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PREPARATION OF THIS DOCUMENT

This document has been prepared to provide an assessment of the current utilization of
fishmed and fish oil in aguafeeds and to make some projections into the future. Thistopic is
addressed in thelight of currently staic levelsin the production of fishmed and fish ail.

The document was jointly prepared by UIf N. Wijkstrom, Chief of the Development Planning
Sarvice, FAO Fishery Policy and Planning Division, and by Michadl B. New who was under
contract to FAO as aconsultant.

The principd targeted audience includes policy makers, aquafeed and aguaculture producers,
environmentadists, and researchers.
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ABSTRACT

This Circular reports the results of a re-assessment of the use of fishmed and fish oil in
aquafeeds in the context of the currently staic supplies of marine resources. After reviewing
earlier studies on this topic, the methodolog ca approach to thetopic used in the current study
is described in detail. The results of the gudy indicate that nearly 2.1 million tonnes of
fishmed and approaching 0.7 million tonnes of fish oil were used in the goba aguafeed
industry in 1999. This represented some 32 percent of the goba fishmea supply and 49 of the
fish oil avail able worlwide. It is estimated that the agquafeed industry in the Pegple s Republic
of Chinawas utilizing about 30 percent of the fishmed used in aquafeed manufacture and 16
percent of the fish oil used for this purpose by 1999. The expected future expansion of gobal
aquaculture, particularly of carnivorous species, has the potentid to utilize about 70 percent of
tota goba supplies of fishmeal by the year 2015 and to exceed the tota supplies of fish all
well before that date. The changing characteristics of Chinese aquaculture production will have
asignificant effect on future utilization of these marine resources. The report then discussesthe
factors tha will mitigate this patential problem. These factors include economic, resource
supply, resource competition, environmenta, ethica, saf ety, qudity, public image, and other
issues. The paentid for the partia or complete replacement of marine resources in aguaf eeds
is dso briefly discussed. Findly, the report gresses the importance of future research on
improved feeding technology and on the utilization of marine resource replacement ingredi ents
in aguaf eeds. It is vitd that fishmeal and fish replacers not only promote similar growth and
surviva rates to marine aquafeed ingredients but aso ensure that aguatic anima hedth and
wefareis fostered and that the resultant aguaculture products are nutritionaly excellent, safeto
eat, and accepted by the consuming public.
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1. BACKGROUND

Two articles written more than a decade ago (Wijkstrom and New, 1989; New and Wijkstrém,
1990) expressed concern about the use of marine resources for agquafeeds and coined theterm
‘fishmedl trap’ which became common parlancein aguaculture (e.g Little and Edwards, 1997).
At that time it was dready becoming obvious that aquaculture was likely to require an
increasing quantity of fishmed (and other marine resources) as goba production expanded.
On the other hand, world fishmed production was dready static. These observations implied
that, a some point in the future, farmers culturing shrimp and carnivorous fish would run into
a cost-price sgqueeze - the fishmed trap - and that this might bethefirst of severd ‘ingredient
traps’ which might constrain certain forms of aguaculture in the future. Wijkstrom and New
(1989) attempted to devise a ‘fishmed equivaent’ (FM E) to take account not only of the use
of commercidly produced fishmed in aquafeeds, but aso the use of other marine ingredients,
such as shrimp med, squid medl, and trash fish. These were utilized not only in commercia
aquafeeds but aso in ‘farm-made feeds’, a term later defined by New, Tacon and Csavas
(FAO, 19933).

Following a paper by New (1991), which first provided targets for the expansion of
aquaculture production, forecasting became a common fesature in the aguaculture press (e.g.
Chamberlain, 1993; New, 1997; Tacon, 1998; New, 1999;) and in officia documents (e.g.
New, Shehadeh and Pedini, 1995; Pedini, 1999). Many of these forecasts included
considerations of the future use of marine resources in aguafeeds (e.g. Chamberlain, 1993). In
1994, areview of the use of marine resources was presented at a sy mposium in Norway (New
and Csavas, 1995), which included an attempt to refine forecasts of future usage of both
fishmed and fish ail.

Following these early reviews, other reports and forecasts of the use of marine resources in
aquafeeds have been published (e.g Tacon, 1998; De Slva, 1999, and information on this
topic is regularly released to members of IFOMA?® (I.H. Pike, pers. comm., 2000) and
discussed in symposia (Chamberlain, 2000). The anima feedstuff industry anticipates that
specidized feed production, especidly aguafeeds and pet food, is likey to be the fastest
expanding sector of its business in the new millennium (Gill, 2000).

2. EARLIER STUDIES

Using the concept of the ‘fishmed equivdent’ (FM E), Wijkstréom and New (1989) estimated
that about eight percent of the gobd fishmea supply was used by aquaculturein 1984, 1985
and 1986. These authors expected that aguaculture would be using 15-17 percent of theworld
supply of fishmed by the year 2000. This proved to be an underestimate, mainly because
aquaculture expanded much more rapidly than was anticipated in 1989. For example, it was
estimated that the totad production of carnivorous fish and shrimp would be about 2.4 million

! Intenationd Fish Med and Oil Manufacturers Association [now merged with the Fishmed Exporters
Organisation (FEO) to form the Internationa Fishmed and Fishoil Organisaion (IFFO)].



tonnes by the year 2000. In fact, the farmed production of marine shrimp and salmonids alone
had exceeded 2.5 million tonnes by 1999 (FAO, 20014).

Earlier studies on marine resource use in aquafeeds and other relevant literature (New and
Csavas, 1995; Pike, 1998; Tacon, 1998; Barlow, 2000; Chamberlain, 2000; I.H. Pike, pers.
comm., 2000) have been taken into account in this study. The assumptions utilized and the
results obtained in these studies are summarized in Annex 1.

3. METHODOLOGICAL APPROACH

Wijkstrom and New (1989) applied rlatively general assumptions in their caculations. On the
other hand, New and Csavas (1995) developed arather elaborate sy stem for estimating current
and future usage of fishmedl and fish ail. Firstly, this entailed estimates of FCR on aspecies
goup basis. Secondly, estimates of the proportion of the farmed production for each group
achieved through the use of commercid feeds were made on a regond, sub-regond, or
sometimes even a country basis. Findly, inclusion rates for both fishmed and fish oil were
estimated on a species group basis.

In retrospect, the use of differentia inclusion rates on ageographica basis by New and Csavas
(1995) was alittletoo ambitious, and some of the species group categories used were not fully
defined in the paper, or did not completely correspond with normal FAO statistical categories.
For example, the term ‘other carnivorous aggegated freshwater, diadromous and marine
species and included groupers, which might have been better linked with seadbreams and
seabasses.

Some more recent reports and forecasts, while being less ambitious, have lacked clarity. For
example, some IFOM A (IFFO) forecasts (eg. I.H. Pike, pers. comm., 2000) list ‘carp’ as a
category without making it clear whether this gpplies only to common carp or to dl carps, or
‘catfish’ without specifying whether this includes channd catfish aone, or other cultured
catfishes. Tilgpias were dso included, without clarifying whether this referred only to Nile
tilapia or to other tilapias, or indeed to other cichlids. These documents aso introduced more
than one category of marine fish. The first linked ‘seabass, sedbream, yelowtail, grouper,
jacks, and mullets’, without defining whether this included the whole of the ISSCAAP?
categories 33 and 34. The second ‘marine fish’ category linked flounder, turbot, haibut, sole,
cod and hake, presumably corresponding to the ISSCAAP categories 31 and 32. Some
carnivorous species (such as barramundi) and freshwater species (such as mandarin fish and
pike) seem to have been omitted. The recent presentation by Chamberlain (2000) appearsto
have followed these IFOM A (IFFO) categories, except that the second marine fish category
was re-named ‘flatfish’. Differences in the species included in each generd category aso
existed. For example, the category named ‘carp’ in the study by Tacon (1998) included dl
caps and other cyprinids, whereass New and Csavas (1995) only included (and clearly
specified) common carp from this group of fish. Such differences and lack of clarity help to

% Internationd Standard Statistical Classification of Aquatic Animas and Plants (ISSCAAP)



explain some of the apparent differences in the estimated FCRs, proportions of fish fed by
commercia feed, and marine resource inclusion rates (see Annex 1).

These issues have been addressed in the current study by providing more detailed definitions
of the categories and terms used.

3.1  Speciesraised on feeds that contain fishmeal and fish ail

The species using aquafeeds containing fishmea and fish oil have been aggregated into groups
with similar characteristics, including the level of inclusion of marine resources in their diets,
their rearing technology and their biologca similarity . Allotment into these groups is based on
previous studies but some adjustments have been made. A summary of the species groups
used in this study is gvenin Table 1. For clarity, details of the actua species included in each
group, [and their production history from 1990-1999] arelisted in Annex 2.

Within ISSCAAP group 11, common carp have been selected for inclusion in this study (Table
1) as being the mgor cyprinid species for which commercia feeds containing marine resources
exist or are expected to be developed. The inclusion of the large production figures for other
cyprinids would distort the estimates of marine resource use derived. Thewhole of group 12
(tilapias and other cichlids) has been included.

In goup 13, the various types of catfishes have been separated from the category caled
selected freshwater fish in this study (Table 1) because differing production expansion rates
(Table 2) and other parameters (Table 3) have been gpplied to them. The study category
‘selected freshwater fish’ includes snakeheads, pikes, perches, gobies and mandarin fish. Other
freshwater fish contained in ISSCAAP group 13 have been omitted from this study atogether
because they are not regarded as carnivorous [e.g. cachama (Colossoma macr opomum)]. It is
recognized that the omission of the category ‘freshwater fishes ne’ in group 13 from the
species listed in Table 1 may haveresulted in an underestimation of the marine resources used
in aquafeeds. This category probably contains unspecified carnivorous species; however it
certainly aso contains many species which are not fed commercia feeds containing marine
resources. The category ‘freshwater fishes ne’, whose volume (e.g. nearly 1.9 million tonnes
in 1999) would have distorted the estimates made in this study, has therefore been omitted.

Some diadromous species, (e.g. eds, milkfish, sdmon) have been separated (T able 1) because
of the differing characteristics shown in Table 2 and 3, while others (trouts and sturgeons)
have been linked because of their similarities in these respects. The category ‘samon’ includes
al samon species, as well as seatrout and chars.

Amongst the marine finfish, selected species from a number of ISSCAAP groups have been
agyegated as ‘sedected marine fish’ but separated from redfish, for which different parameters
gppear in Table2 and 3. The category ‘redfish’ includes the whole of ISSCAAP group 33, and
primarily consists of seabasses, seabreams and groupers (Table 1).



The crustaceans included in this study have been separated, for similar reasons to those
mentioned above, into marine shrimp, freshwater prawns, and crabs and lobsters. The
category ‘crabs and lobsters' used in this study includes both freshwater and marine crabs,
drawing upon statistics contained in different ISSCAAP groups. It is recognized that the
production statistics contained in the category ‘freshwater prawns’ areincomplete, because an
undefined quantity of Macrobrachium rosenbergii is contaned in the FAO category
‘freshwater crustaceans nei’ (see footnotes to Table 1). In addition, substantia quantities of
other Macrobrachium spp. arefarmed (New and Vaenti, 2000) but do not yet sppear in FAO
statistics.

Other species groups, for example turtles (reared principdly in China, M daysia, and Taiwan
Province of China) and frogs (farmed mainly in Tawan Province of China, Brazil, and
Thalland) may be fed feeds containing marine resources. However, production is relatively
small and the expansion pattern of these groups cannot yet be determined; they havetherefore
been omitted from consideration in this study .

3.2  Agquaculture production trend analysis

In the course of this study, average percentage growth rates (APR) were caculated for each of
the species groups defined in Table 1, covering the historical periods 1984-1999, 1990-1999,
1995-1999, and 1997-1999.

The further expansion of the aguaculture for each species group was considered on a goba
basis, with and without China The latter caculations were made because of the dominant
influence that current Chinese levels of production and historica growth rates have on the
dobal tota for some of the species groups. Estimates of future expansion for each species
goup were constructed on the basis of past growth rates. In generd, thelowest growth rates
achieved in the four historicd periods listed above were sdected for use in this study.
Expansion in the culture of certain species groups, especidly in China, has been extremely
rapid. In some cases, dl the historica growth rates are well over 10 percent (some exceeding
40 percent per year). Applying such growth rates to the future results in grossly excessive
projections. In some cases, partly for this reason, a ‘cap’ has been gpplied to the growth rate
used for projections. Other ‘artificid expansion rates were aso set, for reasons explained in
Table2.

M ore accurate forecasts than those developed in this study, can be obtained by consideration
of developments in capture fisheries and livestock production. However, such forecasts are
complex and demanding in terms of information and specidist knowledge. As FAO has
dready initiated such studies it was decided not to duplicate those efforts, but instead to
present detaled information about the growth rates used in this study, so that when more
accurateinformation is available, it can beinserted in the andysis presented in this report.



3.3 Feed conversion ratio

The feed conversion ratio (FCR) is a measure of feed efficiency that is used for al livestock
production. In this case FCR represents the number of units of ‘dry’ aguafeed required to
produce a unit of ‘wet’ fish or crustacean. A more comparable measure of efficiency would be
to reduce both the agquafeed and the product to adry matter basis. However, it is traditiond to
compare the units of so-cadled ‘dry’ aguafeed [despite the fact that it typicdly contains
gpproximately 10-12 percent moisture (depending on the processing technique, storage
conditions, etc.)] on an ‘as-receved’ basis and to use wet animal weight for the other segment
of theratio.

FCR is the traditiond measure of efficiency in commercia anima feeding, dthough its
deficiencies have been pointed out by New and Wijkstrom (1989). These authors devised an
annua profit index, which took into account not only the concept of feed efficiency but aso
the cost of other inputs and the value of the harvested products. There are severd other way's
of measuring comparative efficiency besides FCR. One is the reationship between tota
energy input and live weight gain. In this concept, al energy inputs to the farming process are
included, not only the energy used in the production and processing of feed ingredients. M any
efficiency ratios, including FCR, take no account of the inedible parts of the animal carcasses.
They dso discount the reative nutritional vaue of the animas being farmed. Such
considerations are especidly important in the assessment of the rdative efficiencies of
dternative uses of resources. These matters have been discussed by Forster and Hardy (2001),
who pointed out that if efforts are made to find and utilize proper (i.e. they can be
substantiated and defended) measures of efficiency, they arelikely to demonstrate that species
produced through aquaculture are more efficient converters of feed into anima tissue than
poultry, pigs and cows. A step towards such comparisons was taken by Asgdrd and Austreng
(1995) who noted that while approximately 30 percent of feed protein, fat and energy is
retained in the edible part of sdlmon, only 18, 13, and 2 percent is retained in the edible part of
chicken, pigs, and sheep, respectively.

Despite these important long-term considerations, FCR is adequate for the purposes of this
study, which seeks to determine the quantity of marine resources utilized in aquafeeds.

FCR varies according to severd factors, including the nutritiona and physica qudity of the
aquafeed; environmenta variants, such as temperature; the intensity of production (and
therefore the availability or not of ‘naturd’ feed); and other factors, including genetics. M artin
(1998), commenting that there are no statistics for goba feed production (dthough an
American trade journa regularly publishes reviews containing estimates, e.g. Gill (1998, 1999,
2000), noted differences between what he described as ‘biologcd FCR' and ‘economical
FCR’. While the former, the ‘true FCR, indicates feed potentid, it is thelater (which takes
fish mortalities and losses into account) which controls actua feed demand. The concept of
‘economical FCR’ is similar to the ‘gpparent feed conversion ratio’ (AFCR) used by New
(FAO, 1987), which aso took into account the contribution from natura food in less intensive



forms of aguaculture. In assessing the actua volume of current or future levels of aguafeed
production for carnivorous species, aseries of ‘apparent feed conversion ratios' (AFCR) have
been derived for the current study. This gpproach is more redistic than applying the more
accurate feed conversion ratios obtained in controlled experimenta work.

Appaent feed conversion ratios (AFCR) have been estimated for each target species or
species goup (Table 3), so that these can be used to caculate estimates of the quantity of
commercia feed required. In deriving the AFCRs for 2015 and 2030, the following factors
have been bornein mind, in addition to the FCRs used in earlier studies (Annex 1):

Generd progress (based on improvements in nutritiona qudity and feeding techniques, and on
other factors) is being made towards FCRs of 1.0:1. Even greater efficiency has been achieved
for some species, both experimentdly and, it is clamed, commercidly. For example, FCRs
were quoted by one European aguafeed manufacturer® to have ranged between 0.85 and 1.16:1
for Atlantic salmon in 1998, an improvement from 1.25:1 in 1990. T he same company gave a
range of 0.75-1.35:1 for rainbow trout in its marketing literature. FCRs of 0.9:1 were used for
sadmon and trout in one forecast for 2010 (Chamberlain, 2000). FCRs of 1.1:1 have been
claimed by an Asian manufacturer* of marine shrimp feeds (Ridmontri, 2001).

Progress towards what might be regarded as an ‘idea’ FCR of 1.0:1 is faster for high-vaue
species that require high unit cost feeds and that have become goba commodities, such as
farmed salmon and marine shrimp. Progress towards this god has been and will be slower for
other high-vdue species (eg freshwater prawns) until the volume of their production
increases to aleve at which product vaue typicaly fals and the pressureto reduce the cost
of feeding increases. Such pressures are dso unlikely to occur so rapidly for species with
lower product values.

Although the literature is replete with FCRs achieved under experimenta conditions, almost
no FCRs achieved in commercid practice are published, ether in the scientific press or in
manufacturers’ literature (with some exceptions, as noted above). Fish and crustacean
producers may regard such information as proprietary, while aquafeed manufacturers often
avoid quoting specific FCRs since so many other factors besides feed quality affect actudlity;;
they do not relish the possibility that farmers may complain that target FCRs have not been
achieved because of feed quality .

3.4  Proportion of production achieved through commercial aquafeeds

This is mainly a consideration of theleve of intensity of production. M ost species for which
feeds containing high levels of marine ingredients are used are high-value species. These are
gown in highly intensive rearing systems (cages, tanks) and the tendency is towards 100
percent being fed on commercia feeds. Trout and samon are dready in this category.

° Biomar Ltd., UK.
* Charoen Pokphand Foods.



Estimates of the proportion of production of each species group used in earlier studies (Annex
1) have been taken into account in deriving the estimates shown in Table 3.

35 Fishmeal and fish oil inclusion rates

It is well recognized that marine resources are generally over-exploited. Supplies of fishmed
and fish oil have remained relatively steady for many years (Figures 1 and 2). Theresponsible
use of this finite supply, principaly by the anima feeds industry but aso, in the case of fish
oil, as human food and for pharmaceutical use, is thereforeimportant. The use of fishmed and
fish oil for aquafeeds has increased as the culture of carnivorous species has expanded. The
aquafeed industry is taking an increasing proportion of the supply.

In common with other livestock feed producers, aguafeed manufacturers are normaly legaly
obliged to list the ingredients that they use on feed bags and in their promotiond literature. In
addition, there is usudly a requirement for the ingredients to be listed in order of the
magnitude of ther inclusion rate. However, thereis no requirement for them to state the actual
inclusion rates of mgor ingedients in terms of percentages; formulaions are proprietary
information, and carefully guarded as such. The inclusion rates used for fishmed and fish oil
used in earlier reviews (see Annex 1), and in the current study (Table 3) are partidly based on
published (and therefore) experimenta information. However, thetota protein and lipid levels
of commercid feeds (which manufacturers dways state), together with the list and order of
ingredients, provide further clues to actua inclusion rates for fishmea and fish oll.

Considerable reductions have been made in the inclusion rates of fishmea in carnivorous fish
and crustacean diets over the past decade. In some species, such as channd catfish, fishmed
has amost completely been replaced, not only in experimenta diets but adso in commercia
feeds.

4. RESULTS OF THE CURRENT STUDY

Estimates and projections of the levels of fishmed and fish oil used in aguafeeds have been
derived from the criteria summarized in Table 3. Projected use in 2015 and 2030 has been
determined by applying the aquaculture expansion factors that have been discussed in section
3.2 and summarized in Table 2. Theresults of these calculations are presented in Table 4.

New (1999) noted that it had dready become clear that forecasts of future marine resource
usage in aguafeeds (Tacon, 1998) were becoming highly influenced by reports of the
expansion, not only in the aquaculture production of China, but aso specificaly in the growth
of its aquafeed industry (Cremer et al., 1998). Sorgeloos (2000) commented that an evolution
is occurring in China, the world's largest agquaculture producer, from its traditiona freshwater
pond culture systems into the use of commercia aquafeeds, as well asinto the culture of both
freshwater and marine carnivorous aquatic species. This fundamenta change in the character of
Chinese aquaculture will have a serious impact on the rate with which the requirements for



marine resources may potentialy equa supply. China is the world's largest importer of
fishmed (FAO Fishstat, 2001) and the second largest commercid feed manufacturing nation
(Gill, 2000). Separate forecasts have therefore been provided in Table 4 for the goba picture
(i.e., including China) and for Chinadone. These clearly indicate the substantid influence that
the farming of carnivorous fish and shrimp farming in China has on goba marine resource
utilization in aguafeeds. The speed with which Chinese aguaculture becomes more intensive
and skewed towards the farming of high-vaue, carnivorous species, either for its own
expanding domestic luxury and tourist markets or for future export, will dso critically affect
thefuture for the fishmed and fish oil industry .

This study estimates that 2.09 million tonnes of fishmed and over 0.66 million tonnes of fish
oil were used in gobal aguafeed manufacture in the base line year, 1999 (Table 4). It is
estimated that China utilized about 0.64 million tonnes of fishmea and 0.11 million tonnes of
fish ol inthat year.

Based on the assumptions used in this study, the annual demand from aguaculture will have
risen to nearly 4.6 million tonnes of fishmea and nearly 1.9 million tonnes of fish oil by 2015.
By that date, Chinais expected to be using 1.86 million tonnes of fishmed and 0.55 million
tonnes of fish oil per year. Estimates are dso provided in Table 4 for the year 2030.

This study indicates that the goba aguaculture demand for fishmea was 32 percent of the
supply leve in 1999 and may reach nearly 70 percent by 2015 (Table 5; Figure 3). Table 5
and Figure 3 clearly show that the demand from China aone, providing present trends
continue, would be equivaent to nearly 30% of the goba fishmed supply, risingto over 70%
by 2030.

The results of this study show that the demand for fish oil from the aguaculture industry is
likely to reach 1.86 million tonnes by 2015 (Table 4). This is equivaent to 145% of thefish
oil supply (Table5). The demand from Chinadoneis potentialy 0.55 million tonnes by 2015
and 2.14 million tonnes by 2030 (T able 4). Chinathus has the potentid to utilize over 40% of
the dobd fish oil supply by 2015 and the entire supply wel before 2030 (Figure 4). Thus
another of the ‘fish ingredient trgps’ anticipated by Wijkstrom and New (1989), namely a
‘fish ail trap’, may apply even before the fishmed trap becomes operative.

This study therefore indicates that the goba demand for fishmeal for aquafeeds would exceed
totd avallable supplies around theyear 2020 and for fish oil well beforetheyear 2010 (Figure
5).

The gobd projection from this study for fishmed utilization by aguaculture for theyear 2015
agees quite closely with the estimates made by the fishmea and fish oil industry itsdf in
2000 (Annex 1), namely in excess of 4.3 million tonnes/year. The results show that the
demand from aquaculture for fish oil may exceed supplies rather earlier than anticipated by the
fish oil industry itself but not so rapidly and indicated by another forecaster (Annex 1). All



three studies agree that the 100% aquafeed utilization mark for fish oil supply will be reached
before 2010.

In 1999, the four mgor aquaculture users of fishmed supplies were samon (21%), followed
by marine shrimp (19%), selected marine fish (10%), eds (9%), and trouts and sturgeons
(8%). On the assumed aguaculture expansion trends (T able 2), samon (24%) will remain the
magor fishmeal consumer in aquaculture in 2015, followed by selected marine fish (20%) and
redfish (20%), with marine shrimp (11%) faling from second to fourth place. By that time,
the proportion of fishmed resources used in the production of trouts and edls will have
become relatively minor.

In 1999, sdmon (41%), followed by trouts and sturgeons (13%), were the most significant
consumers of fish oil. SAmon (36%) is likely to remain the leader in 2015 but redfish (21%)
and selected marine fish (14%) are expected to be next most important consumers by then.

It is estimated that Chinese aguaculture consumed about 30% of the fishmed used by the
doba industry in 1999 (Table 4). This proportion is expected to rise to 41% by 2015. The
proportion of total aquafeed usage of fish oil by Chinain 1999 was estimated to be 16%, with
the projection for 2015 being 30%. The fishmedl industry is dready focusingits attention on
the ever-increasing demands of Chinafor marine feed ingredients (Millar, 2001).

. DISCUSSION

The results of this study, which have been reported in section 4, provide estimates of the
possible demand for fishmead and fish oil if the culture of carnivorous aguatic species
continues to expand at similar rates to historica vaues. These projections are also dependent
on the accuracy of the assumptions that have been made on the future levels of commercia
aquafeed use, marine resource inclusion, and feed conversion efficiency .

There are many mitigating factors that will influence actua developments. Theuse of al of the
fish oil supply in aguafeeds is unlikely to occur, because of its other uses for direct human
food and in the pharmaceuticad industry. However, there is no fundamenta reason why
aguafeeds could not consume the whole of the fishmed supply. Replacement of the fishmesl
currently used in feeds for other livestock is nutritiondly easier. Patiad or complete
substitution dready occurs to alimited extent and depends considerably on therdative prices
of fishmea and other anima or vegetable (notably soybean) protens.

Other factors will come into play before the 100% utilization leved is reached, ether for
fishmed or fish oil. These not only include purey market or economic considerations (the
price-squeeze, or origna ‘fishmed trgp’) but adso other matters which have become
prominent in the decade since this topic was first discussed. Some of the mitigating factors
that will influence the actua usage of marine resources in aguafeeds are discussed below.
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5.1  Economic aspects
5.1.1 Introduction

The concept contained in the ‘fishmed trgp’ is that gven existing technology and the
appaently limited supply of fishmeal and fish ail, the expansion of sometypes of aquaculture
will, if not brought to ahdt, be a least considerably slowed down.

The economist’s version of this argument is as follows: in the face of stable supplies of raw
fish for fishmed production, the growing demand for fishmea will drive up the price of
fishmed and fish oil to such aleve that fish and shrimp farmers will not be ableto afford to
buy aguafeeds that contain adequate amounts of these marine resources.

A closer look at this reasoning reveas the following assertions/hy potheses:

1. Demand for food fish will grow (FAO, 2000).

2. Given the overexploitation of wild fish stocks, increased supplies of food fish
can in the long term only come from aquaculture (FAO, 2000).

3. The proportion of aguaculture that relies on feeds with fishmed and fish ail
ingredients will grow, and will do so repidly (as discussed in this paper).

4. The growing aquaculture production will need an incressing share of fishmed to
be converted into aguafeeds (discussed in this paper).

5. However, fishmed production has been static during the past decade and is
likely to remain so.

6. Therefore the price of fishmed will increase drasticadly and aguaculture must
gradudly reduce its reliance on fishmeal as afish/shrimp feed ingredient during
its further production expansion.

A closer look at affirmations 5 and 6 is merited. However, before doing so, it is useful to recall
that fish and shrimp farmers' demand for fishmed and fish oil is a‘derived demand'. It isthe
price that the consumer is prepared to pay for cultured fish and/or shrimp that determines
what fish and shrimp farmers can afford to pay for the various services and inputs that are
required in their production process; amongst these inputs aguafeeds (with fishmed/fish oil
ingredients) are some of the most important.

T he sequence through which prices are determined can be described as follows:

1. Consumers determine the upper price leve for farmed fish and shrimp.

2. Fish and/or shrimp farmers determine the upper price leve they arewillingto
pay for aquafeeds (and other supplies and services).

3. Aquafeed manufacturers determine (normdly using least cost formulag) the
maximum price they are willing to pay for aquafeed ingredients, including
fishmed and fish ail.
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4. Fishmed and fish oil manufacturers determine the price levels they arewilling
to pay for the various fish species and fish offas available as raw materia.

5. Fishermen determine the price levels for raw fish a which they are willing to
fish for the ‘fishmed’ species.

These price levels fluctuate in the short term, following the changng levels of supply and
demand in the various markets. In the long term they are influenced by technologca
developments and, of course, by the bargaining power of buyers and sdlers. In addition to the
importance of events within the fishing industry, developments in the livestock sector will
aso influence the use and availability of fishmed and oil.

The important feature of the above reationship is that in the short term —in which technology
is dmost fixed - it is the consumer who decides the maximum price levels throughout the
chain. In the long term technologes will be modified. This will cause fish and/or shrimp
farmers to use a different combination of goods and services which, in turn, will affect the
composition of the costs and the prices that they can afford. Examples of the visible economic
effect of technologcad modifications are: improvement in feed conversion ratios; decreased
inclusion rates; etc. The current paper has dready discussed such technologica changes but
has not, so far, considered technologca developments in the animal feedstuff industry in
generd, or in thefish oil and fishmed industry, or in thefishingindustry itself.

Technologca developments in the anima feedstuff and fishmedl/fish oil industries will not be
discussed in this paper — on the assumption that technology is advanced and cost reducing
modifications are likdy to be minor in the next decades. However, some technologca
modifications in fishing and the implications of those in economic terms are discussed below.

5.1.2 Raw material for the fishmeal industry
A number of the following questions are discussed in this section:
Firstly, is fishmed production likely to remain stagnant?

Secondly, will higher prices for raw fish attract grester supplies of raw materia for the
industry?

Thirdly, if this does not turn out to be the case, and raw materid supplies in fact remain
essentidly stable, would the price levels for raw fish become so high that, when they have
worked themselves through the industry, the resulting aquaculture products would be so
costly that consumers will not buy them?

Fourthly, before tackling these earlier questions, it is necessary to look at another ‘threat’ to
supplies: will the growth in demand for food fish mean that some of the fish now converted
into fishmed will be sold directly for human consumption?
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Let’slook at this last question first:
‘will shortages of food fish lead to less raw fish being available for fishmea production?

At present about two thirds of the world’'s raw materid for fishmea production is the result
of dedicated fisheries. In such fisheries one or two species generdly account for as much as
90% of the supplies. In most fisheries the target species are smal pédagcs, but aso some
demersa fish of small size are exploited. Dedicated fishmed fisheries are mostly undertaken
by specidized vesses that fish specificdly for the fishmed industry. Large dedicated fisheries
are found in Chile, Denmark, Icdand, Peru and the USA. Although Jepan is ardatively large
fishmed producer it does not have any mgor fishery dedicated to supply Japanese fishmed
plants with raw materid.

With very few exceptions, the species caught by the specidized fleets have not been and are
not being used for direct human consumption, except in small quantities®.The main reason is
not price. The catch that is used for human consumption generaly fetches ahigher price than
the catch used by the fishmed industry. The non-fishmed markets — that is fish for human
consumption in one form or another — are small. In fact, the species used for fishmed
processing often present characteristics that make them less than ided for direct human
consumption: the fish are usudly smdl (which means they are difficult to process
mechanicaly), difficult to maintain in good condition once out of the water (T eutscher, FAO,
2001b), and available in very large quantities — sometimes in very sparsely populated areas
(e.g Icdand, the northern part of Chile, Peru). An example of the disposition of catch in Chile
is gven in Table 6, while Table 7 shows the composition of the raw materid used by the
Danish fishmedl industry.

Demand for food fish in wedthy countries will increase only modestly in volume terms but
shift from low vaueto high value products. Populations in Africaand South Asiawhich might
be able and willing to purchase some of the fishmeal species for direct human consumption at
their present ex-vessd price levels, would find it difficult to do so. The ex-vesse price would
be significantly increased to cover preservation and transportation costs from the distant
fishing grounds in South Americato markets in other continents.

It is therefore unlikely that the world' s fish consumers will dramaticaly increase their demand
for ‘fishmed species’. However, this does not improve matters much for fishmea producers
as the species that now are targeted are close to fully exploited and do not in redity offer
much hopefor any consistent increasein supply, even at significantly higher prices.

Thenext questionis:

® However, specidity items are derived from some of these species. In Iceland the roe of capdlin is extracted and
exported, mainly to Japan, and the rest of the fish is converted into fishmed. Elsewhere cgpdin is normdly
supplied whole to the fishmed industry.
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‘will higher prices for fishmea — and therefore for raw fish supplies — lead to new dedicated
fisheries?

The hope for increased fishmea and oil supplies lies in the use of species that hitherto have
not been used for fishmed production. The two man sources are mesopdagc species and
krill. Both species have been caught and used to produce high protein meds. The problemto
date is a techno-economic one: with present fishing technologes, the harvesting, preservation
and processing costs are in excess of those that fishmed producers are prepared to pay .

The primary issue hereis:
‘what prices do fishmed producers pay for raw fish today ?

Table 8 provides some recent figures, which clearly show that prices for raw materid differ
from species to species and fluctuate from year to year. Prices dso fluctuate within each
season. In some fisheries market prices do not exist because the flegt is owned by the
processing industry. This seems to be the case in parts of South America and in the USA
(menhaden fisheries). In Denmark the vessd owners own the processing plants and thereis a
tendency to pay as high prices as possible for raw materid.

However, as discussed in section 5.1.1 of this paper, the price that the fishmed producer is
prepared to pay is directly linked to technologica and economic developments.

Thenext question thereforeis:

‘if the price to the fishing vessd was doubled, tripled, or quadrupled over a 5 to 10 year
period — as aresult of increased red prices for the find shrimp or fish product, or because of
technologcd developments - what would then happen to the volumes of fish supplied to the
fishmed industry ?

To consider this question it is necessary firstly to establish what prices areat present paid to
the vessds supplying raw fish to fishmed plants. Table 8 indicates that the ex-vessd price
should be somewhere in the range of US$ 80 to US$ 120/tonne for sustained commercia
fishingto be possible.

Next:
‘arethere dternate sources of raw material and what would the effect of their use on costs be?
Snce the 1970s FAO has been involved off and on in activities amed to catch mesopeagc

species for the purpose of producing, primarily, fishmeal. These activities have taken place
paticularly in the North Western part of the Indian Ocean. Over asimilar period anumber of
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long distance fishing nations (e.g. Poland, Japan) have been fishing for krill in the Antarctic,
concentrating on the areas south and east of Argentina. Although krill products for human
consumption have been produced, present efforts (by the Japanese) seem to be oriented
primarily towards making animal feeds.

M esopdagc species are defined as species spending the day a depths between 200 and
1000 m; generdly they migate to 200 m, and at times to the surface, during night-time.
M esopdagc species are found in al oceans but the number of species and, in generd, the
annua production are highest in subtropica and tropica seas (Gjoseeter and Kawaguchi,
FAO, 1980). Experimentd fishing has been carried out, particularly in the Gulf of Oman.
Catch rates as high as 30 tonnes/hour (Thide and Vademarsen, FAO, 2001c) have been
recorded and fishmed of an acceptable quality has been produced. However, commercia
production has not been achieved. It appears that specidized vessds are needed. They need to
be able to handle the catch in bulk. Also, it is most probable that the attempt to produce
fishmed on board, instead of on shore—which is the norm — proved too costly. The Japanese
fishingindustry has aso been investigating mesopeagc species.

Japan has adso been exploiting krill in Antarctica for some time. M ost of the krill caught has
been used in animd feeds, including conversion into krill med. The bottleneck at present is
that the ex-vessd price for krill med is about twice that of norma fishmea (B. Yoshitomi,
pers. comm., 2001).

As time goes by, it seems likely that catching and processing technology will improvefor krill
and mesopelagic species, and that the red price of fishmed will increase. At some point
fishmed production using these rav materids will become economicdly feasible. As the
stocks of both krill and mesopédagcs arelarge the rea price of fishmea will probably stabilize
once these species are exploited by the fishmedl industry .

The next two related questions are:

‘a wha fishmed price will dedicated fishing on krill and/or mesopeagc species become
profitable? and ‘would it be enough if the average price for fishmea doubled (i.e. reached
about US$ 1 100/tonne) and fish ail prices followed asimilar pattern?

As the cost of raw fish used in the manufacture of fishmed currently is equivaent to about
two thirds of the international price of fishmeal (which, for the purposes of this study has
been derived from the data in Table 9 for the years 1997-1999 as about US$ 550/tonne) it
would mean roughly that — other costs unchanged — the raw fish price could increase from an
average of US$ 92/tonne® to US$ 230/tonne’, if the internationa price for fishmea doubled.

®The conversion from raw fish to fishmed and oil depends on species and sessons. T he average for fishmed is a
yied of between 22 and 25% - the latter percentage is obtained when the contents of stick water is recovered —
while the yidd for fish oil fluctuates considerably from 2 to 12%. In this case arecovery of 25% has been used for
fishmed, i.e four tonnes of fish provides one tonne of med.
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However, this is an extreme assumption for two reasons. On the one hand the cost of other
services and goods may increase as well, leaving the fishmeal manufacturer with no possibility
to pay as much as US$ 230/tonne of raw fish. However, on the other hand, it is likely that
both fishing technology and fish processing technology for mesopedagc species will improve,
Given the past fishing experience — at least for mesopeagics — fisheries for these species may
become profitable even before fishmed manufacturers are prepared to offer US$ 230/tonne for
raw fish.

The composition of krill is unlike that of most fish used for fishmed. Krill contains, in relative
terms, large amounts of fluorine. Thus a straightforward exchange from fish to krill would not
be possible for the manufacturer. Feed manufacturers would need to modify ther feed
formulations if they used krill. Smilarly, the oil from krill has different characteristics to the
oil from fish, and the extraction rate of oil from raw krill would be different.

Theissue now becomes:

‘what would the effect on the farm gate price of cultured shrimp and/or fish beif the fishmedl
pricein fact increases to US$ 1 100/tonne?

This question is discussed in the following section of this paper.
5.1.3 Theimpact on production costs for cultured salmon and shrimp
Samon and shrimp aguaculture are two of the most intensive users of fishmedl.

The Norwegian samon culture® industry (Fiskeridirektoratet, 2001) reports afeed conversion
ratio (FCR) of 1.22:1 (one kg of sadmon from 1.22 kg of fish feed) for theyear 2000. Usinga
fishmed inclusion ratio of 40% for that year (see Annex 1, Table 3), it can be caculated that
each kilogram of salmon has fed on 0.488 kg of fishmed. Thus, a afishmed cost of US$
550/tonne, the fishmedal in the diet cost about US$ 0.27/kg of sdmon produced. If the price of
fishmed were to double, from US$ 550/tonne to US$ 1 100/tonne, each kg of fishmea would
become US$ 0.55 more expensive, and the production costs for the samon farmer would
increase by about US$ 0.27/kg of samon produced. The cost of producing a kilogram of
samon in Norway was stated to be US$H 2.17 in the year 2000 (Fiskeridirektoratet, 2001). If
fishmed prices in 2001 had been double what they were in 2000, and dl other costs had
remained the same, it would have had the effect of increasingthe salmon farmers’ production
costs by 12.4%.

The cdculation is as follows: costs other than raw fish are cdculaed to be US$ 551 — US$ 367 = US$
183/tonne of fishmed produced. If the fishmed price were to incresse to US$ 1 100/tonne as aresult of growing
demand, in extreme cases the price of raw fish could incresse to US$ 229/tonne (= [1 100 — 183)/4).

® Induding the culture of sea trout, which accounts for aout 10% of total production.
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However, increases in the red price of fishmea will be gradud. It will be severd years before
the price will have doubled. By that timethe technology will haveimproved, in the sense that
feed conversion rates will have improved and inclusion rates been lowered. This study
foresees that the FCR will be closer to 1.0 by 2015 and theinclusion rate have come down to
25%. On these assumptions, a a fishmed price of US$ 1 100/tonne, the cost of the fishmedl
component of the fish feed needed to produce one kilogram of salmon would be a about the
same leved as has been caculated for the year 2000, namely US$ 0.27/kg of salmon produced —
in spite of the fact that the price for fishmea will have doubled. However, though predicted
improvements in FCR and decreases in the inclusion rate of fishmed indicate that the cost of
the fishmead component of feeding costs is unlikely to rise by 2015, the evolution of tota
feeding costs is difficult to forecast. The mgor factor will be the cost of the fishmed
replacement ingredient(s). If the replacement ingredient(s) are chegper than the (2000) cost of
fishmed, feeding costs per kilogram of samon produced will fal. However, if the replacement
ingredient(s) in 2015 cost the same as (or more than) the cost of fishmea in 2000 that has been
used in this study (namely US$ 550/tonne) and the cost of fishmea doubled totd saimon
feeding costs would increase, despite improvements in FCR and reductions in fishmed
inclusion retes.

Smilar reasoning can be gpplied to shrimp culture— and to the culture of any species that need
fishmed in the diet. For example, this study indicates that the FCR achieved in commercia
marine shrimp culturein 1999 was 1.80. Using afishmed inclusion ratio of 25% (see Annex 1,
Table 3), this means that each kilogram of shrimp produced has been fed 0.45 kg of fishmedl.
In today’s prices this means that the fishmea contribution to the production cost was about
US$ 0.25 per kilogram of shrimp produced. The farm gate vaue of shrimp is significantly
higher than it is for samon, reaching US$ 6 — 8 (Hishamunda and M anning, FAO, in press).
Thus the cost of the fishmea used in producing each kilogram of shrimp is equivalent to less
than 5% of the farm gate price. If fishmed prices were to double today — and aguafeed
manufacturers passed dl of the increase on to buyers of fish and shrimp feed —the cost of
producing cultured shrimp need not increase by an amount that is larger than 5% of thefarm

gete price.
5.2 Environmental and ethical factors

Environmental, socid, and ethica discussions about the expansion of aquaculture have been
prominent for a long time, and have resulted in a number of codes of conduct and strateges
(eg FAO, 1995; Svennevig, Reinertsen and New, 1999; NACA/FAO, 2000) and codes of
practice and certification, including those of the Globa Aquaculture Alliance and Scottish
Qudity Sdmon (Globa Aquaculture Advoceate, 2001). As pat of these developments,
concerns about the continued use of marine resources have been expressed. Such
considerations were crystalized by an articlein thejourna Nature (Naylor et al., 2000). These
authors argued, inter alia, that aguaculture must reduce the inclusion of marine resources in
aquafeeds because the culture of carnivorous species was believed to be contributing to the
over-exploitation of certain types of fisheries, with concomitant effects on the stocks of other
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wild fish. This paper clamed that ever-increasing amounts of smal peagc fish would be
caught to supply the aguaculture industry and that the gppropriation of aguatic productivity
for aguafeeds reduces supplies of wild fish that could potentialy be directly consumed by
humans. It is unfortunate, in the light of more recent developments related to the bovine
spongform encephdopathy (BSE) crisis (see below), that one of the suggestions made by
Naylor et al. (2000) was that the problems caused by ingppropriate amino acid balance and
poor protein digestibility (which apply when vegetable proteins are used to replace fishmed)
could be partidly overcome by theinclusion of meat by-products. The paper by Naylor et al.
(2000) generated considerable press comment and many NGOs have derted the public to the
issues concerned. However, in this context it is worth noting that there has been no upward
trend in the catch of fish for feed in the past twenty years (see Figures 1 and 2), and that the
dternative use of the species utilized for fishmeal and fish oil production for human food have
so far proved uneconomic.

Positive arguments in favour of the utilization of wild fish as sources of feed for farmed fish
have aso been put forward. Asgdrd and Austreng (1995) compared the rdative efficiencies of
captured and farmed fish. These authors caculated that 10 kg of capéelin (one of the species
caught for processing into fishmedl) could produce 4.6 kg of farmed salmon, of which 3.0 kgis
edible. On the other hand, the same amount of capelin would produce only 2.0 kg of wild cod,
of which amere 0.7 kgis edible. This topic was further developed by Asgérd et al. (1999).

Other more general and wide-rangng attacks on aguaculture have been made, which
particularly target two magor users of marine resources in aquafeeds, namey samon and
marine shrimp farming. Some of these assaults on the industry are widely dispersed through
the internet, and have generated a lot of media attention (e.g. Dowden, 2001a,b; Leake, 2001,
Girling, 2001). If this type of publicity succeeds in reducing consumer readiness to purchase
aquaculture products, it would obviously aso affect the requirements for marine resources for
aquafeeds. However, public aguaculture organizations, as well as the aquaculture industry
itsef, are becoming increasingy derted to the difficulties being faced by those seeking to
incresse the supply of fish through aguaculture.

The environmenta and ethical issues currently being raised by NGOs and the media are
important and may have a considerable influence on the actua utilization of marine resources
in aquafeeds. The possible long-term effect of public exposureto this issue remans to be seen.
However, it is a factor that must be taken into consideration when assessing the forecasts
made in this study .

5.3  Safety, human health and the replacement of marine ingredientsin aquafeeds

Fishmed is the most appropriate and (amino acid) baanced protein source for agquafeeds for
carnivores. It aso appears to contain unidentified growth factors and is an attractant. Even if
fishmed is partidly or completely replaced by other protein sources, other products from the
industry, such as hydrolysates and attractants, are likely to continueto be used.
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Potentid pressures on fishmed and fish oil supplies have been the main incentive for research
into means of wholly or partidly replacing them in animal feeds, particularly in aguafeeds.
Recently, the fishmed and fish oil industry has had to face other redl or perceived problems
caused by generd concerns about the reaionship between the quality and composition of
animd feeds and anima and human hedlth.

5.3.1 Quality of animal feeds and human health

Traditionally, in common with feed ingredients from other anima sources (mammalian,
poultry), the rav materias used in the production of aguafeeds have been regarded as
potentiad sources of agricultura chemica residues, microbia pathogens and heavy metals.
After processing, they can aso become sources of my cotoxins and microbia pathogens. These
topics, together with the problems connected with transmissible spongform encephaopathy
(TSE), of which the bovine form (BSE) is an example, were discussed a an FAO consultation
on animd feeding and food safety in 1997 (FAO/ESN, 1999).

Two potentid problems have become particularly important recently. The first is the
presence of dioxin and PCB residues in human food products of anima orign and the potential
carry-over of these substances from animal feeds. The second is the relationship between mesat
and bone meal and the incidence of bovine spongform encephaopathy (BSE) in ruminants,
coupled with the linkage with Creutzfeld Jacob Disease (CJD).

Dioxin residues

There is no compdling evidence that farmed fish contain generdly higher dioxin residues than
wild fish. In a study of Europesan fish cited by Klinkhard (2001), one of the highest dioxin
contents found in samples taken between 1995 and 1999 was in wild saimon from the Baltic
(Sveden). Of the famed samon and trout andyzed during this period from Finland,
Germany, Norway, Sweden and the UK, the highest leve of dioxin reported was only 15% of
theleve found in Bdtic wild samon. However, fishmeds and fish oils of European orign have
been reported by the Scientific Committee on Anima Nutrition (SCAN) of the European
Commission to contain much higher levels of dioxin than those originating from less
industriaized regons such as the waters off Peru and Chile (SCAN, 2000). Such differencesin
dioxin content not only affect fishmeals and fish oils but aso influence the residue levels in
wild fish caught for direct human consumption.

The EU is proposing that maximum levels of dioxins in fish, fishmed, fish oil and aquafeeds
should be set for the period 2002-2005. The proposed levels are close to the medium levels
found in fishmed and fish oil of European orign but much higher even than the highest levels
found in products originating from Chile and Peru (Annex 3).



19

The comparisons between different sources of fishmed and fish oil involve very low levels of
dioxin. SCAN commented that ‘no adverse effects from dioxins would be expected in
mammals, birds and fishes exposed to the current levels of background pollution’ (SCAN,
2000). Despite this, a considerable proportion of the population of Europe (and undoubtedly
other regons) is exceeding the tolerable weekly intake (TWI) leves for dioxins set by various
authorities. As thereis aconsiderable safety factor imposed on TWI, this does not necessarily
mean that there is an appreciable risk to individual heath. However, exceeding TWI levels
erodes the protection of this safety factor. Food contributes more than 80% of our daily
dioxin intake.

Two further factors are relevant when consideringthe impact of dioxin residues in the context
of this study. The first (and favourable) factor is that our exposure to dioxins and PCBs is
decreasing (by afactor of about 50% over the past 10-15 years). The second is that there are
other mgor food goup sources of exposure to dioxin besides fish and fish products.
Obviously, the amount of dioxins to which humans are exposed depends on the nature of their
diet and per capita consumption. In the German study cited by Klinkhard (2001), milk and
milk products contributed 39% of food contamination with dioxins. M eat and meat products
and eggs and products with egg contributed another 30% and 11% respectively. Fish and fish
products contributed only 11%. It may therefore be ineffective to target only fish, because
fish is not the sole (or even amgor) source of dietary dioxin intake. Furthermore, as indicated
above, the dioxin levels in fish vary according to the orign of the fish and their diet. Having
recognized this, however, it is still incumbent upon both feed manufacturers and aguaculture
producers to be extremely careful about the sources of fishmed and fish oil used in aquafeeds.
It would dso bewisefor those who directly consume fish oils for pharmaceutica purposesto
consider their orign.

Concerns about the levels of dioxin in food obscure the real problem: the sources of
contamination — metalurgca processing, bleaching processes in paper production and dry
cleaning, other manufacturing processes, and combustion (waste incineration and domestic
heating). Our food, including the products of fisheries and aguaculture, may expose us to
harmful substances, but food is not the ultimate culprit.

Transmissible spongform encephaopathy (T SE)

First of dl, it is important to stae that there is no epidemiologca evidence for the
transmission to humans of a variant of CJD caused by prions that use fish or fish products as
vectors (Globefish, 20014).

A temporary EU ban on the use of animd proteinsin certain livestock feeds was approved at
an emergency meeting of the European Farm Ministers on 4 December 2000. This ban has
since been extended. The main purpose of the action by the EU was the remova of meat and
bone med from European anima feeds, together with the destruction of stocks of this
materid, in an effort to contain the spread of BSE. The news (Chamberlain, 2000) that recent
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research has shown that it is feasible to use meat and bone med to replace 100% of the
fishmed in marine shrimp diets without depressing performance has come a a particularly
unfortunate time; it may be difficult to apply such research results in a climate where any
animd fed with meat and bone meal may beregarded by the public as tainted.

The EU ban on the use of anima proteins includes the use of fishmed in ruminant feeds but
does not ban its usein feeds for pigs or poultry, or its use in aquafeeds. The ban on the use of
fishmed in ruminant feeds was initiated because meat and bone meal has unfortunately been
used at times to adulterate fishmeal, in order to dter its protein content. |FFO regards the EU
ban as being non-scientific, and possibly a form of trade barrier or politicd move (Millar,
2001). It is probablethat only ardiable and simple means of differentiating between terrestria
and marine anima proteins will solve this problem.

While the use of fishmed is not banned in feeds for other animals, including fish, the ban
concerning ruminant feeds causes a further problem for feeds manufacturers generaly. This
problem is that cross-contamination may occur between batches of feeds made for onetype of
livestock and batches made for other types of animas. The need to demonstrate that no
fishmed has entered ruminant feeds by carry-over from fish (or pigor poultry) diets makes it
necessary to accelerate progress towards ‘dedicated’ feed mills, which manufacture feeds for
onetypeof anima only.

5.3.2 FEffectsof quality concernson the publicimage of aquaculture

If past experience can be relied upon, the inclusion of fishmeal in any ban will affect public
atitudes towards the use of marine resources in aquafeeds. The public will question the
wisdom of ‘feeding fish to fish’ as well as the sense of ‘feeding animas to animas’. These
scenarios are not equivalent. On the one hand, ruminants are herbivores and it could therefore
be clamed that feeding them anima products is ‘unnatura’. On the other hand, the fish
species that are fed aguafeeds containing marine ingredients are carnivores, so nothing
unnatura is occurring. Despite these facts, public concern exists. Smilar concern will be
generated by reports about the levels of dioxin in anima products, including fish oil and
fishmed. These concerns will tend to exacerbate the public image problems dready identified
in section 5.2.

The public image of farmed fish and crustaceans fed with fish and crustacean by-productsis
likely to be affected, whether such concerns are based on rea or imagnary threats to human
hedth. Dioxins are present in both and wild and farmed aquatic products. Thereis no evidence
that any TSE has been transmitted to fish by the use of fishmedls (let done any link to human
disease). People may perceive further, but unsubstantiated differences between wild and
farmed aguatic products, This may not only affect the aquaculture industry in the developed
countries (e.g. in Europe, North America, Japan and Oceanid) but aso those developing
countries which export high-value aquaculture products to these locations.
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Unless such public attitudes can be avoided (through proof of safety and the provision of
balanced information), serious constraints on the use of marine resources in aquafeeds may be
imposed.

5.3.3 Replacement of conventional marine ingredients
Fishmeal

Many plant and anima proteins have some potentid as fishmed replacers. Tacon (FAO,
1994) listed a large number of possible fishmed replacers, including invertebrate animal by -
products (e.g silkworm pupae, earthworms, zooplankton), vertebrate animal by-products
(e.g blood med, liver med, meat and bone med, poultry by-products), singe-cel proteins
(mainly from fungd and bacterid sources), oilseeds (e.g soybean, rapeseed, sunflower,
cottonseed), legumes (e.g. beans, pess, lupins) and miscellaneous plant protein products (e.g.
corn guten meal and concentrates made from potatoes and leaves). The mgor constraints
identified by Tacon (FAO, 1994) were:

Limited availability and cost for singe-cell protens.

Lack of pdatability and anti-nutritiona factors in poorly processed plant oilseeds and
legumes.

Limited availability, erratic qudity and microbid contamination in terrestrid anima by-
product medls.

Paatability problems, and limited availability and high cost for miscellaneous plant proteins.

According to New (2001), generdly poorer digestibility, lower availability of some essentid
amino acids, pdatability problems, and, in some cases, the presence of anti-nutritiona factors,
have limited the replacement of fishmed by plant proteins. To some extent these factors have
been amdiorated by the inclusion of supplementd (synthetic) amino acids and flavour
enhancers. M ore recently, the use of enzymes to enhance the nutritiona vaue of diets based
on plant proteins has been suggested and, according to Gérin (1999) ‘used on a confidentia
basis in agquafeeds’. New strains of plants, with lower levels of phytates and anti-nutritiona
factors may aso be deveoped. Furthermore, if public opinion dlows, plants may be
genetically modified to improve ther fatty acid and amino acid profiles (Chamberlain, 2000).
Other dternative protein sources, such as singe cdl proteins (SPC), have dso been considered
(Tacon, 1995; Asgird et al., 1999) but few are availablein commercidly sufficient quantities,
or a prices that would make them serious contenders for inclusion in aquafeeds at this
moment. Brandsen, Carter and Nowak (2001) cautioned that fish growth is not the only factor
to be considered when assessing potentid replacement ingredients for fishmed, sayingthat the
effects that these may have on disease resistance and immune function needs investigation but
is seldom mentioned. Such effects may be beneficia or detrimental.
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Feedstuff manufacturers have a natura resistance to replacing marine resources in their
products until they are convinced that the good performance that they have achieved in
aquaculture production through their use can be replicated by any dternative ingredients.
Although research continues to be conducted into the replacement of fishmeal in aquafeeds for
certain species, the gpplication of such knowledge will not necessarily beimmediately applied.
Feed manufacturers tend to be cautious and conservative. This is understandable, since the
natura reaction of any farmer who has (say) a disease problem, or whose stock do not
perform so well as previously, or whose products become the subject of consumer criticism, is
to blamethe supplier of feeds first.

Red or percelved dangers in the use of other high protein ingredients may cause aquafeed
manufacturers to wonder where dternative proteins can be identified in the current climate,
The use of certain anima proteins is dready suspect and some plant proteins are being
criticized for being ‘ contaminated with GM Os’. According to M artin (2000), feed companies
in Europe are dready tending to avoid the use of terrestrid anima proteins (because of the
BSE crisis) and geneticaly modified plant-based ingredients (because of fears of unknown
effects) in order to promote consumer confidence.

Theoreticaly, a ban on (or a deterrent to) the use of any high-protein ingredients creates a
large potential market for replacements. For this reason, Globefish (2001a) thinks that the ban
on meat and bone med may dramaticaly incresse the demand for fishmed, and therefore its
price. If this proved to be true, the aguaculture industry would experience enhanced
competition for its supplies of fishmed in the future. However, the fishmed industry itsef
remains worried about the damage to the image of fishmed that has been caused by its
association with other anima proteins and the unfounded but inevitable linkage to the
BSE/CJID fears of the consuming public (FIN, 2001). The new President of IFFO® has forecast
reduced EU imports of fishmed in 2001, compared to 2000 (M illar, 2001).

Fish ail

The study shows tha aguaculture has the theoreticad capacity to totaly absorb goba
supplies of fish ail, unless current inclusion rates decresse more rgpidly and/or the
characteristics and rate of expansion of the rearing of carnivorous species envisaged in this
study is not fulfilled.

Although fish oils are sources of the fatty acids that are essentid components of aquafeeds,
there are (at least) partid dternatives. For example, Rosenlund et al. (2001) have shown that
replacing up to 50% of thefish oil in high-energy salmon diets with rapeseed, linseed, poultry,
pam or soybean oils had no significant effect on growth, surviva, or body traits. However,
these authors found that the use of fish oil substitutes did have a marked effect on thefatty
acid profiles of the farmed salmon and, in some cases, an impact on the lipid content of the

° Internationd Fishmed and Fishoil Organisation.
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samon fillets. Currently, urgent research on the feeding of lipids to farmed fish (specificaly
sadmon, trout, sea bass and sea bream), including the RAFOA° programme, is being conducted
in academic and commercia laboratories in severad European countries (e.g Sirling, 1999-
2000; Callliez, 2001). Clearly, as in the case of fishmed substitution, factors other than the
gowth and surviva rates of the species farmed need to betaken into careful consideration as
fish oils become, at least partidly, replaced with other lipids. These include possible changes
in fillet and processing qudity, the sensory characteristics of the farmed samon, its nutritional
vaue (to humans), and product safety .

Some partid substitution is aready occurring in commercid aquafeeds for some species
groups, notably salmon. Fish oil usage reduction in this and some other groups has been taken
into account in deriving the projected inclusion rates for 2015 and 2030. On the other hand,
there is potentid for the leved of fish oil in aquafeeds for other species groups, notably
crustaces, to be increased.

A proportion of the current fish oil inclusion can certainly be substituted from other sources.
Many of the products listed above as potentid fishmed replacers are adso partid fish ail
replacers. However, balancing the fatty acid composition of the diet is not simple when using
plant sources and may be resisted by feed manufacturers until supply and economic forces
dictate. Substitution is governed by severa important factors:

D changing the fatty acid profile of the feed immediately affects the composition of the
farmed products. There are dready differences between thefatty acid composition of farmed,
compared to wild fish, which could be exacerbated if fish oil inclusion rates are reduced too far.

(2 the tota lipid content in some aquafeeds (e.g. sdmon) has increased markedly in the
last decade because lipids provide ardatively chegp source of dietary energy. This dso affects
the composition of the farmed product, compared to wild fish.

3 the use of dternative sources of dietary lipids, whether from anima or vegetable
sources, may dafect the taste of the product. The rgection of some consighments of
Norwegan samon in the Jgpanese market has been reported, for example, following
complaints about their ‘vegetable taste .

(4) there will be an increasing effort to reduce feeding costs, since the income earned by
aquaculture producers per kilogram produced tends to decline as products become more
widely available and often, therefore, chegper (e.g. sdmon, seabass and seabream). Thus, fish
oil replacement will be partialy subject to prevailing costs of aternative lipid sources.

In summary, marked changes in thelipid composition of feeds for carnivorous aguatic species
are inevitable in the future. These will be dictated by supply and economic factors and may
affect both the source and the tota inclusion rates of lipids. Further research is necessary to

' Researching Alternatives to Fish Oil in Aquaculture.
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ensure that the quaity and consumer acceptability of the farmed products remain acceptably
high as these dietary modifications evolve.

Other marine ingredients

It is not surprising that fishmed and fish oil play such apivotd role in aguafeeds, particularly
those designed for carnivorous species, because fish (together with other aguatic animals) form
part of the natura diet of wild aguatic animals. Feeding trids have repeatedly demonstrated
that, on a purely nutritional basis, the best food or feed ingredient (in terms of pdatability,
gowth and food conversion efficiency) to feed carnivorous aguatic species is another fish or
fish product, such as ‘trash fish’ or fishmed (Tacon, FAO, 1993b). However, the aguafeed
industry has long been derted to the need to conserve the apparently finite supplies of
conventional sources of marine ingredients, principaly species caught specificdly for
reduction into meals and oils but aso fish processing by -products. Other marineingredients,
such as fish protein hydrolysates, fish silages, and squid liver mea and squid oil. Supplies of
squid medl and oil are scarce and expensive, and their use can only be justified in very small
guantities, mainly as attractants. Fish silages have some paatability problems and are
generdly bulky to store.

Krill is potentialy an excelent nutrient source for feeding farmed fish and crustaceans. Besides
providing protein, energy and pdatability, it is also a source of essentia amino acids, fatty
acids and other nutrients. In addition, it has the potentia to enhance the pigmentation of
aquaculture products, thus increasing their visua qudity. While it is estimated that the
available stock of krill (Euphausia superba) exceeds 35 million tonnes annualy, only about
80 000 tonneslyear is actualy caught (Yoshitomi, 2001). Increased usage of krill resources,
either through direct feeding to cultured fish and crustaceans or reduced to meds for use in
compound aquafeeds, has undoubted theoretica potentid. However, its actud inclusion as a
standard mgor aguafeed ingredient depends on the ultimate costs of fishing and processing
krill, and of transporting it from the catching areas to the locations where the farming of
carnivorous fish and crustaceans, and the production of aguafeeds, occurs.

Smilar considerations apply to the possibility of exploiting currently underutilized fisheries
for the fishmead and fish oil industry. These resources include deep-sea fish, whose
exploitation was discussed by Noguchi (2001). Potentid for use of some of thefish discarded
by the fishing industry may aso exist. Other comments on the potentia use of krill and
mesopelagics are contained in section 5.1.2 of this paper. Increased utilization of fish and
crustacean processing wastes, including those from aguaculture, is adso possible, adthough
there are some potentia (animal) hedth hazards that would require attention.

Research on the suitability of al ‘unconventiond’ marine resources as ingredients will be
necessary before they becomefully acceptableto the aquafeed industry. Ultimately, assuming
nutritiona quality and safety is assured, the use of dl these potentia sources will depend on
economic factors (see section 5.1 of this paper).
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54 Nutritional value of fish

As shown in section 4 of this paper, aquaculture has the capacity to totaly utilize al supplies
of fish oil and fishmed within the period covered by this study, if no extraneous factors
constrained this occurrence. However, aquaculturists will have to compete for these finite
resources in the market place. To the extent that they are successful they will defacto need to
demonstrate that the use of fishmed in aquafeeds is efficient and sustainable, from economic,
nutritional and environmenta points of view. This aspect was briefly mentioned when feed
conversion efficiency was discussed in section 3.3 of this paper. The concerns of Forster and
Hardy (2001) that proper means of measuring and recording the reative efficiency of
aquaculture, compared to the rearing of other livestock, particularly in its use of marine (and
other) feed resources, are relevant.

The dietary necessity for both n-3 and n-6 fatty acids for proper development, the hedlth of
the vascular system, and the brain, has long been known. The importance of including the
nutritiona vaue (to humans) of aquaculture products in such equations was emphasized in a
paper by Crawford et al. (1999). These authors, noting that the African savannah ecosy stem
of the large mammas and primates was associated with a dramatic decline in relaive brain
capacity, showed that this was associated with adecline in docosahexaenoic acid (DHA) from
the food chain. The richest source of DHA is the marine food chain, while the savannah food
chain offers little. In their study, Crawford et al. (1999) found that blood cholesterol, blood
pressure, and lipoproteins are lower in Africans living on the shores of Lakes Turkana and
Nyasa, compared to their vegetarian cousins on the savannahs, and to Europeans. Differences
in blood cholesterol and blood pressure can be observed in European children living in East
Africa as young as 6 years old, whose levels continue to rise, while those of the Africans
remain stable. This paper provides apotent and recent example of the nutritional vaue of fish.

55 Other factors

Other factors will affect the accuracy of the projections on fishmeal and fish oil usage in
aquafeeds provided in this study . Theseinclude:

Chinese aquaculture and its future demand for aquafeeds. It is clear that al the projections are
very much influenced by current trends in Chinese agquaculture production (as are dl forecasts
of expected expansion in goba aquaculture production). If these trends do not continue it will
have avery marked effect on the goba scene.

Changng species composition as aguaculture production expands. Another important
consideration is that the numerica trend andysis in this study is based upon the species that
are currently being grown. China, in particular, is dready exhibiting a tendency to introduce
and cultivate many new carnivorous species. If this trend continues, it will undoubtedly affect
al predictions about Chinese aguaculture production and its need for marine feed resources. It



26

is not inconceivable that, duringthe period under consideration (30 years), Chinamay become
a mgor producer of non-indigenous species of marine fish, such as various flatfish, for
example. Such developments would certainly affect China's demand for fishmea and fish oil.
There may dso be significant changes in the species composition of fish reared through
aquaculturein other parts of theworld.

Consumer resistance. Problems related to consumer perception of farmed fish and crustaceans
fed on products from the capture fisheries industry have dready been discussed in earlier
parts of this section of the paper. It will also be essentid to ensure consumer acceptance of
any proposed replacements for conventiona marine ingredient resources, whether they be of
anima or plant origin. Consumer choice, rather than the volume and price of marine resources,
may prove the limiting factor for carnivorous fish and crustacean farming. It is possible that
the orignal concept that a‘fishmed trap’ might constrain certain forms of aquaculture, which
was primarily an economic consideration, may be joined by other trgps, such as the ‘BSE
trap’, or the ‘GM O ingredients trap’. The replacement of fishmed will probably occur less
rapidly in developing countries than in developed countries. Environmenta and ethical
concerns, as well as economic factors, are likely to become important more rapidly in
developed countries.

6. SUMMARY AND CONCLUSIONS

The study described in this paper concerned the utilization of fishmed and fish oil duringthe
period 1999-2030. Estimates for utilization were caculated for theyear 1999 and projections
were made. In addition, the study considered the potentiad utilization of these marine
resources in 2015 and 2030. The projections for 2015 and 2030 were based on projected
aquaculture production leves for the species consuming aquafeeds containing marine resources
and assumptions about the evolution of dietary levels of inclusion, production intensity
(proportion of tota production achieved through the use of commercid aguafeeds), and food
conversion efficiency. The report includes a discussion of the mitigating factors that might
affect true utilization levels during this period. One conclusion that might be drawn from this
discussion is that, because there are so many uncertainties about the future of the farming of
mainly carnivorous aquatic species, it would not be prudent to include projections for they ear
2030 in this summary. In any case, the aquafeed industry has the potentia to utilize dl the
‘conventiond’ annua supplies of fishmed and fish oil wdl before that date. This means that
actua utilization levels will become controlled by other issues, including economic, supply,
safety, environmentd, ethical and consumer attitudinal factors, well before 2030.

Consideringthe period up to 2015, the study has found that:
Present use of fishmea and fish oil in aquafeeds:

Nearly 2.1 million tonnes of fishmed and approaching 0.7 million tonnes of fish oil were used
by the gobd aquafeed industry in 1999.
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Nutritiond difficulties in replacing marine resources with dternative ingredients in aguafeeds
have not yet been fully overcome.

Ingredient replacement in aguafeeds is affected not only by norma competition from other
parts of the anima feed sector but aso by controls and concerns over the use of certain
ingredients in feeds generdly .

In rich economies, aquaculture, like al agricultura production (plants and animals), is affected
by public concerns about food safety (eg the use of pesticides and herbicides, the
devdopment of geneticaly modified organisms, etc.) and the development of ‘organic
farming .

The animd feed industry as a whole therefore faces considerable problems related to changes
in demand for its products and to concerns about the quality and safety of its ingredients, and
it is subject to increasinglevels of regulation.

Chinaas auser of fishmea and fish oil in aquafeeds:

The existing size, potential expansion, and rapidly changng characteristics of the mgor
aquaculture producing country, China, will have a significant effect on the goba demand for
marine ingredient resources for aguafeeds.

About 30% of the dobal utilization of fishmed by the aquaculture industry was aready going
into Chinese aquafeeds by 1999, with the potentid of exceeding 40% by 2015.

Chinese aquafeeds are estimated to have taken about 16% of the tota doba aguaculture
utilization of fish oil in 1999, with the potentia of reaching 30% by 2015.

Future use of fishmeal and fish ail in aquafeeds:

Future expansion of aguaculture gves this sector of livestock production the potentid to
become the dominant market for fishmedal and fish oil well before 2015.

By the year 2015 the gobd aguafeed industry is expected to have the potentid to utilize
nearly 4.6 million tonnes of fishmea and nearly 1.9 million tonnes of fish ail.

Thus, the goba aguafeed industry has the potentid to utilize 70% of the average historica
annud fishmed supply by theyear 2015. If supplies of fishmed do not increase, the ‘ fishmedl
trap’ will start to constrain producers of shrimp and carnivorous fish as the world market
price of fishmedl increases in response to increasing demand.

Furthermore, the gobad aguafeed industry has the potentid to exceed the average historica
annua supplies of fish oil beforethe year 2010 and to reach 145% by 2015. This means that if
supplies of fish oil do not increase, the ‘fish oil trap’ will become a very rea constraint for
producers of shrimp and carnivorous fish well before 2010.

The looming shortage of fish oil demands immediate attention by aquafeed manufacturers and
fish oil producers.
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Future supplies of fishmed and fish oil:

Wild fish stocks presently exploited by dedicated fishmed fisheries and other sources of raw
materid (waste, offds) are not likely to permit any significant and sustainable increases in the
supplies of fishmea and fish oil between now and 2015.

This is likely to remain the situation for some time, even as the world price of fishmed and
fish oil increases in red terms.

However, it seems plausible that by the time fishmea prices have doubled, dedicated fishmedl
fisheries for mesopeagcs (and possibly aso krill) will have developed and opened access to a
very large source of raw materid for fishmedl.

Further research and the practica application of its results:

Further research on potentid totd or partia replacement ingredients for both fishmea and fish
oil is essentid; in the case of fish oil replacers, the need is now urgent.

Such studies must take into account not only the effect of marine resource replacers on
standard farming parameters, such as growth and surviva rates and FCR, but aso on ther
impact on other factors includingimmune function and disesse resistance.

The effect of potentia marine resource replacers on the qudity of farmed aquaculture
products aso needs further study; more knowledge about the impact of such replacement on
the nutritiona, sensory, processing, and safety characteristics of the farmed products is
paticularly important.

The aquafeed and aguaculture producing sectors must be ready to apply the results of such
research as soon as economic and other factors dictate.

Findly, dternative forms of agquaculture that require less utilization of marine resources (e.g.
the culture of omnivores and herbivores) require further promotion.
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Table 1. Species selected as being or likely to be fed commercial feeds containing
products from marine resources (fishmeal ** and fish oil %)

ISSCAAP Speciesincluded, with Name usedin Speci es excluded
Codel3 systematic codesl4 this study
1 FRESHWATER FIH
11 Common carp COMMON CARP All other cyprinids
12 All tilapias and other cichlids TILAPIA None
13 All types of catfish CATHH All othersin group 13
13 Gobies, largemouth black bass, FLECTED All othersin group 13
mandarin fish, pikes, perches FRESHWATER
and snakeheads FIH
2 DIADROMOUSFI H
22 River eels EELS None
21 and 23 | All trouts (except seatrout), TROUTSAND All othersin group 23
sturgeons and paddiefishes STURGEONS
23 All salmon, seatrout andchars | SALMON All othersin group 23
25 Milkfish MILKFISH All othersin group 25
25 Asian seabass (= giant seaperch = | OTHER All othersin group 25
barramundi) and hybrid striped | DIADROMOUS
bass
3 MARINE FIH
31, 32, 36 | Halibuts, soles, turbots and other | SELECTED None
and 39 flatfish, cod, tunas and MARINE FIH
miscellaneous marine fishes
33 Groupers, seabasses, seabreams, REDFIH None
snappers and drums.
34 Cobia, jacksand horse mackerels | JACKSAND All othersin group 34
and amberjacks (yellowtails) YELLOWTAILS
4 CRUST ACEANS
41 Gant river prawmnl5 and | FRESHWATER All othersin group 4116
freshwater prawns, shrimps nei | PRAWNS
(Palaemonidae)
41, 42 and | All freshwater and marine crabs, | CRABSAND All othersin group 41
43 and lobsters LOBST ERS
45 All marine shrimp MARINE SHRIMP | None

" FAO mgor fishery commodity group: med's, solubles, etc.

2 FAO mgjor fishery commodity group: oils and fats.

 Internationa Standard Statisticd Classification of Aquatic Animas and Plants.

" Taxonomic code descriptors (taken from FAO's Aquatic Sciences and Fisheries Information System) or
scientific names have been specified where there is any doubt about the species named.

® This exdudes those reared in Viet Nam; see the following footnote,

® This category should indude giant river prawns reared in Viet Nam but the amount, athough substantid, is
not yet separatdy recorded in FAO data
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SPECIES GROUP GLOBAL WORLD WITHOUT CHINA
APR SOURCEAND APR SOURCEAND
APPLIED COMMENTS APPLIED COMMENTS
(%) (%)
COMMON CARP 7.2| 1997-1999 Nil | Lowest rate minus
TILAPIA 9.1 1997-1999 7.6 | 1990-1999
CATHIH 1.0 | 1997-1999 1.0 | Chinaproduction nil
FLECTED 10.0 | Artificially capped 5.0 | Artificially capped
FRESHWATER rate (lowest actual rate (lowest actual
FIH rate was ~22%) rate was ~12%)
EELS Nil [ Lowest rate (1997— Nil | Rates for all periods
1999) was minus minus
TROUTSAND 0.4 1997-1999 0.4 | Chinaproduction nil
STURGEONS
SALMON 10.4 | 1997-1999 10.4 | Chinaproduction nil
MILKFISH Nil | Lowest rate (1990— Nil | Chinaproduction nil
1999) was minus
OTHER 2.1| 1995-1999 2.1 | Chinaproduction nil
DIADROMOUS
FLECTED 10.0 | Artificially capped 5.0 | Artificial rate (lowedt,
MARINE FIH rate (lowest actual in 1997-1999, minus
rate was ~12%) but al others were
>18%)
REDFI SH 12.0 | Artificially capped 12.0 | China production nil
rate (lowest actual
rate was ~13%
JACKSAND Nil | Actual ratesfor 3 of Nil | China production nil
YELLOWTAILS the 4 periodswere
minus
FRETHWATER 10.0 | Artificially capped 5.0 | Artificial rate (lowest
PRAWNS rate (lowest rate was was 1.1% but it was
>16%) nearly 13% in 1997—
1999). The 98-99
increase was higher
CRABSAND 10.0 | Artificially capped Nil | Lowest rate minus
LOBSTERS rate (lowest was
>26%)
MARINE SHRIMP 4.4 [ 1995-1999 2.4 | 1995-1999

Y Therate gpplied is the lowest from the four historica periods 1984-1999, 1990-1999, 1995-1999, and 1997-
1999, except where otherwise stated (some rates have been atificidly set for the reasons stated in the table).
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Table 3. Parameters used in this study

SPECIES GROUP YEAR | AFCR® % FED ON INCLUSION RATE IN FEEDS
AQUAFEEDS %)
FISHMEAL FISH OIL
COMMON CARP 1999 2.0 25 5 1
2015 1.5 50 2 1
2030 1.3 80 0 1
TILAPIA 1999 2.0 40 7 1
2015 15 60 3 1
2030 1.3 90 0 1
CATFISH 1999 1.6 85 3 1
2015 1.4 90 0 1
2030 1.2 95 0 1
SELECTED FRESHWATER | 1999 2.5 50 50 10
FISH 2015 1.8 80 25 15
2030 1.5 100 15 15
EELS 1999 2.0 80 50 10
2015 1.5 90 40 8
2030 1.2 95 20 8
SALMON 1999 1.2 100 40 25
2015 1.0 100 25 15
2030 0.8 100 15 15
TROUTS AND 1999 1.2 100 30 15
STURGEONS 2015 1.0 100 20 15
2030 0.8 100 15 15
MILKFISH 1999 2.0 40 12 3
2015 15 60 5 2
2030 1.3 80 5 2
OTHER DIADROMOUS 1999 1.8 60 40 10
FISH 2015 1.5 80 20 10
2030 1.2 95 20 10
SELECTED MARINE FISH 1999 2.0 60 45 10
2015 1.8 80 35 10
2030 1.4 90 25 10
REDFISH 1999 2.0 80 45 20
2015 1.8 100 35 15
2030 1.4 100 25 10
JACKS AND YELLOW 1999 2.0 80 45 20
TAILS 2015 1.8 100 35 15
2030 1.4 100 25 10
FRESHWATER PRAWNS 1999 2.0 85 20 1
2015 1.6 95 15 2
2030 1.4 100 15 2
CRABS AND LOBSTERS 1999 1.8 80 25 2
2015 1.6 90 15 3
2030 1.4 90 15 3
MARINE SHRIMP 1999 1.8 80 25 2

'8 Apparent Feed Conversion Ratio (see section 3.3).
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2015 1.6 90 15

2030 1.2 95 15

Table 4. Estimated fishmeal and fish usage by aquaculture in 1999 and projections for
2015 and 2030

FISHMEAL FISH OIL
REQUIREMENTS REQUIREMENTS
SPECIES GROUP YEAR (‘000 tonnes) (‘000 tonnes)
WORLD CHINA WORLD CHINA
COMMON CARP 1999 64 51 13 10
2015 1171 109 54 54
2030 1 1 23( 225
TILAPIA 1999 61 31 g 5
2015 12( 73 44 24
2030 1 1 191 130
CATFISH 1999 19 ] 6 -
2015 1 1 1 .
2030 1 1 1 1
SELECTED FRESHWATER
FISH 1999 78 56 19 11
2015 204 178 124 107
2030 531 502 531 502
EELS 1999 187 132 36 26
2015 123 89 25 18
2030 52 34 21 15
SALMON 1999 431 ] 273 :
2015 1 107 1 664 :
2030 2 344 1 2 344 .
TROUTS AND STURGEONS 1999 17( ] 85 :
2015 101 1 75 .
2030 64 1 64 .
MILKFISH 1999 31 g :
2015 17 1 L .
2030 2( § .
OTHER DIADROMOUS FISH 1999 1] 3 .
2015 § 4 1
2030 11 5 -
SELECTED MARINE FISH 1999 218 183 49 41
2015 936 864 268 247
2030 2 444 2 351 978 940
REDFISH 1999 1671 1 74 .
2015 894 1 384 1
2030 2724 ] 1090 -
JACKS AND YELLOWTAILS | 1999 1071 1 47 .
2015 [z 1 4( 1
1999 35 21 2 1]
2015 107 96 14 13

' All usage figures have been rounded to the nearest thousand tons; in the totds columns, the proportion of
resources utilized by Chinese aquaculture has dso been shown as a percentage of the globd totd.
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FISHMEAL FISH OIL
REQUIREMENTS REQUIREMENTS
SPECIES GROUP YEAR (000 tonnes) (000 tonnes)

2030 417 390 55 52

CRABS AND LOBSTERS 1999 ¢ 96 8 8
2015 274 277 55 54

2030 1.00Q 998 200 200

MARINE SHRIMP 1999 407 62 33 5
2015 486 183 97 37

2030 735 392 147 78

TOTALS 1999 2 091 636 662 107
(30% (16%)

2015 4 592 1 864 1862 554

(41% (30%)

2030 10 397 4671 5 899 2142

(45% (36%)

Table 5. Global supplies® of fishmeal and oil and their estimated and potential usage
by aquaculture

FISHMEAL FISH OIL
GLOBAL USAGEBY GLOBAL USAGEBY
SUPPLY AQUACULTURE (%) SUPPLY AQUACULTURE (%)
YEAR (‘000 tonnes)] GLOBAL CHINA |("000tonnes)| GLOBAL CHINA
1999 6 548 32 10 1360 49 8
2015 6 526 70 29 1283 145 43
2030 6 526 159 72 1283 460 167

Table 6. Chile: dispositions of landings for species, of which part or all has been
converted into fishmeal and/or fish oil in 1997, 1998 and 1999 (tonnes)

1997 1998 1999
FISHMEAL | OTHER | FISHMEAL [ OTHER | FISHMEAL | OTHER
USES USES USES

ANCHOVY 1753355 3416 516 301 5521 1968 472 7 059
M ACKERE 206 390 4525 59 699 9984 114 335 4260
L
JACK
M ACKERE 2529663 | 374993 1128683 | 478 702 876199 | 339624

% Globd supplies of fishmed and fish cil in 2015 and 2030 have been assumed to be the same as the 1990-1999
average annud supply.
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L

HAKE 57 702 1845 331951 1851 282 570 4749
SARDINE 26989 [ 10366 21 900 3083 239 803 3383
COMMON

SARDINE 439 011 1494 315 848 140 775754 366
OTHER 20514 | 71845 644 [ 69509 5660 85641
SPECIES

TOTALS 5033624 | 468 484 2375026 | 568 790 4262 793 | 445082

Source: F. Pereira, pers. comm., 2001.




40

Table 7. Estimated catches (tonnes) from the Danish industrial fisheriesin the North
Sea, the Skagerrak and the Kattegat in 1999°

TARGET NORTH SEA | SKAGERRAK KATTEGAT TOTAL
SPECIES

SAND EEL 500 105 11 081 569 511 755
SPRAT 162 713 6 812 10 438 179 963
NORWAY 40 969 6 822 675 48 466
BLUE 41 117 3623 273 45013
WHITING

HORSE 4 432 73 78 4583
M ACKEREL

BY-CATCH

HERRING 15232 3211 5867 24 310
COD 101 60 52 213
HADDOCK 1 056 334 90 1480
WHITING 3826 503 694 5023
M ACKEREL 1196 81 0 1277
SAITHE 40 37 0 77
GREY 2396 100 5 2501
GURNARDS

OTHERS 16 985 3689 271 20 945
TOTALS 790 68 36 426 19012 845 606

Source: M AFF (2001).

?! Estimates from test samples.
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Table 8: Average yearly ex-vessel price for species supplied to fishmeal plants

COUNTRY MAIN US$TON YEAR NOTES
SPECIES
DENM ARK Sand ed 81 2000 Industry source
DENM ARK Sand edl 92 2001
CHILE Horse mackerd 80 2001 Pricefor fish
(Jurd) purchased from
CHILE Common sardine 45 2001 independent
and anchoveta vessds
(F. Pereira, pers.
comm., 2001)
ICELAND Herring 183 1998 Averageyearly
ICELAND Herring 112 1999 prices, market
ICELAND Herring 2000 determined
ICELAND Capdin 100 1998 (R. Arnason,
ICELAND Capdin 61 1999 pers. comm.
ICELAND Capéin 2000 2001)
USA Atlantic 133 1998-2000 www.st.nmfs.go
menhaden Y

Table 9. International market price of fishmeal and fish oil; yearly average, CIF
Hamburg (US$/tonnes?

1970 | 1980 | 1985 [1990 |[1995 |1997 | 1998 | 1999 | 2000

FISHM EAL 202 504 280 412 497 606 662 393 413

FISH OIL 249 450 303 250 457 547 727 314 262

Source: Globefish (2001b).

# Fishmed: CIF Hamburg; Fish oil: CIF North West Europe.
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ANNEX 1

SUMMARIZED RESULTS OF EARLIER STUDIES

This annex contains details of the feed conversion ratios (Annex 1, Table 1), proportion of
animals fed by commercia aquafeeds (Annex 1, Table 2), fishmed inclusion rates (Annex 1,
Table 3) and fish oil inclusion rates (Annex 1, Table 4) used in earlier studies. Summaries are
aso provided of previous esimates for fishmed and fish oil consumption in aquaculture,
compared to the current study (Annex 1, Table5). Theactud and forecast gobal production
of fishmeal and oil is presented in Annex 1, Table 6. Finally, previous estimates of the
proportion of tata supplies of fishmeal (Annex 1, Table 7) and fish oil (Annex 1, Table 8)

used by different sectors of the anima feeds industry are summarized.

Table 1. Feed conversion ratios (FCRs) used in earlier studies

SPECIES OR SPECIES YEAR FCR SOURCE
GROUP!
CARP 1992 2.0 1
1994 2.0 2
1995 2.0 3
2000 2.0 3,4,5,6
2000 1.8 1
2010 15 4,5,6
2015 15 4
TILAPIA 1992 18 1
1995 2.0 3
2000 2.0 3,4,5,6
2000 1.7 1
2010 15 4,5,6
2015 15 4
CATFISH 1992 1.8 1
1994 1.7 2
1995 1.8 3
2000 1.6 1,3,4,6
2000 1.7 5
2010 15 5
2010 1.4 4.6
2015 1.4 4
TROUT 1992 15 1
1904 1.3 2
1995 15 3
2000 1.4 4
2000 1.3 1,3,5,6
2010 1.1 4
2010 0.9 5
2010 0.8 6
2015 1.0 4
SALMON 1992 15 1
1904 1.4 2
1995 13 3
2000 1.4 4
2000 1.3 1
2000 1.2 35,6

! Species induded in these categories differ between authors, or are not dearly defined in some cases.
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SPECIES OR SPECIES YEAR FCR SOURCE
GROUP!
2010 1.1 4
2010 0.9 5
2010 0.8 6
2015 1.0 4
MILKFISH 1992 25 1
1995 2.0 3
2000 2.0 1,3,4,56
2010 16 46
2010 15 5
2015 16 4
EELS 1992 2.0 1
1994 1.9 2
1995 2.0 3
2000 2.0 3,4,5,6
2000 1.8 1
2010 15 5
2010 1.2 46
2015 1.2 4
MARINE FISH, INCLUDING 1992 2.0 1
YELLOWTAILS 1994 1.9-2.0 2
1995 2.0 3
2000 2.2 4
2000 1.8 1,3,5,6
2010 2.0 4
2010 15 5,6
2015 1.9 4
OTHER CARNIVOROUS 1992 2.0 1
(FRESHWATER & MARINE), 2000 1.8 1
INCL UDING GROUPERS
FLATFISH 2000 2.2 4
2000 1.7 5
2000 1.8 1
2000 1.2 6
2010 2.0 4
2010 16 5
2010 0.9 6
2015 1.9 4
MARINE SHRIMP 1992 18 1
1904 18 2
1995 2.0 3
2000 1.8 3,4,5,6
2000 1.6 1
2010 1.6 4,5,6
2015 1.6 4
FRESHWATER PRAWNS 1992 2.2 1
2000 2.0 1
CRABS 2000 1.8 45
2010 1.6 45
2015 1.6 4
OTHER CRUSTACEA, 1992 2.0 1
INCL UDING CRABS 2000 18 1

Source: 1. New and Csavas (1995); 2. Pike (1998); 3. T acon (1998); 4. |.H. Pike, pers. comm. (2000);
5. Chamberlain (2000); 6. Barlow (2000).
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Table 2. Estimates from earlier studies of percentage of farmed aquatic animals reared
with commercial aquafeeds

SPECIESOR YEAR % SOURCE
SPECIES GRO UP?
CARP 1992 20 1
1994 10 2
1995 20 3
2000 25 13,456
2010 50 45,6
2015 50 2
TILAPIA 1992 20 1
1995 35 3
2000 40 3456
2000 25 1
2010 70 5
2010 60 4.6
2015 60 4
CATFISH 1992 85 1
1994 100 2
1995 80 3
2000 0 1
2000 85 3,4,5,6
2010 0 4.5,6
2015 0 4
TROUT 1992 100 1
1994 100 2
1995 100 3
2000 100 1,3,4,56
2010 100 45,6
2015 100 2
SALMON 1992 90 1
1994 100 2
1995 100 3
2000 100 1.3.456
2010 100 45,6
2015 100 4
MILKFISH 1992 15 1
2000 30 3
2000 30 1
2000 40 456
2010 75 45,6
2015 75 4
EELS 1992 80 1
1994 53 2
1995 100 3
2000 100 3
2000 80 1,4,5,6
2010 0 4.5,6
2015 0 4

? Spedies induded in these categories differ between authors, or are not dearly defined in some cases.
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SPECIESOR YEAR % SOURCE
SPECIES GRO UP
MARINEFISH, 1992 75 1
INCLUDING 1994 40 2
YELLOWTAILS 19% 50 3
2000 60 3,46
2000 80 15
2010 80 1.6
2010 95 5
2015 80 7]
OTHER 1992 55 1
CARNIVOROUS 2000 60 1
(FRESHWATER
AND MARINE),
INCLUDING
GROUPERS
FLATFISH 2000 100 456
2000 60 1
2010 100 456
2015 100 2
MARINE SHRIMP 1992 65 1
1994 58 2
1995 75 3
2000 80 3456
2000 75 1
2010 90 4,6
2010 95 5
2015 90 2
FRESHWATER 1992 70 1
PRAWNS 2000 85 1
CRABS 2000 80 15
2010 90 7]
2010 95 5
2015 90 7]
OTHER 1992 10 1
CRUSTACEA, 2000 20 1
INCLUDING
CRABS

Source: 1. Derived from New and Csavas (1995); 2. Derived from Pike (1998); 3. Tacon
(1998); 4. 1.H. Pike, pers. comm. (2000); 5. Chamberlain (2000); 6. Barlow (2000).
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Table 3. Estimates of the percentage of fishmeal in aquafeeds used in earlier studies

SPECIESOR YEAR % SOURCE
SPECIES GROUP®
CARP 1992 20 1
1994 15 2
1995 8 3
2000 5 3,5,6
2000 3 4
2000 15 1
2010 5 2
2010 3 4
2010 25 6
2010 1 5
2015 3 4
TILAPIA 1992 20 1
1995 15 3
2000 12 3
2000 7 45,6
2000 15 1
2010 4 4
2010 35 6
2010 3 5
2015 3 4
CATFISH 1092 5 1
1994 4 2
1995 5 3
2000 3 1,3,456
2010 1 2
2010 0 4,5,6
2015 0 4
TROUT 1092 30 1
1094 38 2
1995 35 3
2000 35 5
2000 30 13,46
2010 25 2,4,5,6
2015 20 4
SALMON 1992 50 1
1994 50 2
1995 45 3
2000 45 1
2000 40 3,4,5,6
2000 40 5
2010 30 2,456
2015 25 4

3 Species induded in these categories differ between authors, or are not dearly defined in some cases.
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SPECIESOR YEAR % SOURCE
SPECIES GROUP
MILKFISH 1992 15 1
1995 15 3
2000 12 3,4,5,6
2000 10 1
2010 5 45,6
2015 5 4
EELS 1992 40 1
1994 50 2
1995 50 3
2000 50 3,4,5,6
2000 40 1
2010 40 4,6
2010 35 5
2010 30 2
2015 40 4
MARINE FISH, 1992 60 1
INCLUDING 1994 60 2
YELLOWTAILS 1995 50 3
2000 45 1,3.4,56
2010 40 4.6
2010 35 5
2010 30 2
2015 35 4
OTHER 1992 40 1
CARNIVOROUS 2000 40 1
(FRESHWATER AND
MARINE),
INCLUDING
GROUPERS
FLATFISH 2000 55 4,5,6
2010 45 4,6
2010 35 5
2015 45 4
MARINE SHRIMP 1992 25 1
1994 26 2
1995 30 3
2000 25 1,3,4,56
2010 20 2,4,6
2010 15 5
2015 15 4
FRESHWATER 1992 20 1
PRAWNS 1998 1023 7
2000 15 1
CRABS 2000 25 45
2010 20 4
2010 15 5
2015 15 4
OTHER 1992 20 1
CRUSTACEA, 2000 15 1
INCL UDING CRABS

Source: 1. New and Csavas (1995); 2. Pike (1998); 3. T acon (1998); 4. |.H. Pike, pa's. comm. (2000);
5. Chamberlain (2000); 6. Barlow (2000); 7. New and Valenti (2000).
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Table 4. Estimates of the percentage of fish al in aquafeeds used in earlier studies

SPECIESOR YEAR % SOURCE
SPECIES GRO UP*
CARP 1992 10 1
1994 12 2
1995 1 3
2000 1 3.5.6
2000 0 4
2000 10 1
2010 10 2
2010 1 4
2010 0.5 5,6
2015 1 4
TILAPIA 1992 0 1
1995 1 3
2000 1 13456
2010 1 2
2010 1 2
2010 0.5 5,6
2015 1 4
CATFISH 1992 2 1
1994 1.5 2
1995 2 3
2000 2 1
2000 1 3,4,5,6
2010 1 2,5,6
2010 0 4
2015 0 4
TROUT 1992 10 1
1994 20 2
1995 20 3
2000 15 45,6
2000 10 13
2010 25 2
2010 20 6
2010 15 2
2010 18 5
2015 15 4
SALMON 1992 15 1
1994 25 2
1995 25 3
2000 25 456
2000 20 3
2000 15 1
2010 30 2
2010 20 4.6
2010 17 5
2015 18 4

4 Species induded in these categories differ between authors, or are not dearly defined in some cases.
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SPECIESOR YEAR % SOURCE
SPECIES GROUP
MILKFISH 1992 7 1
1994 4 2
1995 5 3
2000 3 3,56
2000 2 4
2000 7 1
2010 2 456
2015 2 4
EELS 1992 10 1
1994 10 2
1995 10 3
2000 10 3
2000 5 456
2000 15 1
2010 10 256
2010 8 4
2015 8 4
MARINE FISH, 1992 12 1
INCL UDING 1994 12 2
YELLOWTAILS 1995 15 3
2000 20 3,4,6
2000 12 5
2000 12 1
2010 15 2,456
2015 10 4
OTHER 1992 12 1
CARNIVOROUS 2000 12 1
(FRESHWATER &
MARINE),
INCL UDING
GROUPERS
FLATFISH 2000 10 456
2010 12 456
2015 10 4
MARINE SHRIMP 1992 3 1
1994 3 2
1995 3 3
2000 2 3,4,5,6
2000 5 1
2010 5 2
2010 3 4,56
2015 3 4
FRESHWATER 1992 1 1
PRAWNS 2000 2 1
CRABS 2000 2 4,5
2010 3 4,5
2015 3 4
OTHER 1992 1 1
CRUSTACEA, 2000 2 1
INCL UDING CRABS

Source: 1. New and Csavas (1995); 2. Pike (1998); 3. T acon (1998); 4. |.H. Pike, pers. comm. (2000);
5. Chamberlain (2000); 6. Barlow (2000).
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Table 5. Estimates of current and future fishmeal and fish al usagein aquaculture

(000 mt)
FISHMEAL
1986 1992 1995 1999 2000 2010 2015 SOURCE
523 1 000 Wijkdrom and New (1989)
963 1139 New and Csavas (1995)
1479 |[1477- De Slva (1999)
1491 |[1788
1728 1 996 Tacon (1998)
2 091 Thissudy
2115 | 2831 Barlow (2000)
2 316 3450 4 377 I. H. Pike, pers. comm.
(2000)
2442 | 4270 Chamberlain (2000)
4 592 Thissudy
FISH OIL
1986 1992 1995 1999 2000 2010 2015 SOURCE
n.s. n.s. Wijkdrom and New (1989)
234 338 New and Csavas (1995)
494 574 Tacon (1998)
662 Thisstudy
708 955 Barlow (2000)
716 1209 1408 I. H. Pike, pers.comm.
(2000)
769 1787 Chamberlain (2000)
1862 | Thisstudy
Table 6. Actual and forecast production of fishmea and fish oil (‘000 mt)
FISHMEAL
1990-99 2000 2010 2015 SOURCE
AVERAGE’
6,526 FAO Fishgta (2001)
6 000-6 500 Wijkgrom and New (1989)
6 500 Tacon (1998)
6 500 6 500 6 500 I. H. Pike, pers. comm. (2000)
FISH OIL
1990-99 2000 2010 2015 SOURCE
AVERAG E°
1,283 FAO Fishgta (2001)
1 200 T acon (1998)
1300 1200 1200 I. H. Pike, pers. comm. (2000)

°> Actud production.
® Actud production.




Table 7. Previousestimates of the proportion of fishmeal consumed by sectors of the
animal feedstuffsindustry, compared to this study (%)

86 88 |94 (95 |95 (98 | 99 | OO* | OO* | OO* | OO* | 10* | 10* | 10* | 10* | 10* | 15* | 15*

AQUA- 8 (10 |17 (15 |26 (40 |32 |17 |31 |36 (38 |23 |45 (53 |59 |66 (67 | 70
CULTURE

PIGS 20 120 | 25 17 29

POULTRY 60 | 55 | 50 48 Nil

OTHER 10 | 8 10 12 12

REFERENCE | 5 |1 2 1 4 6 8 5 4 3 7 2 6 3 2 7 3 8

* Projedions.

1. Newet al. (1995); 2. Pike (1998); 3. |.H. Pike, pers. comm. (2000); 4. Tacon (1998); 5. Wijkdrom and New (1989); 6. Barlow (2000);
7. Chamberlain (2000); 8. This study.

Table 8. Previousestimates of the proportion of fish all consumed by sectors of the
anima feedstuffsindustry, compared to this study (%)

1994 [ 1995 | 1998 | 1999 | 2000 | 2000 | 2010 | 2010 | 2015 | 2015
* * * * * *

AQUACULTURE | 26 37 66 49 48 55 75 101 | 117 | 145
REFERENCE 1 3 4 5 3 2 4 2 2 5

* Projedtions.

1. Pike(1998); 2. | .H.Pike, pers. comm. (2000); 3. T acon (1998); 4. Barlow (2000); 5. Thisstudy.
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SPECIES INVOLVED IN THISSTUDY

ANNEX 2

The species deemed to be utilising aquafeeds containing marine resources, and their production levels through aquaculture are
presented in Annex 2, Table 1. Datafor Chinaare presented separately and italicized.

Table 1. Detailed list of speciesused in thisstudy (with production figures 1984-1999)

COMMON CARP 1990 1991 1992 1993 19%4 1995 1996 1997 1998 1999

TOTAL ALL COUNTRIES 11403491 0257561 144 314{1 322 189|1 538 606| 1 817 556|2 039 130] 2 232 984 2 401 3832 563 966
CHINA ONLY 522369 594476/ 706119 8916241 127596|1 398 618|1 591 508| 1 761 283 19279732 050 762
TILAPIAS & CICHLIDS 1990 1991 1992 1993 19U 1995 1996 1997 1998 1999

TOTAL ALL COUNTRIES 383654 402254] 488682 552042 595717| 706445 812517 924077 960 3701 099 268
CHINA ONLY 106 071 119852 157233] 191257] 235940 314903 394303 485459 525926 561794
CATFISH 1990 1991 1992 1993 19H 1995 1996 1997 1998 1999

IAsan redtail cafish - - - 29 162 103 158 783 587 681
Atipa <0.5 <0.5 <0.5 <0.5 1 <0.5 <0.5 <0.5 <0.5 75
Bagrid catfish 456 1059 1542 1533 1 503 1650 19 115 220 257
Barred sorubim . . . . . . 18 19
Black bullhead 1 800 1 800 1 800 1 750 1882 800 400 800 700 750
Black cafishesnei <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - .
Catfish, hybrid 17900 29136 23775 31063 341700 44120, 47711 60759 62460 68110
Catfishesnei 600 600 750 850 1002 282 201 492 629 664
Channel cafish 163719 177373 209478 210127] 200627] 202883 215503 238234 256129 270760
Duckbill catfish . . . . . . 7 8
Freshwater sluroids nei 280 290 370 320 1 946 4 662 6 202 8 259 5 247 4 959
Hong Kong cafish 120 110 110 241 374 26 <0.5 . - -
Mudfish 3 465 393 258 1 185 2 000 2 009 230 197 170
Naked cafishes . . . . 61 . .
North African cafish 1 455 1 807, 5011 4722 4720 5 368 1662 1478 1792 1926
Pangas cafish 13340 14518 14183 12238 13712( 12541 10747 7 698 7 258 6 999
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Philippine cafish 261 266 324 286 296 336 348 438 478 528
South American cafish 3 3 5 2 2 4 5 5 3 3
CATFISH 1990 1991 1992 1993 19H 1995 1996 1997 1998 1999

Torpedo-shgped cafishes nei 44819 45353 58658 61344 65095 69460, 110073 126195 12780 96892
Wels (= Som) cafish 100 147 299 396 591 543 508 470 749 1 966
TOTAL ALL COUNTRIES 24485 272927 316698 325159 327268 344839 395546 4459564 464 279 454767
CHINA ONLY 0 0 0 0 0 0 0 0 0 0
SEL ECTED F/W FISH 1990 1991 1992 1993 19H 1995 1996 1997 1998 1999

European perch <0.5 - - 12 17 15 266 287 164 148
Freshwater gobies nei 143 522 330 - - - 50 50 32 32
Golden perch 10 60 11 12 8 8 8 1 1 <0.5
Gudgeons deepersnei . . . 534 164 4 <0.5 .
Indonesian snekehead 500 700 905 870 856 885 955 973 1115 1931
Knifefishes <0.5 <0.5 8 4 5 50 1 48 545 312
Largemouh black bass 38 35 9 7 524 368 235 289 277 209
Mandarin fish . . . | 37444 58437] 681171 83074 89441
[Marble goby 969 364 154 59 49 100 151 164 167 293
Murray cod . - 11 10 18 <0.5 1 1 il <0.5
Nile perch : : : : 41 12 19 1190 627
Northern pike 748 703 1761 1 489 1315 1 389 2 702 1777 1 539 1719
Pacificfa deeper 25 35 597 2170 250 . . 30 30 39
Pike perch 180 189 753 648 630 945 553 678 474 851
Slver perch 2 10 22 40 9 21 33 115 162 195
Shakehead 440 446 500 518 560 558 467 769 520 317
Shakeheads (= Murrels) nei 360 1125 1134 1615 988 643 803 629 1732 21327
Sriped snakenhead 3 805 5560 4 714 6 287 7 207 8 217 9 826 9 065 6 973 7 004
TOTAL ALL COUNTRIES 7 226 9749 10909 13741 12970 50848 74504 83012 97999 124445
CHINA ONLY (Mandarin fish) [0 0 0 0 0f 37444 58437 68117 83074 89441
EELS 1990 1991 1992 1993 194 1995 1996 1997 1998 1999

TOTAL ALL COUNTRIES 17250(0 185308 190939 187058 187551] 187846 234033 233553 226124 227704
CHINA ONLY 67677 80582 91655 100000, 110000 120000[ 147316] 167 208 163098 164484
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TROUTS & STURGEON 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Beluga : : : : 1 1 .
Brook trout 502 253 316 377 347 382 568 760 679 683
Rainbow trou 275032 283558 299502 312498 334682 365610 384530 427335 437043 418654
S berian sturgeon 10 10 20 140 150 160 172 200 362 374
Serlet surgeon : : : : 1 1 .
S urgeons nei 318 375 392 355 742 973 1123 1825 1672 2 332
Trousnel 1400Y 13208 16236 16132 16165 22173 29475 38940 45830 50432
TOTAL ALL COUNTRIES 289863 297404 316466 329502 352086/ 389300 415870 469 060 485586 472475
CHINA ONLY 0 0 0 0 0 0 0 0 0 0
SALMON 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Arctic char 69 232 381 400 448 531 631 734 822 990
Atlaitic salmon 225642 266283 247528 3056100 374931 465241 551838 646515 687906 797560
Charsnei 251 235 223 314 346 374 300 527 537 869
Chinook (= Soring = King)

salmon 14999 24349 16147 14875 11375 13444 15134 9414 12494 14708
Chum (= Keta = Dog) salmon . - - - - - - 36 40 -
Coho (= Slver) salmon 39164 44385 485131 49154 58700 58360 76197 84867 883024 89575
Masu (= cherry) salmon 29 105 68 - - - - . - -
Pacific sailmons nei <0.5 <0.5 <0.5 <0.5 <0.5 - - 1 - -
Sea trou 4 8388 2 326 2 680 2 739 4 021 4012 5 477 4 829 4775 5 892
Sockeye (= Red) salmon . - - - - - - . . -
TOTAL ALL COUNTRIES 285041 337915 315540 373092 449821 541962 649577 746922 794 876 909 594
CHINA ONLY 0 0 0 0 0 0 0 0 0 0
MIL KFISH 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
TOTAL ALL COUNTRIES 434123 416520 343359 359012 380938 365408 370765 367 286 379593 381930
CHINA ONLY [0 0 0 0 0 0 0 0 0 0
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O THER DIADROMOUS

FISH 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Barramundi (= Giant seaperch) 11184 15148 14132 19978 18564] 18863 18974 16642 20964 19897
riped bass, hybrid 721 1021 1610 2 699 3459 3772 3 848 4 242 4 494 4 691
TOTAL ALL COUNTRIES 11909 16169 157420 22677/ 22023 22640 22822 20884 25458 24588
CHINA ONLY 0 0 0 0 0 0 0 0 0 0
SEL ECTED OTHER

MARINE

FISH 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Atlattic cod 645 - 232 370 629 322 198 307 148 149
Atlantic halibut . - - - - - - 2 8 17|
Bastard halibut 7 076 8330 10327 10804 12562 13578 16553 34857 29887 28583
Brill . - - - - - 42 20 .
Common le 11 13 18 17 15 30 31 25 22 18
Finfishes nei . . . 287 444 437 270 835 668
Flatfishes nei 20 74 17| 32 19 88 218 298 444 339
Groundfishes nei - - - - - - 17 25 - -
Marinefishesnei 39304 53984 65242 81207] 110483 158527 192393 280659 335636 364077
Northen bluefin tuna <0.5 <0.5 - - - - - . - -
Southern bluefin tuna . 335 636 1275 1 927 2013 2 089 5 140 6 365
T urbot 656 925 1725 1693 2 399 2978 2571 3 001 3 087 4 093
TOTAL ALL COUNTRIES 47712 633260 77896 94759 127669 177894 214473 321553 375204 404309
CHINA ONLY (Marine fishes

nei) 33000 471820 58716 71672 101110 144957 182155 254979 306 697 338805
RED FISH 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
TOTAL ALL COUNTRIES 71380 89055 97463 122710 136326 141621 160508 178894 201926 232037
CHINA ONLY 0 0 0 0 0 0 0 0 0 0

89



JACKS & YELLOWTAILS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
IAmberjacksnei : - - 51 61 5 168 717 1 395 1052
Cobia . - - - - 3 13 9 961 820
Greater amberjack 21 31 22 3 6 1 1 1 <0.5 -
Jack andhorse madkerelsnei 1 368 1758 1853 2 183 2 391 2 653 2343 2 217 2 568 2 935
Jacks, crevalles nei - - - 1 <0.5 <0.5 <0.5 <0.5 - 3
JACKS & YELLOWTAILS 1990 1991 1992 1993 19H 1995 1996 1997 1998 1999
Japanese amberjack 161564 161970, 148988 141799 148390, 169924 145839 1385364 147115 140647
Japanese jack mackerel 5 863 5 889 7 161 6 454 6 134 4 999 3 869 3526 3412 3 052
hubnose pompano . . 331 329 325 - 30 12 7
TOTAL ALL COUNTRIES 168820 169648 158024 150822 157311 177910 152283 145036 155463 148516
CHINA ONLY 0 0 0 0 0 0 0 0 0 0
FRESHW ATER PRAWNS' 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Freshwater prawns, shrimps nei 34 19 20 21 31 24 22 14 16 14
Giant river prawn 20842 26594 21041 18023 20567 18272 55004 61058 79383 102 124
TOTAL ALL COUNTRIES 20879 26613 21061 18044 20598 1829 55026 61072 79404 102138
CHINA ONLY (Giantriver

prawn) 0 0 0 0 0 0 37363 42851 61868 79055
CRABS & LOBSTERS 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999
Blue crab : - - - - - - 115 212 129
Chineseriver aab 4 833 8 433 9509 17641] 31230 41516( 62631 100692 123249 171955
I ndo-Pacific svamp crab 3 788 3 305 6 698 9 184 8 373 7 229 5 446 9 969 6 038 5779
L onglegged spiny lobster 40 51 21 11 7 17 33 22 12 18
Marinecrabs nei 24 60 231 74 97| 37537 40326 58769 71306 95662
Mud spiny lobster 39 33 41 32 17 51 23 9 12 11
Palinurid spiny lobstersnei . - - - - - - 31 .
Portunus snimcrabs nei 11 70 - 1 17 <0.5 620 2 095 2 065 2 080

Foinous spider crab

! This exdudes those reared in Viet Nam; athough substantid, these are not yet separatdy recorded in FAO daa
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Tropical spiny lobstersnei . - - - 2 1 6 5 16 29
TOTAL ALL COUNTRIES 8735 11952 165000 26943 39743 86351 109085 171707 202914 275663
CHINA: Chineseriver crab 4 833 8 433 9509 17641 312271 41515 62631 100661 123241 171943
CHINA: Marinecrabsnei . . . | 37465 40199 58678 71214 95565
TOTAL CHINA ONLY 4 833 8 433 9509 17641 31227 78980 102830[ 159 339 194455 267508
MARINE SHRIMP 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

TOTAL ALL COUNTRIES 673203 833535 890684 848226 890588 952941 961 148[1 000 923 10748781 130 737
CHINA ONLY 184817 219571 206866( 87856 63872 78416 88851 102923 143086 170830
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ANNEX 3

DIOXINS IN AQUAFEEDS AND MARINE FEED INGREDIENT RESOURCES

The results of recent analy ses of the dioxin levels in fishmeds and fish oils orignating from
South America (Chile and Peru) and Europe, together with the maximum levels for these
products and for compound aquafeeds proposed by the European Commission, are presented
in Annex 3, Table 1. It is proposed tha the EU maxi mum limits should apply until the end of
2005. Before then the limits will be reviewed, with the intention of reducing them (i.e.
making the limits more stringent).

Table 1. Proposed EU maximum limits on dioxinsin fishmed, fish ol and aquafeeds and
results of anayses of fishmeal and fish al of South American and European origin

(WHO TEQ)
COMMODITY | PROPOSED EU RESUL TSOF SCAN ANALY SES”
MAXIMUM
LIMITS®
Origin: South Padficarea | Origin: European area
(Chile, Peru)
FISH OIL 6 ng/kg fa Low 0.16 ngkgfa Low 0.7 ngkgfa
Mean 0.61 ngkgfa Mean 4.8 ngkgfa
High 2.6 ng/kg fa High 20 ngkg/fa
FISHMEAL 1.25 ng/lkg product Low 0.02 ng/kg Low 0.4 ngkg
(12% moidure product product
basis) (dry mater bass) (dry mater bass)
Mean 0.14 ng/kg Mean 1.2 ng/kg product
product (dry mater bass)
(dry mater bass)
High 0.25 ng/kg High 5.6 ng/kg product
product (dry mater basis)
(dry matter basis)
AQUAFEEDS | 2.25 ng/lkgproduct | n.a n.a n.a n.a
(12% moidure
besis) n.a n.a n.a n.a
n.a n.a n.a n.a

! Source: Aquafeed News (2001).
2 Source: SCAN (2000).
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