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Countries in South-east Asia are significant producers of aquacultured products and production is increasing.
Seedstock for mariculture are provided from both wild capture (‘capture-based aquaculture’) and hatchery
rearing (‘full-cycle aquaculture’). Collection of Palinurid lobster pueruli and juveniles is currently the sole source

f;cl:“ﬁ;d of seedstock for aquaculture. Other mariculture commodities, such as milkfish (Chanos chanos) and groupers
G:ouper (Family Serranidae, Sub-family Epinephelinae) are supported by a combination of wild-caught and hatchery-

reared seedstock. Mariculture in South-east Asia is typified by low levels of vertical integration, and a high
proportion of ‘small-scale’ hatcheries. In Indonesia, small-scale hatcheries are clustered in two main areas:
Buleleng Regency in northern Bali and Situbondo in East Java, with small-scale hatcheries comprising 95% and
88% of hatcheries in each area respectively. Fingerling production from these hatcheries is considerable, with
7.3 million grouper and 2.5 billion milkfish fingerlings exported from Bali in 2016. Although several studies
have quantitatively evaluated the benefits of small-scale hatcheries to local communities, scant attention has
been paid to their regional impact. As an example, much of the global production of around 1 million tonnes per
annum of milkfish is supported by fingerling production by small-scale hatcheries in Bali. Despite this ac-
knowledged success, disease remains an ongoing problem for small-scale hatcheries with operators of grouper
hatcheries in Bali categorising mortality and financial losses as ‘medium’ to ‘high’. A survey of small-scale
hatcheries showed that biosecurity is poor and fish health management approaches are based on previous ex-
perience. Factors impacting these approaches include purchaser focus on price at the expense of quality, and
limited numbers of hatchery staff with any formal aquaculture training. The impact of disease outbreaks remains
a weakness for small-scale hatcheries, and consequently a weakness for the mariculture industries dependent on
these as a seedstock source.

1. Introduction

Asia has been the source of around 89% of world aquaculture pro-
duction of fish for human consumption in the past two decades (FAO,
2016). China remains the major producer of farmed seafood with an
estimated 62% of global production, but South-east Asian countries are
now also making a substantial contribution to the global total with
Indonesia, Viet Nam and other South-east Asian countries contributing
5.8%, 4.6% and 4.3% respectively; a total of 14.7% of global aqua-
culture production (FAO, 2016).

Freshwater and brackishwater aquaculture both have a long history
in South-east Asia, for example in Indonesia where Javanese law from
around 1400 prescribed punitive measures against those who stole from
freshwater or saltwater ponds (Rabanal 1952).
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However, mariculture (defined as culture in the sea) is of more recent
origin. This paper reviews and discusses the role of small-holders in
seedstock supply to mariculture in South-east Asia, in relation to both
capture-based aquaculture (using wild-caught seedstock) and full-cycle
aquaculture (using hatchery-reared seedstock). The paper provides
some original data on the extent of the small-holder contribution to
mariculture seedstock supply in South-east Asia, and discusses some
aspects of long-term sustainability of seedstock supply in relation to
disease and biosecurity in small-scale hatcheries.

2. Materials and methods

Data on the numbers of hatcheries in Buleleng Regency, Bali, and
Situbondo, East Java, were obtained from the respective Provincial
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Fisheries Agencies (Dinas Kelautan dan Perikanan Provinsi).
Conversion of price data from Indonesian Rupiah (IDR) to United States
Dollars (USD) was done using a nominal rate of IDR 13,000 = USD
1.00.

Data on hatchery knowledge of disease and attitudes to biosecurity
were obtained from a study of hatcheries in Gerokgak Sub-district,
Buleleng Regency, Bali, carried out during the period October 2015 to
January 2016. A questionnaire was used to interview 17 hatchery
managers, selected from a pool of 57 hatcheries in that area. The
questionnaire was divided into six sections, covering: baseline in-
formation (10 questions), production process (10 questions), fish health
and disease (16 questions), biosecurity practices (23 questions) and
staffing and education (3 questions).

3. Seedstock from wild capture
3.1. Finfish

Capture fisheries are still an important source of seedstock for cul-
ture of some marine and brackishwater finfish species. Aquaculture of
milkfish Chanos chanos in coastal ponds has traditionally been sup-
ported by trapping wild fry in brackishwater ponds, then allowing them
to grow out to harvestable size (200-500 g) using ‘traditional’ extensive
methods (Schuster, 1952; Sudradjat and Sugama, 2010a). In Indonesia
the fry capture season is typically associated with the twice-yearly shift
in prevailing wind direction associated with the monsoon seasons
(Sudradjat and Sugama, 2010b). Captures are highest immediately
prior to and after the full and new moons, which is associated with
spawning of milkfish adults during the quarter moon periods (Sudradjat
and Sugama, 2010b). As in the case of other fry fisheries, there is
substantial inter-annual variability in catches (Sudradjat and Sugama,
2010b), and in the Philippines there appears to have been a long-term
decline in the availability of milkfish fry (Marte, 2010). Total annual
catches of milkfish fry are estimated at 1.5 billion and 1 billion per
annum for Indonesia and the Philippines respectively (Marte, 2010;
Sudradjat and Sugama, 2010b).

Grouper (Subfamily Epinephelinae, Family Serranidae) are var-
iously sourced from capture fisheries and hatcheries. A range of grouper
species belonging to the genera Epinephelus, Plectropomus, Cephalopholis,
Aethaloperca, Cromileptes, and Hyporthodus may be sourced from wild
capture (Rimimer and Glamuzina, in press). Other estuarine and marine
species are also supplied mainly through wild capture, particularly the
mangrove red snapper Lutjanus argentimaculatus. Although these fish-
eries are categorised as ‘fry’ fisheries, in many areas they catch a range
of sizes including larger sub-adults. For example, a study in Flores,
Indonesia, using ‘gango’ traps caught juvenile groupers averaging
13.6 cm total length (Mous, Sadovy, Halim, and Pet, 2006). However, in
Aceh, Indonesia, similar passive traps catch juvenile Epinephelus spp.
(mainly E. coioides) at about 2-3cm TL (Komarudin,
2010).

In Indonesia, there is relatively little overlap between grouper seed
supply from wild fisheries and from hatchery production. Although fry
of several grouper species are captured, the main grouper sourced from
wild capture is E. coioides (Komarudin et al_, 2000) and
this species is rarely produced in Indonesian hatcheries. One reason is
the price differential for this relatively low-value grouper. Wild-caught
E. coioides fingerlings (1.5-2.0 cm TL) are sold from brackishwater pond
nurseries at IDR 300-1700 per fish (Komarudin et al., 2010), whereas
Indonesian hatcheries sell fingerlings of other Epinephelus spp., such as
E. fuscoguttatus, for about IDR 1500-2000 per fish. Because the wild-
caught E. coioides fry sell for a lower price, there is little incentive for
hatcheries to produce this species.

In Taiwan Province of China (PoC), lower-value species may be
produced using lower-cost larval rearing systems, particularly ‘outdoor’
(i.e. concrete or earthen ponds about 0.3-0.5ha) systems for larval
rearing (Liao, Su, and Chang,

Rimmer,

Islahuttaman, and Bahrawi
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Liao, 2008). Although these ‘outdoor’ systems are less reliable than
‘indoor’ production systems, the outdoor system is popular for family-
run farms because of the low technology required and lower input costs
(Rimmer, 1998; Su et al., 2008). They are particularly popular in the
south of Taiwan PoC where weather conditions are more favourable for
outdoor larval rearing (Su et «l., 2008). Production from these systems
can be substantial: Su et al. (2008) cite an example of commercial
production of 3 million E. coioides fingerlings from 5 to 6 crops (April to
October) using three 0.3 ha larval rearing ponds, supported by nine
450 m? rotifer production ponds and nine copepod production ponds

ranging from 1 to 4 ha each.

* 3.2. Tropical spiny lobsters
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Aquaculture of tropical spiny lobsters (Family Palinuridae) has been
undertaken in Viet Nam, Malaysia, Singapore, Indonesia and Cuba,
although lobster farming has virtually ceased in all these countries
except Viet Nam (Privambodo, Jones, and Sammut, 2015) and Ma-
laysia. Despite a decade of research targeting the development of
hatchery-rearing techniques for Palinurid lobster production, wild-
caught lobster pueruli remains the sole source of seedstock for tropical
lobster aquaculture (Jones, 2015; Privambodo et al.,, 2015).

In Viet Nam Panulirus ornatus dominates puerulus catches (Dao and
s, 2015). Annual catches of this species are highly variable, ranging
from about 1 million to > 3 million per annum (Dao and Jones, 2015).
The other species commonly caught in large numbers, Panulirus ho-
marus, shows less annual variability with catches ranging from 500,000
to about 1.3 million per annum (Dao and Jones, 2015). Collection of
lobster pueruli and juveniles is undertaken over an extensive area of the
Viet Nam coastline, from central (Da Nang) to south coast (Binh Thuan)
provinces (Dao and Jones, 2015). Ninety-five percent of the lobster seed
sold to collectors were at puerulus (transparent) stage and the re-
maining 5% were pigmented juveniles (Dao and Jones, 2015).

Dow and Jones (2015) note that lobster seedstock collection is very
attractive to poor coastal villagers in Viet Nam because the economic
returns are high but risks are relatively low because the seedstock are
quickly sold on to dealers who in turn sell to the grow-out farms. First
sale price for pueruli or juvenile lobsters (P. homarus and P. ornatus)
caught in Lombok ranged from IDR 2000 to 10,000 (USD 0.15 to 0.77)
each in 2012-13 (Bahrawi, Privambodo, and Jones, 2015). Prices paid
in Viet Nam for P. ornatus were substantially higher, ranging from USD
$3 to $9 each between 2005 and 06 and 2010-11, increasing to USD
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$12 to $14 in 2013-14 (Dao and Jones, 2015).

In Indonesia, lobster seedstock collection is dominated by catches
from Lombok (Bahrawi et al., 2015; Priyambodo et al., 2015). Initially,
catches in Lombok were small with negligible numbers of pueruli re-
ported in 2005-06 and 2006-07 (Jones, Long, Hoc, and Priyambodo
2010). However this increased rapidly and in 2008-09 > 600,000
puerulus (mostly Panulirus homarus) were captured (Jones et al., 2010).

By 2012-13 the numbers of pueruli captured had increased dramati-
cally with 440,000 and 2.6 million P. homarus and 256,000 and
408,000 Panulirus ornatus captured in 2012 and 2013 respectively
(Bahrawi et al., 2015). A survey of lobster seed collection in Java,
Lombok and Sumbawa in 2015-16 indicated that the total catch of
lobster pueruli and juveniles in these locations was around 100 million
per annum (C.M. Jones, pers. comm. 2017).

4. Seedstock from hatchery production

Hatchery production systems in Asia range from small-scale
(sometimes termed ‘backyard’) hatcheries to large complex hatcheries
that may form part of vertically-integrated production operations. The
term ‘small-scale’ is usually applied to hatcheries that do not hold
broodstock; whereas hatcheries with broodstock are termed ‘complete’
hatcheries. The term ‘small-scale’ is something of a misnomer because
these hatcheries can have tens or even hundreds of larval rearing tanks.
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In many cases, hatchery operators have started out with relatively small
numbers of rearing tanks and regularly add tanks to increase their
production. Small-scale marine finfish hatcheries operate throughout
Asia, including Indonesia, Malaysia, Thailand, the Philippines, Viet
Nam and China (Sin et al., 2005).

Throughout Asia, vertical integration of hatchery production, nur-
sery rearing and grow-out phases is still the exception rather than the
rule. In Taiwan PoC, there can be up to 4 separate farms involved in
aquaculture production: a broodstock farm that provides the eggs/
larvae, a larval rearing farm that rears the larvae to about 3cm in
length, a nursery farm that further rears the fish to 6-9 cm, and a grow-
out farm that rears the fish to market size (Rimmer, 1997).

In Indonesia, there is a similar separation of production phases for
grouper aquaculture. An estimated 8-10% of grouper fingerlings pro-
duced by Indonesian hatcheries are directly exported after leaving the
hatchery at around 2-3cm TL. Around 60-80% are transported to
North Sumatra, Aceh or northern Java (Lamongan) for nursery culture.
In nursery culture, hatchery-reared fingerlings as well as those caught
from the wild are cultured in hapa nets in shallow brackishwater ponds
for around 45 days (Komarudin et al., 2010). Grouper introduced to the
nursery culture system at around 2-3 cm TL (the preferred size pro-
vided by hatcheries) are grown out to 7-10 cm TL (the preferred size for
stocking in sea cages) (Komarudin et al., 2010). Most of the grouper
harvested from nursery systems in Aceh and North Sumatra are ex-
ported (via Medan) to China, Malaysia, the Philippines, Singapore,
Taiwan PoC, Thailand and Viet Nam. Only about 10-20% are used for
grow-out within Indonesia.

5. Small-scale hatcheries in Indonesia

In Indonesia, small-scale hatcheries are clustered in two main areas:
in Buleleng Regency in northern Bali and in the Situbondo area of East
Java. Both Buleleng and Situbondo hatcheries produce grouper fin-
gerlings, but only Buleleng is a major production area for milkfish
fingerlings. Data from Buleleng Regency indicate that there are 347
hatcheries comprising 17 ‘complete’ hatcheries with the remainder
(95%) categorised as ‘small-scale’ (Table 1). Together all 347 hatcheries
have around 5000 larval rearing tanks. The complete hatcheries have a
total of 73 broodstock tanks, most of which contain milkfish brood-
stock.

A separate survey of hatcheries in the Situbondo (East Java) area in
2015-16 indicated that 60 of 68 hatcheries (88%) were small-scale, i.e.
had 4-5 production units, (Table 2), while only 4 were categorised as
‘medium’ (5-10 units) and another 4 as ‘large’ (> 10 units). Of the 68
hatcheries surveyed, 42 produced only grouper in 2015-16 while 26
produced both grouper fingerlings and shrimp seedstock.

Small-scale hatcheries are notable for their simple and low-cost
construction and operations. Siar, Johnston, and Sim (2002) surveyed
11 hatcheries in northern Bali and found that establishment (capital

Table 1

Number of small-scale (i.e. without broodstock) and ‘complete’ (i.e. with
broodstock) hatcheries, number of larval rearing tanks and number of brood-
stock tanks, in villages in Buleleng Regency, Bali, Indonesia.

Village No. hatcheries No. tanks
Small-scale Complete Larval rearing Broodstock

Banyupoh 87 1 1066 4
Pemuteran 11 2 152 12
Penyabangan 121 7 1919 17
Sanggalangit 10 1 142 2
Musi 55 1 861 4
Gerokgak 27 4 593 30
Celukan Bawang 2 0 27 0
Patas 17 1 225 4
Total 330 17 4985 73
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Table 2

Number of hatcheries in the Situbundo area, East Java, categorised as small
(< 5units), medium (5-10 units) and large (> 10units) and their potential
annual production of grouper fingerlings.

Category Small Medium Large

No. units <S5 5-10 > 10

No. hatcheries 60 4 4

Production (fish per cycle)  10,000-70,000  30,000-60,000  100,000-200,000
Table 3

Physical characteristics of hatcheries surveyed in northern Bali; frequency and
percentage (in brackets) shown.

Hatchery area (ha) < 0.1 0.1-0.5 0.5-1.0 1-3
3(19%) 8 (50%) 2 (13%) 3 (19%)
Number of larval tanks 10-20 21-50 51-90
8 (50%) 6 (37%) 2 (13%)
Volume of larval tanks (m®) <10 11-20 21-30
2 (13%) 10 (63%) 4 (25%)
Number of nursery tanks 0 1-10 11-50 51-300
4 (25%) 2 (13%) 8 (50%) 2 (13%)
Number of sand filters 0 1 2 4
5 (29%) 8 (47%) 3 (18%) 1 (6%)

and fit-out) costs for 10 of these (each with 2 to 12 larval rearing tanks)
ranged from USD 4550 to USD 15,750, while the 11th hatchery (with
16 larval rearing tanks) had establishment costs estimated at USD
107,000. Pomeroy, Sugama, Slamet, and Tridjoko (2006) estimated the
capital costs of establishing a small (2 X 10m® larval rearing tanks)
hatchery at USD 3258.

Our 2015 survey of hatcheries in northern Bali showed that most
(81%) are < 1ha in area, and 69% are < 0.5ha (Table 3). Half of the
hatcheries surveyed had only 10 to 20 larval rearing tanks, ranging in
size from 9 to 30 m® (Table 3). Seventy-five percent of hatcheries had
dedicated nursery tanks (Table 3) which ranged in size from 2m x 2m
upto4m X 6m.

Water is pumped from adjacent inshore coastal waters. Only 50% of
the hatcheries surveyed had a storage reservoir. The main form of fil-
tration used in these hatcheries is the gravity sand filter (Sim et al.
2005; Sugama et al., 2012). About half the hatcheries surveyed had
only a single gravity sand filter, while about a quarter had multiple
filters (Table 3).

Most hatchery production is of the tiger grouper Epinephelus fusco-
guttatus, the hybrid grouper ‘cantang’ Q Epinephelus fuscoguttatus X <&
Epinephelus lanceolatus, and the hybrid grouper ‘cantik’ Q Epinephelus
fuscoguttatus X & Epinephelus polyphekadion. In recent years the de-
mand from grow-out farms has shifted from a high proportion of tiger
grouper to increased demand for the two hybrid groupers. This trend is
not limited to Indonesia, but is more broadly reflected in other Asian
countries that farm grouper (Rimmer and Glamuzina, in press). Reasons
for this preference are the faster growth of hybrid groupers in com-
parison with the parental stocks (Sugama, Muzaki, Permana, and
Haryanti, 2014) and farmer perception that hybrid grouper are more
resistant to disease (Rimmer and Glamuzina, in press). In addition,
small number of the humpback grouper Cromileptes altivelis and the
leopard coralgrouper Plectropomus leopardus, are produced by these
hatcheries.

Our survey results indicated that more hatcheries were producing
the two hybrid groupers than tiger grouper (Table 4), reflecting the
increasing popularity of hybrid groupers for grow-out. Typical pro-
duction is 10,000-100,000 fingerlings per cycle (Table 4), with typi-
cally 5 cycles per annum. One notable aspect is the low price paid for
grouper fingerlings, equivalent to USD 0.14 to USD 0.35 for a 3cm TL
fingerling (Table 4).
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Table 4
Hatchery production data for Buleleng hatcheries surveyed for this study.
Production data is for grouper fingerlings 2-3 cm TL.

Species Tiger Cantang Cantik

No. hatcheries producing 5 (29%) 15 (88%) 9 (53%)

Production (fish per 20,000-100,000 10,000-100,000 15,000-125,000
cycle)

Price per cm (IDR) IDR 600-1000 IDR 600-1500 IDR 600-1500

6. Local impacts of small-scale hatcheries

Small-scale hatcheries are recognised as contributing to local eco-
nomic and social development. Direct benefit is provided through em-
ployment of local people in hatcheries (Siar et al., 2002). A recent study
estimated that there were 4000-5000 people employed directly in
hatcheries in northern Bali (Hiruy, Murphy, Lewis, and Fudge, 2016). In
addition to direct employment in the hatcheries, indirect employment is
provided through construction and expansion of hatcheries, provision
of input supplies (feed, chemicals, etc.) and employment in the value
chain, for example as brokers who on-sell or export fingerlings (Siar

tal., 2002). In Buleleng Regency one estimate of indirect employment
concluded that about 20% of the local population was involved in
hatchery production in some way (! lcerin, 2002). This area is believed
to have the highest employment rate in Indonesia (Hiruy et al., 2016). A
range of broader social and economic impacts have also accrued from
the success of small-scale hatcheries, such as increased land values and
improved educational opportunities due to higher incomes (I liruy et al.,

2016).

Y

7. Global impacts of small-scale hatchery production

To examine the broader impacts of small-scale hatchery production,
we use two examples from Indonesia: grouper and milkfish.

7.1. Grouper

Worldwide, an estimated 47 grouper species and 15 hybrids are
cultured (Rimmer and Glamuzina, in press). Groupers are sourced both
from wild capture (at various sizes from post-larvae through to sub-
adults) and from hatcheries. The exact proportion of fish sourced from
wild capture is uncertain (Rimmer and Glamuzina, in press; Sadovy
, 2003) but the rising contribution of hybrid groupers to live fish
markets (Ferdouse, 2014; Sadovy, 2013) suggests that full-cycle aqua-
culture is now the dominant source of seedstock because hybrid
groupers can only be produced from artificial propagation.

Taiwan PoC and Indonesia are probably the two main suppliers of
hatchery-reared grouper fingerlings, although there is significant
hatchery production in Viet Nam, Thailand and the Philippines.
Traditionally, Taiwan PoC has been a dominant supplier of grouper
fingerlings with estimated production ranging from around 40 to 65
million fingerlings per annum in the period 2001 to 2006 (Chang, Chiu,

John, 2008).
Total production of grouper seedstock, including hybrids, from
hatcheries in northern Bali in 2015 was around 6 million fingerlings. An
estimated 80-90% of those were exported to neighbouring countries
including Singapore, Malaysia, Thailand, Viet Nam, Taiwan PoC and
China.

and

7.2. Milkfish

As noted earlier, the two main areas with large numbers of small-
scale hatcheries in Indonesia are Buleleng Regency in northern Bali and
Situbondo in East Java. Grouper fingerlings are produced in hatcheries
in both areas, but milkfish fingerlings are produced mainly by Balinese
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Table 5

Annual exports of milkfish and grouper fingerlings from Denpasar airport, Bali.
Data provided by the Agency for Fish Quarantine, Quality Control and Fisheries
Product Safety, Denpasar, Bali.

Species 2014 2015 2016
Milkfish fry 1,460,765,000 2,007,944,000 2,467,337,750
Grouper fry 5,486,246 6,141,353 7,272,310

hatcheries. The 347 hatcheries in the Buleleng area produce about 2.5
billion milkfish fingerlings per annum.

Denpasar airport is the main port for export of milkfish fingerlings
from Indonesia, so export data ('able 5) provide some insight into the
role of small-scale hatcheries more broadly. Exports of milkfish fin-
gerlings increased from around 1.5 billion in 2014 to 2.5 billion in 2016
(Table 5). Most (70-80%) are exported to the Philippines, with small
numbers exported to Japan, Malaysia, Singapore, Thailand and Viet
Nam.

8. Disease issues in tropical marine finfish hatcheries

Disease is widely recognised as a significant issue affecting pro-
duction in tropical marine finfish hatcheries (Bondad-Reantaso
2000;

2011; Nagasawa and Cruz-Lacierda

Kanchanakhan, and Chinabut Harikrishnan
] undar: and Heo 2004,
Sugama and Koesharyani, 2017). Following a regional survey of dis-
eases in grouper aquaculture, Bondad-Reantaso et al. (2000) listed a
range of diseases which they classified as viral, bacterial, infections
caused by parasites, infections caused by monogeneans, nutritional and
environmental. While some of these diseases have been reported only
for the grow-out stage, most have been reported for various stages of
the life cycle, including the larval and nursery stages.

Despite their acknowledged importance, there is little specific in-
formation regarding the impacts of particular diseases, the links be-
tween various disease syndromes and other factors (such as environ-
ment or nutrition), or even the overall impact of disease on hatchery
production. The study reported here attempted to obtain information
on the latter aspect, i.e. the impact of disease on grouper hatchery
production, as well as hatchery operators' attitudes to disease preven-
tion (particularly hatchery biosecurity) and treatment.

Humphrey,

m,

8.1. Occurrence of disease in grouper hatcheries

Hatchery operators reported viral diseases as the main fish health
problem in grouper hatcheries. Other disease issues reported were re-
lated to parasites and skin injuries. Viral diseases were recognised by
changes in fish colour and behaviour, particularly lethargy of affected
fish.

Most hatchery operators reported the frequency of occurrence of
disease as ‘medium’ (!'able 6). However, the impacts of disease out-
breaks were viewed differently. Hatchery operators categorised disease-
related mortality fairly evenly between ‘high’ and ‘medium’, with only
one hatchery operator indicating that they had ‘low’ mortality

(Table 6). The financial impacts of this mortality were also mainly ca-
tegorised as ‘high’ and ‘medium’ (Table 6).
Table 6

Hatchery operators' perceptions of frequency of occurrence, level of mortality
due to disease and consequent financial loss in grouper hatcheries surveyed for
this study; frequency and percentage (in brackets) shown.

Disease impacts High Medium Low
Occurrence 2 (13%) 10 (63%) 4 (13%)
Mortality 8 (47%) 8 (47%) 1 (6%)
Financial loss 8 (47%) 8 (47%) 1 (6%)
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Table 7
Responses to questions regarding fish health management practices by hatchery
operators in Bali; frequency and percentage (in brackets) shown.

Practice Yes No
Restrict entry of visitors 2 (12%) 15 (88%)
Take off or change shoes 3 (18%) 14 (82%)
Provide footbath 4 (24%) 13 (76%)
Wash hands 9 (53%) 8 (47%)
Disinfect vehicles 5 (29%) 12 (71%)
Share equipment 4 (24%) 13 (76%)
Chlorinate water 10 (59%) 7 (41%)
Use UV/other treatment 4 (24%) 13 (76%)
Surrounding hatcheries using hygienic practices 4 (24%) 13 (76%)
Pre-treatment of effluent 0 17 (100%)

8.2. Hatchery facilities and procedures

Hatchery operators were asked a number of questions regarding fish
health and biosecurity practices in place in their hatcheries. Only 12%
of hatcheries restricted access by visitors (Table 7). Only 18% of
hatcheries required that staff and visitors change shoes before entering
the hatchery, and only 24% provided footbaths. Fifty-three percent of
hatcheries required hand washing and 29% percent disinfected ve-
hicles. Twenty-four percent of the surveyed hatcheries shared equip-
ment with other hatcheries; in all cases these were seawater pumping
and supply systems, and aeration systems. Seventy-six percent of
hatcheries felt that the surrounding hatcheries were not using hygienic
practices.

The most common form of water treatment was chlorination (59%
of hatcheries). Four hatcheries (7%) used UV filtration (Table 7) (al-
though in one case that we observed this was a home-made installation
that would have had negligible effect). All the hatcheries surveyed
cleaned their tanks, floor and equipment between batches of fish, with
many (59%) using chlorine. All hatcheries disposed of waste water by
directly draining it to the sea.

The main sources of technical information regarding hatchery pro-
cedures (71%) were from staff of IMRAD Gondol (the local government
research and development institute), followed by the hatchery owner
(18%) and equipment/input suppliers (12%). Another aspect of small-
scale hatcheries is the lack of formal aquaculture education and
training. Of the 17 hatcheries surveyed, only 2 (12%) had staff with
formal education in aquaculture. Seven hatcheries (41%) had provided
staff with procedural training (not specific to fish health and biose-
curity) either onsite or at IMRAD Gondol.

8.3. Disease outbreak management

Seventy-one percent of hatcheries separated apparently diseased
fish from healthy fish, while 17% treated sick fish with formalin. During
a disease outbreak, most (53%) hatcheries contacted the owner, other
technical staff in the hatchery (35%), or the local research institute
(12%).

After a disease outbreak, 82% of hatcheries depleted the affected
tanks, and 12% sterilised with chlorine. Most hatcheries disposed of
dead fish by burying (59%) or burning (35%).

9. Discussion

Small-holder seedstock supply, either from capture fisheries or from
hatcheries, is an important feature of the landscape of aquaculture in
many South-east Asian countries. In many areas seedstock supply can
make an important contribution to poverty reduction in coastal com-
munities.

For example, a census of lobster seedstock collectors in Lombok
indicated that there were 556 lobster seedstock fishers operating in
2013-14 (Bahrawi et al., 2015). Total revenue from catches of lobster
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pueruli and juveniles during 2013 was IDR 17.4 billion (equivalent to
around USD 1.34 million) (Bahrawi et al, 2015), giving an average
income per fisher of IDR 31.3 million (USD 2400) or IDR 2.6 million per
month (USD 200). Indonesia's poverty line at this time was set at IDR
302,735 (about USD 23) per month (Aji, 2015). Clearly, income derived
from lobster seedstock fishing could lift many (in not all) of these
households well above the poverty line.

Prior to the Indonesian government's ban on collection of lobster
seedstock in 2015, most of these pueruli and juveniles were being ex-
ported to other South-east Asian countries, particularly Viet Nam. They
thus provided not only an export industry for Indonesia, but supported
livelihoods for coastal villages involved in lobster aquaculture in Viet
Nam. In January 2015, the Indonesian Minister for Marine Affairs and
Fisheries issued a decree limiting the legal capture sizes of lobsters
(Panulirus spp.), mud crabs (Scylla spp.) and swimming crab (Portunus
pelagicus) with a size limit on lobsters of > 8 cm carapace length.
Although presumably intended to reduce the impacts of recruitment
overfishing, one impact of this size limit was to make the trade in
lobster pueruli and juveniles illegal. To date, the impact of this legis-
lation on coastal communities in Indonesia has not been evaluated.

At local scale, small-scale hatcheries make an important contribu-
tion to the social and economic well-being of coastal communities, as
outlined above, primarily through direct and indirect employment
(Heerin, 2002; Hiruy et al., 2016; Siar et al., 2002).

The scale of production of marine finfish juveniles from these
hatcheries suggests that the social and economic impacts are more
broadly felt throughout the Asia-Pacific region. Total global production
of milkfish in 2015 was around 1 million tonnes and Indonesia (63%)
and the Philippines (35%) were the major producers (I'AO, 2017). Both
Indonesia and the Philippines consume nearly all the milkfish that they
produce and in both countries milkfish is an important contributor to
food security amongst coastal communities (Lizo and Leano, 2010).
Indonesia for some time has been the major producer of milkfish fin-
gerlings, substantial numbers of which are exported to the Philippines.
As noted earlier, most of this production is from small-scale hatcheries
in northern Bali. Production of groupers from aquaculture is an order of
magnitude smaller than for milkfish, with an estimated 155,000t of
production in 2015 (FAO, 2017). As seedstock for grouper aquaculture
are sourced from wild-capture fisheries and from hatchery production
(Rimmer and Glamuzina, in press), both small-holder fishers and small-
scale hatchery operators continue to be important component of
grouper aquaculture supply chains.

Although small-scale hatcheries make a substantial contribution to
livelihoods and food security at a regional level, they are subject to a
range of threats, including the impacts of disease. The key features of
small-scale hatcheries is that they are inexpensive to construct and re-
latively simple to operate. Although these features make them acces-
sible to people in poorer coastal communities, they also tend to restrict
the implementation of effective biosecurity and fish health protocols.

Viral nervous necrosis (VNN) and iridovirus were reported as the
main diseases affecting grouper hatcheries in Bali. VNN is caused by a
Betanodavirus within the family Nodaviridae and has been reported
from all continents except South America (Rodger, 2016; Shetty, Maiti,
Shivakumar Santhosh, Venugopal, and Karunasagar, 2012). Clinical
signs of the disease include reduced appetite, emaciation, colour change
(darkening), abnormal (whirling or cork-screwing) swimming pattern,
neurological dysfunction, exophthalmia, swim bladder hyperinflation,
anorexia and apparent blindness (Rodger, 2 2012).
VNN outbreaks may result in heavy mortality, up to 90-100% (Rodge:
2016). Of the viruses in the family Iridoviridae, Megalocytivirus is the
most significant in terms of economic impact, and is reported to have
affected a wide range of tropical and temperate marine fish species
(Rodger, 2016). Mortality rates vary but can be up to 90% in red sea
bream (Pagrus major), rock bream (Oplegnathus fasciatus) and grouper
species (Rodger, 2016).

Nalkai et al. (2009) note that the main mode of transmission of the

016; Shetty et al.
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nervous necrosis virus (NNV) is through influent and rearing water, and
via utensils, vehicles, and human activity. Hick, Schipp, Bosmans,
Humphrey, and Whittington (2011) documented repeated outbreaks of
VNN at an Australian hatchery and noted that transmission of the virus
between segregated and biosecured areas of the hatchery occurred and
may have been due to the presence of fish subclinically infected with
large quantities of viral particles, or through breakdown in biosecurity
measures. There is evidence of vertical transmission of VNN from
broodstock to larvae via the eggs, and this is usually controlled by
washing eggs in ozone-treated seawater before they are stocking in the
larval rear'mg tanks (‘\,’l\.l. et al.,

While there are numerous publications on the occurrence of viral,
bacterial and parasitic diseases in groupers, to date there has been no
effective epidemiological evaluation of the major diseases of grouper in
the various culture phases. Such studies would dramatically increase
our knowledge of the economic impacts of disease on grouper aqua-
culture (Harikrishnan et al., 2011). In the absence of detailed epide-
miological studies, approaches to reduce the incidence and extent of
VNN outbreaks in hatcheries are based on improved biosecurity to re-
duce the chance of vertical and horizontal transmission of the virus.
These approaches, adapted from Nakai et al. (2009), Hick et al. (2011)
and Rodger (2016), can be summarised as:

2009; Su, Tseng, Su, and Liao, 2001).

e Adoption of basic biosecurity approaches (foot bath, hand washing,
physical separation of facilities, restricted access by staff, etc.).

e Sterilization of water coming into the hatchery.

® Treatment of spawned eggs with ozone prior to stocking in larval
rearing tanks.

e Batch (‘all-in, all-out’) production followed by disinfection of the
hatchery between batches.

® Monitoring populations for sub-clinical infections prior to disease
outbreaks.

e Exclusion of incidental species that may act as carriers.

® Disinfection of the hatchery following a disease outbreak.

In regard to the hatcheries surveyed in this study, adoption of these
approaches was limited. The majority of hatcheries did not implement
effective biosecurity procedures (Table 7). Some sterilization of water
using chlorine was carried out by some hatcheries, but this was gen-
erally for water used for microalgal and rotifer production (to reduce
the incidence of competitors such as protozoans) rather than a proce-
dure to control viral outbreaks. None of the hatcheries surveyed used
ozone treatment of eggs to control potential vertical transmission of
VNN. Monitoring of fish for disease was done by hatchery operators,
but clinical diagnoses were rarely sought because of the additional cost
of polymerase chain reaction (PCR) testing.

Many small-scale hatcheries line the shore of north-western Bali
(Heerin, 2002) and their intake and outlet systems are usually close
together. None of the hatcheries surveyed treated effluent prior to
disposal to coastal waters, and most had only simple gravity sand filter
pre-treatment systems. Consequently, it is likely that any disease out-
breaks result in transmission of pathogens between adjacent hatcheries
in the water effluent and supply systems.

In summary, many of the small-scale hatcheries surveyed were
significantly impacted by disease outbreaks, nominating fish mortality
and the resultant financial impacts as ‘medium’ to ‘high’ (Table 6).
Despite this, most hatcheries had poor implementation of biosecurity
protocols that may reduce the incidence and severity of disease out-
breaks, particularly with regard to VNN. The reasons for this response
are likely related to the cost of implementation of biosecurity proce-
dures and the education status of the hatchery staff.

Because of the large number of hatcheries producing seedstock,
there is intense competition for purchasers. An additional pressure on
the hatcheries is that many farms focus on price rather than quality
when purchasing batches of fingerlings. Together, these two aspects
cause a focus on fingerling price, which in turn forces hatchery
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operators to adopt low-cost practices. There are costs (either in terms of
infrastructure requirements or staff operations) associated with biose-
curity implementation and small-scale hatcheries are reluctant to adopt
any practices that impose additional costs. Improving the performance
of these small-scale hatcheries will first require convincing purchasers
that there are economic advantages to buying better quality or specific-
pathogen-free seedstock, since it is the purchasers who will need to
absorb the increased costs associated with effective fish health man-
agement in small-scale hatcheries.
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