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PREFACE

One of the most rapidly-expanding and profitable economic development
activities in South America has been the Penaeid shrimp-growout rond
(mariculture) industry in Ecuador which had its beginnings in the late 1960s,
It now ranks number two, after petroleum, as a major export commodity and
foreign currency carner for Ecuador. In addition, shrimp mariculture has
completely transformed much of the coast of southern Ecuador into a mosaic of
interlocking and contiguous growout ponds. In addition, it has also stimulated
the development of a variety of local support industries.

Prior to the "El Nifio" event of 1982/83, the shrimp mariculture industry
began to experience increasingly severe and unpredictable shortages in the
wild post-larval shrimp (PL) that erc harvested in shallow coastal waters to
stock commercial growout ponds. For several years, the demand for PL had
exceceded their natural availability and led the shrimp producers, represented
by such organizations as ACEBA (Asociacion de Cultivadores de Especies
Bioacuaticas), to begin to scck a solution to the continuing shortage.
Altho:gh the El Nifio event destroyed a significant part of the physical
infrastructure upon which the industry relied, the chaotic period was also
characterized by a relatively large population of PL suitable for capture and
pond stocking. Nevortheless, the expericnced producers recognized that the
long-term trend portended continued annual shortages in PL availability.

With respect to the decreasingly availability of Pl stocks, it was known
from a variety of published sources that coastal mangrove forests are the
primary nursery habitats for many species of marine shrimp as well as a large
number of other species of shellfish and finfish. These intertidal forests
provide a refuge from competitors and predators, and are a source of
nutrient-enriched organic matter which serves as a food substrate. It was
therefore locally cencluded that the extensive conversion of the coastal
mangrove forests to shrimp growout ponds, particularly in the southern
provinces (e.g., Guayuas and k] Oro, and also in Manabi), was somehow
implicated in the reduction of the availability of larval and juvenile shrimp.
The local producers, mainly ACEBA, made known their desire for a solution to
the U. S. Agency for International Development (USAID) relative to destruction
of mangrove forests and the problematic availability of PL. Among other
points, the producers argued that continued conversion of mangrove forest
areas to maricultural ponds could lead to the collapse of the mariculture
industry. After a series of discussions with the producers and USAID, the
authors, working through the University of Miami, obtained a research grant
from the USAID Office of the Science Advisor’s Program in Science and
Technology Cooperation (PS'T'C). The stiated purpose of the grant was to research
the relationship among shrimp pond siting and management practices, and, the
acknowledged reductions in both wangrove forest area and PL, stocks. The
corollary grant objective was to develop guidelines or recommendations on
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siting and management which could lead to higher and stabilized levels of pond
production yields.

The research was formally initiated in mid-1984 and concluded in mid-1985.
The major part of the field work took place during February and March 1985
during which time experimental aerial photographs were taken and field
investigations made of representative ponds and surrounding mangrove forests
in Guayas, El Oro and Manabi provinces. In addition, information was acquired
on pond giting and management practices from a variety of Ecuadorean sources
for comparison with information obtained elsewhere by the authors (see, for
example, Dickinson 1983) as well as data and information reported in the
literature. This report summarizes and discusses the findings. It is hoped
that this report represents a significant contribution to our increasing
Anowledge of the practical benefits, problems and alternatives, associated
with the extensive globally-expanding shrimp mariculture industry.
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1.0.0. INTRODUCTION

The extensive and diverse coastal zone of Ecuador (Figure 1.1) is a major
focus of actual and potential econcmic development. Convergent in the coasteal
plain are the presence of rich alluvial goils, abundant water from rainfall
and river drainages, and a productive estuarine zone. The human response to
this wealth of resources has been the establishment of commercial agriculture
based on bananas, cacao, cotton, rice and other graing, fisheries and
mariculture, urban-industrial centers, tourism, and an extensive supporting
infrastructure. Coastal Guayaquil, for example, is the business center of
Ecuador. Furthor sustained development of these economic activities, and the
resources upoit which they are dependent, is necessarily based on the
integrated management of human activities both in the coastal zone and in
upstream watershed areas.

Among the various economic activities in the coastal zone is the 160
million dollar (US$) poer year shrimp industry which now surpasses bananas as
the leading non-petrocarbon export (Table 1.1). The capability of Ecuador to
produce shrimp (Table 1.2) is related directly to the characteristica of the
country’s coastal environment with its extensive estuaries, year round growing
season, suitable soil conditions, and a balance of fresh water and ocean
current inputs, except during El Nifio evonts.

Table 1.1. Foreign oxchunge earnings in Ecuador for the years 1978-81, given
in million U.S. dollars, FOB. (Source: Central Bank of Ecuador)

Year Crude 0i] Bananas Coffee Shrimp
1978 558.0 171.8 281.2 42.3
1979 1,032.0 200.1 263.1 63.1
1980 1,390.0 237.1 130.4 65.9
1981 1,560.1 207.9 105.9 77.5
1982 1,388.3 213.3 138.8 122.3
1983 1,636.8 1562.9 148.6 175.1
1984 1,622.7 132.5 174.2 159.9
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Table 1.2. Sen and farm production of shrimp in Ecuador for the years 1979-84
given in metric tons. (Source: Direccion General de Pesca)

Year Total Sea Farm
1973 12,485 7,787 4,698
1980 16,980 7,800 9,180
1981 20,100 3,000 12,100
1982 29,500 8,000 21,500
1983 36,600 7,500 29,100
1984 26,079 e e

Shrimp ponds have been located in the intertidal and neighooring upland
environment where soil conditions permit construction of dikes and where
brackish estuarine water is readily accesaible. Initially, ponds were located
primarily in salinas which are saltflats or areas of sparse halophytic
vegetation, where construction costs are minimum. As the prossure on land has
increased, more ponds have been built in intortidal mangrove forest areas and
on supra-tidal Iand thal was proviously dedicated to agriculture. Inevitably,
intersectoral conflicts hevo arisen among the various development sectors in
the constal zonc and in the watershed upstream of it. Coupled with the
variability and overall reduction in the availability of seed shrimp, or
semilla (hereafter refered to as "PL" for postlarva), for stocking ponds, the
industry is facing major conflicts and challenges that must be overcome to
ensure its economic survival and beaefit, to the country. This project
identifies some of Lhe conflicts and challenges that are of direct importance
to the shrimp industry and the coastal oconomy of Ecuador. Some of these
conflicts and challenges aro analyzed in depth to form the bases for a set of
rocommendations of mitigating measures.

1.1.0. Scope of Projoct

This study of the Ecuadorcan shrimp pond industry had two primary
objectives and several ancillary and supportive tasks. Due Lo the extensive
concern of the local shrimp producers in Ecuador, the first major objective
was to determine the extent Lo which the conversion of the coastal mangrove
forests might be responsible (or not) for the decrease in the availaoility cf
PL required for pond stocking. In this snme rogard, has the conversion
resulled in any confirmed, or confirmable, decrease in the other apecies of
mangrove-estuarine dependent shellfish and finfish. The second of the primary
objectives was to dovelop recommendations for improved pond siting and
management which would lead to increased economic stability and a lessened
environmental impuact. The primary objectives were consistent with the
interests of most of the interested parties in Ecuador.

Shrimp Pond Siting and Management
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The ancillary objectives focussed around a gocioeconomic overview of the
shrimp pond industry within Ecuador. The gsecondary tasks associated with this
subject included a rough economic assessment and an analysis of where the
industry might go in the future and what might be its options for continued
survival. .n this regard, a goal of this project has been to identify
productive management strategies for shrimp mariculture within the larger
context of optimum coastal resource management. The mangrove eccsystem, in
this context, is seen as the major productive component which is now under the
particularly severe threat from what is recognized as an indiscriminate
expansion of the network of shrimp ponds (Figure 1.2), a phenomenon that is
not wholly restricted to Ecuador.

All of the objectives and tasks were completed and the resul.s are
described in detail in this report. In addition, a set of recommendations of
mitigating measures have been put forth for consideration by the shrimp
producers in Ecuador, the various international assistance agencies and the
Government of Ecundor. The study conclusions and recommendations draw
significant benefit from the experionces of the authors in other regions of
the world where coastal shrimp mariculture represents a developing industry
facing similar opportunities and constraints.

In this latter regird, the USAID miscion in Peru, which seeks to take
advantage of the results of thiz project, invited one of the authors (JCD) to
assgess the developing intersectoral conflicts that are associated with the
expanding shrimp farm area in the Department of Tumbes. The ccastal
geomorphology and ecosystems in Tumbes represent an extension of the
conditions found in the contiguous province of El Oro in Ecuador. The present
report therefore includes discussions and conclusions which in part are based
on information obtained from the field work conducted in Peru,

1.2.0. Mejor Project Aclivities

1.2.1. Management studios and biophysical cheracterization of ten shrimp farms
in the Provinces of Guayas and El Oro in Ecuador were conducted. This included
structural comparisons of the mangrove forests that are located in close
proximity to shrimp farming operations and which could be affectec by large
pond impoundments.

1.2.2, Overflights were taken to obtain color and color infrared photographs
of shrimp ponds and contiguous mangroves so as to evaluate potential
correlations between water quality characteristics and pond management
practices, and location within the coastal zone.

_ Shrimp Pond Siting and Management
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Figure 1.2. Aerial view of shrimp growout ponds in southern Ecuador showing
the encroachment on mangrove wetlands (at top of photo) and agricultural land
(at bottom of photo). The color values and contrast are not true due to the
method of reproducing copies for this report. (Photo credit: Joshua C.
Dickinson, 1II)
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1.2.3. Actual and potential strategies by shrimp producers, regulatory
agencies, regional planners, researchers, AID and other donors were
synihesized and evaluated to assess the significance of mariculture as a
component in potential plans for promoting sustainable ccastal development.

1.2.4. The shrimp mariculiure industry in Ecuador was evaluated sensu lato
within the context of the global phenomenon of the promotion of shrimp farming

as an ecororniic panacea for developing countries.

The first two of these activities had a particularly important secondary
benefit in that they involved the psarticipation and training of four students
from the Escuela Politecnica del Litoral in Guayaquil. In addition, the
evolving results from the project were shared with colleagues in other
countries to foster international cooparation and to share pertinent aspects

of the locally-developed knowledge.
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2.0.0. BACKGROUND
2.1.0. Types and Levels of Mariculture Management,

The term "mariculture" describes the purposeful management and/or the
culturing of marine plants or animals under open, semi-controlled or
controlled conditions. As & specialized form of aquatic agriculture, or
aquaculture, the practice has been known for several thousand years (Ling
1980). Although there are numerous types of marine-animal mariculture, which
rang: from the deceivingly simple to extraordinarily complex factory-type
operations, the range of types can be roughly defined as functions of the
total investment and managemont intensgity (Snedaker and Getter 1985) as
illustrated in Figure 2.1. In this regard, investment includes all of the
econoriic inputs such as labor, knowledge and money, whereas managementi
intensity is defined as the sum of all subsidies and inputs apportioned over
the actual production srea toc which they are applied. In general, production
or yield tends to be proportional to the sum of the inputs as are certain
kinds of potertinl problems which increase the risk. These financial or
economic aapects of shrimp wariculture in Ecuador are discussed elsewhere in
this report.

Whercas the information presented in Figure (2.1) is based on the three
commonly~used mariculture categories {gee, for example, Hirono 1983) il was
recognized early in this project that a greater resolution of specific
operating characteristics would be required for analytical purposes. Thus, as
rart of this project four Lypes of maricullure (non-country specific) were
defined each of which can be further characterized by increasing intensities
of management. The definition of four Tvpes and ten Management Levels are
based on the global variations in mariculture as well as the somewhat narrower
range of conditions that are typically found in Ecuador.

2.1.1. Type I: Subasistence and Artisanal Open-System Mariculture

In its simplest form, this type of maricullure is characterized by low
investment and low intensity management, and although it appears to be a
relatively simple operation, it is sometimes dependent upon a high level of
sophistication developed through trial and error. The term "open" reters to
the fact that the awmbient marine and/or estuarine waters are allowed to
circulate freely among the animals being cultured. This circulation of water
i3 the mechanism for the continual input of nutrients, food materials and
:xygen, and the continual removal of metabo';. wastes including carbon
dioxide; froe circulation is in effect a natural water—qualily maintenance
mechanism. Figure 2.1 illustrates tha' this type of mariculture is also
characterized by proportionately low yvields per unit area (and implicitly, per
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CGuidelines. Renewable Resources Information Series, Coastal Management Publication No. 2. Research
Planning Institute, Columbia, South Carolina. 205 p.)



unit time). However, it ia sustninable with minficsl effort, planning or
management, due in large part to the fact that a relatively undisturbed
natural ecosystem ig solf-maintaining. Four Management Levels are recognized
in this type of mariculture and are described as follows:

Ml,-1: Use of nggregating devices and methods to concentrate mobile animalg
in natural environments.

ML-2: Use of artificial or natural substrates Lo concentrate sessile or
burrowing animals in natural aenvironmentas.

ML-3: Use of confining devices such as cages or retaining pens to maintain
concentrations of mobile animals in natural environmentas.

ML-~4: Use of barriers or cnelosing devices Lo relsin populations of mobile
animals in relative large aroas of natural ervironments,

The open-system type of mariczulture is widespread throughout the world and
provides a convenient source of protein for local populations. In Benin, there
arc good examples of two of Lhe gimpler forms (Blasco 1985). In an example of
ML-1, one or seversl Rhizophora trees are grown in shallow water for the
purpose of aggregating local species of fish and crustaceans among the
protective prop root systom. Harvesting is accomplished by luring the
organisms into open water with bait and then capturing them with a cast net.

In a contrasting oxample of ML-3 in the same region of Benin, circular

enclosures of some 20-25 m are created in shallow water by forming a wall of
branches stuck into the sodiment. Within the enclosures, "thiclkets" are

created with mangrove brush Lo create a submerged habitat that produces higher
vields than the surrounding waters. In each of these examples, there are
relatively low managoement inputs and relatively low yields, which albeit low

in comparison to other muriculture types, are higher than that required by
capture fisherics in the same arca, In addition, both forms are opea to the
ambient water in which they are found.

Other examples of open-system mariculture defined as ML-2 include various
forms of the cage culture of finfish, oyster and mussel culture on artificial
substrates, and cockle culture on mud flats (see Macintosh 1982). In genreral,
open-system mariculture is notable beecnuse it does not require the destruction
of coastal or nearshore resourcer, requires minimal management inputs and
relies almost wholly on (he undisturbed ecogystem. As a result, it is the one
tyre of mariculture that ig implicitly sustainable.

One of the better documented examples of ML-4 is the so-called tepos
fishery of western Mexico (Pedini I981) which is in essence a “trapping"
s8ystem thatl is also utilized in other regions of the world. With respect to
penaeid sghrimp, the tapos system centers on the trupping of sub-adult shrimp
in natural areas and forcing them Lo migrate through relatively small weirs
where they are caughl. Alternatively, the migrating shrimp concentrate at
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barriers where they are fished with castnets and handnets. Although the
trapping of migrating shrimp is not mariculture per se, it is included here
because it can involve considerable investment and management ability. It
should be also noted, however, that Pedini (1981), among others, considor the
tapos fishery to have a high potential to be exploitive and detrimental to the
basic resource.

2.1.2. Typo II: Extensive Closed-System Mariculture

A somewhat more investment-intensive form of the open-system type of
mariculture can be viewed as a transition between the examples described above
and the more advanced forms of extensive mariculture described below. The
transition mode is based on the construction of relatively amall earthen ponds
which are flushed by normal tidal action. This characteristic also permits the
stocking of the ponds by simply allowing the larval and juvenile organisms to
enter on incoming tides at the specific times of the year when they ere most
abundant. The entrapped animals are then retained in the pond by grates or
screens across the tidal inlet/outlet,

In the more advanced extensive forms, the stocking utilizes larvae or
juvenile animals that have been caught elsewhere and introduced into the pond.
In addition, supplemental feeding may be used along with controlled water
exchange through the use of pumps. In practice, management of the pond
environment can be made very complex although most penaeid proclucers are
reluctart to assume greater risks. In this type of mariculture, two Management
Lovels can be identified as follows.

ML-5: Use of artificially-constructed and naturally-flushed earthen ponds
for the growout of naturally-occurring larval, juvenile and/or sub-adult
mobile animals.

Although this transitional form of extensive mariculture can result in
relatively high yields per unit effort when proper manugement is employed, it
is more commorn to find that it is uneconomical, highly destructive of coastal
resources, and non-sustainable. A classic example is found in the Chokaria
Sundarbans near Chittigong, Bangladnsh, where most of the enlire
mangrove-dominated intertidal zone has been converted to this type of
mariculture over a rolatively few years (Gil Smith, pers. comm.). Although the
yields are extremely low, the relatively high export market value of the
shrimp makes the enterprise a highly profitable venture in the coniext of the
Bangladesh economy. As a result, the present "owners" (owners by right of long
term occupancy} of parcels of land in the Chokaria Sundarbans have been
displaced by new owners who have ti.~ political insight and financial means to
gearch titles and prove earlier legal ownership sometimes datir.g back to the
Nineteenth Century.
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In the Chokaria mariculture example, yields range from 50 to 400 kg/ha,
with mos! ponds falling at the lower part of the range. This is due primarily
to the fact that when the Pl are allowed to enter the ponds on an incoming
tide, the water also containg the eggs and larva of competitors and predators.
A single predator such as the sea bass Lales can reduce the final yield of a
pond to almost zero (in Latin America, the robalo, or snook, Centropomus hae
the same role). Even when the Pl are purchased from local suppliers, eggs of
predators can still enter the ponds on subsequent tidal cycles causing similar
production decreases. In addition to the destruction of the coastal forest,
which is estimated at 40,000 to 50,000 ha, the harvesting of wild PL is
destructive to the local fisheries. The practico is to use the equivalent of
beach scines in shallow waters to harvest PL, but also captured are larva and
Juveniles of many other marine life species. The scine cateh is dumped on dry
land for sorting and the living Pl are quickly separated from all other
organisms which are left to die. The intensity of the Pl. harvesting effort in
the Chokaria Sundarbans area suggosls that a significant fraction of the
rishery resources could be compromised through the relatively large losses of
other young-of-tho-year marine and ostuarine gpecies.

A variation of this form of management may involve the use of stocking
organigms obtained elsewhere, e.g., government, hatcheries as in Thailand, and
brought to the ponds for growout. In this regard, however, unless the pond
owners-managers take more adequate care in managing pond water quality, and in
controlling competitors and predators. the yvields are unlikely to be
significantly increased.

ML-6: Usce of any of the above management approaches together with minimal
but assured inputs of such subsidies us pumps for water renewal, fertilizers
lo glimulnte organic production, or supplementn) use of available feeds to
promote accelerated weight gain,

I general, this is o very common management approach which is based on
the preoexistence of relatively fow-producing ponds and proprietary initiative
or avility to incrense production through simple or low cost subsidies. Its
apparent popularity is due to the fact thal in the majority of instances
production in low-vield ponds can be significantly incrensed through rather
simple means. or example, Lragh-{ish from commercial trawlers can be
introduced into ponds as an inexpensive source of protein Lo increase growths
rates of omnivorous shrimp. Likewise, small pumps can be installed to exchange
pond water, not on a regular basis, but when water quality is perceived to be
deteriorating,

Activities at this managcement lovel, MI—6 arc considered to represent the
first major step toward intensification and increagsed pond production.
However, the step only appears to bo taken when there is no reluctance to
invest in pumps, feetilizer, feed, ote., because of concern over an assured
and coutinuing supply of stocking animals, As n further distinction with the
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more intensive types of mariculture systems, the activities at the managsment
level are for the most part totally discretionary.

2.1.3. Type IlI: Semi-Intensive Closed-System Mariculture

ML-7: Use of artificially-constructed carthen ponds equipped with high
volume pumps for continuual water renewal and accompanied by artificial
stocking, fertilization and/or supplemental feeding.

At this level of management, all of the management practices and subsidies
are gencrally considered to be operating requirements, under all but the
poorest economic corditions. Typically, this approach requires a relatively
large capital investment and is therefore economically practical only when
implemented on a very largo scale. Shrimp farms that opnrate both at the ML-7
and ML-8 may cover areas as large as 1000 ha or more. Also, the owners and/or
producers frequently have, or desire to have, their own hatcheries as an
assured source of stocking animals. (Note that in Ecuador, a 300 ha pond is
consgidered the minimum size relative to the required capital investment,
although smailer farms are present.)

ML-8: Same as ML-7 with intensified management, increased subsidies and
continual monitoring of water-quality, stocking-density, and/or animal
growth-rate, etc,

This is a variation of ML-7 and is distinguished mainly by the increasud
levels of monitoring of all operating parameters. For example, supplemental
feeding rates are based on estimated populations sizes, and biomass, of the
growing animals. Thig tends to reduce feeding costs and water quality problems
by the use of more feed than is required, while at the same time ensuring that
optimal feed is provided for maximum growth gain. This level of management
ML-8 is considerod to represent the most sophisticated approach short of going
with intensive artificial-system mariculture.

2.1.4. Type 1V: Intensive Artificial-System Mariculture

In general, this type of mariculture system approaches being a factory
operation that is mostly self-contained and which does not necessarily require
a coastal zone location. However the type is included here for two reasons.
Iirst, il may represent the ultimate technological type of mariculture system
and second, many of the hatchery operations being initiated in Ecuador are
highly intensive. However, becausce an evaluation of hatchery operations and
technology opportunities are not relevant to this study, the two Management
Levels are defined {(below) but not further olabornted.

ML-9: Use of manufactured breeding, rearing and growout ponds, tanks and

raceways, for high density stocking coupled with precigion control of all
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environmaental parameters including water quality, controlled "forced" feeding,
regular waste disposal, and aeration or oxygenation of the water.

ML-10: Use of totally artificial and controlled systems that approach the
limits of technology for the production of marinc organisms. Based on recent
theoretical advanceos, gshrimp yiolds are reported to be able to approach
approximately 9 kg/yr per liter of production waler (Donald Macintosh, pers.
comm.). Whereas actual commercial production systems have not yYet been

devceloped, the potential exists for breakthroughs in the state of the art
concerning this approach to shrimp production.
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3.0.0. FIELD EVALUATIONS
3.1.0. Introduction

A field evaluation of selected shrimp farms was conducted for the purpose
of ground-truthing experimental aerial imagery for potential use in evaluating
manasgement alternatives, and secondly, to use the field work as a teaching
forum to instruct Ecuadorean students in basic project design, water quality
analyses, mangrove forest evaluation, and to expose them to different aspects
of one of their country’s major industries. Other goals included the
identification of the major shrimp pond management practices, the present
problems cf the industry, and the structural properties of mangrove forests.

The field evaluation included: (1) interviews with the owners and/or
managers to discuss pond operating practices, farm history, problems and
future directions; (2) the evaluation of water quality, past history and
present operating conditions of selected ponds; (3) aerial color imagery cf
the farm, study ponds and surrounding areas; and (4) the cvaluation of any
wangrove forest area located near shrimp ponds. This information was used to
determine if somo correlation existed between the color aerial imagery of the
nonds, their water quality and operating conditions. It was believed that if
correlations were found, then aerial photography could bscome a more useful
tool for the regulation and management of the shrimp farm industry in Ecuador.

Jol.1. Shrimp Pond and Mangrove Field Studies

A total of ten shrimp farms, consisting of 41 ponds, and 8ix mangrove
forests were evaluated during the field session. Table 3.1 summarizes the
location, descriptive characteristics, and management practices, oi each of
the shrimp farms. The ten farms represent a cross-gection with regard to
location, length of time in operation, and the level of managemernt. All of the
study farms were stocked exclusively with Penaeus vannamei. The mangrove
forests, representing five forest types, were evaluated for structural
properties and human impact.

Balao Grande: This ghrimp farm in Guayuas province had initially been
constructed in the uplands, but because of expansion, new ponds were being
located in foreuwted mangrove areas. Due to the incorporation of fertilization

and supplemental pumping of water, the farm was given a rating of ML-6. The
farm appeared to be well managed, although problems resulting in large
die-offs of shrimp were being experienced during the evaluation. The cause was
unknown, but it was thought to be the resull of a toxic dinofiagellate bloom.
The pond manager had received hig technical training in the United States
through a private consulting group. The mangrove basin forest, located
adjacent to the farm, was considered to be in good condition as no stress
symptoms were evident and human intervention seenried Lo be minimal; only a few
trees had been felled. Surface salinities in the area were 11 ppt.
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Chongon: This farm, also in Guayas province, was the most technically
advanced of the ten farms evaluated. Pond design, particularly the shaping and
contouring of the pond bottom to facilitate drainage and harvesting, was
unique. Tho source viater was supplied by a pumping station consisting ofeight
to ten large dictel pumps. Pond water was aerated and pumped to an elevated
storage basin to create a hydraulic hoad to allow for the rapid filling of all

of the ponds. This system, allhough expensive to construct and operute, gave
the farm manager total control of water movemeont throughout the farm system.
The farm aldo used both feed and fertilizer and the management level was rated
at MI.-8. The major part of the farm had been constructed in the uplands, but
some of the out-lying ponds were built within mangrove areas. No direct
utilization of the mangrove forest was observed and the only disturbance was
the clearing of forested areas for pond construction. The mangrove area was
clagsified as a fringe forest and was judged to be well flushed due to the
abgence of litter accumulation on the ground. Surface water salinities in the

area were 29 ppt.

The following four shrimp farms are indicated ns Machala (a to d) and are
located ncar the city of Machala in the southern coastal province of El Oro.

Machala (a): This st imp farm had been constructed in a salina. Water was
constantly available to the farm via an extensive canal system. The pon!-
seemed to be well manuged, but no supplemental feeding or fertilization was
used and stocking densitios wore moderate to low. The farm was rated at ML-6
because of the somewhat sophisticated water supply system. The consiruction of
a system that can provide an unintorruptoed inpul of water is considered to be
a priority factor in good pond management. There were no contiguous or
adjacent mungrove forests in the area. Surface water salinities were 21 ppt.

Machala (b): This site consisted of many small artisanal shrimp farms
averaging four to eight pornds each. In most cases, the ponds had been dug by
hand labor. The mangroves which form the perimeter of the area were in the
process of being cleared and burned to create sites for additional ponds. This
was also beingg done by hand-labor, employing only saws, axes and shovels; no
heavy earth moving equipment was observed in the area. The shrimp farm
gelected for study was typical of others in this area; it consisted of four to
8ix ponds. No feeding of fertilization was cmployed and little information was
available with regard io specific management practices. Stocking rates were
unknown and did not secem to be of much importance. There was a portable pump
on site which was used to supply the water to the ponds dvring high tide. The
farm was accordingly rated at ML-5. The only water available for salinity
testing was the pond wsler; it ranged from 28 to 30 ppt.

Machala (c): This was the largest shriinp farm in arcal extent of those that
were visited. The farm, consistirg of ponds in excess of 120 ha in size, was
congtructed in the uplands, Supplemental feeding was used and the overall
managemenl level was judged Lo be MI.-6. This farm had packaging and long-term
cold-storage facilities available on cite, a capability unique among the farms
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that wero studied. Duc¢ to the upland location, there were no adjacent mangrove
forests. Thoe source water for Lhe ponds had a salinity of 37 ppt.

Machala (d): This aroan had previously been s vast mangrove basin forest which
was clearad and replaced by ML-5, 6, and 7 shrimp farm operations. There weore
also indications thal mangroves were being harvested for uge as consgtruction
materials. Somo rudimentiary charcosl production was also observed, with all
parts of the tree being utilized, as opposcd Lo the practicee in olher arocas
whaere only the trunks are utilized (Ong 1982). The study farm was originally
constructed in a galinn but, like olhers, had ¢xpanded into mangrove forest
areas. The farm utilized a constant source of pumped water and employed
supplemental feeding; it was rated at MI-7. The salinity of the intake water
during the sitc visit was 2 ppt. This low salinity resulted in the ponds being
populated with the freshwater prawn, Macrobrachium spp. The pond manager
considered the presonce of Macrobrachium Spp. to be a major problem because he
felt that it lowered the production of P. VA namael,

The Jsln de las Conchitas forms (n and b) are located in the province of
Guayas along the Fstro Salndo River.

Isla de las Conchitns (a):  The farn selected for astudy had been constructed

In a sidinn coviromnent. and pond water was obtained from the adjacent river by
pumping. The intake orifice of the pump was positioned below the mean low
water level of the source water to ensure continuous access Lo waler. The
technical pond-management skills wore relatively advanced and supplemental
feeding was used. The manngement level applicable to this farm was assessed al
ML-7. Tho mangrove forest Lype af this site wasg clagsified as an overwash
forest. As is typical of this forest type, there was a high density of large,
elevated proproota and n well-flushed substrate. No uililization of the

mangroves for wood or building materinls was observed in the area. Surface

galinities in Lhe area wore 33 ppt.

Isla de Ins Conchitas (b): The ponds at this site had been constructed in a
salina and waler was only available at high tide via a single pump. The
management of the farm was considered to be artisanal, Due to the lack of an
on-gite manager or supervisor, an in-depth inlerview was not possible. Pond
managenment was rated at MI-5H, The ad jacent, mixed-spocies mangrove forest
congisted mostly of relatively small scrubby trecs. No utilization of the

trecs was apparcent. Surface water salinity was 23 ppt.

Puorto Roma (Rio Guayas): ‘This farm was located in the province of Guayas on
the bank of the Rio Guaeryas and had been constructed in o salina. Water wasg
supplied continuously by pumping from the river. Some asgocts of the level of
technical mi_ ~agemoent expertise employed at this farm was relalively advanced
and included the use of P, yrow-out ponds {(the PL were allowed to grow to a
predetermined size in small ponds prior Lo the transfer to larger ponds for
final grow-out), The farm also used both supplemental feed and fertilizer,

and was in the process of developing a halchery. Overall pond management,
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however. was rated at ML-7. A riverine-type mangrove forest, consisting of
very tall trees, surrounds the farm. Some gparse fellings were observed,
capecially among the larger diameter trees. Thewso trees were repoorted to be
used for the construction of structures at the shrimp farm and for a pier
on the river bank. Salinity of the surface river water was 10 ppt.

Naranjul: This Guayas shrimp farm, prior to construction, had previously been
a mangrove forest dominated by large trees. The farm consisted of many small
ponds (8-13 ha), and water was provided by a canal system during high tide.
This farm was rated at ML-6 due to the lack of a continuous supply of water
for optimum pond turnover. The stocking rates were the highest recorded
during the study and supplomental feed and fertilizors were both used. Due to
inaccessability, the mangrove forest was not evaluated. The salinity of the

Iad

source water wag 7 ppt.

3.1.2. Interviews

Interviews were conducted with the person having the highest authority at
oach farm. In almost ali cages this was the owner, manager or both. Because of
the high degrce of secretiveness among shrimp producers concerning proprietary
information such as feeding rates and production, interviews focusased on
genoral, rather than farm-spocific questions. Each of the interviews covered
five major areas: (1) history of the shrimp farm and the land upon which it
was constructed (upland, transitiona!, salina and mangrove), (2) physical
description of the shrimp ponds (. , size, depth, etc.), (3) operation and
management practices, (4) problems . ..counterrd or perceived, and (5)
perceptions of ideal conditions. ltemuy 1, 2, and 3 have been summarized in
Table 3.1. Items 4 and 5 of the interview schedule were subsequently divided
into four subject areas: production levels, major problems, ideal! conditions
und future projections.

3.1.3. Water Quality Methodology

To evalunte pond conditions within and among different shrimp farms,
several water quality : - .. aeters were measured. The parameters used can be
divided into two major groups. The first group (Secchi disk, turbidity and
visual color deta) characierizes the water clarity and color was used to
ground-truth the acrial color imagery. The second group of paramcters
established the basic water quality conditions. This suite of analyses
included pH, salinity, temperature, chlorophyll content, biomass and species
composition. The methodology that was used was consistent with standard
methods (USEPA 1979; Greenberg, Connors and Jenkins 1981).

All water gquality moasuroments and water samples were taken at the
discharge poin! of the shrimp ponds and from the source waters. These sanpling
points were chosen to determine the effect of management practices on water
quality (e.g., production stage, flushing rates, and the use of supplemental
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feed and/or feriilizer). This also afforded a common sampling point for
standardization. Source waters were collected for use as unaltered reference
samples. The water samples were collected with a clean, 2 1 flagk at a deptlh
of 0.5 m. Two of the on-site measurements were dependent upon ambient light
conditions (Secchi Disk and color). Every effort was made to standardize these
readings by taking tnem between 1000 and 1500 hrs during cloudless periods.

The Sccchi Disk, a white circular plate which is used to determine the
degree of visibility (fransgparency) in water, is lowered into the water; the
depth at which the disk disappears from sight is the Secchi disk transparency
value. This value approximates ono percent of the light level at the water
surface. 1t should be noted that with minor modifica.on, this technique is
the most common tool used to quantify shrimp pond water quality conditions in
Ecuador. Managers use this method to determine pond flushing rates and the
need for feed and/or fertilizer. Values are reported in centimeters.

Turbidity is an expression of the optical property that causes light to be
scattered and absorbed rather than transmitted in a straight path through the
sample. Turbidity readings are similar to the Secchi disk measurements in that
both are a measure of water clarity (transparency). Turbidity was measured
wilh a Hach Model 2100A, direct reading, lab nephelometer. Values are reported
in NTUs (nephelometric turbidity units). NTUs are comparable to Jackson
Turbidity Units (JTU) and Formazin Turbidity Units (FTU) (USEPA 1979).

Visual color was determined by the platinum-cobalt method. This method is
useful for measuring Lhe water color caused by naturally occurring materials.
The color is determined by visual comparison of the pcnd water with known
concentrations of standarized colored solutions. The color determinations are
reporter. ag a numerical unit from 1 to 21. In several cases where the color
fell bewtween two colors, n mid-point estimate was made.

Salinity and temperature were determined with a Goldberg temperature
compensated refractometer and a metcury-filled thermometer, respectively.
Salinity values are reported in ppt, parts per thousand. Temperature is
reported in degrees Celsius.

The pH of the water was determinod with a specific-ion metor and
combination jell-filled electrode. The spec:fic ion meter used in this project
was an Orion Model 407A. The pH values arc reported in standard pH units.

The chlorophyll, biomass and species composition determinations were to be
done by the Instituto Nacionnl de Pesce, but because of a severe illness
(hepatitis) contracted by the individual doing the analyses, and inadequate
funding, only the chlorophyll values are available at the present time.

Chlorophyll pigments a, b, ¢, and pheophytin a, were determined using the
method described by Strickland and Parsons (1968). A known volume of
well-mixed sample was filtered through a magnesium carbonate saturated glass
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fiber filter. The fill ' paper was then folded upon itself, wrapped in

aluminum foil and placed on ice. Immediately upon return to the base station,
the samples were frozen and held at -10° until analysis could take place. The
samples were analyzed using a spectrophotometer for chlorophyll pigments a, b,
¢ and pheophytin a. Chlorophyll values are expressed in mg/m3 (pg/1).

Pheophytin is a natural degraurtion product of chlorophyll which has an
absorption peak in the same spectral region as chlorophyll a. Because it can
be a source of error, pheophytin was determined in ths samples and appropriate
corrections were made to compensate for itgs presence.

3.1.4. Mangrove Forest Asscssment

Six different mangrove forest locuiions adjacent to shrimp ponds, and
representing a range of environmontal conditions, were selected for study to
oblain an overview of the present status of Ecuadorean mangrove forests. The
gsite descriptions employed the mangrove-forest type names developed by Lugo
and Snedaker (1974).

The point-center quarter method (Cottam and Curtis 1956) was used to
measure the structural properties of the mangrove forests contiguous to shrimp
mariculture ponds. Two linear transects were established at each of the study
gites outlined above. The distance between the trees and randomly selected
pointg along each transect was measured. At each sile, a total of 80 trees
having a diameter at breast hcight (DBH) greater than 2.5 cm were identified
to genus, and, their height and DBH were measured. With this information, the
comgplexity inde. (CI) developed by Holdridge (1967) was calculated for the
forest. The complexity index integrales tho stand basal area, stand height,
stand density and number of species into a single number. It is calculated on
a 0.1 ha basig and is used as an index Lo compare structural patterns and
relative vigor of different mangrove forests.

In addition to the complexily in!:x, the importance value of Curtis (1959)
was estimated for each genus within each forest. The importance value is the
sum of relative density, relative dominance and relative frequency of
individuals represented by thal genus compared to all other geriera. The
importance value of a species (n genus in this case) reaches a maximum of 300
in monospecific (monogeneric) stands.

Prior to the initiation of the study, it was decided to make the

identification of the mangrove trees at Lhe generic level. At preaent, there

is no agreement with respcect to the number and identity of the mangrove
gpecies present in Ecuador, particularly among the Rhizophora. Horna, Medina
and Macias (1980) report the proesence of four species of Rhizophora: R.
harrisonii, R. mangle, R. racemosa, and R. samoensis. Horna et al. {(op. cit.)
cites Cintron el al. (1979) and Horna (1980) as first reporting thce presence
of the two latter species in Ecuador. However, in another paper, Cintron
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(1981a} reports only the presence of R. mangle and R. brevistyla. Tomlinson
(1978) considers R. harrisonii to be a taxonomic gsyaonym for R. brevistyla. In
summnary, the present situation with respect to the taxonomic classification of
th Ecusdorean mangroves does not provide enough certainty to allow vs to
report them at ithe spocios level, especielly in a pilot project of the nature
reported here.

Table 3.2 suminarizes the most important structural attributes of the
mangrove forests that were studied. Their complexity indices, with the
exceplion of Balao Grande, arc low compared to mangrove forest in other
countries (see Pool, Snedaker and Lugo 1977, Jimenez 1981); the low values are
comparable only to the siressed scrub-mangrove environments of south Florida.
Two main factors seem lo be responsible for these low values: (1) human
intervention in the form of mangrove habitat destruction, selective clearing,
and (2) the alteration of surface water flushing patterns. Of the two, human
intervention seems to play o greater role in explaining the low complexity
index observed. The practice of congtructing shrimp ponds on salinasa (salt
flats) that extend into adjacent mangrove areas, n8 was obsgerved at gseveral
gites, has detrimentally affected the species composition of the mangrove
forests. Since Avicennin and Laguncularia tend to be found cleser to the
salinas than Rhizophora, which is found closer to the untocuched mangrove
fringes near the canals, the former two species seem Lo be affected Lo a
greater degree. This situation is reflected by an extremely high importance
value for Rhizophora whoen compared to these other genera,

It should be noted thet the high importance value for Rhizophora reflects
its relative density, relative dominanco, and reiative frequency, in
comparison to the other mangrove genera. The high ranking does not imply that
the Rhizophora are ocologically more valuable thun the Avicennia and
Laguncularia. Those other genecra are equally valuable although they have not
received Lhe samc lovel of gcientific attention as has Rhizophora (Snedaker
and Brown 1981, see also, Twilley et al., 1986).

The low basal arca (BA) of the mangrove foresis is also gtriking,
especially when compared to the values reported for Ecuador by Acosta-Solis
(1957) (BA = 62.14 +/- 13 m?/ha), and Canadas and Torres (n.d.) (BA = 17.6 +/-
1.99 m?/ha), both of which are cited in Cintron (1981a). This low basal area
seems Lo be another consequence from human intervention in the mangrove
forests. A sgelective clearing of the forest was observed in several areas
where the largest mangrove trees (greatest height and DBH) were being
harvested to be used as construction material for piers, bridges, electric
poles and housing.

Alt of the forests, with the exceplion of Isla de las Conchitas and Puerto
Roma, show good seedling regenoration. lsla de las Conchitas, because it is an
overwashed island, it is flushed by the daily tides which prosumably carry
away most of the scedlings or otherwise prevent establishment. However, some
of the structural characteristics for this particular stand indicate that it
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is in relatively gcod condition. In contrast, the status of the mangroves at
Puerto Roma is not clear and is thus worthy of further research attention to
determine, particularly with respect to se- 1ling recruitment.

Table 3.2. Structural comparisons of mangrove forests near shrimp ponds in
southern Lcuador. Comploxity components are expressed on a 0.1 ha basis.

Genus Relative Genus
Genus Density Density Basal Ares
Site Present (Trees/0.1 ha) (%) () Rank

Machala (d) Rhizophora 58.8 100.00 0.718 1
Puerto Roma Rhizophora 21.4 97.37 0.867 1
(Rio Guayas) Laguncularia 0.6 2.63 0.001 2

Totals 22.0 0.868
Chongon Rhizophora 132.9 93.75 . 0.378 1
Avicennia 7.1 5.00 0.011 3
Laguncularia 1.8 1.25 0.048 2

Totals 111.8 0.437
Isla de las Fhizophora 221.2 10G.00 1.056 1

Conchitas (a)

Isia de las Rhizophora 279.0 93.75 0.740 1
Conchitas (b) Avicennisa 7.4 2.50 0.002 3
Laguncularia 1.2 3.75 0.017 2

Totals 297.6 0.759
Balao Grande R’hizophora 111.6 55.00 0.892 1
Avicennia 86.2 42.50 0.249 2
Laguncularia .l 2.50 0.026 3

Totals 202.9 1.167

aRelative dominance; PRelative frequency; ¢Importance
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Table 3.2, (Con’t.) Structural comparisons of mangrove forests near shrimp

ponds in southern Ecuador. Complexi.y components are oexpressed on a 0.1 ha

basis.
Stand Rel. Rel.
Genus Height Dom.a Freq.b [.v.c
Site Present. (m) (%) (x) (%) cId

Machala (d) Rhizophora 26.16 100.00 160.00 300.00 1.10
Puerto Roma Rhizophora 99. 92 95.24 292.52
(Rio Guayas) Laguncularia 0.08 4.76 7.48

Totals 35.00 1.34
Chongon Khizophora 86.65 80.00 260.40
Avicennia 2.24 16.00 23.42
Laguncuiaria 10.93 4.00 16.18

Tolals 9.43 1.75

Isla de las Rhizophora 11.43 100.00 100.00 300.00 2.54

Conchitag (a)

Isla de las Khizophora 97.48 86.36 277.59
Conchitas (b) Avicennia 0.24 9.09 11.83
Laguncularia 2.28 4.55 10.58

Totals 8.37 5.63
Balao Grande KRhizophora 76.44 54.55 185.38
Avicennia 21.30 39.39 103.17
Laguncularia 2.26 6.06 10.83

Totals 19,17 19.48

3Relative dominance; YRelative frequency; “Importance value; dComplexity index

Although it is premature to draw a conclusive judgement as to the
conditions of the mangrove forests in southern Ecuador, some trends are
apparent. The low complexity index, low density and low basal area of the
forests studied indicate the presence of some sort of stress, probably
anthropogenic. These low structural values, coupled with the decrease in
mangrove areas reported in the studies done by the Ecuadorean Center for
Remote Sensging of Natural Resources (CLIRSEN), should be of concern to
everybody reluted in one way or another to coastal marine activities.
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3.2.0. Shrimp Farm Kvaluations

The following discussion is based on the resulls of the on-site
interviews with gshrimp farm personnel. The interviews were conducted in
Spanish and the answers to each of the questions were considered to be
factual and trutnfully stated. Additional information on these topics was also
obtained from other scurces in Ecuador and is discussed later in this report.

3.2.1. Production Levela

To evaluate the operating conditions of the shrimp farms owner/operators
woere asked if the present level of production wasa satigfactory. In spite of
the great differences in stocking rates (Table 3.1), all the interviewed
individuals, except one, fell that the present level of shrimp production was
satisfactory. Several individuals felt that production could be increased,
although only conservative steps were being taken to achieve this goal.

3.2.2. Major Problems

The major problems perceived by the pond operators were the uncertainty
and scarcity of the Pl. supply, the difficulty of maintaining water quality,
the lack of technical management skills and the increase in operation costs.
These problems are often interrelated. The major increase in operation costs
was said to be caused by Lhe increased cost of PL due to their scarcity.
Accompanying scarcity was the increasing percentage of undesirable (non-p,
vannamerl) Pl and a lower survival due to p..or handling of PL brought from
distant sources. (Note: some PL. have been brought from as far as Esmeral.as in
northern Ecuador, and Peru and Guatemala, The development of haicheries is
seen as the only solution to this problem.) Water quality problems have been
largely Lhe result of negligence in monitoring dissolved oxygen which can be
badly aggrevated by ovorstocking, over-fertilization and/or excess feeding.
Technical personnel often have little relevant training in mariculture and
many "biologists'" have academic training in such fields as forestry, agronomy
or basic biology. Shrimp pond managemenl technology tends to be developed by
trial and error, and unforiunately, when an error does occu-, the field
biologisl. is often fired and little is learned from the experience. Lack of
supervision relates closely to absentee ownership which is a major contributor
to poor management. Not mentioned by those interviewed, but referenced
elsewhere, 18 Lhe increasing cost of credit which afferts buth construction
and operating costs (Parodi '985),
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3.2.3. ldeal Conditions

A portion of Lhe interview dealt with thal which the farm owner/manager
congidered to be ideal conditions. This question way valuable in the sense
that it gave Lhe owner/manager the opportunity to cxpress his experienco and
"hind-gight". The questions, although somewhat limited in scope, dealt with
the siting of ponds, pond size and depth, preferred shrimp species, stocking
density, and the availability of Pl for stocking.

In nlmost all discussions, it was fell Lhat the pond size should be
smaller than what was pregsently being managed. The oxisting pond sizes ranged
from 8-120 han, with the ideal size ranging from 5-50 M. The size most. often
chogen was 10 ha with Lthe reason given that smaller ponds, even tiirough they
are more expensgive Lo construct (per unit area), are cheaper to stock and
operate. Other benefits mentioned were: water quality is easier to control;
harvesting is morc efficient wilth fouwor shrimp lost which results in a higher
realized productivily; the chances of loging the harvest due to deteriorating
pond conditions during pgrow-oul nre less; and the venture capital loss from a
smaller pond is minimized. Many felt that if they had the opportunity to
improve their operation, their firat step would be to reduce the pond sgize.

The unanimous choice of species for stocking ghrimp ponds was P, vannamei,;
this is also the species currently in use.  Several owners and operators said
they had tried other species but nene of the other species was perceived to
have Lhe hardiness of P, vannemed. When asked if they would be willing to try
another species heralded to be better than P, vannamei, the answer was no.
They felt that this specics was by far the best. No one is willing to gamble
with another species when the conditions (production, marketability and
survivorship) are considered Zood.

The choice " pond location wag split between mangrove, salina, uplands,
and transitional areas. The obvious reason for choosing any of these areas is
their proximity to scea water. The individuals who chose the salinas and
mangrove arecas felt that the Lransitional and uplands zones were the worst
arcas for the construction of ponds duc primarily to their distance from a
water dgource, although these arveas were given as tho ideal more frequently
than the other two zoncs. The uplands and lransitional zones were favored
because of lower construction cosls and better water management ability,
Constructior costs nre lower bocnuse the need to clear land isg less, and it is
more accessibie. Managing the water ig easier because of the increage in
elevation which makes it possible to establish o hydraulic head. The substrate
at all of ithe investignted locations which included Lhe four areas chosen,
were almost identical. There was Some discussion regarding the shrimp
productivity of the differont areas. Fveryone felt that Lheir area was the
most productive. No quantitative informntion is available to substantiate
Lhis, and is probably the rosult of management and water control practices
rather than pond location.
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The perceoived optimmin pond depth ranged from 0.6 to 1.5 m. These depths
are those which were in use at the time, and are relatively standard. The
depths were chosen for const.ouction economics, ease of harvest and water

control,

The perceived optimum stocking density of semilla ranged from 20,000 to
120,000 individuals per hectare. Thig wide range of stocking densities is
bused on conservative management practices prescently being employed. The owner
or operator felt that thege deneiting ware profitablc and were within the
biological hwitations of tho pond (water quality). It should be noted that
the shrimp farms which are managed with the greatest amount of technical and
professionnl expertise, were those which chose the higher stoching densities

as the ideal.

The optimum conditions voiced for semilln were, expectedly, to have n
constant supply throughout the year. One owner stregged that not only did he
think a constaat supplyv was neccgsary, but it also had to be of a high
quality, L.e., a high poercentage of P, vannamei. He oxplained that if he could
not ncquire wildstock consisting of 80% or higher of P. vannameil, he would not
stock his ponds, Another variation of the constant year round supply theme was
that PL. come from hatchery stock. It was felt that the hatchery stock would
represent a much higher quality than the wildstock because of the absence of
othe: species (e.g., prodators, competitors) and that goenetic similarity would
necesyarily occur in hatchery stock. No one appeared to understand or
appreciate the risks that might be associated with raising a large number of
genetically similar organisms.

3.2.4. The Future Outlook

The pond owner/managers indicated that they felt a dramatic change was
presently taking place in the Ecuadorean shrimp farm industry. This change is
the result of the rapidly inecreasing costs for operating the ponds. The cost
increasc i1s primarily the result of the limited supply of semilla for
stocking, but aiso included is feed, fertilizer, land (purchase, use permits,
construction and clearing), and personnel. Another criticat part of the
increased cost s the cost (e, interest) of borrowing money. The loss of e
pond’s production in the past was of little consequence., The semilla used for
stocking were abundant and cheap, operating costs were almost nonexistent, and
feed and fertilizer were rarely used. At presont, due to the dramatic increase
in cosls, the loss of a pond’s produciion is a substantial financial setback,
even for the large operators. Few owners can or are willing to absorb these
losses. As a result, the shrunp pond industry is becoming more cautious in
their operating praclices. This is resulting in lower stocking densities, the
congtruction of smaller ponds, efforts to maintain a higher water quality in
the ponds, and to hire better lrained managers.
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Anothor aspect of the industry that is changing is its shroud of secrecy.
In the past, owners and managers were not ‘lling to discuss their operating
techniques (e.g., stocking rates, types and a2amount of feed and fertilizer
used, and grow-oul periodd) with other individuals involved in the industry.
This resulted in an industry which was closed within itself. Technology and
information, new or old, had to come from the outside even though it had
originaled from within. Due to increased costs and Lhe digcovery Lhat there
are no secrets or "magic” to raising shrimp, many owners and managers are
beginning to work together. The result has been the recent birth of
industry-wide organizations for the purpose of information exchange, problem
solving and representation. These organtzations and of course, the rapidly
increasing operating costs, have resulted in the formation of several shrimp
pond cooperatives. 11 is believed by the Ecuadoreans that this type of venture
will reduce operating costs and will Le particularly helpful to the owners of
the smaller shrimp farms,

The impact of high technology and intensive maneggement on the industry was
felt to be of minimal importance at this Lime. Only in the area of commercial
rearing of Pl, was high technology scen to have any present application. It
was fell that the shift to higher stocking rates, intensive feeding and water
quality control was not viable al the present time becnuse of economic
[actors. No one can afford the initial capital outlay or the losses incurred
from failure. Although, when and if the supply of semilla again becomes
abundant, resulting in what is perceived as a decrcase in cosils, these avenues
of inlensive management will be explored,  The opposite may also be the case:
asg larval abuadance increases with the next "El Nino"-related warming of the
walers in the Gulf of Guayaquil, the incentive to build exponsive hatcheries
may decrease.  This iy particularly true for smaller national producers unable
to marke major capital investments.  In Honduras, a firm with capital resources
to build a hatchery has not done so because the cost of wild PL is about 20%
of the cost of producing them in a hatchery (W. S. MacGrath, Jr., Shrimp
Culture, lnc., pers. comm.)

In summury, the owners and operalors, perceive the shrimp farm industry as
a whole to be rapidly ghifting into a very cautious mode of operation. This
conservative attitude covers nlmost every aspect from overall industry-wide
expansion to the management practices of the individual farms, including
stocking rates and pond size. The only avenue which is not operating in a
conservative mode is the development of technology and its application to
commercially raisce large quantities of scemilla. | commercial rearing of
semilla s not a generally accessible technolosry for the industry as a whole,
& major readjustment can bo expected. Vertically integrated, well capitalized
enterpriges with reliable hatchery facilities will remain, and firms dependent
on the erratic supply of wild Pl will Iargely disappoar.
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3.3.0. Water Quality

The results of the water quality analysis (Table 3.3, sce also 3.4)
provided some interesting inforination regarding the variation in water quality
among ponds. Secchi disk values, turbidily, salinity, temperature, pH and
chlorophyll were quite varicd among farms and several of the parameters
(Secchi disk, salinity, temperature and chlorophyll) varied greatly even
within farms. The most striking variations were salinity, temperature and pH.
These parameters are all critical to the metabolic functioning of aquatic
organisms (e.g., osmoregulation, rate of metabolism and chemical reactions),
and in this case, P, vannamei. Salinity ranged from 3 Lo 39 ppl, temperature
ranged from 28 to 36°C and pH ranged from 6.5 to 8.6. For P. vannamei to not
only to sarvive, but to also grow under this wide range of conditions gives
emphasis to the fact tnat it is a very hardy and resilient, organism. This
obviously is the main reason why P. vennamei is the organism of choice for
stocking and it explaing why so many owners and managers refuse Lo even
consider trying anolher gpecies,

The chlorophyll & conceniration, an indicator of phytoplankton biomass,
wasg elevated above that of the source waters {(Table 3.4) at all but one of the
shrimp farms. This increase in phytoplankton biomass, which is used as a food
gource by the shrimp, is an importanl aspect of pond management. The reverse
situation at Machala (a) could have beon the result of a phytoplankton bloom
occurring in the source water canal which resulled in elevated concentrations
during the actual sampling (or there could have been an error in the
laboratory analysis for this sample).

The three common chlorophyll pigments, a, b and ¢, can provide an
indication of gross phytoplankton composition (Weber 1973). The presence of
chlorophyll ¢ in most of the source and pond water samples probably indicates
an abundant population of diatoms and dinofiagellates. Both of these orgunisms
contain only chlorophyll a4 and ¢ (Prescott 1968 and Boney 1969). The reason
for the absence of chlorophyil ¢ in the pond and source water at Balao Grande
and Chongon is unknown. The source water in these areas was typical in regard
to the other waler quality parameters.

Surface waler selinities in the ponds showed a general increase over that
of the incoming source water. This is presumed due to the relatively high
rates of evaporation which occur in the ponds. The increased salinities are
probably benefical to the shrimp in the ponds which receive very low salinity
source water. The increased saalinity (over that of very low salinilty water)
would approach the optimal conditions for P, vannamei,
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Table 3.3. Ecuadorean shrimp pond characteristics obtained from aerial
imagery and on-site ground truthing.

Secchi Munsell
Pond Disk Turbid. Color?® Color
Location Stage? cm NTU unitis H V/C
Balao Grande recent 12.7 8.1 17.0 bY 4/2
3 mos. 20.3 7.4 17.0 5Y 3/2
2 mos. 12.7 24.0 17.0 2.5 GY 8/2
1 mo. 12.7 12.9 17.0 5Y 6/2
source 20.3 13.7 16.5 nd¢
Chongon I mo. 48.0 3.1 16.5 5Y 5/3
2 mos. 73.90 3.6 17.0 7.5 GY 5/2
3 mos. 65.0 3.5 19.0 7.5 GY 4/2
l mo. 70.0 2.0 17.0 7.5 GY 4/2
source 55.0 5.3 6.5 nd
Machala (a) near harvest 30.0 29.0 17.0 bY 5/2
recent 30.0 23.0 21.0 5Y 5/2
4 mos. 25.0 1£.0 17.0 5Y BG 3/2
source 24.0 25.0 21.0 nd
Machala (b) unknown 40.0 10.6 19.0 nd
unknown 40.0 31.0 21.0 nd
Machala (c¢) near harvest 50.0 24.0 16.5 2.5 B 5/2
recent 60.0 32.0 nd 7.5 GY 5/2
source 28.0 28.0 17.0 nd
Machala (d) 2 mos. 18.0 17.0 19.0 7.5 GY 5/2
recent 25.0 23.0 19.0 7.5 GY 5/4
near harvest 40.0 23.0 16.0 nd
source 20.0 53.0 21.0 nd
Isla de las 2 mos. 30.0 23.0 19.0 5G 5/2
Conchitas (a) I mo. 20.0 24.0 18.0 7.5 GY 8/4
2.5 mos. 10.0 12.0 19.0 5 GY 5/4
source 80.0 6.0 16.0 7.5 GY 5/4

*Pond Stage: The period of Lime since the pond was stocked; "recent" means
recently stocked; "source" is the source of pond water,

bColor: Platinum-cobalt unitg.

‘nd: Indicates that no datn values are avaiinble or thal the sample area was

not included in the aerial photo coverage (or cannot be interpreted).
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Table 3.3. (Con’t.) Ecundorcean shrimp farm characteristics obtained from
aerinl imagery and on-site ground truthing.

Location

[sla de las
Conchitas (b)

Puerto Roma
(Rio Guayas)

Naran,jal

Pond
Stage

unknown
source

nursery pond
5 mos.

In harvest
source

1 mo.

7 mos.

4 mos.

4 mos.
0.5 mo.
2.5 mos.
2.5 mos.
source

Secchi
Disk

Ccm

30.
25.
15.

nd

B.
35.
35.
.0
38.
40,
45.

35.

40

"Pond Stage: The period of time since
recently stocked; "source” is the source of pond water.

bColor: Platinum-coball unils.
¢nd: Indicates that no data values are available or that the sample area was

not included in the acrial photo coverage {(or cannot bhe interpreted).
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35.

0
0
0
0

0
0
0

0
0
0
0

Turbid.

NTU

14,
20.

33.
35.
88.
40.

5.
14.
16.
27.
20.
23.
11.
19,

[ -]

0

Color®

units

21.
16.

17.
15.

14.

nd

2L.
19.
19.
17.
16.
18.
.0
16.

19

0
0

0

CcCoC

~~
-

0
0

0

RS NSRS WO S NS RS R

Munsell
Color
H V/C

5Y 4/3
7.5 GY 8/4

5Y5/4

5 GY 7/4

5 GY 7/4
L0 YR 6/1
.5 YR 6/6
GY 6/4
GY 6/4
GY 5/4
GY 5/4
GY 5/4
GY 6/4
GY 7/4

the pond was stocked; "recent" means



Table 3.4. Ecuadorean shrimp pond characteristics obtained from aerial imagery
and ground truthing.

Chlorophyll
Pond a b C pheo & Sal. Temp. pH
Locat ion Stage? mg /a ppl o¢ unils
Balao Grande recent 22.5 nde nd 4.0 20 36 8.3
3 mos. 90.0 8.6 nd 31.3 30 33 8.6
2 mos. 194 3 nd nd nd 29 29 8.4
1 mo. 53.3 nd nd 10.0 29 29 8.2
source 3.5 nd nd 4.4 1] 27 7.3
Chongon 1 mo. 14.7 0.1 nd 6.2 29 29 7.6
2 mos. 16.2 nd nd 2.9 29 28 7.5
3 mos. 14.2 nd nd 4.7 29 29 7.0
I mo. 6.9 nd nd 6.7 29 29 7.5
source 5.9 nd nd 1.1 29 23 7.2
Machala (a) near harvest 76.8 nd nd 1.7 36 30 8.1
recent. 15,9 2.2 2.2 18.9 32 349 8.3
4 mos, 47.3 nd 1.5 8.1 30 30 8.3
source 101.1 nd 25.9 48.3 21 32 7.5
Machala (b) unknown 30.7 1.3 6.5 0.7 30 35 7.9
unknown 26.06 0.1 3.3 5.6 28 36 7.9
Machala (c) near harvest 24.8 nd 13 5.0 28 30 8.2
recent 30.8 nd 4.0 3.9 39 31 8.1
source 9.6 nd 2.1 3.4 37 30 8.1
Machala (d) 2 mos. 79.4 3.5 156.7 28.4 14 32 8.2
recent 99.6 nd 15.4 22.5 14 29 8.2
near harvest 126.2 0.9 51.6 21.22 16 31 8.5
source 7.3 0 5.0 4.7 2 30 7.5
Isla de las 2 mos. 16.5 6.3 1.6 nd 29 30 8.1
Conchitas (a) 1 mo. 31.0 nd 0.5 1.0 26 35 8.2
2.5 mos. 30.8 nd nd 2.0 27 33 7.8
source 14.3 nd 1.5 1.2 26 33 7.5

®Pond Stage: The period of time since the pond was stocked is given; "recent”
means recenlly stocked; "sources" is the source of pond water.

bPheophytin a

ND: Indicates that values were below detection limits.
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Tauble 35.4. (Con't.) Ecuadorean shrimp pond characteristica obtained from
aocrial imagery and ground truthing.

Chlorophyll

Pond a b c pheo & Sal. Temp pH
Locution Stagen mg /m3 ppt aC units
Isla de las unknown 41.8 0.2 nd« 9.6 29 32 8.2
Conchitas (b) source 20.9 0.11 nd 2.5 23 31 8.3
Puerto Roma nursery pond g1.2 nd 20.5 nd 11 31 8.1
(Rio Guavas) H mos., 176.4 0.5 31.9 5.2 3 32 8.4
In harvest 55.0 nd 7.3 nd 4 32 8.1
source 74.3 nd 1.3 1.7 10 31 8.4
Naran, jal l mo. 125.8 nd 7.3 nd 15 30 6.5
7 mos. 58.3 6.1 8.4 1.3 9 30 8.1
4 mos. 66.5 20.3 29.7 nd 1o 31 8.1
4 mos. 3.7 1.9 5.6 nd 9 32 8.0
0.5 mo. 8.5 0.5 3.0 2.9 14 33 8.1
2.5 mos. 26.6 nd 7.4 2.6 1] 35 8.0
2.5 nos. 35.7 5.1 6.3 3.0 10 33 7.7
source 34.3 nd 0.6 nd 7 30 7.4

“Pond Stage: The period of time since the pond was stocked is given; "recent”
mcans recently stocked; "source'" ig the source of pond waler,

"Pheophytlin a

“nd: Indicates that values wore below detection limits,

3.4.0. Aermal lmaugery Evaluation

One of the purposes of this study was lo determine if color aerial imagery
would be useful in evaluation of pond management practices, o.g., assessing
overall waler quality, stocking densities, flushing rates and pond health, and
other production-related parameters. Two methods were used to perforin the
aerinl reconnaissance. One employed the use of standard emulsion photography
baged on a large formai (2.25 in) gingle-lens reflex plane-mounted camora. The
other sraetem that was used was a plane mounted, VHS format video system. Both
units proved to be of value., The emulsion imagery provided sxcellent color
resolution and also permitted the use of infrared film. The video system
provided real-time imagery which would be very beneficiul in conjunction with
a long-term synoptic evaluation of pond water quality and produclivity., In
this latlter mode, pondg of intercst could be flown and photographed with the
video system and then evaluated after touch down using a small portable
moriitor or any available televison. Coupled with gynoptic data and information
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on pond conditions, an empirical base could eventually be developed for
agsessing pond conditions without field visits, or water sampling and
analyses.

To identify the color of the shrimp pond water from the aerial imagery,
the Munsell system of color description was used. This is a common method for
describing and analyzing color gradations in terms of hue, value and chroma.
The color value from the Munsell chart is recorded as hue, value/chroma, or
symbolically, H V/C. The aerial color transparencies were placed on a light
table with balanced and constant illumination and then the colors were
vigsually evaluated using the Munsell Color system.

To determine if there were any relationships among pond color (both
Platinum-cobalt and Munsell), water qualily, pond stage (see Table 3.3 and
3.4), PL stocking densities, and the use of feed or fertilizer, correlation
coefficients were determined. The results indicated that there were no
correlations between pond color and any of the other parameters, at least
based on this one-time sampling. Marginal correlations were detected between
stocking rate and turbidity, and between Secchi-diek values and chlorophyll
concentrations. Two of the parameters, turbidity and Secchi disk, are commonly
used by pond manuagers to monitor pond conditions.

The aeriul imagery did indicate somewhat exiraordinary color differences
among ponds (e.g., Figure 3.3, Table 3.4); the lack of any strong correlation
between the colors and the measured parameters is believed to be resull of the
the statistically-small sample resulting from the oxperimental overflights
and sampling. Also, the Platinum-cobult method for the field evaluation of
water color may be too gross of a method to provide the sensitivity needed to
detect subtle spatial differences or temporal changes in pond water color. It
is restricted to a narrow range of colors which are encountered in "natural"
aquatic systems. In addition sun angle and/or cloudiness can have dramatic
effects upon interpretation. The other method employed used the Munsell chart
to quantify the colors from the aerial transparencies. This system did not
have the problems encountered using the Platinum-cobalt method and provided a
much wider choice of colors. It is limited by the sensitivity of the human eye
and even though the colors available are numerous an exact match is sometimes
difficult.
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Figure 3.3. Aerial view of shrimp growout ponds in gouthern Ecuador showing
color differences that are related to differences in water quality and in
phytoplankton species and abundance. The color values and contrast are not
true due to the method of reproducing copies for this report. (Photo credit:

Joshua C. Dickinson, III)
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The aerinl reconnaissance work in Ecuador proved to the satisfaction of
the principals that regular aerial video surveillance could be used as a very
incxpensive and efficient management tool for farm pond operatore/managers,
cooperatives, or government agencies. In this regard, the use of a color video
camera would be preferred to an emulsion film-loaded camera. Color video can
provide close-to real time results of relatively large areas (i.e., large
ground areas of farms and ponds) and is less costly than a film camera. For
example, video tapes can be reused and tape playbacks can be viewed on a TV
fitted with a tape reader. In actual practice, a number of correlation flights
would have to be made to establish a reliable record of pond appearance and
water quality as it relates to shrimp growth. Based on an empirical record,
information from subsequent surveillance flights could be directly translated
into management actions.
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4.0.0. SHRIMP MARICULTURE IN ECUADOR

The shrimp mariculture industry in Ecuador is the largest and most
advanced in Latin Americannd as well as being a major source of foreign
currency carnings for Ecuador. In addition to other distinctions, the industry
is also faced with many different types of problems. In order to deal with the
issues of siting and management in thie study, we first present our findings
that charactorize the industry and some of it problems.

4.1.0. Mariculture Types and Management Levels

The mariculture industry in Ecuador is dominated by two types of
mariculture systems (Types II and IfI) and four levels of management (Lovels
5, 6, 7 and 8). The two types arc the extensive cloged-systom and the
semi-intensive closed system; the dominant forms of managoment encompass
management practices that range from minimal to relatively advanced. In the
following characterization and discussion, other identifying terms are also
used primarily because writers have previously only recognized three types of
shrimp pond management.

4.1.1. Type Il: Extensive Closed-System, Management Level 5

This type of locally-named "artisanal" system is representsd by the
simplest operations that tend to have a disproportionately-heavy reliance on
tidal flushing and only rudimentary management inputs. Also, pond gizes tend
to be relatively small as compared 1o the average size of commercial ponds.
The small scale and relatively low lovel of management cistinguishes it from
ML-6 systems which tend to have a more programmed, or planned, approach to
grow-out pond opcrations.

4.1.2. Type I1: Extensive Closed-System, Management Level 6

This type of mariculture system, also termed "artiganal” in Ecuador,
utilizes relatively small ponds and rolatively low P, stocking densities
(10,000-15,000 PL. per ha) according to McPadden (1985). Water exchange in the
ponds is accomplished mainly by tidal filling and gravity drainage, although
in some instances there is auxiliary pumping. Pumps are usually on hand for
emergency situations (e.g., low dissolved oxygen) as opposed to being relied
upon for routine operations. The nutrition of the growing shrimp depends
ontirely on ambient phytoplankton primary production and estuarine detritus.
These are generally smeli sized operation with vicl.ls on the order of 275 kg
of whole shrimp per year with minimal invesimont and risk. These operations
would correspond approximately Lo the 408 concessions in the 0-50 ha range in
Table 4.1., although there are some very large farms that have Type 11
operations.
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Table 4.1, Number of concessions and/or authorizations listed by province
according to area as of December 1984. (Source: Unidad de Estudios
Pesqueros y Estadisticas)

Provinces

Ar=n (ha) Total El Oro Gunyas Manabi Esmeraldas
Total 773 167 194 92 20
0- 50 408 107 221 67 13
50- 100 107 32 57 5 3
100~ 200 141 15 116 7 3
200 300 92 11 77 3 1
300- 500 13 1 12 - -
500-- 700 7 1 6 - -
700-1000 4 - 4 - -
1000-more 1 - 1 - -

1.1.3. Type UI: Semi-Intensive Closed-System, Management Level 7

This type of mariculture system, also calied "technical management"
involves a higher level of empirical technology but is also characterized by a
goneral tendency to maintain investment and operating costs at the lowest
possible level, for example, in the cost of waler pumping, pond fertilization
and supplemental feeding. In this type of operation, nursery ponds are
generally used, and juvenile stocking densities range up to 35,000 per ha. The
relatively hiyh density is usually limited to ponds where fertilization is
also employed to promote phytoplankton productivity. Stocking is more a factor
of wild PL availability rather than a matter of choice. The operational
production sirategy appears to be based on the spreading of PL, over many ponds
as possgible so as to take advantage of phytoplankton productivity rather than
tc concentrate all management investment in fewer ponds at a higher stocking
density. Yiolds are in the range of 630-910 kg/ha/yr based nu 2.2 harvests per
year. These operations correspond to the 100-500 ha range in Table 4.1.

14.1.4. Type ITI: Semi-Intengive Closed-System, Management Level 8

The "profesgional” or semi-intensive managemeont system involves farms that
are gencrally part of vertically-integrated operations that are owned by
packing/shipping firms. Relatively sophisticated biophysical data are taken
regularly by biologists and recorded for usc in making management decisions.
Water turnover rates arc generally high, but are also controlled by a
quantitative determination of need which results from the monitoring and
analyses. The stocking density of ponds in these large farm systems is around
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80,000 PL per ha, which are dominantly hatchery reared. The growout ponds
reccive high bu! measured lovels of fertilizer and supplomentel feeds. Yields
are on the order of 1360-2270 kg/yr of whole shrimp. These 700-1000 ha
operations have the greatest potential to intensify rapidly as new techniques
in managing high levels of inputs are developed and accepted by the industry
(McPudden 1985),

4.2.0. Construction Costs

According to farm owners, the preferred site for the construction of
growout ponds has traditionally been the salinas where construction costs are
relatively low compared to mangrove areas. Also, tidal streams are readily
accessioie for water supply at a relatively low pumping head. It is because of
the prevalence of salinas in the arid and semi-arid southern provinces (e.g.,

El Oro, Machala) that the shrimp industry started in Ecuador, and now
dominates, in this part of the country. However, the aroas of salinas are
limited in extent and shrimp pond expansion has boen increasingly forced into
lower-clevation mangrove forost areas and into the uplands., Upland locations
for pond sites genecrally involve the lowesl construction cost particularly

when the aren hag alveady been cleared for agriculture or pasture. The cost
differential is approximately US$1000/ha compared to US$6000/ha ir areas
dominated by mangrove forests; pond construction costs in the salinas fall
between these two extromes (Rafael Horna, pers. comm.). Current costs to
develop a new shrimp farm that is complete with all the infrastructure, costs
approximately US$5400/ha. The price of land ranges from US $830-1250 per ha
{(McPadden 1985). Tn the Chongon aroa near Guayaquil, farmland that is suitable
for conversion to shrimp ponds could sell for as much as US$2000 per ha (Jose
Villalon, pers. comm.).

4.3.0. Operational Costs

The overall cost of shrimp production in Ecuador is estimated to be
between US$1.80-2.25 por Ib of tails (industry estimates), and the average
price FORB for 26-30 count hrimp tails has been around US$5.00 (McPadden
1985). These figures indicate that shrimp production can be quite profitable
as long as North Amcricans are willing to pay two to five times as much for
shrimp as they pay for alternative sources of high-quality protein such as
steak and chicken. T{ ig also obvious that the great majority of the
Ecuadoreans, as well as the neighboring Pecuvians, cannot afford to purchase
this form of protein eo long as it is produced through a type of mariculture
which is more advanced tuan Type [. The cost of production is extremely
sensitive Lo the price of post larvae. For example, in 1984/85, the cost of PL
had become greater than feed/fertilizer, lavor or fuel. At times when PL have
boen unavailable at any price, the producers are unable to operate their pond
systems and suffor severe financial losses. Fuel is subsidized by the
Fcuadorean government at below the world price. Should the prico of diesel
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fuel rise and/or be indexed to the world price, then the costs of shrimp
production could incressce substantially due to both the increase in pumping
cost and the high fucl-cost component in feed and fertilizer production. The
present depressed world market for oil, however, favors continued heavy use of
fuel.

4.4.0. Shrimp Pond Siting

There arce two major considerations in the giting of shrimp ponds: (1) the
initial invesiment and subsequent operation costs, and the long term fertility
of the ponds as it rolates to the production of ghrimp; and (2) the size and
location of ponds, particularly as they relate to the maintenance of water
quality.

4.4.1. Pond Size

Production or growout-pond sgizes range from 8-120 ha with a large number
in the 15-20 ha range. Although most operators agree that 8-10 ha would be the
optimum size pond, the actual ponds aro larger than the stated optimum because
no experience was available whon most of the farms were conslructed. When the
industry was first getting started, largo ponds were less costly to construct
(particularly in the salinas) and thore was no inhorent problem in stocking a
large pond when PL. were both abundant and chenp. Under the Type II management
scheme that is based on natural phytoplankton production with limited pumped
waler exchange (ML-6), there was no particular advantage in having a smaller
pond (Felipe Orellana, pers. comm.). However, undor the more intensive forms
of management that are being progressively introduced, large ponds may become
a definite problem. At high slocking densities with fertilization and feeding,
witler exchange becomes critical. If oxygen levels drop, rapid water turnover
is esgential; thig is a difficult proposition in a 30 ha pond, even with very
hrge pumps. If a pond is lost due to whatever the cause, the investment loss
iy directly proportional to the gize of the pond. Below a certain gize, wind
driven turnover is likely to be less, however, but this was not quantified.

14.4.2. Pond location

A listing of the location of ponds nccording to whether they are in the
uplands or in the intertidal zone is given in Table 4.2 (for comparative
purposes, dee also Table 4.3). These official figures are interesting even if
they are not necessarily accurate. Farms illegally located in mangrove areas
are not listed in the government statistics. A farm above the high tide line
can be owned outright rather than being developed as 1. ten-year concession
which is an incentive to have a farm recorded ag located in the uplands. Also,
shrimp farm land located in mangrove aroas cannot be used as collateral for
loans.
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The sample aroa chosen for the study of mangrove conversion (Terchunian
and Klemas 1982) indicates that a much higher proportion of intertidal land,
particularly salinas, are being converted to shrimp ponds. The important
"Multi-temporal Study of Shrimp Ponds, Mangroves and Salinag" (CLIRSEN 1985)
will, for the first Lime, provide an accurate picture of where ponds are, and
the areas of mangroves, salinas and uplands that are affected. Unfortunately,
however, the final (citable) report of study was still unable to us at the
time this report was prepared.

Table 4.2. Arecas of shrimp culture are listed with the number of hectares per
province up to 1983. (Source: Depto. de Estudios Pesqueros y

Estadiaticas)

Zones above

Total ha Intertidal zones high tide mark

Provinces in shrimp shrimp ha shrimp ha
Esmeraldas 1,060,17 1,050,17
Manab i 3,712, 89 1,856, 38 1,856,51
Guayas 46,112,34 20,658, 91 25,453,43
El Oro 9, 566,16 1,878,643 4,687,83

Total 60,441,86 27,393,92 33,047,94

Table 4.3. Relationship between coastal clevation relative to tidal amplitude
and the suitability of sites at these clevations for the construction of
shrimp growout ponds. Mangrove forests tend to be the most productive at
the same tidal elevations that are believed to be the most suitable for
growout ponds. (Adapted from from Watson 1928 and Rabanal 1976)

RELATTVE COASTAI, ELEVATION SUITABILITY FOR GROWOUT PONDS

Coanstal uplands (dry) Unsuitable without massive excavation
and/or extensive use of pumps

Above upper reach of high lides Also unsuitable for reasons above
Flooded by extreme high tides Suitable only if excavatled

Within range of normal Lides Ideal for growout ponds

Not drained by normal low lides Unsuitable without the use of pumps

Lo periodically ‘rain ponds

Infrequently drained or submerged Unsuitable without empoldering and
and pumped discharge of water
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4.5.0. WViator Quality Management

The major concern of pond operators is to maximize shrimp growth and at
the same time avoid an oxygen crisis. High density stocking, heavy
fertilization and massive plankton blooma, and excess supplemental feeding all
lead to reduced dissolved oxygen levels, which if too low and persistent lead
to the death of the shrimp. In practice, water clarity is monitored (with a
Secchi disc) and the management rule of thumb is to maintain phytoplankton
blooms at a Secchi depth of 30-35 cm. A larger bloom presents a potential
oxygen problem pnd greater water clarity is an indicator of inadequate food
supply. Bright green wator color is also considered to be an indicator of
potential oxygon problems. Dr. Jimenez, Diroctor of INP, statas that '"Red
Tide" blooms have caused oxygen depletion problems whon affected waters have
been pumped into ponds along the Estero Salado south of Guayaquil. Peruvian
farms north of the Tumbes River have been fuced with aanlinities as high as 55
ppt and a pH above 8, because of the lack of freshwater runoff, especiaily
during dry years. In general, the wuter quality values given by Yoong-Basurto
and Reinoso-Naranjo (1982) might be considered to be optimum under most, if
not all, circumstances.

Shrimp Pond Siting and Management
S. Snedaker, J. Dickinson, M. Brown and E. Lahmann - 41



5.0.0. ENVIRONMENTAL CONSIDERATIONS
5.1.0. Upstream Use and Misuse of Resources

Deforestation and erosion result in increased sediment load and changes in
the hydroperiod of runoff. Sediment decreases the habitat diversity of coastal
streams, raises river beds with a rosuitant increase in the frequency and
severity of flooding, causes mortality of mangroves, and hampers navigation.
Rapid runoff followed by low flow conditions results in alternate flooding and
fresh water scarcity for agriculture, fisheries and aquaculture, and for
urban-industrial uses, as well as for preventing salt water intrusion.

In addition to Lthe downstream effects of watershed mismanagement, dam
congtruction and water diversion, as in the case of the Daule-Peripa on the
upper Guayas River, and proposed structures on the Jubones and other rivers,
will rosult in sediment (and agsociated mineral nutrients) sturvation, reduced
water availability and hydroperiod changes. Potential resultas are increased
coastul erosion, water shortages and salt water intrusion, all of which can
have deleoterious effocts on the downstream shrimp farms. The shrimp farm
industry in Ecuador is affected in one way or another by all of the upstream
events whether natural or man induced.

5.2.0. Agriculture

There are two types of problems associnted with agriculture: the direct,
and probably irreversible logs of agricultural land that has been converted to
shrimp ponds, and the salinization of contiguous crop land due to sait waler
intrusion. In the caso of crop land conversion, the landowner may receive
payment for his land. When lands which have been used for communal grazing are
claimed for ponds, thore is no compensation to those who lose access.
Salinization and impeded drainnge caused by uhrimp ponds result, in damage to
agricultural land that is costly Lo reverse and those land users who are
affected receive no compensation for lost. production. The value of the
impacted land is depreciated for owners who lack the resources to convert
their land into shrimp ponds. The social consequences of this can be
significant when the affocted population includes small farmers with little
political power or cconomic alternatives. Shrimp is a luxury export while rice
and cassava aro primarily a source of food within the regional economy. In
Peru, a law passed in April 1985 actually facilitates the conversion of
agricultural land into Innd for aquaculture,
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5.3.0. Mangrove-Based Figherijes

A large proportion of fish and crustaceans caught by commercial and
artisanal fishermen depends in part on tho mangrove ecosystem for food and/or
shelter (Odum and Heuald 1975). To the extent that mangroves are being
destroyed directly by pond construction or indirectly by blockage or diversion
of tidal flow, there is a loss of marine seafood production. Extensive
mangrove mortality evidently linked to shrimp pend construction was noted
during photo reconnaissance along the El Oro coast, north of Machala in 1982,
In the Tumbes River estuary of Poru, mangrove mortality was noted along tidal
streams during acrial reconaaissance in May 1885, Without s detailed field
study, it is not possible to determino whother the mortality is due to heavy
sedimentulion and changes in iidal and fresh watoer circulation caused by the
El Nifio evont, or to mortality caused by pond construction. The affocted
people are the fishormen and the consumers of senfood. Those who augment their
incomes by harvosting "conchas negras,” mangrove crabs and oysters are
immediately affoclted when mangrovos aro lost. The impact on the catch of other
fishermen is more difficult to documont. If an offect on fish catch could be
documoented, it would be in Lthe isolated Chone cstuary in Manabi Province where
the highest percentage of total mangrove covor has been destroyed.

Also dircctly related to muangrove destruction, is the logs of animal
species that are associated with the mangreve habitat. Prominent among these,
ig the crocodile which is no longer scen in soulhern Fcuador and is in danger
of extinction in Poru. The relation of guch species loss Lo economic growth
ig, at best, tenuous. Rather, the concern is ethical and intimately related to
national valuecs and developmont in the minds of many citizens and scientists.

9.4.0. Effects On Mangrove Forosts

Mangrove forests play n significant role in the life cycles of a number cf
economically and ecologically important fish and invertebrate species. This
fauna is highly depondent on the habitat provided by the mangrove root system
and on the mangrove leaf detritus that forms the basis for nearshore and
estuarine food wobs (Odum and Heald 1975). In particulur, shrimp fisheries
around the world have boen closely associated with mangrove forests (Idyll,
Tabb and Yokel 1968, Sastrakusumah 1971, Macnae 1974, Turner 1977,
Martosubroto and Naamin 1977). Intertidal Iandy in genoral, whether marsh,
mangrove or saling, have an important relation to estuarine production.
Modification of these arcas directly affects fishery production in many areas
(Figuro 5.1a,b). In Ecundor, the shallow waters near mangrove-dominated
shorelines are extensively used for capturing shrimp post larvae, gemilla, to
stock shrimp growoul ponds.
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Figure 5.1a. Influence of the cumulated area of reclaimed land on

annual shrimp (Penaeus japonicus) catches in the Seto inland Sea
(from Doi et al. 1973).
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Figure 5.1b. Relationship belween mangrove area (10 ha) and shrimp
production (197 lon) (from Martosubroto and Naamin 1977).
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In spile of a growing awareness of the importance Lhat mangrove forests
have o1 Lhe slructure and function of marine coastal ccosyslems (vide Saenger,
Hegerl and Davie 1983, Hamilton and Snedaker 1984), these highly productive
foreats have undergone deleterious modifications in many places for a variety
of purposcs. At the present time, the conversion of mangrove areas for the
condgtruction of ghrimp ponds may be the most ubiquitous worldwide problem.
This practice involves the complete destruction of the mangrove ecosystem and
its replacement by activitios that do not porpetuate the natural vaiues. For
KEcuador, Terchunian et al. (1986) have estimated a 16% reduction in the area
of mangrove forest between 1966 and 1982 in southern Gulf of Guayaquil. Data
for all the coustal provinces of Ecuador (Table 5.2) iltustrate the rapid rate
at which coastal habitats have beon dostroyed for the construction of ponds.

Tablo 65.2. Areas in Ecuador authorized for shrimp farming in 1976-1984.

(Source: Dopartamento de Estudios Posqueros y Ksiadisticas.)
Year Totnl Gunyns El Oro
No. Hectares No. Heclures No. Hectares

1976 2 63,25 1 50,00 1 13,25
1977 3 297,45 - - 2 263,75
1978 6 651,43 1 600,00 2 51,43
1979 17 2,138,70 8 1,340,00 2 244,28
1980 16 5,724,80 33 4,948,10 9 624,70
1981 146 17,481,22 77 12,991, 74 48 3,578, 39
1982 59 12,760, 11 57 9, 846,37 28 2,065,42
1983 100 12,544,24 69 10,437,93 9 875,62
1984 209  23,162,25 144 19,447,91 33 2,308, 34

Total 618 74,829,35 393 59,661,

5 134  10,015,18
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Table 5.2. (Con’t.) Areas in Ecuador authorized for shrimp farming in

1976-1984. (Source: Departamento de Estudios Pesgueros y Estadisticas.)

Year

1976
1977
1978
1979
1380
1981
1982
1983
1984

Total

Manab i
No. Hectares

l -

7 554,42
3 102,00
8 460, 90
12 686, 04
17 858,99

24 1,004,24

72 3,700,29

Esmeraldas
No. Hectares
1 50,00
3 456,19
2 172,28
5 371,70
8 401,76
19 1,451,93
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6.0.0. SOCICECONOMIC CONSYDERATIONS

Many international-agency and/or national-government aasisted development
programs provide funds, loans, guarantees and/or direct subsidies to encourage
the shrimp mariculture industry in the mangrove coastal zone because it is
belicved among other things that: (1) productive use is made of a marginal
habitat which is olherwise unsuited for agriculture or most other direct uses,
(2) the activity provides abundant cimploymoent opportunities for local people
and may also incrense the population’s dietary intake of protein, (3) the
economic benefits have a multiplier and sapill~ovor effect that stimulates
other forms of economic dovelopment in tho coastal regions, (4) the sale of
shrimp on the international market Kenerates a significant source of hard
currency income, and (5) the government revenue base ig strengthened by fees,
tuxes and dutics imposed on the industry. The arguments are persuasive Jargely
because of the relatively-high world-market price of shrimp and the fact that
once a pond has boen constructed and placed into production, net profits are
almost guaranteed at minimal cost at management lovels 5 and 6. The latter
argument is based on the foact that ponds can and do produce, at insignificant
operating costs, small quantitios of shrimp which yield relatively large
profits when sold. As once strategy for the rogional development of coastal
lowlands, shrimp mariculture is currontly viewed as Lhe best possible
alternative by some assistance and lending agencies, as well as private
lenders and invostors.

At the present time in Ecuador, the decline and variability in the
availability of Pl has forcod producers to begin Lhe construction of
hatcheries to ensurc future supplies for stocking growout ponds. Whereas this
initiative has a number of positive bonefits, a hatchery-based industry is
legs likely to remain concerned about the conservation of intertidal mangrove
habitats that are the spawning and nursery grounds for wild stocks of fish and
shellfish, including shrimp. Assured supplies of Pl could lead 1o further
destruction of the coastal zone for pond construction and therefore result in
an aggravation of extisting natural resource problems. Also, haicheries are
not a panacea in the senge that there are a variety of potential problems that
algo require gerious attention. For example, how will the coastal provinces
deal with the unemployment of people who presontly harvest PL for stocking
growout pondsg?

In gpite of the rigor of the pro-mariculture argumcnts and the persuasive
nature of the stated facts, most of the economic and social promises
attributable to shrimp mariculture have turned out to be either unproven or
false whereas many of the other widely-believed benefits remain highly
questionable. The presumod beneofits listed above are discussed in detail, as
follows.
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6.1.0. Marginal Habitats Converted to Economic Use

Throughout the world, the mangrove forest-dominated coastlines of the
tropics have traditionally been considered to be of marginal value to man
unless converted to some other use, such as rice agriculture (vide
Ponnampurnam 1984). This view is still held by many people although there is
an abundance of evidence documenting the value and worth ¢f mangrove habitats
for fisheries and coastal protection (Saenger, Davie and Hegerl 1983), and for
direct economic utilization (Hamilton and Snedaker 1984). More importantly,
the mangrove-estuarine complox is a nursery ground for shrimp (Doi et al.
1973, Turner 1977, Martosubroto and Naamin 1977) and is thus the source of the
PL for stocking ponds. The conversion of the mangrove habitat into shrimp
ponds, by definition, can be a self-defeating action with respect to the
perpetuation of other living resources.

Also in this regard, S:iedaker (in press) has argued that the luxuriant
mangrove-dominated intertidal zone in high rainfall/runoff areas may be one of
the least desirable rites for constructing mariculture ponds (Table 6.1). In
Ecuador, the argument is, at least, partially sustained by the fact that the
best sites were once considered to be the more-inland salinas (see also,
Tauber 1982).

6.2.0. Mariculture Provides Employment Opportunities

Employment is generated during the construction and operation phases of
shrimp farm development. Involved in the construction phase are mariculture
consultants, engineers, heavy equipment operators, various tradesmen and
laborers. Tmporters of heavy equipment and pumps represent, at leazi, one of
the major beneficiaries. In Ecuador, construction is highly mechanized and
therefore results in the labor expenditures being a relatively small part of
the construction budget. People living in the neighboring uplands or in
fishing communities in the estuarine zone benefit only marginally from
construction. They cannot sell land to prospective shrimp farmers because the
intertidal land is public property and is obtained by the entrepreneurs as a
concossion from the government.

Farm oporations involve hatchery (if present) personnel, a biologist
(average, ono per 300 ha of ponds), pump operation and maintenance personnel,
and latorers who handle feed and/or fertilizer and general maintenance tasks,
such as the cleaning of screens, and/or those who serve as guards against
poachers and natural predators. The total labor cost, including administrative
duties is about 20% of the overall production cost (Parodi 1985) in spite of
the fact that laborers receive minimum wages. Efforts by labor to organize
unions have beer broken. There are essentially no small, labor intensive
mariculture operations and the indust: ; is dominated by the middle and upper
income economic classes; absentee ownership is the rule. The ma jor
beneficiaries of the shrimp mariculture industry are the estimated 120,000, or
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Table 6.1. Comparison of selected shr imp

supra-tidal coastal habitats, and non-tidal coastal aress,

SHRIMP POND CHARACTERISTIC

1. Turnover of pond water

N

Pond drainage for shrimp
harvesting and sediment
oxidation

3. Acid-sulfate soils

4. Control of salinity

5. Cost of construction

6. Subsurface leakage

7. Access to ponds

8. Major cost

INTER- TIDAL MANGROVES
(HUMID CLIMATES)

Possible to use tides for
renewa! of pond water

Pumping required due to
infrequency of very low
tides permitling gravity
drainage

High probability in non-

carbonate environments

Sometimes difficult to
maintain relatively high
pond water salinity

High due to cost of cutting
and removing mangrove trees

growing on soft sediments

Not a problem

Generally by boat

Construction and
maintenacce of ponds

growoul-pond construction and operating characleristics

cross-referenced to different climatic conditions.

SUPRA-TIDAL SALTFLATS
(ARID/SEMI -ARID CLIMATES)

May require intensive
pumping

Gravity drainage possible
each month

Relatively low probability
in most non-carbonate
coastal environments

Generally easy to maintain
relatively bigh salinity:
potential hypersalinity
Low cest due to absence of
large mangrove trees

Generally not a problem

By boat or land vehicle

Pond operation and
management

INLAND HIGH GROUND
(MOST CLIMATIC CONDITIONS)

Requires intensive pumping

Gravity drainage assured

Not a problem in well—drained
oxidized soils

Depends on access tc both
seawater and freshwater

Depends on prior land use
and presence of vegetation

Always a problem on soils
with low clay concentrations
Land access is most common

Water pumping

in intertidal mangroves,



more, people who are engaged in capturing and handling PL. Many of these
people are underemployed farmers and laborers who have immigrated from the

Andean region.

Foreign ownership i& of growing importance in Ecuadorean shrimp farming.
FForeign firms have a distinct advantage because of more flexible and
inexpensgive capital resources as compared to Ecuador. These externally-backed
firms are more capable of capital intensive investments such as hatcheries,
high capacity pumps, supplemental feed and highly trained technicians than are
their local counterparts cum competitors.

6.3.0. Dietary Protein Levels are lncreased

The primary reason that shrimp mariculture is a preferred commercial
opportunity is the high price that shrimp (most any quality and sice) command
on the world market. Almost anywhere in the world, quantities of shrimp can be
sold for any of the hard currencies and at a net profit. Because of the high
price, shrimp that are consumed locally, are sold thrcugh higher class
resiaurants and food marxets; poor people cannot afford to pay the established
brokerage price of shrimp. The cost of production of shrimp under capital
intensive munagement is between $2.00 (McPadden 1985) and $3.32 (Parodi 1985)
per kilogram, but results in an ultimate retail cost several times the coat of
beef. When shrimp appear in local markets, il is obvious to the observer that
they are shrimp that have been rejocted by international buyers; sometimes
incipient rancidity is evident, as well as discoloration and loss of firmness,
all of which are indicators of reduced auality.

In somce areas, Lheft of shrimp frowm pond systems is relatively common due
to the very large sizes of the farms and the related difficulty of providing
meaningful security. From a well-stocked pond of mature adult shrimp, an
individual working along the banks of pond with a cast net can obtain in
excess of 50 kilos of shrimp within a fow hours. It could be easily argued
that this is really a sub rosa means of incrcasing Lhe level of dietary
protein in the diets of the rural poor. However, hearsay evidence and
anecdctes strongly suggest that the majority of the stolen shrimp is sold for
profit rather than consumed by the poacher’s family and/or friends.

In general, the existence of production shrimp growout ponds in a coastal
region does not imply that the local population is benefitting from increased
prolein in their diet. Any benefits that do accrue Lo local people assume some
other form which may be generated cither through the local black market or the
barter econony.
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6.4.0. Local Economic Benefits and Hard Currency Earnings Stimulate
Economic Development Within the Rogion

As o rosult of the large profit margin that is usunlly asgsgociated with the
production and marketing of shrimp, equally large sums of money accrue to the
owners and operators of ponds through the sale of shrimp. As suggested above,
local sales are frequently insigrdicant and the local earnings therefore only
have a small impnct on economins development; the majority of the shrimp are
gold on the international market wheore the profits tend to be much higher.
Thus, it is the hard currency earnings that offer the major potential economic
bonofits for the country.

This argument, however, assuines that hard currency earnings remain in the
country of origin and are invested in new opportunities that create jobs and
othor cconomic opportunities. Conventional street-wisdom, however, indicates
that the majority of the earnings do not contribute to national economic
objectives because they romain in foreign depositories. It ig believed that in
some instances foreign buyers doposit salo receipts in foreign bank havens
guch as Panama, Hong Kong, the Cayman Islands and the Netherland Antilles.
This certainly does not mean that all ownors/operators operate in the grey and
black market areas, but the large number who do, cause a =ignificant reduction
in the hard currency yiold to the national govornment.

6.5.0. Government Rovenue Base ig Strengthened

Ag an extension of tho argument above, when "convenient", the marketable
shrimp may be smuggled Lo, and sgold through, third-party countries which offer
exemptions from duties and taxes as well as promises of the expedient
forwarding of pcrishable commodities. Whether or not procecds from sales are
paid to foreign accounts or the gshrimp are sold through foreign ports, the
rogults are the same: the country of origin is deprived of the revenues.

Mariculture also affects the tourigt industry which in many countries is
considered to be a valuable source of hard currency earnings. For example the
developmont of mariculture is affecting the devceloping potential for tourism
based on sport fishing in resort areas such as Bahia do Caraquez. In Peru,
concessions for shrimp farms are being granted and ponds are being constructed
behind the first. dune within 50 m of the sea (Dickingon 1985). Such activities
close future options for tourism development. and limit access to the sea for
fishing; rccreation is also restricted for rich and poor alike. Shrimp ponds
that are located in such cloge proximity to the wea are also vulnerable to
changes in the coastline during storm events. By weakening the dune barrier,

incursion by the sea is invited with the potential for damage to inland
property.
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6.6.0. Constructionr of Hatcheries Will Solve the Major Problem

The most widely acknowledged problem surrounding the shrimp farm industry
is the decline and large variabilily in the availability of PL. Whereas a
number of reasons for the problem have been put forth (e.g., destruction of
mangrove forest nursery grounds, pollution, excessive harvesting of PL, etc.),
the search for the actual cause is considered to be less important than the
scarch for, economic solution. The acknowledged soluticn is the construction
of hatcheries to either provide a guaranteed source of FL or, less
importantly, to supplement wildform harvests. In addition to providing sn
asgured source of Pl, the use of hatchery stock also minimizes the
introduction of predators and competitors including non-preferred species of
shrimp. Hatcheries also offer a higher doegree of control over production
operations and could ly lead to the desired intensification of existing
farm pond systems.

Wherens hatcherios do offer a number of cconomically-important advantages,
a widespread reliance on hatcherieg in Ecuador for PL could also generate some
very significant sociooeconomic problems, Foremost among these is the potential
loss of income earning opportunities for the estimated 120,000 persons engaged
in harvesting wild PL stocks. For individuals and families with no other
viable source of income or subsistence (particularly those who have migrated
in from the Andean region), the coastal provinces could become burdened with a
large population of unemployed poor people.

Jt also appears that most of the planning effort by the industry is being
focuged on hatcheries (and sources of less-expensive locally-produced feed
materialg) as opposed to other important issues, such as potential changes in
the U.S. market. For example, in May of 1986, 400,000 lbs of frozen shrimp
from Venezuecla were denicd entry in the U.S. because o in import rule change.
Also, although it may be an ongoing proprietary effort by the industry, no
evidence was found concerning plans for the potential impact of any advances
in the state-of-the-art of shrimp production or by increased availability of
gshrimp from whatever source. If, for example, a major breankthrough allowed the
egtablishment of factory-type production operations on a major sgcale in
Florida, the import of higher-priced Ecuadoroan shrimp could either become
non-competitive or simply stopped to protect a local U.S. industry. In the
opinion of the authors, the question is not if this wili happen, but rather
when. The same economic impacl on the kcuadrean shrimp industry could also
arise from increased lowcer-priced imports from countries other than Ecuador.
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7.0.0. CONCLUSIONS

Although the Ecundorean shrimp-far—= industry stands as one of the world’s
more successtul mariculture endeavors, the industry has developed by
undergoing a lengthy process of trial and error, and is still faced with a
number of current and potential problems. Those problems break down into: (1)
the immedinte probloms that can be solved through overt actions by the
producers, the Government of Kcuador, and interegted international-assigtance
agencies, nnd (2) the potential problems of external origin and over which
littlo control can be exertod. Solutions to soveral of the current problems
are addressed in thig gsection.

7.1.0. Pond Siting and Management Intensification

Yields of shrimp in kg/ha/yr 1in Feuador vary widely from farm to farm and
from yoar to yoar. A general conclugion can bo made by looking at the global
mariculture industry in that yields in Ecuador and much of the world, in
genornl, are substantiully lower than the potontial. Amoung the reasons are (a)
nbsentee ownership with attendant diginterested management, (b) lack of a
mariculture tradition in many socioties; it is much oagier to find a good
cowboy or cotton picker than a worker who can detect oxygen girees in 2 shrimp
pond, (¢) a goneral Inck of state-of-tho-art tachnology, most of which has
been developed in Southeast Asia, Taiwan and Japan, and (d) the reality that
shrimp production has been, until rocently, tremondously profitaktle deapite
relatively low yie'ds. Nationnl production of shrimp for cxport could be
increased substantianlly wichout converting any more inleriidal land into
shrimp ponds. This is desirable bocwise the more appropriate land has already
been converted, virtually all costs of production have incroased, and, due to
values intringic to the mangrove ecosystem, the opportunity cost of further
convorsion is unattractive,

Recommendations: The private cector, the shrimp producer, is the primary
boneficiary and the most apt to achieve highor productivity levels through
individual and collective effort. Government hasg a potential role through
incontives, rogulation and taxing. Possible actions in these regards include
the following:

. Provide training for fisheries biologists from private industry,
government and univorsities, This strategy will achieve the greatost dispersal
of experienco. The most relevant technology and professional experience are
found in Asin and the Pacific, and to a legser extent in the U.s. (e.qg.,

Hawaii and Texasg). A combination of three approaches is needed. One of Lhe
prerequisitos is that the biologists invelved have adequate basic scientific
education. 'rnined biologists have two oplions: intengive courses, internships
and study tours in other parts of the world or prectical courses in-country
wilh experts from other countrios with sophisticated Lechnology. The idesl
would be for the biologista to both observe other functioning production
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systems at small and large scales and to have training within their own
physical and sociocultural environment.

2, Institutions, such as the Subsecretary of Fishery Resources,
Sub-~direction of the Environment, ESPOL, INP, IMARPE (Peru), and the
universilies, have the human resources to serve the aquaculture industry.
Needed is the gpecialized training mentioned above, commitment of funds by
government and the industry, and cooperative agreements for the use of
existing production facilities for experimental projects. Such public entities
should take greater responsibility for ensuring that new technology is adapted
to the needs of small scale, poor farmers and fishermen, as well as wealthy

entrepren(rurs.

J. Owners and managerd of shrimp farms would benefit from visiting
aquaculture operations in other countries. Self-financed study tours could be
arranged by AID in the most appropriate countries.

4. The imposition of a tax on land in shrimp farms based on the potential
production per hectare would cncourage intensification by penalizing
inefficient operations and ratse public funds. Th2 funds should be used
exclusively for projocts, training and rescarch in coastal ecosystem
restoration, estuarine resource management and in mariculture production and
diversification. Any tax or royalty should also be structured to both
encourage intensification while at the same time penalizing the misuse or
waste of coastal rosources.

5. Mariculturce represents a direct exlension of the land holding patterns
found in agriculture into .he intertidal zone. Only government has the
capability to sget agide or acquire lands appropriate for small scale
mariculture and to provide support for individuals or cooperatives which
includes training, technical assistance, credit and marketing assistance.

6. The success of the Ecuadoroan shrimp industry has been based on two
major factors: an equitable environment and a favorable U.S. market. Of the
two, less attention {8 given to the near~term and long-term economic
environment than is justified by an incustry of such magnitude. It is strongly
recommended that producers (private interests) and government (public
interests) ereate an economic study office to track present trends and develop
future economic forecasts. Both stand to benefit in the ovent that significant
changes affect the U.S. and world market for shrimp.

7.2.0. Dovelopment of Maturation and Hatchery Facilities

The capacity to produco abundant PL sced stock will likely give the
competitive edge to these growout producers who are efficient in controlling
costs (and production risks) and who manage their pond systems at the top edge
of technology. The same argument also applies to the incroased use of feed,

Shrimp Pond Siling and Managemont
S. Snedaker, J. Dickinson, M. Brown and E. Lahmann - 54



pacticularly if it can bo produced from local wasto products and thus made
available at reduced cests, The devoloping situation could lead o a
production industry dominated by a relatively fow large enterprises with
strong financial links hatchery-Pl, suppliers and feed manufacturers. IL ig
therefore recommonded that it is in the bost interest of Kcuador to ensure
that Pi. (and leed) are algo made casily available to the backyard and small
producer o encournge small-scale economic development and better accoss to
dietary protein.

7.3.0. Tho Recurrent Post Larvaee Crisis

The dominant factor in wild Pl, abundance appears to be water temperature;
female Po vannamei produce tromendous quantities of eggs when waters are warm
and likewise, produce rolativoly few oeggy when the water is cold. Even under
intense fishing pressure, PLoare likely to be abundant under favorable water
conditions and scarce under legas favorablo conditions, irrespective of fighing
prossure. El Nino events of varying intensity occur on the average of every
4.7 yrs, tho 1982/83 cvent being unique in its magnitude. Tho abundance of PL
and the catch of ghrimp by trawlers were both unusunslly large. In contrast,
during the 1984/85 poeriod of persistent cold waler, PI. abundance was
disaustrously low, Another Bl Nino ovent appears o be developing at the
present time. The destruction of mangrcvoes presently appears to have little
effect on PI. abundance, but conversely, significant effects on Jjuvenile and
adult forms can be oxpected to occur whon habitat and organic matter
production is no longoer availuble in the required guantity. Obviously, a
gtable, highly capitalized, shrimp industry cannot function in an environment
in which PI. abundance varios according Lo sporadic climate-driven
oceanogruaphic processes.

If mujor investments are to be made by the private sector or government in
the shrimp mariculture industry, closed cycle PL hatchery systems are a
necesgily, but not necessarily tho final solution (for reasons stated
elsewhere). Wild PL are adoquate ror lower intensity management on farms where
capilal investmenls have already boen made and the owner can afford to gurvive
an idle oporation during years of Pl, scarcity. It does not appear that
imposing a closed season on Pl. fishing will have any significant positive
effect on Pl abundance in gubsecquent years.

7.4.0. Alternate and/or Exotic Culture Spocier

Recent introductions of the Asian Tiger shrimp, P. monodon, for example
into the Miami market, indicato that a very large market, potential may
eventually exist for non-traditional species of shrimp. However, at the
offering price of US$14 for live 6-court shrimp thore was little initial
demand at the local rotail level. Bocause the North American appetite for all
shapes and sizes of shellfish romains stronger than previously thought, the
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markel potential for high quality shrimp at reasonable prices will persist.
Accordingly, an entrepreneurial production system that could take advantage of
this potential would profil immensely.

The installation of highly efficient maturation and closed cycle hatchery
facilitios lies at the core of any noar-term modernization effort. If this is
carried out solely as a private sector activity, the elimination of firms
without the capital and technology to install such facilities is virtually
asgured. If the government wore able Lo ostablish strategically located
hatcheries, n number of economically and socially valuable objectives could be
achieved. These include: (a) the opporiunity to bring small/cooperative
producers inte shrimp farming at scales that would not be possible if an
integrated hatchery facility were a prerequisite for entry into shrimp
farming, (b) similarly, otherwise efficient intermedinte scale operations
would have the option of buying government produced Pl, rather than making
obligatory investments in a hatchery, (¢) an efficient, not-for-profit
hatchery system could serve as a rogulator of the price that corporate farms
might otherwise charge associate producers and independents for excess PL
production, and (d) a hatchery that could afford to adjust its output could
roduce production during periods when wild Pl. were abundant and cheap. Such a
facility could also carry out non-proprietary research on the reproduction of
cxotic and other local species of potentinl commercial importance.

It is thereforo recommended that the Government of Ecuador establish a
hatchery network. Government involvemont in a2 hatchery should be limited to
overall policy determination by a commission representing large corporate,
medium scale private and small cooperative shrimp producers, Subsecretary of
Fisheries, ACEBA, the universily research community, and international donors
supporting the industry. Such a hatchery system should be financed in part by
the sale of PL with the remainder being derived from taxes on the productive
potential of shrimp farwms., Other funding mechanisms include an excise tax, a
penalty tax on inefficiency, & royalty tax on concession land, and documentary
stamps. Priority should be given to supply small and intermedinte sized
producers.

7.5.0. Fishery Sector Dovelopment

Some of Lthe problems Lhat affect the productivity of the fishery sector
are undoubtedly self-inflicted due to overfishing and habitat destruction.
Masking the effecls are annual and sporadic oceanographic processes over which
man exerts no control. The most dramatic is El Nifio, an event that occurred in
1982/83 in the most severce form ever recorded. Annually, between November and
March, the interface between warm equatorial waters and the colder Humboldt
Current, shifts southward into the Gulf of Guayaquil which brings with it, the
onset of the rainy season. This phenomenon is correlated with the main
maturation, spowning and post larval recruiting senson for penaeid shrimp
(Cucalon 1984). Trawler fishing succoss is closcly correlated with the timing
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of the temperature interfaco shift and the lnst El Nifio event resulied in a
dramatic, but temporary increase in catch. The post larva catch closely
purallels the trawler succoss patterns.

Tho post Nino poriod has boen alypical. Tho 1984/85 rainy season was below
normay; e Tumbes, only 45 min fell during the whole wet season. Sen water
temporatures remain somo 5%C below normal. The figshorios gtation at Puerto
Pizzaro, Peru reported water temperatures 10°C below normal in May 1985.
Trawlers were catching small quantitios of shrimn and populations of conchas
negras and other ghollfish are down. Probably rolated to the same phenomena is
the disastrous scarcity of PlL. Unemploymont was widosproad among the estimatad
120,000 Ecuadorcan and 5,000 Poruvinn PL fishormen who had been dedicated to
catching PIL for the shrimp ponds (Parodi 1985). As much as half of the
production capacity of the Peruvian farms was idle, either becausc the ponds
are understocked, or are not in production at all. Some of the Tumbes shrimp
furmers became so desperate for larvae that some owners flew 1o Guatemala to
goel their PL. The first importation was a failure bocauso 90% of the PL were
species innppropriate for pond cultivation (Dickinson 1985a)., They planed to
send a biologist on the next trip. Thereo is a bright side to this dilemma.

First, the foreced slowdown of the expansion of shrimp operations has allowed a
chance for roflection and porhaps the mitigation of gome of the conflicts with
other sectors. Second, the induslry is on the verge of significant change.

Wild PL are unlikely Lo provide a relinble or ndoquate supply for pond
opaerations in tho future. In Lthis regard, however, n warming trend toward the
end of 1985 led to an increase in the abundance of Pl.,, after which prices were
down to US$5.00/1000 PlL, by carly 1986 (W. S. MacGrath, Shrimp Culture, Inc.,
pors. comm.). A return to lovels of production of recent years and growth
will probably be based on hatchery raised Pl. The scarcity in Peruvian waters
of gravid I vannamei fomnlos for uso in hatcherios makes it particularly
important for the industry to estublish closed cyclo hatcheries in which P.
vannamei or other gpocius, are reproduced in captivity. The possibility of
accomplishing this in the immedinte futurce is remote.

The probability exists that large companies, perhaps lransnationals, will
be the first to acquire the approprinte technology for closed cycle shrimp
production; at least one company (and probably others) reports to have done so
in Fcuador. These companies are likely to become dominant and buy out, or
substantially control, much of the industry. A large number of entrepreneurs
will be excluded from the business.

While the future cannot be predicted with precision, closed-cycle hatchery
based shrimp production is most likoly to become far more intensive than it is
Ltoday. Densities per hectarc, waloer pumping and levels of feeding will all
increase, Likely to decrease also, is the size of ponds and the overall area
of iudividual farms. If Lhis prediction is correct, then the overall pressure
on the land will decrense becnuso less land would be needed and the capital
cosgt threshold, to enter the businoss, would increase. Pressvre would increase

on the limited arens whore idenl conditions of water quantity and quality
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prevail. Under this scenario, land use conflicts would be quite different, if
not less govere, and the destruction of coastal resources might lessen.

The social and economic inequity that is associated with the co-opting of
public, intertidal lands for the benefit of a few, has parallels in the
history of occupation of the best land, ever since the the arrival of
Columbus. It would not be in the best economic or social interests of the
shrimp producing countries for coastal mariculture to become dominated by a
fow large corporations, cither national or transnational. Actually, productive
and profitable mariculture operations may be both small or large in scale,
capital or iabor intensive, and involve various potontial species other than
P. vannamei. A carcefully managed estuarine environment which includes
mangroves, can provide the basis for a profitable sustained yield fishery that
is independent of aquaculture. Donor agencies should he aware of a number of
options available for helping the poorest of the poor.

Several of the non-exclusive options thal arce open include:

l. State-operated, clogsed-cycle, shrimp hatcheries which provide PL to all
interested shrimp farmers, regardloss of size or level of intensity of
managemoent; this has proven to be a successful practice in Thailand.

2. The mporiation of large quantitics of carly stage larval shrimp by
more sophigticated oporations for growoul to older PL in hatcheries.

3. Broad diffusion of hatchery technology which permits large companies,
congortia of smaller companies, cooperatives and government entities to all
get into the preduction of PL of various sall and fresh water species.

4. Access to capital and energy-intensive production subsidies which
involve water oxygenation by frequent turnover of water or other means of
aeration, and the use of supplemental high quality feed and highly trained
operators.

5. Labor intensive production which involves relatively lcw rates of water
turnover, enrichmert of ponds wilth crop residues, use of small mangrove lined
ponds (sov.vce of shade and organic matter), use of other species such as P.
monodon, and depondence on family management. This is essentially the Asian
model.

6. Restructuring the government role in shrimp mariculture to emphasize
financial rewards to productive usgers of land and water resources with
financial pcnalties imposed for inefficiency, abandonment of facilities,
and/or failure to maintain minimal levels of production.
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7.6.0. Intertidal Zono Mnnagement

Despite aclions Lo the contrary, the intertidal zono remains the patrimony
of all the poople and should be managed in the public interest. Mariculture,
fisherios, forests and a diverse fauna depend collectively on the maintenance
of Lthe quality, quantity and timing of fresh and ostuarine water flow, and
upon the protection of the mangrove vegetalion cover (Dickinson 19856b).
Spoecific gonlt i1 coastal managoment includo:

I. Optimization of the productivity of the intertidsi zone with rogpect
to all posgsible activities: shrimp mariculture, rack and cage culture, ashing
and shollfish gathering, Artemin and salt production, forest products and
nature oriented tourism which hag a potential value to the oconomy and
sociely. A high net contribution of these activities Lo the economy and the
maintenance of future options require intelligont managoment of the location,
extent and oporation of ench activity.

2. Throughout Kcundor's history, the rural population has been
gystematlically deprived of access to land and the means of production. The
same process has bogun in the intertidal lands. Managomont of the area should
include offective and cqual nccess to intertidal land, technical assistance
and credit loans in order to assure full access and benefit from mariculture,
fisheries and other activities for the poor, national entrepreneurs and
international corporations.

It is therofore rocommended thal the government of Ecuadour, drawing upon
dala published by CLIRSEN in itg Multitemporal Study of Mangroves, Camaroneras
and Salinas, und other studics such as thig, should establish a zonation of
optimal use of intertidal lands. The prime function of such a map is to
estublish n firm basis for granting and renowing mariculture concessions. This
zor-ation should be logally codified. Becauso of the volatile nature of the
shrimp industry and its negligible contribution to the national food supply,
evory cffort should be made to diversify the economic and food preduction base
of the intertidal zone. Included should be programs specificully desgigned to
gerve the economic and social necds of the local population.

7.7.0. Activitios of Interest to Development Assistance Agencies

The production of pond-raisod shrimp potentially can polontially yield
four to five times the cconomic value of product per hectare than irrigated
agriculturo, The major limiting factor at the moment, is the supply of larvae
which i8 an ossentinl element in any intensification o production. Given the
oconomic potentinl of aquaculture in its soveral forms, ranging from capital-
intengive Inrge enterprises to Inbor-intensive backyard family operations,
intensification support morits attention by USAID. Capital is not ihe primary
limitution; rather, it is the absence of practicnl advice and informstion. For
examplo, with respect Lo capital, Ralston-Purina of Panama (and others) has
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reputedly succeeded in closing the reproductive cycle of P. vannamei. They are
prepared Lo establish a hatchery in Peru and supply larva. The cost is
approximately two million dcllars. Those few large enterpriges capable of
guaranteeing capital expenditures of this magnitude will tend to dominate the
industry. Donors should carefully examine the social context of support of

this sort,

The problem of inadequate technical information could be partially solved
by exchanges of experienced practitioners and scientists in varicus paris o)
the world for the purpose of learning from once another. Unfortuneately,
however, many international assistance agencies, such as USAID, prefer to fund
and support qualified but inexperienced U.S. nationals rather thrw involving
highly-experionced foreign passport holders from other countries. For example,
Ecuudor could benoefit from the Asian exporionceo, whereas other countries with
developing shrimp farm industries, could benefit from the Ecuadorean
expoerionce. Mechanisms do exist for cross cultural collaboration through such
non-governmental organizations as the United Nations and various private
voluntary organizations.

7.8.0. Rosearch Needs

1. It should be rocognizeda that the major market for Kcuadorean shrimp io
the U.S. and that most gsociceconomic-typo studies in Ecuador fail to take
advantage of predictions of changos in U.S. marhet conditions, potentials and
limitations. Studies of the U.S. market should be made to establish the
character of the import market for, at least, five-year planning horizons.

2. [t should also be recognized that as long as shrimp continue to command
a relatively high market price, individuals and organizations will continue tc
research belter and more efficient methods for producing shrimp (and other
seafood). In the event that major breakthroughs are made in such areas as pond
management intensification and factory production, owners/operators of large
ponds, land extensive systems could face financial ruin. "Think-tank" type
research should be undertaken Lo forecast potential changes in technology and
outline alternate solutions to a range of future market conditions,

3. There is grossly insafficient public {(i.e., non-proprietary) knowledge
concerning the biology, ecology, physiotogy and reproduction of the penaeid
shrimp to perwit effective managoment. An interdisciplinary approach to
problems of migration, reproduction, habitat and culture could have
congidorable economic beneofit.

4. Shrimp ponds represent highly subsidized subsystems that replace huge
areas of naturally-sudgtaining systems and components such as mangroves and
salinag, Organized research should bo undertaken to evaluate alternative sites
for potential use as shrimp ponds, for example, degraded and agriculturally-
unproductive coastal uplands. Similarly orgnnivzed research should also focus
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on intensifying the management of existing ponds as an alternative to the
consgtruction of additional ponds.
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APPENDIX A

SOME TRADITIONAL USES OF SOUTH AMERICAN MANGROVE FORESTS!

INTRODUCTION

Up until the late 19608, coastal mangrove foreat ecosystems were
congsidered to be a form of wasteland in most parts of the world (¢f. Lugo and
Snedaker 1974) and were either ignored or abused. However, in a few countries
in Asia (e.g., Bangladesh, Pakistan, Malaysia, Thailand, etc.) mangrove
forests were viewed as nalural forest resources that could be managed for
economic gain. In contrast, the mangrove forests on Lhe Atlantic, Pacific and
Caribbean coasts of South America were, with certain exceptions, never managed
or ulilized bheyond that of providing subsistence needs for local populations.
Part of the reason for the benign neglect of the South American mangrove
forests was tho fact Lhal the majority of the major population centers were
located in high altitude mountain environments (e.g., Bogota, Colombia and
Quilo, Ecuador) or in areas digtant from any mangrove forest (e.g., Caracas,
Venezuela and Lima, Peru). To a large extent, this preference for high inland
elevations was due to Lhe cooler, more favorable climate (¢f. Holdridge 1967)
and a relatively lower incidence of discases such as yellow fever and malaria.

Beginning in the 60s and extending through the early 70s, the ecological
and economic values of mangroves began to be documented (seo Golley, Odum and
Wilson 1962, Odum 1969, Odum 1971, Heald 1971, Snedaker and Lugo 1973). Among
the cited values are the roles of mangrove forests in coastal protection
(e.g., against storms and crosion), the perpetuation of coastal water quality,
and, in the maintenance and the production of coastal and marine finfish and
shellfish populations. Based on this new porspective, various international
organizations such as Unesco, FAO, UNEP, USAID, and TUCN, initiated a variety
of programs with scientific, conservation and managemert objectives that
regulted in widely communicated rosults (vide Rollet 1981, FAO 1982, Saenger,
Hegerl and Davie 1983, Snedaker and Snedaker 1984, Hamilton and Snedaker 1984,
Snedaker and Getter 1985). In part because of a decade of international
publicity, and for a variety of other rcasons, most of the countries of South
America now have an expanding irterest in the mangrove forest-dominated
coastal zone as o multiple resource for national economic development. In many
aspects, the situation in Ecuador represents a microcosm of the changes that
arc rapidly taking place in the traditional uses of mangroves and the
gocioecoriomic consequences of current coastal development.

'Excerpted and developed from a discussion paper presented by S. C,
Snedaker at the United Nations University Workshop on the Socio-economic
Situation of Pionecer Settlements in Mangrove Forests, Nong Nooch Village,
Thailand, 27-31 May 1985.



THE MANGROVE FORESTS OF SOUTH AMERICA
Geographic Distribution

The mangrove forests of South America extend north from northern Peru on
the Pacific Coagl and from Brazil's southern state of Rio Grande do Sul on the
Allantic coast, Aridity and the cold Humboldt current limit the southern
extengion on the Pacific coast to about 6°S latitude, whereas higher rainfall
and warm currents along the southern const of Brazil permit limited mangrove
growth to about 28°S latitudo. Throughout the continent, the structural
development of mangrove forests is bost in areas that receive relatively high
rainfall and/or abundant freshwalter runoff; a similar pattern has been
docuwmented for Central Americn and the Caribbean (Pool, Snedaker and Lugo
1977). The ouly major exception is the delta region of the Amazon River where
Lhere is no significant. influcnce of salinity in the coastal zone. In the
absence of salinity, mangroves cannot compete with freshwater species which
form the dominant vegelation (West 1956). In contrast, the delta of the
Orinoco has cextensive mangrove forests due to the seasonal periodicity in
freshwater discharge and the dry-season rise in the ambient salinity.

Forested Area

The total area of mangrove forest land in South America, including Panama,
has been estimated at gome 4.6 million ha which represents about 22 percent of
the world’s 21 million ha (Sncdaker and Brown in prep.) The national areas
range [rom 2.5 million ha in Brazil to 2500 ha in northern Peru (Table 1).

Most of the largest gingle areas of undisturbed forest are found in remote
areas that are largely inaccessible, for example, the Orinoco delta in eastern
Venczuela (495,200 ha) and the Pacific Coast of Colombia (451,300 ha). Similar
expanses also occur in northern Brazil.

i
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Table l.- Mangrove Forest Area in South America

Hectares
Brazil 2,500,000
Colombia 501,300
Ecuador 177,555
French Guiann 55,000
Guyana 80,000
Panuma 486,000
Peru 2,449
Venezuela 673,569
Surinam 115,000

TOTAL 4,590,873 heclares



Spocies Composition

South Amcerican mangrove forests are limited to 10 to 15 apecies (the
actual number of species varies among taxonomic authorities) distributed among
the genern Rhizophors, Avicennia, Laguncularia, Conccarpus, and Pelliciera.
Thisg contrasts with the larger number and higher diversity of species (and
genera) that are found within Old World mangrove forests. The diversity of
asgociated animals ig also significantly higher in the 0ld World which argues
that the center of origin of the mangroves sensu lato les in the 0ld World.

Historical and Traditional !*  »g

The historical uses thao have boen made of mangroves and mangrove products
are very poorly documonted and much of the extant information is based on
conventional wisdom and anccdote. However, the carliest recorded utilization
of mangroves is inferre’ from a Inw promulgated by King Jose of Portugal in
1760. The law, imposced on Brazil, made it illegal to fell mangrove Lrees
without simultanecously utilizing the bark. It was feared that the extensive
felling of trees for fircwood would limit. the availability of bark for the
tanneries. In addition to a financial penally the law also imposed a three
month jail term (Hamilton and Snedaker 1984),

There is a paucity of cvidence in the ethnographic and archaeological
literature concerning direct uses of mangroves by pre-Colombinn Indians
although they arc kKiwown lo have inhabited coastal areas characterized by
extensive mangrove forests (cf. Meggers, Evans and Estrada 1965). In general,
pre~Colombinn and historica! uses are presumed to be the same as the
traditional uses thal are observed today. In this regard, the dominant
traditional uses include the cutting of trees for firewood, charcoal, small
dinmeler poles for light construction and domestic use. In each casge, these
represent smali-scale operations underiaken by single families or several
adults from one village. This is unlike similar activities in parts of Agia
where the harvesting and sale of poles and the production of charcoal are
small to medium size industries. In South America, and [atin America in
general, tho small-gcale production of charcoal is inefficient and produces a
produclt of variable quality. However, Lhere is a relatively high demand for
charcoal by the Panamanian middle class, and it commands a fairly high price.
In Panama, the production technique is bascd on constructing a densely-packed
cone {4 m dinmeter x 2-3 m high) of small logs and branch wood (0.25-0.5 m
long) covered with enrth and fired from the conter. In the Panama City
charcoal market, the buyers demand smokeless charcoal which the small
producers can supply only by allowing the wood lo burn for an excessive period
of time; the technique does not permit the control of he kiln temperature and
the resulting smokeless charcoul has a very low caloric value (Snedaker 1981).

Another small-scale use of mangrovos has been the stripping of bark from

felled Rhizophora trees for the producltion of tannin. However, Lthe collapse of
the world market for tannin has almost eliminated tannin production activities
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on all but a very small scale in South America. One of the larger producers is
located in southwest Costa Ricn and utilizes bark stripped from Rhizophora
trees in Panama and illegally exported to Cosata Rica. Other than this one
activity, tannin production elgsewhere is presumed to be minimal and performed
at the family level.

Summarics of the traditional uses of mangroves have becn reported by
Saenger, Hegerl and Davie (1983) by region and country, and by Hamilton and
Sncedaker (1984) by sgpecies. A more detailed review of the uses of mangroves
was prepared by Walsh (1977). In general, these publications confirm that much
more has been reported about the traditional uses and socioeconomic values of
the Asian mangroves than that of the South American mangroves. In part, this
is belioved Lo be due to the differences in the regional distribution of human
populations in ooth regions.

utilization and Economic Value

The utilization of mangrove foreses for economic purposes has had a long
and mostly successful history in Asia. In fact, the only complete forest
management plans that exist as models for sustained forest yield are from the
Asian region (e.g., Curtis 1933, Dixon 1959, Khan 1966, Choudhury 1968). In
South America, no such plans exist although some international organizations
such as FAOQO have made efforts to develop plans for sgelected mangrove forest
areas. Irrespeclive of the abscence of forest management plans, there are
schemes for large sgcale forest utilization albeit not on a sustainable basis,

Mangrove forest utilization on large commercial scales has only recently
been instituted in South Amorica although most of the government inspirea
efforts remain in the planning stage. Al the present time, the Governments of
Brazil, Panama and Venczuela arc working toward the development of forest
management plans. However, Lheir implementation and the subsequent development
of mangrove forest-based industrios is extremely slow due to the widespread
opinion that mangrove wood and wood products have minimal value when compared
to other tropical forest species. One notable exception is the commercial
harvesting of large Rhizophora trees in Lhe Orinoco delta (Hamilton and
Snedaker 1984) for transport and use elsewhere in Venezuela as power utility
poles. In addilion to the environmental impact (Pannier 1979), other
knowledgeable observers claim that the Orinoco harvesting is exploitive and
not likely to lead to an industrial base that offers permanent job
opportunitics in a region that is only minimelly developed. With respect to
the other countrios in South America, plans to utilize mangrove forest
resources as timber, all tend Lo be highly exploitive as opposed to being
based on a sustained and perpetual yield. In part, this is due to the short
term economics which favor the clear felling of all commercial timber at one
time for sale to international wood chip buyers. In addition to the economic
gituation that does nol favor sustained yield management, there is also the
perception problewm that mangrove wood and wood products are inferior to
availablle substitutes.



Other forms of utilization of the mangrove ecosystem involve the clearing
of the forest (with or without iuttilization of the wooud) and the conversion of
the land to salt-evaporation ponds or to maricultural ponds. Conversion to
rice agriculture is not secen as an option in South America as il is in parts
of Asia and Africa. Salt evaporation ponds are limited to arid and semi-arid
climates and may only infrequently require the conversion of mangrove forestis.
[nvestors and developers of maricultural ponds for shrimp (mostly penaeids)
production also prefer semi-arid climates and scck oul salt flats, barren
coasgtal areas, and former mangrove areas for the consgtruction of ponds. This
preference is duc to the faci that the land is devoid of trees, essentially
flat and close to salt water, which translates into a low land-preparation and
poud censtruction cost. However, the extremely rapid development of the
mariculture industry in South America is forcing the developers of new pond
systems Lo convert productive mangrove forest areas as well as productive farm
land. Prior to 1980, only Ecuador had made a significant investment in shrimp
mariculture, but the perceived financial success hasg inspired other countries
to follow suit, sometimes with the agsistance of intornational development
organizations. As a result, most Central and South American couniries have
either begun encouraging mariculture or have announced plans to stimulate
investment in this industry.
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APPENDIX B

MANGROVE FOREST AREA IN ECUADOR?!

Area in Mangrove Forest Notes
hectares {acres)

ECUADOR 177,555 ( 438,560) (1)
Provincia Esmeraldas 40,300 ( 99,500) (2)
Provincia Manabi 6,000 ( 14,800) (3)
Provincia Guayas 90,190 ( 222,800) (4)
El Oro 40,265 ( 99,500) "

B0O ( 2,000) (5)

(1) Total arca estimate obtained by summarizing (in hectares) the
individual areas. FAO/PNUMA (1981) estimates Lhe total area at 235,000 ha. The
tru: estimate is expected to lie somewhere between these two values.

(2) There are various estimales for Esmeraldas including 8,000 ha (Berthon
1959), 29,600 ha (Acosta-Solis 1957), 40,300 ha (Dixon et al. nd) and 180,800
ha (Rafael R. Horna Zapata, Francisco Yoong Basurto and Blanca Reinosso de
Ayeiga, pers. comm.). Dixon et al.’s estimate is used in the summary and is
considered to be a reasonable provisional value.

(3) Data (in hectares) provided by Rafael R. Horna Zapata, Francisco Yoong
Basurto and Blanca Reinoso de Ayciga (pers. comm.)., The Ministerio de
Agricultura y Ganaderin (1980) gives an estimate of 14,700 ha but this is
believed to be too high (Gilberto Cintron, pers. comm.).

(1) batn (in hectares) obtlained from Cintron (1981a,b). In addition to the
mangrove areas, there are sall flats comprising some 42,712 ha in Guayas and
13,024 ha in El Oro. These areas are notl included in the forest area estimate
used here.

*Appendix B has becn modified from a draft report prepared by Samuel C.
Snedaker and Melvin S. Brown, entitled, "Biosphere Inventory of Mangrove
Forest Lands: Total Area, Current Status, Managing Instituiions, and
Research lnitiatives," a project of the Unesco/SCOR Working Group 60 on
Mangrove Ecology supported by the USDA Forest Servic. as part of the U.S. Man
and Biosphere Program.



There is a relatively large variation in estimates for the mangrove area
in Ecuador, and the more conservative alternatives are used in the report. For
example, Dixon et al. (nd) state that there are 403 square kilometers of
mangrove forest in the San Lorenzo-Limones area, of which 290 square
kilometers are in regenerating forast and an additional 113 square kilometers
in ‘degraded’ forest (Gilberto Ciniron, pers. comm ). Below are other
estimates for Ecuador provided by Rafael R. Horna Zapata, Francisco Yoong
Basurto and Blanca Reinoso de Ayeiga (pers. comm.). These may be
unrealistically high, particularly for Esmeraldas.

Hectares ( acres)

ECUADOR 316,800 ( 782,500)
Provincia Esmeraldas 180,800 ( 446,600)
Provincia Manabi 6,000 ( 14,800)
Provincia Guayas 80,000 ( 197,600)
Il Oro 50,000 ( 123,500)
Galapagos 800 ¢ 2,000)
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