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Abstract

The International Marinelife Alliance (IMA) has been training collectors in the Philippines and Indonesia
to use barrier nets rather than sodium cyanide to capture marine aquarium fish. Despite the training, col-
lectors have been slow to switch to using nets because they can earn more using cyanide. A new Philippine
export company has agreed to pay the collectors more for net-caught fish and to adhere to standards being
set by the USA-based Marine Aquarium Council. The IMA is monitoring the collectors and conducting
cyanide testing to certify that the fish are net-caught and totally cyanide-free. Clearance certificates now
accompany shipments of these marine-aquarium fish being shipped to wholesalers and retailers associated
with the American Marine Dealers Association (AMDA) situated in the USA and Canada. AMDA mem-
bers are being surveyed to assess whether the net-caught fish are more cost competitive compared to
cyanide-caught fish for the marine ornamental fish trade because of reduced mortality through the chain
from reef to retailer. 

whitish plume. Testing done by The Nature
Conservancy on seized squirt bottles indicates that
the dissolved HCN concentration leaving the
squirt bottle is about 1500–2000 mg/L (Pet &
Djohani, 1998). 

Cyanide is known to impair enzyme systems, that
facilitate oxygen metabolism (e.g., cytochrome oxi-
dase) and other physiological functions in fish and
invertebrates, and to damage the liver, spleen,
heart, and brain of the fish (Dempster &
Donaldson, 1974; Dixon & Leduc, 1981; Leduc,
1984; Hanawa et al., 1998). Hence, cyanide fishing
is believed to contribute to the high delayed mor-
tality (>80%) of marine aquarium fish being
exported to other countries (Rubec, 1987c,
1987d,1988a; Rubec & Soundararajan, 1991).

Community-based resource management (CBRM)
programmes have been proposed as a means to
conserve coral reefs, through more active partici-
pation of local people in the planning and imple-
mentation of fisheries management (White et al.,
1994). Despite its advantages, it is unlikely that
local communities can implement CBRM on their
own. Co-management was proposed, wherein the
national government and the local community
share authority, by using CBRM as a central ele-
ment of co-management (Pomeroy, 1994). 
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Introduction

The cyanide problem

Cyanide fishing has spread throughout Southeast
Asia (Rubec & Pratt, 1984; Rubec, 1986, 1988a;
Johannes & Riepen, 1995; Barber & Pratt, 1997,
1998). The application of 5,204 mg/L of cyanide
for 10, 20, or 30 minutes killed corals within
seven days (Jones & Steven, 1997). Lower concen-
trations (520 mg/L) resulted in the loss of zoox-
anthellae and impaired photosynthesis, which
may cause corals to die over longer time periods
(Rubec, 1986; Jones, 1997; Jones & Steven, 1997;
Jones & Hoegh-Guldberg, 1999; Jones et al., 1999).
Cyanide is extremely toxic to fish (Duodoroff,
1980; Leduc, 1984) but about 50% survive the ini-
tial exposure if rapidly moved to clean water
(Rubec, 1986, 1987c).

Most aquarium fish collectors use one or two 20 g
sodium cyanide (NaCN) tablets in a one-litre squirt
bottle, while food-fish fishermen use on average
3–5 cyanide tablets. A conservative analysis esti-
mated that 150,000 kg of cyanide is spread on
Philippine coral reefs each year (McAllister, 1988).
Since not all of the cyanide initially dissolves, both
dissolved hydrogen cyanide (HCN) and particu-
late NaCN is squirted on the coral heads as a
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To provide fishermen with an alternative to
cyanide fishing, several NGOs have conducted net-
training in the Philippines as part of CBRM pro-
grams over the past 15 years (Rubec, 1988b; Buhat,
1994; Pajaro, 1994). One of these NGOs is the
International Marinelife Alliance (IMA). Its
Destructive Fishing Reform Initiative (DFRI),
funded by the Philippine government and foreign
donors, involves a variety of village-level educa-
tion/training programmes including the use of
barrier-nets to capture marine-aquarium fish and
hook-and-line methods for the capture of food fish
(Pratt, 1996; Barber & Pratt, 1997). Over the past
four years, the IMA has trained about 1,500 aquar-
ium fish collectors in the use of barrier nets, and
500 in the use of hook-and-line capture methods.

As part of the DFRI, the IMA also maintains six
cyanide detection test (CDT) laboratories for the
Philippine Bureau of Fisheries and Aquatic
Resources (BFAR) that have tested over 32,000
marine fish since 1993. Fish are sampled for CDT
testing at various locations: from boats transport-
ing fish, village holding sites, airports, and the
facilities of middlemen and exporters. This reduces
the possibility of fish being held longer to reduce
cyanide concentrations, through urinary excretion.
There has been a marked drop in the proportion of
aquarium fish tested with cyanide residues present
from over 80% in 1993, 47% in 1996, to 20% in 1998.
However, many Filipino exporters continue to pro-
vide lip service to the benefits of net-caught aquar-
ium fish while continuing to deal with middlemen
who distribute cyanide to the collectors. Net-
caught fish are being mixed with cyanide-caught
fish in the exporters’ facilities. The exporters then
claim to be selling net-caught fish. Many retailers
in the USA complain there is still a high rate of
mortality in marine aquarium fish shipped from
Indonesia and the Philippines.

Economic incentives

The IMA has been conducting net-training at vari-
ous sites throughout the southern Philippines.
During April 1999, the first author observed aquar-
ium fish collectors being trained on IMA’s 75-foot
boat in the Davao Gulf, situated in southern
Mindanao. He also visited Olango Island situated
in the Central Visayas (Cebu-Bohol area), where
IMA has been conducting barrier-net collection
training and other alternative livelihood pro-
grammes.

Cyanide fishing started in Batangas (southern part
of the Island of Luzon) and spread from the Central
Visayas, where it has been used since 1962 (Rubec,
1987b). About 300 aquarium fish collectors and
their families live in the villages of Santa Rosa, San
Vicente and Sabang on Olango Island (Rubec,

1987b; Paras et al., 1998; IMA, 1999). Many of the
Olango Island collectors are third generation
cyanide users and they have destroyed the coral
reefs for over 300 miles in every direction. They
have become economic slaves to middlemen, who
provide food, boats, and other commodities,
including cyanide, in return for high volumes of
low-priced cyanide-caught fish. The middlemen
sell the fish to Manila exporters. About 85% of the
price paid by Manila exporters goes to the middle-
men, and only 15% to the collectors. I learned that
the collectors were eager to switch to nets, provided
they could earn more to support their families. 

Americans often blame the collectors for the
cyanide problem, without realising that the prob-
lem lies with the middlemen, exporters and even
North American buyers who refuse to pay more for
net-caught fish. The result is the destruction of the
coral reefs, which already has resulted in the dis-
appearance of many species of fish in demand by
the aquarium trade.

Most Filipino exporters do not believe they can
make money selling net-caught fish. Hence, it
becomes necessary for IMA to demonstrate what
we have been preaching. The IMA is conducting a
study to assess the mortality associated with net-
caught fish, and to determine whether net-caught
fish are a viable economic alternative to cyanide-
caught aquarium fish. Some exporters who previ-
ously sold net-caught fish (e.g., Reg and Rix, Inc.)
have reported mortality rates of <10% through the
chain from reef to retailer. If the total mortality
through the chain can be significantly reduced
from over 90% to less than 10 per cent; then every-
one in the trade will make more money.

Methods

Net-caught, cyanide-free fish

The IMA has been collaborating with a new
Filipino export company to gather data concerning
the survival and profitability of net-caught fish
being exported to the USA and Canada. Asian
Marine Resources Inc. (AMRI) has been buying
net-caught fish from the collectors trained by IMA.
By eliminating the middlemen, the collectors
obtain more income for their fish. The company
has created a new 20,000-gallon holding facility in
Manila, and has also established collection stations
in the southern Philippines. AMRI has been selling
net-caught fish to foreign buyers for prices com-
petitive with other Filipino exporters. Their export
prices are similar to those recommended by the
Philippine Tropical Fish Exporters Association. The
IMA pledged its support to ensure that net-caught
fish are shipped from collectors trained by IMA to
the AMRI facility. 
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Aquarium fish are sampled at village holding sites
and are then tested for cyanide at CDT laboratories
situated in Davao City and Cebu City. The Manila
CDT laboratory is also involved in testing fish ran-
domly sampled from the AMRI export facility.
Provided the fish are totally cyanide-free, each ship-
ment receives a clearance certificate from the Manila
CDT laboratory. The certificates are placed in the
boxes containing fish that are shipped to the United
States and Canada. The boxes are also sealed with
tape indicating the fish are cyanide-free.

Surveys

The IMA has been collecting data to document fish
mortality at each step of the chain from the villages,
the Manila export facility, and at North American
import facilities situated in Las Vegas-Nevada, San
Jose and Los Angeles-California, in the USA, and
Vancouver-British Columbia, in Canada. A tele-
phone survey by IMA, during 1997, of over 300 US
aquarium fish dealers, determined that mortality at
the retail level of marine fish was on average: 60%
on the east coast, 35% in the mid-west, and 30% on
the west coast of the USA, during the first three
days after their arrival at the stores.

The AMDA dealers are being surveyed concerning
the mortality they experienced with fish purchased
from wholesalers and trans-shippers, prior to their
buying certified net-caught fish. This will be fol-
lowed by a survey of their experiences with
cyanide-free fish. In this way, we will determine
whether net-caught fish survive better, and
whether they are more profitable to retailers.

The IMA plans to analyse the data and publish the
results. Hence, all the information will be sum-
marised for the aquarium trade. We plan to conduct
economic analyses that examine the effects of fish
mortality on profit. Many dealers are unaware of its
impact to their bottom-line. Hopefully, this will pro-
vide the scientific evidence needed to convince the
industry that net-caught fish are a viable economic
alternative to cyanide-caught aquarium fish.

Discussion

Heming et al. (1985) coined the term Sudden Death
Syndrome (SDS) to describe the delayed mortality
of fish after experimental exposure to thiocyanate
ion (SCN–). But there has been considerable contro-
versy concerning which factors account for the
high delayed mortality of marine fish in the marine
aquarium trade. Fenner (1998) cited possible
causes as ‘… cyanide, weeks of starvation, parasite
loads, metabolite burn from holding and transport-
ing fishes in polluted water, shipping stress, and
lack of oxygen. The relative importance of these
factors in causing mortality is largely unknown.’

About 50% of the exposed fish die from acute con-
centrations of hydrogen cyanide (HCN) applied on
the reef (Rubec, 1986). The scientific literature indi-
cates that concentrations greater than 5 mg/L are
lethal, if the exposure time exceeds several minutes
(Rubec & Pratt, 1984; Hall & Bellwood, 1995;
Hanawa et al., 1998). The Nature Conservancy
study found that coral heads are being blitzed with
HCN concentrations greater than 1,500 mg/L (Pet
& Djohani, 1998). It seems likely that the surviving
fish are those that try to avoid the plume.

At the village level, marine aquarium fish are often
held on land in plastic bags or buckets, on the floor
or on wooden structures for three to five days
(Baquero, 1995). During this time the water is
changed once a day. Expensive species get two
water changes a day. It seems likely that the fish are
stressed due to the accumulation of the ammonia in
the bags, and from salinity and temperature fluctu-
ations. The collectors experience about 30% mortal-
ity on their fish prior to shipping them to Manila. 

As part of the barrier-net collection training, IMA
has been teaching collectors to hold fish in floating
cages or in perforated buckets attached to anchor
lines. AMRI has a building situated in the munici-
pality of Santa Cruz, near the City of Davao,
equipped with aquaria that receive running seawa-
ter from the bay. Further studies are needed to
determine whether the means of handling and
holding fish at the village level contribute to the
delayed mortality observed on fish being imported
into the USA.

Many exporters in the Philippines do not have
advanced filtration systems, ultraviolet light ster-
ilisers, or use ozone to control diseases in their sys-
tems (Rubec, 1987d; Baquero, 1995). The fish are
often crowded and the water quality may not be
ideal. Most companies use copper in the seawater
to control parasitic protozoa like Cryptocaryon and
Amyloodinium. When the fish arrive at the export
facility, they are transferred from bags, and several
days later they are put into plastic bags again for
export. The water changes involve quick changes
in salinity and pH. It is not clear what effect these
water changes have on the fish. 

Most marine aquarium fish enter the USA through
Los Angeles, San Francisco, or New York.
Traditionally, the fish are unpacked by the
importer and placed in aquaria for a day or two,
then repacked and sent to wholesalers, or retailers
throughout the country. Starting in 1991, trans-
shippers started a new approach. Brokers clear the
fish through US customs; then the fish are taken to
a facility where the water in the bags is quickly
replaced. The fish are then put on the next airplane
and sent to retailers. Sometimes, the fish are imme-
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diately forwarded to wholesalers or retailers with-
out any water changes. 

While trans-shipped fish are cheaper, retailers are
faced with having to acclimate fish that arrive
extremely stressed. Several retailers on the east
coast of the US have reported higher mortality with
fish purchased from trans-shippers (>60%) in com-
parison to fish obtained from traditional importers
(30–40%) situated in Los Angeles. Generally, it
takes 20–25 hours to ship fish from the Philippines
to Los Angeles, and more than 40 hours for fish
shipped to New York.

On top of all of the above, there are the usual hor-
ror stories of fish being left out on the tarmac in
mid-winter by the airlines. Such fish are dead, of
course, on arrival at their final destination. In short,
we can safely conclude that more than one factor is
responsible for the high mortality of fish (>90%) in
the marine ornamental trade.

Hall and Bellwood (1995) conducted experiments
with damselfish (Pomacentrus coelestris) collected
with nets from the Great Barrier Reef in Australia.
They exposed different groups of damselfish to
cyanide (10 mg/L for 85 seconds), stress (coral rub-
ble removed from holding tanks), or starvation
(not fed). The mortality over a 13-day period was
37.5% for the fish exposed to cyanide alone, 25%
for the stress alone group, and 0% for the starva-
tion alone group. When all three factors were
applied together the mortality was 41.7%.

The term ‘stress’ covers a complex range of phenom-
ena. Robertson et al. (1987) recognised the ‘stressor’
that induces stress and creates the stress response.
The stress response is characterised by the excretion
of catecholamines and corticosteroid hormones in
the fish. The elevated hormone levels induce sec-
ondary effects such as metabolic, osmoregulatory,
and immune system changes. Tertiary effects, such
as increased susceptibility to disease are evident after
chronic exposure to stressors.

A variety of factors can act as stressors to fish
including pollutants, heat and cold shock, pharma-
cological agents including anaesthetics, and those
related to handling, restraint, or transportation
(Robertson et al., 1987). Corticosteroids are elevated
by abrupt changes in water temperature, salinity,
depletion of dissolved oxygen, or sub-lethal
ammonia. Hence, biochemical stress responses can
be induced by a deterioration in water quality.

The affects of multiple stressors are often additive,
and can result in considerable mortality even
though the individual stressors are sub-lethal.
Lanno and Dixon (1991) found that levels of SCN–

that were not lethal to rainbow trout (Oncorhynchus

mykiss) during a given exposure period became
lethal after the application of a physical stressor,
such as chasing the fish with a dip net. Fish that
were not exposed to SCN– survived netting and
weighing. All fish exposed to 160 mg/L SCN– died
after netting and weighing. With trout exposed to
120 mg/L SCN–, 40% died before the end of the 16-
week growth trial.

Hanawa et al. (1998) likewise reported that groups
of ten humbug damselfish (Dascyllus aruanus),
pulse-dosed with 50 mg/L cyanide ion (CN–) for 60
seconds, exhibited higher mortality (100%) after
being stressed by bagging, than non-stressed con-
trol fish (0%). Under non-stressed conditions, pulse
exposures of 25 or 50 mg/L CN–, for 10 and 60 sec-
onds respectively, significantly reduced liver oxy-
gen consumption rates measured 2.5 weeks post-
exposure. Under stressed conditions, liver oxygen
consumption rates were significantly higher in
cyanide-exposed fish than control fish. The com-
bined effects of cyanide exposure and stress
increased the mortality and placed an appreciable
metabolic load on the fish. Hence, cyanide expo-
sure in combination with handling stress could
partly explain the high delayed mortality in the
marine aquarium fish trade.

Exporters in the Philippines have reported high
mortality of marine fish after turning on lights or
associated with netting of cyanide-caught fish
(Rubec, 1987a). Hence, cyanide exposure can be
considered a factor that makes marine aquarium
fish more susceptible to handling-related stressors.
Cyanide fishing may induce the SDS, and con-
tribute to the delayed death of marine fish in the
aquarium trade.

Carmichael et al. (1984) monitored corticosteroid
and plasma chloride levels in largemouth bass
(Micropterus salmoides) associated with handling
and transport. Corticosteroids and glucose levels
in the blood increased immediately after the fish
were crowded and loaded for transport. The hor-
mone levels remained high during 30 hours of sim-
ulated hauling. Although no fish died during haul-
ing, high mortality (88%) occurred within four
days after the hauls. It took 5–7 days for corticos-
teroid and glucose levels to return to baseline lev-
els. Stress was reduced significantly and the mor-
tality eliminated, when the fish were: treated for
diseases; held 72 hours without food, and then
anaesthetised before they were loaded; hauled at a
cool temperature in physiological concentrations of
salts with an antibiotic and a mild anaesthetic
added; and allowed to recover in the same medium
minus the anaesthetic.

Several importers interviewed by IMA have
reported a marked reduction in the mortality of the
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marine fish sold to retailers, by quarantining the
fish they receive for 5–7 days. This may indicate
that mortality can be reduced, if fish are held in an
import facility long enough to allow stress hor-
mone concentrations to return to baseline levels.
Net-caught fish usually recovered, when properly
held and acclimated to deal with low pH (5.5–6.0)
and elevated ammonia levels in shipping water (K.
Goldsmith, pers. comm., 1995). Cyanide-caught
fish often died, despite the use of acclimation pro-
tocols and being held for a week at the import facil-
ity. Goldsmith had <10% mortality on net-caught
fish and >30% mortality on cyanide-caught fish
imported from the Philippines to the US east coast
(New Jersey).

The importers and AMDA retailers cooperating
with IMA have agreed to hold fish for 5–7 days
prior to shipping them to retailers. They have also
agreed to adhere to water quality standards and
holding procedures being developed by the
Marine Aquarium Council (Resor, 1997). The pre-
sent study with AMRI and AMDA seeks to reduce
fish mortality in the trade, resulting from all con-
tributing factors.

The Haribon Foundation found that a large pro-
portion (71%) of 176 collectors who received net-
training from 1991–1993 reverted to the use of
sodium cyanide (Pajaro, 1994). This was attributed,
in part, to the fact that fine-mesh barrier nets were
not available, and to the fishermen’s lack of skill in
the use of accessory gear (steel pokers). 

The IMA is also experiencing backsliding. About
30% of the collectors who have received net-train-
ing from IMA have reverted to the use of cyanide.
The collectors get paid by the number of fish
caught, and they can catch more fish per day using
cyanide than using nets. It seems apparent that
fishermen using nets should be paid more for their
fish, to offset the loss in income associated with
switching from using cyanide.

Many collectors sell their fish to middlemen, who
distribute cyanide. The IMA has assisted the col-
lectors in some areas to set up fisherman associ-
ations that allow them to sell directly to
exporters seeking net-caught fish. AMRI is pay-
ing the collectors in the Davao area 50% more for
aquarium fish; compared to what they could
obtain from middlemen. Further studies are
needed to determine the economic incentives
needed to prevent backsliding.

The IMA believes that net-caught fish can be eco-
nomically viable. This depends to a large degree on
reducing the mortality at each step of the chain
from collector to retailer, in the most cost-effective
manner. The IMA also plans to evaluate the addi-

tion of chemicals to the shipping water and the use
of breathing bags (which expel carbon dioxide), to
assess whether this helps to reduce fish mortality
rates (Teo et al., 1989; Rofen, 1996). Provided the
fish are net-caught, the trade should be able to min-
imise the stress associated with handling and
transport. The measures discussed in the present
paper should help to make the marine aquarium
fish trade more sustainable.
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Fiji Cabinet considers total ban on coral 
and live fish export

Source: PacNews, 7 Sept. 1999

A Cabinet sub-committee has been set up in Fiji to
look at the impact on Fiji’s natural marine live
through commercial harvesting of coral and export
of pet fish. A statement from Cabinet said the sub-
committee will consider a total ban and revocation
of licences because at the moment, there is no effec-
tive form of monitoring the trade of coral and
aquarium fish in the country.

‘Almost all other countries have imposed a total
ban on the harvest and export of coral and aquar-
ium fish. Fiji is one of the few countries that con-
tinue to allow it through regulation. Government
has taken these steps in view of reports of possible
ecological damage to the marine environment from
these activities,’ the statement said.


