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Abstract

The effects of different harvesting strategies and increased fish biomass on the
feasibility of ranching wild cod in ‘herds’ formed with anthropogenic feeding were
studied. The five following scenarios using purse seine as the method of capture
were considered: I. Basic harvesting, II. Harvesting with size-grading and selling the
smaller cod for on-growing, IIl. Harvesting with size-grading and on-growing the
smaller cod in sea cages within the company, IV. Intensive harvesting at the end of
the growth period, and V. Ranching larger biomass with basic harvesting. For basic
harvesting it is assumed that wild cod are fully fed at several feeding stations for 165
days per year and harvested three days a week from September 1 to November 5
without size-grading. It is also assumed that the ranching company owns a suitable
fishing vessel and cod quota, 200 tons in Scenarios I-IV and 500 tons in Scenario V.
For a 15 year operating period, the net present value (NPV) for the five scenarios is
€754 000, €809 000, €819 000, €700 000 and €1 504 000, respectively. Cod ranching is
viable in all scenarios but the size of the operation has much greater effect than the
harvesting strategy on the feasibility. Although intensive aquaculture will continue
to grow globally, well managed fish stocks will always be an important food source
for mankind and thus ranching, which basically is a quota multiplier, can increase
this food supply, potentially at competitive prices.

Agrip

Koénnud voru &hrif mismunandi uppskeruskipulags og aukinnar lifpyngdar &
hagkveemni hjardeldis & villtum porski sem safnad er saman i hjardir med
reglubundinni f60run. Fimm eftirfarandi sviosmyndir sem allar byggja & veidum
med hringndt voru teknar til athugunar: I. Grunnskipulag, II. Grunnskipulag med
steerdarflokkun a fiski og solu 4 smafiski til aframeldis, IIl. Grunnskipulag med
steerdarflokkun & fiski og aframeldi & smafiski i sjokvium innan fyrirteekis, IV.
Grunnskipulag med sofnun & fiski 4 adeins tveimur vikum i lok vaxartima, V.
Grunnskipulag med meiri lifpyngd. Grunnskipulagio gerir rdd fyrir ad villtur
porskur sé vel f6dradur 4 allmorgum fodrunarstoovum i 165 daga a ari og veiddur
prja daga i viku i samtals 9 vikur i lok fodrunartimabils. Gert er rad fyrir and
hjardeldisfyrirteekio eigi heppilegan bat og porskkvdta, 200 tonn 1 svidsmyndum I-IV
og 500 tonn 1 svidsmynd V. Fyrir 15 4ra rekstrartimabil, er ntvirdid (NPV) fyrir hin
mismunandi svidsmyndir, €754 000, €809 000, €819 000, €700 000 og €1 504 000, i
somu rod. Hjardeldid er hagkveemt fyrir allar sviosmyndirnar en umfang eldisins
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hefur mun meiri dhrif en uppskeruskipulagio 4 hagkveemnina. P6 ad pauleldi muni
halda afram ad vaxa & heimsvisu munu hoéflega nyttir fiskistofnar alltaf verda
mikilveeg feeduuppspretta fyrir mannkyn og pvi getur hjardeldi sem kvoétaaukandi
adgerd aukio pessa feeduuppsprettu hafsins, mogulega 4 hagkveeman hatt.

JEL classification codes: Q22
Keywords: cod ranching, feasibility, harvesting strategies, profitability, sea ranching, stock
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Introduction

Stock enhancement and sea ranching is a well known fisheries management
approach, involving the release of cultured organisms to increase abundance and
yield of natural fish or invertebrate stocks (Blaxter 2000; Lorenzen 2005). Recruitment
limitation is the theoretical basis for stock enhancement in marine and freshwater
populations (Doherty 1999; Lorenzen 2005). Juveniles of number of species have been
released for experimental and commercial purposes, e.g. black sea bream
(Acanthopagrus schlegelii) (Gonzalez, Umino & Nagasawa 2008), red sea bream
(Pagrus major) and Japanese flounder (Paralichthys olivaceus) (Kitata & Kishino, 2006).
In Norway, more than one million tagged juvenile Atlantic cod (Gadus morhua L.)
were released in the years 1983-96 without significantly increasing cod production
and catches (Svasand et al. 2000).

In areas where there is overabundance of young fish with respect to the
available food supply the growth rate and fish production can be increased in ‘herds’
of wild fish formed and maintained with sufficient anthropogenic feeding (Bjornsson
2001; 2002; 2011). A 17 month long ranching experiment carried out in the years
1995-96 in Stodvarfjordur, a small fjord in East Iceland, showed that a large number
of free ranging wild cod could be conditioned to feed on trash fish provided at
specific locations (Bjornsson 1999) and the yearly weight gain of the conditioned cod
increased about three-fold (Bjornsson 2002). A feasibility study based on this
experiment indicated that fjord ranching could be more profitable than full-cycle
farming in sea cages or land based tanks (Knutsson 1997).

To further develop ranching of wild cod in ‘herds” a 21 month ranching
experiment was carried out in Arnarfjordur a large fjord in Northwest Iceland in the
years 2005-2006. A new feeding method was developed to minimize feed waste and
a new technique initiated to capture cod at the four feeding stations (Bjornsson 2011).
Recaptures of cod tagged at the feeding stations showed high fidelity to the herds
during the main growth period from early summer to fall (Bjornsson, et al. 2010). A
feasibility study based on this experiment was carried out to evaluate four different
scenarios for an existing fishing company to utilize it's 200 ton cod quota: (1)
ranching in herds, (2) farming in sea cages, (3) selling the quota and invest in full-
cycle cod farming or (4) catching the cod at a mean weight of about 2 kg as is
currently practiced. The results indicate that ranching is the most feasible scenario,
traditional fishing the second most feasible scenario, but with the least risk involved,
whereas full-cycle farming is presently unrewarding (Hallddrsson et al. 2012).

The present paper is a follow-up study in which the feasibility of five
different scenarios of cod ranching in ‘herds” are compared. The word “herd’ is used
to emphasize the anthropogenic aspect of the operation. In one scenario larger
biomass and in the other scenarios different harvesting strategies are assumed, such



as size-grading the harvest, on-growing the undersized fish in sea cages and
shortening the harvesting period.

Table 1. Base-line assumptions used in the feasibility study

Value Reference:
Cod quota (ton) 200
FCR 3.2 Gunnarsson et al. 2009
Operating period 15
(years)
Discount rate (%) 20

Total mortality (% 5.0
of initial number)
Initial mean weight | 2.0

(kg)

Final mean weight | 3.2-6.4

(kg)

Growth rate 0.48 Bjornsson 2011

(%/day)

Market price of cod | 1.62-2.06 Verdlagsstofa skiptaverds, 2008

(€/kg)

Type of feed Capelin

Fishing gear Purse seine

Price of feed (€/kg) | 0.23 Sindri Sigurdsson, Sildarvinnslan Ltd., personal
communication.

Transportation and | 0.16 Sindri Vidarsson, Vinnslustodin Ltd., personal

storage of feed communication.

(€/kg) Kristjan G. Jéakimsson, Hradfrysthusid-

Gunnvor Ltd., personal communication.
Other expenses (%) | 10

Oil price (€/litre) 0.63 Atli Ingvarsson, N1 Ltd., personal
communication

Methods

Profit calculations were performed assuming that an existing fishing company owns
a fishing vessel (30 GRT) suitable for ranching of wild cod in herds and either 200 or
500 tons of cod quota. It was also assumed that the company has exclusive rights
over a sufficiently large coastal area with wild cod to carry out ranching. This means
that fishing in that area is prohibited by others during the leasing time. In these
calculations no extra fee for the exclusive rights was assumed. The ranching
operation will involve forming several feeding stations where frozen trash fish, such
as capelin (Mallotus villosus), is supplied in net bags according to biomass and
appetite of the fish (Bjornsson 2011). The fish will be attracted to the feeding stations
in spring with daily feeding gradually increasing on demand. Subsequently, during
a 165 day long growth period each summer, feed will be provided three times a
week. The fish will be harvested in autumn with a purse seine before they start to
migrate away from the feeding stations (Bjornsson et al. 2010). The assumptions
about fish size, growth rate, feed conversion ratio (FCR = kg feed/kg growth),
mortality, price of fish, discount rate, cost of feed and equipment etc. (Table 1) are the
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same as in an earlier study (Halldorsson et al. 2012). It was assumed in the
calculations that depreciation of investments per year was 12% for the alterations of
the boat; 10% for the feeding equipment, forklift, sea pens and lift net; 7% for the
purse seine; and 4% for the freezer plant built for Scenario V. Tax ratio, interest rates
or financial costs were not included in the profit calculations. Quota efficiency is
defined as the ratio of the harvested volume and the quota used for ranching, i.e. the
final biomass divided by the initial biomass of the ranched fish. A series of sensitivity
analyses was carried out for the parameters most influential on the profitability of
cod ranching: FCR, growth rate, price of feed, price of cod and capture success of
conditioned cod. The net present value (NPV) after tax and depreciation for a 15
year operating period was used as a measure of profitability. Icelandic currency was
converted to Euros at the exchange rate of 150 ISK/€, February 4, 2009 (Central Bank
of Iceland 2009). The discount rate was set at 20% as cod ranching is considered
risky, since it is still an unproven operational form.

Mean weight (kg)

1 33 65 97 129 161
Days

Fig. 1. Mean weight (kg) of cod in herds during the main growing period, May 25 to
November 5. The growth rate during the 165 day period is assumed to be 0.48% per
day. The dashed line indicates the beginning of the 9 week harvesting period
(Scenarios I-1II and V) and dotted line the beginning of the 2 week harvesting period
(Scenario 1V).

I. Basic harvesting

This scenario is the same as presented in a published paper in which the feasibility of
cod ranching is compared to commercial fishing of cod and cod farming
(Hallddrsson et al. 2012). Cod quota of 200 tons are ranched from spring until
autumn and the capturing assumed to take place from September 1 to November 5,
three days a week, 3300 fish captured each time with a purse seine, bled and iced
onboard and brought to the fish market. There is no size-grading and the average



weight of the catch corresponds to the average weight of the herd fish, increasing
from 3.2 to 4.3 kg during the 9 week harvesting period (Fig. 1, Table 2).

II. Harvesting with size-grading

As in Scenario I, the harvesting period is from the beginning of September to early
November and every three days a week 3300 cod are caught with a purse seine. The
only difference from Scenario I is that the catch in Scenario II is size-graded during
the entire harvesting period. It is assumed that cod smaller than 2.5 kg are
transported alive to sea cages provided by an on-growing company and sold at a
price 10% higher than the market price of dead cod. The average weight of small cod
is 1.8 kg and the corresponding market price 1.45 €/kg including markup. For this
scenario, minor adjustments to the vessel must be made in order to transport live
cod. Expected cost of such adjustments is €46 667 (Aasjord & Hansen 2006).

Table 2. The different assumptions used in the five scenarios

I II I11 v A%
Number of

8 8 8 8 20
herds
Man-years 3 3 3 3 5
Salaries (€/y) 83 333 83 333 83 333 83 333 130 000
Catch (cod/d) 3300 3300 3300 9500 5000
Halfvestmg 9 9 16 ’ 9
period (weeks)
Chartered No No No Yes Yes
vessel
Total
investments 314 667 361 333 507 999 394 667 1027 610
(€ly)

III. Harvesting with size-grading and on-growing

In this scenario the method of size-grading is the same as in Scenario II, i.e. 3300 cod
are caught every fishing day, three times a week, and cod smaller than 2.5 kg
transported to sea cages, but in this scenario the ranching company itself grows the
cod for another year to extend the harvesting period. The mean initial weight of
small cod for on-growing is the same as in Scenario II, 1.8 kg. During the period from
September to January the FCR is assumed to be the same as in ranching and
conventional on-growing of cod (3.2), but during the second year of farming the FCR
rises to 4.0, which is similar as in on-growing of cod during the second and third year
of farming in Iceland in 2007 (Gunnarsson et al. 2009). Growth rates during the
second year of on-growing are estimated with a growth model for cod (Bjornsson et
al. 2007). Cost of vessel adjustment is the same as in Scenario II and it is assumed that
three sea cages are purchased during the first year. Two of those have a
circumference of 90 m and the corresponding volume is approximately 9000 m?. The
third is a smaller cage used during size-grading of the herd fish. Total investments of
sea cages, including deployment, are €73 000 and the durability of the net is five
years (Kristjzn G. Joakimsson, Hradfrystihtisid-Gunnvér Ltd., personal
communication). Regular maintenance, i.e. cleaning and repairing of the nets is
performed at a cost of €6700 every other year (Seevar Th. Asgeirsson, Brim-
codfarming Ltd., personal communication). Other maintenance cost of sea cages is
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assumed to be 7% of accumulated investments in cages. It is anticipated that the two
large cages are being filled from September 1 until November 5 and harvested in
November (mean wt. 6.4 kg) and December (mean wt. 6.2 kg) in the following year.

IV. Intensive harvesting at the end of the growth period

By suspending harvesting until late October, one can maximize the total growth of
the herds. In this scenario, it is assumed that all fishing takes place during the last
two weeks of the growth period (Fig. 1) five days a week with a daily catch of 9500
cod. Since captured volume of every fishing day is beyond the capacity of the current
fishing vessel it will be necessary to charter a boat of similar size during the two
week harvesting period. For the second vessel, a similar fishing gear is assumed to be
purchased by the ranching company. The expected cost of chartering is assumed to
be 0.17 €/kg.

V. Ranching larger biomass with basic harvesting

In this scenario it is assumed that the company owns 500 tons of cod quota and
establishes 20 feeding stations instead of 200 ton quota and 8 feeding stations as
assumed in Scenarios I-IV. This would of course require exclusive rights of a larger
coastal area, e.g. the whole of Arnarfjordur Northwest Iceland instead of only part of
the fjord (Bjornsson 2011). It is assumed to be necessary to charter a larger boat,
about 60 GRT, to take care of fishing from the herds in the period September-
November. The cost of chartering a boat is assumed to be 0.17 €/kg, the same as in
Scenario IV, which should be reasonable because although this scenario requires
more man-power, the boat is allowed to catch greater quantities and the fishing is
assumed to take place during five days a week with 5000 cod caught per day.

For this scenario it is assumed to be necessary to build a 1800 m3 freezer plant
near the ranching area to store frozen feed. The cost of an insulated steel frame
building is assumed to be €482 000 and the freezing equipment €178 000 whereas the
cost of electricity required to run the freezer facility in Northwest Iceland is assumed
to be €6000 on an annual basis (250 000 kWh x 0.024€/kWh, Westfjord Power
Company Ltd. 2008).

Results

I. Basic harvesting

This scenario delivers a total of 361 tons of cod per year from the initial quota of 200
tons providing operating revenues of €614 000 per year and quota efficiency of 1.81.
Feed and transportation of feed amount to 31% and 18% of the operating expenses,
respectively, and salaries 20%. Total production cost for harvested cod is on average
1.15 €/kg and operating expenses €414 000 per year (Table 3). Basic harvesting
generates net profits of €150 000 per year and the cash flow analysis indicates that
cod ranching is cost-efficient with the net present value (NPV) of €754 000.
Calculations based on the operating statement indicate a profit margin of 24.4%.

II. Harvesting with size-grading

Annually this scenario delivers 314 tons of 69 780 large cod to fish market and 47
tons of 25 960 small cod are sold alive for on-growing in sea cages with equal quota
efficiency as in Scenario I. The average weight of cod sold on the market is 4.1 kg in
the first week, rising to 4.9 kg in the last week of harvesting. The operating revenues



are €633 000 per year and the production cost 1.14 €/kg. The profit margin is 26.5%
and the NPV €809 000 (Table 3).

III. Harvesting with size-grading and on-growing

As in Scenario II, 47 tons of small cod are transferred to sea cages every year but in
this scenario the on-growing of the fish is an integral part of the ranching operation.
From the second year onward, the annual volume of harvested cod is 470 tons,
resulting in a quota efficiency of 2.35 and average revenues generated from sales are
€861 000 per year. Since on-growing of cod for a second year results in a higher FCR
due to sexual maturity, feed and feed related costs constitute a considerably larger
proportion of the expenses. Purchase of feed accounts for 35% of the expenses, and
when storage and transportation costs have been added, the total feed related costs
amount to 59% of the operating expenses. The operation is profitable with a profit
margin of 22.8% and NPV of €819 000 (Table 3). On-growing the small cod for a
second year results in a production cost of 1.31 €/kg, the highest for all scenarios.
Despite the high production cost, this scenario is considered a feasible option
because of high quota efficiency, extended harvesting period and the synergistic
effects of ranching vs. on-growing in sea cages.

Table 3. Summary of the economic results and key parameters for the five scenarios

I 11 11 v v

Quota efficiency 1.81 1.81 2.35 2.03 1.81
Operati
( J;)ra g Tevenues 614444 633100 860861 715624 1542910
Operati
( J;)ra g expenses 414452 410919 600251 510817 1056351
EBITDA (€/y) 199992 222181 260610 204807 486559
Net ti fit
( Jy)‘)pera MEPTOMS 1 149635 167830 196336 149500 363356
NPV (€) 753692 809109 819064 699896 1503996
Profit margin (%) 24.4 26.5 22.8 20.9 23.6
Feed requirement (kg 1.44 1.44 1.69 1.63 1.44
per harvested kg) ' ' ' ' '
Oil consumption (I/kg) 0.07 0.07 0.13 0.04 0.04!
Production (ton/man- 54 54 86 69 81
year)
Feeding cost? (€/kg 0.60 0.60 0.78 0.67 0.56
harvested) ' ' ' ' '
Salaries (€/k

alaries (€/kg 0.23 0.23 0.18 0.21 0.14
harvested)
Production cost (€/kg 115 114 131 196 117
harvested) ' ' ' ' '

! Excluding capturing. 2Including transportation and storage.

IV. Intensive harvesting at the end of the growth period

In this scenario, all of the fish are captured during the last two weeks of the growth
period yielding 406 tons annually resulting in a quota efficiency of 2.03. Mean weight
(4.25 kg) and price (1.76 €/kg) of harvested cod is also greater because of suspended
harvesting. Total operating revenues generated from sales are €716 000 per year. The
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cost of feed, transportation of feed and storage of feed amount to 32%, 18% and 4%,
respectively. The expenditure of chartering a vessel accounts for 7%. Production cost
for this scenario is 1.26 €/kg. The NPV and the profit margin are the lowest for this
scenario (Table 3).

V. Ranching larger biomass with basic harvesting

This scenario is the same as Scenario I except that the annual cod quota is 500 instead
of 200 tons. The quota efficiency is the same, 1.81, but the total harvest is much
greater, 906 tons and average revenues €1 543 000 per year. As before, the main cost
items are the feed and transportation of feed, 30 and 17% of the expenses, but the
storage cost of feed has fallen from 4 to 1% from previous scenarios, since the
company is operating its own freezing facility. The cost of chartering a vessel for
capturing is €151 000 a year amounting to 14% of operating expenses. The
production cost for larger scale ranching is 1.17 €/kg and the profit margin 23.6%.
The operation is the most profitable of the five alternatives with the NPV of €1 504
000 (Table 3).
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Fig. 2. Sensitivity in NPV to changes in FCR from the base-line value of 3.2 kg/kg for
the five different scenarios.

Sensitivity analysis

An increase in FCR means that more feed is given for the same production of fish. A
30% increase in FCR does not result in an unprofitable operation. For Scenarios III
and V the FCR must rise by 49% and 62% respectively to bring the NPV to zero (Fig.
2). Increasing growth rate increases the quota efficiency and profitability. This is an
unrealistic scenario as the growth rate used in the base-line calculations is thought to
be close to a maximum for wild cod. For ranching, unlike full-cycle farming,
selective breeding for faster growth is not possible. However, lower growth rates
could be observed if feeding is insufficient or if the fish enter the herds late in the
growth period. The sensitivity of growth rate on the profitability of the five scenarios
is not completely linear, because even though changes in growth rate have a direct
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influence on the harvesting size of the cod the market price of cod is dependent on
the weight of the fish. A 30% decrease in growth rate does not result in an
unprofitable operation (Fig. 3).
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Fig. 3. Sensitivity in NPV to changes in growth rate from the base-line value of 0.48%
per day for the five different scenarios.
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Fig. 4. Sensitivity in NPV to changes in purchasing cost of feed from the base-line
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The cost of purchasing feed is approximately 30% of expenses, but about 20%
comes from transportation and storage of feed which is excluded from the sensitivity
analyses. A 30% increase in feed cost from the base-line value does not result in an
unprofitable operation for the five scenarios (Fig 4). The market price of cod in
Iceland may to a large extent be determined by supply and demand in the UK and
other European countries, the main market for fresh Icelandic cod. Since all revenues
generated from cod ranching come from sales of fresh cod, all scenarios are more
sensitive to changes in market price than any other parameter in the analyses (Fig. 5).
In the initial stages, the supply of ranched cod will be negligible compared to catches
of wild cod and thus the profitability is assumed to be independent of harvested
biomass. Scenario V, with the greatest biomass of the five options, is most sensitive
to changes in market price. For that scenario, a price reduction of 21% brings the
NPV of the operation to zero, but a price increase of about 22-30% doubles the NPV
for all scenarios.
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Fig. 5. Sensitivity in NPV to changes in market price of cod from the base-line value
of 1.62-2.06 €/kg according to weight for the five different scenarios.

The capture success of ranched cod is perhaps the most critical factor in the
feasibility study. The greatest risk of the operation will be if the rancher is unable to
catch the fish in which he has invested time and money. In the base-line calculations,
it is assumed that all conditioned fish are caught minus 5% loss due to mortality (Fig.
6). According to the sensitivity analyses, the profitability is slightly less affected by
capture success than market price. Scenario V is most responsive, while other
scenarios are equally sensitive to capture success of ranched cod. If the rancher
catches less than 77% of the ranched biomass in Scenario V, the operation is unviable.
For other scenarios capture success must be above 74%.

Supply of fresh cod
In Iceland there are seasonal changes in the supply of whole ungutted cod, highest in
March and lowest in July, but with only a slight increase in price from May until
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December (Fig. 7a). The export volume of fresh cod fillets was lowest in August and
highest in October-December when the price was highest (Fig. 7b). The export
volume of cod and haddock fillets more than doubled from the year 2000 until 2006
and decreased by 40% until 2008, whereas the prices were stable from 2000 to 2005
but increased rapidly from 2005 to 2008 (Fig. 8).
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Fig. 6. Sensitivity in NPV to decreases in capture success of conditioned cod from the
base-line value of 100% for the five different scenarios.

Discussions

For the given assumptions cod ranching was profitable for all five scenarios but the
size of the operation seems to have greater effects than the harvesting strategy on the
profitability. It is assumed in the calculations that FCR is 3.2 kg/kg, a value within
the range commonly measured for wild cod in sea cages (Gunnarsson et al. 2009) but
considerably higher than what was measured for wild cod fed on capelin (FCR = 2.2)
under optimal conditions in a laboratory study (Bjornsson et al. 2001). The assumed
daily growth rate, 0.48% was based on a large number of cod tagged and recaptured
in the herds in Arnarfjordur (Bjornsson 2011), a value also within the range
commonly measured for wild cod in sea cages (Gunnarsson et al. 2009). The
assumptions about feed cost and market price are based on average numbers
recorded in recent years. In all cases, it is assumed that the prices of ranched cod are
equal to those of wild cod, although farmed cod has in recent years been sold at
prices commonly 10-20% higher (Kjenhaug 2006; Kontali analyse 2008).

Capture success in the herds is, however, the greatest uncertainty in cod
ranching. In the Arnarfjordur ranching project, cod tagged in the herds showed high
fidelity to their herds from July to October, but already in November they started to
show increased migratory behaviour (Bjornsson et al. 2010). The capture success will
thus depend on the time of harvest but also on how well the herds are fed, the size of
the reserved area and the efficiency of the capturing method. For all scenarios, it is
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assumed that purse seining is used to capture cod in the herds. Once the fish have
been accumulated in sufficient density in the seine, it is easy to bring them on board
with a lift net. In the Arnarfjordur ranching project, a lift net was developed as a
stand alone fishing gear to capture cod directly from the herds. It worked perfectly
when capturing cod for tagging purposes, but the average daily catch was only 1.0
tons of cod, not enough for the ranching scenarios considered here. So far the method
of purse seining has not been tested to capture herds of cod formed by ranching, but
it is a well-known method of catching pelagic fish in a cost efficient way and it is
hard to think of another fishing method which is more effective and gentle to the
fish, although several other capturing methods have also been suggested (Zion et al.
2011; Zion & Barki 2012). The feeding method accumulates the herd around the feed
bag and by hanging a free floating feed bag close to the surface at the time of harvest
it should be easy to surround the entire herd with a purse seine. There is precedent
for capturing cod with a purse seine in Iceland. In the years 1963-1969 spawning cod
was commonly caught with a purse seine off the south coast of Iceland, and in one
year the catch was about 40 000 tons (Thorsteinsson 1971). Clearly, this method of
capturing must be tested and adapted to the prevailing conditions before cod
ranching can become an industry.
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Fig. 7. Seasonal changes in supply and prices of cod in Iceland. (a) Average catches
and first-hand prices of whole ungutted cod in Iceland by months for the years 2003-
2007 (Statistics Iceland 2008). (b) Average export volumes and prices of fresh cod
tillets by months for the years 2003-2008 (Statistics Iceland 2009).

It is likely that some emigration of conditioned cod from the herds will occurr
and some of these will be captured by the commercial fishing fleet. Thus, their
additional weight gain resulting from feeding in the herds will be a bonus to the
fleet. On the other hand some cod from outside the ranching area will immigrate to
the herds during the growth period. As long as there is concensus about the amount
of feed given, FCR and quota efficiency, the emigration/immigration may not be a
serious problem if the rancher is allowed to catch from the herds the original quota
plus the equivalent weight of the additional production created by anthropogenic
feeding (Halldorsson et al. 2012).

The NPV is slightly higher for Scenario II than I. The capturing methods of
the two scenarios are the same, but size-grading generates more income due to a
higher price for the small alive cod sold for on-growing and increased mean size of
the large cod increases their market price. On-growing of the small cod by the
ranching company, as in Scenario III, increases the NPV, but the higher production
cost due to feeding the small cod for a second year results in lower profit margin.
However, for the ranching company there are synergistic advantages in on-growing
the smallest fish in sea cages, e.g. owing to better yield of the available quota,
improved use of vessel and crew and extended harvesting period. Once the
harvesting of the herds is completed in the first week of November, the harvesting
from the sea cages will begin and continue for the next two months.

By suspending capture until the last two weeks in the growth period, as in
Scenario IV, the 200 ton quota gives a maximum yield of the four options. The mean
weight of captured cod is therefore higher at the time of harvesting and higher
market price ensures greater revenue. But due to the extra cost of chartering a vessel
for fishing, this scenario is the least profitable of the four scenarios with a 200 ton
quota. There is one additional disadvantage regarding this method. Fishing the herds
takes place during a period when the risk of fish leaving the herds is likely to
increase. From August to October, cod tagged within the herds were only 30% as
prone to being caught by the commercial fleet, outside the reserved area, as the cod
tagged outside the herds, whereas in the following period from November to
January the risk was similar (Bjornsson et al. 2010). Another possible shortcoming of
this method is that the entire biomass, 406 tons, is harvested over only a two week
period, or about 200 tons per week. This large quantity may have a negative effect on
the market price.

Although Scenario V requires the largest investments, due to the need to
build a freezer, it is the most profitable option, when considering the NPV and the
annual net profit. The main objective of this scenario was to find out whether
profitability could be increased with larger production. Although the operation
requires more manpower, production per man-year is 50% higher than in Scenario I
and 17% higher than when the herds are allowed to grow to their full potential, as in
Scenario IV. However, this operational form is more sensitive to changes in the most
relevant factors concerning the operation, such as capture success and market price.
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In the five scenarios the capturing in the herds is assumed to be highly
seasonal. In most scenarios the entire catch is expected to be caught within a nine
week period, and in one scenario during a two week period (Scenario 1V). Cage
based fish farming is better equipped to adapt to the market environment, where
production can be aimed to supply a quality product at the right time. In ranching it
would be possible to start harvesting during the summer, if the rancher is prepared
to settle for a lower mean weight of the catch and therefore less value. Lengthening
the harvesting period beyond early November is not a feasible option because of
increased risk of fish leaving the herds in November-January, unless sea cages are
used in conjunction with cod ranching as discussed before.
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Fig. 8. Yearly quantities and prices of exported cod and haddock fillets for the years
2000-2008 (Statistics Iceland 2009).

Considerable amounts of fresh white fish are exported from Iceland to
Europe. The main products are fresh cod and haddock (Melanogrammus aeglefinus
(L.)) fillets and iced whole fish (Ministry of Fisheries and Agriculture 2008). Despite
the short harvesting time in cod ranching, the timing is good with respect to demand
for fresh cod. During September-October, the period when most of the herdfish is
harvested, there is a high demand for fresh cod and the prices are close to a
maximum. A recent study implies that the market price of fresh cod fillets is highest
in the fourth quarter of the year in USA and Belgium (Gudjonsson et al. 2006).

The feasibility study indicates that cod ranching can be a profitable industry
in the future, although it is likely to be controversial. Cod ranching can enhance
quota efficiency with minimal investment compared to cage-based farming
(Hallddrsson et al. 2012). However, the method requires a large reserve area around
the feed stations to prevent poaching (Bjornsson 2011) which may limit the fishing
rights of other fishing companies. This may require ranching to pay higher resource
rent compared to conventional fishing. If ranching is more profitable than traditional
fishing and farming (Hallddérsson et al. 2012) and can increase the total revenue and
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net profits from the fish stocks, the legislature must consider these ideas with an
open mind. At least, these promising results should be an impetus to further research
and development of cod ranching as it may be a way to maximize the resource rent
of the stock.

The study indicates that cod ranching will benefit greatly from economies of
scale. With the cooperation of fishermen, fishing companies and fish processors,
ranching could be conducted on a far greater scale than is examined here. Such
cooperation would not have to be limited to one fjord since whole regions could be
included in a ranching programme. The suggested implementation of the idea is that
inshore waters would be reserved for a ranching programme where local fishermen
would take care of feeding in their area. A specialized well-boat would capture the
cod from the herds, sort them into sizes, bring the smallest fish to on-growing farms
and transport the larger fish to a slaughterhouse for processing. The idea of large
scale feeding of the Icelandic cod stock has already been proposed (Bjornsson 2001).

Ranching of cod and other marine species can perhaps be described as a
mixture of aquaculture and capture based fisheries. Aquaculture can offer important
advantages of controllability, ownership rights and responsibilities, and market
adaptation (Anderson 2002). The future may see greater integration of the
aquaculture and marine fisheries sector (Muir & Young 1998; Asche 2008; Bostock et
al. 2010). While ranching doesn’t have as much controllability and ability to adapt to
markets as aquaculture, it probably has the upper hand concerning these factors
when compared to commercial fishery. Further research must be carried out to
develop fish ranching, preferably on a greater scale and over a longer period than
was possible in the Arnarfjordur project. Simultaneously, the social, political and
legal aspects of the idea must be studied to see how it could fit within the existing
legal framework and what would be the best way to initiate such an industry and
how it could be integrated with commercial fisheries and aquaculture. Although
intensive aquaculture will continue to grow globally, well managed fish stocks will
always be an important food source for mankind and thus ranching, which basically
is a quota multiplier, can increase this food supply, potentially at competitive prices.
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