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ABSTRACT

During the past 15 years, Ecuador has become the Western Hemisphere's leading producer and exporter
of shrimp. Growth has come about largely through mariculture development. About 8,000 metric tons
(MT) of shrimp have been captured off the Ecuadorian coast each year sncethelate 1970s. Meanwhile,
pond output has increased severa-fold, from lessthan 5,000 M T in 1979 to over 100,000 MT 12 years
later (Table 1).

Mariculture has expanded largely at the expense of renewable natura resources. Mangrove swamps,
characterized by extremey high biologica productivity and, therefore, a criticad element of coadta
ecosystems, have been displaced. In addition, shrimp postlarvae (PL) collection has at times been
excessve and wastewater emiss onsfrom some enterprises harm the environment. Mariculture dso suffers
from water pollution from agriculturd, urban, and industrial sources.

This paper first describes the extent and consequences of coastal ecosystem disturbance; then presentsa
causal analysis of environmenta problems. Policies contributing to depletive management of wetlands and
related resourcesare smilar to policiesstimulating tropica deforestation. Thetenurid regimerewardsthose
who convert coastal ecosystems into shrimp ponds, just as frontier property arrangements encourage
agriculturd colonigts to convert natural ecosystems into farmland (Southgate 1990). In addition,
maricultures geographic expansion, like agriculture's, has been accelerated by inadequate spending on
education, research, and extension (Southgate 1991).

If this policy regime remains unchanged, continued deterioration of Ecuador's coastal ecosystems is
inevitable.
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ALTERATION OF COASTAL ECOSYSTEMS

Damage to coastal resources is the subject of widespread concern in Ecuador. Although many shrimp
ponds have been condructed in sdt flats ("i.e”, the dry land that builds up through evolution of the
mangrove system), maricultural expanson has been consderable in intertida areas dongside the shore.
Particularly troubling has been the displacement of mangrove svamps. Renewable resources are dso
under threat because of excessve postlarvae (PL) capture and water pollution.

Mangrove Deforestation

Remote sensing studies suggest that 118,000 hectares (ha.) of shrimp ponds had been established dong
the Ecuadorian coast by 1987 (CLIRSEN 1988). Of that total, 38,500 ha. had been constructed in salt
flats and 28,500 ha. directly displaced mangrove swamps. Urban expansion accounted for an additional
1,400 ha. of mangrove deforestation. In al, 15% of the mangrove swamps and three quarters of the salt
flatsexisting in Ecuador in 1969 had disgppeared by 1987, the last year for which comprehensive dataare
avalable (table 2).

Coastal ecosystem destruction accelerated through the middle 1980s. Swamp displacement amounted to
21,600 ha. from 1969 to 1984. Thisis equivaent to annual losses of 0.7%. Between 1984 and 1987,
though, the mangrove deforestation rate nearly doubled, to 1.3% "per annum,” 6,900 ha. having been lost
(table 2).

Almod certainly, mangrove deforestation has dackened during thelast few years. Shrimp pricesarefaling
(see below), and capital needed to establish a competitive mariculturd enterprise has gotten scarce. In
addition, many of the enterprises brought on line since 1987 have chosen to locate outside of wetlands
because soilsin mangrove swvampstend to be highly acidic, which creates problemsfor shrimp production.
To summarize, environmentd as well as economic factors are contributing to reduced mangrove
deforestation.

Although converson of wetlandsinto shrimp ponds is declining because of environmenta and economic
factors, mangrove forests continue to be lost or degraded because of urban expansion. The dums of
Guayaquil, Machala, and other coastd citiestend to establish themsaves in wetlands because, asis noted
later in this paper, those areas are essentially an open access resource.  Even when wetlands are not
directly displaced, ecosystem degradation occurs because mangrove swampsare asource of charcoa and
building materids.



Over-Fishing

Since mangrove deforestation appears to be decel erating (outside of afew locations), shortages of shrimp
PL are becoming ardatively more important source of concern.

When the ocean off the Ecuadorian coast is warm, PL are abundant and no operation has problems
gtocking its ponds. There are a few thousand full-time PL fishers, complemented by perhaps 10,000
working a few days a month (Scott and Gaibor 1992). Aslong as prices do not fal too low, a skilled
gatherer can earn $25 to $30/day (Thia-Eng and Kungvankij 1989, 7).

The capture of wild fry involves consderable losses. Of the 9 to 12 billion PL collected annualy during
the early and middle 1980s, only haf were of the desired species, "Penaeus vannamel." Other kinds of
shrimp were discarded, usualy on dry sand where they died. Other organisms caught in the nets met the
same fate. Mortdity of "P. vannamea" was aso high, exceeding 80% between the beaches and the ponds
(LiPumaand Mdtzoff 1985, 20).

Inagood or ordinary year, these losses have no great effect on Ecuadorian mariculture. But when coastdl
waters are cool, populations of juvenile shrimp in the wild fal dramatically, which can cause some pond
capacity to lieidle. To guard againg this risk, the industry began congtructing hatcheries in the middle
1980's. Exigting hatcheries, which number 120 or s, can satisfy as much as 65% of industry demand
(Barniol 1992).

A few operations, at which mature shrimp are mated repeatedly to produce PL (Barniol 1992), arelargely
insulated from the impacts of over-fishing and habitat destruction. But most hatcheries are not sdf
contained. Instead, gravid females captured by ocean-going trawlersand artisand fishersarethe primary
source of seed. Needless to say, these latter facilities can suffer when gravid females become scarce,
which occurs from timeto time,

Water Pollution

The environmenta impacts of mariculture development are not limited to uprooting of mangroves and
collecting too many PL and gravid femaesin thewild. Wastewater discharged from shrimp pondsimpairs
water qudity in the Gulf of Guayaguil and other coasta waters, which are dready threatened by pollution
from urban, indudtria, and agricultural sources.

Many maricultura operations around the Gulf of Guayaquil are semi-extensve, with pond stocking rates
ranging from 10,000 to 50,000 PL/ha. (Villalon et a. 1989, 251). At those rates, supplementary
fertilization, with urea and superphosphates, is needed to induce the phytoplankton blooms on which
juvenilesfeed. Fertilization, dong with supplementa feeding for larger ock, depletesoxygen. If dissolved



oxygen levesfdl too low, shrimp die.

To avoid this outcome, seawater is exchanged, through pumping, for pond water. Water flushed from
ponds contains nutrients, which increases biological oxygen demand in surrounding waters. Nutrientsare
adso avalablefor biologica uptake, which Twilley (1989, 98) suggests might contribute to the red tides
(blooms of red-colored toxic agae) observed occasondly inthe Gulf of Guayaquil. The sameauthor dso
speculates that daly discharges of semi-extensve operations wastewater, which can be highly sdine
(Snedaker et d. 1986), into the Gulf of Guayaquil might exceed fresh water yield from the Rio Guayas
Basin during the dry season (Twilley 1989, 98).

Adde from what takes place in habitats adjacent to mariculturd enterprises, the environmental impacts
associated with discharging wastewater from ponds probably pa e in comparison with water pollution from
other sources. Solorzano (1989) finds that emissons of untreasted domestic and industrid waste from the
City of Guayaquil is a principa cause of high bacteria contamination, low dissolved oxygen content, and
high nutrient concentrations in the Daule and Guayas Rivers, which are the principa freshwater tributaries
of the Gulf of Guayaquil. Water pollution around other coagtd citiesis, likewise, severe. Solorzano (1989)
a0 reports high nitrate and pesticide pollution from agriculturd sources. Findly, freshwater flow into the
Gulf during the peak of the wet season has been reduced significantly since completion of the Daule-Peripa
dam (Arriaga 1989, 151). However, the same project has probably caused freshwater flow to increase
during the dry season when sdlinity is potentialy a more serious problem.

CONSEQUENCES OF COASTAL ECOSY STEM DISTURBANCE

Determining the consequences of mangrove deforestation, water pollution, and over-fishing isdifficult. The
life cycle of "P. vannama" in the wild has been characterized. Specificdly, it is known that femaes shed
their eggs in the open sea, where they hatch. After alarva phase, PL move into estuaries seeking out
nutrient-richniches ("e.g.", those around mangrove roots). Asthey mature, they become bottom-dwelling
and, after afew months, they return to the sea (McPadden 1985). In addition, the environmentd factors
("eg.", temperature, dinity, and so forth) influencing this cycle is generdly understood.

However, much more biologica research must be done before the economic costs associated with coastal
ecosystem disturbance can be estimated. Among the empirica questions that need to be answered are
those that follow.

- How are natura stocks affected both by PL harvesting and by collection of gravid femaes?

- What is the relationship between PL numbers and mangroves and other coastal habitats?



- What impacts does water pollution have on plant and animd populations in the wild?

Research conducted in other parts of theworld suggest that linkages addressed by the preceding questions
are not trivid. In particular, positive relationships between coastd wetland area and shrimp catch have
been documented in Mdaysia, the Philippines, and the Gulf of Mexico (Turner 1989, 123-124).

In addition, there is economic evidence to support the claim that habitat destruction and over-fishing have
had adverse impacts on shrimp mariculture in Ecuador. By the middle of 1988, prices paid by hatcheries
for gravid femaleshad risen to $10, according to industry sources. By late 1991, priceswereranging from
$30 to $55 when fishing for gravid femaleswaslegd and up to $120 when temporary bans on such fishing
werein effect. The priceincrease undoubtedly reflects adecline in natura supplies.

Inreal terms, the price paid by maricultura enterprisesfor PL hasrisen from $2/thousand inthe late 1970s
to over $4/thousand throughout the 1980s. Those prices vary considerably, however. During years, like
1983, when thereis a strong El Nino climatic event, PL are abundant because shrimp stocks rise rapidly
aong with ocean temperatures. At other times, pricesmay rise above $10/thousand (Sutinen et d." 1989,
40). In 1985, when real prices peaked at $15/thousand, payments for PL amounted to 44% of the costs
of asemi-extensve enterprise. Thesameyear, PL shortages resulted in under-utilization of pond capacity
(LiPumaand Meltzoff 1985, 17-18). Many ponds aso sat idle in 1990 for the same reason.

CAUSES OF ENVIRONMENTAL DEGRADATION

Like other parts of Ecuador's rurad economy (Scobie "et d." 1990), the shrimp industry feds the impacts
of governmentd interference with market forces. Exports are subject to a 1% tax. Also, imports of
high-quality feed have been redtricted at times (Rosenberry 1990).

Over-vauation of the Ecuadorian sucre can discourage production and impinge on industry earnings.
However, the main effect is to encourage smuggling. 1n 1984, when the officid exchange rate was only
80% of the market rate, afifth of the nationa shrimp harvest was shipped illicitly to Peru, whereit wasin
turn sent to the United States and other countries (LiPuma and Mdtzoff 1985, 20).

Since smuggling is relaively easy, the impacts of currency distortions on shrimp industry performance are
not dl that greet. Two other dements of the policy environment have a much sronger influence on
mariculturd enterprises use and management of coastal resources. Thefirdt isproperty arrangements. The
second eement is inadequate investment in the shrimp industry's scientific base.



I nappropriate Property Arrangements

Depletive management of Ecuador's coadta ecosystemns has much to do with the legd standing of
resources. By law, coastal beaches, sdlt-water marshes, and everything else below the high tide lineis a
nationd patrimony. But for dl intents and purposes, access to mogt of that land is completely free. For
example, no public agency attemptsto keep an accurate count of PL collectors in different parts of the
country. Never, it seems, have there been any serious proposals to subject that group's activitiesto lega
control.

Permanent settlement in coastal wetlandsis dso unregulated. For example, a community of crab fishers
has established itsdf, without any sort of governmenta approva or interference, in the Churute Ecologica
Reserve, a mangrove swamp 40 KM southof Guayaquil. Smilarly, expanson of the port city'sdumsinto
adjacent wetlands is totaly uncontrolled.

Thereis some regulation of shrimp pond congtruction aong the shore. Specificdly, a10-year use permit
must be obtained from the Genera Merchant Marine Directorate. Depending on the pond's location,
gpprovas might be needed from the Ministry of Agriculture and Livestock, the Ecuadorian Ingtitute of
Agrarian Reform, and other public agencies. Annud fees charged permit holders amount to 11% of the
minimum monthly wage for each hectare. Generdly, thisworks out to less than $10/ha/year.

Some individuals have been able to construct ponds without permits and, once operations have begun, to
clam that the site was above the high tide line (and therefore not subject to public control). Others have
found it useful to take on agovernment officid asapartner. The advantage of thisisthat the many months
normaly spent waiting for a permit to be gpproved can be avoided. Ancther option is to offer bribes,
which are reported to have reached $100/ha. (LiPuma and Meltzoff 1985, 9).

The tenuria roots of coastal ecosystem degradation can be described as a mixture of a tragedy of the
commons (Hardin 1968) and rent capture. Excessive collection aong beaches, in mangrove swamps, and
in other habitats, like over-fishing in the ocean, is a clear example of over-exploitation of an open access
resource. Fishers know that they can capture the benefits of extrafishing effort (in the form of payments
for their catch). By contrast, the costs associated with decreased breeding populations and other forms
of fishery depletion are shared by dl who maketherr living, directly or indirectly, from coastd ecosystems.

Water pollution from shrimp ponds and other sourcesis, likewise, atragedy of thecommons. The benefits
of rdeasing sdine water rich in nutrients into public waterways are interndized by the individua operator
(in the form of avoided treatment costs) while the costs of emissions (associated with damage to
ecosystems) are an externdity.

Habitat destruction involves negative externditiesaswell. However, the conversion of wetlandsand other
coastal ecosystemsisaso an example of rent capture. A rudimentary analysis showsthet the net revenues
generated by a shrimp pond far exceed the costs associated with obtaining use permits. For a



semi-intensve operation yielding only 1.80 M T/ha/year, average costs are alittle lessthan $4,000/ha/year
(LiPumaand Mdtzoff 1985, 17). With shrimp prices currently exceeding $4,000/M T, annua net returns
are more than $3,000/ha. Clearly, asignificant portion of coastal ecosystem destruction is motivated by
individuals desire to capture that income stream in exchange for an initid payment of $100/ha. followed
by annud fees of less than $10/ha

Inadequate Investment in Human Capita and Scientific Base

The property arrangements contributing to the conversion of coasta ecosystems into shrimp ponds are
amilar to those that accelerate agricultura colonization of natural ecosystems dsawhere. Thereisanother
parald between mariculture's geographic expans on and agriculture's, which isthat both are aconsequence
of inadequate investment in human capitd, research, and extension.

The higtory of the Ecuadorian shrimp industry isaclassc illustration of Hayami and Ruttan's (1985) thess
that geographic expangon usudly precedes productivity-enhancing investment in agriculture and other parts
of the rurd economy. The firgt shrimp ponds, in which extengve technology was employed, were built
close to shore. Dikes by the sea could be opened to let in clean seawater and the PL and nutrients it
contains. Yiedswere minimal. But costs were dso low, neither supplementary stocking nor fertilization
nor feeding being required.

Asthe stesbest suited to extensive mariculture have been occupied, production technology has changed.
Ponds located farther from and a little above the ocean have to be stocked and fertilized artificialy. As
noted earlier in this paper, this makes mechanized exchange of pond water for seawater necessary. The
trangtion to semi-extensive technology has also been accelerated by subsidization of the diesd fudl used
to operate pumps. If Ecuadorian energy prices were to rise to internationd levels, expenditureson diesdl
fud would no longer account for 12% of the operating costs of a semi-extensive maricultura enterprise
(LiPuma and Méltzoff 1985, 17). Instead, diesel prices would be at least three times higher and fuel
expenditures would amount to more than a quarter of those codts.

Although spending on pumps and other machinery can be consderable, management of many
semi-extensive operations is ill rudimentary.  Stocking, fertilization, and application of antibiotics (to
combat disease) are usualy haphazard. 1n addition, many enterprises do not employ competent biologists
or maintain records that would, over time, alow them to achieve efficient mixes of inputs and outputs.

In recent years, semi-intensive technology has begun to be adopted. Ponds are being designed and
operated s0 asto achieve efficient water exchange and aeration. The number of biologists employed to
manage PL stocking and application of feed and nutrientsisaso increasing. In addition, stocking dengties
in semi-intengve ponds are higher, as are yidds.

Further improvement in shrimp production technology can be expected in Ecuador, with more enterprises



undertaking the careful management that characterizesasemi-intensve operation. Asdefrom firmslocated
close to Guayaquil, the industry’s access to laboratories where water quality can be tested and where
shrimp diseases can be assessed remains minimd. Accordingly, there are opportunitiesto achieve more
precison in the gpplication of fertilizers, feed, and antibiotics and dso in water exchange.

Additiona spending on research would aso ease Ecuadorian mariculture's dependence on PL captured
inthewild. In particular, more widespread understanding of the factors influencing shrimp reproduction
("i.e", temperature, water chemistry, and above dl, nutrition) would alow more hatcheries to become
sdlf-contained. That is, those facilities would be able to breed PL from mature adults instead of merely
extracting eggs from gravid femaes. Once this is done, the problem of excessive PL collection will be
solved.

THE FUTURE OF SHRIMP MARICULTURE AND COASTAL ECOSYSTEMS IN ECUADOR

To be sure, many mariculturd enterprises in Ecuador have adopted production technology that is more
capital intengve, involves more sophigticated biological management, or both. Nevertheless, extensve
operations, featuring low costs and low yidds, continue to be the norm. As of 1987, 60% of Ecuador's
shrimp ponds were extensive, 25% were semi-extensve, and only 15% were semi-intensive (CPC 1989,
27).

Because extensive production technology is till dominant, shrimp yidds in Ecuador, which average 0.59
MT/halyear, are below world norms. They are only 71% of what is achieved in Honduras, which isthe
second largest producer in the Western Hemisphere. In Mexico, which recently reformed the investment
and land acquisition policiesthat prevented it from growing shrimp for the lucrative North American market
(where most of Ecuador's output is shipped), annud yields are 1.00 MT/ha. (Rosenberry 1990). Even
more ominous in terms of Ecuador's internationa competitiveness is the performance of mgjor Asan
producers. Asisreported in table 3, Chinese and Thal yields are two-thirds higher.

Needless to say, the entry of more efficient producers into the world shrimp market has caused pricesto
fdl. Inreal terms, Ecuador has seen prices decline by more than 40% since 1986 (Table 4). Market
vaueswill continueto go down as existing producers expand their output and as new countries get into the
market (Rosenberry 1990).

One consequence of growing international competition could be to put Ecuador's less efficient producers
out of busness. Some extensive operations ought to survive because of their low costs.  Also,
semi-intengve enterprises, which have rdatively high yields, can probably withstand further price declines.
The threet to semi-extensive operations, though, isserious. Their costsare higher than those of extensve



producers while their yields are not dl that great. Additiond reductions in the value of output will be
difficult for them to bear.

Tough times for some parts of the Ecuadorian shrimp industry could result in environmenta damage.
Producers with poor long term prospects will not hesitate to damage coastal ecosystemsiif profits can be
gained by doing so. In particular, they are not likely to adopt pollution controls. Similarly, they will resst
any initiative to reduce over-fishing that resultsin increased PL pricesin the near term.

Hndly, maricultural development as a whole will continue to result in ecosystem destruction if property
arrangements are not reformed.  As long as some segments of the industry remain profitable, it will be
possible for individuasto capture rents by converting mangrove swvamps and other public landsinto shrimp
ponds. Unless the government stops treating those lands as a free good, they will be destroyed.



APPENDIX

Table 1. The Ecuadorian Shrimp Harvest, 1979 to 1989*

Ocean Pond

Y ear Harvest ProductioOn
1979 7,787 MT 4,698 MT
1980 7,800 9,180
1981 8,000 12,100
1982 8,000 21,500
1983 8,900 35,700
1984 6,300 33,600
1985 6,023 30,205
1986 9,166 43,628
1987 9,580 69,153
1988 10,800 77,759
1989 6,150 64,231
1990 6,885 69,620
1991 7,574 101,174

* Source: Periodic reports of the Genera Fishing Directorate.

Table 2. Area of Mangrove Swamps, Sdt Flats, and Shrimp Ponds, 1969, 1984, and 1987*

Mangrove SAt Shrimp
Year  Swamps Flats Ponds
1969 203,700 ha 51,500 ha 0 ha

1984 182,100 20,000 89,400
1987 175,100 12,400 117,700

* Source: CLIRSEN 1988.

Table 3. Shrimp Mariculture Productivity: World's Top Five Exporters
Country Production Productivity

China* 165,000 MT 1.06 MT/ha



Indonesia* 90,000 0.36

Thailand* 90,000 1.12
Ecuador** 70,000 0.59
Philippines* 50,000 0.62

* Source: Production and productivity in 1989 from Rosenberry (1990).
** Source: Production and productivity in 1987 from Tables 1 and 2.

Table 4. Shrimp Price Trends
Year Vaue*

1980  $10,737.8UMT
1981 9,558.02
1982 9,709.85
1983  10,220.88
1984 9,125.33
1985 9,222.01
1986  10,670.87
1987 8,777.79
1988 7,438.31
1989 7,355.91
1990 6,445.99
1991 6,438.99

* 1990 U.S. dallars, free-on-board, monthly reports of the Central Bank of Ecuador.
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