinned glass eels showed a year round arrival pattern in
tropical and subtropical waters, while shortfinned eels showed a similar arrival pattern in
temperate waters. Water temperature did not appear to play a significant role in
determining arrival patterns. Shortfinned eels were more abundant in winter and spring
at latitudes 20 — 34°S, where as longfinned eels were more abundant during summer
and autumn at latitudes 35 — 44°S. Shortfinned glass eels were of greater length and
weight than longfinned glass eels.

Skehan & De Silva (1998) investigated the improvement of selection and management
of eel culture lakes. They explored various yield predictive models, incorporating
different morphometric data of the lakes studied and fisheries data. Fish yield was
strongly correlated with lake surface area, and it was determined that stocking rates
could potentially be increased without adversely affecting productivity.

McKinnon & Gooley (1998) researched the key environmental criteria associated with
shortfinned glass eel invasion and found that temperature and salinity were useful
indicators of shortfinned glass eel invasion in south-eastern Australian estuaries.

Gooley et al. (1999) studied the shortfinned glass eel resource in south-eastern Australia
in terms sustainable commercial development and suitability for aquaculture. The
migration patterns of shortfinned glass eels were predictable and growth and survival of
shortfinned eels from wild glass eel stocks exhibited strong potential under intensive and
semi-intensive aquaculture conditions.

Arai et al. (1999) and Shiao et al. (2001) examined age at the various life stages of
juvenile shortfinned eels on their migration and Shiao et al. (2001) postulate that A.
australis glass eels can be classified into a northern Australia group, which are younger
and smaller at recruitment, and a southern Australia and New Zealand group, which are
older and larger. Shiao et al. (2002) examined the role of larval duration in and growth
rate of glass eels in the distribution of eels along Australia’s east coast.
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Langdon & Collins (2000) studied the maximal swimming performance of longfinned and
shortfinned glass eels to determine the upper limit of fishway velocity that will not impede
glass eel migration in Queensland’s regulated rivers.

A comprehensive study of the shortfinned and longfinned glass eel resources in eastern
Australia, including migration cues and fishing methods was undertaken by McKinnon et
al. (2002) as part of a larger study to examine the potential for eel aquaculture in
Australia (Gooley & Ingram 2002). However, little research has been undertaken on the
seaward migration patterns of Australian eels (Sloane 1984b). An eel industry
development strategy and business analysis was subsequently undertaken for the use of
industry in developing the eel aquaculture in Australia (Gooley & McKinnon 2002).
Silberschneider (2005) investigated spatial and temporal recruitment of shortfinned and
longfinned glass eels to estuaries within NSW, important habitat and age at which glass
eels enter estuaries.

Pease (2004) provides the most recent and thorough study into longfinned eel biology in
NSW. The primary objective of the study was to determine key aspects of the population
biology of longfinned eels relevant to assessing the stocks of this species. Among other
findings, this study determined distribution and habitat use, size and age at sexual
differentiation and at maturity, the validation of annual growth rings in otoliths of “yellow”
longfinned eels and high intra and inter-population variability in growth rates.

Australia and New Zealand Eel Reference Group

The Australia and New Zealand Eel Reference Group (ANZERG) was established in
1997 under the then Standing Committee on Fisheries and Aquaculture (SCFA) and is
the major forum for coordinating research and management of eels in Australia and New
Zealand

The Terms of Reference for ANZERG are:

1. To provide a national/regional perspective on eel resource management and industry
development, and to identify strategies to address issues affecting the sustainable
development of the eel industry in Australia and New Zealand.

2. To provide an information forum for groups interested in eel research, resource
management (including conservation, commercial fishing and aquaculture), and
industry development in Australia, and New Zealand and to provide effective
engagement of other international stakeholders.

3. To promote sustainable eel industry development (including research and
assessment, development, production and marketing) and effective management of
eel resources in Australia and New Zealand.

4. To advise the Australian Fisheries Management Forum (AFMF) on national and
regional eel related matters and undertake specific tasks as requested by the AFMF.
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Responsibilities of ANZERG

1. To facilitate a coordinated approach to the management of eel stocks

2. To facilitate the development of strategies for:
Management and administration of the eel catching sector
Eel industry development (in collaboration with the Aquaculture Committee)
Industry compliance (in collaboration with the Compliance Committee)

3. To promote and assist in the coordination of cooperative research on eels between
Australian States and New Zealand, and provide advice on strategic research
priorities.

4. To advise on management policies to assist the promotion and enhancement of the
eel aquaculture and commercial eel fishing industry sectors.

5. To facilitate communication and coordination between eel fisheries management,
aguaculture management and research staff.

Membership

ANZERG membership includes a maximum of two representatives from each Australian
State (one research and one management representative), plus one representative from
the Commonwealth Department of Environment & Heritage, plus three representatives
from New Zealand, including one person each from the National Institute for Water and
Atmospheric Research (NIWA), Ministry for Fisheries (MFish) and the Treaty of Waitangi
Fisheries Commission.

State representative members may be decided by the individual States with preference
to having one eel aquaculture representative (government) and one eel fisheries
representative (government).

The ANZERG Chair is currently Dr, Bruce Pease, NSW Fisheries, Cronulla Fisheries
Centre, P.O. Box 21, Cronulla, NSW, 2230.

Victoria’'s management representative is Mr. David Molloy, Fisheries Victoria, PO Box
114, Queenscliff Vic, 3225.

Although ANZERG meets infrequently, this forum has a major formal role in coordinating
eel research in and between Australia and New Zealand.
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ENVIRONMENTAL TOLERANCES OF EELS

A limited number of studies on the tolerance of eels to specific environmental variables
were apparent in the literature. Of the studies documented, the most commonly reported
environmental stressors included dissolved gases (oxygen and carbon dioxide),
temperature, salinity and parasitisation, singularly or in combination. These studies have
mainly involved eel species other than Australian shortfinned and longfinned eels,
however what is available in the literature is relevant to Australian eels, and includes a
number of studies on shortfinned eels from New Zealand.

Dissolved Gases

Hypoxia and Hypercapnia

Eels are notably more resistant than other species of fish to low oxygen concentrations
(van Waarde et al. 1983, McKenzie et al. 2003, Landman et al. 2005). Landman et al.
(2005) found a 48Hr LCs, at 15°C for shortfinned elvers of 0.54 mg/l dissolved oxygen.
Shortfinned eels may exhibit apnoea lasting over 30 minutes thus regulating the blood
oxygen content by variable periods of ventilation interspersed with apnoea (Forster
1981, Smith et al. 1983) which will help eels survive hypoxic conditions (Forster 1981).
Furthermore, eels are capable of cutaneous respiration, however the degree to which
this may contribute to total oxygen consumption is not considered to be great (Forster
1981, CruzNeto & Steffensen 1997). Eels may also inflate the opercular cavities when
out of water (Steen & Kruysse 1964), further assisting the tolerance of eels to hypoxic
conditions.

Eels of around 100g are able to regulate and compensate for low dissolved oxygen
concentrations, but do not do so at high concentrations of carbon dioxide (hypercapnia);
in fact the ability to regulate hypoxia decreases considerably under simultaneous
exposure to high concentrations of CO, (CruzNeto & Steffensen 1997). Conversely,
McKenzie et al. (2003) found eels of 100-300g tolerated extreme hypoxia and that this
ability was not reduced by exposure to chronic hypercapnia. Concentrations of CO, in
freshwaters may increase as a result of microbial metabolism and inadequate surface
gas exchange, however the concentrations of CO, tested in these studies was well
above what could be expected under natural conditions (McKenzie et al. 2003).

In eutrophic waters, dissolved oxygen may decrease rapidly overnight due to the
cessation of photosynthesis by phytoplankton (Gollock et al. 2005a) or may result from
an algal “crash” where plankton blooms suddenly die off (Boyd et al. 1975). Chronic
exposure to the compounding effects of sequential periods of high temperatures during
the day and hypoxia during darkness could ultimately result in eel mortalities (Gollock et
al. 2005a).
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Gas Supersaturation

Gas supersaturation can produce what is known as “gas bubble disease” or “gas bubble
trauma”. Supersaturated water in turn causes supersaturation of internal fluids with gas,
forming bubbles of mainly nitrogen and oxygen in blood vessels and other tissues
(embolisms), affecting circulation and oxygen transport, hypoxia and tissue disruption,
ultimately causing high mortality (Tucker 1998). Supersaturation of water with gas can
often occur in aquaculture where water is heated or under pressure, but can also occur
under natural conditions from photosynthesis, storms (low barometric pressure),
bacterial production of large quantities of hydrogen, oxygen, nitrogen or methane, and
periods of high solar heating and low winds (Huguenin & Colt 1992, Tucker 1998).

Thermal destratification

In thermally stratified eutrophic waterbodies photosynthesis maintains high
concentrations of dissolved oxygen in the epilimnion, but the hypolimnion becomes
anaerobic. In shallow waters, thermal stratification may develop during the day but
destratification may occur at night due to heat loss from the surface water.
Destratification can also occur during storms with high wind and heavy rain. During
destratification highly hypoxic hypolimnetic water mixes with water in the epilimnion
resulting in rapid oxygen depletion and potential fish kills. Destratification, particularly
where artificial means are used, may also lead to fish kills due to nitrogen
supersaturation (Fast 1979).

Temperature

A comprehensive review of temperature tolerance in a number of freshwater fish
including A. australis and A. dieffenbachii (New Zealand longfinned eel) was undertaken
by Richardson et al. (1994). A. australis (shortfinned eel) was more tolerant of high
temperatures than other fish species tested, with the lethal temperature for A. australis
glass eels 28° C, elvers 30.5-38.1° C, and adults 39.7° C (Richardson et al. 1994).
Similarly, the lethal temperature for A. dieffenbachii glass eels was 25° C, elvers 34.8°C
and adults 37.3° C (Richardson et al. 1994). Sadler (1979) reported an ultimate upper
lethal temperature of 38T for the European eel . Lethal temperatures were found to
increase markedly with size and stage of eel (Richardson et al. 1994). Thermal tolerance
experiments on A. australis were undertaken using dechlorinated tap water, presumably
therefore, at low salinity (Richardson et al. 1994).

The skin mucus of anguillid eels has strong antibacterial properties (Ebran et al. 2000).
These include antibacterial proteases known as “cathepsins L and B” (Aranishi et al.
1998, Aranishi 2000). High (30°C) and low (10°C) water temperature can induce marked
increase in the activity of such cathepsins in the skin of eels, which is also observed
during bacterial infection via the skin, demonstrating the high sensitivity of eel skin
cathepsins used in bacterial defence to thermal stress (Aranishi 2000). It suggests that
the host defence ability is accelerated under stressful conditions in which bacterial attack
frequently occurs and that it is likely that catheptic activities in fish skin in response to
thermal stress could contribute to the ability of eels to resist bacterial infection (Aranishi
2000).

22



Review of Eel Biology

Salinity

Different eel life stages are adapted differently to salinity. Crean et al. (2005) found no
mortality among European glass eels and early stage elvers during several weeks of
abrupt transfer into widely differing salinities, and that eels at this stage generally had a
preference for sea water, concluding that at this life stage, eels are strong
osmoregulators. However, fully pigmented elvers suffered significant mortality in full
salinity sea water, and showed a preference for fresh water when given a choice (Crean
et al. 2005).

Environmental salinity can affect the response of eels to other stressors. Fasted
European glass eels, acclimated and kept in fresh water, were able to withstand
starvation for more than 60 days, while those in brackish environments (salinity of 10
and 20 ppt) reached the level of irreversible starvation at 37 and 35 days, respectively
(Rodruigez et al. 2005). Environmental salinity directly influences the ability of glass eels
to withstand starvation; once glass eels metamorphosed into elvers, they tolerated
starvation better in fresh water than in brackish environments (Rodruigez et al. 2005).
Peaks in glass eel mortality at higher salinity were detected during the first 10 days of
experimentation (Rodruigez et al. 2005). Differences in fasting resistance of elvers are
thought to be mainly related to changes in the fish’s capacity to osmoregulate and the
higher metabolic costs of subsequent impaired osmoregulation (Rodruigez et al. 2005).

Other Environmental Factors

Ammonia

Ammonia is a pollutant which can enter waterways directly from livestock wastes or
indirectly via poorly treated waste water discharge (Richardson 1997). Unionised
ammonia (NHs) is the form most toxic to fish, and its proportion increases with pH
(Tucker 1998). In addition the concentration of NH3 increases with temperature at a
given pH; over a pH range of 7.0-8.2 a temperature increase of 10°C may double the
amount of NH; present (Tucker 1998). Furthermore, toxicity to NHsincreases with a
reduction in dissolved oxygen (Tucker 1998). The tolerance of A. australis and A.
dieffenbachii elvers (approx 100mm in length) to NH; was found to exceed 2mg/l NH;
(the highest test concentration used) by Richardson (1997), showing far greater
tolerance than other species tested.
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Parasites and Disease

Eels are susceptible to a number of diseases and parasites. Outbreaks of many of these
are temperature dependent, and those most thoroughly studied occur under aquaculture
conditions (Gosper 1996).

Existing disease status of eels in Victoria

To date, no notifiable diseases of eels have been reported in Australia. In Victoria
Epizootic Haematopoietic Necrosis Virus (EHNV), Epizootic Ulcerative Syndrome (EUS)
and an atypical strain of Aeromonas salmonicida are known, but none have been
reported to be carried by eels (Anon. 2005b).

Fish diseases notifiable to the Office Internationa | des Epizooties
(OIE)

Epizootic haematopoietic necrosis (EHN)

Infectious haematopoietic necrosis

Oncorhynchus masu virus disease

Spring viraemia of carp

Viral haemorrhagic septicaemia

Of these, only EHN is known to presently occur in inland south-eastern Australia, and is
not known to infect, or be carried by eels (Herfort & Rawlin 1999). Of Australia’s National
List of Reportable Diseases, only epizootic ulcerative syndrome (EUS, or Red Spot
Disease) is known to affect eels (Herfort & Rawlin 1999).

From Gosper (1996), other diseases of importance in eels in Victoria include:
Bacterial

Aeromoniasis (Red Fin Disease)
Edwardseillosis (Swollen Intestine Disease)
Gill Rot and Tail Rot diseases
Myxobacterial Gill Disease
Red Spot Disease
Vibriosis

Fungal
Saprolegniasis

Protozoan

Myxidium Dermatitis
Trichodina
White Spot Disease

Metazoan

Pseudodactylogyrosis
Gyrodactylus infection
Anguillicola infection

Anchor Worm Disease
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The nematode Anguillicola crassus was first reported in Europe and spread very quickly
through a multitude of intermediate hosts, potentially infecting all freshwater stages of
eel (Nimeth et al. 2000). It is thought that this parasite may have originated in eels
imported to Europe from Asia for restocking or consumption. The parasite causes
pathological damage to the swimbladder (Nimeth et al. 2000), and under hypoxic
conditions, stimulates a more pronounced acute cortisol response and an apparent
metabolic strain on the infected fish, potentially compromising the eel’s ability to cope
with hypoxia (Gollock et al. 2005a).

Anguillicola nematodes are found in Australian eels, however huge infestations such as
those found in A. anguilla have not been recorded in A. australis or A. reinhardtii
(Gosper 1996). It appears that A. anguilla is more susceptible to the introduced
nematode than other eel species that may exist sympatrically with Anguillicola.

Viruses

The most prominent virus infections in eel populations described in the literature, are
infections with rhabdoviruses EVA (Eel-Virus-America) and EVEX (Eel-Virus-European-
X (van den Thillart et al. 2005). EVEX-virus has recently been observed in several
countries worldwide, including in European eel populations in the Netherlands, Italy and
Morocco, and also in the New Zealand longfinned eel (Anguilla dieffenbachi) (van den
Thillart et al. 2005) although there are no reported cases of viral infections in wild
populations of Australian eels. Infections of EVEX virus impact swimming performance
of migrating silver European eels and ultimately causes death, and as such has been
implicated as a potential contributor to the decline of European eel populations (van den
Thillart et al. 2005).
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FISH KILLS AND THEIR CAUSES

Fish kills are rarely the result of a single factor (Moss et al. 2004). Often stressful
situations imposed by poor, but sublethal conditions may facilitate the unfavorable action
of other environmental variables (Moss et al. 2004). Few reports on fish Kills in Australia
appear in the literature, and none involving eels were found. An eel “kill” occurred in
November 1999 in Lake Gnarpurt, a stock-enhanced eel fishery about 30km north-east
of Camperdown, where up to 100 tonnes of eels died (John Peeters, former commercial
eel fisherman, pers. comm.). The cause of the kill was not investigated. In many cases
fish kills are attributed to hypoxic conditions, possibly in combination with high
concentrations of dissolved humic substances following high natural flow events
(Townsend et al. 1992, McKinnon & Shepheard 1995, Townsend & Edwards 2003).

Massive fish Kills in the wild have been associated with gas supersaturation of water in
the order of 116-150% saturation (Lutz 1995, Domitrovic et al. 2000, Moss et al. 2004).
Supersaturation caused by photosynthesis has caused fish kills in aquaculture ponds
(Boyd et al. 1994) and in natural waterbodies (Colt et al. 1991). Eels in aquaculture have
been known to suffer from gas bubble trauma (Usui 1991) and eels have been reported
in fish kills caused by gas supersaturation in natural water bodies (Macdonald & Hyatt
1973), however eels have been shown to be more tolerant of supersaturation than other
fish species (Heggberget 1984).

In New Zealand during the 2005/06 summer, there were reports of several hundred dead
eels from Lake Forsyth on Banks Peninsula. This is a highly eutrophic lake, and has an
extensive blue-green algal bloom (Nodularia) every summer, and although not directly
toxic to eels, it seems that the extremely dense blooms have significantly deoxygenated
extensive areas of the lake, presumably in the early hours of the morning, and during the
senescent phase of the alga (D. Jellyman NIWA, pers. comm.).

Mass infestations of A. crassus have been associated with major eel mortality events in
Europe. In Lake Balaton, a landlocked lake, Hungary, 250 tonnes of eels died within one
month during summer 1991, when temperatures rose to 28°C on a daily basis (Ba’lint et
al. 1997), although a lower rate of A. crassus infection was observed in a subsequent
mass eel kill event in the same lake in 1995 (Ba’lint et al. 1997). In both instances
however, high temperatures and hypoxic conditions were observed, suggesting that the
combination of the environmental conditions and parasite infestation may have effected
the high mortalities in eel (Ba’'lint et al. 1997). To complicate matters further, the
presence of deltamethrin, the active ingredient of an insecticide used for mosquito
control, was also implicated in the eel mortality events (Ba'lint et al. 1997).

The cause(s) of the fish kills in Lake Balaton are inconclusive. Ba'lint et al. (1997)
concluded that the main reason for the eel mortalities was probably the serious A.
crassus infection, but also identified the role of high water temperature, hypoxia, and
pesticide exposure in contributing to the events. However Gollock et al. (2005b) found
short-term effects of an acute temperature rise alone on the physiological responses of
A. anguilla did not suggest that A. crassus infection acted as a significant additional
stressor to the effects of acute temperature stress. Temperature alone does not,
therefore, seem likely to be responsible for the mortalities of A. crassus infected eels in
Lake Balaton (Gollock et al. 2005b).
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It is difficult therefore to ascribe clearly identifiable reasons for the major eel mortalities
which have occurred in Victoria. Fish kills usually indicate a deterioration in water quality
(Moss et al. 2004). Rapid changes in physiologically important parameters, such as
temperature, dissolved oxygen, carbon dioxide, and salinity, may precipitate fish kills, as
discussed above. Disease may also play a part, however this is usually of more
importance under intensive aquaculture conditions, where eel stocking and feeding rates
are high, and constant temperature is maintained. It appears unlikely that simultaneous
eel mortalities in multiple discrete natural water bodies over a wide geographic area
would be due to disease. Other causes of fish kills may include the introduction into
waterways of toxic substances, including pesticides and herbicides, industrial wastes,
and petroleum products (Moss et al. 2004), but again widespread eel mortality as has
occurred in Victoria is unlikely to be due to anthropogenic pollution events.
Unfortunately, it is often difficult to satisfactorily identify the specific cause of mass fish
mortality. Often the conditions causing the fish kill have changed or no longer exist by
the time investigations are undertaken (Moss et al. 2004).

It is suggested that under the general circumstances surrounding the eel mortality
events in Victoria, a combination of environmental variables at levels which could be
expected to elicit physiological responses in eels may have brought about the eel
mortality events. During summer, particularly under drought conditions where water
levels are relatively low, high daytime water temperatures are expected and diel
dissolved oxygen concentrations may range from supersaturation during the daytime to
potentially severe depletion or hypoxia at night. Such conditions could conceivably affect
eel physiology and, at the extreme, elicit fish kills as discussed above.
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KNOWLEDGE GAPS

Despite the extensive research undertaken on eel biology, particularly on that of the
European, American and Japanese eels, many gaps in the knowledge of eel biology
exist, in particular during the marine migration phases of eels. For instance, natural
spawning of eels has never been observed and migration patterns and fate of mature
eels once they leave the estuary is only just beginning to be explored (Jellyman 2002).
Likewise, the artificial reproduction of eels has only recently been achieved, and is still a
long way from supporting commercial eel aquaculture (Ohta et al. 1996, Kagawa et al.
1997). There is still conjecture over the assumption that respective eel species comprise
distinct or homogeneous stocks (Ishikawa et al. 2001, Smith et al. 2001, Wirth &
Bernatchez 2001, De Silva 2003a, Moore et al. 2004) and estimates of abundance and
stock structure are impractical and difficult to make due to the fragmented nature of eel
stocks (Dekker 2000).

Studies on the tolerance of eels to various environmental stressors as discussed above
are limited in number, and have tended to focus on the use of smaller animals which are
more easily handled under laboratory conditions. Studies specifically on eel species of
relevance to Australia are those conducted on New Zealand shortfinned eels. No
research on the environmental tolerance of Australian populations of shortfinned eels
has previously been undertaken, nor has any similar research been undertaken on
Australian longfinned eels.

It is likely that a number of factors contribute to mass eel mortality in the wild. A range of
tolerance experiments examining the effects of key environmental variables (e.g.
dissolved oxygen, temperature, salinity, pH) at potentially stressful concentrations or
levels, individually and in combination, on the physiology of each of the four main
“freshwater” life stages (glass eel, elver, yellow eel and silver eel) for both shortfinned
and longfinned eels, should be considered. In particular, it is suggested that studies on
the tolerance of Australian eels to environmental stressors should consider subjects of
larger size (eg 500g and above) including sexually differentiated adults and migrating
adult (silver) eels. Other environmental stressors, eg food availability and starvation,
which may have a bearing on the ability of eels to tolerate stressful environmental
conditions, could also be examined, as these have previously only been tested on
juvenile European eels (Rodruigez et al. 2005). All research on the physiological
responses of eels to environmental stressors should include both laboratory and field-
based experimentation, where possible.

Further studies of eel population biology in stocked Victorian lakes should also be
considered (Skehan & De Silva 1998). Stock enhancement of eels in open waters is a
major component of the commercial eel fishery (McKinnon 2002) and has been
undertaken in many waterbodies in western Victoria for several decades (Skehan & De
Silva 1998, McKinnon 2002). Most of these waters have limited or restricted access to
the sea and are essentially landlocked.
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Eels in stocked populations, including those in lakes, undergo normal maturation and
“silvering” processes and can contribute to the spawning stock (Wickstroem 1986), once
they leave the freshwater system. Landlocked European eels also undergo maturation
and “silvering” but gonad mass eventually decreases as eels have no outlet to the sea
(van den Thillart et al. 2005). Whether similar morphological changes occur in eels in
landlocked Victorian lakes is unknown. It is conceivable that despite continued fishing,
some eels in western Victorian lakes may be several decades old, and have been
unable to undertake spawning migration due to the landlocked nature of these lakes. It is
thought that eels may make repeated attempts to reach the sea and that eels will revert
to the yellow eel stage if they cannot do this (van den Thillart et al. 2005). It is not known
however, whether eel age or level of sexual maturity may influence susceptibility to
environmental stressors. A comprehensive study of the population biology of stocked eel
populations in Victorian lakes is therefore warranted.

Suggested ways to address the determination, and possible prevention, of causal factors
associated with mass eel mortalities in Victoria include:

Diel monitoring to determine range and rate of change of key water quality
variables in affected and unaffected water bodies over summer at surface and at
depth, in particular:

o Dissolved oxygen
0 Temperature

o Salinity

o pH

Collection of morphometric and histological data on eels in these water bodies,
including live and dead eels during future fish kill events:

0 Length
0 Weight
o Otoliths (ageing)
0 Sex & Maturity
Undertake survival and recovery trials with eels during future fish kill events
o In situ survival vs recovery trials to test water quality hypotheses

o Determine stress factors in moribund eels, including osmoregulatory
response, blood cortisol etc

Population biology study of stock-enhanced eel lakes in western Victoria
o Size
0 Age
0 Sexratios
o0 Proportion of sexually mature eels

Testing of tolerance to the main environmental stressors over a wide size range,
including glass eels, elvers, yellow eels and silver eels
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CONCLUSION

Although fish kill events are known to occur as a result of various environmental
conditions, some natural and some anthropogenic, the recent eel mortality events that
have occurred in Victoria appear to be somewhat unique, as similar events are not
widely reported in the scientific literature. The causes of such events are often complex
and may not necessarily be easily preventable. Eels are generally more tolerant of
stressful environmental conditions than most other freshwater fish however eel biology in
general is less well understood than that of other fishes.

Given the widespread nature of the eel mortality events, it is likely that a combination of
environmental factors has contributed to the observed kills. A better understanding of the
variability of these factors within the waters where eel kills have occurred, and their
effects individually and in combination on eels at different life stages is needed.
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