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Aquaculture species diversification: a popular
notion attractive to policymakers and other
experts

This paper would:

« Examine/clarify the concept and measurement of species
diversification in aquaculture

— For systematic assessment and monitoring species diversification in
aquaculture

« Examine the status and trend of species diversity in aquaculture at
the global, regional and national levels and highlight some salient
patterns or stylized facts of species diversification in aquaculture

— Providing knowledge and information for evidence-based policymaking
and business planning

 Explore how to use species diversity measures to facilitate evidence-
based decision makings

« Serve as a background paper for the Aquaculture Production Module
under the World Aquaculture Performance Indicators (WAPI).



Part I: Data and method




Data source: FAO data on aquaculture
production (FishSTAT)

The most comprehensive dataset on global aquaculture
production

* Covering 206 countries or territories

* 580 species items

e Quantity data from 1950 — 2014; value data from 1984 — 2014.

» Different farming environments: freshwater, brackishwater, marine

Imperfect data
 Data submitted by countries may not be accurate.
 Some FishSTAT species items are actually species groups.
 Some species-level data are estimated from more aggregated level.
e Value data are less reliable than quantity data.




Multiple dimensions of species diversification
measurement
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Diversity indices




Effective number of species (true diversity)

Basic indices

l

n 1/(1-q)
g = (Z s‘.’) n is the number of species
i=1

q = 0: Dy =n measuring the richness.

q =1: D; = exp(— X1 sin(s;)) equivalent to Shannon-Wiener-
Weaver (entropy) index.

q=2: D, =(¥X%,s?)" equivalent to the inverse Simpson-
Hirschman-Herfindahl index.

Supplement/derivative indices

Gamma diversity (y)= alpha diversity (a) X beta diversity (2)

D{/Dgy or D, /D, as a measure of evenness?



Some notes on diversity indices

Aquacuture diversification during 1990-2014 (Country/area = World; scope =
Aquatic products; environment = All; area= all; measured by Culture

D._.on>D._+>D,_ production quantity)
q=0 = MYqg=1= Y q=2

It is not unusual that D,—( and
D,=1 (or D,—;) have opposite
indication of species
diversification.

D,-, and D, usually have

Effective number of species (g = 0) sog0 2151 5166 5133 g4y e
= :

consistent indication of species
diversification.
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opposite indication of species 2
diversification.

Effective number of species (g = 2)



A case of D, and D _, giving opposite indication of
species d1vers1ficat10n

2011 2012

m Bastard halibut (Paralichthys olivaceus)

m Korean rockfish (Sebastes schlegeli)

= Flathead grey mullet (Mugil cephalus)

m Silver seabream (Pagrus auratus)

= Japanese seabass (Lateolabrax japonicus)

1.70%
2.54% |

4;4;,;"7)

= Blackhead seabream (Acanthopagrus schlegeli)

. 2 00% ~1.49%
3.77% / O 9% = Porgies, seabreams nei (Sparidae)
(+]

1.00%
1.66%
0.36%
O 10%

m Marine fishes nei (Osteichthyes)

m Filefishes, leatherjackets nei (Monacanthidae)

m Mackerels nei (Scombridae)

! 10.42% 7.69% m Scorpionfishes nei (Scorpaenidae)

m Japanese amberjack (Seriola quinqueradiata)

(|
0.00% | —0-05%
L 0.21% ® Japanese jack mackerel (Trachurus japonicus)

m Groupers nei (Epinephelus spp)

Diversity indices

16
14.00
14 13.00

12

10

Farmed marine fish species in
Korea: Which year is more 6
diversified, 2011 or 2012? ‘ i i o7

q=0 q=1 q=2
m2011 m2012



Quantity vs. value measures




Generally speaking, species diversity measured in terms
of value greater than that measured in terms of

quantity

g=1; Scope =Aquactic
products; Environment=All;
Area=All; year=1990-2014

Number of cases where
D_value / D_quantity

D_value/D_quantity

95% confidence

region All cases interval

Africa 1,079 428 306 345 0.99 0.98 1.01 0.31 2.61
Asia 1,104 591 145 368 1.11 1.09 1.13 0.28 4.66
Europe 963 506 22 435 1.09 1.07 1.12 0.64 4.46
LAC 849 232 132 485 0.95 0.94 0.96 0.37 2.06
Northern America 54 25 3 26 1.05 0.96 1.13 0.63 1.62
Oceania 340 174 93 73 1.12 1.09 1.16 0.63 3.84
World 4,389 1,956 701 1,732 1.05 1.04 1.06 0.28 4.66




Cases of large deviation between D_quantity and
D_value

Top-10 countries with the greatest D_value/D_quan Top-10 countries with the smallest D_value/D_quan

region year countries D val D_quan D_value/D_| region year countries D_value D_quantity D_value/D_
= tity quan quan

Asia 2006 Singapore 17.01 3.65 4.66 Asia 2000 Thailand 2.08 7.48 0.28
Europe 1998 Spain 9.45 2.12 4.46 Africa 2010 South Africa 1.84 5.86 0.31
Oceania 1992 Fiji, Republic of 4.70 1.22 3.84 LAC 1997 Mexico 1.66 4.53 0.37
Asia 1993 Malaysia 11.57 3.52 3.29 LAC 2004 Uruguay 1.24 3.31 0.37
Asia 2008 Timor-Leste 3.77 1.28 2,94 Asia 2009 Sri Lanka 2.08 4.66 0.45
Africa 2005 Tanzania, United Rep. of 2.69 1.03 2.61 | Africa 1990 Mauritius 1.74 3.64 0.48
Asia 2013 Indonesia 12.35 4.76 2.59 | Africa 2005 Mozambique 2.21 4.36 0.51
Asia 2013 Korea, Republic of 14.59 6.72 2.17 | Africa 1994 Tunisia 2.49 4.82 0.52
LAC 2009 Jamaica 2.37 1.15 2.06 | Asia 2007 China, Hong Kong SAR 4.31 7.93 0.54
Europe 1998 Netherlands 2.71 1.34 2.03 | Africa 2006 Madagascar 1.51 2.76 0.55

Year: 1990-2014; Area = All; Environment = All; Scope = Aquatic products; Diversity measure (q =1)



Singapore in 2006: a case of D-value >> D_quantity

Diversity measured by quantity = 3.65

Singapore in 2006: Top-10 species groups under WAPI FishSTAT species Share in total aquatic products (%)
grouping 1% 1% gy
1%

2%

3%

2. Milkfish (Chanos chanos), 1,183
3. Indonesian snakehead (Channa micropeltes), 303
4. Flathead grey mullet (Mugil cephalus), 277
5. Barramundi(=Giant seaperch) (Lates calcarifer), 156
6. Orange-spotted grouper (Epinephelus coioides), 89
7. Malabar grouper (Epinephelus malabaricus), 84

Ton

8. Indo-Pacific swamp crab (Scylla serrata), 81

9. Snubnose pompano (Trachinotus blochii), 76

10. Pacific cupped oyster (Crassostrea gigas), 64
Other species, 369

Diversity measured by value = 17.01

Singapore in 2006: Top-10 species groups under WAPI FishSTAT species Share in total aquatic products (%)
grouping

2. Indonesian snakehead (Channa micropeltes), 963
3. Barramundi(=Giant seaperch) (Lates calcarifer), 886
4. Green mussel (Perna viridis), 884
5. Orange-spotted grouper (Epinephelus coioides), 862
6. Malabar grouper (Epinephelus malabaricus), 747
7. Indo-Pacific swamp crab (Scylla serrata), 670
8. Flathead grey mullet (Mugil cephalus), 657
9. Marble goby (Oxyeleotris marmorata), 415
10. Spotted coralgrouper (Plectropomus maculatus), 397

Thousand US Dollar

L &
J

Other species, 1,990




Thailand in 2000: a case of D_value << D_quantity

Diversity measured by quantity = 7.48

Thailand in 2000: Top-10 species groups under WAPI FishSTAT species Share in total aquatic products (%)

grouping 2 o
3% 2% \‘

2. Green mussel (Perna viridis), 88,759
3. Nile tilapia (Oreochromis niloticus), 82,363
4. Africa-bighead catfish, hybrid (Clarias gariepinus x C. macrocephalus), 76,000
5. Silver barb (Barbonymus gonionotus), 46,276
6. Blood cockle (Anadara granosa), 45,657
7. Snakeskin gourami (Trichogaster pectoralis), 21,577
8. Cupped oysters nei (Crassostrea spp), 13,556
9. Striped catfish (Pangasius hypophthalmus), 13,226
10. Giant river prawn (Macrobrachium rosenbergii), 9,917
Other species, 35,836

6%

Ton

Diversity measured by value = 2.08

Thailand in 2000: Top-10 species groups under WAPI FishSTAT species Share in total aquatic products (%)
i 1913,
grouping 1% 1119;;01|V s
2% 2%

\

2. Nile tilapia (Oreochromis niloticus), 57,776
3. Africa-bighead catfish, hybrid (Clarias gariepinus x C. macrocephalus), 52,495
4. Silver barb (Barbonymus gonionotus), 40,504
5. Giant river prawn (Macrobrachium rosenbergii), 32,518
6. Snakeskin gourami (Trichogaster pectoralis), 28,755
7.Barramundi(=Giant seaperch) (Lates calcarifer), 18,855
8. Blood cockle (Anadara granosa), 16,944
9. Banana prawn (Penaeus merguiensis), 16,018
10. Cupped oysters nei (Crassostrea spp), 14,438
Other species, 55,629

Thousand US Dollar




Quantity and value-based diversity measures tend
to give similar indication of changes in diversity

) Among 7 1 3 1 Cases Of Change of species diversity from 1990 to 2014(Scope = aquatic products; environment = all;
area = allindex = q1)
Changes ].n SpeC].eS - ® Africa @ Asia @Europe @ Latin America and Caribbean  ® Northern America

diversity from 1990 to
2014 for various
countries, scopes, and
environments, the two
measures indicate
opposite changes in
diversity in 348 cases.

 For Scope = Aquatic
products and
Environment = All, the
two measures indicate y ¢
opposite changes in 19
out of totally 152 cases
(see chart to the right).

DIVERSITY CHANGE MEASURED BY VALUE
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Indonesia: a case of quantity and value-based diversity
indices give opposite indication of species
diversification

Measured by quantity Measured by value
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AXIS TITLE AXIS TITLE

2001 |

1997 mum

® Eucheuma seaweeds nei (Eucheuma spp) ® Gracilaria seaweeds (Gracilaria spp) m Milkfish (Chanos chanos) W Whiteleg shrimp (Penaeus vannamei)
Giant tiger prawn (Penaeus monodon) ® Freshwater fishes nei {Osteichthyes) Nile tilapia (Oreochromis niloticus) Penguin wing oyster (Pleria penguin)
Maozambique tilapia {Oreochromis mossambicus) Banana prawn [Penaeus merguiensis) Indo-Pacific swamp crab (Scylla serrata) Groupers nei (Epinephelus spp)

m Metapenaeus shrimps nei (Metapenaeus spp) m Mullets nej (Mugilidaa) m Barramundi{ «Giant seaperch) (Lates calcarifer) m Marine fishas nei (Osteichthyes)

® Tropical spiny lobsters nei (Panulinus spp) m Sea cucumbers nei (Holothuroidea) Portunus swimerabs nel (Portunus spp) Akiami paste shrimp (Acetes japonic

= Blue shrimp {Penaeus stylirostris) ® Marine molluscs nel (Mollusca) Pearl oyster shells nei (Ex Pinctada spp) Red seaweeds (Rhodophyc

® River eels nei (Anguilla spp) m Silver barb (Barbonymus gonionotus) mg=1




South Africa: a case of quantity and value-based
diversity indices give opposite indication of species

diversification

Measured by quantity
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Measured by value

EFFECTIVE NUMBER OF SPECIES (Q=1, MEASURED BY QUANTITY)
AQUACULTURE PRODUCTION VALUE (THOUSAND USD)

W Seaweeds nei (Algae)
Marine fishes nei (Osteichthyes)
Gracilaria seaweeds (Gracilaria spp)
® Red bait (Pyura stolonifera)
® Whiteleg shrimp (Penaeus vannamei)

1997 |

2,014 |8

m Perlemoen abalone (Haliotis midae)

® European flat oyster (Ostrea edulis)
Indian white prawn (Penaeusindicus)

M Sea mussels nei (Mytilidae)

mg=1

W Mediterranean mussel (Mytilus galloprovincialis)
Carpet shells nei (Ruditapes spp)
Kuruma prawn (Penaeus japonicus)

M Smooth mactra (Mactra glabrata)

M Pacific cupped oyster (Crassostrea gigas)
Giant tiger prawn (Penaeus monodon)
Mullets nei (Mugilidae)

B Turbot (Psetta maxima)

EFFECTIVE NUMBER OF SPECIES (Q=1, MEASURED BY VALUE)




Geo-scale: country and region




Top-10 species in Europe: 1990 vs. 2014

Diversity in 1990 = 9.8

Europe in 1990: Top-10 species groups under WAPI FishSTAT species grouping

2. Rainbow trout (Oncorhynchus mykiss), 212,641
3. Atlantic salmon (Salmo salar), 201,304

4. Blue mussel (Mytilus edulis), 187,388

5. Sea mussels nei (Mytilidae), 173,336

6. Pacific cupped oyster (Crassostrea gigas), 143,796

7. Mediterranean mussel (Mytilus galloprovincialis), 108,097

Ton

8. Silver carp (Hypophthalmichthys molitrix), 83,138
9. Japanese carpet shell (Ruditapes philippinarum), 16,816

10. European eel (Anguilla anguilla), 6,851

Other species, 76,197

Diversity in 2014 = 6.7

Europe in 2014: Top-10 species groups under WAPI FishSTAT species grouping

2. Rainbow trout (Oncorhynchus mykiss), 294,615
3. Sea mussels nei (Mytilidae), 222,543
4. Blue mussel (Mytilus edulis), 158,206
5. Common carp (Cyprinus carpio), 154,551
6. Mediterranean mussel (Mytilus galloprovincialis), 115,225

Ton

7. Pacific cupped oyster (Crassostreagigas), 89,629
8. Gilthead seabream (Sparus aurata), 83,174
9. European seabass (Dicentrarchus labrax), 62,396
10. Silver carp (Hypophthalmichthys molitrix), 43,425
QOther species, 166,834

Share in total aquatic products (%)

Share in total aquatic products (%)

20, 1%

3% _
3%



CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Regional species diversification may not reflect the
average or sum of species diversification of countries in
the region: the case of Europe

Aquaculture species diversification in Europe: 1990 - 2014

6.00

® European countries

Europe as a whole

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquacu lture production in 2014

1 2 3 4 5 6 7 8

SPECIES DIVERSITY IN 2014 (Q=1)



Regional species diversification may not reflect average
species diversification of countries in the region: the
case of Australia/New Zealand

Aquaculture species diversity in Austrailia and Newzealand:

1990 vs. 2014
5.15
5 I 4.54
0 I
Australia

£y

w

N

-

4.59
4.18
i 2 I I

New Zealand Australia/New Zealand

N 1950 m2014

0.8% 0.05%




Farming environments




Species diversification in all environments may not
reflect the average or sum of species diversification in
different environments

Species diversification in Viet Nam's shellfish aquaculture: 1990 vs. 2014

3.71 3.63
3.30
2.75
1.92
) I

Freshwater Marine & Brackishwater All envirionment

W 1990 m2014



Species diversification in Viet Nam’s shellfish
aquaculture

FR1 M&B7 FR1

1.19%

M&B6 0 0.00  0.00% 1.42%  FR2

Freshwater
21%

Marine &
Brackishwater
98%

FR = Freshwater; M&B = Marine & Brackishwater

FR1= Freshwater molluscs nei (Mollusca); FR2= Giant river prawn (Macrobrachium rosenbergii) ;
M&B1= Whiteleg shrimp (Penaeusvannamei) ; M&B2= Marine molluscs nei; M&B3= Giant tiger prawn;
M&B4= Indo-Pacificswamp crab; M&B5= Banana prawn; M&B6= Tropical spiny lobsters nei
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Examples of 328 species groups

WAP! species or species group

Freshwater fishes

Aguatic product =Seafood + Miscellaneous aguatic animal products + Aquatic plants

: ! mi ‘vorinidae)

Seafood =Fish + Miscellaneous aguatic animals

Fish = Finfish + Shellfish

Tilapias and other cichlids (Cichlidae)

Shellfish = Crustaceans + Molluscs

2 tfishes (Silurif :

Finfish

Freshwater fishes

re) hlike fishes (Percoidea _frest |

Diadromous fishes

Snakeheads (Channidae)

Marine fishes

Crustaceans

Characins (Characiformes)

Marine crustaceans

Freshwater crugftaceans

Swamp-eels (Synbranchidae)

Molluscs

hes (Cobitidae)

Marine molluscs

Labyrinth fish (Anabantoidei)

Freshwater molluscs

Miscellaneous aquatic animals

Bony tongues (Osteoglossiformes)

Miscellaneous aquatic inveriebrates

Aquatic tefrapoda vertebrates

rest bi <l ~obigidei. fres} :

Miscellaneous aquafic animal products

Miscellaneous freshwater fishes

Marine aquatic animal products

Freshwater aquatic animal products

Aquatic plants

Macroalgae

Microalgae

Aquatic plants nei

Frest fis ) :



Species diversity for major aquaculture species
groups
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Species diversity for major species groups (world; q1; Culture production
quantity; environment = All; area = all)

Freshwater shrimps and prawnss =
-

P Jou
* » Tilapiasf™® %ed seaweds

Salmonids and smells

Marine shrimps and prawns

2

® Aquatic plants * Finfish * Crustaceans

Bubble size: Share in total Culture production quantity (%)

Marine perch-like fishes

Catfishes

Carps and minnows
—_—

. Marine bivalves

6 8
DIVERSITY IN 2014

® Molluscs * Miscellaneous aguatic animals » Miscellaneous aquatic animal products

Year: 1990-2014; Area = All; Environment = All; Scope = Aquatic products; Diversity measure (q =1)




Part II: Salient patterns or
stylized facts of species

diversification in aquaculture




1990 to 2014: More species

diversified global aquaculture




Effective number of species

450

250

More species diversified aquaculture for the world

as a whole

World: aquacuture diversification during 1990-2014 (scope = Aquatic

products; environment = All; area= all; measured by Culture production
quantity)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1599 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

m Culture production quantity {Tan)

369371 373

—0—n=0

—0—qg=1

~0—aq=1

408 sz 404

120,000,000

100,000,000

80,000,000

60,000,000

40,000,000

20,000,000

Culture producticn quantity (Ton)

Effective number of spedes

&0.00

50000

40.00

30.00

20.00

World: aquacuture diversification during 1990-2014 (scope = Aquatic

products; environment = All; area= all; measured by Culture production

quantity)
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— Culture production quantity (Tan)

50,60

4935 o

47.78
«?.11’0‘/0

—0—q=1

—0—q=2

51515866, 5
2 R 330.?7

‘0\_0_‘-{9.9?

04850

120,000,000

100,000,000

80,000,000

60, 000, 000

40,000,000

20,000,000

Culture production quantity [Ton)



More species diversified aquaculture for most of
species scopes

Changes in species diversity in global aquaculture from 1990 to 2014

World including China World without China

Share of world Share of world

Number of countries production (%) Number of countries production (%)
Diversity Diversity Diversity Diversity | Diversity Diversity Diversity Diversity
increase decrease increase decrease | increase decrease increase decrease

Aquatic products 104 48 73 27 103 48 34 65
Seafood 102 48 87 13 101 48 65 35
Fish 101 49 86 14 100 49 64 36
Finfish 93 46 83 17 92 46 62 38
Freshwater fishes 79 40 85 15 78 40 62 37
Diadromous fishes 30 41 43 57 29 41 38 61
Marine fishes 24 6 85 6 23 6 71 13
Shellfish 28 41 84 15 27 41 36 63
Crustaceans 11 35 67 33 10 35 21 78
Molluscs 20 23 90 10 19 23 41 58
Miscellaneous aquatic animals 4 3 94 3 3 3 9 47
Miscellaneous aquatic animal products 0 1 . 0 0 1 . 0
Aquatic plants 7 9 90 9 6 9 81 17

Area = All; Environment = All; Production measure = Quantity; Diversity measure (q =1)



More species diversified aquaculture in most

farming environments

Changes in species diversity in global aguaculture from 1990 to 2014: perspective from

different scopes

Environment

All environment

Freshwater

Marine & brackishwater

Marine

Brackishwater

Measure

Number of countries
Share of world production (%)
Number of countries
Share of world production (%)
Number of countries
Share of world production (%)
Number of countries
Share of world production (%)
Number of countries

Share of world production (%)

Increased
diversity

104

73

88

91

51

69

34

91

18
47

Scope =Aquatic products

Decreased
diversity

27

12

43

35

31

27

25
53

Scope =Fish

Increased
diversity

101
86

87

81

33

91

17
55

Decreased
diversity

49

14

13

46

33

18

21

26

Country/region = World; Area = All; Environment = All;

Production measure = Quantity; Diversity measure (g =1)



Aquaculture species
diversification: regional

perspective




Effective number of speces

160

B0

Less species diversified aquaculture in developed

regions

Aquacuture diversification during 1990-2014 (Country/area =
Developed regions; scope = Aquatic products; environment = All; area=
all; measured by Culture production quantity)

1990 1991 1992 1993 1994 1005 1996 1997 1998 1990 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014

— Cubure production quantity (Tan)

—C—nq=0

—6—g-1

—0—a=1

5,000,000

4,500,000

4,000,000

3,500,000

3,000,000

2,500,000

2,000,000

1,500,000

1,000,000

500,000

Culture production quantity [Ton)

Effective number of spedes

25.00

20,00

15.00

1000

500

Aquacuture diversification during 1990-2014 (Country/area =
Developed regions; scope = Aquatic products; environment = All; area=
all; measured by Culture production quantity)

21567148
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 Culture peoduction quantity (Ton) -0 =1
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Effective number of speces

350

300

150

More species diversified aquaculture in developing

regions

Aquacuture diversification during 1990-2014 (Country/area =
Developing regions; scope = Aquatic products; environment = All; area=

all; measured by Culture production quantity)

1950 1091 1992 1993 1994 1005 10565 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

— Cubure production quantity (Tan)
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Aquacuture diversification during 1990-2014 (Country/area =
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Effective number of speces

80

50

20

10

Less species diversified aquaculture in Africa

Aquacuture diversification during 1990-2014 (Country/area = Africa;
scope = Aquatic products; environment = All; area= all; measured by
Culture production quantity)
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Top-10 species in Africa: 1990 vs. 2014

Diversity in 1990 = 8.2

Africa in 1990: Top-10 species groups under WAPI FishSTAT species grouping

3. Spiny eucheuma (Eucheuma denticulatum), 8,080
4. Mullets nei (Mugilidae), 6,307

5. Grass carp(=White amur) (Ctenopharyngodon idellus), 6,281
6. Tilapias nei (Oreochromis (=Tilapia) spp), 4,888

7.Torpedo-shaped catfishes nei (Clarias spp), 1,583

8. Mediterranean mussel (Mytilus galloprovincialis), 1,310

9. Rainbow trout (Oncorhynchus mykiss), 1,184

10. Three spotted tilapia (Oreochromis andersonii), 1,000

Other species, 6,795

Ton

Diversity in 2014 = 7.2

Africa in 2014: Top-10 species groups under WAPI FishSTAT species grouping

2. North African catfish (Clarias gariepinus), 223,520

3. Cyprinids nei (Cyprinidae), 181,535

4. Spiny eucheuma (Fucheuma denticulatum), 127,690
5. Mullets nei (Mugilidae), 119,647

6. Common carp (Cyprinus carpio), 50,828

7.Torpedo-shaped catfishes nei (Clarias spp), 48,988

8. Tilapias nei (Oreochromis (=Tilapia) spp), 43,597

9. Gilthead seabream (Sparus aurata), 25,742

10. European seabass (Dicentrarchus labrax), 17,540

Other species, 128,111

Ton

rinus carpio), 25,671

Share in total aquatic products (%)
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Aquaculture species diversification in Africa

Africa

» African countries
Africa as a whole
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CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquaculture production in 2014
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Asia: the most diversified region
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More species diversified aquaculture in Asia
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Top-10 species in Asia: 1990 vs. 2014

Diversity in 1990 = 30.8

Asia in 1990: Top-10 species groups under WAPI FishSTAT species grouping Share in total aquatic products (%)

un>

Share in total aquatic products (%)

b
I

,033,911
2. Silver carp (Hypophthalmichthys molitrix), 1,434,874

3. Grass carp(=White amur) (Ctenopharyngodon idellus), 1,042,014
4. Freshwater fishes nei (Osteichthyes), 791,264

5. Common carp (Cyprinus carpio), 697,982

6. Bighead carp (Hypophthalmichthys nobilis), 671,757

7. Cupped oysters nei (Crassostrea spp), 505,388

8. Laver (Nori) (Porphyra tenera), 502,905

9. Pacific cupped oyster (Crassostrea gigas), 496,070

10. Sea mussels nei (Mytilidae), 495,895

Ton

ther species, 5,825,980

Diversity in 2014 = 41.3

Asia in 2014: Top-10 species groups under WAPI FishSTAT species grouping

ei (Eucheumaspp), 9,015,823

2. lapanese kelp (Laminaria japonica), 7,654,586

3. Grass carp(=White amur) (Ctenopharyngodon idellus), 5,515,061
4. Silver carp (Hypophthalmichthys molitrix), 4,908,065

5. Cupped oysters nei (Crassostrea spp), 4,370,661

6. Japanese carpet shell (Ruditapes philippinarum), 3,974,351

Ton

7.Common carp (Cyprinus carpio), 3,943,735

8. Gracilaria seaweeds (Gracilaria spp), 3,738,428
9. Bighead carp (Hypophthalmichthys nobilis), 3,247,890
10. Whiteleg shrimp (Penaeus vannamei), 3,016,179

species, 43,378,375
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® Asia as a whole

4.59
4.13
274 s
3.66
1.012'3_"'23?’ 279 ®2m
0.13 5 6a — 1.92.50 = 1.84
L.73Ms

o 0063051 Y. d3a o%a

CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquaculture production in 2014
5 10 15 20 25 30 35 40

SPECIES DIVERSITY IN 2014 {Q=1)




More species diversified aquaculture in Europe

Effective number of speces
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Top-10 species in Europe: 1990 vs. 2014

Diversity in 1990 = 9.8

Europe in 1990: Top-10 species groups under WAPI FishSTAT species grouping

2. Rainbow trout (Oncorhynchus mykiss), 212,641
3. Atlantic salmon (Salmo salar), 201,304

4. Blue mussel (Mytilus edulis), 187,388

5. Sea mussels nei (Mytilidae), 173,336

6. Pacific cupped oyster (Crassostrea gigas), 143,796

7. Mediterranean mussel (Mytilus galloprovincialis), 108,097

Ton

8. Silver carp (Hypophthalmichthys molitrix), 83,138
9. Japanese carpet shell (Ruditapes philippinarum), 16,816

10. European eel (Anguilla anguilla), 6,851

Other species, 76,197

Diversity in 2014 = 6.7

Europe in 2014: Top-10 species groups under WAPI FishSTAT species grouping

2. Rainbow trout (Oncorhynchus mykiss), 294,615
3. Sea mussels nei (Mytilidae), 222,543
4. Blue mussel (Mytilus edulis), 158,206
5. Common carp (Cyprinus carpio), 154,551
6. Mediterranean mussel (Mytilus galloprovincialis), 115,225

Ton

7. Pacific cupped oyster (Crassostreagigas), 89,629
8. Gilthead seabream (Sparus aurata), 83,174
9. European seabass (Dicentrarchus labrax), 62,396
10. Silver carp (Hypophthalmichthys molitrix), 43,425
QOther species, 166,834

Share in total aquatic products (%)

Share in total aquatic products (%)

20, 1%

3% _
3%



European countries

® European countries

Europe as a whole

CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquaculture production in 2014

1 2 3 4

SPECIES DIVERSITY IN 2014 {Q=1)




Effective number of speces

120
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More species diversified aquaculture in Latin
America and Caribbean

Aquacuture diversification during 1990-2014 (Country/area = Latin
America and Caribbean; scope = Aquatic products; environment = All;
area= all; measured by Culture production quantity)
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Top-10 species in LAC: 1990 vs. 2014

Diversity in 1990 = 9.1

Latin America and Caribbean in 1990: Top-10 species groups under WAPI Share in total aquatic products (%)
FishSTAT species grouping

2. Gracilaria seaweeds (Gracilaria spp), 38,057
3. Freshwater fishes nei (Osteichthyes), 18,704
4. Coho(=Silver) salmon (Oncorhynchus kisutch), 13,298
5. Rainbow trout (Oncorhynchus mykiss), 10,163
6. Atlantic salmon (Salmo salar), 9,478
7. Common carp (Cyprinus carpio), 8,332
8. Blue shrimp (Penaeus stylirostris), 8,224
9. Nile tilapia (Oreochromis niloticus), 5,774
10. Tilapias nei (Oreochromis (=Tilapia) spp), 5,537
Other species, 21,608

Ton

Diversity in 2014 = 11.0

Latin America and Caribbean in 2014: Top-10 species groups under WAPI Share in total aquatic products (%)
FishSTAT species grouping

ar), 644,459

3. Tilapias nei (Oreochromis (=Tilapia) spp), 310,249
4. Chilean mussel (Mytilus chilensis), 238,088

5. Rainbow trout (Oncorhynchus mykiss), 214,715

6. Coho(=Silver) salmon (Oncorhynchus kisutch), 158,947

7.Cachama (Colossoma macropomum), 147,995

8. Nile tilapia (Oreochromis niloticus), 94,504

9. Peruvian calico scallop (Argopecten purpuratus), 59,242

10. Tambacu, hybrid (P. mesopotamicus x C. macropomum), 32,267

Other species, 254,771

Ton




CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

LAC countries

® LAC countries
LAC as a whole
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Latin America and Caribbean

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items

2

A
4

6

SPECIES DIVERSITY IN 2014 {Q=1)

Bubble size = Aquaculture production in 2014
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Effective number of speces
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More species diversified aquaculture in Northern

America

Aquacuture diversification during 1990-2014 (Country/area =
Northern America; scope = Aquatic products; environment = All; area=
all; measured by Culture production quantity)
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Top-10 species in Northern America: 1990 vs. 2014

Diversity in 1990 = 6.6

Northern America in 1990: Top-10 species groups under WAPI FishSTAT
species grouping

Share in total aquatic products (%)

2%
1%
3%
3%
4%\

Share in total aquatic products (%)

2. Pacific cupped oyster (Crassostrea gigas), 38,720
3. American cupped oyster (Crassostrea virginica), 34,533
4. Red swamp crawfish (Procambarus clarkii), 32,205

5. Rainbow trout (Oncorhynchus mykiss), 29,404

6. Atlantic salmon (Salmo salar), 12,810

7. Chinook(=Spring=King) salmon (Oncorhynchus tshawytscha), 12,182

8. Cyprinids nei (Cyprinidae), 9,802

9. Northern quahog(=Hard clam) (Mercenaria mercenaria), 6,691

10. Blue mussel (Mytilus edulis), 4,976

Other species, 12,129

Ton

Diversity in 2014 = 9.2

Northern America in 2014: Top-10 species groups under WAPI FishSTAT species
grouping

%1%
. American cupped oyster (Crassostrea virginica), 98,193
3. Atlantic salmon (Salmo salar), 97,698 \
4. Red swamp crawfish (Procambarus clarkii), 63,596

5. Pacific cupped oyster (Crassostrea gigas), 37,224

6. Northern quahog(=Hard clam) (Mercenaria mercenaria), 28,403
7. Blue mussel (Mytilus edulis), 27,208

8. Rainbow trout (Oncorhynchus mykiss), 22,769

9. Tilapias nei (Oreochromis (=Tilapia) spp), 8,618

10. Trouts nei (Salmo spp), 6,698

Other species, 29,826

Ton




American countries

American countries

» LAC countries

® Northern American countries
LAC as a whole

* Northern America as a whole

® Americas as a whole

CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquaculture production in 2014

2 4 6 8 10 12 14

SPECIES DIVERSITY IN 2014 {Q=1)




More species diversified aquaculture in Oceania

Effective number of speces
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scope = Aquatic products; environment = All; area= all; measured by scope = Aquatic products; environment = All; area= all; measured by
Culture production quantity) Culture production quantity)
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Top-10 species in Oceania: 1990 vs. 2014

Diversity in 1990 = 5.6

Oceania in 1990: Top-10 species groups under WAPI FishSTAT species
grouping

2. Eucheuma seaweeds nei (Eucheumaspp), 11,380
3. Sydney cupped oyster (Saccostrea commercialis), 5,444

4. Pacific cupped oyster (Crassostrea gigas), 3,881

5. Chinook(=Spring=King) salmon (Oncorhynchus tshawytscha), 2,500

6. Rainbow trout (Oncorhynchus mykiss), 1,937

7. Atlantic salmon (Salmo salar), 1,750

8. Australian mussel (Mytilus planulatus), 729

9. Blue shrimp (Penaeus stylirostris), 601

10. Giant tiger prawn (Penaeus monodon), 589

Other species, 604

Ton

Diversity in 2014 = 6.5

Oceania in 2014: Top-10 species groups under WAPI FishSTAT species grouping

2. Atlantic salmon (Salmo salar), 41,591

3. Eucheuma seaweeds nei (Eucheumaspp), 22,130

4. Flat and cupped oysters nei (Ostreidae), 11,403

5. Chinook(=Spring=King) salmon (Oncorhynchus tshawytscha), 10,840
6. Southern bluefin tuna (Thunnus maccoyii), 7,544

Ton

7. Penaeus shrimps nei (Penaeus spp), 3,774

8. Barramundi(=Giant seaperch) (Lates calcarifer), 3,442
9. Australian mussel (Mytilus planulatus), 3,237

10. Elkhorn sea moss (Kappaphycus alvarezii), 3,000
Other species, 11,898

Share in total aquatic products (%)
2% 1% 1% 1%

Share in total aquatic products (%)

3%

2% 10




Oceanian countries

Oceania

® Oceanian countries

® Oceania as a whole

CHANGE IN SPECIES DIVERSIFY FROM 1990 TO 2014 (Q1)

Environment = All; Area = all; Scope = Aquatic products; type = fishstat species items Bubble size = Aquaculture production in 2014
1 2 3

SPECIES DIVERSITY IN 2014 {Q=1)




Species diversification for

different species scopes




Species diversification in tilapia farming
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Species diversification in catfish farming
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Species diversification in marine shrimps and
rawns farming (I)
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Species diversification in marine shrimps and
rawns farming (II)
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Species diversification

farming
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Species diversification in marine perch-like fishes
farming (II)
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Salient patterns or stylized facts
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Aquaculture products: the larger the production;
the greater the diversity
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China: the largest and most diversified aquaculture
producer

Effective number of specles
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Declined species diversification in China’s marine
shrimps and prawn aquaculture

China
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Tilapias and Salmonids: the larger the production;

the smaller the diversity

Tilapias and other cichlids (Cichlidae) Salmonids (Salmonidae)

4
_ - g3
. n
kil
o -~
& "0 .
- : -
a o 5 : .
0 o 1 @ 2
2 4 ,... " - g ﬂ -
: - 5 Lid e
: o @ 2 W o® o0 ~
- ' i3 i = QmAn &2 -
P @Y TR T T T e h @ 21 » T g egera ) 220 @ o’
0
100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000 1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000
PRODUCTION (TON) PRODUCTION (TON)

Africa  ® Asia ®Europe  * Latin America and Caribbean  ® Northern America  ® Oceania * Africa  ® Asia  ®Europe * Latin America and Caribbean  ® Northern America @ Oceania

Year: 1990-2014; Area = All; Environment = All; Scope = Aquatic products; Diversity measure (q =1)



World

Corr. Coeff. = 0.51

ironment

!

¥ 20

s

L3

=

=

&

¥ 10

a

=

2

e !
2 e

10,000 100,000 1,000,000 10,000,000

Population (thousand; UN 2015 revision)

Asia
20
& Corr. Coeff. =0.52
g
5
!
W .
] E ‘
5
s 5
@ =
§ " o
8 i 2
i &
s -
si, 4
-
o
1 1« 100 1,000 10,000 100,000 1,000,000 10,000,000

Population (thousand; UN 2015 revision)

Americas

Corr. Coeff. =0.61
4 s he
7 - L

ironment

5

[
&

=3

g -

T -

- § oo s
o

= o

£ =

1 10 100 ) 10,000 100,000 1,000,000

5 Population (thousand; UN 2015 revision)
£
a

® Latin America and Caribk

R e L VI TR S ] 1) = D e v ey

Some evidence of positive correlation between
diversity and population

Africa

0
0
3
0
8
*
i
o
IS
o

onment

Ir

1; scope =fish; area=

all; type = FishSTAT sp

index (g
L]

10 100 1,000 10,000 100,000

Population (thousand; UN 2015 revision)

Europe

Corr. Coeff. = 0.28

; environment
L ]

area= gl
FishSTAT species)

iy

scope

L.
L
L N1l

Be ¢ s0DE & B

dl type
[
o3
)
[ T

10 100
Population (thousand; UN 2015 revision)

Oceania
= Corr. Coeff. =0.83
g = _
§ it
= »
= o
@
= = e
" o
u o .
® = =
L - =
& - -
s 'y |
- " 4 Tas3 4 g&
F
™ a o 1 p .
- =~z 2= p 3 bt
e o= - s SSaeme @ -
10 100 1,000 10,000
Population (thousand; UN 2015 revision)
PR I E L CTOTOR SMIMIIILILY ) v STty i mo v e\ g

1,000,000

1,000,000

100,000



No obvious correlation between diversity and per
capita income

World Africa
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Aquaculture in Atlantic Ocean (coast) less
diversified than Pacific or Indian Ocean (coast)

Aquaculture species diversification
in different fishing areas (1990 - 2014)

Aquaculture production value in 2014 (bubble)

FAO Fishing Areas
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Atlantic, Western Central (31)
Atlantic, Eastern Central (34)
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Indian Ocean, Eastern (57)
Pacific, Northwest (61)
Pacific, Northeast (67)

Pacific, Western Central (71)
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Tilapias: export oriented commodities tend to have
less species diversity

Carps and minnows (Cyprinidae)
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Norway and Chile: Export-oriented countries may
have large production yet low diversity

Chile: agquacuture diversification during 1990-2014 (scope = Fish;
environment = All; area= all; measured by Culture production quantity)

Norway: aquacuture diversification during 1990-2014 (scope = Fish;
environment = All; area= all; measured by Culture production quantity)
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Effective number of specles

Egypt: country with less diverse aquaculture resources
may have large production yet low diversity

Aquacuture diversification during 1990-2014 (Country/area = Egypt; Aquacuture diversification during 1990-2014 (Country/area = Egypt;
scope = fish; environment = All; area= all; measured by Culture scope = fish; environment = All; area= all; measured by Culture
production quantity) production quantity)
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Hong Kong and Singapore: High income cities with
strong preference over seafood may have small
production yet high diversity

Singapore: aquacuture diversification during 1990-2014 (scope = Fish;
environment = All; area= all; measured by Culture production quantity)

China, Hong Kong SAR: aquacuture diversification during 1990-2014
(scope = Fish; environment = All; area= all; measured by Culture
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Malawi: high diversity because of restriction over
introduced species

Effective number of specles

Aquacuture diversification during 1990-2014 (Country/area = Malawi; Aquacuture diversification during 1990-2014 (Country/area = Malawi;
scope = fish; environment = All; area= all; measured by Culture scope = fish; environment = All; area= all; measured by Culture
production quantity) production quantity)
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Marine shrimps and prawns: large-scale producers tend
to be less species diversified than small-holder
producers

Bangladesh
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Part III: Use of knowledge and
information about species

diversification patterns for
evidence-based decision making




Lessons learned

e Species diversification patterns are under the influence of
many factors.

e Different countries tend to have different species
diversification patterns.

e A country tends to have different species diversification
patterns at different aquaculture development stages.

e A variety of dimensions need to be specified for species
diversification to be properly defined and measured.



Remaining questions

« How can a country learn from other countries’ experiences in
species diversification?

— What can government learn?
— What can the private sector learn?

« How do we know whether a certain species diversification
pattern is good or bad for a country?

« What are other species diversification measures to use?

« How can species diversification measures be used to help
government design proper aquaculture development
strategies or make decisions on specific issues such as
allocation of public funds to different research activities?

« How can species diversification measures help farmers select
farming species?



Part IV: World Aquaculture

Performance Indicators (WAPI)




Species diversification would become a feature

template in the WAPI aquaculture production
module

Tear Variable Adjustment
x 2014 | production
i 2014 [ q1
Size 2014 g0 1

Environment = all; Area = all; Scope = aquatic products; type = fishstat species items; Tear 2014; X = production; T = q1; size = q0

Environment = all; Area = all; Scope = aquatic products; type = fishstat species items; Year 2014; X =
production; Y = q1; size = q0




A prototype of World Aquaculture Performance Indicators: a
user-friendly tool for evidence-based decision making

B - Scope

:::,, ' = | —= 233 countries (or territories); 42 country groups;
e e major species groups (FAOSTAT groups)
— Data sources utilized

. IR FISHSTAT; Food Balance Sheet; FAOSTAT; UN
e - - Comtrade; UN Population; IMF WEQO; World
P —— ey Bank WDI; FAO Statistics Division; ILO

databases; China Fishery Statistics Yearbook;

- e | Global Aquaculture Performance Index (GAPI);

= FAO-INFOOD, among others.

= - Data sources untapped

= EE._ ::-_“EE."—:E FI data (land & water, employment, etc.);
g TR L National fishery statistics; FATPs (feed, seed,
e e S EEEEE small scale, etc.); Globefish; many others

Components

Selection menus; Tables & charts; Supporting
materials (papers, websites, etc.)



Welcome collaboration on WAPI

FAO Fisheries and Aquaculture Report No. 1063 FIRA/R1063 (En)
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