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ABSTRACT. Thisarticle presents a historical review of the lobster and conch fisheriesin Belize, Central
America. In terms of yield and value, these are the main wild-caught targets of the national fisheries, a
small-scale commercia fishery of around 3000 fishermen. Datawere collected during interviews with key
informants involved with the fisheries and through literature and archive research. The goa was to study
how the fishing industry has responded to environmental signals from these resources and from their
ecosystemsand ecosystem dynamics. National yieldsfor both lobster and conch have beenrelatively stable,
however, individuals' yields have been declining despite increased effort since the 1980s. This study
concludes that the use of fossil fuel-based technology and organizational change, with the establishment
of fishermen’s cooperatives, have masked environmental signals. This masking, together with economic
incentives, has led to the “pathology of resource use.” As a symptom of this pathology, four forms of
sequential exploitation in these fisheries were identified. A major conclusion is that social resilience may
not confer ecological resilience. The development of the cooperatives was needed in order to improve
equity in the industry. Before their impacts could be assessed, this organizationa change, together with
new technology, led to very important and rapid changesin theindustry. Together with existing regulations
that allow de facto open accessto lobster and conch, these changes resulted in a short-term boom that has
resulted in the pathology of resource use, with over-capitalization and dependence on maintained yields,
regardless of environmental feedback.

Key Words: Belize; marine reserves; pathology of resource use; queen conch; sequential exploitation;
spiny lobster

INTRODUCTION in the social system for feedback management. In
this case study, the decline in productivity of the
two fisheries is considered to be environmental

feedback. Some of the most sophisticated co-

Human activities shape nature and nature shapesthe
development of human society (van der Leeuw and

Team 2000). A fundamental requirement for the
sustainability of social and ecological management
systems is the ability to respond to environmental
feedback (Berkes and Folke 1998b). This paper
studiesthelobster and conchfisheriesin Belize (Fig.
1), Centra America, which have shown signs of
declining productivity, and how fishers and
managers have responded to these declines.

The co-evolutionary character of social—ecological
systemsreflectsthe ability for qualitative changeto
generate and implement innovations and cooperation

'The Bejer Institute

evolving systemsare common-property institutions
that have developed over long periods of time
(Ostrom et a. 1999). The institutions controlling
lobster fishersin Maine (Acheson 1988) and marine
resource tenure systems in Oceania (Ruddle et al.
1992) are good examples. In other cases, such
institutionshave evolved over ashort period of time
(in the order of one decade) in response to crisis.
[Mlustrations of this include the Turkish
Mediterranean coastal fishery in Alanya (Berkes
1992) or the watershed-based resource management
systeminwestern Sweden (Ol sson and Folke2001).
In both of these series of examples, there seem to
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Fig. 1. Belize, Central America. The coastlinewithitsoffshore barrier reef and atolls, and the coastal towns

and fishing villages referred to in the paper.
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be social mechanisms in place that respond to
environmental feedback instead of blocking them
out (Berkes and Folke 1998a).

However, managers often neglect environmental
feedback or take the capacity of ecosystem
production as given. This response and view can
arise for many different reasons, including limited
monitoring that, in turn, can be due to lack of
funding, or political and economic goals. Thisstudy
focuses on identifying instances and effects of
neglecting feedback, and on explaining the root
causes of these instances where possible.

Management strategies based on the above views
often result in short-term success, which is often
reinforced by new technology and capital markets.
Such success has caused managers to shift their
attentionfromtheoriginal purpose, of managing the
resource, to efforts that increase economic or
organizational efficiency (Gunderson et al. 1995a).
Thereisatendency to focus on theyield of desired
products by ignoring environmental change and
focusing onasimplified set of ecosystem dynamics.

M anagement

for optimal production from

environments, which are believed to be stable and
self-repairable, tends to become aienated from
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ecosystem dynamics, and illiterate when dealing
with environmental feedback (Berkes and Folke
2002).

The pattern of environmental management briefly
characterized above has been described as the
“pathology of natural resource management”
(Holling and Meffe 1996). This term has been used
for many sectors, in several regions of the world,
and over different temporal scales (e.g., Regier and
Baskerville 1986, Gunderson et a. 1995a, Redman
1999). In rich regions, the resulting crises have led
to spasmodic lurches of learning with expensive
actionsto reverse the worst of the consequences of
past mistakes (Gunderson et a. 1995b). In poor
regions, it has resulted in the dislocation of people,
impoverishment, and poverty trap (Holling et al.
2002). Ludwigetal. (1993) statethat “ pathol ogical”
resource management techniques have directed
fisheries into large-scale fishing concentrated on a
few species, and have led to an overcapacity of the
fishing fleet and a degradation of important food
sources. Evidently, this does not respond to
ecosystem dynamics and environmental feedback.

The exploitation pattern of this pathology can be
interpreted from a sequential exploitation
perspective. Sequential exploitation refers to the
movement of resource appropriators to new
grounds, as the original ones become unprofitable
(Grimaand Berkes1989). Inthe seas, fishersradiate
further from their landing sites as local catches
decline. This pattern is described in large-scale
industrialized fisheries (Ludwig et al. 1993), and
has been described for shrimp aguaculture (Huitric
et al. 2002). Sequential exploitation is a result of,
and enhances, the pathology of resource use when
original grounds are not given respite, through
closure or reduced appropriation, but rather new
grounds and technologies are relied on to solve
scarcity. This is possible through capital
investmentsin technologies to travel further and to
intensify extraction. Asthe theory of the pathology
predicts, these investments do not, in fact, solve
scarcity problems. Instead they mask scarcity,
which postpones having to deal with these
problems, as well as extends the scale of the
problem. Masking refers to the appearance of
abundance following the introduction of these
investments, thereby disguising the scarcity that
drove the increased investments.

Both lobster and conch are fished throughout the
Caribbean with varying degrees of mechanization
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(Joyce 1997, Aiken et a. 1999, Heyman and
Graham 2000). In Belize, these fisheries are small
scale, characterized by skiffs owned by a senior
operator or jointly owned, with medium to low
investments and a middle-income level (Berkes et
al. 2001). At the same time, these fisheries share
characteristics with large-scale fisheries. They
depend on fossil fuel, are commercial, and mainly
sell catch to organized and international markets. In
1998, 12.2 million BZ$ and 3 million BZ$ worth of
lobster and conch, respectively, were exported (2
BZ$ = 1 US$), accounting for 74 and 20% of
earnings from export of wild-caught marine
produce, respectively (Belize Fisheries Department
2001). These fisheries are also an important source
of employment, with 2000-3000 fishers, and 200
workersto process the catch (Food and Agriculture
Organisation (FAO) 2001). Unlike the large
commercia fleets exploiting pelagic stocks, these
fishersare directly dependent on national stocks, as
they cannot easily relocateif stocksdecline. Despite
this dependence and being less capital intensive,
small-scale fisheries can also demonstrate
pathological resource use (McManus 1988, Smith
and Berkes 1991, Hughes 1994).

Theoverall objectiveof thispaper isto analyze how
these fisheries have developed and responded to
changes in resource abundance. | will focus in
particular on technology and organizations in the
industry and their effect on these fisheries
sensitivity to environmental feedback. The results
first present the regulations for the industry in the
context of the fishing grounds used and the lobster
and conch life cycles. Thisisfollowed by ahistory
of the development of these fisheries at a national
level, as well as identifying differences within the
country. The discussion focuses on the socia and
ecological resilienceof the Belizelobster and conch
fisheries. | conclude that fossil fuel-based
technology, property rights, and the organizational
structure of the fishing industry have trapped these
twofisheriesinto the pathol ogy of resource use, and
created a positive feedback loop that is increasing
vulnerability for lobster and conchfishingin Belize.
All locations referred to in the paper are shown on
Fig. 1, al fishing gear and boats are described in
App. 1, and achronology of the development of the
lobster and conch fishing is summarized in App. 2.
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DATA AND METHODS

There are many actors involved in the fishing
industry, however, this study concentrates on the
fishers, the cooperatives, and the Fisheries
Department. Three forms of data on changes in
lobster and conch catches and on the causes and
effects of these changes were collected: catch
statisticsand number of fishersat the national level;
qualitative data with interviews, and data from the
scientific literature and archive searches at the
Belize National Archives.

Statistics on Production and the Number of
Fishers

Catch and export statistics were used to compile a
time seriesfor production (Fig. 2). Export statistics
were used as a substitute for production datafor the
period 1923-1968, as the latter were not collected.
From 1977 onward, production data are available
from the Fisheries Department. For |obster, the data
are separated into different products (Belize
Fisheries Department 2001). Of these, the tail and
head meat categories were converted to whole
lobster using the conversion factor “2” applied by
the FAO for the inclusion of these data in the FAO
Yearbook of Fishery Statistics—Capture Production,
inwhich all capture dataarereportedin live-weight
equivaents. Toavoiddoublecountinglobsters, only
the tail weight was converted. This conversion
factor was calculated in a previous year in which
Belize's correspondent provided both live weight
and tail weight of lobster (Mr. Garibaldi, Fishery
Statistician FAO, personal communication 2001).

Production dataare collected from the cooperatives
by the Fisheries Department. All dataexclude catch
sold on local markets, directly to restaurants, and
illegally acrosstheborder (King 1997, Heyman and
Graham 2000). The colonial government collected
little fisheries data until the 1950s, however, local
consumption was low (see below) and there were
few exporters, soitisbelieved that thesefiguresare
agood representation of total catch. From the 1960s
onward, the cooperatives offered the highest prices
for lobster and conch, which would have
encouraged fishers to sell to the cooperatives and
should, therefore, make the data a good
representation of total production. Since the 1980s,
the tourist industry has boomed and increased the
national market for lobster and conch. This market
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has grown with restaurants paying prices
competitive with those paid at the cooperatives. In
other words, there is a growing catch that is
unaccounted for in the official statistics, but it was
not possible to estimate its size.

The numbers of fishers up to 1993 are estimates
from the colonial government and the literature
(1946-1955: Colonial Government 1947, 1955,
1957; 1957, 1960s, mid-1970s: Gordon 1986; 1973:
Baird 1973; 1985: Daly Price 1986; 1989: Pinto and
Vasquez 1989). From 1993 onward, these statistics
are from the Fisheries Department (for 1993-1998
in Central Statistical Office (CSO) 1999, and for
1999 in Coasta Zone Management Authority and
Institute (CZMAI) 2000). Estimates are not
believed to be accurate. From the 1950s to 1960s,
lobster was landed in Belize City; therefore, it is
likely that these estimates account for the big
producers, but underestimatethetotal. Althoughthe
high prices paid by the cooperativesfrom the 1960s
onward will have encouraged fishers to sell their
catchthere, they did not have to be membersasthey
could sell directly to the cooperative or indirectly
via other members. This means that using the
number of cooperative members cannot substitute
for missing fishing license data; thisis particularly
true in recent years, with the growing national
market offering good prices for catch. These data
are not, therefore, felt to be reliable.

Interviews

Because of insufficient data to calculate changesin
catch per unit effort, interviews were conducted to
verify and complete existing data. The author
conducted interviews during five field visits
between 1998 and 2002. Between 1998 and 2000,
interviews and discussions were carried out with
various stakeholders, including fishers, cooperative
board members, non-governmental organization
(NGO) representatives, and Fisheries Department
officials. Intervieweeswereusually initially chosen
at random: depending on who was in office or
available at the time of the visit. Cooperative board
members interviewed were recommended by
Fisheries Department officials and NGO representatives.
All of these informants were visited during
subsequent field visits. Fisherswereinterviewed in
Belize City at the two cooperatives landing sites,
at the local market, and on Caye Caulker (Fig. 1).
These meetings provided a wealth of background
information on past and recent eventsin the fishery
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Fig. 2. Lobster and conch production, and the number of fishersin Belize (1923-2001). Export data were

used when production statistics were not available.
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at both local and national scales.

In 2002, 16 key informants (Bernard 1994) were
interviewed and, of these, 11 were interviewed in
depth (Table 1). Due to time constraints, fishers
were not targeted because of the great heterogeneity
among them. Also, past studies that interviewed
fishers provided good information on changes in
catch and possible causes of these changes (Espeut
1994, Jacobs 1999, Heyman and Graham 2000, see
aso Table 2). The main target group was

cooperative board members, and at |east one board
member from each cooperative was interviewed.
Most had over 40 years personal experience as
fishers, and were knowledgeable on their
membership, on the fisheries, as well as the
socioeconomicfactorsaffecting fishersat bothlocal
and national scales. Thecooperativein PuntaGorda
was recently established at the time of this study,
and the chairman of the board had not been a
member of the former cooperative. A local NGO
recommended aformer fisher, now tour guide, with
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over 50 years experience of fishing in the area. He
had been a productive member of the former
cooperativeinthe 1960sand had knowledge of |ocal
history that has affected fishing in the region. The
remaining key informants had at least 10 years
experience with the fishing industry in Belize, and
most of theseindividual srepresented morethan one
category of stakeholder (Table 1).

Qualitative and semi-structured interviews (Kvale
1996) were chosen as they provided more detailed
accountsof change, whichwasparticularly relevant
for building up a history of the fishery and
identifying key past events. Given the interest in
devel oping amore complete history of thefishery’s
development in the south, informants from the
Fisheries Department, the Cooperative Department,
and local NGOs working with local fisheries were
also interviewed. Interviews usually consisted of
two meetings. Interviewees were asked about their
personal history in the industry, changes in catches
and causes, and changesin gear, boats, grounds, and
numbers of fishers. Most interviews took place in
the informant’s work place. In order to protect the
identity of interviewees who chose to remain
anonymous, all interviewees are anonymous.

The credibility of interviewees and of ther
responseswas gauged by their position, experience,
and recommendation. Interviewees from cooperative
boards, NGOs, and the Fisheries Department are
expected to have a minimum knowledge to fulfill
their position. In the case of the Fisheries
Department and the cooperative board members, an
understanding of the fisheries at the national level
IS expected given their membership and as
cooperatives are represented in the Fisheries
Advisory Board that advises the Minister on policy
at national and local levels. Experience was rated
both by the number of years involved in the
fisheries, aswell asthe range of experience within
the fishery. Findly, when a third party
recommended i nterviewees, thiswas expected to be
related to the interviewee's experience and
trustworthiness. The three sources of information
(stetistics, interviews, and information in the
scientific literature and national archives) were
compared to identify and confirm trends.
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RESULTS

L obster and Conch: Life Cycle, Fishing
Grounds, and Regulationsin Belize

The Caribbean spiny lobster, Panuliris argus, and
the queen conch, Strombus gigas (referred to as
lobster and conch, respectively), are found
throughout the tropical western Atlantic and
Caribbean. Both have a larval phase in the open
water. Lobster remain in the zooplankton for up to
ayear, compared with conch that only stay for up
to 4 weeks (CFMC/CFRAMP 1999, FAO 2001).

Settlement depends on the number of eggs released
and subsequent larvae survival. Thenumber of eggs
released is related to the number of females that
reproduce in ayear and their fecundity. Survival of
larvae depends on physical and chemical conditions
and predation. The short larval period for conch
most likely meansthat thisislargely aself-seeding
population. A study comparing lobster from Caye
Caulker and Glovers Reef Atoll (Fig. 1) found little
genetic variation between the two, suggesting that
they are of the same stock, with a possibility of a
sub-population on Glovers Reef Atoll (Glaholt and
Seeb 1992). Silberman et a. (1994) studied the
mitochondrial DNA of |obster in the Caribbean and
concluded that the region’s lobster population is
genetically homogenous, and attributed this to the
long larval period that allows for wide dispersion.
This study did not sample between the Y ucatan and
Costa Rica, which prevents comparing these two
studies results. The Guiana Current flows
northward to the east of Belize's atolls (Silberman
et al. 1994), however, the current in front of the
barrier reef and in the lagoon is southward flowing
(Craig 1966). These currents may mean that
Belize's |obster population is partly self seeding,
although to what extent is unknown. A gyre to the
east of Glovers Reef Atoll (Craig 1966, Heyman
and Kjerfve 1999) may makethisatoll self seeding,
and account for Glaholt and Seeb’s (1992) resullts.

Postlarvae of both species migrate into shallow (2
m) nurseries, where they settle and metamorphose
into juvenilelobster and conch (FAO 2001). Conch
settle in seagrass beds, and lobster in both
mangroves and seagrass beds. Both avoid areas
prone to freshwater intrusion and turbidity (Acosta
and Butler 1997). Y oung spiny lobster are prone to
predation, with up to 99% mortality within thefirst
year of settlement (Butler et al. 1997). As lobster
Increasein size, predation decreases in importance.
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Table 1. Summary of interviews and key informants. The informants have been classified according to
their main category as a stakeholder and wherethey arefrom or wereinterviewed (PG — Punta Gorda; PL —
Placencia; BC — Belize City; SP — San Pedro). These informants were asked about at least one of the
following: (1) Cooperative structure: board and duties, infrastructure, membership numbers and changes,
(2) Cooperativehistory: main events/crises, cooperative'sfunction, member loyalty; (3) Landings. changes
and causes, differencesin changeinthe country; (4) Fishing history: changesin gear, boats, catch, grounds,

and fishers, details about the south's history.

Information Categories

Informant Additional stakeh- Interviews (N) D 2 3 4
older category

Cooperatives Dept. (PG) 1 X
Fisheries Dept. Officer (PG) 1 X X
Fisheries Dept. Officer (PG) 1 X
NGO (PG) Fisherman 1 X
Tourism (PL) Fisherman, NGO 3 X X
NGO (PL) Fisherman 2 X X X X
Fishermen's Cooperative (PL) Fisherman, NGO 3 X X
Fishermen's Cooperative (BC) 1 X X X
Fishermen's Cooperative (BC) Fisherman 2 X X X
Fishermen's Cooperative (BC) Fisherman 1 X X X
Fishermen's Cooperative (SP) 1 X X X

Total stakeholders interviewed: N N
Cooperatives 6 10
Fishermen 6 9
Government 3 3
Other (warden, NGO, tourism) 6 7

As they mature, both migrate into deeper water,
conch into seagrass beds and lobster to the reef.
Juvenilelobster (2—4 yearsold) becomenomadicin
the area behind the reef (3-10 m) during the
transition from nursery to reef. As sub-adults, they
migrate to the reefs and first reach sexual maturity
(78-83 mm carapace length) up to 10 years after
spawning (FAO 2001). L obster molt their outer skin
to increase in size. It is illegal to collect “soft-
shelled” lobster. This refers to the state of |obster
following a molt, when they are particularly

vulnerable to predation. In a synthesis of datafrom
the Caribbean, the size at first maturity, the smallest
size for areproductive lobster, was between 78-83
mm carapace length (FAO 2001). The legd
minimum sizefor lobster is 76 mm, which probably
means that few females entering the fishery are
sexually mature.

Adult lobster take shelter onthe reef during theday,
and forage in seagrass beds at night. Lobster also
migrate during certain weather conditions and for
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Table 2. Summary of resultsfrom interviews with fishers about changesin lobster and conch abundances.

Stann Creek & Toledo ToledoDi- BelizeCity  San Pedro (3) Punta Gorda (3)
Districts (1) strict (2) 3)

Fishermen interviewed (N) 75 37 54 29 19
Lobster
Fewer (%) 88 49 82 86 79
Smaller (%) 24 43 37 45 53
Conch
Fewer (%) 100 46
Smaller (%) 24 38

Note: Stann Creek and Toledo Districts are the southernmost districts in Belize, stretching from a little
north of Dangriga (Fig. 1) to the border with Honduras. References: (1) Jacobs 1999, (2) Heyman and

Graham 2000, (3) Espeut 1994.

mating, often in groups called “lobster runs’
(Morgan 1980). Trap fishers take advantage of
lobster migrations in the seagrass beds, whereas
diverstarget adult |obster on thereef. Reproductive
lobster aggregate on thereef. Reproductivefemales
are “berried,” which refers to the egg mass that is
held ontheir undersideanditisillegal tofish berried
femalesthroughout the year. In Belize, femalescan
be berried throughout the year, but numbers peak in
May (Acosta 1998). A closed season from 14
February to 13 June protects this peak in mating.

Conch are slow moving and the shell is their only
defense. Mortality is high among juveniles because
of predation and mortality, with 0.01% chance of
surviving the year following metamorphosis
(Stoner 1997). As adults they have few natural
predators, but they are vulnerableto fishing and are
fishedthroughout their habitat down to~30 m depth.
After 2-3 years, juveniles migrate from their
nurseries to deeper waters and become sexually
mature after 3.5-4 years (CFMC/CFRAMP 1999).
Conch shells stop increasing in length once they
reach maturity, around 21 cm (CFMC/CFRAMP
1999), when a lip develops and thickens. The
Belizean legal minimum length for conch is 18 cm
and may not, therefore, allow many conch to reach
maturity before entering the fishery. Mating is
density dependent, requiring relative abundance of
around 50 conch/ha (Stoner 1997). Mating occurs
in the summer when adults aggregate in deeper
seagrass beds. Thisis protected by a closed season

from the 1 July to 30 September.

The use of poisons, dynamite, SCUBA, and hookah
are illegal. Skin divers often maim or kill lobster
before being able to check their size or if they are
berried, whereas these are easily released from
traps. Fishersalso claim that |obster |earn to escape
traps if left unchecked too long (Craig 1966), and
this has been observed with American lobster (Jury
et a. 2001). If traps are lost, however, according to
fishersinterviewed on Caye Caulker, traps continue
to fish, and can cause habitat damage if dragged
over seagrass beds or the reef. This could be
overcome by inserting biodegradable doors
(Acheson 1988).

Lobster and conch fishing grounds are largely
limited to waters less than 30 m deep, asthisisthe
maximum depth that can be skin dived. Skin diving
is also limited by visibility, which is better in the
northern part of the main lagoon behind the barrier
reef and on the atolls. The southern portion often
haslowered visibility and salinity asaresult of high
precipitation over the Maya Mountains and
subsequent river discharge (Heyman and Kjerfve
1999, Fig. 1). These conditions may limit the
grounds for both lobster and conch in the south
(Acostaand Butler 1997). Also, the lagoon widens
and deepens in the south (Gibson et al. 1998,
Heyman and Kjerfve 1999), and thereis more wave
activity, as the barrier reef is deeper and less
continuous (Craig 1966).
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Fishing is also disrupted by frontal storms and
hurricanes. Six hurricanes have affected Belize in
the last 100 years (

Belize National Meteorological Service): in 1931,
1961, 1978, 1998, 2000, and 2001. Hurricanes
destroy gear and infrastructure, e.g., Hurricane Iris
(2001) hit the coast between Placencia and Punta
Negra (Fig. 1) and caused an estimated 475 million
BZ$worth of damage (Government of Belize2001).
Hurricanes also damage the fishing grounds. In
1998, Hurricane Mitch's storm surge damaged
windward reefs throughout Belize (Mumby 1999,
Andrefouet et al. 2002). Seagrass beds tend to be
sheltered by the reef from wave activity, but
Hurricane Keith (2000) hit the northern lagoon and
its cayes, and destroyed these grounds for lobster
and conch.

History and Development of L obster and
Conch Fishing in Belize

Belize was claimed by the Spanish in the 16™
century, and seized by theBritishin 1798, becoming
British Honduras in 1862 (Bolland 1997). In 1973,
the colony’s name was changed from British
Honduras to Belize, and Belize gained
independenceon September 21, 1981. | havechosen
to refer to Belize and Belize City, formerly British
Honduras and Belize respectively, throughout the
paper. Market prices for timber and sugar, the
colony’s main exports, fell in the early 20" century
andwerefollowed by theglobal depression (Gordon
1986). This, and loan charges following the 1931
hurricane, prevented the colony from balancing its
budget from 1931 onward (Colonial Government
1952a).

Until the early 20t century, fishing was limited to
a few fishers in the vicinity of Belize City (Daly
Price 1986) and there were few markets for fish in
thecolony, which limited the number of peoplewho
could make a living from fishing (Gordon 1986).
Until the early 1900s, independent fishing was
restricted to the Garifuna in the south and the
Mestizos in the north (Craig 1966, App. 2). The
main targets were fish and turtle that were fished
from dories with hand lines, harpoons, nets, traps
and weirs (Daly Price 1986, App. 1). At the end of
the 1800s, conch meat was consumed in small
guantities (Morris 1883) and, according to
newspapers a the time, there were canneries
processing lobster, conch, and crabmeat (R. Wilk,
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personal communication 2003). This was probably
not in large quantities as lobster was “ eaten by the
poor because it was abundant, by the elite because
it was rare in Europe, but shunned by the
middleclass as a “trash fish”” (Wilk 1999). In the
early 1900s, foreigners saw the opportunity to
market spiny lobster as a substitute for the North
American lobster (Gordon 1986), whose yield was
in decline (Acheson 1988). Below, | summarizethe
changes in production of lobster and conch over
time, and the responses by the main organizations
in these fisheries.

Changesin Production

Both lobster and conch were reported to be very
abundant prior to exploitation. For example, two
cooperativeboard members, whowerefishingwhen
the cooperativeswere established and witnessed the
introduction of conch as an export good, explained
that “you did not fish for conch,” you rolled up your
trousers and waded from the shoreto collect conch.
Despite the low pay compared with lobster (conch
prices have always been lower than lobster), conch
fishing provided aliving because of its abundance.
Later, the looking glass and eventually skin diving
were needed to fish conch. Similarly, acooperative
board member explained that, in the past
(pre-1960s), “fishermen saw so many lobsters that
they did not think that they could run out.”

National lobster production has fallen on three
occasions since the 1950s: in the early 1950s, late
1960s, and early 1980s (Fig. 2). Since the 1980s,
lobster and conch production have been relatively
stable(Fig. 2). Cooperativeboard membersreported
that yields at the national and cooperativelevelsare
stable, but aredeclining at theindividual fisher level
despiteincreased effort (seealso Table 2). National
conch landings peaked in 1975 (Fig. 2), but thefirst
conch grounds were in decline by the early 1970s
(Baird 1973). After 1975, conch landings
plummeted, and have never recovered (Fig. 2). All
of the interviewees, commenting on the changesin
conch, believed that the crash in production was a
result of fishing, which is supported by earlier
studies (Jacobs 1999, Heyman and Graham 2000).

The literature reports local declines in production
throughout the history of lobster fishing. For
example, in the 1920s, Capt. Foote, despite being
oneof thefirst and only lobster exploitersin Belize,
was forced to move his operations because of local
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declines in abundance of lobster (Daly Price 1986;
App. 2). In the mid-1980s, gillnets (App. 1) were
introduced in Monkey River (Fig. 1) to fish lobster.
Two key informants from this area who witnessed
this introduction, reported that gillnets produced
large yields, with 50-foot (15.24 m) nets catching
up to 150 lobsters. Fishers built new houses and
bought new boatsat theend of thesefishing seasons.
The catch stabilized after 2-3 years, despite
continued investment in gillnets, and these were
finally abandoned. The key informant from Punta
Gorda recollected large lobster catches from the
Snake Cayes (Fig. 1) inthe 1960s. The closenessto
shore of these cayes suggests that lobster had not
yet become an important target in the south. At the
time of the study, several intervieweesfrom Belize
City reported that |obster in the south arelarger than
in the north. However, the south has also suffered
reduced catch and size of both lobster and conch
(Table 2).

Hurricanes also temporarily disrupt fishing. In
1961, Hurricane Hattie destroyed processing
equipment in Belize City and fishing gear from the
north to Belize City, and impacted fishing grounds
(Craig 1966). Accounts in Craig's (1966) work
reported that Lighthouse Reef Atoll’ s grounds had
not recovered 4 years later. Nevertheless, both
processing and national |obster landings recovered
within a year (Barclays Bank 1962, Fig. 2).
Following the recent hurricanes, however, lobster
landingshavefallentotheir lowest level since 1993
(Fig. 2), despite aboom in catch in the south for the
fisca year 1999-2000 (Government of Belize
2000). Cooperative board members reported that
fishersfrom Caye Caulker have accounted for 40%
of their membership, but over half of their lobster
production. After Hurricane Keith, lobster yields
from Caye Caulker declined by 60%.

Response to Changes by Fishers, Cooper atives,
and the Fisheries Department

As local catches declined, fishers extended their
grounds (Fig. 3). Until the 1950s, fishers from San
Pedro caught lobster within a day’s journey of the
village, and catches of 300400 lobsters within a
mile of the island were common (Gordon 1986).
San Pedro’ sfishing grounds had stretched from the
southern tip of Ambergris Caye to the northern tip
of CayeCaulker, andfromthereef to Cayo Congrejo
(Fig. 1), but fishers now needed to travel further
(Gordon 1986). Thetwo main fishing methods used
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were traps and bully nets (App. 1). In 1953, fishers
could collect 100-200 lobsters per day with bully
nets. By 1955, bully nets were abandoned because
they were no longer profitable (Daly Price 1986).
By the 1950s, trap fishers in the north had
established informal territories in trappable
grounds, a system that persists today (King 1997).
At the end of the 1950s, lobster production began
to decline. The grounds included al trappable
grounds northward of Belize City, as well as in
Turneffe Atoll’ slagoon, and by 1957, all trappable
groundswerefully claimed (Fig. 3). Thisprevented
fishers who had been using bully nets from
continuing to fish (Daly Price 1986).

The introduction of skin diving, outboard engines,
and improved accesstoiceinthelate 1950s assisted
the spread of fishers and the intensification of
trapping. Skin diving alowed former bullynet
fishersand new fisherstojointhefishery asit targets
lobster on the reef where traps cannot be used.
Fishers traveled to the comparatively unexploited
atolls where catches were so large, over 220 kg of
tails per day, that fishersbegan to land only tails, as
these fetched a better price than whole lobster
(Gordon 1986). The introduction of skiffs in the
1980s madeall groundsreadily accessibleto fishers
throughout the country, and allowed further trap
intensification, as more traps could be checked per
day. Despite these improvements, by 1986, it was
rare to catch more than 500 kg of lobster on a 10-
day fishing trip (Gordon 1986). The cooperative
board membersinterviewed reported that, although
trap fishers in the north have been the most
productive lobster fishersin Belize, they have been
increasing effort but not their catch. In the 1940s,
fishers had an average of 10-15 traps, which
increased to around 100 traps per fisher with the
advent of outboard engines (Daly Price 1986). A
cooperative board member reported that fishersnow
have up to 1200 traps, checking between 350 and
400 traps every 2 days, although their catch has not
increased (Fig. 4). Another board member claimed
that there are so many traps in the lagoon that no
lobster can make it to the reef.

Fisherswere aware that proceeds from sales abroad
werenot fairly distributed throughout theindustry’ s
development, but they lacked the capital needed to
process, market, and export the catch (Bradley
1956). In 1960, 39 fishersfrom Caye Caulker came
together to form the Northern Fishermen's
Cooperative Society (Sutherland 1986). In 1965, the
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Fig. 3. Sequential exploitation of the fishing grounds over time.

1915-30s
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Government of Belize passed a law that only
cooperativeswould be granted export quotas (Daly
Price 1986). This shut down all foreign exporters,
and ensured that the revenues from the export of
marine products remained in Belize. Many
cooperatives were started in subsequent years,
although most were short lived (Belize Fisheries
Department 2001). Four cooperatives have
persisted: Northern Fishermen's Cooperative
Society and National Fishermen Producers
Cooperative Society based in Belize City, Placencia
Producers Cooperative Society in Placencia and
Caribefia Producers Cooperative in San Pedro.
Since the early 1990s, when the cooperatives in
Placencia and San Pedro discontinued processing
and exporting their catch because of increased costs
and decreased landings, the two cooperatives in
Belize City have dominated the industry. A more
recent change has been improved infrastructure in
the south (Fig. 3). In response to decreased yields
in the north after Hurricane Keith, the Northern
Fishermen's Cooperative Society opened a
receiving station in Mango Creek (Fig. 1) to
encourage their members to move southward and,
in 2001, the Rio Grande Cooperative was
established in Punta Gorda.

Fig. 4. A fisher's|obster traps stacked on the beach
on Caye Caulker.

Fishers incomesjumped by over 1000%inlessthan
5 years after the establishment of the cooperatives
(Godfrey in Sutherland 1986). In the 1980s, the
average salary of a lobster fisher was five times
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greater than the average per capitaincomeandtwice
thesalary of civil servants(Central Statistical Office
statistics in Daly Price 1986). In addition to
improved distribution of export earnings, the
cooperatives provided financial support, through
loans, alowing members to invest in technology,
and local cooperatives gave local fishers access to
the export market. In the 1960s, a cooperative
opened in Punta Gorda, but closed before the end
of the 1960s. The informant from Punta Gordawas
a member of this cooperative and explained that
fishersin, and to the south of, Punta Gorda stopped
targeting lobster following the closure of this
cooperative as there was no longer a buyer and it
was too expensive to travel to the cooperative in
Placencia.

Although conch production crashed in the late
1970s(Fig. 2), highlobster pricesallowed displaced
conch fishers to switch to lobster and continued to
attract new fishers. Cooperative board membersin
Belize City explained that, in the 1980s, the
cooperatives began to offer incentives to attract
fishers to join the cooperative, such as offering
private loans, or simply to sell their catch to the
cooperative. These measures were taken despite
existing problems regarding loan repayment (Daly
Price 1986, Sutherland 1986) and regulations
prohibiting the buying of catch from non members
(Government of Belize 2000). So, fisherscould now
sell their catch to other cooperatives, their own
cooperative via another member, or directly to
restaurants to avoid loan debits. Today, all of the
cooperatives have problems related to loan abuse,
and a board member estimated that 70% of its
membership was in debt. There was a fedling of
disappointment by al of the cooperative board
members visavistheir young members, who were
perceived to be less loyal. They attributed this, in
part, to their having been born into the cooperatives
and never having needed to fight for them.

With increased incomes, fishers could pay for
further schoolingfor their children, who haveturned
to other kinds of work (Gordon 1986, King 1997).
Cooperative board members reported a change in
the composition of fishers as the number and
proportion of new fishers has grown, while
traditional fishers have retired or left the industry.
Many fishers have switched to tourism, becoming,
for example, tour guides, or selling their catch
directly to thetourist industry. A cooperative board
member explained that many young fishers were
turning to tourism becauseit guaranteed a paycheck
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at the end of the day, which fishing could not do.
The tourist industry has aso increased national
demand for and consumption of both lobster and
conch. A cooperative board member explained that
thetourist industry could begin to compete with the
export market, particularly for lobster. This would
forcethe cooperativesto increasethelocal pricefor
lobster, whichis presently sold at 60% of the export
price.

Until the 1950s, marine products made up less than
1% of national exports (Thompson 1944). By the
early 1950s, the lobster industry was considered an
established industry by the government, and export
dutieswereestablished (Bradley 1956). In 1948, the
Fisheries Ordinance set the framework for future
fisheries regulations. In 1950, a Fisheries Officer
was appointed and was responsible for data
collection and monitoring of the stocks and
enforcement, and the Fisheries Unit (now the
Fisheries Department) was established a year |ater
(Colonial Government 19523, b). In addition to the
regulations presented earlier, these established
fishing and boat licenses. The first marine reserve
wasestablishedin 1987, with fisheriesconservation
among its goals (McField et al. 1996). By 2000,
there were 12 marine protected areas, covering
about 16% of Belize's territorial waters, with less
than 1% in no-take zones (CZMAI 2000). Illegal
fishing of undersized and berried females was
already reported in the 1970s (Baird 1973). Most
interviewees reported illegal fishing by both
foreigners and locals. This included taking
undersized and berried lobster, as well as cross-
border smuggling of catch out of season and when
prices were higher in neighboring countries. In the
south, there seem to be more serious problems with
fishers from Guatemala and Honduras coming to
fishin Belize' swater. There are no estimates on the
amount of production this activity might account
for.

DISCUSSION

Sequential Exploitation and Masking
Environmental Feedback

Understanding and monitoring of both the resource
and its ecosystem dynamics is a prerequisite for
response to environmental feedback (Berkes and
Folke 1998a). This requires monitoring over space
and timeto identify processes, to adapt to them, and
to create a memory of this interaction (Berkes and
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Folke 2002). There have been several occasions
when the opportunity to learn from crises was
missed (Gunderson 2003). Missed crisesaredefined
here aslarge-scal e eventsthat could have been used
for learning about the impacts of disturbances on
lobster and conch and their ecosystems. Theclosure
of the lobster fishing industry after the 1931
hurricane will have reduced the monitoring of its
impacts on the fishing grounds. The 1961 hurricane
coincided with the introduction of skin diving and
engines. The rapid diffusion of this technology
masked both hurricane-induced and fishing-related
declinesin catch at theend of the 1950s.The concept
of sequential exploitation was useful to identify
important turning points in the fishing industry.
Sequential exploitation was a response to, but also
masked, declines in production and in this sense,
was a symptom of the pathology. Four forms of
sequential exploitation were identified during the
industry’ s devel opment:

1. Sequential exploitation of stocks, moving
from large to small individuals.

2. Switching to new targets, from conch to
lobster.

3. Concomitant with the aboveisthe sequential
exploitation of fishing grounds.

4. This was made possible by the sequential
exploitation of fishing gear.

Asgroundsfilled and lobster catchesdeclinedinthe
1950s, fishers increased effort until appropriation
becametechnol ogy limited. Skindivingandengines
permitted intensification of extraction and accessto
new grounds. Increased prices through the
cooperatives acted in synergy with this technology
to mask the declinesin catch at the end of the 1950s.
Until the 1950s, the fisheries in Belize were
artisanal, but they then became commercial, albeit
small-scale, fisheries (Berkes et al. 2001). The
exploitation of conch followed a clear boom-and-
bust pattern. When the cooperatives began to export
conch, and therefore pay higher prices, it was
abundant and easy to catch and fishers had access
toall of thefishing grounds, aswell asto skin-diving
gear; the crash in the conch catch appears to have
been caused by fishing. High market prices for
lobster allowed conch fishers to switch to lobster,
and al so masked the stabilizing lobster yieldsin the
1980s. Although the fishery is heterogeneous in
terms of ethnicity, environment, targets, and
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socioeconomic conditions, all commercial fishers
depend onfossil fuel and an export market, although
this may be changing with the growing national
market.

Many have stressed the value of the knowledge
accumulated among appropriators (Acheson 1988,
Berkes et al. 2001, Johannes 2002), and there are
contemporary resource management systems that
have built local ecosystem knowledge over decadal
times scales (Smith and Berkes 1993, Olsson and
Folke 2001). Lobster and conch fishingisrelatively
young in Belize (see for example Ruddle et al.
1992), and this may affect the extent of knowledge
of these resources and their dynamics. The belief
that |obster could not be overexpl oited suggeststhat
understanding of certain processes in the lobsters
life cycle was lacking. Nevertheless, this and past
studies show that fishers in Belize are aware of
declinesin abundance, aswell as of possible causes
of and solutions to these declines (Espeut 1994,
Heyman and Graham 2000). This will be an
important source of information until regular
monitoring can be established (Johannes 1998).
Thisisparticularly topical asthe composition of the
fishery ischanging and memoriesof past eventsand
ecological knowledge may be lost. A telling
anecdote was related during an interview with Dr.
Heyman of The Nature Conservancy in Punta
Gorda. A trip was organized by the Toledo Institute
for Development and Environment (TIDE), alocal
NGO, for 21 local fishersto visit Belize's marine
reserves. Older and younger fishers responded
differently to the large abundances of fish seen in
certain reserves. Older fishers were surprised and
recollected that this was how the grounds used to
be, whereas the younger fishers were surprised
becausethey had never seen such abundance. These
were all either older established fishers or their
children or relatives, yet the past was not being
transmitted. Thisisan exampleof ashifting baseline
(Pauly 1995).

Driving Forcesin the L obster and Conch
Fisheries

In his thesis, Craig (1966) concluded that the
differencesin fishing in Belize were areflection of
cultural differences between relatively isolated
groups. These groups were not, however, isolated
from each other. Very early, Mestizos in the north
adopted the dorey from the Garifuna in the south
and later transmitted the smack to the south (Daly
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Price 1986). In the case of the lobster fishery, the
initial concentration of infrastructurein Belize City
and on the northern cayes may have been due to
environmental differencesthat |lowered the costs of
fishing in the north relative to the south.
Nevertheless, development in the south has been
similar to that in the north, the main differences
being the later arrival of skiffs, the greater diversity
of gear used to fish lobster, and thelimited presence
of the cooperatives.

Expansion of fishing groundshasoften beenlimited
by technology. For example, the sailing smack
allowed access to distant fishing grounds (Fig. 5).
Until icewasintroduced in thelate 1950s, however,
the distance traveled wasrestricted by how long the
catch remained fresh before reaching markets.
Similarly, until skin diving was introduced, |obster
production was restricted to trapping, once bully
nets had become unprofitable. Thislimited entry to
the fishery, as well as the extent of the grounds, as
it is impractical to transport traps over long
distances.

Fig. 5. Sailing smacks moored in Belize City.

The presence and size of amarket also restricted the
fishing industry. The scarcity of lobster in the USA
wasthefirst driver for lobster fishing in Belize, and
provided the first unsaturated market for fisheries
products. Lobster became a high-value export
commodity, but the benefits were restricted to
middlemen. Until the 1950s, there were few
exporters and these visited periodicaly (App. 2).


http://www.ecologyandsociety.org/vol10/iss1/art21/

This changed with the establishment of year-round
processing in Belize City. Although the low prices
paid by exporters could have been adisincentive to
fish, the increase in production following the start
of year-round processing (Fig. 2), suggests that
lobster fishing had indeed been limited by the
presence of a buyer. The economic situation in the
colony after the 1930s gave people few options.
Also, coconut plantations were the main source of
employment on the northern cayes, which was hard
work for little pay compared with lobster fishing
(Sutherland 1986). Fishersneeded accessto landing
sites that supplied the export market, as local
markets were saturated. Without this, new
technol ogies were not useful. Based on the impacts
of the opening and closing of the cooperative in
Punta Gorda in the 1960s, it seems that the lack of
access to the export market in the south, via a
cooperative, has been a main factor slowing the
development of the fishing industry in the south.

Belizeisatypical inthe Caribbean for itsstrong and
active fishers' cooperatives (Brown and Pomeroy
1999). The cooperatives were essential in
permitting afairer distribution of the benefits from
the industry, which has generated wealth and
created opportunitiesinlocal communities(Gordon
1986, Sutherland 1986). This has been a great
success of the cooperatives. The cooperatives
increasedfishers’ incomeby providingdirect access
to an unsaturated foreign market. The cooperatives
developed for economic reasons and not for
resource-use management, and their economic
impacts have been an important driver of the
industry. When cooperative yields stabilized in the
1980s, the cooperatives began to competewith each
other for production. The cooperatives created
incentives to continue fishing despite declining
catches, including direct subsidies, such as for ice
and low-interest loans, and indirect subsidies for
exampl e, allowing the abuse of loans and providing
a landing site to non members. This artificialy
changes the market risks, rewards, and costs of
fishing (Roodman 1996, Myers and Kent 1998).
Fishing has become economically constrained by
the investment and fuel costs to overcome
environmental constraints. Thishasonly succeeded
in the short term. The cooperatives are now
economically dependent on maintaining, or
increasing, production. In other words, moremoney
is required to support an ever more complex
structure to maintain status quo in terms of harvest.
Ineffect, therehave been several social mechanisms
that have masked environmental feedback.
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Governance M easures and Structures

Despite the lack of sufficient biological and
ecological data over time at a nationa level with
whichto assessthestocksof |obster and conch, there
are many indications that both are being
overexploited. The three main indicators from this
study are: 1) Production has been declining for
lobster and stable for conch (although it has never
recovered from the crash) despite continued
investment and no reduction in the numbers of
fishers. 2) Interviewees reported that individual
catches are declining; and 3) These results are
supported by past interview studies that have aso
reported smaller sizes for lobster and conch,
indicating high pressure.

Insufficient or inappropriate regulations, poor
enforcement, or acombination of these factors may
be resulting in too much pressure on lobster and
conch stocks. As productivity and predictability of
lobster and conch, and of fishers behavior,
decrease, the risk of overexploitation increases,
unless all are effectively governed (Ostrom 1990).
This requires rules to control fishers use of the
resource, rules to manage the resource, and the
means to monitor both fishers and the resource.

Severa intervieweesstated that therearel obster and
conch today as aresult of the regulations (see also
in Daly Price 1980) and that, if properly enforced,
these would provide sufficient fisheries management.
The effect of the regulations on conservation of
lobster and conch could not be evaluated because
of alack of enforcement, but based on some of the
problems identified earlier, it seems likely that the
regulations should be reviewed. Some of them are
reviewed below. The minimum sizefor both |obster
and conch are key regulationsfor maintaining these
popul ations as they should maintain recruitment by
allowing lobster and conch to mate before being
fished. The success of the remaining rules depends
on this measure. Protection of berried females
requires lobster to reach maturity before becoming
accessibletothefishery. Closed seasonsareameans
of reducing effort and assume that there is alarge
enough reproductive population to reproduce
during the season. Neither of these minimum sizes,
however, is likely to protect a large enough
proportion of the young adult populations to
maintain egg production. Fecundity in both species
increases with size, and a population of large
individual scould possibly maintain egg production,
however, the reports of decreasing size for lobster
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and conch suggest that thisis not likely at present.
Maintaining a reproductive population is
particularly important for conch, as a reduction
below a critical density could increase the rate of
reduction of egg production.

Thereis unlimited entry into the fishery asthereis
no limit on the number of licensesissued, and there
areno restrictionson how much can befished. Until
recently, the cooperatives did not limit entry either
and, athough the development of territoriesin the
north limitsaccess, thereareno limitson gear or the
amount of lobster that can be fished. Furthermore,
enforcement at al of these levels is poor.
Cooperativesdo not confiscateor sanction members
who deliverillegal catch. Sanctioning also seemsto
berareamongfishers. Evenintheterritorial grounds
in the north, fishing in another’s grounds, even
stealing from their traps, is rarely sanctioned
(Sutherland 1986). Thislack of internal or informal
enforcement of conservation rules, which are
known to be broken throughout the country, places
enforcement costs on the Fisheries Department. As
is often the case, the monitoring costs inhibit the
enforcement of regulations (Berkes et al. 2001).
Marinereservesshould act asinsurancefor potential
failure of conservation measuresin thefishery. The
high costs of reserves, however, have inhibited
effective management, and five reserves were
reported to be “paper parks’ (McField 2000).

Incomplete enforcement and unlimited entry make
these fisheries de facto open access and have
allowed, and encouraged, fishersto continuefishing
despite signs of resource depletion. The masking of
environmental feedback and lack of institutional
response, together with open access, provide
conditionsripefor overexploitation. Thesefisheries
have developed faster than potential impacts could
be assessed (Seixas and Berkes 2003). Existing
regulations could not control, for example, the new
incentivesto fish following the establishment of the
cooperatives, and resulted in increased investment
intechnology and numbersof fishers. Theresult has
been short-term social resilience for the
cooperatives based on the initial boom period and
the assumption that lobster and conch could not be
overexploited. Aslong as fishers resist complying
with regulations and the cooperatives remain in
competition with each other, there will be alack of
incentives within the fishery to constrain fishing
effort. Theincreased brittleness of the cooperatives
further increases the risk of open access resource
use, as rent-seeking increases and the fishing
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community identity decreases. The long-term
impacts of this pathology will be the degradation of
both ecological and social resilience. Inother words,
socia resilience does not guarantee ecological
resilience.

The industry is once again at a technology-limited
bottleneck, and may be nearing an ecological and
socioeconomiccrisis. Itis, therefore, at abifurcation
point for management (Finlayson and McCay
1998). The national lobster yield continues to
decline despite a boom in production in the south,
suggesting that thesegroundswill not solvescarcity.
The recent increased access to grounds in the south
will continue sequential exploitation and the
pathology as it is taking place under the existing
governance measures despite the reports of reduced
average size of both lobster and conch in this area.
By ignoring signals from the environment, fishers
haveincreased their dependenceonthecooperatives
to maintain their income through, for example,
subsidies and market prices. Will crisis lead to
fundamental structural changes as predicted by
Holling (1986), and seen in other examples (Berkes
1992, Olsson and Folke 2001), or is this industry
trapped in the pathology of resource use? The
cooperatives may be forced to become more
engaged in management of the fishery because of
their economic dependence on it. The cooperatives
have not responded to the change in stocks, but to
the change in their economies. In the early period,
this led to the development of perverse subsidies,
but it may now forcethem to become moreinvolved
in management of the stocks. Options facing the
industry includefinding anew, and abundant, target
to replace both lobster and conch; continuing to
invest in technology and exploit deeper stocks; and
changing the structure of the fishing industry to
better suit the dynamicsof |obster and conchintheir
ecosystems and with fishers. These are not
necessarily mutually exclusive options, but
decisionsmust be based on all existing information,
as well as on monitoring and enforcement
capacities. In conclusion, there may be multiple
states for the structure of this industry: continuing
the pathology may lead to commercial extinction of
thesefisheries, or tothecollapse of thecooperatives,
or to astructural reorganization of the cooperatives
or the industry, or to a combination of these.
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CONCLUSION

This study is an example of how the organization
of a small-scale fishery can generate large-scale
resource use problems. The use of new technology
over time and space (by increasing the area of the
fishing grounds), together with fossil fuel
dependence, have sustained yields at the expense of
depl eted stocks, preventing learning about resource
and ecosystem dynamics, and removing incentives
to change fishing behavior and regulation. The
results contrast with many other studies on
common-pool resources, where common property
arrangements have improved resource use and
environmental management (e.g., McCay and
Acheson 1987, Berkes 1989, Ostrom 1990). The
organizational structure of the industry has
exacerbated this pattern, in particular through the
rapid transformation toward rent seeking in the
cooperatives. Decreasing catches have required
more organizational and financial resources to
maintain the status quo. This is an example where
socia resilience has not resulted in ecological
resilience.

In this way, fishing has become a driving force,
rather than a component, of the environmental
system. Exploiters have coped with declines in
resource abundance through short-term problem
solving that has masked environmental feedback.
Inturn, thishasattracted morefishersto thefishery.
They have not been able to adapt to, and shape
themselvesto, the capacity of the coastal ecosystem
to sustain the lobster and conch fisheries. Instead,
coastal ecosystems have been mined, asreflected in
the sequential exploitation pattern described in this
paper: harvesting fromlarger tosmaller individuals,
then shifting to another species and simultaneously
moving into new fishing grounds and intensifying
extraction with new gear. The pattern reflects a
spiral of exploitation that moves toward increased
vulnerability. There have been a few attempts to
counteract these trends, such asfishing regulations,
marine reserves and possibly privateterritories, but
they have not been very successful. Theindustry is
locked into pathological resource use because of
mismatches between the different stakeholders
demands, the regulations and organizations
managing their actions, and ecosystem dynamics
(Folke et al. 1998).
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Responses to this article can be read online at:
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APPENDIX 1. @) Fishing Vessels and b) Fishing Gear Used in Belize for Lobster and Conch

Target

Description

Distribution

a) Fishing Vessels

Dorey

Sailing smack

Skiff

b) Fishing Gear

Bully nets Lobster -
adults on
reef, Conch

Heart Weirs L obster

L obster trap - north L obster -
migrating ju-
veniles and
young adults

Dugout canoe poled in shallow waters or
paddled, aided with a sail. Ideal along the
coast and in shallow mangroves, but not
very stable in open seas or rough weather.
Dorey production rare now because
fishermen invest in larger boats and the
large trees needed are rare (Mr. Bobby,

personal communication).

Sailboat (around 7 m long) with livewell
(hold in center of boat that fills with
seawater to keep catch alive). Eventually
replaced by adrywell, filled with seawater,
and later ice. The crew (8-12) load the
boat with ice and doriesin Belize City. On
the fishing grounds, the boat is anchored
and the crew paddle from the ship in their
doriesto fish. They then lift anchor and
move to the next stop.

With outboard engines.

Placing the looking glass, an open box
with a glass bottom, over side of the boat
to observe seabed. When catch spotted, the
net, apole with asmall net on the end, was
used to catch the lobster. Restricted to
shallower waters on the reef and patch
reefs.

Made of chicken wire held up by poles.
Stretched perpendicular from shore (about
10 m) and curved into a half circle at the
end. Checked daily.

In shallow, clear waters on sand patchesin
seagrass beds. Two men are needed to haul
traps: one to navigate and haul traps, and
one to man the boat. Not baited, as lobster
are attracted to trap for shelter. Traps are
not marked to prevent poaching; fishermen
use triangulation to memorize trap
placement. Check traps every 7 days.
Based on the Canadian lobster trap.
Trapezoidal for stability. Made of
(palmetto) wood slats, built and repaired in
the closed season.

Nationally until the early
1900s. Still used today in the
Toledo district.

Today: Sartengja.
Past: Nationally, although
few south of Dangriga

Nationally. Fewer in the
very north and south.

Nationally

Nationally

San Pedro, Caye Caulker,
Belize City. Used in the
main lagoon and Turneffe
Atoll lagoon.

(con'd)
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L obster trap - south

Casitas and shades

Skin diving, masks and fins

Gillnet

L obster - Rectangular wire cage. Set at 10-30 m. Punta Negra, Monkey River,
adultson Traps are baited to attract lobster in the Placencia

reef, migrating deeper waters with reduced visibility.

juvenilesand

young adults

L obster - Square sheets of corrugated iron or cement Northern Belize
migrating ju- are set over four stumps sunk in the sand
venilesand to provide a shelter that attracts migrating
young adults lobster. These are checked regularly. No
damage, as lobster are free to wander at all
times.

Lobster - Fishermen use a stick with a claw-like Nationally
adultson hook on the end to pull lobster from den.
reef, Conch Catch is often maimed or killed. Dive for

conch over seagrass bed.

Lobster - Gillnets were introduced in Punta Gordain Southern Belize
migrating ju- 1960s by a Guatemalan resident. Used

venilesand over seagrass beds.

young adults
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APPENDIX 2. History of the Development of the Lobster and Conch Fisheriesin Belize

Belize was claimed by the Spanish in the 16™ century and seized by the British in 1798, becoming British
Honduras in 1862 (Bolland 1997). In 1973, the colony's name was changed from British Honduras to
Belize; Belize gained independence on 21 September 1981. | have chosen to refer to Belize and Belize
City, formerly British Honduras and Belize respectively, throughout the paper.

The British used the colony to export logwood, hardwood, and sugar. Because of the constant shortage of
labor, asit wasasparsely popul ated coastline, colonistsimported slavesto work on the plantations (Bolland
1997). The colony also imported many basic goods, including fish products, and continues to depend on
these imports (Wilk 1999).

Fishing was limited to afew fishers allowed to fish in the vicinity of Belize City (Daly Price 1986). There
werefew marketsfor fish in the colony, which limited the number of people who could make aliving from
fishing (Gordon 1986). Until theearly 1900s, independent fishing wasrestricted to two groups, the Garifuna
in the south and the Mestizos in the north, who immigrated to Belize in the early 19™ century and lived
relatively isolated from the rest of the colony (Craig 1966). The Garifuna came from the Caribbean island
of St. Vincent. In 1635, two ships carrying slaves from Nigeria shipwrecked on theisland. The Nigerians
settled and inter-mixed with the indigenous Arawak as free men. By 1773, the majority of the people on
theisland belonged to what was called the Garifuna. The British colonists wanted to regain control of this
group and after much warring, deported the Garifunato Roatan Island. From here, they gradually migrated
to the mainland, and are reported to have arrived in Belize in the early 1800s. During the Caste War in the
Y ucatan (1847-1855), Belize agreed to accept refugees from this area. The colonial government classified
these refugees, who were in fact amixture of Spaniards, Indians, and Mestizos, as Mestizos; in time, they
did indeed mix. These immigrants settled in northern Belize.

The main targets were fish and turtle, which were fished from dories with hand lines, harpoons, nets, traps,
andweirs(Daly Price 1986, App. 1). At theend of the 1800s, conch meat was consumed in small quantities
(Morris 1883), and according to newspapers at the time, there were canneries processing lobster, conch,
and crabmeat (R. Wilk, personal communication, 2003). Thiswasprobably notinlargequantities, aslobster
was “eaten by the poor because it was abundant, by the elite because it was rare in Europe, but shunned
by the middleclass as a “trash fish”” (Wilk 1999). In the early 20" century, prices for timber and sugar
began to drop, increasing the unemployed workforce in the colony (Gordon 1986). In the early 1900s,
foreignerssaw an opportunity to market spiny lobster asasubstitutefor the North Americanlobster (Gordon
1986), whose yield was in decline (Acheson 1988).

1915-1960: Introduction of Lobster as a Commodity

In 1915, Mr. Stibbs, an American visiting San Pedro, introduced bully nets (App. 1) to local fishers for
lobster fishing, and began exportiing lobster tothe USA (Daly Price1986). In 1923, Capt. Foote, aCanadian,
introduced the lobster trap (App. 1) to fishers from Belize City; he set up a barge with a cannery off the
southern end of Water Caye (Fig. 1) to export lobster to the USA (Daly Price 1986). The catch is reported
to have declined after afew months (Daly Price 1986), and the operation closed in 1925 because of 1abor
disputes, as fishers were aware that they could get higher prices in the Honduras (Craig 1966, Gordon
1986). Foote relocated his barge to Caye Caulker and then to Turneffe Atoll in 1929 (Capt. Foote 1929),
where it was destroyed by the 1931 hurricane (Figs. 1, 4).

Foote relocated to Caye Caulker in 1932 with anew barge, where he trained local fishersto use the traps.
These fishers dominated the lobster industry until recently. The industry closed down in the early 1930s
because of an unsettled market in the USA, but picked up again during the 1940s (Craig 1966, Figs. 3, 4).
The First World War introduced refrigerated vessels to the fisheries. These came periodically from the
USA to collect catch from Placencia, Belize City, and Caye Caulker, and to take fishersto the atolls (Daly
Price 1986). Fishersin the north and some from Belize City used traps. Bully netsand weirs (App. 1) were
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used on and near the reef, where traps could not be used, or when fishers had to travel long distances.

In the 1950s, processing and freezing facilities were established in Belize City allowing year-round fishing
and processing of lobster (Daly Price 1986, Fig. 4). By the early 1950s, the lobster industry was considered
an established industry by the government and export duties were established. Exporters were in heavy
competition for supply, and price wars were common (Bradley 1956). Despite this, the maximum price
paid to fishers per pound of lobster tail was 15 BZ cents (Gordon 1986). In the 1950s, the national catch
stabilized and declined for the first time (Fig. 3). Until the 1950s, fishers from San Pedro caught lobster
within a day’s journey of the village, and catches of 300400 |obsters within a mile of the island were
common (Gordon 1986). In 1953, fishers could collect 100-200 lobsters per day with bully nets. By 1955,
bully nets were abandoned because they were no longer profitable (Daly Price 1986). San Pedro’ s fishing
grounds had stretched from the southern tip of Ambergris Caye to the northern tip of Caye Caulker and
fromthereef to Cayo Congrejo (Fig. 1), but they now needed to travel further (Gordon 1986). By the 1950s,
trap fishers in the north had established informal territories in trappable grounds, a system that persists
today (King 1997). By 1957, the northern lagoon and Turneffe Atoll’ s lagoon were fully claimed (Fig. 4),
displacing fishers that had been using bully nets, and resulting in conflict (Daly Price 1986).

Art Pinder, an American, introduced masks, fins, and the hook (App. 1) to fishersin San Pedro in 1957
(Daly Price 1986). Thisallowed fishersto skin divefor lobster on the reef, which isnot accessible to traps.
Skin diving was more efficient than bully nets, and eliminated the issue of limited entry. It also allowed
fishersto travel to more distant fishing grounds, which was inconvenient with bulky traps. This required
bigger boats, ice, and iceboxes. Outboard engines and improved accessto ice assisted the spread of fishers
and the intensification of trapping, as more traps could be checked per day. Fishers began to travel more
regularly to the comparatively unexploited atolls. Catches on the atolls were so large, over 220 kg of tails
per day, that fishersbegantoland only tails, asthesefetched abetter price than wholelobster (Gordon 1986).

1960-mid1980s. Development and Growth of the Cooperatives

Fisherswereawarethat proceedsfrom salesabroad werenot fairly distributed, but lacked the capital needed
to process, market, and export the catch (Bradley 1956). In 1960, 39 fishers from Caye Caulker came
together to form the Northern Fishermen’s Cooperative Society (Sutherland 1986). Although its members
were from Caye Caulker, the cooperative was established in Belize City to be near the harbor and airport,
and receiving stationswere built in both Belize City and Caye Caulker. In 1962, fishersin Placenciaformed
the Placencia Producers' Cooperative Society, and in 1963, fishers of San Pedro formed the Caribefia
Producers Cooperative (Gordon 1986), both of which were located in their respective towns. In the
mid-1960s, the National Fishermen Producers’ Cooperative Society was established in Belize City. Many
cooperatives were started in subsequent years. Most were short lived, but the four cooperatives named
above have persisted (Belize Fisheries Department 2001).

In 1961, Hurricane Hattie disrupted fishing in Belize by destroying processing equipment in Belize City
and fishing gear from the north to Belize City; thisimpacted the fishing grounds, including al of the atolls
(Craig 1966). Accounts in Craig's (1966) work reported that Lighthouse Reef Atoll’s grounds had not
recovered 4 years later. Nevertheless, both processing and national lobster landings recovered within a
year (Barclays Bank 1962, Fig. 3).

In 1960, the Northern Fishermen’s Cooperative Society still depended on a foreign exporter, and paid its
members 17 BZ cents; thisincreased to 28 centslater that year—al most doubling, compared with the prices
in the 1950s. By 1964, it had its own processing plant and paid its members 2.10 BZ$ per pound lobster
tail compared with the Caribefia Producers Cooperative, which did not yet have a processing plant, and
paid its members 1.04 BZ$ (Gordon 1986). Fishers' incomes jumped by over 1000% in less than 5 years
(Godfrey in Sutherland 1986). In 1965, the Government of Belize passed a law that only cooperatives
would be granted export quotas (Daly Price 1986). This shut down all foreign exporters and ensured that
the revenues from the export of marine products remained in Belize.
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In 1965, the Caribefia Producers Cooperative was the largest cooperative in Belize, with 152 members; it
was the first to diversify, exporting lobster, conch, and fish. Conch was abundant, easy to fish, and had
good export prices, which led to a boom in its landings that peaked in 1975 (Fig. 3). Cooperative board
members from Belize City and Placencia explained that “you did not fish for conch!” Y ou rolled up your
trousers and waded from shore to collect conch. Despite the low pay, you could make aliving because of
its abundance. Later, the looking glass and eventually skin diving were needed to fish the deeper conch.
By the early 1970s, the first conch grounds were in decline (Baird 1973), and in the mid 1970s, conch
landings plummeted and have never recovered (Fig. 3). I nterviewees, commenting on the changesin conch,
all agreed that the crash in production wasaresult of fishing, whichissupported by earlier interview studies
(Jacobs 1999, Heyman and Graham 2000). During interviews with fishers, many believed that the conch
fishery should be closed for awhile. Although the lobster yield stabilized in the mid-1980s (Fig. 3), good
prices alowed displaced conch fishers to switch to lobster, and continued to attract new fishers. At the
time, the average salary of alobster fisher was five times above the average per capitaincome and twice
the salary of civil servants (Central Statistical Office statistics in Daly Price 1986). In the 1980s, the
cooperatives had 1000 members, 80% of who were dependent on lobster (Daly Price 1986).

The introduction of skiffsin the 1980s made all shallow grounds readily accessible to fishers throughout
the country and allowed further trap intensification. Despite these improvements, by 1986, it was rare to
catch more than 500 kg of lobster following a 10-day trip (Gordon 1986). In the 1940s, fishers had an
average of 1015 traps, which increased to around 100 traps per fisher with the advent of outboard engines
(Daly Price 1986). According to the cooperative board members interviewed, trap fishers in the north of
Belize have been the most productive fishers in Belize. However, they have also been increasing effort,
although their catch has not grown. A cooperative board member reported that fishers can have up to 1200
traps, checking between 350 and 400 traps every 2 days. Another board member claimed that there are so
many traps in the lagoon that no lobster can make it to the reef.

Inthe 1980s, gillnets (App. 1) wereintroduced in Monkey River (Fig. 1) tofishlobster. Two key informants
from this areareported that these nets produced large yields, with 50-foot nets catching up to 150 lobsters.
Both of theseintervieweesreported that thisboom |l asted for 2—3 years, and then stabilized despite continued
investment in nets,

Mid1980s—Present: Stabilized Production for the Cooperatives

Since the 1980s, the national catch has been relatively stable (Fig. 3). Illegal fishing of under-sized and
berried females was already reported in the 1970s (Baird 1973). During the interviews, ailmost all reported
illegal fishing by foreigners and locals. This included taking undersized and berried lobster, as well as
cross-border smuggling of catch out of season and when prices were higher in neighboring countries. In
the south, there are problems with fishersfrom Guatemalaand Honduras coming to fishin Belize' swaters.
There are no estimates on the amount of production this activity might account for.

Several of the cooperative board members interviewed commented on the change in the composition of
fishers as the number of fishers has grown and traditional fishers have retired or left the industry. With
increased incomes, fishers were able to pay for further schooling for their children, who have turned to
other kinds of work (Gordon 1986, King 1997). Many fishers have switched to tourism, becoming tour
guides, or selling their catch directly to the tourist industry. A cooperative board member explained that
many young fishers were turning to tourism as this at least guaranteed a paycheck at the end of the day,
which is not always the case with fishing. There was a feeling of disappointment among the cooperative
board memberswith regard to the young membership, who they viewed aslessloyal. They attributed this,
in part, to their having been born into the cooperatives and never having needed to fight for them.
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