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ABSTRACT

During the past 15 years, Ecuador has becone the Western Hem sphere's | eading
producer and exporter of shrinp. Gowh has cone about |argely through
mari cul ture devel opnent. About 8,000 nmetric tons (M) of shrinp have been
captured off the Ecuadorian coast each year since the late 1970s. Meanwhile
pond out put has increased several-fold, fromless than 5 000 MI in 1979 to over
100,000 Mr 12 years later (Table 1).

Mari cul ture has expanded largely at the expense of renewable natural resources.
Mangrove swanps, characterized by extrenely high biological productivity and,

therefore, a critical elenent of coastal ecosystens, have been displaced. In
addition, shrinp postlarvae (PL) collection has at tines been excessive and
wast ewat er em ssions from sonme enterprises harmthe environnent. Mariculture

also suffers fromwater pollution fromagricultural, urban, and industria
sour ces.

This paper first describes the extent and consequences of coastal ecosystem

di sturbance; then presents a causal analysis of environnental problens.
Policies contributing to depletive managenent of wetlands and rel ated resources
are simlar to policies stinulating tropical deforestation. The tenurial
regi me rewards those who convert coastal ecosystens into shrinp ponds, just as
frontier property arrangenents encourage agricultural colonists to convert
natural ecosystens into farmland (Southgate 1990). In addition, mariculture's
geogr aphi ¢ expansion, like agriculture's, has been accel erated by inadequate
spendi ng on education, research, and extension (Southgate 1991).

If this policy regine remains unchanged, continued deterioration of Ecuador's
coastal ecosystens is inevitable.
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ALTERATI ON OF COASTAL ECOSYSTEMS

Damage to coastal resources is the subject of w despread concern in Ecuador.

Al t hough many shrinp ponds have been constructed in salt flats ("i.e.", the dry
I and that builds up through evolution of the nangrove system), nmaricultural
expansi on has been considerable in intertidal areas al ongside the shore.
Particularly troubling has been the displacenent of nmangrove swanps. Renewabl e
resources are also under threat because of excessive postlarvae (PL) capture
and water pollution.

Mangrove Deforestation

Rempt e sensing studi es suggest that 118,000 hectares (ha.) of shrinp ponds had
been established al ong the Ecuadorian coast by 1987 (CLIRSEN 1988). O that
total, 38,500 ha. had been constructed in salt flats and 28,500 ha. directly
di spl aced mangrove swanps. Urban expansi on accounted for an additional 1,400
ha. of nmangrove deforestation. In all, 15% of the mangrove swanps and three
quarters of the salt flats existing in Ecuador in 1969 had di sappeared by 1987,
the last year for which conprehensive data are available (table 2).

Coastal ecosystem destruction accel erated through the mddle 1980s. Swanp

di spl acenent anmounted to 21,600 ha. from 1969 to 1984. This is equivalent to
annual |osses of 0.7% Between 1984 and 1987, though, the nangrove
deforestation rate nearly doubled, to 1.3% "per annum" 6,900 ha. having been
lost (table 2).
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Al most certainly, mangrove deforestati on has slackened during the last few
years. Shrinp prices are falling (see below), and capital needed to establish
a conpetitive maricultural enterprise has gotten scarce. |In addition, many of
the enterprises brought on line since 1987 have chosen to | ocate outside of
wet | ands because soils in mangrove swanps tend to be highly acidic, which
creates problens for shrinp production. To sumrarize, environmental as well as
econom ¢ factors are contributing to reduced mangrove deforestation

Al t hough conversion of wetlands into shrinp ponds is declining because of

envi ronmental and econonic factors, mangrove forests continue to be |ost or
degraded because of urban expansion. The slunms of CGuayaquil, Machala, and
other coastal cities tend to establish thenselves in wetlands because, as is
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 swanps are a source of charcoal and building materials.

Over - Fi shi ng

Si nce mangrove deforestation appears to be decelerating (outside of a few
| ocations), shortages of shrinp PL are becoming a relatively nore inportant
source of concern.

Wien the ocean of f the Ecuadorian coast is warm PL are abundant and no
operation has problens stocking its ponds. There are a few thousand full-tinme
PL fishers, conplenented by perhaps 10,000 working a few days a nonth (Scott
and Gai bor 1992). As long as prices do not fall too low, a skilled gatherer
can earn $2 5 to $3 0/day (Thi a-Eng and Kungvankij 1989, 7).

The capture of wild fry involves considerable losses. O the 9 to 12 billion
PL collected annually during the early and middle 1980s, only half were of the
desired species, "Penaeus vannanei." Oher kinds of shrinp were discarded,

usual ly on dry sand where they died. Oher organisnms caught in the nets nmet
the same fate. Mortality of "P. vannamei" was al so high, exceeding 80% between
the beaches and the ponds (LiPuna and Meltzoff 1985, 20).

In a good or ordinary year, these |osses have no great effect on Ecuadorian
mariculture. But when coastal waters are cool, populations of juvenile shrinp
inthe wild fall dramatically, which can cause sone pond capacity to lie idle.
To guard against this risk, the industry began constructing hatcheries in the
m ddl e 1980's. Existing hatcheries, which nunmber 120 or so, can satisfy as
much as 65% of industry demand (Barniol 1992).

A few operations, at which mature shrinp are mated repeatedly to produce PL
(Barniol 1992), are largely insulated fromthe inpacts of over-fishing and
habi tat destruction. But nost hatcheries are not self contained. I nst ead,
gravid femal es captured by ocean-going trawers and artisanal fishers are the
primary source of seed. Needless to say, these latter facilities can suffer
when gravid fenal es beconme scarce, which occurs fromtime to tine.

Wat er Pol [ ution

The environnental inpacts of mariculture devel opment are not limted to
uprooting of mangroves and collecting too many PL and gravid females in the
w ld. Wastewater discharged from shrinp ponds inpairs water quality in the
@il f of Guayaquil and other coastal waters, which are already threatened by
pol lution fromurban, industrial, and agricultural sources.

Many maricul tural operations around the Gulf of Guayaquil are semi -extensive,
wi th pond stocking rates ranging from 10,000 to 50,000 PL/ha. (Villalon et al.
1989, 251). At those rates, supplenmentary fertilization, with urea and

super phosphates, is needed to induce the phytopl ankton bl cons on which
juveniles feed. Fertilization, along with supplenental feeding for |arger
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stock, depletes oxygen. |If dissolved oxygen levels fall too low, shrinp die.

To avoid this outconme, seawater is exchanged, through punping, for pond water
Water flushed from ponds contains nutrients, which increases biol ogical oxygen
demand in surrounding waters. Nutrients are also available for biologica

upt ake, which Twilley (198 9, 98) suggests m ght contribute to the red tides

(bl ooms of red-colored toxic al gae) observed occasionally in the @ulf of
Guayaquil. The sanme author al so specul ates that daily discharges of semi -
extensi ve operations' wastewater, which can be highly saline (Snedaker et al.
1986), into the Gulf of Guayaquil m ght exceed fresh water yield fromthe R o
Guayas Basin during the dry season (Twilley 198 9, 98).

Asi de fromwhat takes place in habitats adjacent to maricultural enterprises,
the environmental inpacts associated with dischargi ng wastewater from ponds
probably pale in conparison with water pollution fromother sources. Sol orzano
(1989) finds that emi ssions of untreated donestic and industrial waste fromthe
Cty of Guayaquil is a principal cause of high bacterial contamnation, |ow

di ssol ved oxygen content, and high nutrient concentrations in the Daul e and
Guayas Rivers, which are the principal freshwater tributaries of the Gulf of
Guayaquil. Water pollution around other coastal cities is, |ikew se, severe.
Sol orzano (1989) also reports high nitrate and pesticide pollution from
agricultural sources. Finally, freshwater flowinto the Gulf during the peak
of the wet season has been reduced significantly since conpletion of the Daul e-
Peripa dam (Arriaga 1989, 151). However, the sane project has probably caused
freshwater flow to increase during the dry season when salinity is potentially
a nore serious problem

CONSEQUENCES OF COASTAL ECCSYSTEM DI STURBANCE

Det ernmi ni ng the consequences of nmangrove deforestation, water pollution, and
over-fishing is difficult. The life cycle of "P. vannanei" in the wild has
been characterized. Specifically, it is known that fenales shed their eggs in
the open sea, where they hatch. After a larval phase, PL nove into estuaries

seeking out nutrient-rich niches ("e.g.", those around mangrove roots). As
they mature, they becone bottomdwelling and, after a few nonths, they return
to the sea (MPadden 1985). |In addition, the environmental factors ("e.g."

tenperature, salinity, and so forth) influencing this cycle is generally
under st ood.

However, nuch nore biol ogical research must be done before the econom c costs
associated with coastal ecosystem di sturbance can be estinated. Anong the
enpi rical questions that need to be answered are those that follow

- How are natural stocks affected both by PL harvesting and by collection of
gravid femal es?

- What is the relationship between PL nunbers and nmangroves and ot her coasta
habi t at s? '

- What inpacts does water pollution have on plant and ani mal popul ations in the
wil d?

Research conducted in other parts of the world suggest that |inkages addressed
by the preceding questions are not trivial. |In particular, positive

rel ati onshi ps between coastal wetland area and shrinp catch have been
docunenged In Mal aysia, the Philippines, and the @ulf of Mexico (Turner 1989,
123-124

In addition, there is econom c evidence to support the claimthat habitat
destruction and over-fishing have had adverse inpacts on shrinp mariculture in
Ecuador. By the middle of 1988, prices paid by hatcheries for gravid femal es
had risen to $10, according to industry sources. By late 1991, prices were
ranging from $30 to $55 when fishing for gravid females was legal and up to
$120 when tenporary bans on such fishing were in effect. The price increase
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undoubtedly reflects a decline in natural supplies.

In real terns, the price paid by naricultural enterprises for PL has risen from
$2/thousand in the late 1970s to over $4/thousand throughout the.1980s. Those
prices vary considerably, -however. During years, like 1983, when there is a
strong EIl Nino climatic event, PL are abundant because shrinp stocks rise
rapidly along with ocean tenperatures. At other tinmes, prices may rise above
$10/thousand (Sutinen "et al." 1989, 40). In 1985, when real prices peaked at
$15/t housand, paynments for PL amounted to 44% of the costs of a seni-extensive
enterprise. The same year, PL shortages resulted in under-utilization of pond
capacity (LiPuma and Meltzoff 1985, 17-18) . Many ponds also sat idle in 1990
for the sane reason.

CAUSES COF ENVI RONVENTAL DEGRADATI ON

Li ke other parts of Ecuador's rural econony (Scobie "et al." 1990), the shrinp
i ndustry feels the inmpacts of governnental interference with market forces.
Exports are subject to a 1% tax. Also, inmports of high-quality feed have been
restricted at tinmes (Rosenberry 1990).

Over-val uation of the Ecuadorian sucre can discourage production and inpinge on

i ndustry earnings. However, the main effect is to encourage snuggling. In
1984, when the official exchange rate was only 80% of the market rate, a fifth
of the national shrinmp harvest was shipped illicitly to Peru, where it was in

turn sent to the United States and other countries (LiPuma and Meltzoff 1985,
20) .

Since snuggling is relatively easy, the inpacts of currency distortions on
shrimp industry perfornmance are not all that great. Two other elenents of the
policy environnment have a nuch stronger influence on nmaricultural enterprises'
use and managenment of coastal resources. The first is property arrangenents.
g’he second el enent is inadequate investnent in the shrinp industry's scientific
ase.

| nappropriate Property Arrangenents

Depl eti ve managenent of Ecuador's coastal ecosystems has nmuch to do with the

| egal standing of resources. By |law, coastal beaches, salt-water marshes, and
everything el se below the high tide line is a national patrinony. But for all
intents and purposes, access to nost of that land is conpletely free. For
exanpl e, no public agency attenpts to keep an accurate count of PL collectors
in different parts of the country. Never, it seenms, have there been any
serious proposals to subject that group's activities to legal control.

Per manent settlenent in coastal wetlands is also unregulated. For exanple, a
conmunity of crab fishers has established itself, w thout any sort of
governmental approval or interference, in the Churute Ecol ogical Reserve, a
mangrove swanp 40 KM south of Guayaquil. Simlarly, expansion of the port
city's slunms into adjacent wetlands is totally uncontroll ed.

There is sone regul ation of shrinp pond construction along the shore.
Specifically, a 10-year use pernit nust be obtained fromthe General Merchant
Marine Directorate. Depending on the pond' s |ocation, approvals m ght be
needed fromthe Mnistry of Agriculture and Livestock, the Ecuadorian Institute
of Agrarian Reform and other public agencies. Annual fees charged permt

hol ders anpbunt to 11% of the m nimumnonthly wage for each hectare. Generally,
this works out to less than $10/ha./year.

Sorme individual s have been able to construct ponds w thout pernits and, once

operations have begun, to claimthat the site was above the high tide line (and
therefore not subject to public control). Qhers have found it useful to take
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on a governnent official as a partner. The advantage of this is that the nany-
nmonths normally spent waiting for a pernit to be approved can be avoi ded.

Anot her option is to offer bribes, which are reported to have reached $100/ ha
(Li Pura and Mel tzoff 1985, 9).

The tenurial roots of coastal ecosystem degradation can be described as a

m xture of a tragedy of the commons (Hardin 1968) and rent capture. Excessive
coll ection al ong beaches, in mangrove swanps, and in other habitats, |ike over-
fishing in the ocean, is a clear exanple of over-exploitation of an open access
resource. Fishers know that they can capture the benefits of extra fishing
effort (in the formof paynents for their catch). By contrast, the costs
associated with decreased breeding popul ations and other forms of fishery

depl etion are shared by all who make their living, directly or indirectly, from
coastal ecosystens.

Water pollution fromshrinp ponds and other sources is, |ikewi se, a tragedy of
the commons. The benefits of releasing saline water rich in nutrients into
public waterways are internalized by the individual operator (in the form of
avoi ded treatnent costs) while the costs of emi ssions (associated with damage
to ecosystens) are an externality.

Habi t at destruction involves negative externalities as well. However, the
conversion of wetlands and other coastal ecosystenms is also an exanple of rent
capture. A rudinentary analysis shows that the net revenues generated by a
shrinmp pond far exceed the costs associated with obtaining use permts. For a
sem -1 ntensive operation yielding only 1.80 MI/ha./year, average costs are a
little less than $4, 000/ ha./year (LiPuna and Meltzoff 1985, 17). Wth shrinp
prices currently exceeding $4,000/MI, annual net returns are nore than
$3,000/ha. dearly, a significant portion of coastal ecosystemdestruction is
notivated by individuals' desire to capture that incone streamin exchange for
an initial payment of $100/ha. followed by annual fees of less than $10/ ha.

| nadequate I nvestnent in Human Capital and Scientific Base

The property arrangenments contributing to the conversion of coastal ecosystens
into shrinmp ponds are simlar to those that accelerate agricultura

col oni zation of natural ecosystens el sewhere. There is another paralle

bet ween mari cul ture's geographi c expansion and agriculture's, which is that
both are a consequence of inadequate investment in human capital, research, and
ext ensi on.

The history of the Ecuadorian shrinp industry is a classic illustration of
Hayam and Ruttan's (1985) thesis that geographic expansion usually precedes
productivity-enhancing investment in agriculture and other parts of the rural

econony. The first shrinmp ponds, in which extensive technol ogy was enpl oyed
were built close to shore. Dikes by the sea could be opened to let in clean
seawater and the PL and nutrients it contains. Yields were mininmal. But costs

were also low, neither supplenmentary stocking nor fertilization nor feeding
bei ng required.

As the sites best suited to extensive mariculture have been occupi ed,
production technol ogy has changed. Ponds located farther fromand a little
above the ocean have to be stocked and fertilized artificially. As noted
earlier in this paper, this nmakes nechani zed exchange of pond water for sea
wat er necessary. The transition to sem -extensive technol ogy has al so been
accel erated by subsidi zation of the diesel fuel used to operate punps. | f
Ecuadori an energy prices were to rise to international |evels, expenditures on
di esel fuel would no |onger account for 12% of the operating costs of a seni-
extensive maricultural enterprise (LiPuna and Meltzoff 1985, 17). Instead,

di esel prices would be at least three tines higher and fuel expenditures would
amount to nore than a quarter of those costs.

Al t hough spendi ng on punps and other machinery can be considerabl e, managenent

of many sem -extensive operations is still rudinentary. Stocking
fertilization, and application of antibiotics (to conbat disease) are usually
haphazar d. In addition, many enterprises do not enpl oy conpetent biologists or
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mai ntain records that would, over tinme, allowthemto achieve efficient m xes
of inputs and outputs.

In recent years, sem-intensive technology has begun to be adopted. Ponds are
bei ng desi gned and operated so as to achieve efficient water exchange and
aeration. The number of biologists enployed to nanage PL stocking and
application of feed and nutrients is also increasing. |n addition, stocking
densities in sem-intensive ponds are higher, as are yields.

Further inprovenent in shrinp production technol ogy can be expected in Ecuador
with nore enterprises undertaking the careful nanagenent that characterizes a

sem -intensive operation. Aside fromfirms |ocated close to Guayaquil, the
i ndustry's access to laboratories where water quality can be tested and where
shrinp di seases can be assessed remains nminiml. Accordingly, there are

opportunities to achieve nore precision in the application of fertilizers,
feed, and antibiotics and also in water exchange

Addi tional spending on research would al so ease Ecuadorian mariculture's

dependence on PL captured in the wild. |In particular, nobre w despread
understanding of the factors influencing shrinp reproduction ("i.e.",
tenperature, water chenmistry, and above all, nutrition) would all ow nore

hat cheries to beconme self-contained. That is, those facilities would be able
to breed PL fromnmature adults instead of nerely extracting eggs fromgravid
ferral es. Once this is done, the problemof excessive PL collection will be
sol ved.

THE FUTURE OF SHRI MP MARI CULTURE AND COASTAL ECOSYSTEMS | N ECUADCR

To be sure, many maricultural enterprises in Ecuador have adopted production
technology that is nore capital intensive, involves nore sophisticated

bi ol ogi cal managenent, or both. Neverthel ess, extensive operations, featuring
| ow costs and |ow yields, continue to be the norm As of 1987, 60% of
Ecuador's shrinp ponds were extensive, 25%were seni-extensive, and only 15%
were sem -i ntensive (CPC 1989, 27) . :

Because extensive production technology is still dominant, shrinp yields in
Ecuador, which average 0.59 MI/ha./year, are below world norns. They are only
71% of what is achieved in Honduras, which is the second | argest producer in
the Western Hem sphere. |In Mexico, which recently refornmed the investnent and
| and acquisition policies that prevented it fromgrowing shrinp for the
lucrative North American market (where nmost of Ecuador's output is shipped),
annual yields are 1.00 MI/ ha. (Rosenberry 1990). Even nore om nous in terns of
Ecuador's international conpetitiveness is the performance of nmjor Asian
producers. As is reported in table 3, Chinese and Thai yields are two-thirds
hi gher. :

Needl ess to say, the entry of nmore efficient producers into the world shrinp
mar ket has caused prices to fall. In real terns, Ecuador has seen prices
decline by nmore than 40% since 1986 (Table 4). Market values will continue to
go down as existing producers expand their output and as new countries get into
the market (Rosenberry 1990).

One consequence of growing international conpetition could be to put Ecuador's

l ess efficient producers out of business. Some extensive operations ought to
survi ve because of their |low costs. Also, seni-intensive enterprises, which
have rel atively high yields, can probably withstand further price declines.

The threat to sem -extensive operations, though, is serious. Their costs are

hi gher than those of extensive producers while their yields are not all that
gregt. Addi tional reductions in the value of output will be difficult for them
to bear.

Tough tines for sone parts of the Ecuadorian shrinp industry could result in
envi ronment al danage. Producers with poor long termprospects will not
hesitate to danage coastal ecosystens iIf profits can be gai ned by doing so. In
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particular, they are not likely to adopt pollution controls. Simlarly, they
will resist any initiative to reduce over-fishing that results in increased PL
prices in the near term

Finally, maricultural devel opnent as a whole will continue to result in
ecosystemdestruction if property arrangenents are not reforned. As long as
sone segments of the industry remain profitable, it will be possible for

i ndividuals to capture rents by converting mangrove swanps and ot her public
I ands into shrinp ponds. Unless the governnent stops treating those lands as a
free good, they will be destroyed.

APPENDI X

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

Ccean Pond ]
Year Har vest Pr oducti on
1979 7,787 Mr 4,698 Mr
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 General Fishing Directorate.

Table 2. Area of Mangrove Swanps, Salt Flats, and Shrinp Ponds, 1969, 1984, and

1987*

Mangrove Sal t Shri np
Year Swanps Fl ats 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. Shrinp Mariculture Productivity: Wrld s Top Five Exporters

Country Production Productivity
Chi na* 165, 000 Mr 1.06 M/ ha
| ndonesi a* 90, 000 0. 36
Thai | and* 90, 000 1.12
Ecuador ** 70, 000 0.59
Phi | i ppi nes* 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. Shrinp Price Trends
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Y ear Value*
1980 $10, 737. 81/ Mr
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. dollars, free-on-board, monthly reports of the Central Bank of
Ecuador .
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