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Abstract

An Irish commercial fishery for orange roughy began in the NasthAtlantic in
2001 with the assistance of government grants. The fishery lasgan open access,
non-quota fishery. The rapid boom and bust of many deep wateridsheas
experienced. Landings peaked in 2002 and then dropped significanfiylldveing
year. Many vessels were forced out of the fishery dubigh costs and rapidly
declining stocks. By 2005 the fishery was largely closed. \Weemt why the fishery
no longer exists with a bioeconomic analysis and we discuss letbxternal and
opportunity costs of the fishery. A bioeconomic model is appligddavailable data
to assess the open access effort and harvest with amoutvgovernment grant aid.
The results suggest that in the absence of subsidies, déeptiaavling would not
have been viable. In addition to the financial costs suchigis fuel consumption,
there are also externalities associated with a deep wateling. Orange roughy is
closely associated with deep water ecosystems suckaasoants and cold water
corals. We discuss the costs of damage to cold watelscdtsgese costs include the
loss of fish habitats and lost future use and preservatiaesia
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1. Introduction

Increasing pressure on traditional fisheries in readitgssible inshore waters on the
continental shelf has forced fishermen to explore deepersvgt, 2]. These new
fisheries are facilitated by the development of new fiskyiear and sonar
technologies. The move to deep water fisheries is encalfagber by governments
offering grants and subsidies in an effort to alleviate thespres on inshore stocks [3,
4].

Perhaps the best known example of the large-scale commequiait&tion of an
underutilized deep water fishery is the case of the oremgghy Hoplostethus
atlanticug. Fishing for orange roughy began in Australia and New Adalathe
1970s [5, 6] and subsequently in Namibia and Ireland in the 1998 [7

However, the orange roughy fishery is frequently citedhaesxample of poor
fisheries management where the stock has declinedisagrily and is not rebuilding
[9-11]. Orange roughy fisheries are also considered to béyeabsidized [12], and
involve excessive monitoring and compliance costs to the [dtaf 14]. Concerns
have also been voiced that the orange roughy fishery ahdhitats are not resilient
enough to withstand the destructive fishing practices on vulredagp sea
ecosystems and the resulting environmental costs too largenaedain to allow the

fishery to continue [3].

On the other hand a number of other studies have argued thpatrite still out on
the question of whether orange roughy fisheries are sustaimadi¢he long term [6,
15] and some suggest that the orange roughy fishery should comniohigekth
sustainable and economically viable [16], provides employmens@pybrts coastal
communities. Hilborn et al [16] report that the New Zealand @aogghy fishery

was in fact sustainable and close to being economically optimal

This inconsistent picture presents a number of difficultiepdticy makers
concerned about the management of the deep sea fisherydith noting, however,
that the paper by Hilborn et al [16] focuses on the fishksdod ignores the effects of

fishing on the ecosystem and thus provides a financial perspact an economic
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one since externalities are not given consideration. Concelnsablgmics and the
public at large about the destructive effects of deep daadisire not confined only
to the collapse of fish stocks as suggested by Hilborn[&6but have also focused
on the negative external effects of trawling on deep Seitat® Recently, attention
has been drawn to the fact that deep sea habitats sooltdagater corals and sea
mounts play an important role in the provision of ecosystem goatisaavices. By
damaging cold water coral, destructive fishing practices thpeseuser cost®n

the fishermen themselves but also other stakeholders. Glah[il8] report that the
Irish public show strong preferences for a ban on trawlingdardo conserve cold
water corals in the Atlantic and Foley et al [19] sugdest fishing practices that
damage cold water coral may reduce the yield of anotherssefish species, redfish.
Armstrong and van den Hove [20] also suggest that deep sdiagraan damage

cold water coral and impose external effects on coashtarimen.

An Irish fishery targeting orange roughy began in 2001 and endettlysifter,

resulting in the boom and bust cycle of many orange roughy iesh&hephard et al
[21] discuss the stakeholder aspects of the fishery and Mintblalad [22] have
looked at the biological background of the fishery, while Shephatd@gan have
considered the seasonal distribution of the fishery [8]rd have been no discussions

on the economics of the Irish orange roughy fishery.

In this paper we apply orange roughy data to a bioeconomic modebarghre the
results of the fishery with grant aid and without. Studiesrahge roughy are limited,
and we are only familiar with two studies applying a bioeconaonddel to an orange
roughy fishery, namely Hilborn et al [16] and Campbell ¢238]. Hilborn et al [16]
use a simple model to evaluate alternative management rsdmrifew Zealand
orange roughy stocks. Campbell et al [23] use a cohort modellisane orange
roughy fishery off the east coast of Tasmania, while we appipmass model. The
short duration of the Irish orange roughy adventure, and the liomgain available
Irish data make the application of a biomass model both acceptablenavoidable.

For the purposes of studying the economic consequences of this feshémmass

! Intertemporal scarcity imposes an opportunity ¢oat we refer to as the marginal user cost. When
resources are scarce, greater current use reduces dpportunities. The marginal user cost is the
present value of these forgone opportunities atthegin [17].
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model is also sufficient. In this paper we provide an additidisaussion compared to
Campbell et al [23], namely of the externalities of fishimgdeep water habitats
associated with the orange roughy fishery and discuss whhthprecautionary

approach has a role to play in the fishery. The aims oftady are:

1. To describe the orange roughy fishery in the NE Atlantic.

2. To establish the influence of grant aid on the orange roughgry in the NE
Atlantic.

3. To demonstrate why the NE Atlantic orange roughy fishery no loggsts.

4. To discuss the costs to the NE Atlantic orange roughy fishetluding the

external costs.

The remainder of this paper is as follows; the next segii@s a background to the
orange roughy fishery in Ireland and elsewhere. We then provwadefadescription

of the bioeconomic model and the orange roughy data set. We hpplgta for the
orange roughy fishery to the bioeconomic model and evaluate theopess harvest
and effort with and without government grant aid. This iofedd by a discussion on
the additional costs to deep water fisheries including usés, qoeservation values

and the precautionary approach.

2. Background
2.1 Orange roughy

Orange roughyHoplostethus atlanticyss a deep-water species, with an almost
global distribution [15]. Orange roughy is associated with centad slopes and
generally occurs at 200m to 1,800m, but is most commonly founaerti0Om and
1,400m where it is known to form spawning and feeding aggregatiohsl Heb
species has a slow growth rate, is long lived (>100 years)h kav natural mortality,
a high age-at-sexual maturity (25-30 years) and low fecur2lty44-29]. Orange

roughy feeds on luminescent prawns, squid and fish [30].

Orange roughy was first fished commercially in 1978-79 froenGhatham Rise off
New Zealand. Subsequently orange roughy fisheries have develffgedith-eastern
Australia in 1989 [31], in the northwest off the UK in thecRall Trench off North
west Europe and Ireland in 1990 [32], off Namibia in 1995 [33], irPthafic off
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Chile in 1998 [34], and most recently in the south western Iratiaan in 1999 [35].
Exploitation rapidly expanded to the East Indian Ocean wherrgliasbecame a
major producer at the end of the 1980s, and to the Southeast@deth Namibia
joined the top producers in 1995. Orange roughy has become a pojpaler with
nearly half the catch going to the United States in 2001fishiing for orange roughy

is by bottom trawling.

New Zealand’s orange roughy fisheries contribute over halfeo§lobal catch to date
and approximately half of the annual catch in recent yé&isIp New Zealand, the
orange roughy catch from seamounts grew from about 30% of the antuliabta
orange roughy in 1985 to 80% of the annual catch by 1995, subsequentlgiatabili
at 60—70% [36]. Initially landings were maintained through the disgaMethese

new aggregation areas [6]. Reduced catches by the 1990salesg&och for new sites,
and by 2000 approximately 80% of known seamounts had been fished [36].

Total global production of orange roughy peaked at 91,500 tonnes irblif8@s
sharply declined since, falling to some 25,000 tonnes in 20@krirbecause New
Zealand has set catch quotas. Namibia’'s catch reachg@Dli®nnes in 1997 and
dropped by over 90 percent to 1,600 tonnes in 2000. Catches of nevolyedest
stocks often decline within a few years of their discpyvier some cases resulting in

the closing of the fishing grounds.

The exact status of orange roughy stocks is difficult to detergue to a lack of
accurate assessments for most stocks, the long lifespanspieities and the lack of
information about pre-recruits [15]. Stocks often experience d kag@m and bust
cycle. Most orange roughy fisheries have been fished dovinves little as 5-10
years to less than 20% of their original stock size. 1©®oent analysis found that
nearly half of 30 orange roughy stocks assessed had beenldebed30 percent of
the original biomass of the stock [37]. In Namibia, oramggyiny quotas fell from
12,000 tonnes to 1,875 tonnes as the stock was fished to le<g0#eof its original
biomass in 6 years [38, 39]. Koslow et al [40] and Clark ptijgest that, even the
Chatham rise, which is still actively fished has depleteumber of sub-populations
and caution that the apparent longevity of the fishery, basegarall landings may

be misleading.
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In New Zealand the fishery of larger stocks has been stiathgssaintained,
however for smaller stock sizes the fisheries are aftesustainable and unregulated
fisheries may be especially vulnerable. For example Hilleval [16] suggest that
most New Zealand orange roughyoplostethus atlanticjstocks are sustainably
managed and can be cited as an example of successful thatiéailed,
management. Hilborn et al [16] suggest that one could vievatiid decline in
abundance of the orange roughy fishery as the fishery devedspedatastrophic
collapse or, alternatively, as the planned development efvdishery leading to near
legislated outcomes. One of the reasons for this differehicgerpretation is that for
many orange roughy populations what we have witnessed ovestlietade or two
is “the fishdown phase” [39, 40]. Hilborn et al [16] suggesas part of the conflict in
perceptions of the status of the orange roughy fishery commasaffocus on
abundance as opposed to sustainable yield. After the “fishdovge’pish stocks
might be at relatively low abundance, indicating failed ageement to some, while
still producing at or near MSY, indicating success to othdilisorn et al [16]
suggests that the case of orange roughy in New Zealandatessthis distinction.
Koslow et al [40] also suggest that large catches teden off southeast Australia
where catches peaked in 1990 at about 50,000 tonnes, and by 1996owght th be

sustainable at a much-reduced 5,000 tonnes.

Unregulated stocks, small stocks as well as seamounte®mgiere orange roughy is
caught whilst forming feeding and spawning aggregations may beagpec
vulnerable. A study of the deep water stocks off the weStofland in 1994
suggested that “if the Atlantic stocks share the same baalogharacteristics of slow
growth and low reproductive potential as those of the South Ptmficthe prospects

of a high-yield, sustainable fishery would appear to be poor’ [42]

In some instances where the fishery is unregulated, stockdleaw fished to
commercial extinction. Orange roughy has been the subjeggoé@ation fishing at
the tops of seamounts off New Zealand, Australia, and Narfabenumber of years.
In their review of aggregation fisheries Sadovy and DofiiEfconclude that

aggregation-fisheries are likely to be sustainable onlyifotdd subsistence-level use.
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In two papers that focussed on sustainability of orange rougbkssFrancis and
Clark [15] and Clark [6] concluded that it is still uncledrether the orange roughy is

sustainable over the long-term.

2.2 The Irish Orange Roughy Fishery

In the NE Atlantic orange roughy do not appear to form the Eggesgations found
in the Southern Hemisphere [8]. Orange roughy spawn betweemyjandaApril

with peak spawning occurring between late February and etargh [8].

Prior to 1999, Irish landings of deep-water, non-quota speciesvesréimited due
to the lack of suitable vessels greater than 24m ovenaitheand 1000hp in the fleet
[43]. Large high-sea French trawlers targeted orange youdIiCES area VIl from
the late 1980s. By the end of 2000 the French fleet had renooeed 3,500 tonnes

from this subarea [44].

In 2000 a programme to develop an Irish deepwater fishery lied¢@ES area VIl
with the support of grant aid from theéhitefish Renewal Programmni&l]. The
programme saw the introduction of 29 new vessels, 16 of which vedween 16 and
46 meters in length to allow Irish fishermen to competequalkterms in offshore
fishing grounds [45]. Levels of capital grant aid provided undeptbgramme
included up to 40% of the eligible costs of new vessels [43}d@ions of the grant

aid included specification that a percentage of targetepsbiould be non-quota.

The exploratory fisheries were run with Irish Sea Fishereza®(BIM) and some
commercial fishermen. Of the deep water species hadelstring the exploratory
period, orange roughy fisheries appeared to be the most valrabtdfer the largest
returns [43].

The fishery experienced the rapid boom and bust cycle fanulimany deep-water
fisheries. Landings data suggests pulse landings; the finstredan 1992 when over
3,000t were landed and the second in 2002 [46]. In 2003, a total alkowatbh
(TAC) of 1,349 tonnes was set on the orange roughy fishery i BZ&a VII, of
which Ireland received 300 tonnes [21]. The quotas were notaweelived by the
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Irish fishermen who felt they had invested in hon-quota fishedyeere only
beginning to recoup the costs of their exploratory investment [21].
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In addition to a rapid drop in landings, fuel prices increalsgiuhg the short period of
the fishery and the average prices per tonne dropped. Thduatg@nsumption of
deep water trawling makes these vessels extremelytigertsifuel price increases [4,
47]. Landings declined markedly in 2003 and 2004, as sho®rran! Reference
source not found.with several vessels being forced out of the fisheryl{B2P001 the
average price per tonne was at its highesBAit38 but by 2003 price had dropped
41% to 1,285 per tonne. Mellett [48] reports that the market was flbade with

the price collapse large quantities of orange roughy werdaoldhmeal. All this

resulted in several vessels being forced out of the fiJRéf.
2.3 The financial significance of the Irish deep water sector

According to statistics from the Sea Fisheries Protectiathdkity (SFPA) orange
roughy was ranked tenth in the top ten species by valuelantt in 2001. In
subsequent years orange roughy did not feature in the top 10. Eigjustrates the
annual monetary value of landings for each fishery sectogipekhellfish, demersal
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and deep water. At its peak in 2002 the deep water figttegunted for 7.65% of
landings value, after which it continued to decline and by 208écbunted for 1% of

landings value.
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Figure 2: Fishery Sector Value (million euro). Data sourceSFPA

2.4 Deep water fisheries and subsidies

There is a growing literature on subsidies and fisheries5f#9,The Irish orange
roughy fishery began with the assistance of government gchtd apdate or

purchase vessels. Khan et al [51] identified twelve typesilodidies and categorised
state support into three different grougepd, badandugly. Among the subsidies

listed were boat construction, renewal and modernisation wiecé categorised as
badsubsidiesBadsubsidies are defined by Khan et al [51] as subsidy programmes
that lead to disinvestment in natural capital assets twecishing capacity develops

to a point where resource exploitation exceeds the Maximum Econoatit (MEY).

Many argue that global deep sea fishing could not be possitileutisubsidies [4, 49,
52]. Bottom trawlers operating in the deep sea consumevatgmes of fuel, which

is subsidized by the state in many areas of the world. Atstedy by Sumaila et al
[4] estimates the global fuel subsidies given to high seasrbdtawlers which target
deep sea species such as orange roughy. It was found that tratidens are not
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highly profitable, that they only contribute a small percentaggabal fish catch and
landed values. They conclude that in the absence ofdbsidies to these bottom
trawlers, deep sea fishing would not take place. Sumadld@auly [50] demonstrated
that the amount of subsidies received by deep sea bottomrgasvigeater than the

likely profits that they generate.

3. Bioeconomics

In this section we apply a simple bioeconomic model to aveilddita on the orange
roughy fishery. Following such a short-lived fishery and theected misreporting of
catches following the introduction of the TACs [8], thera lack of data for this
fishery. Nonetheless, with the available data it is ijptesso apply a standard Gordon
Schaefer model to the data. We consider two cases usingaeic analysis. In the
first case we consider the fishery as it was i.e. ti¢ghsubsidy included in the total
costs. In the second case we remove the subsidy from the amatahalyse the
change in open access conditions. A discussion will follow oaddéional costs of

the fishery, specifically the cost of habitat loss.

Bioeconomic modelling is a well established approach that ustgematical
techniques to model the performance of ‘living’ production systenmjecub
economic, biological and technical constrains [53]. Bioeconomieiadctegrate
biological and physical systems and relate them to econamgderations, which
include market prices, resource allocation and institutional imantst (Cacho 2000).
These models combine ecological and economic models to analyse imienaction

with nature [54].

3.1 The Model

Ideally, when studying a slow growing, long lived specie$ sicorange roughy we
should apply a cohort model. However, the data indicates thatsherange roughy
stock has been mined over the few years it has been egplbits and the fact that

biological data on the stock is very limited justify the laggtion of a standard

bioeconomic biomass model where the population dynamics are dddayibe
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dx ]
E—F(X) h (1)

whereF(X) is the natural growth rate of the stock 4rid the harvest. The growth

curve commonly used in the Gordon-Schaefer modékisogistic growth equation;
X
F(X)=rXd- ) (2)

wherer is the intrinsic growth rate of the stock afds the carrying capacity which is
the size the stock will approach in the absendeoiesting. The short term harvest is

given as
h=gEX (3)

whereq is the catchability coefficient ari€ldenotes effort. Assuming equilibrium we
obtain the equilibrium harvest equation which canrserted into the profit function

of the fishery:
P(E) =TR(E)- TC(E) = p>h(E) - ©>E (4)

whereTRis the total revenue from the fisheMC are the total costh,represents the
equilibrium harvest an# is the unit of effort. Unit price of harvegi)(and unit cost

of effort (c) are assumed constant.

As mentioned above, grant aid was given for thelpage of new vessels, as there are
large costsassociated with deep water fisheries and orangghsois closely
associated with deep water habitats. Thereforthisnstudy there are two possibilities

to consider with regard the cost function.

2 A study of the deep water stocks off the westaiftind in 1994 suggested that any vessels taking
part in the deep water fishery for orange roughlynequire high levels of investment in powerful
winches, sophisticated echo sounders and net msmital would probably experience a high cost in
gear damage [42]. In the case of Scotland, thertrepestioned whether such an investment would be
justified for a fishery which seems to have littleance of being effectively managed in the nearéut
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The standard cost function is:
TC=cE (5)

If a subsidy is given as an annual cost reductlmncosts (c) are reduced by the

amount of the subsidy (s)
TC=-s+cE (5%

In the analysis that follows we present the effioar,vest and stock sizes for the static
maximum sustainable yield (MSY) solution, the openess (OA) solution with and
without the subsidy and the long run optimal yigl). In open access effort reaches
equilibrium (bionomic equilibrium) where total rewges equal total costs yields zero
resource rents. Solving this equation for the cgmoess stock size without a subsidy
is standard. Solving the zero profit function watfixed subsidy (5*) yields a
guadratic equation iX, which can then be solved for the open acces& sine with

a subsidy. If the fishery were managed by a soleepwtheir aim is to maximise the

long run present value of the stream of resounce re

MaxPV(,o)¥ (p- c(x))hedt (6)

0

where g is the discount rate an(x) = C is the unit harvesting cost. Applying the
gx

data below, we assess the orange roughy fisheordiog to the reference points that

the different management scenarios give.

3.2 Data

To conduct the bioeconomic analysis, harvest @dtast data, values for costs and
revenues, and biological parameters are requiragoleTl summarises the
bioeconomic parameters. Harvest data was obtamed fCES reports [44]. Data on

effort is based on number of days at sea for tn@xrgeting orange roughy.
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Cost data are estimated from the BIM report [43il@deep water fishery which
supplies profit and loss accounts for the year 200& report estimates that for 50
days of fishing the total expenses abd6,174, of which 58,082 are vessel
repayment costs. The costs in this report aretlhesgrant aid of 40% for vessel
repayments. This makes the daily cost without thesisly equal to 11,696, and with
the subsidy the cost comes t10,923. Prices were obtained from the Central
Statistics Office (CSO) database. Price is theageprice per tonne over the period
2000 — 2005.

The catchability coefficient is calculated @& CPUE using 2001 data. Basson et al

[55] calculated the carrying capacity for ICES \ing a logistic growth function.
Due to a lack of data they were unable to calculaesame for ICES VII. In this
study a similar problem arose. Comparing the esérbg Basson et al [55] for the
carrying capacity with the total harvest in ICEB Wwas found that total harvest
was very close t&. This makes sense because the stock was fishea dow
estimate for carrying capacity in our case is otgdiby summing the total harvest for
ICES VII and adding 10% to error on the side ofticand. The intrinsic growth rate is
set at 0.025 as described by Clark et al [56].

Effort data was sourced from the Marine Instituid ¢he SFPA. Effort isumber of
fishing daydor the years 2001-2005.

Table 1. Parameter values applied to the bioeconomic model

Parameter Value

r .025

K 30,000 tonnes

q .0002 per day at sea

p 1,890 per tonne

¢ (with subsidy) 10,923 per fishing day

¢ (without subsidy) 11,696 per fishing day
5%

% We thank Sam Shepherd at the Galway Mayo Instifileechnology (GMIT) for this suggestion for
estimating the carrying capacity.
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3.3 Analysis

Table 2 shows the open access and maximum sudayiald (MSY) reference
points for the Gordon-Schaefer static analysisddition the long run optimal yield
is presented, maximizing the present value ofigteefy. In the case of the Irish
orange roughy, the open access harvest is leséviBan When grant aid is not
provided for vessel repayments open access and Wlitiées become negative i.e.

there would be no fishery.

Table 2: Reference points (equilibrium effort, harvest ad stock) for maximum
sustainable yield (MSY), open access (OA) and long run aptal yield (OY),
given the parameter values in Table 1 . Subscrip stands for the inclusion of
subsidies.

MSY OA OAs oYy

E (number of days 62 0 5 0
fishing)

h (tonnes) 187 0 27 0
X (tonnes) 15,000 30,000 28,897 30,000

It can be seen from Table 2 that the costs aregbp éven for the subsidized case,
that even subsidised open access harvest becognenaal, indeed less than 15% of
the equivalent MSY levels. In essence an equilibriishery at the MSY level would
only require one or two vessels fishing in the psa&son. However, due to the high
costs relative to the average price level, it duggay for any vessels to take partin a
sustainableorange roughy fishery. It is hard to immediatetglerstand why there
was an orange roughy fishery at one point. Herenwst remember that at its peak,
the price was 3,138 per tonne. As the model is highly sensitoverice, this
somewhat less than doubling of the price leadsmoie than tenfold increase in
equilibrium open access effort, and makes the tangptimal annual harvest level
close to the MSY. This explains the initial intargsthe harvesting of orange roughy.

However, the differences between the subsidiseid eogl the non-subsidised costs
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are relatively small, and it seems clear that isteefy could have commenced without

subsidies.

According to Table 2 we see that number of daysahg of the equilibrium scenarios
suggest do not come close to recommending the targder of vessels that actually
entered the subsidised fishery. Hence it seems ttiaathe fishery was not at all in
equilibrium, but that the stock was being minedsTif clear when comparing the
MSY of about 260 tonnes with the actual total hahdescribed in Figure 1. Hence
the subsidies did not encourage an equilibriumésinbut rather the mining of the
orange roughy stock. For a fish stock with a loavgh rate relative to the market
discount rate, there is the incentive to mine theksand invest the profits in other
sectors [50]. It is better, according to capitedry, to harvest the stock and invest it

in a sector that offers a higher a rate of return.

4. Discussion

In this paper we described the rise and fall ofitisé orange roughy fishery. The
fishery began in 2001 following deep water explonatrials in 2000 but ended a
short number of years later because of high fustiscéow prices, low TAC shares,
rapidly declining stocks and sustainability iss[#4. During the short period of the
fishery harvests reached a peak in 2002 and thagpdd by 75% the following year;
fuel prices increased; price per tonne dropped;vameh TACs were introduced by

the EU, Ireland only received 300 tonnes.

There is a growing literature on the global impaxftsubsidies to fisheries in general
and more specifically to deep water and high sishsiffies [4, 12, 50]. Through the
Whitefish Renewal Schemeant aid was offered to Irish fishermen for thelagng or
purchase of new vessels, an incentive was giventr into the deep water fishery
and diversify from shallower waters. The result®af bioeconomic analysis are
interesting for two reasons (1) our calculated operess effort and harvest are
significantly lower than the estimated MSY levels, the costs are so high that even
under open access, the effort is low, and (2) gjinaur analysis we have shown that

even in the presence of grant aid total costs wbale been too high for a
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sustainable fishery of any size to take placesbence the government’s grant aid
was a subsidy for mining the Irish orange rouglogist The analysis with no subsidy
suggests that on average the costs were too hightha prices too low to support
entry into the fishery. This supports the work afrtaila et al [4] who claim
subsidies to be the Achilles heel of deep sea tilaets, albeit that they discuss fuel

subsidies.

There is a broader question as to whether orangghyofisheries are sustainable in an
economic sense, and this issue has received dtamti@n in the literature. All of the
literature on the sustainability of orange rougishéries investigates this question
from a narrow single species perspective basedantye orange roughy stock and
concludes that it is still unclear whether oranmgghy fisheries are sustainable [6, 15,
16]. In what follows we explore this issue fromradder economic perspective and

take a clear position on this question for thehlosange roughy fishery.

Economic theory suggests that a key condition aflnsstainability is that a) the
aggregate capital stock should be non-decliningy b8, b) that the rents from a
renewable resource that is depleted should beeasied in other forms of capital. An
important condition of strong sustainability isttihatural capital itself should be non-
declining [59, 60].

With respect to the weak sustainability conditithe Irish orange roughy fishery is an
open access fishery, consequently rents are prédyhasipated, there are no rents
to reinvest and rents have never been collectateirish exchequer for this fishery.
With regards to the second criteria there is grgvaaidence that the natural capital
stock both in terms of the orange roughy populatiod cold water coral (CWC)
habitats are declining. The Irish roughy fisheaysfto meet both these sustainability
criteria and therefore from an economic standpioiceinnot be argued that it is a

sustainable fishery.

It is worth noting also that not only did the paldixchequer fail to collect the rents
but that the public exchequer actually used taxepynoney and bore a lot of the

costs in the form of subsidies to establish theefig in the first place.
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A final aim of this paper was to evaluate the ctsthie N. East Atlantic orange
roughy fishery including the external costs. Altgbuwe do not address this question
empirically we are of the view that it is worthy @dmment in view of the external
benefits associated with orange roughy habitat.dgars must balance the benefits of
the fishery, for example food, income and employtnagainst the costs of fishing
impacts [61]. It is critical that all impacts aekén into account to ensure that the
current gain from the fishing activity is not aetbxpense of significant reductions in
other environmental functions, now or in the futf@&]. This brings us to the
additional cost of harvesting species such as eramgghy, namely the potential loss
of deep water habitats such as cold water corailshidan be considered a negative
externality caused by the trawling industry. Deea gawling is thought to represent
the single biggest threat to CWC ecosystems whielslaw growing, fragile and
vulnerable to deep-water fisheries [62-64]. Thgogluts at risk their potential

alternative use to humans [65].

The external costs of deep water trawling incldgeloss of spawning grounds and
the amenity value associated with CWC habitat. éxample Armstrong and van den
Hove [20] show that coastal fishermen are of tleewtihat CWC areas function as
natural marine reserves for fish and thus the s@ad valuable in maintaining their
fishery. As bottom trawling expands its reach istieadily deeper waters, CWC reefs
are getting increasingly damaged. Foley et al §ifjjlied a production function
approach to reveal that a decline in CWC habitdtetiveen 30% and 50% could
explain a drop in the harvest of Norwegian red@between 11% and 29%. Hence
despite fisheries increasingly being managed, dinencons nature of fish habitats

may be resulting in the classical tragedy.

Amenity values such as existence values for CWC afsy be significant. Glenn et al
[18] used choice experiments to elicit public prefees for the protection of CWC in
Ireland. Although a precise monetary value couldb®oplaced on the resource,
results indicate strong preferences for a ban loareds where CWC are thought to
exist and findings suggest that a large percertéfjeose surveyed valued corals,
would like to see them protected for future genenat for their role as an essential
fish habitat (EFH), for their pure existence vatung also for the option to use or see

them in the future.
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These concerns about habitat damage are not tedttelIreland. Studies in Norway
[62, 66], the United States [67], Chile [68-71],sh@lia [72] and New Zealand [73]
have also voiced similar concerns. It has beemastid that between one third and a
half of known deep-water coral habitat in Norwegieaters has already been

impacted by trawling.

The problem is that the social costs of damagingdValbitat are typically borne by
others, sometimes at considerable distances frertralwling activities. A further
problem is that CWC and seamount habitats andrte sxtent the orange roughy
fishery itself are essentially exhaustible resosire¢ least when seen from an
ecological viewpoint. Their destruction may imphetdisapeareance of ecosystems
that have evolved over thousands of years. Thes€ @id seamount habitats
harbour a rich diversity of flora and fauna, onlgraall fraction of which scientists
have properly investigated because scientific agdnithe deep sea cannot keep
abreast of fishing activities [74]. A difficulty irelation with decisions of this type
arises because of uncertainty in future valuata@rSWC ecosystem services. We
know from the literature of optimal harvest deaisian relation to old growth forests
that the presence of non-market amenity valuesiggovby a standing forest has an
important impact on when or indeed whether to r&trii&s, 76]. d’ Autume and
Schubert [77] have shown that the resource stoek@xhaustible resource remains
for ever higher when it has amenity value and Cabiir&] and Reed [78]
demonstrated that if the value of non-market armesnis high enough it may never be

optimal to cut an old growth forest for its timber.

In conclusion our findings suggest that deep saalimg in Ireland for orange roughy
contributes very little with respect to net sotiahefits (profit and/or employment),
and has not been economically sustainable. Thougimgnof orange roughy can be
defended on capital theoretic terms, when resaemteis optimally taxed and
reinvested, the trawling after orange roughy caemected to impose significant
external effects in terms of future user costheofishery as well as heritage and

existence values [18].
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For a fishery such as orange roughy, where bio&bgind stock data is limited and
where the external costs have yet to be itemisdd/alued a precautionary approach
is well advised. The policy of taking action beforgcertainty about possible
environmental damages is resolved has been refer@sithe ‘precautionary
principle’. One justification for this is that tlwests of damage to biological resources
may exceed the costs of preventative action [7BjoAas seen irreversible damage
may occur, such as species extinctions. The enplsatius on avoiding potentially
damaging situations in the face of uncertainty dutrre outcomes [80, 81]. The
precautionary principle could also be implementedising marine reserves as a part

of fisheries management [82].

In 2005, the Irish marine authorities took a dexidio impose a temporary ban on
fishing for orange roughy thus pursuing a precanatig approach in the absence of
information of a more detailed scientific and eaoimonature. Our findings indicate

that this was a move in the right direction.
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