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Without the Land and
the Sea, and their Bounties,
the People and their
Traditional Ways
would be Poor and
without Cultural Identity
Fijian Proverb
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Why a Handbook?

Since 2000, scientists, fishery managers, conservationists and politicians have
become increasingly aware, not only that many commercially important coral
reef fish species aggregate to spawn (reproduce) but also that these important
reproductive gatherings are particularly susceptible to fishing. In extreme cases,
when fishing pressure is high, aggregations can dwindle and even cease to
form, sometimes within just a few years. Whether or not they will recover and
what the long-term effects on the fish population(s) might be of such declines
are not yet known. We do know, however, that healthy aggregations tend to be
associated with healthy fisheries. It is, therefore, important to understand and
better protect this critical part of the life cycle of aggregating species to ensure
that they continue to yield food and support livelihoods.
As fishing technology improved in the second half of the twentieth century,
engines came to replace sails and oars, the cash economy developed rapidly,
and human populations and demand for seafood grew, the pressures on reef
fishes for food, and especially for money, increased enormously. In many
countries, export markets in reef-living species have blossomed, demand for
seafood for tourism is expanding, and luxury seafood items are increasingly
desirable and accessible to an ever wealthier public. Yet, many of the species
most valuable economically are also those most vulnerable to fishing, either
because of their biology or because of the way they are fished, or both. Overfishing of species that cannot withstand high levels of fishing pressure, and
damaging fishing techniques (such as dynamite or poisons), are slowly and
steadily eroding important reef fish stocks and their coral reef habitat. The longterm consequences of such trends on food supply and livelihoods, if they
continue unchecked, are a matter of considerable concern for those countries
and communities that depend heavily on the sea.
One particularly worrying practice for commercial reef fish fisheries is the
uncontrolled targeting of spawning aggregations. The purpose of this Handbook
is to raise awareness about spawning aggregations by providing information on
their importance to both fish populations and fishermen (inclusive of both men
and women), to outline options for conservation and management, and to
promote the use of good science in this work.
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What are Spawning Aggregations?

Spawning aggregations of reef fishes are temporary gatherings that form for
the sole purpose of reproduction. They are among the most dramatic, and
remarkable, biological phenomena that occur on or around coral reefs worldwide.
They may be small, involving a dozen or so fish, or they may comprise hundreds
to tens of thousands of individuals. They may form regularly for many consecutive
months, or last just a few days or weeks each year. We recognize two types of
aggregation, ‘Resident’ aggregations form regularly, close to ‘home’ reefs and
in many different locations. ‘Transient’ aggregations form far from home reefs,
for short periods each year and in relatively few places.

How to Identify Spawning Aggregations
Two criteria are essential for identifying a ‘spawning’ ‘aggregation’: increase in
density and occurrence of spawning. Apparently straightforward, both criteria
have their challenges. For example, certain fishes gather in large groups for
reasons other than spawning, such as for feeding. In some species, spawning
occurs during the day. In many species, however, spawning occurs at dusk or
at night, far from shore, and is difficult to observe directly. It is fortunate, therefore,
that we can use other, indirect, indicators of spawning, such as bellies swollen
with eggs (not fat or food!) in females, or distinctive male coloration (but make
sure the colours only occur during the reproductive season). In fact, most reports
of spawning come from such ‘indirect’ indications, as well as from reports from
fishermen; distinct seasonal changes in landings could signal aggregations, but
these changes also need verification to exclude other possible explanations.

Species that Aggregate to Spawn
The SCRFA global database reports over about 120 species, in almost 20
families, that reproduce in aggregations. ‘Resident’ aggregations are often
formed by surgeonfishes (Acanthuridae), wrasses (Labridae), goatfishes (Mullidae),
parrotfishes (Scaridae) and some groupers (Serranidae). ‘Transient’ aggregations
are often formed by larger groupers, some rabbitfishes (Siganidae) and mullets
(Mugilidae). Certain porgies (Sparidae), snappers (Lutjanidae), jacks and trevallys
(Carangidae) and emperors (Lethrinidae) also aggregate to spawn. Several
mullets, groupers and rabbitfishes undergo regular pre-spawning migrations
along regular routes, and at the same time each year.
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Spawning behaviour and indicators

Cubera snappers (Lutjanus cyanopterus) high in the water column releasing sperm and eggs which, once
fertilized, will drift off into the sea to hatch and develop into larvae before returning to the reef as tiny fish.
The female is probably the front, most pale, fish being followed by a cluster of males
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Snappers (Lutjanus
jocu) diving back to
the safety of the reef
after releasing sperm
and eggs.
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Male Tiger grouper, Mycteroperca tigris,
display during reproductive season
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Male Tiger grouper, Mycteroperca tigris,
showing courtship coloration, in the Caribbean:
unlike Cubera snappers, this species spawns in
pairs rather than clusters

©C. Arneson

Ripe ovaries, full of eggs, can weigh up to
20% of total body weight, representing a
massive energy investment in reproduction
over a short time period

Ripe Red hind, Epinephelus guttatus, full of eggs and ready to spawn
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Species that aggregate to spawn: Indo-Pacific
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1. Brown surgeonfish
(Acanthurus nigrofuscus)
2. Humphead wrasse
(Cheilinus undulatus)
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3. Leopard coral trout (Plectropomus leopardus)
4. Little spinefoot (rabbitfish) (Siganus spinus)
5. Spangled emperor (Lethrinus nebulosus)

©A. S. Cornish

On the right page: 6. Brown-marbled grouper (Epinephelus fuscoguttatus), 7. Squaretail coral grouper
(Plectropomus areolatus), 8. Camouflage grouper (Epinephelus polyphekadion)
In parts of the Indo-Pacific, the same spawning sites are often used by several species.
Most notably the Squaretail coral grouper, Camouflage grouper and Brown-marbled
grouper often use different areas within common spawning sites.

©J. E. Randall

©J. E. Randall

©J. E. Randall

6

7

8

©Seapics.com

©Seapics.com

2

3

©Seapics.com

1.
2.
3.
4.

Gray snapper (Lutjanus griseus)
White mullet (Mugil curema)
Cubera snapper (Lutjanus cyanopterus)
Nassau grouper (Epinephelus striatus)
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Species that aggregate to spawn: wider Caribbean
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1. Red hind (grouper)
(Epinephelus guttatus)
2. Horse-eye jack
(Caranx latus)
3. Tiger grouper
(Mycteroperca tigris)
4. Black grouper
(Mycteroperca bonaci)
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Places where aggregations form
Scientists do not know why certain fishes select the places they do to spawn,
but they do know that:
• for certain species, aggregation habitat is somewhat predictable, making
them particularly susceptible to discovery; for others, spawning site
characteristics cannot be clearly identified;
• many aggregations of important commercial fishes form on outer reef slopes
and in reef channels, around promontories or at drop-offs (see below) those
occurring in lagoons and back-reefs tend to be of smaller species;
• pre-spawning migrations, of some mullets, bonefishes (Albulidae), rabbitfishes,
surgeonfishes and groupers may occur along traditional routes;
• several species often co-occur at the same spawning locations, although
not always at exactly the same time(s) each year;
• the importance of specific habitats for spawning is little understood and
hence the consequences of damaging or polluting them is unknown;
• decisions to protect sites should be based on sound scientific information;
• as determined by tagging experiments or unique body markings, individual
fish return repeatedly to the same aggregation site;
• spawning sites, once established, may be used consistently for decades;
• releasing details of spawning site locations obtained from fishermen into the
public domain in the absence of protection is unnecessary and inadvisable.
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Geomorphological types of spawning aggregation sites from the SCRFA database.
The vertical axis gives the number of aggregations noted for each category
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Concern for Spawning Aggregations

Importance for Fish and Fishermen
For many fishes, spawning aggregations may be the only opportunity
that the species has to mate and
produce the next generation; aggregations may also be the only time that
adults come together in large numbers.
These gatherings, therefore, are
important for maintaining fish
populations, while at the same time
Spawning aggregation of Nassau grouper: males and
often providing excellent opportunities females rising up into water just prior to spawning
for fishing. Not surprisingly, the
interests of fishermen and the needs of the fish are in conflict. In some species,
like the Nassau grouper and the Camouflage grouper, a high proportion of
annual landings come from their aggregations, resulting in severe declines in
some cases. One example is the alarming drop in annual landings recorded in
Cuba over four decades for the Nassau grouper, more than for any other species
of reef fish. This species was long fished heavily in its annual spawning
aggregations and is no longer an important commercial species, not only in
Cuba but in much of the rest of the Caribbean where it was once very important.
The resulting declines have not only resulted in the widespread economic
extinction of this species, with resultant losses in food supply and livelihoods,
but Nassau grouper may even be facing biological extinction in some areas.
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Annual landings in mt for all finfish species combined (solid line and triangles) and just for Nassau grouper,
Epinephelus striatus, (dotted line) in Cuba between 1962 and 1998 showing results of aggregation overfishing
of this species relative to other reef fishes (with kind permission of Rodolfo Claro and Ken Lindeman)
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Similar trends, though not so well documented, have also been noted in many
parts of the Pacific and Southeast Asia, where spawning aggregations are
increasingly targeted for the live reef fish food trade. This lucrative international
market, with heaviest demand from Chinese communities in Southeast Asia,
mainly involves groupers. In some places, spawning aggregations have been
targeted specifically in the hope of filling rapidly the holds of live fish transporter
vessels that then steam back to demand, and trading, centres. However, fishes
in breeding condition (i.e. full of eggs or sperm) often do not survive well after
captivity and can be easily stressed resulting in high mortality. Also, the volume
of this trade (a single vessel can carry 20 mt or more), can result in cessation
of aggregations in targeted areas within just a few years. It is clear that, while
low-level subsistence fishing pressure can be sustained for decades, these
aggregations are unlikely to be able to withstand the uncontrolled levels of
fishing pressure from today’s commercial reef fish export markets.

©Y. Sadovy

In the Pacific and South China Sea, several important food fishes undertake
pre-spawning migrations, often close to the shore and along predictable
pathways, at predictable times each year. Some mullets, milkfishes and
rabbitfishes undergo these migrations and may be taken in large numbers with
nets, traps, even with dynamite. Many have shown serious declines in landings
over the past few decades, resulting in much concern from coastal communities.

Live fish for retail sale in Hong Kong come from the Indo-Pacific. Several are aggregating species.
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Trends in exploited aggregations
Our work has shown that:
• exploited aggregations typically yield declining catches, not only from
aggregations but also from the fishery of the species at non-aggregation
times of the year;
• there are few long-term data sets of aggregation catches and little monitoring
of exploited aggregations;
• few aggregations are effectively managed globally, particularly in the IndoPacific region;
• very few aggregations are regularly or effectively monitored;
• there persists a general lack of awareness, including by fishermen, conservation
groups, and fishery officials, of the high susceptibility of many commercially
valuable aggregating reef fishes to commercial levels of exploitation;
• data collected ‘indirectly’ on trends and current status of aggregations (i.e.
from interviews, fishery landings, or indirect indicators of spawning) need
to be validated and verified, whenever possible.
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Most exploited spawning aggregations documented from around the tropics appear to show declining landings
trends, while some have not been relocated recently. Relatively few are stable or increasing.
(see SCRFA database for details)

The simple and clear message is that fish need to spawn for their populations
to continue. If too many fish are removed too quickly when they concentrate
in aggregations, or pre-spawning migrations, the reproductive capacity of the
stock or population may be compromised, and the fishery declines. Worryingly,
because fish may continue to gather to spawn even as population numbers
decline, it may be difficult to detect significant declines before severe depletions
have occurred. This effect is known in fisheries science as ‘hyperstability’ and
calls for particularly precautionary management approaches and regular
monitoring of fish, during both aggregating and non-aggregating seasons.
12

The key to effectively managing and preserving spawning aggregations is having
reliable information on species, timing, locations, fishing activity, extent of
aggregation area, variation in timing of spawning between years, etc., combined
with regular monitoring of the target species during both aggregation and nonaggregation periods. Management and monitoring protocols cannot be
prescriptive, but will be most effective if properly (i.e., scientifically) designed
and implemented according to local capacity and constraints, and following the
principles of adaptive fishery management.
Research: many research questions about spawning aggregations remain to
be answered. Some relate to the biology of the species, others are directly
relevant to management of the fishery. In particular we need to understand the
‘draw’ or ‘catchment’ area of fish (how far do fish travel to specific aggregation
sites), and the dispersal distance of eggs and larvae from aggregation sites, for
implementing effective management. Research is needed to validate reports of
aggregations that are not observed directly. Verification is also needed for
information derived from fishermen interviews: while experienced fishermen can
provide valuable information on the history and current status of the spawning
aggregations they fish, interviews must be properly conducted and recorded
by knowledgeable interviewers. It is important, for example, to ensure a large
sample size, a robust semi-structured interview design, and to validate reports,
whenever possible, by field studies. Information collected from fishing communities
should be respected and not released inappropriately into the public domain.

©Seapics.com

Managing & Conserving Spawning Aggregations

Research and Monitoring

Dr. Patrick L. Colin videotaping Goliath grouper, Epinephelus itajara,
in the Gulf of Mexico
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Monitoring: exploited or managed aggregations need to be monitored, either
by examining catches or landings, and/or by developing an underwater visual
census sampling protocol to survey aggregated fish. Both approaches are
fraught with difficulties and there
is no one survey protocol or
sampling strategy that can be
recommended to suit all situations
and needs. Methods must to be
developed for each fishery, with
the prevailing capacity, and
constraints, in mind. Sound
scientific principles must be
applied to sampling design
otherwise substantial time and
money may be wasted, and
management intervention
ineffective, even detrimental.
Species that aggregate to spawn
are often caught at times of the Caribbean snappers landed from a spawning aggregation
year outside of the spawning season. Since the patterns of landings at
aggregations may differ from those at other times of the year, the fishery of an
aggregating species should be surveyed both during and outside of the
aggregation season. Documenting the non-aggregation landings can be
conducted in many different ways, such as dockside sampling, surveying fish
markets, interviewing fishermen, and examining catch statistics, logbooks and
export records. Whatever the approach taken, it should be standardized over
the long-term to ensure it can be replicated and that results from different
surveys can be compared. It is important that adjustments are made for any
change in fishing effort or fishing area that occurs and that could influence the
landings figures. For example, seasonal fluctuations in the number of fishing
vessels or gears in an area could produce increased landings that are completely
unrelated to changes in fish behaviour. Poor weather may prevent fishing at
certain times and affect catch rates from year to year.
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Management Options
There are various options for managing and conserving spawning aggregations.
Much depends on the economic and social contexts, management capacity,
biology of the species, and spawning site locations. The bottom line, however,
seems to be that aggregations do not withstand uncontrolled fishing when
commercial markets are involved and that, currently, few are managed specifically.
Direct management options include:
• closing spawning site(s) to fishing during the reproductive season;
• protecting spawning sites by incorporation into marine protected areas;
• banning the take and sale of aggregating species during the reproductive
or pre-reproductive migratory, period, or both;
• limiting fishing effort to subsistence use only, or to a specified quota or
number of fishermen.
According to our database, almost 25% of aggregations for which we have
information fall under some form of protective management. However, where
marine protected areas (MPAs) are concerned, protection often appears to have
been fortuitous i.e., the MPA was not set up specifically to protect the spawning
aggregation. Moreover, it is generally the case that MPA design has not typically
been considered in the incorporation of spawning sites. Other management
approaches used are time-area closures and spawning season sales bans.
Limited entry (i.e., control of number of fishermen) was generally the result of
a traditional reef ownership system, or an individual transferable quota (ITQ
system), but such approaches, along with size limits and landing quotas, have
only been applied to a small number of aggregations.
Without a sound scientific approach to studying and managing spawning
aggregations:
• we cannot effectively assess species or site data collected;
• we cannot easily and reliably repeat studies;
• we cannot confirm ‘indirect’ reports of spawning aggregations;
• we cannot evaluate whether management has worked; and
• resources may be wasted on inappropriate monitoring and management.
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What is SCRFA?

How can SCRFA help?
The Society for the Conservation of Reef Fish Aggregations (SCRFA) was formed
in 2000 with a mission to promote and facilitate the conservation and management
of reef fish spawning aggregations on a global basis. Its Board of Directors and
membership comprise experts from around the world with experience in research,
management and conservation of reef fishes, and reef fish fisheries.
The Society strives to raise awareness of the:
• vulnerability of reef fish spawning aggregations and pre-spawning migrations
to uncontrolled fishing;
• need for precautionary management;
• scientific methods and approaches necessary to effectively study, monitor
and manage aggregations;
• long-term ecological, economic and societal value of maintaining healthy
spawning aggregations.
The Society produces materials to assist scientists, students, managers and
conservationists to effectively study, monitor and manage spawning aggregations.
Using its website, the SCRFA also maintains a forum for information storage
and exchange through its global database of reef fish aggregations, newsletters,
articles and information, and access to related materials. The database details
over 600 records of spawning aggregations in terms of status, habitat, species,
country, etc., and is intended not only as a research, management and
conservation reference and tool, but also to strengthen the case for aggregation
protection throughout the tropics. The SCRFA database is linked to
www.fishbase.org.

SCRFA is funded by the David and Lucile Packard Foundation
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SCRFA work to date
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• Global database of spawning aggregations
(on SCRFA website and linked directly to the Fishbase database)
• Country summaries from fishermen interviews in the western Pacific on status
and history of exploited aggregations (see www.SCRFA.org)
• Technical Methods Manual for aggregation research (see website or write)
• Information posters (Spanish/English) and pamphlets (Spanish, English,
Chinese, Fijian) (contact us)
• Generic powerpoint presentation on aggregations for non-commercial use
(contact SCRFA@hkucc.hku.hk)
• Newsletter (SCRFA website and circulated with Secretariat of the Pacific
Community’s ‘Live Reef Fish Information Bulletin’)
• “Seeds of the Future: Fijian Spawning Aggregations” – 18 minute educational
video/DVD (contact us)
• Calls for Action in international forums (see www.SCRFA.org)

Collecting information from experienced fishermen in the western Pacific
and Southeast Asia has been an important part of SCRFA’s work

17

Useful References

Claro R. and Lindeman K. C. 2003. Spawning aggregation sites of snapper and
grouper species (Lutjanidae and Serranidae) on the insular shelf of Cuba. Gulf
and Caribbean Research 14(2): 91-106
Colin P. L., Sadovy Y. J. and Domeier M. L. 2003. Manual for the Study and
Conservation of Reef Fish Spawning Aggregations. Society for the Conservation
of Reef Fish Aggregations. Special Publication No. 1 (Version 1.0), pp. 1-98
(www.SCRFA.org)
Domeier M.L. and Colin P.L. 1997. Tropical reef fish spawning aggregations:
defined and reviewed. Bulletin of Marine Science 60: 698-726.
Luckhurst B.E. 2004. Current status of conservation and management of reef
fish spawning aggregations in the Greater Caribbean. Proceedings of the Gulf
and Caribbean Fisheries Institute 55: 530-542.
Sadovy Y.J., Donaldson T.J., Graham T.R., McGilvray F., Muldoon G.J., Phillips
M.J., Rimmer M.A., Smith A. and Yeeting B. 2003. The Live Reef Food Fish
Trade While Stocks Last. Manila: Asian Development Bank.
http://www.adb.org/Documents/Books/Live_Reef_Food_Fish_Trade/
Sadovy Y. and Domeier M. L. (in press) Are aggregation-fisheries sustainable?
Reef fish fisheries as a case study. Coral Reefs.
Sala E., Ballesteros E. and Starr R.M. 2001. Rapid decline of Nassau grouper
spawning aggregations in Belize: Fishery management and conservation needs.
Fisheries 26: 23-30.

See also www.SCRFA.org for information and additional materials
or contact us at SCRFA@hkucc.hku.hk
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Marbled grouper, Dermatolepis inermis, eastern Pacific Ocean
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