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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 pond 
(mariculture) industry in Ecuador which had i ts  beginnings in the early 1970s. 
I t  now ranks -after p-, a s  a major export commodity and --' 
foreign currency earner 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, i t  has also stimulated 
the development of a variety of local support industries. 

Prior to the "El Niiio" event of 1982/83, the shrimp mariculture industry 
began to experience increasingly severe and unpredictable shortages in the 
wild post-larval shrimp (PL) that are harvested in shallow coastal waters to 
stock commercial grbowout ponds. For several years, the demand for PL had 
exceeded their natural availability and led the shrimp producers, represented 
by such organizations a s  ACEBA (Asociacion de Cultivadores de Especies 
Bioacuaticas), to begin to seek a solution to the continuing shortage. 
Although 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. Nevertheless, the experienced producers recognized that the 
long-term trend portended continued annual shortages in PL availability. 

With respect to the decreasingly availability of PL stocks, i t  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  n 
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. I t  was 
therefore local1 y concluded that the extensive conversion of the coastal 
mangrove forests to shrimp growout ponds, particularly in the southern 
provinces (e.g., Cuayas, El Oro, Manabi), was somehow implicated in tho 
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 Developnient (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 thc University of Miami, obtained a research grant from the 
USAID Office of the Science Advisor's Program in Science and Technology 
cooperation (PSTC). rusted puruose of the ~ m n t  w e s e a r c h  &he 
relationship among shrimp pond s%and manmerddhe 
--cb&karw in  both mangrove 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 siting and management practices from a variety of Ecuadorean sources 
for comparison with information obtained elsewhere by the authors (see, for 
example, Dickinson 1983) a s  well a s  data and information reported in the 
literature. This report summarizes and discusses the findings. I t  is hoped 
that this report represents a significant contribution to our increasing 
knowledge of the practical benefits, problems and alternatives, associated 
with the extensive globally-expanding shrimp mariculture industry. 

Caveat: This draft of the final report was prepared without access to two 
important bodies of data arid information. The first  is an inventory of 
mangrove forest and shrimp-pond area which was completed by the Centro de 
Levantamientos Integrados Recursos por Sensores Remotes (CLIRSEN) , but was not 
released to the principal investigators of this project. The absence of this 
information precluded a broadened analysis of both pond siting preferences and 
site-related problems in Ecuador. The second missing body of information is a 
socioeconomic description of the management of the sample ponds selected for 
study in this project. This was to have been prepared by Dr. S. K. Meltzoff in 
return for grant support for team research participation in Ecuador. After 
arriving in Ecuador, however, Dr .  Meltzoff insisted on pursuing her own t 

personal interests instead of grant objectives. Regrettably, this precluded a 
complete evaluation of the different socioeconomic aspects of management that { 
are still believed to be correlated with both pond location and the intensity { 
of management. 
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The extensive and diverse coastal zone of Ecuador (Figure 1.1) is  a major 
focus of actual and potential economic development. Convergent in the coastal 
plain a r e  the  presence of rich alluvial soils, 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 commercid agriculture 
based on bananas, cacao, cotton, rice and other* grains, fisheries and 
mariculture, urban-industrial centers, tourism, and a n  extensive supporting 
infrastructure. Coastal Guayaquil, for example, is  the business center of 
Ecuador. Further sustained development of these economic activities, and the 
resources upon which they a r e  dependent, is  necessarily based on the 
integrated management of human activities both in the coastal zone and in 
upstream watershed areas. 

Among the various econoniic activities in the coastal zone i s  the 140 
million dollar ( U S $ )  per year shrimp industry  which now surpasses  bananas a s  
the leading non-h ydrocarbon export (Table 1.1). The capability of Ecuador to 
produce shrimp (Table 1.2) is related directly to the characteristics of the 
country's coastal environment with i t s  extensive estuaries, year round growing 
season, suitable soil conditions, and a balance of f resh water and ocean 
current  inputs, except during El Nido events. 

Table 1.1. Foreign exchange earnings in Ecuador for the years 1978-84, given 
in million U.S. dollars, FOB. (Source: Central Bank of Ecuador) 

Y e a r  Crude O i l  Bananas Coffee Shrimp 
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Year Total Sea Farm 

Shrimp ponds have been located in the intertidal and neighboring upland 
environment where soil conditions permit construction of dikes and where 
brackish estuarine water is  readily accessible. Initially, ponds were located 
primarily in salinas which a r e  saltflats o r  areas  of sparse  halophytic 
vegetation, where construction costs a r e  minimum. A s  the pressure  on land has 
increased, more ponds have been built in intertidal mangrove forest areas  and 
on supra-tidal land that  was previously dedicated to agriculture. Inevitably, 
intersectoral conflicts have arisen among the various development sectors in 
the coastal zone and in the watershed upstream of it. Coupled with the 
variability and overall reduction in the availability of seed shrimp, o r  
semilla, for stocking ponds, the industry  is  facing rnnjor conflicts and 
challenges that  must be overcome to ensure  i ts  economic survival and benefit 
to the country. This project identifies some of the conflicts and challenges 
that a r e  of direct importance to the shrimp industry and the coastal economy 
of Ecuador. Some of these conflicts and challenges a r e  analyzed in depth to 
form the bases for a se t  of recommendations of mitigating measures. 

1.1.0. Scope of Project 

This s tudy of the Ecuadorean shrirrlp pond industry had two primary 
objectives and several ancillary and supportive tasks. Due to the extensive 
concern of the local shrimp producers in Ecuador, the f i rs t  major objective 
was to determine the extent to which the conversion of the coastal mangrove 
forests might, be responsible (or  not) for the decrease in the availability of 
PL required for pond stocking. In this same regard, has the conversion 
resulted in any confirmed, or  confirmable, decrease in the other species of 
mangrove-estuarine dependorit shellfish and finfish. The second of _the c i m a r y  
ouec t iyes  w- 

- -  - - develop recommendations for )lmprovea ma sltlng and 
v n a g e m e n i  which would lead to increased economic stability and a lesseded 

T - 
~ v i r o n m e n L d  impact. The primary objectives were consistent with the -. 
interests of most of the interested parties in Ecuador. 

The ancillary objectives focussed around a socioeconomic overview of the 
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shrimp pond industry within Ecuador. The secondary tasks associated with this 
subject  included a rough economic assessment and an analysis of where the 
industry might go in the fu ture  and what might be i ts  options for continued 
survival. In this regard,  a goal of this pro,ject has been to identify 
productive management strategies for shrimp mariculture within the larger 
context of optirnurn coastal resource management. The mangrove ecosystem, in 
this context, is  seen a s  the major productive component which is now under the 
particularly severe threat  from what is  recognized as a n  indiscriminate 
expansion of the network of shrimp ponds (Figure 1.2), a phenomenon that is  
not wholly restricted to  Ecuador. 
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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). 
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All of the objectives and tasks  were completed and the results  a r e  
described in detail in this report. In addition, a s e t  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 Ecuador. The s tudy conclusions and recommendations draw 
significant benefit from the experiences 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 regard,  the  USAID mission in Peru, which seeks to  take 
advantage of the results  of this project, invited one of the  authors (JCD) to 
assess  the developing intersectoral conflicts that  a r e  associated with the 
expanding shrimp farm area in the Department of Tumbes. The coastal 
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 par t  a r e  based 
on information obtained from the field work conducted in Peru. 

1.2.0. Major Project Activities 

1.2.1. Management studies and biophysical characterization 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  a r e  located in close 
proximity to shrimp farming operations and which could be affected by large 
pond impoundments. 

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

1.2.3. Actual and potential strategies by shrimp producers, regulatory 
agencies, regional planners, researchers, AID and other donors were 
synthesized and evaluated to assess  the significance of mariculture a s  a 
component in potential plans for promoting sustainable coastal development. 

1.2.4. The shrimp mariculture industry in Ecuador was evaluated sensu lato 
within the context of the global phenomenon of the promotion of shrimp farming 
a s  an economic panacea for developing countries. 

The f i rs t  two of these activities had a particularly important secondary 
benefit in that  they involved the participation and training of four s tudents  
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 cooperation and to share pertinent aspects 
of the locally-developed knowledge. 
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2.1.0. Typos and Levels of Mnricufture Management 

The term "mariculture" describes the purposeful management and/or the 
culturing of marine plants or  animals under open, semi-controlled o r  
controlled conditions. A s  a specialized form of aquatic agriculture, or  
aquaculture, the practice has been known for several thousand years (Ling 
1980). Although there a r e  numerous types of marine-animal mariculture, which 
range from the deceivingly simple to extraordinarily complex factory-type 
operations, the range of types can be roughly defined a s  functions of the 
total investment and management intensity (Snedaker and Getter 1985) a s  
illustrated in Figure 3. In this regard,  investment includes all of the 
economic: inputs such a s  labor, knowledge and money, whereas management 
intensity is  defined a s  the sum of all subsidies and inputs apportioned over 
the actual production area to which they a r e  applied. In general, production 
or  yield tends to be proportional to the sum of the inputs a s  a r e  certain 
kinds of potential problems which increase the risk. These financial o r  
economic aspects of shrimp mariculture in Ecuador a r e  discussed elsewhere in 
this report. 

Whereas the information presented in Figure (2.1) is  based on the three 
commonly-used mariculture categories (see, for example, Hirono 1983) i t  was 
recognized early in this project that  a greater resolution of specific 
operating characteristics would be required for analytical purposes. Thus, a s  
par t  of this project four types of mariculture (non-country specific) were 
defined each of which can be fur ther  characterized by increasing intensities 
of management. The definition of four Types and 10 Management Levels a re  based 
on the global variations in mariculture a s  well a s  the somewhat narrower range 
of conditions that a r e  typically found in Ecuador. 

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

In i ts  simplest form, this type of mariculturc is  characterized by low 
investment and low intensity management, and although it appears to be a 
relatively simple operation, i t  is  sometimes dependent upon a high level of 
sophistication developed through trial and error.  The term "open" re fe rs  to 
the fact that  the ambient marine and/or estuarine waters a r e  allowed to 
circulate freely among the animals being cultured. This circulation of water 
is the mechanism for the continual input of nutrients, food materials and 
oxygen, and the continual removal of metabolic wastes including carbon 
dioxide; f ree  circulation is  in effect a natural water-quality maintenance 
mechanism. Figure 2.1 illustrates that  this type of mariculture is  also 
characterized by proportionately low yields per unit area (and implicitly, per 
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MARICULTURE TYPE I WICULTURE TYPE 11 
OPEN-SYSTEM MARICULTURE TYPE In MARICULTURB TYPE N 
UAGEMENT LEVELS 1 to 4 

' SYSTEM SEMI-INTENSWE CLOSED SYSTEM ARTIFICIAL CU)SE1)-SYSTEM , 

MANAGEMENT LEVELS a WAGEMENT LEVELS 7 & 8 MANAGEMENT LEVELS 9 & 10 

I 

INCREASING MARICULTURE SNTENSIFICATION b 

Figure 2.1. Some generalized trends associated with increasing intensification 
of mariculture operations. Whereas yields per unit area can be significantly 
increased, such factors a s  investment cost and risk, and destruction of the - 
natural resource base, also increase. (Adapted from: Figure 24 in Snedaker, 
Samuel C .  and Charles D. Getter. 1985. Coastal Resources Management 
Guidelines. Renewable Resources Information Series, Coastal Management 
Publication No. 2. Research Planning Institute, Columbia, South Carolina. 205 
73.) 



unit time). However, i t  is  sustainable with minimal effort, planning o r  
management, due in large part  to the fact that a relatively undisturbed 
natural ecosystem i s  self-maintaining. Four Management Levels a r e  recognized 
in this type of mariculture and a r e  described a s  follows: 

Mi,-1: Use of aggregating devices and methods to concentrate mobile animals 
in natural environments. 

ML-2: Use of artificial o r  natural substra tes  to concentrate sessile or  
burrowing animals in natural environments. 

ML-3: Use of confining devices such a s  cages or  retaining pens to maintain 
concentrations of mobile animals in natural environments, 

ML-4: Use of barriers o r  enclosing devices to retain populations of mobile 
animals in relative large areas  of natural environments. 

The open-system type of mariculture is widespread throughout the world and 
provides a convenient source of protein for local populations. In Benin, there 
a r e  good examples of two of the simpler forms (Blasco 1985). In an example of 
ML-1, one o r  several Rhizophora trees a r e  grown in shallow water for the 
purpose of aggregating local species of fish and crustaceans among the 
protective prop root system. Harvesting i s  accomplished by luring the 
organisms into open water with bait and then capturing them with a cast  net. 
In a contrasting example of ML-3 in the same region of Benin, circular 
enclosures of some 20-25 rn a r e  created in shallow water by forming a wall of 
branches stuck into the sediment. Within the enclosures, "thickets" a r e  
created with mangrove brush to create a submerged habitat that  produces higher 
yields than the surrounding waters. In each of these examples, there a r e  
relatively low management inputs  and relatively low yields, which albeit low 
in comparison to other mariculture types, a r e  higher than that  obtained by 
routine capture fishing in the  some area. In addition, both forms are open to 
the ambient water in which they a re  found. 

Other examples of open-system mariculture defined as M L r 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). I n  general, 
open-system mariculture is  notable because i t  does not require the destruction 
of coastal or  nearshore resources, requires minimal management inputs  and 
relies almost wholly on the undisturbed ecosystem. A s  a result,  i t  is  the one 
type of mariculture that  is  implicitly sustainable. 

One of the better documented examples of ML-4 is the so-called tapos 
fishery of western Mexico (Pedini 1981) which i s  in essence a "trapping" 
system that is  also utilized in other regions of the world. With respect to 
penaeid shrimp, the topos system centers on the trapping of sub-adult shrimp 
in natural areas  and forcing them to migrate through relatively small weirs 
where they a re  caught. Alternatively, the migrating shrimp concentrate at 
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barriers where they a r e  fished with castnets and handnets. Although the 
trapping of migrating shrimp i s  not mariculture per  se, i t  is  included here 
because it can involve considerable investment and management ability. I t  
should be also noted, however, that  Pedini (IY81), among others, consider the 
tapos fishery to have a high potential to be exploitive and detrimental to the 
basic resource. 

2.1.2. Type 11: Extensive Closed-System Mariculturc 

A somewhat more investment-intensive form of the open-system type of 
mariculture can be viewed a s  a transition between the examples described above 
and the more advanced forms of extensive mariculture described below. The 
transition form is based on the construction of relatively small earthen ponds 
which a re  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 a t  the specific times of the year when they a r e  most 
abundant. The entrapped animals a r e  then retained in the pond by grates  o r  
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 producers a r e  
reluctant to assume greater risks. In this type of mariculture, two Management 
Levels 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 management is employed, i t  
is  more common to find that  i t  is uneconornicnl, highly dcstructive of cor~stal 
resources, and non-sustainable. A classic example is found in the Chokaria 
Sundarbans near Chittigong, Bangladesh, where most of the  entire 
mangrove-dominated intertidal zone has been converted to this type of 
mariculture over a relatively few years (Cil Smith, pers. comm.). Although the 
yields a r e  extremely low, the relatively high export market value of the 
shrimp makes the enterprise a highly profitable venture in the context of the 
Bangladesh economy. A s  a result,  the present "owners" (owners by right of long 
term occupancy) of parcels of land in t h e  Chokaria Sundarbnnv have been 
displaced by new owners who have the political insight and financial means to 
search titles and prove earlicr legal ownership sometimes dating back to the 
Nineteenth Century. 

In  tho Chokaria mariculture example, yields range from 50 to 400 kg/ha, 
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with most ponds falling a t  the lower par t  of the range. This is due primarily 
to the fact that  when the PI, a r e  allowed to enter  the ponds on an incoming 
tide, the water also contains the eggs and larva of competitors and predators. 
A single predator such a s  the  sea bass Latcs can reduce the final yield of a 
pond to almost zero (in Latin America, the  robalo, o r  snook, Centropomus has 
the same role). Even when the P L  a r e  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 a t  40,000 to 50,000 ha, the harvesting of wild PL is  
destructive to the local fisheries. The practice i s  to use the equivalent of 
beach seines in shallow waters to harvest  PL, but also captured a re  larva and 
juveniles of many other marine life species. The seine catch is  dumped on d ry  
land for sorting and the living PL a re  quickly separated from all other 
organisms which a re  left to die. The intensity of the PL harvesting effort in 
the  Chokaria Sundarbans area suggests  that a significant fraction of the . 

fishery resources could be compromised through the relatively large losses of 
other young-of-the-year marine and estuarine species. 

A variation of this form of management may involve the use of stocking 
organisms obtained elsewhere, e.g., government hatcheries a s  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, t.he yields a re  unlikely to be 
significantly increased. 

ML-6: Use of any of the above managerrrent approaches together with minimal 
but assured inputs  of such subsidies a s  pumps for water renewal, fertilizers 
to stimulate organic production, or  supplemental use of available feeds to 
promote acceierated weight gain. 

In general, this i s  a very common management approach which i s  based on 
the preexistence of relatively low-producing ponds and proprietary initiative 
o r  ability to increase production through simple o r  low cost subsidics. Its 
apparent popularity is due to the fact that  in the  majority of instances 
production in low-yield ponds can be significantly increased through rather  
simple means. For example, trash-fish from commercial trawlers can be 
introduced into ponds as  an inexpensive source of protein to 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 a t  this management level, ML-6 a r e  considered to represent  the 
f i rs t  major s tep toward intensification and increased pond production. 
However, the s tep only appears to be taken when there i s  no reluctance to 
invest in pumps, fertilizer, feed, etc., because of concern over an  assured ! 

and continuing supply of stocking animals. A s  a fur ther  distinction with the 
more intensive types of mariculture systems, the activities a t  the management 
level uro for the most par t  totally discretionary. 

I 
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2.1.3. Type 111: Semi-Intensive Closed-System Mariculture 

ML-7: U s e  of artificially-constructed earthen ponds equipped with high 
volume pumps for continual water renewal and accompanied by artificial 
stocking, fertilization and/or supplemental feeding. 

At this level of management, all of the management practices and subsidies 
a r e  generally considered to be operating requirements, under all but the 
poorest economic conditions. Typically, this approach requires a relatively 
large capital investment and i s  therefore econornically practical only when 
implemented on a very large scale. Shrimp farms that  operate both a t  the ML-7 
and ML-8 may cover areas of a s  large 1000 ha or  more. Also, the 
owners/producers frequently have, or  desire to have, their own hatcheries a s  
an assured source of stocking animals. (Note that  in Ecuador, 300 ha is  
considered the minimum size relative to the large capital investment, although 
smaller farms a r e  present.) 

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

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

2.1.4. Typo IV: Intcnuive Artificial-System Mariculturt? 

In general, this type of mariculture system approaches being a factory 
operation that  i s  mostly self-contained and which does not necessarily require 
a coastal zone location. However the type is included here for two reasons. 
First, i t  m:jy represent  the ultimate technological type of mariculture system 
and second, many of the hatchery operations being initiated in Ecuador a r e  
highly intensive. However, because an evaluation of hatchery operations and 
technology opportunities a r e  not relevant to this study, the two Management 
Levels a r e  defined (below) but  not fur ther  elaborated. 

ML-9: Use of manufactured breeding, rearing and growout ponds, tanks and 
raceways, for high density stocking coupled with precision control of all 
environmental parameters including water quality, controlled "forced" feeding, 
regular waste disposal, and aeration o r  oxygenation of the water. 
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ML-10: Use of totally artificial and controlled systems that  approach the 
limits of technology for the production of marine organisms. Based on recent 
theoretical ad s a r e  reportcd to be able to approach 
approximately production water (Donald Macintosh, pers. 
comm.). Wher production systems have not yet been 
developed, the potential exists for breakthroughs in the s ta te  of the a r t  
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 project experimental aerial imagery for potential use in 
evaluating management alternatives, and secondly, to use the field work a s  a 
teaching forum to instruct  Ecuadorean s tudents  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 of the industry,  and the s t ructural  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, history and present 
operating conditions of selected ponds; ( 3 )  aerial color imagery of the farm, 
s tudy ponds and surrounding areas; and (4)  the evaluatior~ of any  mangrove 
forest area located near shrimp ponds. This information was used to determine 
if some correlation existed between the color aerial irnagery of the ponds, 
their water quality and operating conditions. It was believed that if 
correlations could be found that  aerial photography could become a more useful 
tool for the regulation and management of the shrimp farm industry  in Ecuador. 

A total of 10 shrimp farms, 41 ponds, and source waters, located in seven 
different geographical areas, were evaluated during the field session. The 
farms were all within a day's travel of the project base in Guayaquil. Table 
3.1 summarizes the location, descriptive characteristics, and management 
practices of the shrimp farms. The ten farms chosen, represent a 
cross-section with regard to location, time in operation, and level of 
management. No effort was made to visit any of the  large, technically-advanced 
farms or processing plants. These facilities, a t  present, a r e  atypical of the 
shrimp farm industry  in Ecuador. 

3.1.1. Interviews 

Interviews were conducted with the  person with t h e  highest authority a t  
each farm. In almost all cases this included the owner, manager or  both. 
Because of the high degree of secretiveness among shrimp producers concerning 
proprietary information such a s  feeding rates and production, interviews 
focused on general, rather than farm-specific questions. ISnch of the 
interviews covered five major areas: (1) history of the shrimp farm and the 
land upon which it was constructed (upland, transitional, salinu and 
mangrove), ( 2 )  physical description of the shrimp ponds (e.g., size, depth,  
etc.), (3) operation and management practices, ( 4 )  problems encountered or 
perceived, and (5) perceptions of ideal conditions. Items 1, 2, and 3 have 
been summarized in Table 3.1. Items 4 and 5 of the interview schedule were 
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subsequently divided into four sub,ject areas: production levels, major 
problems, ideal conditions and future  proJections. 

shrimp (Penaeus vannamei) farms in Ecuador. 

Locat ion 

Balao 

Chongon 

Machala ( a )  

Machala ( b j  

Machala ( c )  

Machala ! d) 

Islas de las 
Conchitas ( a j  

I s l a s  de las 
Co~ichi tas  ( b )  

Rio Guayas 

NaranSal 

Original  
Habitat 

uplands S: 
mangrove 

uplands R 
mangrove 

sal  i n a  

mallgrove 

uplands 

s a l i n a  & 
mangrove 

s a l i n a  

s a l i n a  

s a l i n a  

mangrove 

Yrs . 
Ops . 
(" > 
8.0  

0 .3  

12.0 

? 

15.0 

14.0 

2.5 

? 

4.0  

6.0 

Mgt . 
Level 
(b > 
6 

7 

7 

5 

6 

7 

7 

5 

7 

G 

Pond 
S ize  
( 1 4  

10-68 

2 0 

12-38 

? 

120 - 

10-27 

9-20 

? 

12--18 

8-13 

Stocking 
Rrttes/ha 
( lo3 1 

15-20 

65-75 

18-25 

? 

? 

3 0 

45 

? 

100 

80-90 

Feed, 
F e r t  . 
(" > 

both 

none 

none 

feed  

none 

f eed  

none 

f ced 

both 

both 

Water 
Controi 

(d  > 
T-P 

PC 

PC 

T-P 

T-P 

PC 

PC 

T-P 

PC 

T-C 
------ - - --- -- - - - - - - ---- - ---- 

aYrs. O p s . :  Number of years in operation. 
bMa~~agcment Level: This is a quulitative determination of the  level of actual 
rnanagement a t  each evaluated shrimp farm. 
CFecd/fcrtilizer: Identifies the use of supplemental feed and/or fertilizer. 
dWater control: This identifies the primary methods of filling and exchanging 
water within thc: pond(s): "T" (tidal), "T-P" (tidal with auxiliary pumping), 
and "PC" (continuous exchange of pond water via pumps). 

-- -- 
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3.1.2. W u t t w  Quality 

To evaluate pond conditions within and among different shrimp farms, 
several water quality parameters were measured. The parameters used can be 
divided into two major groups. The f i rs t  group was for the characterization of 
water clarity and color which would be used to ground-truth the aerial color 
imagery. These consisted of Secchi disk, turbidity and visual color readings. 
The second group was for the establishment of basic water quality parameters. 
This suite of analyses included pH, salinity, temperature, chlorophyll 
content, biomass and species composition. The methodology that  was used was 
consistent, with standard methods (EPA 1979; Greenberg, Connors and Jenkins 
1981). 

All water quality measurements and water samples were taken a t  the 
discharge point of the shrimp ponds and from the source waters, These sampling 
points were chosen to determine the effect of management practices on water 
quality (e.g., production stage, flushing rates, and the use of supplemental 
feed and/or fertilizer). This also afforded u common sampling point for 
standardization. Source waters were collected for use a s  unaltered reference 
samples to determine the impact that  management p~*act,ices had on water 
quality. The water samples were collected with a clean, 2 1 flask a t  a depth 
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 them between 1000 and 1500 h r s  during cloudless periods. 

The Secchi Disk, a white circular plate which is used to determine the 
degree of visibility ( transparency) in waters, is  lowered into the water and 
the depth a t  which the disk disappears from sight is the Secchi Disk 
Transparency. This approxiinatcs one percent of the level of light a t  the water 
surface. I t  should be noted that  with minor modification, 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 a r e  reported in centimeters. 

Turbidity is an expression of the optical property that  causes light to be 
scattered and absorbed rather  than tranurnittod in r-t straight path Ihrough the 
sample. Turbidity is similar to the Secchi Disk measurements in that both a r e  
a measurr: of clarity (t~.ansparency). Turbidity was measured using a Hach Model 
2100A direct reading lab nephelonieter. Values a r e  reported in NTU's 
(nephe1omr:tric turbidity units) .  N'I'U's arc: compnrablc? to .Jackson Turbidity 
Units IJTU) and Formazin Turbidity Units (FTU) (EPA 1979). 

Visual color was determined by the platinum-cobalt mcthod. The method i s  
useful for measuring the color of water in which the color is due to naturally 
occurring rnat,erials. The color is determined by visual comparison of the pond 
water with known concentrations of colored solutions. The coior determinations 
are reported as a numerical unit frorri 1 to 21. In several cases where the 
color fell between two colors, a mid-point estimate was made. 
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Salinity and temperature were determined with a Gold berg temperature 
compensated refractometer and a mercury-filled thermometer, respectively. 
Salinity vidues a r e  reported in ppt., par t s  per thousand. Temperature is  
reported in degrees Centigrade. 

The pH of the water was determined with a specific-ion meter and 
combination jell-filled electrode. The specific ion meter used in this project 
was an Orion Model 407A. The pH values a r e  reported in standard p H  units. 

The chlorophyll, biomass and species composition determinations were to be 
done b y  t h e  Instituto Nacional de Pesca, but because of a severe illness 
(hepatitis) contracted by the individual doing the analyses, only the 
chlorophyll values a r e  available a t  the present time. 

Chlorophyll pigments 5 b, 5 and pheophtiri a, were determined using the 
method described by Strickland and Parsons (1968). A known volume of 
well-mised sample was filtered through a magnesium carbonate saturated glass 
fiber filter. The filter 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 a t  -100 until analysis could take place. The 
samples were analyzed using a spectrophotometer for chlorophyll pigments 3 !,, 
c and pheophtin 2. Chlorophyll values a r e  expressed in mg/m3 ( ,~g / l ) .  - 

3.1.3. Mangrove Forest Assessment 

Six different locat,ions were selected for this s tudy in an attempt to 
obtain a n  overview of the present s ta tus  of the Ecuadorean mangrove forests, 
close to shrimp rnaricult.ure operations, under a range of environmental 
conditions. In the following site descriptions, the mangrove-forest type names 
a re  taken from Lugo and Snedaker (1974). The designation of the operational 
types and the Management Levels of the shrimp ponds a r e  based the work 
discussed elsewhere in this report. 

Estcro S m t a  Anu: Composed mostly of scrub trees,  the transects w e r e  
located close to an artisanal mariculture operation constructed on salt flats. 
No utilization of the trees was apparent. Salinity of intake water was 23 ppt. 

Hio Guayas: Typical riverine forests. I t  had the tallest t rees  of all 
sites. Some sparse fellings w e r e  observed, especially among the larger 
diameter trees,  with the trees being used for construction of different 
s t ructures  in the shrimp farm, rnninly a pier. The ~nariculture opr:ration could 
be classified a s  an ML-7 operation. Salinity of intake water was 10 ppt. 

Chonqon: Fringe forest, close to a highly technical, professionaily run,  
mariculture farm corresponding to an advanced ML-7 operation. No direct 
utilizativrt of the forest was observed, although some small areas had been 
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cleared. Transects were located close to the pumping station. Salinity of 
intake water was 29 ppt. 

Isla de  Ins Conchitas: Overwash island, extremely difficult to move 
around inside the forest  due to the high density of prop roots. Transects were 
located close to the  intake canal of thc  shrimp farm operation. The salinity 
of intake water was 33 ppt. 

Balao Grande: Located close to a ML-6 operation, this basin forest  
appears to be in good conditions (no s t r e s s  symptoms were evident) and human 
intervention seems to be minimal, with only a few trees felled. Salinity of 
intake water was 11 ppt. 

Muchula: A considerable area of rnnngroves of this basin forest had been 
cleared and replaced by ML-5, 6, and 7 shrimp operations. In addition, 
individual trees had also been felled inside the forest for use a s  
construction materials. Some rudimentary charcoal production was also 
observed, will all the par ts  of the t ree  being utilized, a s  opposed to the 
practices in other areas  where only the t runks  a r e  utilized (Ong 1982). 
Salinity of intake water was 2 ppt. 

The point-center quar ter  method (Cottam and Curtis 1956) was used to 
measure s t ructural  parameters of mangrove forests contiguous to shrimp 
mariculture ponds. Two linear transects were established a t  each of the s tudy 
sites outlined above. The distance between the trees and randomly selected 
points d o n g  each transect was measured. In each site a total of 80 trees, 
wiih a diameter a t  breast  height (DBH) greater than 2.5 cm, were identified to 
genus, and their height and DRH, measured. With th i s  information, the  
complexity index ( C I )  developed by Holdridge (1967) was calculated for the 
forest. The  complexity index integrates the stand basal area, stand height,, 
stand density and number of species into a single number. I t  is  calculated on 
a 0.1 ha basis and is used a s  on index to cornpiire s t ructural  pat terns  and 
relative vigor of different nlangrove forests. 

In addition to the complexity index, the importance value of Curtis (19591 
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 that  genus compared to all other genera. The 
importance value of a species (a genus in this case) reaches a maximum of 300 
in monospecific (monogeneric) stands. 

Prior to  the initiation of the  study, i t  was decided to make the 
identification of the mangrove trees a t  the generic level. At present, there 
is  no agreement with respect to the number and identity of the mangrove 
species present in Ecuador, particularly with respect to Rhizophora. Horna, 
Medinn and L4acias (1380) report  the presence of four- species of Rhizophora: H. 
harrisonii, R mangle, R. racemosa, and R. samosnsis. Horna (op. cit.) cites 
Cintron et 31. (1979) and Horn3 (19801 as f i rs t  reporting the presence of the 
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two latter species in Ecuador. However, in another paper, Cintron (1979b) 
reports only the presence of R. mangle and R. brevistyla. Tomlinson (1978) 
considers R harr-isonii a s  a taxonomic synonym for R. brevistyla. In  summary, 
the present situation with respect to the taxonomic classification of the 
Ecuadorean mangroves does not provide enough certainty to allow u s  to report  
them a t  the species level, especially in a pilot project of the nature 
reported here. 

Table 3.2 summarizes the most important structural  a t t r ibutes  of the 
mangrove forests that  were studied. Their complexity indices, with the 
exception of Balao Grande, a r e  low compared to mangrove forest in other 
countries (see Pool, Snedaker and Lugo 1977, Jimenez 1981) and it compares 
only to stressed scrub  mangroves of south Florida. Two main factors seem to be 
responsible for these low values: hu~nan intervention in the form of mangrove 
habitat destruction, selective clearing, and the alteration of surface water 
flushing patterns. Of the two, human intervention seems to play a greater role 
in explaining the low complexity index observed. The practice of constructing 
shrimp ponds on salinas (salt flats) that  extend into adjacent mangrove areas, 
a s  was observed on several sites, has detrimentally affected the species 
composition of the mangrove forests. Since Avicennia and Laguncularia tend to 
be found closer to the salinas than Hhizophora, which is  closer to the 
untouched mangrove fringes near the canals, the former two species seem to be 
affected to a greater degree. This situation i s  reflected by an extremely high 
importance value for Rhizophora a s  compared to these other genera. 

Genus Relative Genus 
Genus Density Density Basal Area 

Site Present (Trees/O. 1 ha) (%I (& ) Rank 

Puer t o Itorna Rhizopf~c~ra 21.4 
( H  io Guayas) Laguncularia 0 . 6  

Totals 22.0 
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. . . . . .  .. . . .  ....... ....... ....................................... 

Table 3.2. (Con't.) Structural comparisons of mangrove forests near shrimp 
ponds in southern Ecuador. Complexity components are expressed on a 0.1 
ha basis. 

Isla del las  
Conchi tas 

Santa A m  

Totals 

Balao Grar~de 

Totals 

S i t e  

Machala 

Puerto Roma 
(Rio Guayas) 

Tota1.s 

Chongon 

Totals 

Isla del  las 
Conchi tas 

Totals 

Bal ao Cr:mdc 

ffhizophcu-a 
A vi cennia 
Laglmcuiaria 

Genus 
Present 

221.2 

279.0 
7.4 

11.2 
297. 6 

111.6 
86.2 
5.1 

202.9 
Stand 
Height 
(4 

26.16 

35.00 

9.43 

11.43 

8.37 

Re1 . 
Dom. a 

(%I 

100.00 

99.92 
0.08 

86.65 
2.24 

10.93 

100.00 

97.48 
0.24 
2.28 

76.44 
21.30 

2.2G 
19.48 

93.75 
2.50 
3.75 

55.00 
42.50 

2.50 

R e 1  . 
Freq . b 
(%) 

100.00 

95.24 
4.76 

80.00 
16.00 
4.00 

100.00 

86.36 
9.09 
4.55 

54.55 
39.39 

6.06 10.83 Totals 

............ - - _ _ _ _ -  _ - - -  

aRelative dominance; bHelative frequency; CImportance value; Womplexity index 
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The low basal area (BA) of the mangrove forests is  also striking, 
especially when compared to the values reported for Ecuador by Acosta-Solis 
(1957) (BA = 62.4 +/- 13 mZ/ha), and Canudas and Torres (n.d.) (BA 17.6 +/- 
1.99 m2/ha), both of which a r e  cited in Cintron (1979). This low basal area  
seems to be another consequencc of human intervention on the mangrove forests 
studied. A selective clearing of the forest was observed in several areas  
where the largest mangrove trees (greatest  height and DBH) were being 
harvested to be used a s  construction material for piers, bridges, electric 
poles and housing. 

All of the forests, with the exception of Isln do las Conchitas and Puerto 
Roma, show good regeneration by seedlings. Isla de  las Conchitas, being an 
overwashed island, is  flushed by the daily tides which presumably car ry  away 
most of the seedlings. However, other s t ructural  characteristics for this 
stand indicate that  i t  is  in relatively good condition. The situation a t  
Puerto Rorna is not clear and is worthy of fur ther  attention. 

Although i t  is  premature to draw a conclusive judgernent a s  to the 
conditions of the  mangrove forests in southern Ecuador, some t rends a re  
apparent. Low complexity index, low density and low basal area  of the  forests 
studied indicate the presence of some sor t  of s t ress ,  probably anthropogenic. 
These low structural  values, coupled with the decrease in mangrove areas 
reported in the studies done by the Ecuadorean Center for Remote Sensing of 
Natural Resources (CLIRSHN), should be of concern to everybody related in one 
way or  another to coastal marine activities. 

3.2.0. Shrimp Farm Evaluations 

The following discussion is  based on the results  of the on-site 
interviews with shrimp farm personnel. Additional information on these topics - 
was also obtained frorn other sources ill Ecuador and is discussed later in this 
report. 

3.2.1. Production Levels 

To evaluate the operating conditions of the shrimp farms owner/operators 
were asked if the present level of production was satisfactory. In spite of 
the greaL differences in stocking rrntes (Table 3.11, all the interviewed 
individuals felt that the present level of shrimp production was satisfactory 
except one; that  farm owner felt that  his production was unsatisfactory. 
Several individuals felt that production could be increased, although only 
conservative s teps  were being taken to  achieve this. 

3.2 2. Major Problerus 

The major problems perceived by pond operators questioned during site 
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visits were uncertainty and scarcity of P L  supply, difficulties with water 
quality maintenance, lack of technical management skills and increased 
operation costs. These problems a r e  often interrelated. The major increase in 
operation costs was said to bf: a result r~rirnarily of increased cost of PL due 
to their scarcity. Accompanying scarcity was the increasing percentage of 
undesirable (non-P. vanila~nei) PI, and lower survival clue to poor handling of PI, 
brought from distant sources. Note: some PL have been brought from a s  fa r  a s  
Esmeraldas in northern Ecuador, Peru and Guatemala. The development of 
hatcheries is  seen a s  the only solution to this problem. Water quality 
problen~s have been largely the result  of negligence in the monitoring of 
indicators of dissolved oxygen which can be badly aggrevated by overstocking, 
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 o r  basic biology. Pond 
management technology tends to developed by trial and e r ro r  and unfortunately, 
when an  e r ror  does occur, the field biologist 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, is the effect of increasing cost 
of credit  on both construction and operating costs (Parodi 1985). 

3.2.3. Ideal Conditions 

A portion of the  interview dealt with what the farm owner/manager 
considered a s  ideal conditions. This question was not intended to necessarily 
represent their present operating conditions, but to find out what would be 
the optimum conditions. This question was valuable in the sense that  i t  gave 
the orvner/manager the opportunity to express his experience and "hind-sight". 
The questions, although somewhat limited in scope, dealt with pond siting, 
size and depth, preferred shrimp species, stocking density, and the 
availability of sernilla. 

In almost all discussions, i t  was felt that  the pond size should be 
smaller than what was presently being managed. The existing pond sizes ranged 
from 8-120 ha, with the ideal size ranging from 5-50 ha. The size most often 
chosen was 10 ha with the reason given that  smaller ponds, even through they 
a re  more expansive to construct  (per  unit area) ,  are choaper to stock ~ n d  
operate; other benefits mentioned were: water quality is easier to control; 
harvesting is  rrlore efficient with fewer shrimp lost; productivity is higher; 
the chances of losing the harvest  due to deteriorating pond conditions during 
grow-out a r e  less; and the venture capital loss f r o m  a smaller pond i s  
minimized. Many felt that  if they had the opportunity to improve their 
operation, the f i rs t  s tep  taken would bf? t n  

The unanimous species of choice for stocking the shrimp pond was P. 
vannumei; this is  also the species currently in use. Several owners and 
operators said they had tried other species but none of the other species was 
perceived to have the hardiness of P. vn~?nnmci.  When asked if they would be 
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willing to t ry  another species heralded to bc better than P. vnnnamei, the 
answer was no. They felt that  this species was by fa r  the best. No one is 
willing to gamble with another species when the conditiorrs (production, 
marketability and survivorship) a r e  considered good. 

The choice of pond location was split between mangrove, salina, uplands, 
and transitional areas. The obvious reason for choosing any  of these areas is 
their proximity to sen water. The individuals who chose the salinas and 
mangrove areas  felt that the transitional and uplands zones were the worst 
areas  for the const,ruction of ponds due primmily to their distance from a 
water source, although these areas  were given a s  the ideal more frequently 
than the  other two zones. The uplands and transitional zones were favored 
because of lower construction costs and better water management ability. 
Construction costs a r e  lower because the need to clear land is  less, and i t  i s  
more accessible. Managing the water is  easier because of the increase in 
elevation which makes i t  possible to establish n hydraulic head. The substra te  
a t  all of the investigated locations which included the four areas  chosen, 
were almost identical. There was some discussion regarding the shrimp 
productivity of the different areas. Everyone felt that  their area was the 
most productive. No quantitative information i s  available t o  substantiate 
this, and is probably the result  of management and water control practices 
rather than pond location. 

The optimum pond depth ranged from 0.6 to 1.5 m. These depths a r e  those 
which were in use a t  the time, arid a r e  relatively standard. The depths were 
chosen for construction econornics, ease of harvest  and water control. 

The optimum stocking density of semilla ranged from 20,000 to 100,000 
individuals per hectare. This wide range of stocking densities a r e  based on 

I 
conservative conditions. The owner or  operator felt that these densities were 
profitable a s  well a s  being within the biological limitations of the pond 
(water quality). I t  should be noted that  the shrimp farms which a r e  managed 
with the greatest amount of technical and professional expertise, were those 
which chose the higher stocking densities a s  the ideal. 

The  optpimum conditions voicod for sernilla was, expactedly, having a 
constant supply throughout the year. One owner strcssed that  not only did he 
think n constant supply was necessary, but it also had to be of high quality, 
i.e., a high percentage of P. vannamei. He explained that if he could not 
acquire wildstock consisting of 80% or  higher of P. vanr~rrrrtei, he would not 
stock his ponds. Another variation of the constant year round supply theme was 
that  PI, come from hatchery stock. I t  was felt that  the hatchery stock would 
represent much higher quality than the wildstock due to the genetic similarity 
that  occurs in hatchery stock. No one appeared to recognize the risks that  a r e  
associated with large number of genetically similar organisms. 

3.2.4. The Future Outlook 
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The pond owner/manaqc?rs indicated that  they felt a dramatic change was 
presently taking place in the Ecuadorian shrimp farm industry. This change is  
the result of the rapidly increasing costs for operating thc  ponds. The cost 
increase is primarily the result of the limited supply of semilla, but also 
included feed, fertilizer, land (purchase, use permits, construction and 
clearing), and personnel. Another critical part  of the increased cost i s  the 
cost (i.e., interest)  of borrowing money. The loss of a 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 present, due to the dramatic increase in 
costs, the loss of a pond's production is a substantial financial setback, 
even for the iarge operators. Few ownerVs can or. a re  willing to absorb these 
losses. A s  a result,  tho shrimp pond industry is  becoming more cautious in 
their operating practices. This is  resulting in lower stocking densities, the 
construction of smaller ponds, efforts to maintain a higher water quality in 
the ponds, and to hire better trained managers. 

Another aspect of the industry that  is chancing is i ts  shroud of secrecy. 
In the past, owners and managers were not willing to discuss their operating 
techniques (e.q., stocking rates, types and amount of feed and fertilizer 
used, and grow-out periods) 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 
originated from within. Due to increased costs and the discovery that. there 
a r e  no secrets or  "magic" to raising shrimp, many owners and managers a r e  
beginning to work together. The result  has  been the rcccnt birth of 
industry-wide organizations for the purpose of information exchange, problem 
solving and representation. These organizations and of course, the rapidly 
increasing operating costs have resulted in the formation of several shrimp 
pond cooperatives. I t  is  believed b y  the Ecuadoreans that  this type of venture 
will reduce operating costs and be particularly helpful to the owners of the 
smaller shrimp farms. 

The impact of high technology and intensive management on thc industry was 
felt to be of minimal importance. Only in the area of commercial rearing of 
semilla, was this seen to have any  prcsent a]-)plication. I t  was felt that  the 
shift to high stocking rates, intensive feeding and waLer quality control was 
riot viable a t  the present time bw:ause of economic factors. No one can afford 
the initial capital outlay or* the losses incurred from failure. Although, when 
and if the supply of semilla again bccornes abundant, resulting in what is  
perceived a s  a decrease in costs, these avenues of intensive management will 
be oxplorect. Thc opposite may also bc the case, a s  larval abundance increnses 
with the next "El NifioH-related warming of the waters in the Gulf of 
Cuayaquil, the incentive to build expensive hatchcries may decrease. This  is  
particularly t rue  for smaller national producers unable to make major capital 
investments. In Honduras, a firm with capital resources to build a hatcher-y 
has not done so because the cost of wild caught PL from an abundant population 
is about 20% of the cost of producing thern in a hsttchery. / 
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In summary, the owners and operators interviewed, perceive the shrimp farm 
industry as a whole to be rapidly shiftinrg into a very conservative mode of 
operation. This conservative attitude covers almost 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 i ts  application to 
commercially raise large quantities of semilla. If commercial rearing of 
selnilla is not a generally acccssible technology for the industry  a s  a whole, 
a major readjustment can be expected. Vertically integrated, well capitalized 
ent.erprises with reliable hztchery facilities will remain, and firms dependent 
on the erratic supply of wild PL will largely disappear.. 

3.3.0. Water Quality 

The results  of the water quality analysis (see Table 3.3) provided some 
interesting information regarding the variation in water quality among ponds. 
Secchi disk values, turbidity, salinity, temperature, pH and chlorophyll were 
quite variable among farms and several of the parameters (Secchi disk, 
salinity, temperature and chlc)rol.>nyll) varied greatly even within farms. The 
most striking variations were saiinity, temperature and pH. These parameters 
are all critical to the  metabolic functioning of aquatic organisms (e.g., 
osmoregulation, rate of metabolism and chemical reactions), in this case, P. 
vannamei. Salinity ranged from 3 to 39 ppt, temperature ranged from 28 to 36OC 
and pH ranged from 6.5 to 8.6. For P. vannamei to not only to survive, but to 
also grow under this wide range of conditions gives emphasis to the  fact that  
i t  is a very hardy and resilient organism. This obviously is the main reason 
why  P. vannamei is tht: organism of choice for stocking and it. explains why so 
many owners and managers refuse to even consider trying another species. 
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Table 3.3. Ecuadorean shrimp pond characteristics obtained 
imagery and on-site ground truthing, 

Locat iou  

Balao 

Machala ( a )  
(Ore l lana l  

Machala I b )  
art i s a n a l  

!kcha la  Icj  
Lar~gos t i n a  

Machala ( d )  
Vinaros 

I s l a  de las 
Conchi tas 
!a) 
Xotero 

Secchi 
Pond Disk 
S t  agea cm 

r ecen t  st,. 12 .7  
3 110s . 20.3 
2 mos. 12.7 
1 mo. 12 .7  
source  1120 20.3 

1 mo. 48.0 
2 Inos . 73.0 
3 mos. 65 .0  
1 mo. 70.0  
source  IDO 55.0 

near  ha rves t  30.0 
recent  st . 30.0 
4 mos. 25.0 
sou rce  h 0 24.0 

unknown 40.0 
unknown 40.0 

near ha rves t  50.0 
r ecen t  s t  . 60.0 
sou rce  ha0 28.0 

2 mos. 48.0 
reccn t st . 25.0 
nea r  ha rves t  40.0 
source  hzO 20.0 

2 mos. 30.0 
1 mo. 20.0 
2.5 mos. 40 .0  
sou rce  I u O  80.0 

Turbid. 
NTU 

8.1 
7 . 4  

24.0 
12 .9  
13 .7  

3 . 1  
3.6 
3.5 
2.0  
5.3 

29.0 
23.0 
15.0 
25.0 

10.6 
31.0 

24.0 
32.0 
28.0 

17.0 
23.0 
23.0 
53.0 

23.0 
24.0 
12.0 
6.0 

Col orh 
units 

17.0 
17.0 
17.0 
17.0 
16.5 

16 .5  
17.0 
19.0 
17.0 
16 .5  

17.0 
21.0 
17.0 
21.0 

19.0 
21.0 

16.5 
MD" 
17.0 

19.0 
19.0 
16.0 
21.0 

19.0 
18.0 
19.0 
16.0 

Sal. 
P P ~  

2 0 
3 0 
2 9 
29 
11 

29 
29 
29 
2 9 
29 

3 6 
3 2 
3 0 
2 1 

30 
2 8 

2 8 
39 
3 7 

14 
14 
16 
2 

2 9 
2 6 
27 
2 G 

from aerial 

pH 
units 

8.3 
8 . 6  
8.3 
8.2 
7.3 

7 .6  
7 .5  
7 .0  
7 .5  
7.2 

8.1 
8 .3  
8.3 
7.5 

7.9 
7 .9  

8.2 
8 . 1  
8.1 

8 .2  
8.2 
8.5 
7.5 

8 .1  . . 
8 .2  
7 . 8  
7 . 5  
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Table 3.3. (Con't.). Ecuadorean shrimp farm characterist ics  obtained from 
aer ia l  imagery and on-site ground truthing. 

Locat ion 

Isla de l a s  
Conchi t a s  
!L i 
Coop. 

Secchi 
Pond Di.sk Turbid. Colorb Sa l .  Temp. pH 
St agea cm NTU units P P ~  O C m i  ts 

udrn own 35.0 14.0 21.0 2 9 3 2 8.2 
source  fu0  35.0 20.0 16.0 23 3 1 8 .3  

nursery  pond 30.0 33.0 17.0 11 3 1 8 . 1  
5 nlos. 25.0 35.0 15 .0  3 3 2 8 .4  
In harves t .  15.0 88.0 14.0 3 32 8.1 
source  hzO MD 40 .0  MD 10 3  1 8.4  

1 mo.  8 .0  
'7 mos. 35.0 
4 mos. 35.0 
4 nlos. 40.0 
0.5 mo.  38.0 
2 . 5  mos. 40.0 
2.5 mos. 45.0  
source  h O  35.0 
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One of the purposes of this s tudy w a s  to determine if color aerial imagery 
would be useful in evaluation of pond management practices, e,g., assessing 
overall water quality, stocking densities, flushing rates and pond health, and 
other product,ion-1-elated parameters. To quantitatively identify the colors of 
the shrimp ponds from the aerial imagery, the Munsell system of color 
description w a s  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 char t  is  recorded as hue, value/chroma, or  symboiically, H V/C. The 
aerial color transparencies were placed on a light table with balanced and 
constant illumination. The colors were visually evaluated with the Munsell 
Color system. 

To determine if pond color (both Platinurn-cobalt and Munsell) is  related 
to water quality parameters and pond stage (see Table 3.3 and 3.4) ,  PL 
stocking densities, and the use of feed o r  fertilizer (see Table 3.11, 
correlation coefficients were determined. Whereas there were no s t rong 
correlations resulting from this one-time indicated, the technique has 
potential usefullness. This is particularly t rue  with regard to color ( a s  
defined by the Platinum-cobalt and Munsell methods). For example, rnarginal 
correlations were detected between stocking rate and turbidity, and aiso with 
Secchi disk vlaues and chlorophyll concentrations. Both of these latter 
parameters (i.e., turbidity and Secchi disk) a r e  common used by pond managers 
to control the condition of the ponds, 
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Table 3.4. Ecuadorean shrimp pond characteristics obtained from aerial imagery 
and ground truthing. 

a - 
Locat ion 

Balao 

Chongon 

Machala ( a )  
(Orellans) 

Machala ! b 1 
art isanal 

Machala ( c  j 
Langostina 

Machala ( d )  
V i na ros  

I s l a  de las 
Conchi tas 
( a )  
Botero 

Chlorophyll 
h - C - 

mr5/m3 
pheo a 

4.0 
31.3 

n d 
10.0 
4.4 

6 . 2  
2.9 
4.7  
6.7 
4.1 

1.7 
18.9 
8.1 

48.3 

0.7 
5.6 

5.0 
3 .  9 
3.4 

28.4 
22.5 
21.22 
4.7 

11 d 
1.0 
2.0 
1.2 

Munsell 
Color 
s v/c 

5 Y  5/3 
7.5 GY 5/2 
7.5 GY 4/2 
7.5 GY 4/2 
no photo 

7.5 GY 5/2 
7.5 GY 5/4 
no photo 
MD 
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Table 3.4. (Con't 1. Ecuadorean shrimp pond characteristics obtained from 
aerial imagery and ground truthing. 

Locution 

I s l a  de las 
Conchi-tas 
( b )  Coop. 

Rio Guayas 
B i mar. 

Chlorophyll Munscll 
a - b - c pheo a Color 

mpl/m3 H V/C 

91.2 nd 20.5 nd 5 Y 5/4 
176.4 0.5 31.9 5.2 5 GY 7/4 
55.0 nd 7.3 n d 5 GY 7/4 
74.3 nd 1.3 1.7 10 YFt 6/1 

26.6 n d 7.4 2.6 5 GY 514 
35.7 5.1 6.3 3.0 5 GY 6/4 
34.3 nd 0.6 nd 5 GY 7/4 

-- --- - - - -- -- . . . - - - - - -.-------a -- >- -- -- - - - ----- - -- 
"Pond Stage: The period of time since the pond was stocked is  given; recent 
st.  = recently stocked. 
bColor: Platinum-cobalt units a r e  given. 
"ND: Indicittes that  values were below detection limits. 
dMD: Indicates that no data values a re  available o r  that  the area is missing 
in the aerial photo (or cannot bu interpreted).  

----- - - - - - ---- 

The aerial imncerv did indicate somewhat extraor dinar y color differences 
among ponds ( e . ~ . ,  Figure 3.3, Table 3.4); the lack of any correlation between 
the colors and thr: parameters evnluatcd may he  result  of the methodology used 
for color quantification. The Platinum-cobalt method for color evaluation in 
the field is to gross a method to provide the sensitivity needed to detect the 
subtie changes in pond color. I t  is restricted to a narrow range of colors 
which a rc  ericountercd in "natural" aquatic systems. In addition sun angle 
and/or cloudiness can have dramatic effects upon interpretation. The other 
method ernplo.yed l ~ s e d  the Munscll char t  to quantify the colors from the aerial 
transparencies. This system did not have many of the problems encountered 
using the  Platinr~rn-cobalt method and provides a much wider choice of colors. 
I t  is  limited by the sensitivity of the human eye and even though the colors 
available a r e  nurrrerous an exact match i s  sometimes difficult. 
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The nerial reconnaissance work in Ecuador proved to the satisfaction of 
the  principals that regular aerial surveillance could be used as  a very 
inexpensive rnnnaqement tool for farm pond operators. In this regard, the use  
of a color video camera wouid be preferred to an emulsion film-loaded camera. 
Color video can provide close-to real time rcsults of relatively large areas 
(i.e., large number of f a r m s  and ponds) and is less costly than a film camera. 
For esantple, video tapes can be reused and tape playbacks can be viewed on a 
T V  fitted with a tape reader. In actual practice, a number of correlation 
flights would have to be niadc to establish a reliable record of pond 
appearance and water quality a s  it relates to shrimp growth. Based on that 
record ( i .~ ' . ,  knowledge), information from subsequent surveillance flights 
could be directly translated into management actions. 
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4.0.0. SHRIMP MAItICULTlJRE IN ECtJADOII 

The shrimp rnariculture industry in Ecuadors is one of the largest and 
advanced in tho world a s  well as  being a major source of foreign currency 
 earning.^ 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 arid management in this study, we f i r s t  present our  findings that 
characterize tho industry and some of i t  problems. 

4.1.0. Mariculture Types and Management. Leveis 

The rnariculture industry  in Ecuador is  dominated by two types of 
mariculture systems (Types 11 and 111) and four levels of management (Levels 
5, 6 ,  7 and 8). The two types a r e  the extensive closed-system and the  
semi-intensive closed s ys  tem; the dominant forms of manag.ement encompass 
management practices that  range from minimal to relatively advanced. In the 
following characterization and discussion, other identifying terms a r e  also 
used primarii y because writers have previously on1 y recognized three types of 
shrimp pond management. 

4.1.1. T y p e  11: Extensive Closed-System, Manageulent I,evel 5 

This type of locally-named "artisanal" system is represented by the 
simplest operations that tend to have a disproportionately-heavy reliance on 
tidal flushing and only rudimentary management inputs. Also, pond sizes tend 
to be reiatively srnall a s  compared to the average sizr* of commercial ponds. 
The small scale and relatively low level of management distinguishes it from 
ML-6 systerns which tend to have a more programmed, or planned, appronc.h to 
grow-out pond operations. 

4.1.1. T yps 11: Extensive Closed-S ystern, Manage~nent Level 6 

This type of mariculture system, also termed "artisanal" in Ecuador, 
utilizes relatively small ponds and relatively low PI, stockin< densities 
(10,000-15,000 PL pcr ha) according to McPadden (1985). Water exchange in the 
ponds is accomplished mainly by tidal filling and gravity drainage, although 
in sorne irlstances there is  auxiliary pumping. Pumps a re  usually on hand for 
emergency situations ( c . g . ,  low dissolved oxygen) as  opposed to being relied 
upon for routine operations. The nutrition of the growing shrimp depends 
entirely on ambient phytoplankton primary production and estunrine detritus. 
These a re  generally small sized operation with yields on the order of 275 kg 
of whoie shrimp per pear with minimal investment atid risk. These opemtions 
wouid correspond approximately to the 408 concessions in the 0-50 ha range in 
Table 4.1., althouqh there a r e  sorno 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 a s  of December 1984. (Source: Unirlnd d e  Estudios 
Pesqueros y Estadisticau) 

Provinces 
Area (ha) Total E l  Oro Guayas Manabi Esrneraldas 

Total 
0- 50 

50- 100 
100- 200 
200- 300 
300- 500 
500- 700 
700-1000 

1000-more 

4.1.2. Type 111: S e m i - I n t e n s i v e  C l o s e d - S y s t e m ,  h4anngeutent Level  7 

This type of mariculture system, also called "technical management" 
involves a higher level of empirical technology but  is also characterized by n 
general tendency to maintain investment and operating costs a t  the lowest 
possiblr: level, for example, the cost of water pumping, pond fertilization and 
supplemental feeding. In  this type of operation, nursery ponds a re  generally 
used, and juvenile stocking densities range t ~ p  to 35,000 per ha. 'The 
relatively high density is usually limited to ponds where fertilization is 
also employed to promotn phytoplankton product iv~ t y. Stocking is  more a factor 
of wild PL availability ra ther  than a matter of choice. The operational 
production s t ra tegy appears to be based on the spreading of P L  over many ponds 
a s  possible so a s  to take advantage of phytoplankton productivity rather than 
to concentratc! all management investmcbnt in fewer ponds a t  a Ilighur stockinq 
density. Yields are  in the range of 680-5310 kg/ha/yr based on 2.2 harvests per 
year. These operations correspond to the 100-500 Ira range in Table 3.1. 

4.1.3. Type 111: Semi-intensive C l o s e d - S y s t e m ,  M a n a g e m e n t  L e v e l  8 

The "professional" or  semi-intensive management system involves f:wrns that  
a r e  generally part  of vertically-integrated operations that are  owned by 
packing/shipping firms. Relatively sophisticated biophysical data a r c  taken 
regularly by biologists and recorded for use in making manacrement decisions. 
Water turnover rates a r e  generally high, but a r e  also controlled by u 
quantitative determination of need which results  from the monitoring a n d  
analyses. The stocking density of ponds in these large farm system is around 

Shrimp P o n d  Siting and M a n a g e m e n t  
S. S n e d u k e r ,  J. Dickirrson, M. B r o w n  rind E. L a h m a n n  - 33 



80,000 PL per ha, which a re  dominantly hatchery reared. The growout ponds 
receive high bu t  measured levels of fertilizer and supplemental feeds. Yields 
a r e  on the order  of 1360-2270 kg/yr of whole shrimp. These 700-1000 ha 
operations have the  greatest potential to intensify rapidly a s  new techniques 
of managing high levels of inputs a r e  developed and accepted by the industry 
.(hfcPadden 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 a r e  
relatively low compared to mangrove areas. Also, tidal streams a r e  readily 
accessible for water supply a t  a relatively low pumping head. I t  is because of 
the prevalence of salinas in the arid and semi-arid southern provinces !e.g., 
El Oro, Machala) that the Ecuadorean shrimp industry started,  and now 
dominates, in this par t  of the country. However, the areas  of salinus a r e  
limited in estent and shrzmp pond expansion has been increasingly forced into 
lower-elevation mangrove forest areas  and into the uplands. Upland locations 
for pond sites generally involve the lowest construction cost particulariy 
when the area has already been cleared for agriculturf: or  pasture. The cost 
differential is approximately US$1000/ha compared to US$6000/ha in areas 
dominated by mangrove forests; pond construction costs in the solinas fall 
between these two extremes (Rafael Horna, pers. comm.). Current costs to 
develop n 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 
(h1cPadden 1985). In the Chongon area near Guaynquil, farmland that  is  suitable 
for  convers~on to shrimp ponds could sell for a s  much as US$2000 per ha (Jose 
Villalon, peps. comm. ) . 

4.3.0. Operational Costs 
\ 

The overall cost of shrimp production in Ecuador is estimated t.o be 
between US$1.80-2.25 per Ib of tails ( industry  estimates), and the average 
price FOB for 26-30 count s h r i m p  tails has been around US$5.00 (McPaddcn 
1985). These figures indicate that ahrim$ production can be quite profitable 

5 a s  lonq a s  North Americans a r e  w i l h g  to pay t w o  to five times as much for 
shrimp as  they pay for alternative sources of high-quality protein such a s  
steak and chicken. I t  is also obvious that  the  great majority of thc? 

/ Ecuadoreans, a s  well as the neighboring Peruvians, cannot afford to purchase 
2 * this form of protein as long >Is i t  is produced through a type of mariculturn 

which is more advanced than Type I. The cost of production is  extremely 
sensitive to the price of post larvae. For example, in 1984/85, the cost of PI, 
had become greater than feed/fertilizer, labor o r  fuel. At times when PL have 
been unavailable a t  any price, the producers are untible to operate their pond 
systems and s t ~ f f e r  severe financial losses. Fuel is subsidized by the 
Ecuadorean goverr~rnent a t  approsirnately 20% of t hr: world price. Sho~ild diesel 

Shrimp Pond Siting and Management 
S. Snedaker, J. Dickinson, M. Rrown and E. Lahnrann - 34 



fuel be indexed to the world price, then the costs of shrimp production could 
increase substantially due to both the increase in pumping cost and the high 
fuel-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 Siling 
There a r e  two rnajor considerations in the siting of shrirnp ponds: (1) the 

initial investment and subsequent operation costs, and the long term fertility 
of the ponds a s  i t  relates to t h e  production of shrimp; (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 sizes range from 8-120 ha with the avemge 
being 15-20 ha. Although most operators agree that  8-10 ha would be the 
optimum size pond, the actual ponds a r e  larger than t.hc stated optimum because 
no experience was available when most of the farms were constructed. When the 
industry was f i rs t  getting started,  large ponds were less costly to construct 
(particularly in the salinas) and there was no inherent problem in stocking a 
large pond when PL were both abundant and cheap. Under the Type I1 management 
scheme that is  based on natural phytoplankton production with limited pumped 
water exchange (MI,-6), there was no particular advantage in having a smaller 
pond (Felipe Orellana, pers. comm.). However, under the more intensive forms 
of management that  a r e  being progressively introduc:ed, large ponds may become 
a definite problem. At hirjh stocking densities with fertilization and feeding, 
water exchange becomes critical. If oxygen levels drop, rapid water turnover 
is  essential; this is a difficult proposition in a 30 ha pond, even with very 
large pumps. If a pond js lost due to whatever the cause, the investment loss 
is  directly proportional to the size of the pond. Below a certain size, wind 
driven turnover is likely to be less, however, but this was not quantified. 

4.4.2. Pond Location 

In Table 4.2 is a listing of the location of ponds by whether they a re  in 
the uplands or  in the intertidal zone (for comparative purposes, see also 
Table 4.3) .  Thcse official f igures arc i ~ ~ t e r e s t i n g  even if they a r e  not 
necessarily accurate. Farms illegally located in mangrove areas  a r e  not listed 
in t h e  government statistics. A farrr~ above the high tide line can be owned 
outright ra ther  than being developed a s  a ten-year concession which is an 
incentive to having a farm recorded a s  located in tho uplilnds. The sample area 
chosen for the s tudy on mangrove conversion (Terchunian and Klernas 1982) 
indicates a much higher proportion of intertidal land, particularly salinas 
that  a r e  being converted to shrimp ponds. The "Multi-temporal Study of Shrimp 
Ponds, Mangroves and Salinas" (CLIRSEN 1985) will, for the f i rs t  time, provide 
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a n  accura te  p ic ture  of where ponds a r e ,  a n d  the  a r e a s  of mangroves, salinas 
and  uplands  tha t  a r e  affected. Unfortunat,ely, however, t h e  final (citable) 
r epor t  of s t u d y  was stil l  unable to u s  a t  the  t i m e  th is  r epor t  was prepared.  

i 
. . - - - . - -  - - -  - - - -  - . - - .- .- - - -  - - -  - -  . - .  - - -  - - - - - - . - . - - - - - . - . - - . - - - - - - . . - - - - - - - - -  - - - - - - - - - - - - . - - -. 

\ I 

Table 4.2. A r e a s  of shrimp cu l tu re  a r e  listed with t h e  number of hectares  p e r  ,' 

province u p  to  1983. (Source: Depto. d e  Estudios Pesqueros y 
Estadisticas) 

Zones above 
Total ha  I n t e r t i d a l  zones high t i d e  mark 

Provinces i n  shrimp shrimp ha shrimp ha 

Esmeraldas 1,050,17 1,050,17 
Manab i 3,'i12,89 1,856,38 1,856,51 
Guayas 46,112,34 20,658,91 25,453,43 
E l  Oro 9,566,46 4,878,63 4,687,83 

. - - - - -. - -. - - -. - - - -. -. .- -. -- -. - - - -. -. - -. - .. .. - -. .- - - - - - - - - - -. -. - - - - - - - -. -. .. - -. - -. - - - - ,- -- -. - - - - - - - - -. - - .- - .. - - . - - -  . - - -  . 

Table 4.3. Relationship between coastal elevation relative to  tidal amplitude 
and t h e  suitability of s i t e s  a t  these  elevations for  the  construct ion of 
shrimp growout ponds. Mangrove fo res t s  tend to  be t h e  most productive a t  
the  same tidal elevations tha t  a r e  believed to b e  the  most suitable for 
growout ponds. (Adapted from from 

FULATIVE COASTAL ELEVATION 

Coastal  uplands (dry)  

Above upper reach of hijlh t i d e s  

Flooded by extreme h igh  t i d e s  

W i th in  range of normal t i d e s  

Not drained by normal low t i d e s  

Infrequently drained o r  submerged 

Watson 1328 and Rabnnal 1976) 

S U I T A B I L I T Y  FOR GROWOUT PONDS 

Unsuitable without massive excavation 
and/or extens ive  use of pumps 

A1 so unsui t :ihlc f o r  reasons above 

Su i t ab le  only i f  excavated 

Ideal for- growou t ponds 

Unsuitable w i t h o u t  t h e  use of  pumps 
t u  p e r ~ o c i i c a l l y  clraln ponds 

Ur~suitable with empoldering and 
and pumped discharge of water 
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4.5.0. Water Quality Management 

The major concern of pond operators is  to maximize shrimp growth and a t  
the  same time avoid an oxygen crisis. High density stocking, heavy 
fertilization and massive plankton blooms, and excess supplemental feeding all 
lead to reduced dissolved oxygen levels, which if too low and persistent lead 
to thc death of the shrimp. In practice, water clarity is  monitored (with a , 
Secchj 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 and greater water clarity is an indicator of inadequate food 
supply. Bright green water color is also considered to be an indicator of 
potential oxygen problems. Dr .  Jimenez, Director of INP, states that "Red 
Tide" bIoon~s have caused oxygen depletion problems when affected waters have 
been pumped into ponds along the Estero Salado south of Guayaquil. Peruvian 
farms noi7th of the Tumbcs River have been faced with salinit.ies as high a s  55 
ppt and a p H  above 8, because of the lack of freshwater runoff, especially 
during d r y  years. One operation that was evaluated, a newly constructed cpnal 
to assure  its water supply in the event that sedimentation might, be caused by 
an  El Nif io  event, constricted tidal circulation in its natural supply source. 
In general, the water quality values given by  Yoong-Basurto and Reinoso- 
Narnnjo (1982) nre  considered to be optimum under rnost situations. 

I 
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5.0.0. ENVIRONMENTAL CONSIDERATIONS 

5.1.0. Upstream U s e  and Misuse of Itesourcee 

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

In addition to the downstream effects of watershed mismanagenrent, dam 
construction and water divcrsion, a s  in the case of the Daule-Peripa on the 
upper Guayas River, and proposed s t ructures  on tho Jubones and other r ivers,  
will result in sediment (and associated mineral nutrients)  starvation, reduced 
water availability and hydroperiod changes. Potential results  a r e  increased 
coastal erosion, water shortages and salt water intrusion. The shrimp farm 
industry  in Ecuador is  affected in one wav or  another by all of the upstream 
events whether natural or  man induced. 

L. 
5.2.0. Agriculture 

There a r e  two type of problems associated with agriculture: the direct, 
and p r o b a ~ l v  irreversible loss of agricultural land that  has been converted to 
shrirnp ponds, and the salinixation of' contiguous crop land due to salt water 
intrusion. In the case of crop land conversion, the iandowner may receive 
payrrlent for his iand. When lands which have been used for corrlmunal grazing a re  
claimed for ponds, there is no compensation to those who lose access. 
Salinization and impeded dminage causrtd by shrimp ponds results  in darnage to 
agricultural land that  is costly to reverse arid those land users  who a re  
impacted receive no cornpensution for lost production. The value of the 
affected land is depreciated for owners who lack the resources to convert 
their lanu into shrimp ponds. T h c  social colisequences of this can be 
significant when the affected population includes small farmers with little 
political p o w e r  I-~r econorr~ic alter-r~atives. Shrimp a re  a luxury export while 
rice and cassava a r e  primarily a source of food within the regional economy. 
In Peru,  a lnw passed in April 1985 nctually facilitntcs the conversion of 
agricultural land into land for aquaculture. 

X large proportion of fish and crustaconns caught by commercial and . 
artisanal fishermen depend in part  on the mangrove ecosystem for food and/or 
shelter (Odum ct  nl. 1982). To t h e  extent that mangroves a r e  being destroyed 
directly by pond construction or. indirectly by blockage o r  diversion of tidal 

! 
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flow, there  is n loss of marine seafood pr.oduction. Extensive mangrove 
mortality evidently linked to shrimp pond construction was noted dur ing photo 
reconnaissance along tlie El 0 r o  coast, north of A4achaln in 1982. In  thc: Tumhes 
River es tuary of Peru, manqrove mortality was noted along tidal streams during 
aerial reco~~l la issancc in May 1985. Without a detailed field s tudy,  i t  i s  not. 
possible to determine whether the mortality is due to heavy sedimentation and 
changes in tidal and fresh water circulation caused by the  El Nifio event, o r  
to mortaiitv caused bv pond construction. The affected people a re  the  I 

fishermen and the consumers of seafood. Those who augment their incomes by 
harvesting "conchas negras," mangrove crabs  and oysters  a r e  immediately 
affected when mangroves are lost. The impacts on the catch of other fishermen 
a r e  more difficult to document. If an  effect on fish catch could be 
documcntcd, i t  would be in the isolated Chons es tuary in Manabi Province where 
the  highest percentage of total mangrove cover has been destroyed. 

Also dimcils laelated to mangrove destruction, is the loss of nnirnai 
species that  a r e  associated with the mangrove habitat. Prominent among these, 
is the  crocodile w h i c h  is  no longer seen in southern Ecuador nnd is in dan.p;er 
of extinction in Peru. The relation of such species loss to economic growth 
is, a t  best, tenuous. Eather, the conccrn is ethical and intimately related to 
national values and development in the minds of many citizens and scientists. 

" 5.4.0. Effects On Mangrove Forests 

hIancrove forests play a significant role in the  life cycles of a number of 
economic and ecologically important fish and invertebrate species. This fauna 
is hiqhlv dependent on t h e  h:li,itut provided by the  manqrovc root system and o 
the  mangrove leaf detri tus that  forms the  basis for nearshore and estuarine 
food rvcbs (Iieald and Odu~n 1976). In particular, shrimp fisheries around thc  

1 
I 

world have been closely associated with mangrove forests (Idyll, Tabb and I 

1 

Yokel 1968. Sastrakusurr~nh 1971, Macnne 1974, Turner 1977, Mart.osubroto and 
Naamin 1977). lntertidal lands in general, whether marsh, mangrove or  salina, 
have an  important relation to estuarinc production. Modification of these 
areas  directly affects f ishery production in many areas  (Figure 5.1). In  
Ecuador, thc shallow watcrs near m:inrfrove-domi~iatccf shorelines a r e  extensively 
used for capturing shrimp post larvas, semilla, to stock shrimp growout ponds. 

In  spite of :t qrowing awareness of the importance that  mangrove forests 
have on the s t ruc ture  arid function of marine coastal ecosystems (vide Saenger*, 
IIegerl and Davie 1983, Ihmiltort and Snecklker 1984), these highly productive 
forests have underqone delet,erious nlodifications in many places for a variety 
of purposes. At t,hc present time, the conversion of mangrove areas  for the 
construction of shrimp ponds may be the  most ubiquitous worldwide problem. 
This 111-nctice involves the complete destruction of tk~e mangrove ecosystem and 
i ts  replacement by activities that  do not perpetuate the natural values. For 
Ecuador, Tcrchunian et 31.  ( a d . )  have estimated u 16% reduction in t,he area 
of mangrove forest between 1966 and 1982 in southern Gulf of Guayaquil. Data 1 
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Figure 5.la. Influence of the cumulated area of reclaimed land on 
annual shrimp (Penaeus japonicus) catches in the Seto inland Sea 
(from Doi et al. 1973). 

Figure 5.lb. Relationship between mangrove area ( lo4  ha) and shrimp 
production (lo3 ton) (from Martosubroto and Naamin 1977). 



for  all the coastal provinces of Ecuador ('I'nble 5.2) illustrate the  rapid rate 
a t  which coastal habitats have been destroyed for the construction of ponds. 

- - - - .  . - - - - -  - - - - - - - - - - . - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - -  - - .  - - - - - - - - - - - - - 
Table 5.2. -4reas in Ecuador. authorized for shrimp farming in 1976-1984. 

(Source: Departamento de Estudios Pesqueros y Estadisticas.) 

Year Total Gunyas El Oro 
No. Hectares No. Hectares No. Hectares 

Toi a1 61.8 74,829,35 393 59,G61,95 134 10,015,18 
. - ..... .- .. -, -....... - .. - ..-.... - - - . - - .. - .. - .......... - ........... - .... -. - .. - - .. - - ... - - - - - . - - - - - .. - - - .... - - - - - ........ . .............. ... .- ........... . - - - -  ... 

b 

- - .  - - . . .  - -  - - - - - - -  - - - - . - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . . - - - - - . - - - . - . - - 

Table 5.2. (Can't). Areas in Ecuador authorized for sh r i~np  farming in 
1976-3 984. (Source: Departamento do Estudios Pcsqueros y Estadisticas.) 

Year Manab i Esmeraldas 
No. Hectares No. Hectares 
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6.0.0. SOCIOECONOMIC CONSIDERATIONS 

Many international-agency and/or natiorial-governmerit assisted development 
programs provide funds,  loans, guarantees and/or direct subsidies to encourage 
the shrimp mariculture in the mangrove coastal zone because it is  believed 
among othcr things that: ( 1 )  productive use is made of a marginal habitat 
which is otherwise unsuited for agriculture or  most other direct uses, (2 )  the 
activity provides abundant, employment opportunities for local people and also 
increases the population's dietary intake of protein, ( 3 )  the economic 
benefits have a multiplier and spill-over effect that  stimulates ot,her forrns 
of economic development in the coastal regions, ( 4 )  the sale of shrimp on the 
international market generates n significant. source of hard currency income, 
and ( 5 )  the government revenue base is  strengthened by  fees, taxes and duties 
imposed on the industry. The  arguments a r c  persuasive largely because of the 
relatively-high world-market price of shrimp and the fact that once a pond has 
been cons t~vc ted  and placed into production, net profits a r e  almost guaranteed 
a t  minimal cost a t  Management Levels 5 and 6. The latter argument is  based on 
the fact that  ponds can and do produce, a t  insignificant operating costs, 
small quantities of shrimp which yield relatively large profits when sold. A s  
one strateq.y for the regional development of coastal lowlands, shrimp 
mariculture is currently viewed a s  tne best possible alternative by some 
ussiststrico arid lending agencies, as well a s  private lenders and investors. 

At the present time in Ecuador, the decline and variability in the 
availzbility of PI, has forced producers to begin the construction of 
hatcheries to ensure future  supplies for stocking growout ponds. Whereas this 
initiative has  a number of positive benefits, a hatchcry-based industriy is  
less likely to remain concerned about the conservation of intertidal mangrove 
habitats that a r c  tho spawning and nursery grounds for wild stocks of fish and 
shellfish, including shrimp. Assured supplies of P L  could lead to fur ther  
destruction of the coastal zone for pond construction and therefore result  in 
an aggravation of extisting natural resource problems. Also, hatcheries are  
not a panacea in thc  sense that  there a re  a varicty of potential problems that  
also require serious attention. For example, how will the coastal provinces 
deal with thc: massive unemployment of pcnple who presently harvest  PL for 
stocking growout ponds. 

In spite of the rigor of the pro-mariculture arguments and the persuasive 
nature of the stated facts, most of the economic and social promises 
attributable to shrimp maric:ulture havc turned out to be either unproven or  
false whereas many of the othcr widely-believed benefits remain highly 
yuestionnblc. The presumed bcncfits listed above a r e  discussed in detail, ns 
follows: 

6.1.0. Marginal Habitats Converted to Economic U s e  

Throughout the world, the mangrove forest dominated coastlines of the 
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tropics have traditionally been considered to be of rrlarginal value t.o man 
unless converted to some other use, such a s  rice agriculture (vide 
Ponnumpurnarn 1984). This view is  still held by many people although there i s  
an  abundance of evidence documenting the value and worth of mangrove habitats 
for fisheries and coastal protection (Sacnger, Duvie and Hegerl 1983), and for 
direct economic utilization (Hamilton and Srledaker 1984). More importantly, 
tho mangrove-estuarine complex is  a nursery  ground for shrimp (Doi et al. 
1973, Turner 1977, Martosubroto and Naarnin 1977) and is thus  the source of the 
P L  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,  Sncdaker ( in press) has argued that  the luxuriant 
mangrove-dominated intertidal zone in high rainiall/runoff areas  may be one of 
the least desirable si tes for constructing mariculture ponds (Table 6.1). In 
Ecuador, the argument is, a t  least, partially sustained by  the  fact tha t  the 
best si tes were once considered to be the  more-inland salinas (see also, 
Tau ber 1982). 

6.2.0. Mariculturo Provides Employment Opportunities 

Employment is  generated during the  construction and operation phases of 
shrimp farm development. Involved in the  construction phase a r e  mariculture 
consultants, engineers, heavy equipment operators, various tradesmen and 
laborers. Irr~porters of heavy equipment and pumps represent,  a t  least, one of 
the  major beneficiaries. In Ecuador, construction is highly mechanized and 
therefore results  in the labor expenditures being a relatively small par t  of 
the construction budget. People living in the neighboring uplands o r  in 
fishing commt~nities 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 i s  obtained by the  entrepreneurs  as u 
concession from the government. 

Farm operations involves hatchery personnel (if onc present) ,  n bioloqist 
(average, one per 300 ha of ponds), pump operation and nlairltenance personnel, 
and luborors who handle feed and/or fr:rtilizer and general maintenance tasks, 
such a s  the cleaning of screens,  and/or who serve a s  guards  against poachers 
and r~atu~.i*l predators. The total labor cost, including adrninistrative duties 
is about 20% of the overall production cost (Parodi 1985) in splte of the fact 
Lhat laborers receive minimum wages. Efforts by labor to organize unions have 
been broken. There a r e  essentially no small, labor* int,ensive mariculture 
opera t~ons  a ~ ~ d  the industry  is dorninateci by the  middle and upper income 
econornlc ciasses. Absentee owner+ship is the rule. Major beneficiaries of 
shrimp rnariculturr: a r e  the estimat.t:d 120,000, o r  more, people who a r c  engaged 
in capturing and handling PL. Many of these a r e  underemployed farmers and 
laburers who have immigrated frorn thc  Andean region. 
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Ttible 6.1. Compurison of se lec ted  sflr-.imp growout--porici wnstruc:t i on arnd opcr.ating char-uc t c r - i s t i c s  i n  i n t u r t  icia 1 mangroves, 
supra-t i d a l  cous t a l  hair i t a t  s ,  arid nun- t idal  coas ta l  a reas ,  cross-ref crer~ced t o  dili'cr-en t cl jmat  i c  cond i t io r s  . 

I. Turnover o f  pond water P s s i b l e  t o  use t i d e s  for May r equ i re  i n t e n s i v e  Requires i r ~ t c n s i v e  pimping 
renewal of pond watcr pumping 

2. Pond drainap,e f o r  shrimp Pumpirig requi red  due t o  Gr-avi t y draimaze poss ib le  Cravi t y drainage assured 
harves t ing  and sediment infrequency of very low each month 
ox i da t ion  Lidcs permitifig g rav i ty  

drainage 

3. Acid--sulfate s o i l s  High p r -ohh i  i i t y  i n  non - Rclativeiy Lcw p r o b z b i l i l p  Not a problwn i n  well-drained 
carbonu t e e~ivir~ormen t s i n  must non-carbona te oxidized s o i l s  

o m s  tai envi ronoter~ ts 

4. Control of  s a l i n i t y  Sometimes d i f f i c u l t  t o  Generaliy easy t o  u a i n i a i n  Depends on access t o  both 
~l iuir~ t a i n  r e l a t i v e l y  h i ~ h  rclat ively hi g i ~  s a l i n i  tg; seawater uud i'rcshwaler 
pond water s a l i n i t y  p o t e n t i a l  hgpersuli  ni  t y  

5. Cost o f  cons t ruct ion  Hieh due t o  cos t  of c u t t i n e  Low c o s t  dnc t o  absence of  Depends on p r i o r  land use 
and removing Eangrove trcles 1arrr;e mar~grove trees and presence of vegeta t ion  
growing on s o f t  sediments 

6. Subsurface leakage Not a problem Generally not  a problem Always a problem on s o i l s  
with low <:lay c o n c e r ~ l ~ t t  i o n s  

7. Access t o  ponds Generally by boat By boat o r  land v e h i c l e  Land access  is most cowon 

8. Ma,jor c o s t  Construction and Pond operat ion and Water pumpin[$ 
maintenance of  ponds management 



Foreign nwnership is of growing importance in Ecuadorenn shrimp farming. 
Foreign firms have a distinct udvantagc bncause of nmre  flexible and 
inexpensive capital resources a s  compared to Ecuador. These externally-backed 
firms a re  more capable of capital intensive investments such a s  hatcheries, 
high capacity pumps, supplemental feed and highly trained technicians than a re  
their 1uc:al counterparts cum competitors. 

6.3.0. Dietary Protein Levels a r e  Increased 

The primary reason that  shrimp mariculture is  a preferred commercial 
opportunity is  the high price that shrimp (most any quality and size) command 
on thc world rnarkct. Allnost anywhere in the world, quantities of shrimp can be 
sold for any  of the hard currencies and a t  a net profit. Because of the high 
price, shrimp that a r e  consumed locally, are sold through higher class 
res taurants  and food markets; poor people cannot afford to pay the established 
brokerage pricc of shrimp. I'he cost of production of shrimp under capital 
intensive management is between $2.00 (McPaaden 1985) and $3.32 (Parodi 1985) 
kilogram, but results  in an ultimate retail cost several times the cost of 
beef. When shrirnp appear in local markets, it is obvious to the observer that 
they a re  shrimp that  have been rejected by  international buyers; sometimes 
incipient rancidity is evident, as well a s  discoloration and loss of firmness, 
all of which  a re  indicators of reduced quality. 

In some areas, theft of shrimp from pond systems is relatively common due 
to the very  large sizes of the fnrrns and t h e  attendwlt difficulty of providing 
meaningful security. From a well-stocked pond of mature adult shrimp, an 
individual working along the banks of pond with a rnst  net can obtain in 
excess of 50 kilos of shrimp within a few hours. I t  could be easily argued 
that this is really a s u b  rusa means of increasing the level of dietary 
protein in diets of the rural  poor. However, hearsay evidence and anecdotes 
strongly suggest  that  the rrtujvrity of the stolen shrimp i s  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 benefiting from an 
increased diet of protein. Xny benefits that  do accrue to locxd people assume 
some other form which may be generated either through the local black market 
01. t h e  bal.tr:r econorn y. 

6.4.0. Local Economic: Benef i t s  and Hard Currency Earnings  St.imu1nt.c 
Economic Dcvelopnlent Within the Region 

A s  a result of the large profit margin that is  usually associated with the 
production and marketing of shrimp, equally large sums of money accrue to the 
owners and operators of potids through the salc of shrimp. A s  suggested above, 
local sales a r e  fmquently insignificant and the local earnings therefore only 
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have a small impact on economic development; the  majority of the  shrimp a r e  
sold on the international market where the profits tend to be much higher. 
Thus ,  it is the hard currency earnings that offer the major potential economic 
benefits for the  country. 

This argument, however, assumes that  hard currency earnings remain in the 
country of origin and a r e  invested in new opportunities that  create .jobs and 
other economic opportunities. Conventional street-wisdom, however, indicates 
that  the majority of the  earnings do not contribute to national economic 
objectives because they rernnin in foreign depositories. I t  is believed that  in 
some instances foreign buyers deposit sale receipts in foreign bank havens 
such a s  F'anama, Hong Kong, the Cayman Islands and the  Netherland Antilles. 
This certainly does not mean that  all owners/operator.s operate in the grey and 
black market areas, but the  large number who do certainly give a. grey/black 
complesion to the overall industry.  

6.5.0. Government Revenue Base  is Strengthened 

As an  extension of the argument above, when "convenient", the marketable 
shrimp may be smuqgled to and sold through third-party c-ountries which offer 
questionable exemptions from duties and taxes a s  well as  promises of the  
expedient forwarding of perishable commodities. Whether o r  not proceeds from 
sales a r e  paid to foreign accounts o r  the shrimp a re  sold through foreign 
ports, the resultas a r e  the s a m e ;  the country of origin is  deprived of the 
revenues. 

Mariculture also affects the tourist industry  which in many countries is 
considered to be a valuable source of hard currency earnings. For exampie the 
dcvelopmont of  moriculture is affecting thc: deve~opinq potential for tourism 
based on spor t  fishing in resor t  areas such areas  a s  Bahia de Carayuez. In 
Pcru, concessions for shrimp farms a r e  being granted and ponds a r e  being 
constructed behind the f i rs t  dune within 50 m of the sea (Dickinson 1985). 
Such activities close future  options for tourism devcloprnent and limit access 
to the sea for fishing; recreation is  also restricted for rich and poor alike. 
Shrimp ponds t . h t  a r e  locntcd in such close proximity to the  sca arc: also 
vulnerable to changes in thc  coastline during storm events. By weakening the 
dune burrier, incursion b y  the sen i s  invitcd with the potential for damage to 
inland property. 

6.6.0. Conutruct.ion of Hatcheries W i l l  Solve thc: Major Problcnl 

The most widely acknowledgcd problem surrouridinq the shrimp farm industry  
is  the decline and large variability in the availability of PL. Whereas a 
number of reasons for the pr'oblcrn has been put forth (e.g., destruction of 
mangrove forest nursery grounds, pollution, excessive harvesting of PIJ, etc.), 
the search for  the actual cause is considered to be less important than the 
search for econoinir- solution. The acknowledged solrltion is the construction of 
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hatcheries to elther provide a guaranteed source of PL or ,  less importantly, 
to supplement wildforrn harvests. In addition to provirljng an assured source of 
PL, the use of hatchery stock also minimizes the introduction of predators and 
competitors including non-preferred species of shrimp. H:ttcheries also offer a 
higher degree of control over production operations and could easily lead to 
the desired intensification of existing farm pond systems. 

Whereas hatcheries do offer a number of economically-important advantages, 
a widespread reliance on hatcheries in Ecuador for PL could also generate some 
very  significant socioeconomic problems. Foremost among these is the 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 
popula t io~~ of unemployed porJr people. 

I t  also appears that  most of the planning effort by the industry is  being 
focused on hatcheries (and sources of less-expensive locally-produced Peed 
materials) a s  opposed to other important issues, such a s  potential changes in 
the U.S. market. For example, in May of 1986, 400,000 lbs of frozen shrimp 
from Venezuela were denied en t ry  in the U.S. because of an  import rule change. 
Also, although i t  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 
shrimp from whatever source. If, for example, a major breakthrough allowed the 
establishlr~ent of factory-type production operations cm a major scale: in 
Florida, the import of higher-priced Ecuadorean shrimp could either become 
non-coinpe!.itivs or simply stopped to protcct a local U.S. industry. In the 
opinion of Lhe authors', the question is not if this will happen, but ra ther  
when. rhf: same economic impact on the Ecuadrean shrimp industry could also 
arise from increased lower-priced imports from countries other than Ecuador. 
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7.0.0. CONCLUSIONS 

Although the Ecuadorean shrimp-farm industry s tands a s  one of the world's 
more successful mariculture endeavors, the  industry has developed through a 
lengthy process of trial a ~ l c l  error ,  and i s  still faced with a number of' 
current  and potential problems. These problems breakdown into: (1) the 
immediate problems that  can be solved through overt actions by the producers, 
the Government of Ecuador, and interested international-assistance agencies, 
and ( 2 )  the potential problems of a external origin and over which little 
control can be exerted. Solutions to several of the cur ren t  problems a r e  
addressed in this section. 

7.1.0. Pond Siting and Management Intensification 

Yields of shrimp in kg/ha/yr in Ecuador vary  widely from farm to farm and 
from year to year. A general conclusion can be made by looking a t  the  global 
rr~ariculture industry in that  yields in Ecuador znd much of the world, in 
general, a r e  substantially lower than the potential. Among the reasons a re  (a )  
absentee ownership with attendant disinterested management, (b) lack of a 
mariculture tradition in many societies; i t  is much easier to find a good 
cowboy or  cotton picker than a worker who can detect oxygen s t r e s s  in a shrimp 
pond, (c )  a general lack of state-of-the-art technology, most of which has 
been developed in Southeast Asia, Taiwan and Japan, and (d )  the reality that  
shrimp production has been, until recently, tremendously profitable despite 
relatively low yields. National production of shrimp for esport. could be 
increased substantially without converting any more intertidal land into 
shrimp ponds. This is desirable because the more appropriate land has already 
been converted, virtually all costs of production have increased, and, due to 
values intrinsjc to t h e  mangrove ecosystem, the opportunity cost of furt  her 
conversion is  unattractive. 

Recommendations: The private sector, the shrimp producer, is  the  primary 
beneficiary and the most ap t  to achieve higher productivity levels through 
individual and collective effort. Government has n potential role through 
incentives, regulation and taxing. Possible actions in these regards  include 
the following: 

1. Provide training for fisheries biologists from private industry,  
government and universities. This s t ra tegy will achieve the greatest dispersal 
of oxpcrience. T h e  most relcwnnt technology is found in Asia and the Pacific, 
and to a lesser extent in the U.S. (c.g., Hawaii and Texas). A combination of 
three approachcs is needed. One prerequisite is that  the biologists involved 
have adequate basic scientific education. Trained biologists have two options: 
intensive courses, internships and s tudy tours  in other par t s  of the world or  
practical courses in-country with experts from other countries with 
sophisticated tecllnology. The ideal would be for the biologists to both 
observe other functioning production systems a t  small and large scale arid to 
have training within thcir own physical and sociocultural environment. 
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2. Institutions, such a s  the Subsecretary of Fishery Resources, 
Sub-direction of the Environment, TNP, IMARF'E (Peru) ,  and the universitics, 
have the human resources to serve the aquaculture industry. Needed i s  the 
specialized training mentioned above, commitment of funds by government and 
the industry, and cooperative agreements for the use of existing production 
facilities for experirr~ental projects. Such public entities should take the 
responsibility of assuring that  new technology be adapted to the needs of 
small scale, poor farmers and fishermen, a s  well a s  wealthy entrepreneurs.  

3. Owners and managers of shrimp farms would benefit from visiting 
aquaculture operations in othcr countries. Self-financed s tudy tours  could be 
arranged by AID in the most appropriate countries. 

4. t\ tax on land in shrimp farms roprcsenting a percentage of the 
potential net production per hectare under state-of-the-art management. Such 
funds should be used exclusively for projects, training and research in 
coastal ecosystem restoration, estuarine resource management and in 
mariculture production and diversification, Any tax or  royalty should also bc 
structured to both encourage intensification while a t  the same time penalizing 
the misuse or  waste of coastal resources. 

5. Mariculture represents a direct extension of the land holding patterns 
found in agriculture into thc intertidal zone. Only government has the 
capability to set  aside or  acquire lands appropriate for small scale 
mariculture and provide support for individuals or  cooperatives including 
training, technical assistance, credit and marketing assistance. 

6. The success of the Ecuadorean shrimp industry has been based on two 
major factors, an equitable environment arid a favorable U.S. market. Of the 
two, less attention is  given to the near-term and long-term economic 
environment, than is justified by an industry of i t s  size. I t  is strongly 
recommended that producers (private interests)  and the Government (public 
interests)  create an economic s tudy  office to track present t rends and develop 
future  economic forecasts. Both stand to benefit in the event that sigr~ificnnt 
changes affect the U.S. and world market for shrimp. 

7.2.0. Develr~pluent of Maturation and 1Intr:hury Facilities 

The installation of excess PI., production capacity will likely give the 
competitive edge to those growout produccrs who : ~ r c  efficient and who marlage 
their pond systems a t  the top edge of technology. Tile same argument also 
applies to thc increased use of feed, pnrticukirly if it can be produced from 
local waste products and thus  made available a t  reduced costs. The developing 
situation could lead to E? production industry dominatml by a relatively few 
large enterprises. I t  is therefore recommended that  it is in the best  interest  
Ecuaclor to ensure that  PI, (and feed) a r e  also made easily available to the 
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backyard and small producer to encourage small-scale economic development and 
better access to die tmy protein. 

7.3.0. The Recurrent Post Larvae Crisis 

The dominant factor in wild PL abundance appears to  be water temperature; 
female P. vannamei produce tremendous quantities of eggs when waters a r e  warm 
and relatively few eggs  when water is  cold. Even under intense fishing 
pressure, P L  a r e  likely to be abundant under favorable water conditions and 
scarce under less favorable conditions, irrespective of fishing pressure.  El 
Nifio events of varying intensity occur on the average of every 4.7 y rs ,  the 
1982/83 event being unique in i ts  magnitude, The abundance of PL and the catch 
of shrimp h y  trawlers were both unusually large. In contrast, during the 
1984/85 period of persistent cold water, PL abundance was disastrously low. 
Another El Nino event appears to be developing a t  the present time. The 
destruction of mangroves appears to have little effect on PL abundance, but 
significant effects on juvenile and adult forms can be expected to occur when 
habitat and organic matter production i s  no longer available in the required 
quantity. Obviously a stable, highly capitalized shrimp industry cannot 
function in an environment in which PL abundance varies according to sporadic 
climate driven oceanographic processes. 

If major investments a r e  to be made by the private sector o r  government in 
the shrimp mariculture industry,  closed cycle P L  hatchery systems a re  a 
necessity, but not necessarily the final solution (for reasons stated 
elsewhere). Wild PL a r e  adequate for lower intensity management on farms where 
capi td  invcstrnents have a l r e ~ d y  been made and thc owner can affnr+d t.o survive 
an idle operation during years of PL scarcity. I t  does not appear that  
imposing a closed soason on PI, fishing will have any significant positive 
effect on PL abundance in subsequent years. 

7.4.0. Alternate and/or Exotic Culturc Species 

Recent introductions of the Asian Tiger shrimp, P. monodon, for example 
into thc: Miami market, indicate that  a very large market. po_ts_n_tjhi may 
eventually exist for non-traditional species of shrimp. However, a t  the 
offering pricc of t7SS14 for 5-6 count shrimp there was little initial demand 
a t  the local retail level. Because the North American appetite for all shapes 
and sizes of shellfish remains stronger than previously thought, t h e  market 
potential for high quality shrimp a t  reasonable prices will persist. 
Accordingly, an  entrepreneurial production system that could take advantage of 
this potential would profit immensely. 

The installation of highly efficient maturation and closed cycle hatchery 
facilities lies a t  the core of any near-term modernization effort. If this is 
carried out solely a s  a private sector activity, the elimination of firms 
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without the capitul/technology to install such facilities is  virtually 
assured. If the government were able to establish strategically located 
hatcheries, a number of economically and socially valuable objectives could be 
achieved. These include (a) the  opportunity to bring small/cooperative 
producers into shrirnp farming a t  scales that  would not be possible if an 
integrated hatchery facility was a prerequisite for  en t ry  into shrimp farming, 
( b )  sirniiarly, otherwise efficient intermediate scale operations would have 
the option of buying government produced PL ra ther  than making obligatory 
investment in a hatchery, (c)  a n  efficient, not for  profit hatchery system 
could serve a s  a regulator 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  i t s  output couid reduce production 
during periods when wild P L  arc abundant and cheap. Such a facility could also 
car ry  out non-proprietary research on the reproduction of exotic and other 
local species of potential commercial importance. 

It is therefore recommended that the Government of Ecuador establish a 
hatchery network. Governrncnt involvement in a hatchery should be limited to  
overall policy determination by  a commission representing large corporate, 
medium scale private and small cooperntivc shrimp producers, Subsecretnry of 
Fisheries, ACEBA, the universitv research community, and international donors 
supporting the  industry.  Such a hatchery system should be financed in par t  by 
the sale of P L  with the remainder being derived from taxes on the productive 
potential of shrimp farms. Other' funding mechanisms include a n  excise tax, a 
penalty tax on inefficiency, a royalty tax on concession land, and documentary 
starrips. Prioritv should be given to supplying smail and intermediate sized 
producers. 

7.5.0. Fishery Sector Development 

Some of the  problcms that affect the  productivity of the fishery sector 
a r e  undoubtedly self-inflicted due to overfishing and habitat destruction. 
Masking the effects a r e  annual and sporadic oceanographic processes over which 
man exerts  no control. The most dramatic is El Nino, an event that  occurred in 
1982/83 i n  t h e  most severe form ever mcorded. Annually, bctweon November and 
March, the interface between warm equatorial waters and the colder Humboldt 
current ,  shifts southward into the Gulf of Guayayuil which brings with it, the  
onset of the rainy season. This phenomenon is  correlated with the main 
maturation, sp:iwliing and post liirvr~l recruiting ssnasorl for penaeirl shrimp 
(Cucalun 1984). Fishing success for trawlers (Table 4 )  is closely correlated 
with the timing of the temperiiture interface shift. Thi. E l  Niiio event t.csultcd 
in a dramatic, but temporary increase in catch. The post larvae catch closely 
parnllcls the trawler success patterns. 

The post Nilio period has been atypical. The 1984/85 rainy season was below 
normal; in Turnbes, only 35 mrn fell during the whole wnt scason. Sea water 
temperatures remain some 5OC below normal. The fisheries station a t  Pucrto 
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Pizzaro, Poru reported wtltcr ternperntu~.es 100 below normal in May 1985. 
Trawlers a r e  catching small quantities of shrimp and populations of conchas 
negras and other shellfish a r e  down. Probably related to the same phenomena is 
the disastrous scarcity of PL, Unemployment is  w i d e s ~ r e a d  among the estimated 
120,000 Ecuadorean and 5,000 PI, fishermen who have been dedicated to 
catching larvae for the shrimp ponds (Parodi 1985). A s  much a s  half of the 
production c:tpacity of the Peruvian farrns is  idle, either because the  ponds 
a r e  understocked, o r  a re  not in production a t  all. Some of the Tumbes shrimp 
farmers became so desperate for larvae that  some owners flew to Guatemala to 
get  their PL. The f i r s t  importation was a failure because 90% of the P L  were 
species inappropriate for pond cultivation (Dickinson 1985). They plan to send 
a biologist on the next trip. There is a bright side to this dilemma. First,  
the forccd slowdown of the nspansion of shrimp operations ?vill rillow a chance 
for reflection and perhaps the  mitigation of some of the conflicts with other 
sectors. Second, the  industry  is on thc verse of significant change. M7ild PL 
a re  urliikely t,o provide a reliable o r  adequate supply for pond operations in 
t h e  future.  A r e tu rn  to levels of production of recent years and growth will 
be based on hatchery raised larvae. Scarcity in Peruvian waters of gravid P. 
vannamci fc~r~a les  for use in hatcheries makes it  particuiariy important for the  
industry  to establish closed cycle hatcheries in which P. vannamei or  other 
species, a r e  reproduced in captivity. The  possibility of accomplishing th i s  i n  
the immediate fu ture  is renioie. 

The probability exists that  large companies, p e r l ~ a ~ s  transnationals, will 
be the f i rs t  to acquire the appropriate the  technoiogy for closed cycie shrimp 
production; a t  least one (:md probably others) ,  repor ts  to have done so in 
Ecuador. These companies a r e  likely to become dominant and buy out o r  
sut)stantiall.y control much of the industry.  A large number of entrepreneurs  
will be excluded from the business. 

While the  fu ture  cannot be predicted with precision, closed-cycle hatchery 
based shrimp production is most likely to become f a r  more intensive than it is 
today. Densities per  hectrfil-e, water pumping and levels of feeding will all 
increase. Likely to decrease also, is the size of ponds and the overall area 
of individual f:~-nis. 11 this prediction is correct, t h e n  the overall prcssure  
on the land will decrease because less land would be needed and the capital 
cost threshold to en te r  thc business wolild increase. Pressure  would increase 
on the limited areas  where ideal conditions of water quantity and quality 
prevail. Cncier this scenario, la11d usc: c.onflic:ts will hc different, if not 
less severe. 

The soci:il and ec:onorr~ic inequity that  i s  associated with tho co-oc)ting of 
public, intertidal lands for the benefit of a few, has paraliels in the 
history of occupation of thc best  land, ever since the Conquest. I t  would not 
be in the best economic or  social interests of the shrimp producing countries 
for coastal rnariculture to become dominated by a few large corporations, 
either national o r  transnational. Actually, productive and profitable 
mariculture operations may be both srr~nll or large in scale, capital o r  labor 
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intensive, arid involve various potential species other than P. vannamei. A 
carefully managed estuarine environmc?nt which includes mangroves, can provide 
the  basis for a profitable sustained yield f ishery independent of aquaculture. 
Donor agencies should be i3wure of the  options available for  helping the 
poorest of the poor. 

Several of the non-exclusive options that  a r e  open include: 

1. State-operated, closed-cycle, shrimp hatcneries which provide larvae to \ 

all interested shrimp farmcrs, regardless of size or  level of intensity of 
management; this has proven to be a successful practice in Thailand. 

$2 

2. The importation of large quantities of early s t n f ~ e  larval shrimp by 
more sophisticated, large eras  for. yrowout to PL in hatcheries. 

z - 3  

3. Broad diffusion of hatchery technoloqy which permits large companies, 
consortia of smailer companies, cooperatives and government entities to all 
get into the production of larvae of various salt and f resh water species. 

4. Capital and energy intensive production which involves water 
oxygenation by freuuent turnover of water o r  other means of aeration, and the 
use of large quantities of high quality feed and highly trained operators. 

5. Labor intensive production which involves relatively low rates  of water 
turnover,  enrichment of ponds with crop residues, use of small mangrove lined 
ponds (source of shade and organic matter), use of rus t ic  species such a s  P. 
monodon, and dependence on family management. This is essentially the Asian 
model. 

6. Ibs t ructur inq the government role in shrimp mariculture to emphasize 
financial rewards to productive users of land and water resources with 
financial penalties imposed for  inefficiency, abandonment of facilities, 
and/or failure to maintain minimal levels of production, 

7.6.0. Intertidrrl Zone Mur~ngcmenL 
1 

Despite actions to the contrary,  the intertidal zone remains the patrimony v 
of ail the people and should be managed in the public interest. Mariculture, 
fisheries, forests and a diverse fauna depend collectively on the maintenance 
of the quality, quantity and timing of f resh and estuarine water flow and upon 
the protection of the  mangrove vem tation cover. Specific goals in coastal 
management include: 

1. Optirr~izntion of thc productivity of the intertidal zone with respect  
to all possible activities: shrimp mariculture, rack and cage culture, fishing 
and shellfish gathering, Artcn~ia and salt productivn, forest  products and 
nature oriented tourism which has a potential value to the economy and 
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society. A high net  contribution of these activities to the economy and the 
maintenance of fu ture  options requires intelligent management of the location, 
estcnt  and operation of each activity. 

2. Throughout Ecuador's history, the rura l  population has been 
systematically deprived of access to land and the means of production. The 
same process has begun in the intertidal lands. Management of the area  should 
include effective and equal access to intertidal land, technical assistance 
and credit in order  to assure  full access and benefit from mariculture, 
fisheries and other activities for the poor, national entrepreneurs  and 
international corporations. 

I t  is therefore recommended that  the government. of Ecuador, drawing upon 
data published by CLIRSEM in i ts  Multitemporal S tudy  of Mangroves, Camaroneras 
a n d  Salinns, and other studies such a s  this, should establish a zonation of 
optlmal use of intertidal lands. The prime function of such a map is  to 
establish a firm basis for granting and renewing mariculture concessions. This 
zonation should be legally codified. Because of the volatile nature of the 
shrimp industry  and i t s  negligible con t r i b~~ t ion  to  the national food supply, 
every effort should be made to diversify the economic and food production base 
of the intertidal zone. Included should be programs specifically designed to 
serve the economic and social needs of the local population. 

7.7.0. Activities of Interes t  to Development Assistance Agencies 

The production of shrimp potentially can yield four to five times tne 
economic valuc of product per hectare than irrigatad agriculture. The major 
limiting factor a t  the moment, is the supply of larvae which is an essential. 
elernent in  any itltcnsificntion of production. Given the economic potential of 
aquaculture in its several forms which ranges from capital intensive large 
enterprises to labor intensivc hickyard operations, rr~srits attention by AID. 
Capital is riot a limitation; ra ther ,  it  is the absence of practical advice and 
information. For r:xu~nple, with respect to capital Rdston-Purina of Ptinamn 
(and others)  has reputedly succeeded in closing the reproductive cycle of P. 
1-annamei. Thep a r e  prepared to establish n hatchery in Pcru mid supply larvae. 
Tho cost is approximatelv two million dollars. Those few large enterpr ises  
capahlo of guaruntr:eing a loan of this maqnitudo will tend to dominate the 
industry. Donors should carefully examine the social context of support  of 
t l ~ i s  sort.  

The prohlerrt of inadequate technical information could be partially solved 
by the exchanges of experienced practioners and scientists in various par ts  of 
the world $r the  purpose of 1etirni1l.g frorr~ one anothcr. [Jnfortu~~ate1y, however, 
many international assistance agencies, such a s  USAID, perfer to fund and 
support  qualified but inexperienced nationals ra ther  than involving 
highly-experienced foreign passport holders. Nevertheless, mechanisms do exist 
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for cross cultural collaborat.ion through such non-.qovernrnent.al organizations 
a s  the United Nations and various private voluntary organizations. 

7.8.0. Rcsearch Needs 

1. I t  should be recognized that  the major market for Ecuadoreun shrimp is 
the U.S. and that most socioeconomic-type studies in Ecuador fail to take 
advantage of predictions of U.S. market conditions, potentials and 
limitations. Studies of the U.S. market should be made to establish the 
character of the import market for, a t  least, five-year planning horizons. 

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

3. There is  grosslv insufficient public (i.e., non-proprietary) knowledge 
-*the biology, ecology, physiology and reproduction of the %' 
penaeid shrimp to permit effective management. A n  interdisciplinary approach 
to problems of migration, reproduction, habitat and cult,ure could have 
considerable economic benefit. 

4. Shrimp ponds represent highly subsidized subsystems that  replace huge 
areas  of naturally-sustaining systems and components such as mangroves and 
salinas. Orrfanized research should be undertaken to evaluate alternative sites 
for potentiai use a s  shrimp ponds. 
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SOME TRADITlONAL USES O F  SOUTH AMERICAN W G R O V E  FORESTS1 

U p  until the late 1 9 6 0 ~ ~  coastal mangrove forest  ecosystems were 
considered to be a form of wasteland in nlcst par t s  of the world (cf. Luge and 
Snedaker 1974) arid were either ignored or abused. However, in a few countries 
in Asia (e.g., Brtnglndesh. Pakistan, Malaysia, Thailand, etc.) mangrove 
forests were viewed a s  natural forest rSesources that  could be managed for 
economic gain. In c-ontrast, the mangrove forests on the Atlantic, Pacific and 
Carib bean coasts of South America were, with certain exceptions, never managed 
or utllized bevond that  of providing subsistence needs For local populations. 
Part of the reason for the benign neglect of the South American mangrove 
forests was the fact that the majority of the major population centers were 
located in high altitude mount,ain environments (e.g., Bogota, Colombia and 
Quito, Ecuador) or in areas distant from any  mangrove forest (e.g., Caracas, 
Venezueia and Lima, Peru). To a large extent, this preference for high inland 
elevations was due to the cooler, more favorable climate (cf. Holdridge 19671 
and a relatively lower incidence of diseases such a s  yellow fever and malaria. 

Beginning in the 60s and estending through the early 70s, the cco1ogic:al 
and economic vaiues of mangroves began to be docuniented (see Golley, Odum and 
Wilson 1962, Odurn 1969, Odurn 1971, Henld 1971, Snodaker and Lugo 1973). Rrnonq 
the cited values a r e  the roles of mangrove forests in coastal protection 
(c'.g.,  against siorrrls and erosion), t,hc perpetuation of coastal water quality, 
anc!, in the mainten:mce and the production of coastal and marine finfish and 
shellfish populations. Based on this new perspective, various international 
organizations such a s  Unesco, F40, UNEP, USAID, and IUCN, initiated a variety 
of programs with scientific, conservation and management objectives that  
resulted in widely co~nrnunicated results  (vide Rollet 1981, FA0 1982, Saenger, 
IIeqeri and Dtlvie 1983, Snednker and Snedakcr 1984, Ihn~iltun and Srledaker 1984, 
Snednker and Getterw 1985). In part  because of a decade of international 
publicity, and  for a variety of' other rcosons, n~ost  of the c*ountrics of South 
America now have an expanding interest in the mangrove forest-dominated 
coastal zone as ii rnultiplo resource for national econcmic dc:veloprr~c?nt. In rnnny 
aspects, the situation in Ecuador represents a microcosm of the changes that 
a r c  rapidly taking plr-tct! in the traditional uses of mangroves and t h e  
socioeconom~c consequences of current  coastal development. 

1Excerpted and rlcvelo~ed from a discussion paper presented by S .  C. 
Sricdaket. a t  the United Nations 1Jniversit.v Workshop on the Socio-economic 
Situation of Pioneer Settlements in Mangrove Forests, Nong Nooch Villaqo, 
Thailand, 27-31 May 1985. 



THE MANGROVE: FOIIESTS O F  SOUTIE AMERICA 

Geographic Distribution 

The mangrove forests of South Anmricn extend from northern Peru on the 
Pacific Coast to Brazil's southern state of Rio Grande do Sul on the Atlantic 
coast. Aridity and the cold IIumboldt cur ren t  limit the southcrn extension on 
the Pacific coast to about 6"s latitude, whereas higher rainfall and warm 
currents  along the southern coast of Brazil permit limited mangrove growth to 
about 28OS latitude. Throughout the continent, the s t ructural  development of 
mangrove forcsts is best in areas that  receive relatively high rainfall and/or 
abundant freshwater runoff; a similar pattern has been documented for Central 
America and t h e  Caribbean (Pool, Snedaker and Luqo 1977). Tho only major 
exception is  the delta region of the Amazon River where there is no 
significant influence of salinity in the coastal zone. In  t h e  absence of 
salinity, mangroves cannot compete with freshwater species which form the 
dominnr~t vegetation (West 1956). In contrast, the delta of the  Orinoco has 
extensive 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 a t  some 4.6 million ha which represents about 22 percent of 
the w ~ r l d ' s  21 million h a  (Snedaker and Brown in prcp . )  The national areas 
range from 2.5 million ha in Brazil to 2500 ha in northern Peru (Table I ) .  
Most of t,hc largest siriglo areas  of undisturbed forest are found in remote 
areas that a r e  largely inaccessible, for example, the Orinoco delta in eastern 
Venezunia (495,200 h a )  i ~ n d  tho Pacific Coast of Colombia (451,300 h a ) .  Similar 
expanses also occur in northern Brazil. 

. . . . . . . . . .  ...... . . -  ... - - -  .. .. .- - .. - - .. - - . . . . . .  A . -~ .... -. ........ -. .- - ....... - ...... - .- - - - - .. - .- . -. -... - .. - - . - - .. - .- - - -. .- -. . -. -. - - .- - -.. - 
Table 1.- Mangrove Forest Area in South America 

IIec tares 
Brazil 2,500,000 
Col rmb ia :501, 300 
Ecuador 177,555 
F r e ~ ~ c h  Cuinna 55,000 
Guyana 80,000 
Panama 486,000 
Peru  2,449 
Venezuela 673,569 
Suririam 115,000 

TOTAL 4,590,873 hectares 
................................ . . . . . . . . . . . . . . .  . - - -  ............. .......-........... ............. ................... 



Species Composition 

South American mangrove forests a r c  limited to some 15 spccies distributed 
among the genera Rhizophnra, Avicennia, Laguncularia, Conocarpus, and 
Pclliciera. This contrasts with the larger number and higher diversity of 
species (and genera) that a r e  found within Old World mangrove forests. The 
diversity of associaled ariirrials is  also sir;lriificnnt,ly higher in the Old World 
which argues  that the center of origin of the mangroves sensu lato lies in the 
Old World. 

Iiistoricai anti Traditional U s e s  

m  he historical uses thai have been made of mangroves and mangrove products 
a r e  very poorly documented and much of the extant information is based on 
conventional wisdom and anecdote. However, the earliest recorded utilizaiion 
of mangroves is inferred from a law promulgated by King Jose of Portugal in 
1760. Thc  law, imposed on PJruzil, made i t  illegal to fell mangrove t rccs  
without simultaneously utilizing the bark. I t  was feared that  the extensive 
felling of trees for fircwood would limit the availability of ha rk  for the 
tanneries. In addition to a financial penalty the law also imposed a three 
month .jail t e r m  (Hamilton and Snedaker 1984). 

Tnere is a paucity of evidence in the ethnographic and archaeological 
literature concerninq direct uses of mangroves by prc-Colombian Indians 
although they a re  known to have inhabited coastal areas characterized by 
extensive: mangrove forests (cf. Meggers, Evans and F:strada 1965). In  gent!ral, 
pre-Col~cmhian and historical uses a r e  presumed to be the same a s  the 
t,raditional uses that  are observed today. In this regaid,  t hc dominui~t 
tradit~onal uses include the cutting of trees for firewood, charcoal, small 
diameter poles for light construction and dorr~estic use. In each case, these 
represent small-scale operations undertaken by single families o r  sevc~.al 
adults from one village. This  is  unlike similar activities in par ts  of Asia 
where the harvesting and sale of poles and the production of charcoal a re  
snlali to rnctiiurrt size industries. in  South An~erica, and Latin America in 
qeneral, the small-scale production of charcoal is  incfficicnt and produces a 
~ > r u d u c t  cd variable qu:llity. However, there i s  a relatively hiqh denland for 
charcoal by the Panamanian middle class, and it comniands a fairly high price. 
In Panama, the production ttxtinique i s  based on c.onstructing a densely-packed 
cone ( 4  m diameter x 2-3 m high) of small logs and branch wood (0.25-0.5 rn 
long) covorod with earth and fired from the center. Tn r.he P::nama City 
charcoal market, the buyers demand smokeless charcoal which the small 
producers can supply  only by  illloi~ing t h e  wood to burn for an excessive period 
of time; the technique does not permit the control of the kiln temperature and 
the resulting sn~okeiess charcoal has  a very l ow  caloric valur: (Srled:ikf:r 1981). 

Another small-scale use of mangroves has been the stripping of ba rk  from 
felled IZf l i zophc)rx  trccs for  the production of tannirr. fiowever, the collapse of 
the world maritet for tannin has almost eliminated tannin production activities 



on all but a very small scaie in South America. One of the larger producers is 
located in southwest Co8t:i Rica and utilizes bark striprmd from Rhizopilora 
trees in Panama and illegally esported to Costa Hica. Other than this one 
activity, tannin production elsewhere is  presumed to bc minimal and gerformed 
a t  the family level. 

Summaries of the traditional uses of mangroves have been reported by  
Saenger, Hegerl and Ijavie (1983) by region and country, and by Haniilton and 
Snedaker (1984) b y  species. h more detailed review of the uses of rrtanqroves 
was prepared by Walsh (1977). In general, these publications confirm that much 
inorc has been report.ed about the traditional uses and socioeconomic values of 
the Asian mangroves than that  of the South American mangroves. In par t ,  this 
is believed to bc due to thn ciifferencos in the roqional distribution of hurnan 
popuiations in both regions. 

Utilizat.ion and Econornic Value 

The  utilization of mangrove forests for wxnomic purposes has had a long 
and mostly successfully history in Asia. In fact, the oniv complete forest 
management plans that  exist :is models for sustained forest yield are from the 
Asian region (e.g., Curtis 1933, Ijixon 1959, Khan 1966, Choudhury 1968). In 
South America, no such pians exist although some international organizations 
such as F A 0  have made efforts to develop plans for selected mangrove forest 
zreas. irresyeciivc ~f tho absence of forest management pinns, there a r e  
schemes for large scale forest utilization albeit not on a sustainable basis. 

kIannrrrove forest utilization on large commercial scnies iias onlv recently 
been instituted in South America although most of the government inspired 
cfforts rernain in the planning stage. ~t the present timc, the Gover~~rnents of 
Brazil, Panama and Venezuela a r e  working toward the development of forest 
rnanugcroent plans. However, their implcnicntation and the subsequent develaprnent 
of mangrove forest-based industries is extremely slow due to the widespread 
opinion that rr~rmq~ove wood arid wood products hi-ivc: ininllnal value when compared 
to other tropical forest  specics. One notable exception is the commercial 
harvcstinq of lurgc R h i m p J w m  t r w s  in tho Orinoco delta (Ilulnilton and 
Sr1edakc.r 1984) for transpor*t and use elsewhere in Venezuela as power utility 
polcs. In addition to thr: e~~vironrncrltal impact (i'itnnier 1979), other 
knowledceai~le observers claim that the Orinoco harvesting is exploitive and 
not likely Lo !cad to an  industr id  bast: that offers pcrm:~rlont job 
opportxnities in a region that  is only minimally developed. With respect to 
the other countries in South Amerira, plans to utilize rnanqrnve forest. 
resources as tin~ber., all tend to be highly cxploitive a s  opposed to being 
based on a sustained and pcrpotuul yield. In part, this is due to the short 
term economics which favor the clear felling of a11 comn~ercial timber a t  one 
time for sale to intcrnatiolml wood chip buyers. In  addition to the economic 
situation that does not favor sustained yleld management, there is also the 
perception problcrn that  marigrove wood and wood products are inferior to 
availabie substitutes. 



Other forms of utilization of the mangrove ecos ys  ten1 involve the clearing 
of t h c  forest  (wi-th o r  without utilization of tha wood) :tnd t.he conversjon of 
the land to salt-evaporation ponds or  to maricultural ponds. Conversion to 
rice agriculturt? is  not seen as a n  option in South America a s  it  is in par t s  
of Asia and Africa. Salt evaporation ponds a r e  limited to arid and semi-arid 
c1imai.c~~ and m a y  only infrequently require t h e  conversion of mangrove forests. 
1nvestor.s arid developers of maricultural ponds for  shrimp (mostly penaeids) 
production also prefer serni-arid clirr~ates and seek out salt Plats, barren 
coastal areas,  and former mangrove areas  for the construction of ponds. This 
preference is due to t h o  fact that  the land is devoid o f  t rees ,  essenthl ly  
flat and close to salt water, which translates into a low land-preparation and 
pond construction cost. However, the extremely rapid de-velopment of the  
mariculture industry in South America is forcing the developers of new pond 
systems io convert pr-oductivc,. mangrove forest  areas  a s  well a s  productive farm 
land. Prior to 1980, only Ecuador had m a d e  a significant investment in shrimp 
mariculture, but the perceived financial srlccess has inspired other countries 
to follow suit ,  sonietimes with the assistance of international development 
or.ganizations. A s  a result ,  most Central arid South American countries have 
either begun encouraging mariculture o r  have announced plans to stimulate 
investment. in this industry.  
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API'IINDIX B

MANGIIOVE FOREST AREA IN ECUADOR1
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Area in Mangrove l'orest
hectsres (acres)

L77 ,55it
40,  : i00

6 ,  000

438 ,560  )
99 ,500  )
14 .  800  )

Nott:s

/ l \

/ . ) \

( J j

( 4 )
l ?

ECUADOR
Fror; i .ncia
Provinr: ia
Prov inc ia
El 0r 'o
Caltrpaflos

Esrte ra1'1::s
Miuri:b i
(-iuuvtts 90 ,190  (  222 ,800  )

40 ,265  (  99 ,500 )
|fUU I. 2 ,  000  )

I  ( l )  Totai  area est imate obtained by surnmarizing ( in hecLares) the
i trdiv iduai areas. I . 'AO,/PNUMA (198i)  est imates t .he total  area at 235.000 ha. Tl ie
true estitnate is expected to iie somewhere bt:tween these two values.

(2) There are var ious est i tnates for Esmeraidas inclucl ing 8,000 ha (Ber. thon
1959) ,  29 ,604 ha  (Ar : r :s t .a -So l is  i957) ,40 ,300 ha  iD ixon e t  aL .  nd)  an< i  i80 ,800
lra (Rafael R. Horna ZapaLa, Francisco Yoong Basurto irnd illanca Reinoso de
Ayeigir ,  peJ's.  comm.),  Dixon et a] . 's est i rnate is used in the sumrrrarry and is
consiciered to be a I'easonabie provisionai val.ue.

(3) Da'La (in hectares) proviried b.y Rafael R. Horna ZapaLa, F'rancisco Yoong
Basurto and Blanca Reinoso de r\yeiga (pers. comm.).  The Minister io de
Agrir :uih-u-a y (- ianaciet ' ia (1980) gives an est i rnaLo of 7! I ,7OO ha but this is
bel ieved Lo be Loo hi .qh (Gi lberto Cintr .on, pers. comm.l.

( .1) Dt i ta ( i t r  hectares) obtainr:d frorn Cintron (1981a,b).  In adcl i t ion to Lhe

I manst ' ()ve r1l 'eas, t i tere are sal t  f lats comprisin.g some 42,712 ira in Guayas and

I l3,O24.hrr. in EI Oro. I 'hersr. :  areas at 'e not inclrrc ir :c l  i r r  Lhe forest areir  ost i rnale
Uf led  ner r i .

rA1:pen,-iix IJ lr.as been urodified fr'<;nr a draft rel-rort prel-rar.r:rl by Samuel C.
Snedaker  and Meiv in  S .  Brown,  en t i t led ,  "B iosphere  Inventory  o f  Mangrove
Forest Ltrncis: Tote-rl Area, Current SLatus, Managine Institutic.rns, anci l?csearch
Ini t iat , ives," a project of  the IJne'sco/SCOR Working Group 60 on Ivlangrove
Ecology sutrryrorte<l b.y thc USDA lrorest Scr"vice as part  of  t i re U.S. Ir4ern and
Biosphere  Program.
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There is a reiat ivel l '  lar ' .ge var ial ion in est imates for t i re mangrove area
in Ecuaclor', artd the rnore conservative aiLcrnatives are uscld in the report. For'
examoie, Dixon et aI .  (nd) stal .e lhat there are 403 square ki lometers of
rnanqr()vc forest in the San Lorenzo-Lirrones area, of rv ir ich 290 squarc
ki iometers are in regenerat ing forest and an addit ional 113 square kik:meters
in 'de.qraded' forest.  (Gi lberto Cintron, peJ's.  comm.),  Belorv are other
estimates for Ecuador provided by Rafaei R. Ilorna ZapaLa, Francisco Yoong
Basurto and Blancer I?einor;o cle Ayeiga (pers. comm.l , These rnay be
unreai ist icai iy higir ,  part icular ' l -v for Esmeralcias.

t
I
I
I
I
I
I
I
I
I
I
I
t

ECUADOR
Prov inc ia
Pro ' r i r rc ia
P rov i l c i a
El 0r<.r
(,iatlaIra{os

Esrneraldas
Malabi
Guayas

Ilectares ( acres)

3 1 6 , 8 0 0  i  7 8 2 , 5 0 0 )
1 8 0 , 8 0 0  (  4 4 6 , 6 0 0 )

6 , 0 0 0  (  L 4 , 8 0 0 ,
8 0 , 0 0 0  i  1 9 7 , 6 0 0 )
5 0 , 0 0 0  (  1 2 3 , 5 0 0 )

8 0 0  (  2 , 0 0 0 )
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