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1. INTRODUCTION -

The purpose of this paper is to show the possibiiities of developing fish culture in
salt or brackish water in the Mediterranean area. To this end, we think it is advisable to
proceed as follows:

(a) first of all, to clarify the basic concepts for accurate interpretation of mome
terms normally used in fish culture;

(b) to desocribe the features and potential of some types of fish cultures
(o) to examine the commercial feasibility of various production systems;
(¢) to examine their soundness alsc in relation to emergy, and

(e) +to present a plant model that is sound from the commercial and energy points
of view and cen be applied in Mediterranean countries.

2. DEFINITIONS

2.1 PFish Culture in Fresh, Salt or Brackish Water

There are fish species whick live and breed well in fresh water and in edlt or brackish
water, as for example, some varieties of mullet, eel, trout, carp and bass, What, then, is
the borderline between fresh, salt or brackish water? This ia difficult to say if we take
as a criterion the salt concentration of the water, all the more so as in the mame water
ares salinity varies quite considerably with the season, even from zero to high concentra—
tions, This happens, for example, in meny basing in estuarine zones near the mouth of
rivers or seasonal stresms., Furthermore, fresh-water and salt-water species may live in the
same environment.

I+ is much more practical to refer to a precise biological characteristic that links
species to different envirommente. Thus fresh-water fish culture refers to species that
breed in fresh water, sali-water or brackish-water culture would refer to species that breed
in salt or brackish water,

2.2 Pigheries and Fish Culture

Particularly when extensive fish oulture is carried on in lagoon areas, it may be
asked what the difference is between fishing and culture, The fact that organisation,
methods and fishing gear are almost alwaye different in the two activities iz not enough
to digtinguish between them.

But seeding is certainly a oriterion, Fishing is confined to catching and requires no
preliminary operations except those closely coordinated with it, Culture, on the other hand,
presupposes seeding as a productive operation, 1.e., the introduction of young figh into the
area from which the finished product will be taken later on, Catching in this case ig merely
the fingl phase of the preoduction process,

2.3 Intensive, Extensive and Semi-Intensive Fish Culiure

Before dealing with fish culture in detail, it is useful to clarify the terms intensive,
extensive and semi-intensive. Those who deal with the subject define culture systems with
a high stocking density as intensive, but they do not indicate the 1imit below which culture
is no longer intensive, Extensive is used to define culture with a low stocking deneity,
but again no limit is given above which culture ie no longer extensive, Since semi-intensive
describes an intermediate situation, it may be assumed that it covers the whole range,
with admittedly fairly vague boundaries, that is not defined by intensive and extensive,



In actual fact, the stocking density is but a secondary, albeit striking, characte-
ristic of the various types of culture, The fish biomass depends on the quantity of feed
available in the enviromment, and it is inevitable that, if we intend to exceed the
stocking density limits typical of a given emvironment, we have to provide additional feed
t0 achieve the expected results.

The feeding regime can therefore be taken as the distinguishing characteristic of a
given type of culture, OCulture is intensive if all feed is provided from outside; it is
extensive if i1he feed ie supplied exclusively by the enviromment; it ie semi-intensive if
it is furnished by the environment with esupplementary feed from cutside. Such supplementa-
tion may be simultaneous, that is, provided throughout the production cycle, or it may be
coordinated; that is, furnished as a substitute during some phases of the production cycle
(normally in the first and second phases of culture).

2.4 Culture Methods with Stagnant Water, Running and Semi-Running Water

The stagnant-water method is used when fairly small quantities of relatively cold
water are available. It is marked by the following conditions:

(1) wvery slight exchange from time to time with water at a temperature much lower
than the optimum for culture (almost always groundwater at 12-14°C is need);

(2) the thermic regime of the water basin is directly related to atmospheric condi-
tions;

(3) oxygen production relies on the environment {phytoplankton).

The running-water method can be adopted where abundant relatively warm water is avai-
lable. The characteristics of this method are:

(1) intensive and continuous water exchange;

(2) thermic regime of the basin is directly related to the temperature of the circu~
lating water;

(3) oxygen requirement is supplied by the flow of water,

The semi-running water method is a compromise or rather a combination beiween ihe
stagnant and rumning-wWwater methods. It is preferred when an abundant supply of cold water
is available or warm water in slightly insufficient quantity. In both cases, the environ-
mental factor is essential., The semi-running water method integrates envirommental and
water resources because each of them alone cannot sustain culture.

Depending on whether there is more or less circulation, the type of culture shifts
toward the stagnant-water regime or to the running-water regime,

3, EXTENSIVE CULTURE

Extensive brackish-water figh culture is carried on in lagoon areas or in coastal
areas subject to flooding and canmnot be confuged with fishing in view of seeding which ism
the basis of the production process.

Seeding can be done by (a) favouring the ascent (anadromous migration) of young fish
from the sea and preventing their descent (catadromous migration), (b) catching fry in more
or less distant marine areas and introducing them into the controlled areas, or (c) resor-
ting to induced reproduction. Independently of the production 1t can yield, culture is
deTined as extensive if its feed comes from the enviromment.



The mein featires of an extensive culture system are enclosing structures for the water
areas to be controlled, controlled communication with the externs) environment, and facili~
ties for catching the product, Extensive pysteme in cold zones must have installations for
protecting the fish against winter cold.

Extensive plants in the Mediterranean region mainly cultivate the following species:

- Sparus aurata (gilthead ssa bream)l/
~ Dicentrarchus labrax (sea bass)

- Mugil auratus (golden grey mullet)

- Mugil chelo (thicklip grey mullet)

~ Mugil cephalus (flathead grey mullet)
- Mugil saliens (leaping grey mullet)

- Mugil capito (thinlip grey mullet)

- illa anguilla (eel)

All of them are euryhaline and eurythermic, each with its specific tolerance to mali-
nity and temperature. While in general we may say that salinity ranging from 15 to 25 per=-
ocent and temperature from 18 to 25°C are the optimum for practically all these species, it
should be pointed out that §. surata and M, auratus do not adapt to fresh water and that a
temperature of 4 to 5°C ig lethal for S, aurata whereas D. labrax withstands a temperature
down to 2°C, Mugil 3 %o 4°C and Anguilles © to 1°C. All these species tolerate rather high
temperatures z34 to 35° ¢), but their culture in these conditions is difficult.

In favourable climates, culture is almost continuous, the production cycle is reduced
to the minimum, and harvesting is not dependent on the seasons.

In the typical extemsive system, the feeding area is stocked with fingerlings and the
product is collected when it is of marketable size. In a cold climate, on the other hand,
the culture season is fairly short (5 to 6 months). In this case, the culture cycle is
is longer and comprises various operatioms. Seeding is carried ocut in spring; in auwtumn
the fish are collected and transferred to wintering ponds, and in the following spring
they are transferred to the feeding areas. These last two operations are repeated until
the product is of marketable size.

Production obtainable in extensive plants rangesfrom 100 to 500/kg/ha/year, depending
on the geographic site and the climatic and ecologiocal conditions,

The cost of constructing an extensive plant may vary greatly owing +o many factors
such as extent and type of enclosing structures for the ponds (in some cases, such struc-
tures may involve major coastal works), nature and conformation of the land, wintering
installations for fish, pumping systems to supplement or replace tidal flow, ete. All thie
will affect the cost per hectare more or less in accordance with the ratio between the size
of the structures and the area involved.

1% is therefore very difficult to indicate costs in general. But by caleculating the
maximun amortization charges compatible with operations 1t 1s possible to indicate the
limits of expenditure that should not be exceeded.

4/ Common names of species (except eel) in this document are those used in "FAQ Species
Identification Sheets for Fishery Purposes ~ Mediterranean and Black Sea (Fishing Area
37), FA0, 1973



An extensive éystem of 400 ha producing an average of 100 kg/ha/year may have the
following profit and loss aceount (in U.S.$)1/s

Expenditure Income
)
- Management and administrative staff 28 000
-~ Labour 47 000 . ;,
« Board and lodging for personnel 6 000 o
-~ Overhead expenses (taxes, financial L
charges, administrative expenses, v ‘
postage, telephone, etec,) 5 000 )
- Seeding (Gilthead sea bream 15 000 '
- Sea base 14 000 b
- el 6 000 ¢
- Other mpecies 35 000 .
— Grey mullet 50g 50 000 *
- Eel 30) 70 GO0
ha/year
~ Sea bass 10 ke/ /v 33 000
-~ @Gilthead pea bream 10 33 00({
~ Miscellansous 6 000
156 000 195 000
Profit 33 000 l
Total 195 000 195 000

Construction costs of an extensive culture system mostly refer to structures whose .
amortization can be distributed over & period of 30 years. They comprise dikes, dams,
sluices, fishing facilities, buildings, canals, etc., which are stable and durable works
if they are properly maintained. Only up to 20 percent of all investmente is spent on
machinery, equipment and implements which are amortized in five to ten years. On the whole, t
therefore, annual amortization may be put at about 5 percent of costs including cost of
the land.

If we allocate an amortization quota of 50 percent of the profits to the profit and *
loss account, we could justify investments up to U.S5.$ 388 000 and up to U.S.$ 776 000 if we
decide to forego profits in the first 20 years. The cost per hectare would thus be U.5.3 970
or U.S«% 1 940, The ratioc of fixed capital assets to z2nmual production potential would be
U.S.$ 10 or 20/kg.

For a 400-ha extensive plant producing an average of 500 kg/ha/year, we may assume
the following profit and loss account (in U.S.$):

_1_/ Expenditure and income are based on average prices on the European market. It may be
assumed that in countries where the product is sold at lower prices, costs are also
lower; therefore the ratio in the balance sheet would not change



Expenditure Income
~ Management and administrative staff 35 000
‘= Labour 94 000
~ Board and lodging for personnel 12 000
~ Overbead expenses (taxes, financial
charges, administrative expenses,
postage, telephone, etc.) 7 000
=~ Current supplies, energy, transportation 19 000
= Maintenance 14 000
~ Sesding: Gilthead sea bream 115 000
Sea bass 28 000
Eel 12 000
Other species 247 000
- QGrey mullet 350 . 370 000
- Eel 60 141 000
-~ Sea bass 20) kg/na/year 66 000
= (Gilthead sea bream 70) 247 000
- Miscellaneous 12 000
583 00O 836 000
Profit 253 000
Total 836 000 836 000

The profit obtained in fish culture on this scale allows for fairly considerable invest~
ment. If we allccate 50 percent of the profit to amortization, we could cover a capital
of U.5.% 2 534 000 or U.S.% 6 350 per ha, and still have a sufficient margin to achieve a
satisfactory profit, The ratio of fixed capital assets to amnual production potential would
be aboul U.3.% 12 per kg.

We have deliberately given two extreme examples -~ a low variant and a much higher
variant. The former applies to fish cultwre in an unfavourable climate, the latter to a
favourable climate.

If brackish-water fish culture develops in the southern Mediterranean area, it would
operate in climatically and ecclogically favourable conditions, hence with high productivity,
It would seem that the commercial feasibility of such undertakings cannot be disputed.

4.  INTENSIVE GULTURE

In the past decade satisfactory techniques have been developed and tested for the
intensive culture of mullet, mea bass, gilthead sea bream ang eel. With appropriatezinstal-
lations these techniques can pgoduce 1=3 kg of grey mu 1et/m s 5=20 kg of sea bass/m R
3-5 kg of gilthead sea bream/m- and 2-8 kg of eel/m2 1/, " Culture techniques and type of
installation vary with the species as well as for the same gpecies if they have to be adapted
to the land and water conditions, Produetion obviously increaseés with more favourable con-
ditions (climate, water resources, type of soil) and more sophisticated installations,

1/ Hyper-intensive installations with a production potential of up to 100 kg/mz are being
tested for eel



Installations for the intensive culture of grey mullet and gilthead sea bream do not
require large investments (from U.S.$ 1 200 to 6 000/ha) whereas installations for sea bass
and eel call for tens of thousands of dollars (from U.S.§ 60 000 to 350 000 for sea bass
and from U.S.$ 47 000 to 94 000 for eel). '

Food conversion rates for dry feed may be estimated as follows: 3-4:1 for grey mullet,
2-3:1 for gilthead sea bream and 1.5-2-5:1 for eel.

Grey mullet is reared with low cost feeds or waste from other intensive cultures.
Gilthead mea bream, sea bass and eel, on the other hand, need feed with a high animal pro-
tein content. Where possible and suitable, fresh fish mixed with fish meal is also used,

The most recent technical trend, however, is to utilize the intensive culture of grey
mullet only as an instrument in optimizing production in large areas (see p. 15), not to
practise intensive culture of gilthead sea bream because this species produces very good
results in extemsive culture (therefore the cost of artificial feeding is not justified},
and to carry out intensive culture in the case of eel and sea bass (see p. 15%-

Two examples of a profit and loss account are given below for the intensive culture
of eel and of sea bass,

1. Profit and lose account for intensive eel culture with a production potential of
200 t/year (in U.S.8).

Expenditure Income
- Management 18 000
~ Labour, 1 worker for 25 t 94 000
=~ Energy and fuel 40 000
-~ Seeding {purchase and transport of elvers) 24 Q00
- THeed 280 000
- (Current supplies 24 GO0
= Maintenance 12 000
~ Overhead 24 000
~ Migcellansous 12 000
- Depreciation {10% per annum) 94 oool/
- Reserve account 60 000
682 000 940 000

Profit 258 00

__940000 940 000

J/ An installation of this type comprises about 60 800 m2 of rearing ponds supplied by a
first-stage installation totalling about 1 250 m™ which is covered and has controlled
temperature., The cost of the installation, excluding land, may be put at{ about
U.S.$ 940 000. Fixed capital assets would be about U.S.$ 5/kg of production capacity.

If the market can supply small eels of about 4-5 g which are already accustomed to arti-
Ticial feed, the first-stage sector is not needed. In this case, the seeding item in the
actount would increase %o about U.S.§ 118 000, the depreciation item would drop by about
40 percent, and the ratio of labour to production would be one worker for 40 t. Other
expenses would also decrease by about 10 percent, for instance,energy, feed, current
supplies, maintenance and the reserve account

2/ This is a gross figure before taxes and any financial charges



2. Profit and loss account for intensive breeding of sea bass, with a production potential
of 100 ‘t/year (in U.S-*)o

Expenditure Income
- Management 18 000
- Labour, 1 workex for 25 % 4T 000
- Energy and fuel 4G 000
-~ Seeding (purchase of fingerlings 175 oooY/
- Fend 116 000
‘= Current supplies 12 000
- QOverhead 18 000
- Migoellanecus 6 000
~ Depreciation 76 2
- Reserve account 30 000

541 000 823 000

Profit 282 0
823 000 823 000

The economic data set out above indicate the commercial advantage of intensive culture
installations for eesl and sea bass, emphasizing their high production capacity and conse-~
quently a relatively low incidence of fixed capital assets in relation o potential produc-
tion.

1/ 1f the installation has & sector for artificial reproduction, the seeding item would
disappear and depreciation would increase by about 50 percent, labour costs by about 60 perw
cent, and the costs of energy, maintenance and current supplies by about 10 percent. One
million fingerlings 2.5 to 3 cm in length are required to produce 100 1 of msea base of
average weight 350 g

2/ Intensive culture installations for sea bass may have a mixed structure (cement-earth)
or be entirely of cement., The latter may be in the open air or covered, but in all cases,
a covered hatchery is required. The cost of the instellation therefore may vary consi-
derably in relation to climatic conditions and the stocking demsity plammed. It should be
remembered that less expensive installations have a smaller carrying capacity and that
the culturing period is extended in protecied installations. One may therefore conoclude
that fixed capital assets per kilogramme of production capacity are about U.5.$ 7 to 8
for a plant without a sector for reproduction and about U.S.§ 10 to 12 for s plant with
such a sector. All these calculations exclude the cost of land

}/ This is a gross figure before taxes and eny financial charges



5. THE ENERGY ASPECT OF FISH CULTURE

It is certainly necessary to examine carefully the commercial feasibility of the various
forms of fish culture, but it is also necessary to examine their soundness from the energy
point of view., We may in fact have a sizeable commercial profit with s considerable energy
deficit, While this may not worry the individual entrepreneur the resultant imbalance may
have an adverse effect at the national level particularly when a national community has to
belanoe the deficit with other communities,

Three types of energy will be dealt with here = primary, subsidiary, and auxiliary
energy. By primery energy is meant the energy reaching the ecosystem directly from the sun
(solar radiation); subsidiary energy, is the energy one ecosystemcan draw from another (tides,
winds, water temperature, nutrients, ete,)}; auxiliary energy meens the energy obtained through
men-made circuite from fossil or nuclear sources of energy (thermal or electrical energy).

Extensive fish culiture systems undoubtedly have a clearly positive energy balance sheet.
Although positive energy balance sheet with reference to natural processes is an inappropriate
and even absurd term, it is used to siress the fact that exiensive fish oculture generally
does not employ appreciable quantities of auxiliary energy in its production process, TIts
contribution 1o production may be considered a balance between the various components which
as a whole achieve the productivity of the culture environment regarded as an ecosystem,

Man intervenes only to coordinate and confines himself to introducing into the emviron-
ment a tiny pert of energy mainly in the form of seeding which, in weight, covers 0,3-0.6 per—
cent of the energy produced and at any rate is an expression of the natural productivity of

the marine ecosystem,

Brackish-tmter fish oulture is or can be carried on nearly alweys in estuarine zones
and sometimes in coastal areas that are completely or partly above water but are always in
controlled communication with the externsl ecosystem. Such fish culture systemstherefore can
function as satellite ecosystems which can draw subsidiary energy from outside in the form
of nutrients, thermal energy, mechanical energy, etc.

The input of subsidiary energy helps to strengthen the self-enrichment mechanism in the
owlture environment to a greater or lesser degree and therefore to determine the productivity
of the extensive system, Tt is then up to man {o intervene in the system, simply by coordi-

nating and controlling in an effort to intemsify natural productivity as much as possible,
snd by employing suxiliary energy if this can bring about profitable inoreases in production.

Mirstly he shounld:
(1) reise emergy input by using subsidiary energy from the external acosysteml{

(2) reduce to a minimum (or eliminate, if possible) the quota of stored energy through
accurate control, metching and distribution of fish populations;

(3) Bpeed)up the rate of production as much as possible (in line with market require-
ments);

(4) prevent the outflow of organic substances from the system hecontrols,
Seoondly, he should underfake the following culture operationsi
(1) water regulation;

(2) =oil work;

_1_/ This aspect of operations is very importent when it is possible to utilize werm industrial
effluents



(3) fertilizmation;
(4) feeding.’

in example of an extensive 400-ha culture facility with an average output of 500 kg per
ha per year has already been given (see p, 5). A hypothetical energy balance sheet for that
model is given below:

Primary Subsidiary keal of auxiliary

energy + energy keal produced energy supplied
200 000 kg of fish 400 000 000 '
Yeter regime (12 mil/u3/yenr )/ 51 677 000
Auxiliary services 5 Q00 000
Supplementary feed, first sbages 3 000 000
Soil work on pond bottomer 33 600 000
Totals 400 000 000 93 277 000

let us now consider the energy balence sheet of an intensive culture installation with
an annual pﬁ uction of 200 t, an average productivity of 5 kg per m? and food conversion
rate of 2:1%(

keal produced  Subsidiary Auxiliary

energy energy
200 000 kg of fish 400 000 000 ,
Feed (an average of
4 000 keal fkg) 800 600 000

Wator flow_ (1 m3/sec)
31 536 m3 (50 hp)
= 37,30 kW x 860 keal
= 32 078 keal/h x 8 760 h of

operation per yea. 281 000 000
Other services for a total of

50 kW of power used occa—~
sionally 100 000 000

Tetale 400 000 000 800 000 00O 381 000 000

1/ Just as a good production potential is attributed to the model, so a high energy expen-
diture for water regulation and work on the pond bottoms is also applied though it ie
not a2lways needed to such an extent. On the other hand, fertilization is excluded
becaunse it would result in higher production than that under discuseion

_2_/ Productivity and food conversion rate are based on average values of various types of
intensive culture for eel and seabass

y The water flow carries alse a highly important quota of subsidiary energy drawn from the
external ecosystem (temperature, oxygen, etoc.), which is not calonlated because it would
very considerably with the type of installation (running water or semi-ruming water) and
with the characteristics of the weter used. On the other hand, the application of
suxilisry energy needed to maintain flow remains virtually constant
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If fresh fish instead of balanced feed is used, the energy situvation would be as follows:

kecal produced 400 000 000
subsidiary energy 1 000 000 000
avxiliary energy 3871 000 000

The importance of energy supplied by feed is a striking feature of the energy balance
sheet for an intensive culture installation. It represents & contribution from the ural
productivity of other ecosystems and should therefore be put under subsidiery energy—'.

But it should be noted that, in the intensive culture of carnivorous fish, for every
kilogramme of product we secrifice about 2 kg of other fish with a diet of artificial feed

and about 5 kg with a fresh fish diet, Thus the food chain lengthens and the system's loss
of potential energy increases quite considerably.

The fact of considering as subsidiary energy what actually is a product that can be
used for human consumption 4s a commercisl and political option rather than an operation
of energy reoovery. For communities which depend on others for such a momrce of energy, the
soundnees of this production process would be questionable also from the commercial point of
view, unless the finished produect is exported with profit., If the community consumes the
product, it would have to be admiited that it has chosen the most costly wey of feeding
itmelf, From the energy angle, therefore, intensive fish culture cammot compare with exten—
sive culture, especially if the latter obtains satisfactory quantities of subaidiary energy.

In an attempt to find a technology for high production in a small area and to make
feirly large areas productive, successful experimenis have been made in the past few years
with a type of fish culture based on functional integration of intensive and extensive culiure,
I+ has been established than an extensive plant suitably supported by an intensmive mector
van increase and rationalize its production. In practice, the intensive installation, in
sddition to its own production, serves as the firsi stage for 129,9 extensive plant, which
becomes semiwintensive through this link. Moreover, all waste=/ produced by the intensive
gectors serves to fertilize the semi~intensive plant.

In our opinion, this type of integrated fish culture is an efficient and balanced instru-
ment of production because, while the intensive sectors are supplied with a oconsiderably
quantity of energy, they in twrn furnish a considerable quantity of energy to the semi-
intensive plant in the form of water flow, waste material and semi~culiured fish vhioh are
transferred under optimal biological and operational conditions with respect fo the produc-
tivity of the enviromment,

1 / Such subsidiary energy is, however, obtained at the cost of an adequate supply of auxi~
liary energy (fishing organization and effort,fish meal production, ete,)

_2_/ "Waste" means all materials derived directly and indirectly from the biological activity
of fish. The effluent of & carnivorous fish plant operating with an average load of
150 t and a feed ration of 3 percent, discharges the following approximate quantities
during 180 days of culture:
24 t of ammonia nitrogen
20 t of nitric nitrogen
14 t of phosphorus
421 t of suspended solids
486 +t of BOD
1 600 t of €OD



The total energy balance will be more positive when the production cycle is characterized

Ty an accelerated turnover, and all organic substances present within the system are used,
This requires:

« g rational proportioning between the intensive and semi~intensive sectors;
~ the adoption of appropriate culture operations;

- the acourate assessment of the quantities of auxiliary energy required to produce
the desired result.

A purely indicative ideal) energy balance sheet for a 400~ha integrated fish culture
model with a 4-ha intensive sector is given below:

keal Subsidiary and
(million)  auxiliary energy

Batimated bvasic production of
extensive plant: 300 kg/hafyear 240

Tntensive productions 160 t 320
Fnergy expenditure 1 024.81-/

Energy recovered by fertilized
pemi~intensive sector (pro-
duction increase of 8871 kg/ha) 804.8

Totals 1 264,8 1 024.8

This credit balance corresponds to the energy the extensive plant can obtain while the
energy loss in the intensive sector is offset by the greater produciivity of the extensive
plent vhich has become semi~intensive through energy recovery. On the whole, the volume of
production achieved is more than four times the basic production of the extensive plant,

6. TESCRIPTION OF A MODERN BRACKISH-WATER FISH CULTURE MODEL
6.1 Introduction

Coneiderations on the commercial feasibility and energy efficiency of various brackish-
water Fish culture methods have directed ue toward a productive structure designed to achieve
high output in a amall area and to make large or very large areas productive, It is useful
to illustrate a model along these lines, Figure 1 represents a 400~he estuary area bounded
Yy installations (earth dikes, locks, screens) which can isolate it and conmect it to the
external ecosystem, depeng g on circumstances. Tts water regime makes use of tidal move-
ments and a river ourrent=/, Two pumping stations provide or support water movement when
natural conditions fail to meet these needs entirely or in part.

The production complex consists of facilities for artificial reproduction hatchery, a
sector for intensive culture (seabass, eel and mullet) and ponds for semi-intensive culfure,

4/ Mean value between artificial feed and fresh fish feed

2/ Tt is useful but not indispensable to have fresh wvater available in a fish culture
plant
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Fige 1 = Bﬁgendqlggptions

1+ Ecluse & la mer et pompes au vent
Sea sluice and pumps facing prevailing winds

2. Logements du personnel
Staff quarters

3 Atelier, magasin, frigorifigue
Workshop, siores, cold storage

4. Bassing d'hivernage
Overwintering ponds

5. Hangar pour préparation des aliments
Shed for feed preparation

6. Centre d'alevinage
Hatohery

T. Elevage intensif des loups
Intensive culture of seabass

8. ©Elevage intensif des anguilles
Intensive culture of eel

9., RElevage iniensgif des mulets
Intensive culture of mullet

10. DBagsin de récolte des boues provenant des élevages intensifs
Storage for mud collected from intensive culture ponds

11+ Hydrocultivateurs
Hydrooultivators

12, Canaux de récolte sub-lagunaires
Lagoon bottom harvesting channels

13. GChambres de capture
Fish capture tanks

14. Bassin de récolte des &levages semi~intensifs
Fish capture tanke for semi-intensive cultures

15 Pompes sous le vent
Pumps sheltered from prevailing winds

16. Canal d'adduction d'eau aux élevages intensifs
Water supply canal to intensive culfures

17. Bassin de mflange des eaux douce et salde
Tank for mixing fresh and sea water

18. Canaux d'irrigation
Water supply canals to lagoons

19. Lagunes closes d'élevage en semi~intensif
Enclosed lagoons for semi~intensive eculture

20, Mer
Sea

21, Cours d'ean
River
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There are also wintering ponds (needed for fish culture in cold areas), basins for
collecting the product of the semi-intensive operation, besins for harvesting, processing
and distributing waste from the intensive sector, and facilities for working the pond beds,
The infrastructure and services necessary for operating the whole plant are also included.

The intensive oulture sector consists of a mection for eel, with a production capacity
of 200 t per year, a section for seabass with a capacity of about 100 t per year, and one
for mullet which can deal with the entire semi-intensive operation.

Modern technigques tend to employ extremely compact intensive installations, therefore
& relstively small space ie reserved for eel and seabaes (not more than 4 ha). Ilarger areas
have to be provided for mullet because in the intensive culture of this fish the method
adopted relies partly on the environment. The productivity of the semi=intensive plant
¢losely depends on ecological and climatic comditions, and the size of the intensive sector
vhich supporte it varies eccordingly.

Phe effectiveness on production of fertilization in the ponde also has %0 be aspessed.
In general, however, the production of a semi-intensive plant arranged in this way may range
from 300 to 1 000 kg per ha depending on the climate, The minimum values given here refer
to conditions of low productivity, also to areas where the culturing period is fairly short
(for instance, this applies to valliculiure in the Veneto region), In this cage, the quan=
tity of emim~cultured mullet from the intensive secior should be at least 50 percent of the
finished product by weight, whereas in a more favourable and therefore more productive situa~
tion seeding may be limited to a maximum of 30 percent.

The semi~intensive plant in the model (which covers about 350 ha of water surface)
requires an input of 52,5 t in the first case and about 105 + in the second case.

The intensive sector producing mullet would therefore have an area of 2,63 or 5.25 ha,
respectively.

6.2 Description

This fish culture model is complete in siructure because it comprises all operational
gtages, from artificlal reproduction to commercial size of the product, including the genitors
required to maintain the cycle, It is also based on a pattern applicable to a large number
of fish species and can be established in large geographic areas and certainly throughout
the Mediterranean.

In existing models, the species chosen for oulture are always the traditional ocnes:

-~ Sparus aurata ~ Inglish: gilthead sea bream
French : daurade
Italian: orata
Spanish: dorada

Dicentrarchus labrax -~ Inglish: seabans
French ¢ loup (bar)
Ttalian: =spigola (branzino)
Spanish: lubine

Mugil cephalus = Bnglish: flathead grey mullet
French : muge cabot
Italian: cefalo
Spanish: pardete

M¥ugil chelo - English: $hicklip grey mullet
French ¢ muge & grosses l&vres
Ttalian: cefalo bosega
Spanish: 1lisa
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Mugil capito - Inglish: thinlip grey mallet
. French ¢ muge porc
Italian: cefalo calamita
Spanish: morragute

Mugil saliens ~ English: leaping grey mullet
French : muge sauteur
Italian: cefalo verzelata

Spanish: galfs

Mugil guratus = English: golden grey mullet
French : muge doré
Italiant cefalo dorato

Spanish: galupe

Mnglish: eel
French 3 anguille
Ttalians anguilla
Spenish: anguila

Anguills anguills

D, labrax and A, snguilla are raised in the intensive sector; Anguilla and all other
species in the memi-intensive sector, Thie arrangement is arrived at for the following

reasones

D. labrax is a comercially very valuable fish, gives excellent respomee to inten~
sive methods, snd ie definitely not suited to semiw-intensive culfure because it would
feed on other species cultured in the semi~intensive sector (this would therefore
have a negative effect on the energy and commercial balance sheets).

A. anguilla gives considerably better results in intensive culture than in the semi=
intensive system, especially as far as the duration of the productive cyole ie con-
cerned, Commercinl demand for thim fish iz much more sustained than for the other
species and in this respect the production of large quantities is fully justified.
This does not mean that A. anguills could not and should not be raised also in the
semi~intensive sector where ite trophic level is not affected by great competition
from other species.

S. aurata gives good results if cultured by intemsive methods but they are not dhetter
than those normally obvtainable with the semi-intensive system as far ap growth and
survivel are concerned (even the extensive system would achieve the same results),
The cost of speoisl facilities, especially for artificial feeding, therefore does
not seem justified. The natural food chain of gilthead sea bream involves mainly
molluecs! it may be strengthened by means of modest measures end has a +wvaluable
function of depuration and production in the environment.

The five mugilid species are the true protagonists of semi-intensive culture beceuse
of their highly weste-consuming habit, They are expected o be responsible for the
energy recovery on which the integrated fish culture model is based. As consumers
they shorten the trophic chain also in regard to herbivorous species hecause they
can use waste even before it undergoes subseguent processes of transformation. It is
up to the fish farmer to ensure optimum waste use either through direct consumption
by mullet (of at least part of the waste) or by initiating a rational fertilization
process of the environment,

. The supply of fry in quaniities to meet the culture programme requirements is obwiously
a fundamental operation in fish culture, especially in intensive plants which are normally
projected and constructed for monospecific culture and for a well defined economic and come-
meroial purpose.

The sea has always supplied fry for traditional oulture plants, but today this is an
unstable and inadeguate means of seeding; it is already very diffionlt to obiain supplies of



high commercial value (S, aurata, D, labrax), which are of major interest at present, As a
result, fish farmers have tackled the problem of artificial reproduction, first at research
level, then on an industrial scale. The problem may now be regarded as solved for D. labrax,
and there are gcod prospects for the other species as well, This is why the model B;ovides
for a sector for artificial reproduction. At present it produces D. labrax, but with the
same fecilities it will be possible to produce other species as the techniques are worked
ont or refined.

The projected production potential of this sector is about one million fry per year
corresponding to the requirements of the respective culture sector. As it is a modular
installation, it can be expanded without structura] modifications.

The reproduction faoilities cover about 4 000 m2. They include sections for the pro-
duction of phytoplankton and zooplankion (i.e., larval feed) and a section for the larvae,
divided into an incubation-fecundation unit end a breeding uwnit. In addition, there is a
gection for the culture and preparation of genitors.

Artificially produced fry and fry taken from the sea are placed in special tanks during
the first oulture phase, which is the most delicate one. This phase varies according to the
climate, season and species. For muliet and gilthead sea bream, it ranges from a few daye
to several weeks, for sea bass it im about three months, and for eel about eight months,

%11 these facilities comprise the hatchery; in the model we are deseribing it covers
500 m=,

. 643 The Intensive Culture Sector

The intensive culiure sector consisis of sections for D. labrax, A. anguilla and the
five mugilids. The sections differ considerably in structure and cperation, and a section
may also be changed to comply with the conditions in which it operates.

An intensive eel oulture installation, for instance, may have running or semi-running
_water, depending on the quality and quantity of water available. An intensive sea bass
installation may or may not have heated wintering facilities thermically oontrolled, depen=
ding on the climate.

An intensive mullet oculture installation differs from those for eel and sea bass meinly
because for its feeding it relies almost exelumively on waste from the intensive installa-
tione and bhecause its gtructure is simple and so integrated with the environment that the
borderline hetween intensive and semi~intensive is rather wague,

tensive ture Sector

The semi-~intensive sector is composed of water surfuces for feeding areas, The struc~
tures are adapted to local conditions and therefore vary considerably,

The mogt important conditionsfor a good semi-intensive sector aret

- division of the feeding areas into sub-basins of appropriate eize;

- good controlled communication with the seaj

~ the poeribility of regulating the extent of the water surface as regquired;

~ the poesibility of regulating the salinity (end avoiding excessive concentration
through intensive water exchange;

- & rationsal harvesting facility based on attraction of fish during drainage of ponds,
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The principel semi-intensive oulture operations are:

~ the intreoduction of seed in a quantity proportionate to the biological capsecity of
the environment; seed should be of sufficient sime to make for s high survivel rate

and a satisfactory weight increment;

~ fertilization of the feeding area with waste from the intensive sector, with appro-

priate balancing if necessary;
= 7pleoughing and harrowing of the pond bottoms;
- harvesting of the market-size fish,

6.5 The Water C it

*

The water oircuit (Figures 2 and 3) also reflects the complementary nature of the whole
production process, Water from the sea enters the intensive sector, whence it flows into

the semi-~intensive ponds for water remewsl and feeding,

If needed, this water can be reused,

in the intensive sector. Unfortunately, negative external conditions (pollution) often make
it dangerous to use mea weler., In this case, the semi-intensive ponds act as biological

depurators,
6.6 Qommercisl and Fnergy Cheracteristics of the Model

Such a fish culture model would involve the following costs (in U.s.s)L/e

=~ Artificial reproduction facilities
= TIntensive eel omlture installations
~ Intensive sea bass culture installations

- Semi-intensive culture sector (estimste
based on mediwn effort)

= Headquarters and infrastructure

'I‘otalg/

282 000
306 000
236 000

470 0CO

235 000

1 222 000

The annual profit and loss account of the operating plant might be

UeSe$)s
-~ labour (about 20 workers)
~ FEnergy and fuel
= Beed and genitors
- Feed
=~ Current supplies

-~ Miscellaneous

1/ Excluding cost of land
2/ See Annex 1

240 000
82 000
350 000
410 000
60 €00

60 000

ag follows (in
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= QOverhead 94 000

- Depreciatit;n 155 000

-~ Reserve account 240 000

~ Income: from intemsive culture (300 t) 1 411 000
from semi~intensive breeding (350 t)l/ 823 000

1 691 000 2 234 000
Profit 543 000

Totals 2 234 000 2 234 000

The energy balance sheet would be along these lines:

= keoal produced: intensive culture 600 000 000

semi-intensive culture T06 000 000
~ koal of subsidiary energy: feeding 1 200 000 000
- kcal of auxiliary energy: elsctricity, fuel,etc. 571 500 000

Totals 1_300 000 000 1 1;1 500,000

The profit and loss account and the energy balance sheet in this case would show that
integrated fish culture tends to be a sound proposition from the commercial and energy points
of wview. DBut the launching of big plants of this type encomnters difficulties in obtaining
supplies of seed. Our model would annually need:

«~ Elvers approximately 4 000 000
- Sea basse approximately 1 000 000
- (Gilthead sea bream approximately 250 000
- Mullet approximately 4 800 000

Total 10 050 000

Elvers fortunately do not present serious diffioulties; sea bass can be supplied through
artificial reproduction. But supply is problematic in the case of gilthead sea bream or
large numbers of mullet,

The development prospecis of brackish-water fish culture therefore rest on artificial
reproduction. At any rate, this does not mean that modern culture techniques, appropriately
exploiting the quentities of seed available at present, cammot result in a considerable
increase in production.

1/ While this production is possible in climatiocally favourable areas, only about half of
this can be achieved in unfavourable areas (northern Adriatic). On the other hand, some
items of expenditure, e.g., reserve account, seeding, labour, etc., can be reduced



7. OFHER CULTIVABLE FISH SPECIES

Our attention hae so far focused on traditionally cultured species of fish for which
therefore congiderable experience has been gained. But other species can be introduced in
our model, in which they could be cultured in special intensive or semi-intensive sectors
(Er in bc;th, for example, flatfish, especially Solea vulgaris (sole) and Peetta mexima

turbot ).

Sole, for instance, is already being cultured where temperature conditions permit. A
limiting factor for this species at present is the difficuliy of obiaining fry. We may also
list salt-water trout, tilapia and sturgeon which is perfectly suitable for large areas and
cont be cultured in intensive and semiwintensive systems,

In some areas, certain species of crustaceans can be successfully cultured in the
integrated fish oulture model, especially Penasus kerathurus and P. japonicus. Annex 2 gives
some details on this point,

8. CONCLUSION

The brackish-water fish culture model described above combines traditional experience
with modern techniques in a synthesis that can achieve quite a high production in s small
area and can make very large bodies of water productive,

Where this model can be applied, fish culture can be carried on in its most comprehen—
sive form. Wrere some of the necessary conditions {economic, ecological, territorial, com-
mercial or other conditions) are lacking, one or several components of the model may be
chosen, Thus the extensive or semi-intensive or intensive system may be adopted, according
to the species to be cultured and the technique to be applied (stagnant water, ruming water,
semi-running water, etc. ).

This aspect is of importance especially since conditions and interests vary greatly
from one country to another in the Mediterranean area.



L

.

-

\

{
(2

oz R
i -

s ekqTl woly §
£q1f 2395 20U
IYINES WOIY I

VOTPTAM ITTEIT 22U

etIpy 1addn wox3 s
nbraetipy 23aney aou

, N8, ¥, r,r




.

T

m [ a
RanASARARE {
HEddiS 1~, -
T _
HETHH “0
H,UM....d.x N
i u
T ‘.S
& J ,.. h—.A
Hi .ﬁ
n a
. r H n.w ﬂ.u
.4 111 |¢| g
.....j_n“ ‘.u M =
LY L
oy
Ln- Kl M b
11 -]
1 [
sRERRAEAs AR
Wi = 1
— —

; S
i

h

T
R L

T

pomaiivetoiiivgEnm U g K

s

=

Température utile/Operative temperature

[P At S o N A L SR

m . . 4 _ ~
sl L 1= w
FEE R H °
i 1. F
Bl 1° ;
”mﬁm y‘ L.. Tﬁ » & panugh
i ‘ T H T8 ARG
T r ,_..(r : oA N
$ o i TRl
m .%_ _ ] & < W .;um“
1 i ....F
1 a ] - 2 Q.x
s 8 litsi T o i
] ‘..ﬁ M ai=ARIRIRAS Ta
e T
SHE f TR I To il
T T Ta .
T T " A
1 vttt « /‘
_,__ _ “.m Iy W _
m Il T I 2 *_
B U N = g |
P L JE TR o
g 21 i h il = A -
i R T j
M“ :. pHiH e H m
& i i no o H il
S & - 0 S " a &

-

10+

Température optimale/Op-bimal temperature

Distribution of operative and optimal temperature periods for sesbass) eely seabreanm

la daunrade et les mulets
and mullet

Fig. 5 - Zone 1 = Distribntion des périodes de tempéreture utile et optimale pour le loup, 1languille,



ANGUTLLE/EEY,

—

¥

h-.... A

: E
HHHRETT
T
H
L]
o
wiks fpawaliun
I

ROLETS / MULTED

= A
A
HIHH
HHEE T
P
HHHH

30 L°c

- 25 -

LOUP/SEABASS!

W
(]

TE T
PR RN

NS PN AN TS ENNE R

T

TT
INNA W]

St T

INERRANREN S/ 0N )

I
15 S

o
B RE N

Ve e e e T

H

P oy

T O e

3

T

30

251

30¢9%

- (a1}
L
11 L
I =] B
iy § -
R = B —
f 1 i _
< e il
R ]
[ i
T« 4
Ly H w
= \
- 9 Z “
3 " :
al E 3
=
o e o
ﬂ
<z -4
£ -
U = & ,
I g
s .
3 lﬁ =
: FE P
n = L = 9

04

bl

A2 A
P]iEs ol
& =
AnfiiinnnRdzn o
nyy aya Tl
biiysiaey ©” |
L1Ld b o
il HHHH < |
e 1 £l e !
REEi=RRARASE
FT R w
13 ) 1
T . )
et Al
T = |l
s 1
HitH - < ngR
SH HE T + 1]
Anu “EAN = E
T A ! ®
L +
Fhndngly “..Ti By ..m
T 7 m
TR 7 b g g
|
ﬂ. - - +
M =2 Lk £
o
g
&
=
=]
a
u -
o
g m
FHAE A2
T HE ! [ @
T = E
u._.n'.m“ be =]
2
E - -1
npafin 0 1]
A L
- H
g C L)
B = ¥
tiEH e -
HHEE L
o g A H
ssagas =
RuaNgyan ]
iepais T
HHEE < 144
T T m
i . i
T R
HEHE i
+ -
131 1 7 e
HiE <
N 5 2 F
Pt b
mb = i

&
3
]
@«
5
-+
9
g8
4
-+
S
3
m
!
o
o
2
a
2
E
Qo
Et

st

Distribution of operative and optimal {emperature periocds for sesbass, eel, seabresam

la daurade et les mulets
and mullet

Pig. 6 — Zone 2 — Distribution des péricdes de tempéraiure utile et optimale pour le loup, l'anguills,



- 26 =

[

el P ]
Lll J - -y -
iid G SEESHERE EERE Ta
: =5 o m_r. i FEeEE J
FHH = aEgpuhillilitilic el annnslng
- ESREHEE L SRR |=
- ! i
] o i rﬂ
i 1 i 4°
" - - 1 B
/ i i E
g \ Au
a/ H - e e A um‘A
"\ £ e NYIEH ; T
BN 1 L}
» - Il . L
wj : A
) SRSy N 1 M»..u
H =3 H !
o aRW o 1HF 3
- H < . THA 4
" = i b = o
/ + LA H ]
. s Hit i 1 g
/ o RRpnfhx 5 .ﬂ-ﬂ. &
£ = o HHHE 1 T g
oy ’ ¢ gis +
) . ,
3 &8 & o = o W ) 'y 2
. o ri = =
'
g
) o
et
3
- 2
B
Ery
[
—D.“ s m B I-n T _\1 lﬁn ‘I
i - 4 T J g
ag s " L = o1 T HT = h
M . 3 § .
T | H - 3
mrm‘n sk = T [o i}
sk e pequad o 1
.\ s s 3
Ly SRS SRR
/ i LA
-, = . HTH <
/ s 3 13 L a
Nk - e .
i 4 i J
P = s HEHHT .
A : 4 T
m e = 1 -“,M !
afnen <
= = N |
i rtr =+ e A
m : = : .“.M .m
“he
—te 4 .S g / -I
& ETi = i .T
N + 1 33
n - Z - "
8 % & =@ = . P

Distribution of operative and optimal temperature periods for seabass, eel, seabream

and mullet

Pig. 7 —~ Zone 3 - Distribubion des périodes de température utile et opiimale pour le loup, 1l'anguille,
la daurade et les mulets



- 27 =

Annex 1

DETATLED COSTS OF FISH CULTURE INSTALLATIONS (1N U.S.$)

1. Reproduction Centre and Hatchery

(=)

()

Structures

- laboratory and services

=~ Shed

«~ Basins for genitors

~ Basins for first-stage eel
~ Barins for fry

— Bagins for fecundation

Total

Miscellaneous

~ Repino-vitreous basins for larvae
~ Mltors, exchangers, heating plant
-~ Passage grilles

-  Pumps

~ Lighting equipment

-~ HMonorail for transporting zoo-phytoplankion
- Tip trucks for feeding larvae

~ Automatic feeders

~ Office and laborefory furniture

=~ Scientific instruments

~ Basins for food chain

- Air-water distribution system

Total miscellaneous
TPotal structures

Grand total

2.  Intensive liel Culture (3 ha)

(2)

{v)

Structures

= Bagins

Migcellaneous

-« Posts

=~ Mish locks

—~ Basin inlet screens
~ Outlet soreens

50 000
89 000
6 000
7 00O
8 000
2 100

162 000

|

32 0n0
12 000
4 900
2 000
T 000
4 000
3 000
1 400
2 600
18 000
12 000
22 000

120 000
162 0N0

282 000

175 000

14 000
4 000
24 000
11 onp



Inlet mluices
Outlet sluices
Bagin partitioning
Feed holders

Aerators

Total miscellaneous
Total structures

Grand total

3, Inteneive Ses Bags Oulbure (4 000 m>)

(2)

(v)

Structures

Basins

Hiscellaneous

Postse

Msh locks

Sereens

Sluices

Bagin partitioning

Total miscellaneous
Total siructures

Grand. total

4, Semi-intensive Culture Installation

(=)

(v)

Structures

BEeyrth work

Buildings for equipment
Reinforced~concrete structures
Cement for foundations, fill, etec.

Total

Miscellaneous

Wintering tummel
Weter~conditioning equipment
Instruments and auvtomatio equipment
Misocellaneous pumps

19 000
9 000
9 000
6 000
35 000

131 000
175 000

26000

165 000

35 000
26 000
35 000
18 000

114 000

21 000
27 000
14 000
18 000
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Blocking and screening material (stakes,
screens, etc,)

Valves and piping
Mud=working machines
Pumping station
Blow boats

Total miscellaneous
Total structures

Grand total

Ancillary Installations

Building for storage and feed preparation

~ Building for vehicles, workshop, etec.

Total

Infrastructure

Generator

Power network

Fish sorters
Feed~-handling machines
Cold~storage facilities

Total infrastructure
Total ancillary installations

Grand total

Reoapitulation

Reproduction centre and hatchery

Intensive eel oulture

Intensive sea bass oulture

Semiwintensive culture installation
Ancillary installations and infragtructure

Totals

14 000
21 000
18 000
129 o00
94 000

|

356 000
114 000

470 000

|

26 000
46 000
19 000
21 000
31 000

143 000
92 000

235 000
=

Structures

162 000
175 000
165 000
114 000
92 000

Ayt

708 000

e ———

Miscellaneous

120 000
131 000
71 000
356 000
143 000

et bbb

821 000
=]



Perocentages
Structures (%) Miscellaneous (%)

- Reproduction centre and hatchery 575 42,5
~ Intensive eel culture 577 42,3
~ Intensive sea bass culture 70.0 30.0
-~ Semi-intensive culture installation 24.25 5. 15

~ Ancillary installations and infrastructure 39.0 61.0



9, SPECIAL NOTE ON CRUSTACEANS - CULTURE INSTALLATIONS FOR Penseus kerathurus AND
P. japonicus ,

Consclidated experience regarding the culture of penaeide on 2 commercial scale is not
available in the Mediterranean area at present.

But there is some experience regarding induced reproduction of these crustaceans and
their oculture on an experimental scale.

Some commercialwsize pilot installations are about to be set up, and several projects
have been considered.

Three types of installation will be briefly described here, The first two are based on
Japanese culture techniques while the third type is a hyper—intensive experimental and avant-
garde operation,

The production parameters of the first two models use the data given by Japanese penaeid
farmers. It should be emphasized that they involve levels of production that can only be
achieved in optimal environmentzal conditions and with long experience,

It should alse be pointed out that,as said earlier, instellations for penaeid culiure
can be easily fitted into the integrated fish culiure model described above,

The agsessment of costs excludes land,

9.1 Intengive Culture Mmstallation in Farthen Basins or Adapied Natural Basins

This type of installation is usually called extensive but actually it isan intensive
ingtallation (see classification criteria on ]2). which is marked by a low stocking density
and hence by low output {maximum 0.3 kg per m?) compared with intensive installations for
other species,

The installation has a reproduction sector and a oulture sector., The reproduciion
sector comprises a water treaiment unit, a reproduction unit and a larval rearing unit.
The culture sector consists of a number of earthen baesins or adapted natural basing in which
the postlarvae are raised until they are of marketable size,

The maximum production obbainable with this type of installation is usually put at
3 000 kg per ha per year.

The coste of constructing en installation with earthen basins yielding an ammusl pro=
%uction oi; about 18 t, with a capacity of 3 000 kg per ha per year, may be listed as follows
in U, S.%):

(a) Reproduction sector

~ Woter treatment and conditioning unit 36 000
- Unit for reproduction, incubation and larval
rearing 61 000
- Miscellaneous 41 000
Total 118 000
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(b) Oulture sector

~ Tarthen basine (about 60 000 me) 118 000
- Water inlet and outlet structures 24 000
- Migcellaneous 33 000
= Infrastructure 59 000
Total 234 000
Grand total 2 000

The profit and loss account may be outlined asg follows:

- Management 18 000
- Iabour (1 worker for 9 t) 24 000
= Artificial fee 1 64 00C
~ Fnergy 12 000
- Maintenance 12 000
~ TDepreciation 34 000
- Overhead 12 000
~ M¥iscelleneous 6 000

Incomet 18 000 kg x U.S.$ 152/ 270 000

Total 270 000 182 oo

Profit 88 000

Reserve account (10% of gross production) 27000

Net profit (23% of income) (cost of
product U.S.3 10.06/kg) 61 000

3/

The coet of feeding penzaeids may vary greatly with the %type of feed used. The conver=
sion rate for live feed is 10~15:1., If waste of fish or bivalves of low commercial
value is available, the cost may be U.S.$ 2-2.5 per kg of penaeids whereas the cost
increasses and may become untenable if such supplies are unavailable. Artificial feed
has the function of stabilizing these costs within acceptable limits. In view of +this
solution we have applied & cost of U.S.8 3.5 per kg of produet in the caloulations

The sales price listed here is not an average quotation taken from the real market hut
a prioce the product should fetch to enable the installation to be profitable, This
price can be assumed to be 2 basic index in the acoountis with respect to all types of
ingtallation in ordexr to give a comparative picture of their commercial feasibility. In
the Buropean region the wholesale merket for crustaceans is strongly influenced by the
influx of products from the Far ¥est and at present prices are lower
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If the culture msector consists of adapted natural basine inetead of earthen basing, conge
truction costs would decrease oonsiderably. Under the obvious assumption that the site is
chosen because conditions are partioularly favourable, the costs of constructing the basins
would be comparable to those considered accepiable for the establishment of extensive fish
culture installations.

In principle, even though the area may have to be increased to produce 18 t per year -
owing to a lower productivity, we may expeot a saving of about 80 percent for the culture
sector as compared with the consiruction costs of earthen basine. As a result, the profit
and loss account might be as follows (in U.S.%):

- Manegement 18 000
~ Labour {1 worker for 8 %) 28 000
- Artificial feed 63 000
~ Thergy 12 00Q
- Maintenance 12 000
~ Depreciatio 2 24 ©00
- Overhead 12 000
- MNiscellaneous 6 000
Tncome: 18 000 kg x G.58.8 15 270 000
Total 270 00D 175 000
Profit 95 000
Reserve acoount (104 of gross production) 27 000
Net profit (25% of income) (cost of
product U,S.$ 9.73) 58 000

9,2 Intensive Culture Installations in Cement Basins

The only difference in this meodel concerns the rearing basine for postlarvae,

In this case they are made entirely of cement, with a layer of sand and gravel covering
the bottom.

Mis type of inten~ive installation can prod=ce up to 6 000 kg per ha per yex,
Apart from higher produc'i: ion, other advaniages include better oontrol and lese labour.

The cost of constructing an installation yielding about 18 t per year may be as follows
(in U.5.3):

(a) Reproduction sector

~ Water treatment and conditioning unit 36 000
~ Unit for reproduction, incubation and larval

rearing 61 000

-~ Miscellaneous 41 Q00

Total 138 000

1/ See footnote 1 on p. 32

g_/ A saving of 80 percent is estimeted on the cost of the culture mector leaving the costa
of the infrastructure unchanged, but these would tend to decrease



(b) Culture sector

~ Basins {about 30 000 m2) 570 000
-~ Hacilities and migcellaneous 67 000
-~ Infrastructure 60 000
Total 697 000
Grand total 835 000

The profit and loss account may be given as FPollows:

= Management 18 oho
~ Labour (1 worker for 12 t) 18 000
- Artificial feedl/ 64 000
= Energy 12 000
- Maintenance 12 000
«~ Depreciation 84 0co
«~ Overhead 12 000
- Miscellaneous 6 000
-~ Income: 18 000 kg x U.5.% 15 270 000

Total 270 000 226 000

Profit 44 000

Reserve account (10% of groes production) 27 000

Net profit (6% of imcome) {cost of product 17 000

U,S5.8 12.54)

Somment

Examination of the coste and balance sheets for crustacean oulture installations leads
t0 the conclusion that this activity, though of great interest, still faces same diffioulties,

I% can be seen that, in contrast with the other types of culture, the commercial fea=-
8ibility of penaeid oculture decreases when we pass from extensive to intensive culture sysw
tems. It may be stated that at present only an installation invelving very low investment
costes can ensure a return.

This presupposes that operations are carried on under very specizl ecologlcal, geogra-
phic and social conditions and that postlarva seed can be obtained from other installations,
for instance from centres belonging to cooperatives or from government centres. TIn this
cage, depreciation costs would tend to disappear, as would the costs of highly skilled and
therefore expensive labour,

1/ See footnote 1 on p. 32
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Installation costs for culture in nastural basins would decrease to about U.S.% 120 000
(or much less if certain infrastructures could be omitted), and the profit and loes account
might therefore be as follows (in U.S.$):

- Labour 28 000
= Artificial feed 64 000
~ Energy 6 000
~ Meintenance 4 000
- Depreciation 12 000
-~ Miscellaneous 2 000
-~ Income: 18 000 kg x U.S.% 15) 270 000

Total | 270 000 116 000

Profit 154 000

Reserve account 27 000

Net profit (47% of income) (cost of product 127 000

Uoso $ 6047)

By limiting net profit to 20 percent of income the normal profitability of the installa-
tion could be maintained even if the sales price is lowered to about U,S3.% 9.17 per kg.

The economic gignificance this activity may have if it is introduced in suitable social
conditions should also be considered,

Vhen artisanal fishermen, small-scale figh farmers snd shellfish farmers are involved
a8 direct operators, thereby meking a living or improving their economiec situation, this
alone is a notable result.

But it must be acknowledged that, because of the partiocular conditions required, such
a type of culture cannot be applied in most parts of the Mediterranean area,

The development of the sector is therefore linked to research and experimentation on
mmach more perfected and productive systems than the present ones,

This leads us to present a hyper—intensive model that is worth experimenting on an
appropriate scale, ‘ .

9.3 Hyper—Intensive Culture Installation

The objectives of this installation are:

- To reach a culture density of about 40 penaeids per m2 (density in intensive culture
is 25 per m2);

= To work on superposed culture levels up to the limit of optimal operation; this limit
depends on the type of structures and equipment used, and an eighit-level siructure
would be within this limib;

- On this hasis, to achieve a production very close to 10 kg per m2 of surface area
of the installation;

~ To establish penaeid culture in a very large geographic area;

- To mechanize and (where poseible) automate culture operations;
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~ To maintain continuons and full control of conditions (temperature, light, water
exchange, €tc.);

- To use warm industrial effluents, attaining a continuous c¢ycle of production inde-
pendent of seasgonal conditions.

The success of this method requires above all:

= The working out of techniques which eliminate or prevent the cannibalism typical of
penaeids;

~ A satisfactory solution to the problem of feeding crustaceans {(dry pellets with a
good conversion rate);

- in adequate technology for the whole system,

The cost of construotion of a hyper-intengive installation with a total culture area of
40 000 m2 divided into eight levele of 5 000 m® each, may be roughly as follows (in U.S.$):

() Reproduction sector

- Water treatment and conditioning unit 36 000
« Unit for reproduction, incubation and larval

rearing 61 000

~ Miscellaneous 41 000

Total 138 000

(b) Culture sector

-  Structures 747 000
-~ Basins 470 000
- Facilities and miscellanecus 270 000
-  Infrastructure 60 000
Total 1 846 000
Grand total 1 685 000

In setting out the profit and leoss account, we assume that it is possible to operate
at a density of at least 40 penaeids per m? and that the plant works at optimunm thermal
regime throughout the year (which depends on thj/possibility of uping free thermal energy,
otherwise conditioning costs would be untensable)

If these conditions are met, the installation could produce about 60 000 kg per year,
The profit and loss account wounld therefore be as follows:

~ Management . 18 000
=~ Labour 34 000

_1_/ Unless g satiefactory water recycling oould be achieved
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- Avtifioial feedt/ 212 000
~ Mgintenance 12 000
- [HEnergy 34 0o
— Depreciation 172 000
-~ Overhead 12 000
-~ Miscellaneous 6 000
-~ Income: 60 0C0 kg x U.S.% 15 900 000
Total 300 000 500 000
Profit 400 ¢Q0
Reserve account {10% of gross production) 00 000
Net profit (34% of income) (cost of product 310 000
U.S.$ 8,33 per kg) ]

Experimental Unit

A hyper~intensive pilot culture installation operating on an experimental bagis would
be very useful in working out new oculture techniques for penaids and establishing their

feasibility.

It could be fairly amall and, at the same time, offer a basic unit for commercial-type
plants. As seeding material can be obtained from specialized centres, it is not considered
necesgary to provide a reproduction sector.

Therefore the cost of constructing the unit may be ag follows (in U.S.8):

~ Building (about 200 n>) 18 000
—~ PRearing batteries on superposed levels 6 000
~ Trruipment 12 000
~ Heating plant 2 000
=~ Miscellaneous instruments 12 000
- Miscellaneous 6 000

Total 56 000

Annual costs of experimentation:

-~ Specialized technical personnel (2 men) 36 000
- Operators (3 men) 36 000
- Tergy end fuel 23 000
- Current supplies and artificial feed 28 00D
- Maintenance 6 000
- Consultancies and travel 12 000
~ Miscellaneous charges 12 000

Total 12 2 000

Experimentation is expected to take 2-5 years.

1/ The costs of feeding penaids may vary greatly with the feed uzed. The conversion rate
for live feed is 10~15:7. If waste of fish or bivalves of low commercial value is avai=-
lable, the cost may be U.S.§ 2-2,5 per kg of penaeids whereas the cost increases and may
become untenable if such supplies are unavailable, Artificial feed has the function of
stabilizing these costs within acceptable limits. In view of this solution, we have
applied a cost of U.S.$ 3.5 per kg of product in the calculatiomshere
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. Annex 2
DETAILED COSTS OF BASIC INSTALLATIONS FOR THE CULTURE OF CRUSTACEANS (IN U.S.3)

1. Haler Treatment and Conditioning

Structures
(1) Land preparation and connecting roads 6 000
(2) Shed 9 000
Total structures 15 000
s
Miscellaneous
(1) Sedimentation tank 2 000
(2) Pilters 7 000
(3) wWater heating plant 4 000
(4) Pipes 2 000
(5) Automatic equipment and miscellaneous instruments 2 000
(6) Pumps 4 000
Total miscellaneous 21 000
Total structures 15 000
Grand total 36 000
2. Reproduction, Incubation, Larval Rearing, elc.
Struotures
(1) Land preparation and connecting roads 10 000
(2) Shed 32 000
(3) Reinforced-concrete basine 4 000
{4) Sliding walls 13 000
Total structures 61 Q00
s———
Miscellaneous
(1) Furniture and fittings 4 000
(2) Scientific instrumenis 18 000
(3) Resmino-vitreous tanks 2 000
(4) Autoclave and accessories 6 000
(5} Electrical plant 1 000

(6) Water and air distribution plant 2 000



3,

4.

(7) Hydro-thermo-sanitary plant

(8) Miscellaneous eguipment
(¢rolleys, feed holders, etc.)

Total miscellaneous
Total structures

Grand total

Warehouse, Aeration, Cold Storage

Structures

(1) Land preparation and connecting roads
(2) Shea '

Total structures

Miscellaneous

(1) Generator

(2) cold store

(3) Blowers

(4) Electrical plant

Total miscellaneocus
Total structures

Grand total

Additional Coats for Extensive Culture

Structures

(1)} EBarth work

(2) Reinforced-concrete water inlets and outlets

Total structures

Miscellaneous

(1) Screens

(2) Sluices

(3) Miscellaneous equipment
(feed holders, nets, etc.)
Total miscellaneous
Total structures

d}and total

6 000

2 000

|

41 000
61 000

102 000

18 000

25 000

117 00C
24 000

141 000

i
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5 Additional Oosts for Intensive Culture

Structures
(1) Earth work 10 000
(2) Reinforced-concrete for pond slopes 118 Q00
(3) Cement for pond bottoms 428 000
(4) Water inlet and outlet structures 12 000
Total structures 570 000
b
Miscellaneous
(1) Fish locks 5 000
(2) Sluices 3 000
(3} Pipes for water inlet and outlet 47 000
(4) ¥iscellaneocus equipment
{feed holders, nets, etc.) 12 000
Total miscellaneous 67 000
Total structures 570 000
Grand total 637 000

6, Additional Costs for Hyper-Intensive Culture, Shed, Basine for Postlarvae

Strctures
(1) Land preparation and connecting roads 41 000
(2) Shed 706 000
(3) Basins 470 000
Total strmctures 1 217 000
Syt ————
Miscellaneous
(1) vater and air distribution plant 175 000
(2) Auntomatic equipment and miscellaneous instruments 60 000
(3) Miscellaneous equipment
(trolleys, feed holders, etc.) 35 000
Total miscellaneous 270 000
Total structures 1 217 000
Grand total 1 958 000
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Recapitulation and Percentages

Extengive Installation
Intensive Installation

Hyper—-Intengive
Installation

STHICTURES MISCELLANECUS TOTAL
1000 U.S.% % 1'000 U.S.$ % '000 U,5.% - %
242 60.7 130 39.3 372 100
571 76.3 139 23.7 835 100
1 124 78.2 312 21.8 1 685 100




