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Chapter 1
Aquaculture and the Environment: Towards Sustainability

I'nmaBa 1
AKBaKYJbTYpPa U OKPY:KAIOLIasl CPela: HA MYTH K YCTOWYUBOMY Pa3BUTHIO

Abstract:

The contribution of aquaculture to
global fish production has increased
in the last twenty years with the
production level reaching 73.8
million tonnes in 2014, about 44%
of total fish production.

Asian and African aquaculture
production accounts for a greater
proportion of growth in aquaculture
output. Aquaculture contributes to
livelihoods as well as revenue in
several countries even though the
economic conditions have been
inclement and  environmental
problems persist.

Agquaculture will have to continue to
grow to meet the increasing demand
for fish. But growth would not be
sustainable if the planning and
management are not improved
significantly. There is a need for
local, national and international
planning and management to cater
for environmental, social,
economic, health and animal
welfare concerns. These form the
core of best management practice in
aquaculture.

AHHOTAIIUA:

3a mocieaHWEe JBaanaTh JIET  BKJIAQL
aKBaKyJbTypbl B MHUPOBOE IMPOU3BOICTBO
PBIOBI YBEIIUYHUJIICS, YPOBEHDb IMMPOM3BOICTBA
noctur 73,8 miH. Tonn B 2014 roxy, 4to
cocTtaBiisgeT okoj0 44% ot obmiero oobeMa
MIPOM3BOJICTBA PHIOHOM TTPOTYKITHH.

Ha nomo asmarckoid u  adpuxaHckoin
aKBaKyJIbTYPbl IPUXOIUTCS OOJIbIIAS OIS
pocta  MPOU3BOJCTBA.  AKBaKyjIbTypa
CIIOCOOCTBYET OOECIIEUEHUI0 CPEJCTB K
CYIIIECTBOBAHMIO, a TAKKE JIOXOJaM B pse
CTpaH, Ja)Xe HECMOTPS Ha COXPaHSIIOIIHECS
HEONaronpusITHBIE  DKOHOMHYECKHE U
AKOJIOTUYECKHE MPOOIJIEMBI.

AKBaKyJbTypa A0JIKHA IPOJIOJKATh PACTH,
YTOOBI YJOBJIETBOPUTH PACTYIINI CIIPOC HA
pri0y. Ho pocT He OyneT ycTOMYUBBIM, €Cliv
IUIAHUPOBAHUE U YyIpaBJICHHE HE OyIyT
3HAUUTENBHO  yiyulieHbl. CyliecTByeT
MOTPEOHOCTh B MECTHOM, HAIITMOHAILHOM U

MCXKAYHApPOJHOM IIaHUPOBAHHUHN )51
YHOpaBJICHUN I Y4Y€Ta OJOKOJOIMYCCKHX,
COIIMAJIbHBIX, 3KOHOMHWYCCKHX,

MEIUIMHCKUX M 3003aUIUTHBIX MPOOJIEM.
DTO COCTABIISIET OCHOBY Jy4IIEH MPAKTUKU
YIPaBJIEHUS aKBAKYJIbTYpPOHU.




Aguaculture can impact on the
environment negatively considering
genetics, water quality, ecology,
health and resource use while the
environment affects aquaculture on
three fronts: the cultured species,
culture system and overall
feasibility. These put together will
demand some management effort in
order to ensure sustainability of
aquaculture depending on the
application of site selection and
carrying  capacity  assessment,
aquaculture  hazard and risk
analysis, ecosystem-based approach
to aquaculture, aquaculture
governance and planning, and
aquaculture  certification  and
standards. These are discussed in
this chapter.

Keywords: Sustainable aquaculture

Intensification - Ecosystem
approach Risk analysis _
Certification.

AKBaKyJIbTypa MOXKET HETAaTHBHO BIIUATH
Ha OKPYXKAIOIIYI0 CPely C TOYKU 3PCHUS
TCHETHKH, KadecTBa BOJbI, OSKOJIOTHH,
3JI0POBBSI U UCTIOJIB30BAHUS PECYPCOB, B TO
BpeMsI KaK OKpY’Kalomiasi cpena BIHseT Ha
aKBaKyJIbTypy TIO TpPEM HaIPaBIICHUIM:
KyJIbTUBUPYEMEIC BUJIBI, cucreMa
KyJIbTYphl U 00IIas 1eaecoo0pa3HocTh. B
COBOKYITHOCTHU OHHU noTpedyIoT
OIPEICIICHHBIX  YIPABJICHUCCKUX YCHIIHI
TUIst obecrieueHus YCTOMYUBOCTHU
aKBaKyJIbTYphl B  3aBHUCUMOCTH  OT
NpUMEHEeHHs BBIOOpa y4yacTKa W OIEHKH

IPOITYCKHOM CIIOCOOHOCTH, OIICHKHU
OMMACHOCTH W  PHUCKAa  aKBaKyJIbTYpHI,
HPKOCUCTEMHOTO  MOAXOoJa K  HEH,
yIpaBICHUS u TUTAHUPOBAHMS

aKBaKyJbTYpPBl, a TaKXKe €e cepTuukauu
U CTaHJAPTOB. DTO 00CYKIAIOTCS B JAHHOU
rJaBe.

Kiwuesbie cJioBa: YcroitunBas
akBakynbrypa - HVHTeHcubpukanms -
DKOCUCTEMHBIA MOAXO0J AHAIU3 PUCKOB -
Ceprudukarusi.




1.1 Aquaculture Growth

Aguaculture production in the world
(excluding aquatic plants) has
grown by about 62.2% from the
production level of 45.4 million
tonnes in 2004 to 73.8 million
tonnes in 2014, and today it
contributes 44% to total fish
production worldwide (FAO 2014,
2016). The increase in aquaculture
production is expected to be
sustained via increased production
from Asia and Africa with the
expansion of intermediate systems
and small-scale pond aquaculture,
which will be aided by sound
nutrition (Hasan 2001).

Aguaculture contributes to
livelihoods as well as revenue in
several countries even though the
economic conditions have been
inclement and  environmental
problems persist. Without
considering the secondary fisheries
sector and other value chain
stakeholders, the FAO (2016)
estimates that as at 2014, there are
about 57 million people engaged in
the fisheries and aquaculture sector
with aquaculture accounting for
about 33% of this population and
Asia alone has 96% of world fish
farmers. The production of fish
from wild fisheries has stagnated
over the last decade, while
aquaculture production and per
capita supply have increased,

1.1 PocT aKBaKyJIbTYPbI

[Ipou3BOACTBO aKBaKyJIbTYPhl B MUpPE (3a
HUCKJIIOYECHUEM BOJIHBIX pacTeHU)
BBIPOCJIO TPUMEPHO Ha 62,2% OT ypOoBHS
npousBoacTBa B 45,4 MaH ToHH B 2004
roay no 73,8 miuH ToHH B 2014 rony, u
ceroaHs oHO coctaBisieT 44% oT 00IIeTo
o0bemMa MPOU3BOJCTBA PBHIOBI BO BCEM
mupe (PAO 2014, 2016). Ocxupgaercs,
YTO YBEIINUCHUE MIPOU3BOJICTBA
aKBaKyJbTYpbl OyCT NOJIEPKUBATHCS 3a
CYET YBEJIMUCHHUS MPOU3BOACTBA B A3UU U

Adpuxke 3a cyeT pacimpeHus
MIPOMEKYTOUYHBIX CHUCTEM 51
MeJIKOMaCIITaOHOM 1810)71(0):10)71
aAKBAKYJIbTYPHI, 4TO Oyner

CIIOCOOCTBOBATh  3/I0POBOMY  IMUTAHHUIO
(Hasan 2001).

AKBaKyJIbpTypa CIIOCOOCTBYET
00ecCIeyeHuto CpEICTB K
CYLLIECTBOBAHMIO, a TaKXe J0X0JaM B
psZie CTpaH, JaKe MPHU YCIOBUM HAIWYUS
DKOHOMUYECKMX M DKOJOTMYECKHUX
npobiem. be3 yuera cekropa BTOPUUHOTO
pBIOOJIOBCTBA U TPYTUX
3aMHTEPECOBAHHBIX CTOPOH B LEMOYKE
co3fanus n1o6aBjaeHHOM ctoumMocT DAO
(2016 rox) mojacuyuTana, YTO IO
coctosstHutio Ha 2014 rom B cekrope
pHIOOJIOBCTBA W AKBAKyJIbTYPHI 3aHATO
OKOJIO 57 MIIH. 4eJIOBEK, Mpu 3TOM cdepa
aKBaKyJbTypbl OXBaTbIBA€T OKOJO 33%
ATOT'0 HaceJCHUs, B OJHON TOIBKO A3HH -
96% pbiOOBOIOB Mupa. [[oObrya pbIObI
MyTeM JTUKOrOo MPOMBICIA 3a TMOCIJIeTHEe
JECATUJIETUE HAXOJUTCS B COCTOSTHUU
CTarHaiuu, B TO BpeMs KaKk MPOU3BOJCTBO




accompanied by increase in
population.

However, annual per capita
consumption of fish IS

disproportionate across the regions
of the globe with a projected level of
21 kg by 2022 following increased
consumption in developed nations
and greater growth in Asia and
Oceania but with weak development
in Africa (OECD/FAOQO 2015). Fast
growth of aquaculture without
proper planning and management
has raised increasing concern over
its sustainability.

Agquaculture will have to continue to
grow to meet the increasing demand
for fish. But growth would not be
sustainable if the planning and
management are not improved
significantly. There is a need for
local, national and international
planning and management to cater
for environmental, social,
economic, health and animal
welfare concerns. These form the
core of best management practice as
regards aquaculture.

AKBaKyJbTypPbl M MPEUIOKEHUE HA TyLIy
HACEJICHUS YBEIINYUIIUCH,
COIIPOBOXK1ASACh YBEIINYECHUEM
YUCJICHHOCTU HACEIJICHHUS.

OnHaKo €XeroJHoe MoTpeOseHne PhIObI
Ha TyIy HaceJIEHUs HEMIPOIIOPLIMOHAIIBHO
o pernoHam 3€MHOT'0 mapa,
MIPOTHO3UPYEMBIN ypOBEHD - 21 KT Kk 2022
rojly ¢ TOCIEAYIOINM YBEIUYCHUEM
NoTpeONeHUs] B Pa3BUTHIX CTPaHax U
0oJiee 3HAYUTENBHBIM POCTOM B A3UU U
Oxeannu, HO cO ciaObIM pa3BUTHUEM B
Adpuke (O9CP / ®AO-2015). BeicTpsrii
pOCT aKBaKyJbTYphl 0€3 HaJIeKaUIEro
IUIAHUPOBAHMSI U YNPABIICHUS BBI3bIBAET

00€CIIOKOEHHOCTh 0  TOBOAY €€
YCTOMYUBOCTH.
AKBaKkyJbTypa JOJDKHAa  MPOJIOTIKATh

pacTtu, yToObl yJOBJIETBOPUTH PACTYIIUN
cpoc Ha peiOy. Ho poct He Oyaer
YCTOWYMBBIM, €CIIM ITUTAHUPOBAHHE U
yhOpaBieHre He OyAyT 3HA4YMTENIbHO
ynyuiieHbl. CymiecTByeT MOTpeOHOCTh B
MECTHOM, HaIMOHAJIHFHOM u
MEXIYHApOJAHOM  IUJIAaHUPOBAHUM U
YIOPaBICHUM ISl yuyeTa 3KOJOTHYECKHX,
COLIMAJIbHBIX, HKOHOMUYECKUX,
MEAMIMHCKUX U 3003allUTHBIX MpoOJeM.
OT0 - OCHOBa JIy4IIMX MpPaKTHUK
yIpaBJICHUS aKBAKYJIbTYPOH.

1.1.1 Production Systems

Production systems vary depending
on several factors but the basic
differences between them lie in
water use and feeding (Emerson
1999).

1.1.2 Ilpou3BoACTBEHHbIE€ CHCTEMbI

IIpoU3BOACTBEHHBIE CUCTEMBI BapbUPYIOTCS B
3aBHCHUMOCTH OT HECKOJbKHX (DaKTOpOB, HO
OCHOBHBIE pa3jIMyus MEXKIy HHMH CBS3aHBl C
UCIIOJIb30BaHUEM BOJIbI M KopmiieHreM (Emerson

1999).




1.1.1.1 Level of Intensity

The terms intensive, semi-intensive
and extensive are commonly used to
define culture methods. However,
generally linked to the level of
management input (Huntingford et
al. 2012).

Aquaculture is classified according
to the intensity of operations, in
terms of nutrient inputs, areas used
and stocking levels (Chuenpagdee
et al. 2008; WRC-Report 2010).

1.11.1 YpoBeHb HHTEHCUBHOCTH

TepMuHbI "MHTEHCUBHBIN",
"MmoayuHTEHCUBHBIN" ®  "oOmupHBIN"
OOBIYHO HCTIOJIB3YIOTCS JJI OINpEACIICHUS
METOJ0B KyJbTypbl. OTHAKO, KaK IMPaBUIIO,
9TO CBSI3AHO C YPOBHEM YIPABJICHHUS
(Huntingford et al., 2012).

AkBakynbTypa  Kiaccuduiupyercs B
COOTBETCTBUHM C MHTEHCUBHOCTBIO C TOUKHU
3peHus OTpeOJICHUS MUATATEIbHBIX

BEIIECTB, HMCIOJIb3YEMBIX 30H U YPOBHEU
samaca (Chuenpagdee et al., 2008; WRC-

Report 2010).
Local, national and | MectHoe, HallMOHAILHOE u
international ~ planning  and | MeXAyHapoaHoe IUIAHMPOBaHME U
management to cater for | Y/PaBicHHC — JUIA - YAOBICTBOPCHIA
environmental, social, | 2% OTHHECIE, COLMABHBIX,

economic, health and animal
welfare concerns. These form
the core of best management
practice as regards aquaculture.

Given the necessity to survive and
maintain livelihoods among people
who are employed in the
aquaculture sector as well as those
who are traditionally involved in
fish farming both in Asia and in
Sub-Saharan Africa, the
exploitation of aquatic resources for
aquaculture will continue. Diversity
and flexibility in income generation
as well as the assurance of food
security are two important benefits
derivable from these resources
(Edwards 2002).

HKOHOMUYECKUX, METUIIMTHCKUX MPOOIEM U
npo0JieM, CBA3aHHBIX C OJAarOCOCTOSTHUEM
YKUBOTHBIX — 3TH HAMPABIICHUS COCTABJISIOT
OCHOBY JIyYlllell MpPaKTUKWA YHPABICHUS
aKBaKyJbTYPOU.

B cunmy HeoOXoOMMOCTH  MOJAEPKKH
JIOJIEH, 3aHATBHIX B CEKTOPE aKBAKYJIbTYHI,
a Takxke oO0ecrnmedyeHuss CpeIcTB K

CYIIIECTBOBAHHUIO TE€X, KTO TPAJAUIIMOHHO
y4acTBYyeT B PbIOOBOJICTBE Kak B A3UH, TaK
u B crpaHax Adpuku K tory ot Caxapsl,
OKCIUTyaTausi BOJHBIX PECYpCOB IS
aKBaKyJIbTyphl ~ OyJeT  MPOAOKATHCS.
Pa3noobOpa3ne u rubOKOoCTh B 0O0JacTH
MTOJTYYCHHS JIOXOJIOB, a TAK)KE 00eCIIeueHue
MPOIOBOJIBCTBEHHOM 0e30macHOCTH
SIBJISTFOTCST TBYMSI BaKHBIMHU
MIPEUMYIIECTBAMH, TOJy4aeMbIMU 3a CUET
stx pecypcos (Edwards 2002).




Although aquaculture can be used as
a means of eliminating
unemployment and poverty, it will
be totally unacceptable if the
environmental impacts associated
with it are sacrificed at the altar of
poverty alleviation. Laxity in
management and mishaps are two
factors that bring about negative
effects of aquaculture on the
environment  (Nugent  2009;
Dominguez and Martin 2004).

The production of shrimps in
many parts of the world have led
to removal of mangrove
vegetation while in some areas,
inland aquaculture of marine
species poses a threat to the
fidelity of freshwater. In addition,
the use of wild fish to feed
cultured fish has become an issue
of great concern. Tacon and
Metian (2008) reported the
empirical values for fish meal and
fish oil use as against wet weight
of fish gained in growth (Fish in-
Fish out) for several species.
Carnivorous species have the
highest values in comparison with
herbivorous and omnivorous fish.
Filter feeding species such as
oysters, clam, scallops and
mussels are good nutrient
absorbers and can utilize natural
feed in water hence taking
excessive nutrient load from the
water.

HecMmoTpst Ha TO, 4YTO aKBaKyJIbTypa MOXKET
WCITOJIB30BATHCS KaK CPEICTBO JINKBUIAITUN
0e3paboTUIbl YW  HHUILETHI, OBLIO  ObI
COBEPIIICHHO HETMPUEMIIEMO CBSI3aHHBIC C
HEel IKOJIOTUIECKUE TIOCIICICTBHS
NIPUHECTH B KEPTBY Ha anTape OOpHOBI C
Humietod. CnabocTb B yHOpaBiICHUH W
HEyJa4H - 1Ba (haKTopa, KOTOPHIE IPUBOISAT
K HETaTUBHBIM TIOCTIEICTBUSIM
AKBaKyJbTYpbl IS OKPYXKAIOWIEH Cpelbl
(Nugent 2009; Dominguez and Martin
2004).

[Tpon3BOCTBO KPEBETOK BO MHOTHX YaCTAX
MHpPA MPUBEIIO K YHUYTOKEHUIO MAHTPOBOU

pacCTUTENILHOCTH, B TO BpeMs KaKk B
HEKOTOPBIX paiioHax BHYTPEHHSIS
aKBaKyJIbTypa MOPCKHUX BHJIOB
MPEACTABIACT yrpo3y [JIsl  KadecTBa

npecHoil Boabl. Kpome TOro, OosiblIyio
00ECIIOKOEHHOCTh ~ BBI3bIBAaeT Mpoliema
UCIIOJIb30BAHUSL ~ JUKOW  PBIOBI ISt
KOPMJICHHSI ~ KYJIbTUBUPYEMOW  PBIOBIL.
Takon m Mernan (2008) Ha oOCHOBE
MPOBEICHHBIX  ONBITOB  COOOUIMIM O
MOKa3aTesX NoTpeOIeHNs ppIOHON MYKHU U
PBIOBETO KUPA B CPABHEHUU C BECOM PHIOHI,
noyuyeHHou B pesyibTare pocrta (Fish in-
Fish out) m1st HeCKOMBKHMX BUAOB. XHUIIHBIC
BH/Ibl UMEIOT CaMbI€ BBICOKHE 3HAUEHUS I10
CPaBHEHHIO C TPABOSIAHBIMU U BCESIAHBIMU
peidamMu. OUIBTPYIONIE KOPMOBBIE BHUJIBI,
TaKHle KaK yCTPHUIIbI, MOJUTIOCKH, TPEOCIIKU
u MU/INH, SIBJISIFOTCS XOpOILHUMH
MOTJIOTUTENSIMU MUTATEIbHBIX BEIIECTB U

MOT'YT HUCIIOJIB30BaTh €CTECTBCHHOC
IIUTaHHUC B BOJAC, COOTBETCTBCHHO
IIpUHUMAas HU3JINIIKA IMUTAaTCIbHBIX

BEUICCTB 13 BOAHI.




Integrated Multi-trophic
Aquaculture uses waste products
from other species as input for
another ~ species hence a
combination of fed species and
non-fed species in  correct
proportions alongside species that
can synthesize food from
inorganic  sources such as
seaweeds will result in a balanced
feeding ecology bearing in mind
site specificity, carrying capacity
and food safety (Barrington et
al. 2009).

Aguaculture makes use of land,
water, wild fish and other natural
resources in order to provide the
right conditions for the cultured
organisms to grow. Aquaculture
covered about 18.8 million ha of
land worldwide as at 2012 (Waite et
al. 2014) while over 1.4 million ha
of rice fields were used for
aguaculture in China as at 2008
(FAO 2011a). Aquaculture tends to
have a land utilization advantage
over agriculture with the former
utilizing only 0.5% of land (22.5
million ha) compared to agriculture
(4.9 billion ha) in 2010 and yet
producing more tonnage of fish per
hectare (Boyd and McNevin 2014).
Aguaculture modifies the
environment, habitats, flora and
fauna, scenery, proximal or in vivo
water bodies as well as soil (Dosdat
2009).

HNHTerpupoBaHHas  MYJIbTH-TpOdHUCCKas
aKBaKyJbTypa HCIOJIB3yeT OTXOJBI W3
JIPYTUX BUBI B KAUECTBE BXOHBIX JAHHBIX
UL ApYroro  BHUAA,  CIEJOBATCIIBHO,
COUCTAaHHWE BBIKAPMIIMBACMBIX BHJIOB M
HEBBIKAPMJIUBACMBIX BHJIOB B TIPABUIIBHBIX
MIPOIIOPIMAX HApSAAY C BHUIAMH, KOTOPHIC
MOTYT CUHTE3HPOBATH TTHTITY U3
HEOPTraHWYCCKUX HCTOYHHUKOB, TaKHUX Kak
MOPCKHE  BOJOPOCIH, IPUBEAYT K
cOaTaHCUPOBAHHON KOPMOBOM SKOJIOTHH C
YY4ETOM CIeIU(HUKN y4acTKa, IMPOIMyCKHON
CIIOCOOHOCTH M 0O€30IaCHOCTH ITHIIEBBIX
npoxaykros (Barrington et al., 2009).

B akBakynbType HCHOIB3YIOTCA 3EMIIS,
BOJIa, TMKasl pblda W Apyrue MNPUPOHBIC
pecypchl, 4TOOBI 00ECIICUNTh MPaBUIIbHBIC
yCIOBUSL  JUISI  pocTa  KYJbTYPHBIX
OpraHu3MOB. AKBaKyJbTypa OXBaTUja
okoJj10 18,8 MiIH. ra 3eMJid BO BCEM MUPE MO
cocrosauio Ha 2012 rox (Waite et al.,
2014), a 6onee 1,4 MIIH. Ta PUCOBBIX MOJICH
OB MCTIOJIB30BaHBI ISl aKBaKyJIBTYPHI B
Kurae mo cocrosauio Ha 2008 rox (FAO
2011a). AkBakynbTypa, KakK TIpaBuUIIo,
UMEeT TPEUMYIIECTBO 3eMJICTIONb30BaHUS
M0 CPAaBHEHHIO C CEIbCKUM XO3SUCTBOM: B
2010 romy akBakyJIbTypa OXBaThIBaja
mums  0,5% 3emnu (22,5 muH. Ta) 1O
CPaBHEHHIO C CEJIbCKUM XO03siiicTBoM (4,9
MJpJI. Ta) W TPH OTOM TPOU3BOJIMIIA
0ol TOHHAX PBIOLI ¢ rekTapa (Boyd
and McNevin 2014). AkBakyibTypa
U3MCHSET OKPYXKAIOIIyI0 Cpeay, MeCTO
oOutanusa, ¢aopy u QayHy, MeH3axH,
MIPOKCUMAaJIbHBIC WITH BHYTPCHHHE
BOJIOEMBI, a Takke nouny (ocaar 2009).




Continual consumption of these
resources by aquaculture without a
thought about sustainability will
lead to depletion notwithstanding
the competing claims on these
resources by other sectors of
productive economy. The culture
system holds the key to ensuring
sustainability and this according to
Dalsgaard et al. (1995) can be
achieved by focusing on the system
and its ecology with a view to
minimise the use of external inputs
and to maximize the output in an
integrated system. This is basically
the core concept behind the
ecosystem approach to aquaculture
(FAO 2010) and it encompasses
social dimensions (Staples and
Funge-Smith  2009; Johnson
2007), governance (White and
Diego-McGlone 2008) and climate
change (Burrows et al. 2010).

1.1.1 Production Systems

Aquaculture production
systems can be classified using
several schemes. Production
systems vary depending on
several factors but the basic
differences between them lie in
water use and feeding
(Emerson 1999).

[ToctosinHOE MOTpebIeHNnEe ATUX PECYPCOB
aKBaKyJBTYpo 0e€3 pa3MBIIIUICHHH 00
YCTOMYMBOCTH TPHBEACT K HCTOIICHUIO,
HECMOTPS Ha KOHKYPHUPYIOITHE TPeOOBaHUS
K JOTHM pecypcaM B JPYTrUX CEKTOpax
NpOAYKTHUBHOKW  SkoHOMHKH. Cucrema
KYJIBTYPBI SIBIISICTCS KITIOYOM K
O0ECTIICUYCHNI0  YCTOWYUBOCTH, H  3TO,
cormacuo Dalsgaard et al. (1995) moxer
OBITh JOCTUTHYTO MyTEM COCPEIOTOYCHUS
BHUMAHHS Ha CHUCTEME U €€ DKOJIOTHH C

[EIbI0  MUHHUMH3AIUU  UCIOJIb30BaHUs
BHEIIHUX BXOJAOB W  MaKCUMHU3AIUU
BBIITYCKA B UHTETPUPOBAHHOM CUCTEME. DTO
OCHOBHAs  KOHIIEOIUS  3IKOCHUCTEMHOTO

noaxona K akBakyiaeType (®AO-2010),
KOTOpasi OXBaThIBACT COIMAJIBHBIC aCIICKTHI
(Staples and Funge-Smith 2009, Johnson
2007), ympasnenne (White and Diego-
McGlone 2008) u wu3smeHeHue KiIMMara
(Burrows et al. 2010).

1.1.1 IIpou3BOACTBEHHbIE CHCTEMBI

Cucremsl IIPOU3BOJCTBA
AKBaKYJIbTYPbI MOKHO
KJIaCCU(UITUPOBATH 110 HECKOJBKUM
CXEMaM. [Ipou3BOACTBEHHBIE
CHUCTEMBI BAPBUPYIOTCS B
3aBUCUMOCTH oT HECKOJIBKUX
(bakTOpoB, HO OCHOBHBIC PA3TUYUS
MEXKITY HUMU CBSI3aHBI C

BOJOIIOJIB30BAHUECM n
(Emerson 1999).

IINTaHUCM




1.1.1.1 Level of Intensity

The terms intensive, semi-intensive
and extensive are commonly used to
define culture methods. In practice,
the distinction between them is
often less than clear. They are,
however, generally linked to the
level of management input
(Huntingford et al. 2012).

Agquaculture is classified according
to the intensity of operations, in
terms of nutrient inputs, areas used
and stocking levels (Chuenpagdee
et al. 2008; WRC-Report 2010).
Today a lot of questions have been
raised as to what constitutes each of
these categories. Although
Stevenson et al. (2007) were of the
opinion that classifying aquaculture
systems based on intensity was not
easy, they maintained that the use of
important variables such as stocking
density, feeding rate and fertilizer
application rate was necessary.

The classification based on
intensity as given here makes use

of  stocking  density and
feed/fertilizer application and
management. However,

Stevenson et al. (2007) believe
that definition and measurement
Issues are necessary to classify
production based on intensity and
opined that an economic view be
applied considering the fact that

1.1.1.1 YpoBeHb HHTEHCUBHOCTH

TepMuHbI "MHTEHCUBHBIN",
"MmoayuHTEHCUBHBIN" ®  "oOmupHBIN"
OOBIYHO HCTIOJIB3YIOTCA JJI OINpEAeIICHUs
METO/I0B KyJIbTYpbl. Ha mpakTuke paznuuue
MEXy HUMH 4acTO ObIBAET MEHEE YETKUM.
OnHako OHHU, KaK MPaBHUIIO, CBSI3aHBI C
ypoBHeM ynpasienus (Huntingford et al.,
2012).

AKBakynpTypa  Kiaccupuiupyercs B
COOTBETCTBUH C WHTEHCHUBHOCTHIO
omepanuii ¢ TOYKH 3pEHUS TOTPEOJICHUS
MUTATEIBHBIX BEIICCTB, UCIIOIh3YEMBIX 30H
u ypoBHe#i 3amaca (Chuenpagdee et al.,
2008; WRC-Report 2010). Ceroaus
MOJHITO MHOTO BOMPOCOB OTHOCHUTEIHHO
TOTO, YTO COCTAaBJSIET KXKIYI0 W3 JTHUX
kateropuii. Xots Stevenson et al. (2007)
MIPUICPKUBAITUCH MHEHUS, 4TO
KJIaccu(UKaIuys CUCTEM aKBaKyJIbTYphl Ha
OCHOBE MHTCHCHBHOCTH ObljIa HEIPOCTOM,
OHM  YTBEpXAAJIM, YTO HEOOXOIUMO
HCITOJIB30BaTh BYKHBIC IEPEMCHHBIEC, TAKUE
KaK IJIOTHOCTB 3aCBINKH, CKOPOCTh T0/IaY1
Y HOpMa BHECEHUS yI00pEHUM.

Kiaccuduxkanus, OCHOBaHHAas Ha
WHTCHCUBHOCTH, IIPUBEICHHOM  37€Ch,
UCIIOJB3YeT  IUIOTHOCTh  TOCAAKA U

IpUMEHEHHE KOPMOB U ymOOpeHudl u
ynpasiaenue. Opmako Stevenson et al.
(2007) CUHTAIOT, 4TO BOITPOCHI
ONPEAEICHUS U H3MEPEHUS HEOOXOIUMBI
s Kiaaccu(HMKaUyd TPOM3BOJACTBA HA
OCHOBE HMHTEHCHBHOCTH M IIOJIAraroT, 4YTO
YKOHOMMYCCKUH HOaAXO0[, JIOJKEH
OPUMEHATBCS C YYETOM TOro (akTa, 4To B
IIPOM3BOJICTBE aKBaKyJIbTYPBI
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aquaculture
variable inputs (fry, feeds,
fertilizer) in relation to land
which is fixed. Shang (1981),
WRC-Report  (2010) and
Chuenpagdee et al. (2008) have
given classifications based on the
use of inputs as adapted above.
However, as with economic
measures of partial productivity,
the inputs can be substituted for
one another to some extent so that
measuring one input cannot be
totally satisfactory. With a
multivariate approach to
classification we can look at the
particular sets of combinations of
inputs that currently define
production practices (Stevenson
et al. 2007).

production  uses

Sustainable Aquafeed
Abstract

The global aquafeed production is
expected to grow by 33% to 101.3
million tonnes by 2025 from the
current (2015) estimate of 73
million tonnes, closely aligning with
the targeted world aquaculture
production of 101.8 million tonnes.
Aguafeed industry mostly depends
on the fish meal and fish oil from
capture fisheries to supplement the
essential nutrients for optimum
growth performance in aquaculture.

UCITOJIB3YIOTCSL TIEPEMEHHBIC  BBOJIUMBIE
pecypchl (MallbKu, KOpMa, YJI00peHus) 1Mo
OTHOIICHUIO K 3eMJIe, KOTOpasi SBIISICTCS
¢ukcupopannoit. Ilanr (1981), WRC-
Report (2010) u Chuenpagdee et al.
(2008) manum xaaccu(puKaIlii, OCHOBAaHHBIC
Ha KCMOJB30BaHUM BBOJUMBIX PECYPCOB,
KaK 3To ObLIO onucaHo Beimie. OIHaKo, KaK
U B CIydyae dKOHOMHMYECKHX ToKazarenein
JaCTUIHOU IPOU3BOUTEILHOCTH,
BBOJIMMEBIE PECYPCHI MOTYT OBITh 3aMECHEHBI
JIPYT JIPYrOM JI0 HEKOTOPOW CTEMEHH, TaK
YTO H3MEPEHHUE OJTHOTO BBOAUMOTO pecypca
HE MOXKET OBITH MTOJTHOCTBIO
YIOBICTBOPUTENbHBIM. [Ip MHOTOMEpHOM
MOAX0/A€ K KIacCU(PUKAUA MBI MOXKEM
paccMOTpeTh KOHKPETHBIE HaOOPBI
KOMOUWHAIIUN UCXOJHBIX JaHHBIX, KOTOPHIC
B HACTOsIIEE  BpeMs  OMNPEICISIOT
NIPOM3BOJICTBEHHYIO MpakTuKy (Stevenson
et al., 2007).

CradnanHoe
AKBaKOPMOB
AHHOTAIIUA

HCIIO0JIB30BaAHHUC

Oxupaercs, 4To IJI0OATBHOE MPOU3BOJICTBO
akBakopMoOB BbIpacTeT Ha 33% o 101,3 muH.
TOHH K 2025 roy o CpaBHEHUIO C HbIHEIIIHEN
(2015 ron) ouenkoit B 73 MIIH. TOHH, YTO
IPUMEPHO COOTBETCTBYET IIEJIIM MHPOBOIO
IIPOM3BOJCTBA aKBaKyJbTypel B 101,8 miH.
TOHH. [TpoMbIiieHHOE IIPOU3BOJICTBO
aKBAaKOPMOB B OCHOBHOM 3aBHUCUT OT PHIOHOM
MYKH U PBIOBEro Kupa, TMOIYy4aeMbIX OT
IPOMBICIIOBOTO PHIOOJIOBCTBA B IONOJHEHHUE K
OCHOBHBIM IHUTaTEJIbHBIM BELIECTBAM IS
JOCTWXKEHHUSI  ONTHUMAJIbHBIX  TOKazaresei
pocTa B aKBaKyJIbType.
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There has been an increasing trend
to incorporate ingredients such as
protein meals of plant and animal
origin in aquafeeds as a
consequence of the limited
availability, fluctuating price and
the growing concerns on the
sustainability of fish meal and fish
oil. The algal meal has been
successfully incorporated in shrimp
diets resulting in  growth
comparable to fishmeal suggesting
potential replacement of fish meal
even in shrimp larval feeds.

The replacement of fish oil by 40—
100% wusing various plant-based
sources such as the marine
microalgae, Schizochytrium in the
diets of salmon, channel catfish,
grouper and tilapia among others
have also been reported. These
results suggest the potential for the
formulation of an aquafeed that is
completely devoid of fishmeal and
fish oil. However, one of the major
concerns about the concept of
‘vegetarian fish’ is related to its taste
and nutritional quality, particularly
in the content of polyunsaturated
fatty acids (PUFA).

To sustain the desirable health
benefits from fish intake in humans,
reduced nutritional quality of
farmed fish would demand higher
dietary inclusion compared to the
currently recommended levels.

pocCTa B aKkBakyJbType. B HacTosiee Bpems
HaOIIOMAeTCsl TCHICHIIUSA K BKJIFOYCHHUIO B
aKBaKOpMa TaKUX HWHIPEAUEHTOB, Kak
OEJIKOBBIE COCTAaBIISIONINE PACTUTEIHLHOTO
U JKHUBOTHOTO  MPOUCXOXKACHUSA.  3TO
MIPOUCXOIAT n3-3a OTpaHUYEHHOMN
JIOCTYITHOCTH, KOJIeOaHUs 1IeH U PacTyIIUX
OMACeHH MO KayecTBY PBHIOHONM MyKHU H
pbIObero xupa. Myka u3 Bogopocieit Obuia
YCIEUIHO BKJIIOYEHA B PAlMOH KPEBETOK,
YTO TMPUBEIIO K POCTY, COMOCTABUMOMY C
pe3yabTaTaMu MPUMEHEHUS PBHIOHOM
MYKH, YTO MpEJIoiaraeT noTeHIHaIbHYIO
BO3MOXXHOCTh 3aMEHbI PHIOHON MYKH JIaXkKe
B JIMYMHOYHBIX KOPMAX KPEBETOK.

3amena peiObero xupa Ha 40-100% c
UCITOJIb30BAaHUEM Pa3IMUHbBIX
PACTUTENIbHBIX HMCTOYHUKOB, TaKUX, Kak
MOPCKHE MUKPOBOJOPOCIIH,
Schizochytrium B  pammone  Jjococs,
KaHaJIbHOTO COMa, MOPCKOTO OKYyHSI |
TUJIAMAKA. DTU PE3yJbTaThl YKa3bIBalOT HA
BO3MOXKHOCTh ~ pa3pabOTKM  aKBaKopMa,
KOTOPBIN TOJTHOCTBIO JIMIIIEH PHIOHON MYKHU
u  peiObero kmpa. OpHako ojHA W3
OCHOBHBIX  TpOOJIEM,  CBSI3AHHBIX  C
KOHLIETILIUEH «BET€TapUaHCKOH  PBIOBDY,
CBSI3aHA C €€ BKYCOM H TIUTATEIbHOMU
IIEHHOCTH, OCOOEHHO B  OTHOIICHHUU
COJICpKaHMS TOJHUHACHIIEHHBIX JKUPHBIX
kucioT (ITHXK).

g moaepkaHusl KeJIaTeIbHOM MOJIb3bl IS
3I0POBBSl OT TOTPEOJEHUs PHIOBI y JIOJCH,
MO//ICPKAHUS KaueCcTBa MUTaHUs PepMEPCKUX
pBIO moTpedyer Oosiee BHICOKOM TUETHYSCKOM
HWHTETpalu o CpPaBHEHUIO v
PEKOMEHIYEMBIMH B  HACTOSIICE  BpeMs
ypOBHSMU. BBIJIO TIPeasioxKeHO HCIOJIb30BAThH
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Genetically modified (GM) yeast,
camelina, and metabolically
engineered diatoms have been
suggested to potentially replace fish
oil in aquafeeds for improving the
PUFA content in vegetarian fish.
However, the ethical, environmental
and economic costs of the use of
GM organisms as an ingredient in
aquafeed need to be evaluated for
their recognition as a sustainable
alternative in aquafeed.

4.1 Introduction

World population is expected to
reach 9.7 billion by 2050. Out of
the current population of 7.3
billion, 780 million people are
estimated to be undernourished in
2015 (SOFIA 2016). A major
responsibility is vested with
agriculture sector to feed such a
huge population and ensure food
and nutritional security in a
sustainable way, which is a big
challenge. Some of the major
constraints  for  sustainable
development of agriculture sector
are climate change, global
warming, scarcity of land and
water, outbreaks, lowering oil
price, regional conflicts, and
instabilities and slow growth rate
in global economy.

reHetuyecku  moaupunupoanusie  (I'M)
JIPOAOKH, KaMEITUHY U METa0OoJIM3UpPOBAHHBIC
JTIMaTOMOBBIE BOJOPOCIH ISl TOTEHIIUATIBLHOTO
3aMEIIeHUs] PIOBEro Kupa B aKBapuymax s
YIIy4IlICHUS COAEPKAHUS ITHXK B
BererapuaHckoi peibe. Tem He MeHee,
ATUYECKUE, IKOJIOTHUECKUE U SKOHOMUUYECKHUE
U3JIEPIKKH UCIIOJIb30BAHMUS
TeHHOMOJAU(DHUIIMPOBAHHBIX ~ OPTaHU3MOB B
KaueCcTBE MHTPEIMECHTA B AKBAKOPMAaX JTOJKHbI
TIIATEIBHO MPOCYUTHIBATHCS JJIsl IPUHATHUS UX
B KaUeCTBE aIbTEPHATUBHI B aKBAKYJIbTYpE.

4.1 BBenenue

Oxwupaerca, uyrto Kk 2050 ronmy
YHCJIICHHOCTh HACCJICHUS MHpa
JOCTUTHET 9,7 MWIIMap/ia YeJIOBEK.
CornacHo ouenkam, B 2015 roay u3 7,3
MUJUIHapaa 4ejioBek 780 MMIUIMOHOB
yenoBek Oyayr Hemoedath (SOFIA
2016). CenbCKOXO3AUCTBEHHBIA CEKTOP
HECET OCHOBHYIO OTBETCTBEHHOCTH 3a
oOecrnieueHue MU TaHMS TaKOTr'o
OTPOMHOT'O HaceJICHUS M obOecredcHue
MPOJIOBOJILCTBEHHOMU U MMUAIIIEBON
0€30MacHOCTH Ha yCTOWYMBOW OCHOBE,
9TO SBISETCS OOJBIION MPOOIEMOI.

Hexoropeimu u3 OCHOBHBIX
KOHCTUTYLIUH TS YCTOWYUBOTO
pa3BUTHUS CEJILCKOXO03SIMCTBEHHOTO

CEKTOpa SABJISIOTCS M3MEHEHUE KIIMMaTa,
rI00aIbHOE  TIOTEIUVICHWE, HEXBaTKa
3€MJIM ¥ BOJIbI, BCIIBIIIIKH, CHIPKEHUE TICH
Ha He(pTh, peTHOHANTBHBIC KOH(MIUKTHI, a
Takke HECTAOMIIBHOCTh M MEJJICHHBIE
TEMITBl POCTAa B MEPOBO SKOHOMHKE.
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Several strategies have been
discussed for ending poverty and
hunger, an ambitious target to be
achieved by 2030 according to the
Sustainable Development Goals set
at the United Nations Sustainable
Development  Summit, 2015
(SOFIA 2016; UN 2015).

Proteins of animal origin in the diet
help to alleviate malnutrition as they
contain essential nutrients like
vitamins, x-3 fatty acids and
minerals. In the next decade a
‘nutrition transition’ is predicted in
developing countries from a calorie
rich cereal diet to protein rich meat
diet including beef, poultry, pig,
sheep and fish, mostly driven by the
increased rate of growth in per
capita income there. This paradigm
shift in consumption pattern would
lead to an increased demand for
meat products. Population growth
and  strengthening  developed
economies will also lead to a higher
demand for meat products
(OECD/FAO 2016).

4.2 Trends in Global Animal
Meat Production

World beef production is expected
to register a better average annual
growth of 1.38% in the next decade
(2015-2025) compared to the
previous decade’s growth rate of

bein  oOCyxkaeH psim cTpaTeTWid 110
HCKOPEHEHHUIO HHUINEThI M TOJIOJA, YTO
SBJISICTCSI aMOMITMO3HOW TICNIbIO, KOTOpas
nokHa ObITh JocturHyTta K 2030 roay B
COOTBETCTBHHM C ILIeIMH B 00JacTu
YCTOWUYHUBOTO PA3BUTHS, YCTAaHOBJICHHBIMU
Ha Cammute Opranuzanuu O0beTMHEHHBIX
Hanwuii mo ycroiiumBomy pasButuio 2015
roga (CO®HA 2016; OOH 2015).

benku KHUBOTHOrO NPOUCXOKIACHUS B
palMoHe TOMOTalT OOJerdyuTh IMHUTaHHUE,
TaK Kak OHHU COJIep>KaT HEOoOXOIUMBbIe
MATATEIbHBIC  BEHIECTBA, TaKUE  Kak
BUTAMUHBI, X-3 JKUPHBIE KHUCJIOTHI U
MHHEpasbl. B crenyronmeM aecaTuineTud B
Pa3BUBAIOLIMXCA CTPAHAX IPOTHO3ZUPYETCS
«MEPEXOOHBI  MEPUOJ  MUTAHHS»  OT
KaJIOpUMHON 3€pHOBOI JHUETHI K OoraToii
OeJIKOM MSICHOM JTheTe, BKJII0Yasi TOBS/IMHY,
NTUILy, CBUHBIO, OBEIl W pPHIOy, 4YTO B
OCHOBHOM  OOYCIIOBJIEHO  YCKOPEHHEM
TEMIIOB  pOCTa  JOXOJOB HA  JylIy
HAceJIeHUs. JTO U3MEHECHHUE MapaJurMbl B
CTPYKType TOTpeOJieHUs] TPUBEIET K
YBEJIIMYEHHUIO CIIPOCA HA MSICHBIE TPOTYKTHI.
Poct Hacenenus u ykperieHue pa3BUTHIX
SKOHOMHUK TaKK€ MPUBEIYT K POCTY CIIpOca
Ha wMscHeie npoayktel (OECD / FAO
2016).

4.2 TenaeHUN MHPOBOI0
NMPOM3BOJACTBA MSICA KMBOTHBIX

Oxnpaercs, 4TOo B CJIEIYIOILLIEM
necatwietnn (2015-2025 rr.) MupoBoe
MIPOU3BOJICTBO TOBSIAUHBI OylIeT HUMETh
0oJiee BBICOKHMI CPEIHEr0JIOBOM POCT Ha
1,38% 1no cpaBHEHUIO C TeMIaMU pOCTa B
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0.82%  (2005-2015).  Similar
upward trend is expected in the
sheep meat production as well
(1.44-1.98%). However, average
growth rate in all other meat
production sectors including pig
(1.74-1.07%), poultry  (3.19-
1.51%) and fish (2.24-1.4%) will
slow in the next decade. In general,
overall meat production is projected
to grow by 16% between 2013-
2015 base period and 2025
(OECD\FAO2016).

However, it is expected that the
production of sheep meat followed
by poultry and fish will grow at
23.35, 19.02 and 17.39%,
respectively during the same period.
The sluggish growth in global meat
production can be correlated with
the falling price of meat products.
Since the record hike in price of
meat products observed in 2014, it
Is expected that that price will come
down and stabilize around 2018-
20109.

Thereafter the price will again start
to rise albeit in a slow pace. Beef,
poultry and fish prices are projected
to show negative average annual
growth rates (—1.47, —0.42 and
—0.03, respectively) in the next
decade (2015-2025) compared to
the 2005-2015 period. This
softening of price, particularly
because of strengthening of the
dollar, ElI Nifio effect, and slow

NPEABIAYIIEM JIECATHICTUM Ha YPOBHE

0,82% (20052015 rr.). Amnanoru4Has
TEHJICHIIUST K POCTY OXHUIAeTCI U B
MPOM3BOJICTBE OBeubero Mmsca (1,44—
1,98%). OnHako B CIIEIYIOILIEM

JNECATUICTHN CPEIHUE TEMIIBI POCTa BO
BCEX JIPYTHUX CEKTOpax IMPOU3BOJICTBA MsCa,
BKiItouas ceuHel (1,74—1,07%), nomamrxei
ntuibl (3,19-1,51%) u peiosr (2,24-1,4%),
3amMeuIATCa. B 1emoMm, IO IporHo3am,
oOImee MIPOM3BOJCTBO MsCAa BBIPACTET Ha
16% B mepuom MexIy 0a30BBIM IEPHOIOM
2013-2015 romos u 2025 romom (OECD \
FAO2016).

Tem He  MeHee, OXHIACTCSA,  UTO
MIPOM3BOJICTBO OBEUHLEIO0 MsICa, a 3aTeM
IITULIBI U PBIOBI BBIpacTeT Ha 23,35, 19,02 u
17,39%, COOTBETCTBEHHO, 3a TOT K€
IIEPUO. Bsieii poct MHPOBOIO
IIPOM3BOJICTBA MsICAa MOXKET OBITH CBSI3aH C
MaJicHUEeM 1I€H Ha MSCHBIE TMPOJIYKTHI.
[lockonbky B 2014 romy naOmronancs
PEKOpPJHBI  pOCT 1EH Ha  MSCHbIC
MPOAYKTBI, OXMJIAETCS, YTO JTa IIeHa
CHUBUTCA M CTaOMIM3UPYETCS B MEPUO]T
2018-2019 romos.

[locne 3TOrO 1HEHa CHOBA HAYHET PAaCTH,
XOTs U MeJICHHBIMU TEMITaMHU.
[Ipornosupyercsi, 4TO LIEHbl HAa TOBSIUHY,
nTUly U pei0y OyAyT AEMOHCTPUPOBATH
OTpULIATEIbHBIE CPEAHETOAOBBIE TEMIIbI

pocTa (-1,47, -0,42 51 -0,03
COOTBETCTBEHHO) B cieayroneM
necarwiernn  (2015-2025  rr.) Ilo

cpaBHeHuto ¢ iepuoaom 2005-2015 rr. Ito
CMSITYECHHME II€H, OCOOEHHO B CBSI3H C
YKpeIuieHueM josuiapa, 3¢GGhekToMm Oiib-
Hunbo u 3ameyieHHEM pa3BUBAOIINXCS
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down of emerging markets will
positively affect the per capita
consumption of meat products in the
coming years (OECD/FAO 2016).
Further lowering of price expected
for meat products in the next decade
may be due to a lower demand for
meat products that can be attributed
to economic difficulties in Russia,
Brazil, China and Japan. However,
strengthening USA and European
economies will have a positive
impact on the demand for meat
products (OECD/FAOQO 2016).

PBIHKOB, ITOJOKHTEIIBHO CKaXXETCs Ha
MOTPEOJICHHH MSCHBIX IIPOJIYKTOB Ha AYIITY
HacejaeHus B Ommkaiimme roasl (OECD /
FAO 2016). JlanpHeiilnee CHIKEHUE 1IEHBI
Ha MJSCHBICE TIPOAYKTBI B CIEAYIOIIEM
JECATHIIETHH MOKET OBITh CBSA3aHO C OoJiee
HU3KUM CIIPOCOM Ha MSCHBIC TPOJYKTHI,
YTO MOXKHO OOBSICHUTh IKOHOMHUYECKUMU
TpyaHoctsimMu B Poccuu, bpaszunuu, Kurtae
n Snonun. Tem He MeHee, YKpEIJICHHE
skoHomukn CIIIA wu EBpombl oOkaxer

MOJOXKUTENPHOE BIMSHHE HA CIPOC Ha
msicHble poykTel (OECD / FAO 2016).

4.3 Health Benefits of Fish

The human consumption of meat
products in the next decade will be
influenced by their price, the
potential health benefits and risks as
well as their perceived
sustainability.

The primary benefit of consuming
meat lies in its nutritional
composition.

Animal meat continues to be the
best source of dietary protein, fats,
cholesterol, vitamins and minerals.
However, there is still widespread
discussion on the actual health
benefits of many meat products.
Several recent studies have shown
a positive association between the
consumption of red meat or
processed meat and chronic diseases
such as cancer, heart diseases and
diabetes (De Smet and Vossen
2016; Kushi et al. 2006).

4.3 IToaib3a 1u1sl 310POBbA PbIOBI

[Torpebiienue YEJI0BEKOM MSICHBIX
MPOAYKTOB B CIEAYIOLIEM JECATUICTUU
Oyaer  3aBHCEThb OT WX  LEHHI,
IMOTCHIMAJIBHBIE BBITOABI JJIS1 3I0POBbS U
PUCKH, a TaKXke UX M[pearnoiaracMas
YCTOWYHUBOCTb.

OCHOBHOE TMPEUMYIIECTBO TMOTPEOJICHUS
MsCa 3aKJI0YaeTcsd B €ro MNHUTATeIbHOM
COCTaBe.

JKuBoTHOE MSCO TIPOAOIKACT OCTABATHCS
JYYITUM HCTOYHHKOM JTUCTHYECKOro OeliKa,
JKHUPOB, XOJIECTEPHH, BATAMHUHBI 1 MUHEPAJIbI.
Tem He MeHee, MO-TIPSKHEMY IIIHPOKO
obcyxnmaercs (akThdeckas I0onb3a IS
3I0POBbSI MHOTHX MSCHBIX TIPOIYKTOB.
Heckonbko HEIaBHUX UCCIICIOBAaHUI
MOKA3aJId  IMOJIOXKUTEIbHAS CBS3b MEKIY
MoTpeOJICHHEM  KpacHOTO  Msca WM
nepepaboTaHHOTO Msica W XPOHHYECKHE
3a0071eBaHMA, TaKWe KaKk pak, OOJIe3HU
cepana u quadet (Jle Cmert u Boccen 2016;
Ky u coast. 2006).
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In this context, fish is regarded as
one of the most beneficial and safe
animal meat products for human
consumption.

The health benefits of fish are many.
Fish is well known for its balanced
composition of essential amino
acids. Fish is a good source of
vitamins especially vitamin D, A
and B. Fish provides minerals such
as calcium, iodine, zinc, iron and
selenium. It is suggested that fish
rich in x-3 fatty acids may reduce
the chances of cardiovascular
diseases (Kushi et al. 2006).

Studies conducted in animals
indicate that fish oil suppresses the
incidences of cancer (Kushi et al.
2006). Fish oil also helps in
controlling obesity in human beings.
(Wong et al. 2013). These positive
health attributes are expected to lead
to a surge in fish consumption in the
next decade and place fish at an

B 3TOM KOHTEKCTE phIOa CYUTACTCS OJTHHUM
A3 CcaMbIX IIOJIE3HBIE U Oe€30macHbIE
IIPOAYKTHI dKUBOTHOTO ITPOUCXOXKACHHUS JIJIS
OTPEOJICHHUS YETIOBEKOM.

[lons3a nnst 370poBbst pbIOBI MHOTO. PhiOa
XOpOIIO M3BECTHA CBOMM COallaHCUPOBAHHBIM
COCTaBOM HE3aMEHUMBIX aMHHOKHCIIOT. Ppiba
SBIIIETCA XOPOIIUM HCTOYHUKOM BUTaMHUHOB,
ocobenno ButamumHoB D, A u B. Priba
o0OecrieunBaeT MUHEpajlaMu, TaKUMH Kak
KalbLIMM, #WOJ, IMHK, >KEJIe30 U CeJICH.
[Ipenmomaraercsi, 4to peida, Ooratas Xx-3
KUPHBIMH ~ KUCJIOTAMH, MOXET  CHHU3HTH
BEPOSITHOCTh CEPJIEYHO-COCYTUCTHIC
3aboseBanms (Kushi et al. 2006).

Hccnenosanus, MIPOBE/ICHHBIEC Ha
JKUBOTHBIX, ITOKA3bIBAIOT, UYTO PHIOHH KHP
noaaBisgeT 3aboneBaemocts pakoM (Kushi
et al. 2006). Pr10uii sxup Tak)Ke IOMOTacT B
ooprOe ¢ oxupennem y mozaeii. (Wong et
al. 2013). Otn TIOJIOKUTEITbHBIE
Oxupaercs, 4TO XapaKTEPUCTHKU
3JIOPOBBS TIPUBEAYT K POCTY MOTPEOICHMUS
PBIOBI B CIICYFOIIEM JICCATHIICTHE U CTABUM

advantage, encouraging a | peIOy B BBITOTHOE TIOJIO’KEHHE,
substantial ~ shift in  consumer | croco6erByst CymECTBEHHOMY H3MEHEHHIO
preference towards fish over the | porpeGurens npeamourenne poibe mepen
relatively  inexpensive  poultry | graocurensno Hemoporummm mpomykramu
products. U3 TITUIBI

4.4 Paradigm Shift in| 4.4 Cmena mnapagurMbl B CeKTOpe

Aquaculture Feed Sector

Boundless opportunities exist for
the seafood sector as the world
draws itself into a ‘global village’
with rapid urbanization, and the
emergence of middle class

KOPMJICHHSI AKBAKYJIbTYPbI

be3rpaHnyHbIC BO3MOKHOCTH CYIICCTBYIOT
JUISL CeKTOpa MOPENPOAYKTOB, MOCKOJIBKY
MHp BOBJIeKaeTcs B «I mobanbHast JSPEBHS
c ObIcTpoi ypOaHHM3alHMel W TOSBICHHEM
HACEJICHHs CPEHEro Kjacca KaKk OCHOBHOM
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population as major consumer
segment in many parts of the world.
Capture fisheries production has
been stagnated at around 90 million
tonnes since the 1990s.

However, the total fisheries sector
(capture and aquaculture) has been
growing at 3.2% since 1961 and has
outpaced the global population
growth with per capita consumption
of fishery products reaching 20 kg in
2015 (SOFIA 2016).

This remarkable growth has been
achieved primarily through the
contribution of aquaculture, one of
the fastest growing food production
sectors in the world. In the last decade
(2006-2015), aquaculture has grown
at an average annual rate of 5.53%
but it is expected to slow to around
3% in the next decade. It is estimated
that aquaculture has to grow by 33%
in terms of production volume from
75.9 million tonnes (OECD/FAO
2016) in the next ten years to meet the
projected additional output of nearly
25 million tonnes to reach a total
production of 101 million tonnes by
2025.

However, key challenges that arise
in the context of a sustainable
annual growth rate of aquaculture
include:

 The fishmeal challenge: how
sustainable is to catch wild fish to
feed the farmed fish?

MOTPEOUTEICKANM CETMEHT BO MHOTHUX
gacTsax wmupa. PwidomoBctBo C  1990-x
roJIOB 00bEM  MPOU3BOJCTBA  3aCTOS
COCTaBUJI 0KOJI0 90 MIJITHOHOB TOHH.

Tem HE MeHee, oo CEKTOp
pBHIOOJIOBCTBA (ppI00JIOBCTBO u
aKBaKyJbTypa) ObUT BbIpoc Ha 3,2% c 1961
roJia ¥ ONePEarJI MUPOBOU POCT HACETICHUS
Cc noTpeOsieHHe phIOHOW MNPOIYKIHMH Ha

nyury Hacenenus B 2015 roay nocturio 20
xr (SOFIA 2016).

DTOT 3aMeuaTeNbHbIA POCT ObUT JOCTUTHYT
npexzae  Bcero  Omarojgaps — BKJIAay
aKBaKyJbTypa, OJUH u3 CaMbIX
OBICTPOPACTYIINX CEKTOPOB IPOU3BOJICTBA
MPOAYKTOB MUTaHUsI B mupe. B mocnennee
necsatuiete (2006-2015) akBakysibTypa
pocia B cpeaHem Ha 5,53% B rom, HO
0KMJACTCs, YTO OH 3amemIuTcsa 10 3% B
cieayomiem aecatwietud. Ilo oreHkam
aKBaKyJIbTypa JOJKHA BbIpacTu Ha 33% mo
00BeMy IpOU3BOJACTBA C 75,9 MuH. TOHH
(O3CP/ DAO 2016) B OmKaime 1ecaTh
JIET 17151 YJIOBJIETBOPEHUSI MPOTHO3UPYEMBIX
JIOTIOJTHUTEJIBHBIX MPOU3BOJICTBO MOYTH 25
MUJUTMOHOB TOHH, YTOOBI JIOCTUTHYTh
obmiero nmpousBoacTBa 101 MumIMOHa TOHH
K 2025 rony.

Tem He MEHee, OCHOBHBIC TIPOOJIEMBI,
BO3HHKAIONINE B KOHTEKCTE YCTONYHBOTO
exerogHoro pocra Kypc akBakyiabTypsl
BKJIIOYAET B ce0s:

* IIpoOnema pbIOHON MYKH: HACKOJIBKO
YCTOWYMBBIM SIBJIICTCS BBIJIOB JUKOHN PHIOBI
JUTSL KOpMJTEHUs pbhi0a’?
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« How to address the issue of
carnivorous fish that are produced at
a higher environmental and
economic cost compared to the
herbivores?

* How sustainable is the transition
from fish meal to plant based
ingredients in aquafeed?

« How to ensure and maintain
nutritional superiority of aquafeeds
with plant based ingredients in place
of fish meal?

» How biotechnology can be applied
to ensure sustainability of the
aquafeed industry?

One of the major segments of the
aquaculture production system is
supplementary feed, which accounts
for over 60% of the total cost of
production.

Supplementary feeds provide the
required macronutrients (protein and
lipids) while relying on natural foods
from the culture system (usually
ponds) to  supply  expensive
micronutrients (vitamins and
minerals). Availability of good quality
of feed at adequate volumes is essential
to achieve the targeted aquaculture
production.

Over the past few decades the
aquafeed industry has transformed
from the traditional feeding using
trash fish and rice bran/oil cake
mixture to the high quality
compounded pelleted feeds. Current
level of feed technology addresses

« Kak pemmth mpoOjemMy XHWIIHBIX PBIO,
KOTOPBIE TTPOU3BOAATCS Ha 00JIee BHICOKOM
YPOBHE HKOJOTMYECKHUE U SKOHOMHYECKHUE
3aTpaThl [0 CPABHEHUIO C TPABOSIHBIMU?

» HackosibKO yCTOWYUB IIEpeXo/]1 OT phIOHOM
MYKH K PACTUTEIbHBIM HWHIPEIUECHTaM B
JUISl AKBAKYJIbTYpPbI?

« Kak oOecreunts # MNOJAEPKUBATDH
MIATATEJIBHOE MPEBOCXOACTBO aKBaKOPMOB
C pacTeHHEM Ha OCHOBE HWHIPEAUEHTOB
BMECTO PBIOHOMN MyKHU?

» Kak OMOTEXHOJIOTHSI MOKET HPUMEHSATHCS
TUISt obecrnieueHust YCTOMYMBOCTHU
AKBAKOPMJICHUSI IPOMBIIIIIIEHHOCTH?

OMHUM W3 OCHOBHBIX CETMEHTOB CHCTEMBI
MIPOM3BOJICTBA TMPOIYKITUH aKBaKyJIbTYpHhI
SBIIIETCSL  JTOTIOJTHUTEIBHBIA KOpMa, Ha
KoTopble npuxonutcs 6onee 60% oOuiei
CTOUMOCTH PO TYKITHH.

JlononHuTenbHbIE ~ KOpMa  00ECIEeYMBAIOT
HEOOXO/IMMbIE MakpodJieMeHThl (0elmok u
JUMUIBI), B TO BpeMsl KaK IOjaraTthCs Ha
HATypajdbHBIE  TPOAYKTHI M3  CHUCTEMBI
KyJIbTYpbl (OOBIYHO MPYJIbI) Uil 0OecTeueHus
JIOPOTHE  MHKPODJIEMEHTHl  (BUTaMUHBI U
MuHepanbl). Hamuume xopoinero kadecTBa
KopMm B mocrarounsix 00beMax nMeeT BaXKHOE
3HaYeHWe i1 JOCTH)KCHHS  LIEJIEBOTO
IPOM3BO/ICTBA aKBAKYJIBTYPHI.

3a mocnenHUWE HECKONbKO JeCATUICTUN
UHIYCTPUS aKBaKyJIbTyphl PEBpaTHIIACh U3
TPaJAULIMOHHOE KOpMJICHHE C
UCTIOJIb30BaHUEM BBICOKOKAYECTBEHHOM
CMECH PHIOHBIX U PUCOBBIX OTpYyOeH / sKMbIXa
KOMIUJIEKCHBIE ~ T'paHyJMpPOBAaHHBIE KOpMa
(poto 43 wu 4.4). Texkymmii ypoBEHb
KOPMOBOM  TEXHOJIOTMM  YJIOBJIETBOPSIET
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the nutritional requirement for
farmed aquatic animals to the level
of individual amino acids, vitamins
and mineral requirements (complete
feeds).

In view of the aquafeed production
over the previous decade (2006—
2015) that has recorded an average
annual growth rate of 5.9% and its
projected growth rate of 3.3% in the
next decade (2016-2025), the total
feed requirement in 2025 for
aquaculture sector is estimated to be
101 million tonnes.

MOTPEOHOCTH B MATAaHUU
CEIIbCKOXO3SMCTBEHHBIX  JKMBOTHBIX  JIO
YPOBHSI HMHAUBHAyaJIbHBIC MOTPEOHOCTH B
aMUHOKHCJIOTaX, BUTAaMHHAX W MUHEpajiax
(TIOJTHOLIEHHBIE KOpMA).

C ydeToM MPOM3BOJICTBA aKBAKOPMOB 3a
npeasiaymiee aecarwierne  (2006-2015
IT.), B KOTOpOM CpemHerogoBbie TEMITbI
pocTa cocTtaBuiv 5,9%, a IpOrHO3UpYyEMbIE
Temnbsl pocta - 3,3% B cregyroueM
necarwietnn  (2016-2025 rr.), OOmas
noTpedbHoCcTh B KopMax B 2025 r. 3a cekTop
aKBaKyJbTyphl ~ omneHuBaercss B 101
MMJIJIMOH TOHH.

4.5 Feed Ingredients—The Fish
Meal and Fish Oil Dilemma

One of the major constraints for
aquafeed production is the limited
availability of feed ingredients and
their booming prices. The inclusion
of fish meal and fish oil in aquafeeds
and their positive impact on the
composition of the final product are
primarily responsible for the health
benefits of aquaculture products
compared to other meat products
(Henriques et al. 2014). Rational
use of fish meal and fish oil plays a
major role in maintaining efficient
feed conversion ratios (FCR) and
optimum growth in aquatic
organisms.

Fishmeal is prepared by cooking,
pressing, drying and milling of low-
value marine fishes, particularly the
small pelagic fish that are not
suitable for human consumption,

4.5. KopMoBbIe HHTPeINEHTHI - PbIOHAS
MYKA U PbIOMH KHP AUJIeMMAa

OmHUM W3 OCHOBHBIX TMPENSTCTBUM IS
MIPOU3BOJICTBA aKBaKOPMOB SIBJISICTCSI
OTpaHUYCHHAs]  JOCTYMHOCTh  KOPMOBBIX
MHTPEUCHTOB U MX OBICTPO PACTYIIUE IICHBI.
Bxutouenue ppiOHOM MYKH U PBIOBETO KHUpa
B BOJHBICE KOpPMa W HX TMOJOXKUTEIHHOE
BJIMSIHME HA COCTaB KOHEYHOTO MPOIYKTa B
NEPBYI0 Ouepelb OTBEUAET 3a MOJb3Y I
3I0pPOBbsl TPOJYKIIMKA aKBaKyJIbTyphl TIO
CPaBHEHUIO C  JAPYyTUMH  MSCHBIMHU
npoaykramu (Henriques et al. 2014).
PannonanpbHOE€  MCHONB30BaHHWE  PBHIOHOM
MYKH ¥ PbIObETO KUpPa UTPAET BAXKHYIO POITh
B HOJIIePKAHUH 3¢ hEeKTUBHBIX
koappunmentoB kouepcuu kopma (FCR) u
ONTUMAJILHOTO POCTa BOJHBIX OPTaHU3MOB.

PriOHas MyKa TOTOBHTCS myTeM
NPUTOTOBIICHUS, TIPECCOBAHMS, CYIIKH U
U3MEJIbUCHUSI MAJOIEHHBIX MOPCKUX PBIO,
OCOOCHHO MEJIKOW TeNaru4eckol  pblObl,
KOTOpasi He MOJXOIUT JUIs YeJIOBeKa.
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and fish processing waste. Fish oil is
prepared by centrifuging the press
liquor obtained after fishmeal
production.

Fishmeal generally contains 60-
72% protein depending upon the
raw material used (Shepherd and
Jackson 2013) and is a high quality
protein with a uniquely balanced
amino acid composition, including
all the essential amino acids. This
property makes fish meal an ideal
ingredient in aquatic and terrestrial
animal feeds, which ensures the best
growth, survival and reproduction in
animals, compared to most plant
based protein sources. Fishmeal is a
very good source of nucleotides,
essential fatty acids and
phospholipids. It also contains
minerals like calcium, phosphorus,
magnesium,  zinc, manganese,
selenium, iodine, molybdenum and
chromium, in addition to the water
soluble and fat soluble vitamins.
Fish oil is a natural source of
essential polyunsaturated fatty acids
like eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA).

In 1960, the poultry and pig
industries consumed as much as
98% of the global fish meal supply.
However, as the salmon farming
techniques became popular in
temperate countries the aquaculture
industry was using about 10% of the
global supply of the fish meal by

MOTPEOJICHUE M OTXOAbI IEepPepPadOTKH PHIOHL.
Pei6uit kup TOTOBAT IEHTPUDYTHPOBAHUEM
MIPECCOBOTO PAcTBOpA, IMOJYYCHHOTO IIOCIIE
IIPOU3BOJICTBA PHIOHON MYKH.

Pei6Hass myka oObrgyHO copepxut 60—72%
Oenmka B 3aBUCUMOCTH OT HCIIOIB3yEMOTO
ceipbst (Illemapa wm J[Ixexcon 2013) wu
SBJIIETCSI BBICOKOKAYECTBEHHBIM OEITKOM C
YHHUKAQJIBHO cOamaHCUpOBaHHBIM
AMUHOKHCJIOTHBIM COCTaBOM, BKJIFOUAIOIIHM
BCE HE3aMEHUMbIE aAMUHOKHUCIOTBL. ITO
CBOWCTBO JIeJIaeT PHIOHYIO0 MYKY HICaTbHBIN
UHTPEIMEHT B KOpMax JUIS BOJHBIX M
HA3eMHBIX KUBOTHBIX, KOTOPBII
o0ecrieunBaeT JIydilee pOCT, BEDKHBAHHUE U
pPa3MHOKEHHUE Y )KMBOTHBIX IO CPaBHEHUIO C
OOJBITMHCTBOM  PACTUTEIBHBIX  OCIKOB
UCTOYHUKHU. PBIOHAs MyKa SIBIISIETCS OYCHB
XOpOIIUM  HMCTOYHUKOM  HYKIICOTH[IOB,
HE3aMECHUMBIX KUPHBIX KHCIIOT |
dbochomumuael. OH  Takke  COACPIKHUT
MHHEpAJIbl, TaKue Kak KalbIui, (ocdop,
MarHuii, IIMHK, MapraHer, CceJeH, WO/,
MOIMOIEH W XpOM, B JOMNOJHEHHE K
BOJIOPACTBOPHMEBIE ¥ SKHPOPACTBOPUMBIC
BUTaMUHBI. Pr16wmit KUP ABJIACTCS
€CTECTBEHHBIM  HMCTOYHHUKOM  YKH3HEHHO
BOXHBIX  ITOJMHCHACHINICHHBIC  JKHPHBIC
KHCIIOTBI, TaKWe KaK »JHKO3aleHTaCHOBAs

kucaota (EPA) u noxosarekcacHoBas
kucnota (DHA).

B 1960 roay nTuneBoacTBO U CBUHOBOACTBO
MOTPEOIISIIH 10 98% MHPOBOTO
npeayiokeHus: pbriOHOW MykH. OmHAKO TIO

MEpE TOro, Kak METOAbl BbIpAlIABAHUS
JIOCOCST CTajid TOMYJIIPHBIMU B CTpPaHax ¢
YMEPEHHBIM KJIUMaTOM, WHyCTpUSI

aKBaKyJbTypbl HCHOJIb30Bajga okojgo 10%
MHUPOBOTO MPEJIOKEHUSI PBIOHON MYKH K
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1980 (Shepherd and Jackson
2013). This trend continued with the
rapid expansion of aquaculture
sector, while the terrestrial animal
feeds moved closer to plant based
ingredients. In 2012, aquafeed
industry consumed almost 68 and
74% of the global fishmeal and fish
oil produced, respectively
(Mallison 2013).

Global  fishmeal production
increased over time until 1994
with a peak production of 7.5
million  tonnes.  Fish  oil
production also reached its peak
of 1.5 million tonnes by 1994.
The fishmeal and fish oil
production declined thereafter,
although  with inter-annual
fluctuations. The lowest
production levels of fishmeal
were observed during 1998, 2003,
2010 and 2014 with volumes of
5.3, 55, 44 and 4.1 million
tonnes, respectively.
Consequently, fish oil production
was also low during 1998, 2003,
2010 and 2014 with 0.85, 0.86,
0.9 and 0.78 million tonnes,
respectively. Over the last
decade, (2006-2015) the total
fish meal and fish oil production
have shown negative annual
growth rates of —2.57 and
—0.29%, respectively.

1980 romy (Shepherd and Jackson 2013).
DTa TeHACHIMS MPOJODKIIACE C OBICTPHIM
pacIIMpEeHUEM CEKTOpa aKBaKyJbTYphI, B TO
BpeMsI KaK KOpMa JiJII Ha3€MHBIX KUBOTHBIX
MPUOTH3UITUCH K pPacTUTEITLHBIM
uHrpeauenTaM. B 2012 roay wuHaycTpus
aKBaKyJbTypbl oTpeOuia moutu 68 u 74%
MHPOBOTO IIPOU3BOJICTBA PHIOHOW MYKH H
peiObero xkupa cootBercTBeHHO (Mallison
2013).

MupoBoe IpOU3BOJACTBO PHIOHOM MYKH
yBEJIMYMIOCH 710 1994 rosa ¢ MUKOBBIM
IIPOU3BOJICTBOM B 7,5 MAJJIMOHOB TOHH.
[Ipou3BOACTBO PBHIOBETO JKHpa TaKKE
JIOCTUTJIO CBOETO MuKa B 1,5 MuiaamoHa
ToHH K 1994 rony. Ilocme »aToro
MIPOU3BOJICTBO PHIOHON MYKHU U PHIOLETO
)KUpa  COKpaTWJIOCh, XOTSI H C
MEXTOJIOBBIMU KojeOaHusiMu. Camble
HU3KHE YPOBHU IIPOM3BOJCTBA PBHIOHAS
MyKka HaOmopanach B TedeHue 1998,
2003, 2010 u 2014 rogoB ¢ oObemMamMu
53, 55, 44 wu 4,1 wMiH. TOHH
COOTBETCTBEHHO. CrnenoBarelbHO,
MPOU3BOJICTBO PBIOBETO KUpa TaKKE
ObUI0O HU3KHUM B Teuenwe 1998, 2003,
2010 u 2014 ronos ¢ 0,85, 0,86, 0,9 u
0,78 muH. TOHH, COOTBETCTBEHHO. 3a
nociennee gecsartunetue (2006-2015
rr.) OOmmii 00BEM MPOU3BOJCTBA
pHIOHON MYKH U PBIOBETO KUpa MOKa3all
OTpHUIIATEIbHbIE rOJI0BBIC TEeMIIbI
npupocra —2,57 u —0,29%
COOTBETCTBEHHO.
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