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Impacts of Shrimp Mariculture Practices on the Ecotogy of
Coastal Ecosystems in Ecuador

Andlisis del Ecosistema del Estuario del Rio Guayas en el
Ecuador: Implicaciones para el Manejo de Manglares y la
Maricultura del Camar6n.

Robert R. Twilley

Resumen

La expansi6n de la consEuccidn de piscinas para el cultivo del camar6n en la zona intermareal ha
causado el mayor cambio en el uso del suelo en el iirea costera. Este crecimiento, en su mayor parte, esl6
ubicado en las provincias de Guayas y El Oro. El mayor rio y m6s importante sistema estuarino de la costa
fluye-a travds de estas provincias hacia el Golfo de Guayaquil. El Golfo y los estuarios adyacentes
constituyen el ecosistema estuarino mayor de la costa occidental de Sudam6rica. La descarga media del rio
Guayas es de 1.143,7 m3/s, con amplias variaciones estacionales que van desde un promedio de 200 m3ls en
\a 6poca seca hasta unosl.600 m/s, en la estaci6n lluviosa.

El cultivo del camardn en esta 6rea, se halla influenciado por algunas actividades tambi6n en
expansi6n, como la agricultura, exploraci6n de petrdleo, desarrollo urbano y pesquerias.

BaMndose en la densidad de siembra de postlarvas (pls) por hertArea(ha), los m6todos de cultivo son
clasificados en: (a) extensivo (siembra de 10.000 - 20.000 pls/ha; rendimienros de 100-400 Kgha/aflo); O)semi-extensivo (50.000 - 60.000 pls/ha con suplemento alimenticio; obtiene doble producci6n-a la del'
m6todo extensivo); y, (c) semi-inlsnsivo (100.000 pls/ha; con suplemento alimenticio o fertilizacidn;
rendimientos 1.000 - 1.800 Kglha).

La existencia de la amplia zona de manglares en la provincia del Guayas (12L.4& ha) ha sido
atribuida aun gmn aporte de la Cuenca del Guayas y a las altas tasas de euapo-transpiraci6n. isto, asociado a
la frecuencia de maleas, ha creado las condiciones fovarables para desarrollo del manglar con densidades de 185
rirboles/ha y una drea ba sal de 62,4 ̂ 2, lo que indica mejores condiciones que en Venezuela, Colombia,
Malasia y Puerto Rico.

En el estuario del Guayas, la calidad del agua estii influenciada por las aportaciones provenientes de
13 Cuenca del Rio Guayas, el intercambio con Ia zona intermareal y los procesoioceanogrdfiios fisicos del
Golfo.

El trabajo revisa la influencia de la industria de la maricultura del camardn en la calidad del agua,
estimando quela cantidad de aguade recambio entre los esteros y las piscinas, mediante bombeo, es de
20xl0omJ por dia, (30.000 has de piscina, tasa de recambio Svoldia),volumen que es tan grande como la
descarga del rio Guayas durante el perfodo de estiaje. Esto, asociado a la evaporaci6n en laipiscinas, indica
una gran descarga de aguas hipersalinas en el estuario.

Se discute el efecto_de la calidad del agua en el cultivo del camar6n y los factores que influyen en la
grod_uc9i61 como son: perdidas de manglar; salinizaci6n del agua en los esteros; futura operici6n deia presa
Daule-Peripa; enriquesimiento excesivo de nuffientes y posterior anoxia; presencia de suitancias t6xicas
como hidrocarbulos, pesticidas y metales pesados. Tambi6n, serealizaun anrilisis global, desde el punto de
vista ecoldgico, de las interacciones enfe la industria del cultivo del camar6n y el eituario del rio Guayas,
especialmente referidas a factores asociados a la calidad del agua, incluyendo lai descargas de aguas residuales
domdsticas e industriales, el incremento de bombeo de agua, la feraltiaci6nen las pisJinas y ierturbacionesclim6ticos como las originadas en el evento de El Nifro.

Las recomendaciones del autor comprenden: efectuar el inventario de la pirdida de manglares;
disnibuci6n actual del bosque de manglar para identificar impactos actuales y futuros; restauracidn e
integraci6n del manglar en las operaciones de las camaroneras, para control de la erosi6n, estabilizacidn de
sedimentos y Eatamiento de efluentes en las camaroneras; estudios sobre balance hidrico en el estuario del
Guayas; desarrollar un modelo sobre la calidad del agua para el ecosistema del estuario; establecer un
progama para vigilancia de la calidad del agua.
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Introduction

The Incas practiced mariculture in Ecuador 400 years ago by closing off lagoons which were
temporarily flooded with seawater andpenaeid shrimp larvae. While the Indian shrimp farmers used ttreir
harvests themselves, ttre rapid growth of mariculture as an indusfty over the last decade in Ecuador has made
it the leading farm shrimp producer in the world (McPadden, 1985). The first commercial shrimp
operations did not begin ttrere until 1969 (Siddall et al., 1985), and by 1979 farming produced only 4,698
metric tons (m.t.) of shrimp compared tD7,787 m.t. caught at sea. Ecuadorian farmed shrimp production
rose dramatically from 1979 to 1984; in 1983, the year of the highest production on record, shrimp ponds
produced 29,100 m.t. while production from the sea remained at 7,500 m.t. The export value of the total
tonnage in 1983, nearly triple the amount produced in 1979, was U.S. $183 million, ranking shrimp
second only to petroleum as an export commodity for Ecuador.

The expansion of the farmed shrimp industry resulting in the construction of ponds within the
intertidal zone has caused a major change in coastal land use. Initially shrimp ponds were constructed in
more inland, baren intertidal areas (salinas). Locating the ponds closer to the shore lowers costs associated
with supplying water and larvae to ttre ponds. From 1980 to 1984 nearly 10,000 hgctares (ha) of ponds
were authorizedfor construction annually, increasing the total to 60,000 ha by 1983 (Figure 1). A recent
suvey by CLIRSEN (1984) shows that there are currently 89,368 ha of shrimp ponds along the coast of
Ecuador (Table 1), many occupying former mangrove habitats.

itris expansion of the farmed shrimp industry has been largely confined to the two southern coastal
provinces, Guayis and El Oro (Table 1). The largest river and estuarine ecosystem of the-coastal lowlands,
ihe Goayas River basin and estuary, flows through these provinces and into the Gulf of Guayaquil. The
Gdf of buayaquil and adjacent esiuaries are tle largest estuarine ecosystem on the western Pacific coast of
South America (Cucalon, 1984). This ecosystem handles 95 percent of the country's imports and 50
percent of its exports, and its coastline includes the most populated city in Ecuador, Guayaquil @ngineering
iournal, 1972). The shrimp farming indusry developed in an area of the coastal zone that is influenced by
several other expanding industries including agliculture, oil exploration, utban development, and coastal
fisheries. In addition, ihis region maintaini an extensive area of intertidal communities including nearly 83
percent of all man$oves in Ecuador (Table 1).

One of the major reasons that farmed shrimp production has not returned to high levels observed in
1983 is reduced avaitability of postlarvae (PL) for stocking ponds. Total production in shrimp was down in
1984 compared to the previous year, not only because of low catch rates in the trawl fishery, but also
because oi the lack of iarvae for shrimp ponds during the second half of the year. It is estimated that during
1985, only half (30,000-40,000 ha) of the shrimp ponds consftucted in the Guayas province were in
operation because of the lack of postlarvae. The 4 billion postlarvae provided largely by the "laveros"
(primarily push net fishermen ) represented an annual stocking rate of about 133,000 postlarvae per ha of
p-ond or abbut 65,000 postlarvae per ha per season, based on two harvests per year. This_is fairly intensive
mariculture and produition rates per ha of pond seem to be decreasing. However, such calculations are
tenuous since iniormation on ttre quality of shrimp sold and tlre area of ponds actually in operation is
somewhat confusing.

Several factors have been associated with the decline ofpostlarvae in the estuaries along the coast
of Ecuador, including lower water temperatures following an El Niflo event in 1982-83,loss of mangrove
habitat, decline in witer quality and overfishing. Poorer water quality has contributed to increase in disease
and poor maturation of postlarvae, and lower growth rates and higher mortality of wild shrimp, which affect
the availability of wild postlarvae as well as the survival of larvae transported to glowout ponds.

Coasial resoruce management to sustain optimum levels of productivity is complicated by
conflicting goals of diverse user groups. Changes in watershed land use and utilization of estuarine waters
trave prorn-pied concern ouer posiible negative impacts to the qlality of coastal resources and resultant
damage to the shrimp industry. Also, construction and operation of the shrimp industry itself have raised
concsrns about its negative impact on the coastal zone.

This paper witl show ihe interactions of various economic enterprises and environmental resources,

and will recommend elements for an integrative management scheme for fte coastal zone of Ecuador.



Geography

The coastal zone of Ecuador (1oN to 3o20's) consists of four coastal provinces @smeraldas,
Manabi, Guayas, and El Oro) situated in 284,000 km2 of lowlands between the pacific Ocean and the
Andean highland @gure 2). There are thre€ climatic zones along the coast: a moderately wet climate in
the south with abundant fresh water from runoff around Guayaquil; an arid central province with very sparse
vegetation; and, in the north near Esmeraldas, a more humid, tropical zone with abundant rainfall and
runoff. More than 95 percent of the-annual precipitation falls during the wet season from January to May
(Stevenson, 198 1), and varies from less than 500 mm in the central provinces and the coast of the southern
provinces to over 3000 mm at Santo Domingo de las Colorados in the north @ngin eer loumal, 1972;
Schaeffer-Novelli, 1983). .Annual mean temperatures (from 24.2o b 27o C) vary liule along lhe coast,
thus potential evapotranspiration is about 1300 mm per yeu.

_ The two major river and estuarine ecosystems of tle coast are Rio Esmeraldas in the norttr and the
Rio Guayas which flows into the Gulf of Guayaquil in lhe sourh Egore 2). The Gulf of Guayaquil
receives runoff from some 20 rivers with a watershed of 51 ,230 km2, equivalent to a watershed: water
surface area ratio of 4.3. The Guayas River is the major source of fresh water to the Gulf, which forms 60
km inland at the confluence of Rio Daule and Rio Babahoyo. This fresh water enters the Rio Guayas
estuary, and to a lesser extent the Estero Salado, around the city of Guayaquil and tl-ren flows 55 km to the
Gulf of Grayaquil. The mean discharge of 1143.7 m3/s for ttreGuayas river is the highest among the 30
rivers in the coastal zone of Fcuador, iepresenting 39 percent of ttre iotal discharge rro? trris iowUna
region. Me-an precipitation^in the Guayas River drainige system north of Guayaquil is BSimm/yr, which
may range from less than 400 mm to more than 1800 mm during any one year (Figure 3). Discliarge is
strongly-seasonal ranging from 200 m3/s during the d.y season !o 1600 r3/, in ur,-uuerale wet season
Gigure 3). Tides are semi-diurnal and are of equal a*ptituae (1.8 m) in the Gulf of Guay"aquii, bur are
amplified to 3-5 m in the Rio Guayas estuary near the city of buayaquil. Flushing time of ttre Gulf of
Guayaquil is about 21 days.

Shrimp Mariculture Management

The methods of shrimp mariculture in the intertidal zone are grouped into three classifications
based on the densities of iuvenile shrimp stocked in the ponds. Exteniive mariculture, using a stocking
density of 10'000-20,000 iuveniles per heclare (ha), relies little on further supplements from"seawater
exchange^via pu-mping or from artificial fertilization. h._lrt9rl are present and annual yields are relatively
low at.100-400 kgftia' An increase in stocking rates to 50,000-60,b00* juveniles per tra is a semi
extensive system that requires some supplemental feeding and exchange of seawatei to con6ol water qualityproblems such as decreased levels of dissolved oxygen. Production rites rno." than double with this
program. The most highly managed system is semi-intensive operations that stock ponds at 100,000*juveniles per ha-and supply food supplements or fertilize the ponds to increase sources of food. Waterexchange with the esfuary is higherand annual production raies increase to 1,000-1,g00 kgd.

The dramatic expansion of the farmed shrimp industry and increased levels of pont *-ug.r.nt
stimulated-the developmentof a new fishery toprovide postlarvae and seed shrimp rotiro.llng mariculturepolds' Industry sources _estimated that up to 90,000 artisanal fishcrman were involved in the 19g3 harvestand in 1984 numbers of fishermen yo+ing along the coast were even higher (N4cpadden, 19g5). Seedfishing is concentrated in areas-of significant freJh water discharge along ttre ioastline, such as bt oro andEsmeraldas, with the highest effort occurring in the Guayas p.oulnce.

The catches are non-selective, with small fish, pena-eiO postlarvae and juvenile shrimp including amixtureofP.vannamei,P.stylirostris,P.occidentalis andP. ialiforniensis,aswellassomefreshwater
Carid spe*ies' Since only the lorqer two species survive best in mariculture ponor, o*n.ir pay according
to the proportion of the stock that is P . vainamei and P. stylirostris (Mcpadden, r43sl. ser;ion is apost-harvest process and therefore less-valued species are lost from thi estuary. The peak of the seed fishing
season is from Deccmber to March when fisherm an may take up to 40,000 p.istr-uai a-oal iii sire
ranging from 7-10 mm.

* 
villalon et al. (this volume) report slightly higher stocking densities.
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A major factor associated with the availability of immature shrimp is temperature of offshore
water. Temperatures are controlled by the mixture of warm water flowing southward from the Panama
Bight wittr cold waters flowing northward from the Peruvian Humboldt Current. This mixing occurs
beiween Manta and Punta Santo Elena along the coast of Ecuador and gradually moves southward into the
Gulf of Guayaquil. The southerly flowing water causes increase in seawater temperature and initiates the
onset of the rainy season (Cucalon, tttis volume; Cucalon, 1984; McPadden, 1985).

Years o1abnormally warm water temperatures and high rainfall are associated with El Niflo events
and have resulted in the explosive populations of white shrimp off the coast of Ecuador. The high
availability ofpostlarvae that supported the expansion ofthe shrimp industry in 1983 and 1984 has been
associated with these offshore processes (Cucalon, this volume).

Reclamation of Mangroves

Eight species of mangroves are distributed along a rurrow band of the outer intertidal zone of

Ecuador *it=h a non-negetated-area called "salinas" (salt flats) in more inland intertidal areas Clable 2). The

oiii.nr. of 121,4& hi of mangrove in the Guayas province has been attributed to extensive river flow

iro* tft" GuayasRiver basin ani high rates of evapotranspiration (Schaeffer-Novelli, 1983).
The ieaward intertidal ron6 is colonized 6y specils of mangroves in the Rhizophoraceae family,

with Rhizophora harisonii on the perimeter of the ihoreline and mixtures of the other species inland of this

zone lgintron et a1., 1981). More inland of this fringe is a mixed zone of Rhizophora and Auicennia
gir*inort. Still farther inland lies a monospecific siand of Avicennia, which yields eventually to shrub

ii*s * Salinas with extreme hypersaline soil conditions. High tidal frequency and ri-ver discharge create

ionOitlon, suitable for mangroveiorest structures in the northern provinces with tree density of 185/ha and

a basal arca of 62.4 ,&ha. This density is greater than for mangroves in Venezuela, Columbia, Malaysia

and puerto Rico (Cintron, 1981). Mangrove forests are less dense in tle southern provinces (CinEon'

1981), particularly surrounding shrimp ponds (Snedaker et al., 1986)'
The most obvious exfloitation of mangroves along the coastal zone of Ecuador is the construction

of ponds for the production of shrimp and fish. This land use pattern in the intertidal zone first involved

wholesale destruction of mangroves in Machala and in the southern province of El Oro. Following this

period of total mangrove destl"uction, pond construction was authorized mainly in the Salinas and inland

i"ung1ou. ,ones. Ilo*euer, as the arei of pond construction increased dramatically in the early 1980s, less

of tflir unu"getated intertidal area was avaiiable and mangroves wg_rg again heavily impacted by the

mariculturelndustry. Recently, there has been a decree ihat prohibits new authorization of ponds in

**g.ou"r. Several thousandtechres of ponds have already Ueen authorized in the intertidal zone, though

construction in many instances has not yet begun.
The exact nu*U.r of mangroves lostio the construction of ponds al-o1g {e coastal province of

Ecuador is uncerrain. 
-e 

t"..nt iufr"y from CLIRSEN (1984) shows that 79,396 ha or 88.8 percent of the

total area of shrimp ponds along the coast of Ecuador is located in tle two southern provinces of Guayas

una gt Oro (Iable-li. A Aiagrai" representing the potential_loss of mangroves based on proportion of ponds

constructed in mangrove 3r.lus ir shbwn in Ffuure +. ffris diagram demonstrates that if all 52,9l2haof

.trrintp ponds in Guiyasprovince (fable 1) wLe built in mangroue-areas, Ihe original mangrove area would

have been 174,375 na, arid mangrove loss would be 30.3 percint of the resource. At a utilization rate of 10

f.t".ni of ponds builiin mangr6ues, the loss of mangro-ve !a!i1at would be 4'2percenI'

Historical records of-the southern coast of tlie Gulf of Guayaquil in the province of€l Oro at

Machala give some indication as to the proportion of mangroveslsed for the construction of ponds (fable

gi. F 
"*1qO6b 

LgiT rhere were 834.ih;of ponds consructed and, based on the loss of mangroves

Ouringrhis period, 55 percent of these ponds w-ere built in mangrove habitats. This estimate is probably

"*ugg"out"d 
rince urba'n areas also apparently increased at the expense of mangroves' If urban,expansion

*^"Jq"uUv divided between salinaiand mangroves, then 45 percent of the ponds constructed in this period

would have been in mangroves.
From 19?? to 1-982, an additional 1496.5 ha of ponds were built, however, there was no

conesponding loss of salinas and mangroves. Rather, decreased land use for agriculture was observed,

which could account f* tnr additionalpond consEuction and urban expansion. However, assuming that all

of the mangrove loss was from pond construction, then 63 p-ercent of the pondswere constructed in

*ungro"" f;abitats. gased on ttii, ,ung" of 45-63 percent of pond consEuction in mangrove habitat in El
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Oro, an estimated 16-21 percent+ of the mangrove in the Guayas province may have been lost to shrimp
farming. Recent estimates by CLIRSEN indicate that mangrove loss in the Guayas Province is much less,
at about 4 percent+ of the original lnangrove cover. This would mean that about 10 percent. of the shrimp
ponds constructed in this province were built in mangrove (Figure 4).

Factors Influencing Water Quality

Water quality of the Guayas River estuary is influenced by inputs from the watershed, exchanges
with the intertidal zone, and physical oceanographic processes in the Gulf of Guayaquil. Activities in the
watershed include a dam project that will influence fresh water input, expanding agriculture with associated
discharge of chemicals including nutrients and pesticides, sewage from increased urbanizatton,and toxic
substances from industrial activities (Arriaga, this volume). Exchange of estuarine water with the intertidal
zone via tides has been replaced wittr diesel pumps ttrat pump water to improve the productivity of grow-out
ponds. Natural resources within the intertidal zone, including mangrove, may also influence water quality,
though the function of these communities is still uncertain. Offshore waters influence the temperatue and
salinity of the Guayas River estuary, most notably during El Niffo events and during presence of red tides in
coastal waters. These diverse natural and anthropogenic influences on water quality in the estuary
complicate water quality management in this coastal ecosystem.

Daule-Peripa River Dam Project

A dam is proposed at the confluence of the Daule and Peripa rivers for water supplies, conEol of
river flow, and hydroelectric power. Water will be diverted with an aqueduct from the Rio Daule to the
Santa Elena peninsula for potable water, irrigation for agriculture and industriat use. The dam will also
increase the flow of fresh water to the Guayas River estuary during ttre dry season to prevent salt water
intrusion in fhe lower Daule River and enhance agriculture in this area. The Rio Daule drains one-third of
the Guayas River basin and has a mean capacity flow of 11.5 km3/yr or 365 r3/r. Thr total river basin of
both the Daule and Peripa Rivers is 420,000 ha and it receives a mean precipilation of 1800 mm per year.
A thorough description of the soil characteristics and land use of this watershed are provided in a report by
the Guayas River Basin Commission (CEDEGE, 1970).

The dam will create an impoundment witfi a storage capacity of 6.0 km3 of water witi a surface
area, of 2'70 km2, mean depth of 21 m and volume of 5.4 tL3. fne impoundment will supply potable
water for 300,000 people at 400 liters per person per day, irrigation waier for 42,000 ha of tand and 20
Titlign cubic meters per yearfor industry. Projected indusrial use includes apetroleum refinery, nirrogen
fertilizer complex, petrochemical complex, and a perochemical port facility at-Monteverde

The dam will influence the amount of water from the Daule and Peripa Rivers that normaly
discharge into the Guayas River. Presenl.ly the proposed operation of the dam calls for an average annual
flow of from 100 to 175 mr/s (Jenkins, 1979; Arriaga, this volume). This flow will vary from a high of
321m3/s during the wet season in April, to a low oi nq *3/s in August. Compared to the normal flow
of the Daule and Peripa Rivers @gure 5), this modified flow is much lower than the fresh water discharge
of up to t000 m3/s that usually occurs during the wet season. During the dry season, to control salt water
intrusion, the dam will provide water above the avengedischarge of about 50 m3ls from supplies store.d in
the impoundment. Based on average monthly flows, the normal discharge of 343 m3/s for these two rivers
will be restricted to 175 m3ls, a reduction of about 49 pe,rcent (Figure 5). This reduction represents a loss
of 15 percent of the fresh water to the Guayas River and 13 percent from the Guayas River estuary. The
loss of fresh water from an estuary in a semiarid zone such as the Guayas province may influence ttre
patterns of salinity in the ecosystem.

+ Alvarez et al. (this volume) report slightly different percentages of mangrove loss for 1986-1984.
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Nutrient Loading

Sources of nuEients from watersheds to aquatic ecosystems may be described as either diffuse or
from some specific point of effluent. Diffuse nutrient inputs include runoff from natural vegetation or from
managed landscapes such as agriculture or forestry areas. Much research has gone into developing nutrient
loading rates for different types of native vegetation and for specific types of crops in watersheds in various
geographic areas. Most of these loading rates have been developed for watersheds located in temperate
climates. Less is known about the loss of nutrients from tropical watersheds.

The five principle crops raised along the coast ofEcuador are bananas, rice, sugar cane, cacao, and
coffee filho, 1983). These agricultural products come primarily from the Guayas lowlands, situated north
and east of the city of Guayaquil, and along the eastem shore of the Gulf of Guayaquil (Table 4). Statistics
for the Guayas and Ins Rios provinces have been combined to represent agricultural activity in the Guayas
River basin. Over 50 percent of ttre agricultural activity described in Table 4 for the coastal zone of Ecuador
occurs in the Guayas River basin.

The Guayas River basin is a major producer of rice, witfr neady 95 percent of the total rice
production along the coast occurring in the Guayas and Los Rios provinces. Rice in the Guayas River
basin is of particular significance to the nutrient economy of the Guayas River estuary because of the large
area of production (Iable 5), the potential expansion of this crop in the watershed once the Daule-Peripa
dam is completed (projected at 17,000 ha during the initial phase of the project), and its proximity to
waterways.

Point Source Inputs

Point source effluents are associated witl urban areas and industry. However, nutrient waste from
urban centers can also be diffuse load.ings via groundwater transport from septic systems. Loading rates of
nutrients from cities are dependent on population density and degree of waste treatment prior to discharge
into aquatic systems. In the Guayas River basin, there is very little treatment of domestic waste. Sewage
is either released directly to the rivers or estuaries via ditches (refened to as "treated"), or is diverted to septic
ponds. Thus nurient loading from point sources in this watershed is largely related to population density
and per capila rafes of nutrient input from untreated sewage.

The population in the coaslal provinces of Ecuador has increased over the past 35 years, most
dramatically in the Guayas province (Figure 6). From 1962 to 1982 the population of this province more
than doubled to over 2,000,000 persons. In the last several years, the gowth rate has been even geater
with a present population of over 2,568,452 (Figure 6). Together with the population of Los Rios, there
ue 3.14 million peopte in the Guayas River basin @gure 6), of which 84 percent is considered urban, with
53 percent of the basin population located in the vicinity of Guayaquil. Cunently, only 18 percent of the
34i00 ha city is serviced Ly sewers. The city's contaminated waters are emptied, untreated, into the
Guayas Rivei @l Guasmo pumping sfation), Daule River @l Progreso pumping station), and Estero
Salado.

Initial estimates of the impact of urban waste on the quality of water in the rivers and estuaries of
the southern coastal zone of Ecuador are listed in Table 6. These estimates are for the major population

centers along the waterways of the Guayas River basin (including the Guayas and Los Rios provinces), and
include a total population of 1.7 million people, or 54 percent of the watershed population.

Treated iewage here refers to sewage which is transported directly to the rivers and estuaries,
whereas untreated sewage is transported to septic ponds. From the available statistics, waste from 62

percent of the population is pumped to septic ponds (untreated), however, 86 percent of the 54.83 (10)6m3

;f waste generated annuallyis discharged directly to aquatic ecosy-stems. Based on these poprlation
statisticsind per capitarates for each treatment, the loading rates for oxygen demand (biological and

chemical), soilas (totat and dissolved), and nutrients (total nirogen and phosphorus) have b-een calculated.
This preliminary analysis indicates that the city of Guayaquil discharges over 90 percent of all domestic
wastes that enter the river, and an even greater percentage of the nutrients that enter the Guayas River

estuary. Solorzano (this volume) claimi that domestic and industrial waste has lowered water quality in the
Daule and Guayas Rivers by contributing to a high level of bacterial contamination, decreasing dissolved

oxygen content and increasing concentration of nutrients.



River Discharge

Rates of nutrient input from rivers discharging into the Guayas River estuary and Estero Salado
may be estimated from information on seasonal concentrations relative to periods of high and low river flow
(Figure 7). Ammonium concenftations above 15 ug-at/L occur in three of the four rivers surveyed and
concentrations as high as 4A ug-atl occurred in the Rio Milagro. These high concenfrations occurred during
the low flow season, and thus do not necessarily indicate high input to the Guayas River estuary. However,
peak nitrite and nitrate concentrations with values greater than 2.0 and 50.0 ug-av, respectively, occurred in
all the rivers from February to June during periods of high river flow (see Figure 3 foi seasonal river flow
in the Guayas River basin). The pattern for nitrate was common among lhe river systems investigated,
indicating that this may represent a high input of nitrogen to the estuary figure 7). Concenrations of
nitrite above 2.0 ug-atl ue indicative of ninification, which is usually accompanied by decreases in
dissolved oxygen concenfiations (dissolved oxygen is required for the oxidation of ammonium to nitrate;
nitrite is an intermediary ion of this process). Low dissolved oxygen concentrations were observed in lhe
Rio Colorado during the wet season, but the other rivers were nearly saturated with dissolved oxygen
throughout the year. High concenEations of silicate and phosphate were also associated with the wet
season, but the other rivers were nearly saturated with dissolved oxygen throughout the year. High
concentrations of silicate and phosphate were also associated with the wet season, indicating that the
delivery of these nutrients may be substantial to the downstream estuaries. This type of information, along
with discharge data for each river system, is important for the development of nurient loading rates to the
Guayas River estuary.

Toxic Substances

Pest ic ides

Agriculture may also contribute toxic substances such as pesticides to rivers and estuaries of the
Guayas basin (Table 7). Table 7 is based on the area of rice and soy beans under cultivation in the Guayas
and Los Rios provinces, an^d_the specific application rate for each crop. This analysis is only an
approximation of the use of these chemicals in the watershed and doei not indicate their actual transport to
aquatic systems. Dr. Solorzano (personal communication) has expressed concern about the concendadons
of pesticides in the estuary, bur only traces of pesticides have been detected at the beginning of the rainy
season in the Daule River (Solorzano, this volume). A CEDEGE river basin study sho*ed'that DDT levels
in the rivers flowing into the estuary were low, but little documentation was availlble.

Petroleum Hydrocarbons

Petroleum is the primary source of foreign income for Ecuador. The impact of oil on coastal
provinces was documented (Cintron et al., 1981), and one publication refers specifically to the coastal zone
of Ecuador @lho, 1983). Concenfations of oil hydrocarbbns in the Guayas niuer estuary and Ester Salado
range from 0.10 to 2.80 ug/L (Solorzano, *ris volume). Concenrations are generally leis than 2 ug&
except near oil spills or centers of commercial oil vessel activitv.

Heavy Metals

There is some mining activity in the Guayas River basin, and several metals have been found
concentrated in riverine and estuarine sediments. Solorzano (this volume) gives recent measurements of
copper, iron, cadmium in the water columns of the Babahoyo, Daule and Guayas Rivers, and mercury in the
sediment of the Guayas. The reader is referred to that repori.
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Shrimp Farming

Pumping of Estuarine Water

More intense shrimp farming techniques involve stocking ponds at higher densities of juveniles,
which necessitates additional fertilization and supplemental feeding to assure an adequate food supply for
secondary productivity. This level of pond management. requires sfiict control of water quality since
phytoplankton blooms resulting from nuftient additions may deplete dissolved oxygen concentrations to
levels that will cause shrimp mortality.

One of the solutions to this potential water quality problem is to increase the exchange of seawater
through the ponds by pumping water from the estuary. This exchange rate varies from 3 percent to 8
percent of th-e volume of the shrimp pond per day under semi-extensive madculture, and may increase wifi
more intense farming practices. The total volume of water pumped from the Guayas River estuary to
shrimp ponds depends on pond management practices and the total area of ponds under oper,ation. Figure 8
showi the volumi of estuarine water exchanged with ponds (using a mean pond depth of 1.5 m) based on
various exchange rates (percent of pond volume per day), and areas of ponds in operation. These exchange
volumes are coinpared t-o the low and high flow discharge of the Guayas River. At a present operation of
30,000 ha of ponds under semi-extensive management (5 percent pumping rate), the volume of water

exchanged daily with the estuary is approximately 20 (10)6 m3 €rgur9 8). This volume is greater than
fresh water discharge ftom the Guayas River during low flow periods. With intensive pond management
(10 percent pumping rate), the same area of ponds would exchange nearly 36 percentof the riverine
Os.i'rrg" Airindtrigtr flow periods. These tlpes of reasonable scenarios underscore the importance of the
impact of shrimp ponds on the water flow pattern in this estuary.' 

Most oi'ihe water that is pumped into the ponds replaces losses associated with seepage and
evaporation. Although there are no dan on water budgets for semi-extensive mariculture, observations
suggest that less than half of the water removed from the estuary is returned in a flow-through design @.
l,tiigle, personal communication). The amount of water loss due to evaporatiol in 4q ponds is probably

highlr than in the estuary, since shallowness decreases the heat absorption capacity of the water column.

Oien water generally loses more water per area to evapotranspfuation than wetlands. For example,
*'ungrou"t i-n south iforida are known to have lower actual rates of evapotranspiration than potential mtes

ltwiiley, 1982). Therefore, the conversion of intertidal areas originally vegetated by mangroves to shrimp
ponds could intrease rhe loss of fresh water from the Guayas River Estuary. This_increas^e in water loss

iould result in the discharge of hypersaline waters to the estuary. Snedaker, et al (1986) found that water in

22 of 30 ponds surveyed had higher salinities ttran the source water.

Fert i l izat ion

Supplemental feeding and fertilization arerequired to *ryt the demand for food at higher stocking

densities of'postlarvae in pon-cls. A main source of nutrition for shrimp in growout ponds is phytoplankton

blooms that iesult from uria and superphosphates added prior to stocking. Supplemental feeding is carried

out toward the end of the growth cycle, usually in the last four weeks. The impact of rhese^chemicals on

tt r *ut r quality of the Griayas River esruary depcnds on their fate within the pond an{ on effluent discharge

rates. Muc^h of ihe nitrogen ind phosphate applied !o ponds are absorbed by phytoplankton and are thus

returned to the estuary i-n organii form. fnesi organii nutrients represent biologic.al oxygen demand with

ida;;*posirion of ttris pl-ankton biomass. Nutrients released during decomposition may then be

available for Uiotogical upiak" and contribute to the red tides recently observed in the estuary. Therefore,

nutrient effluent fr-om pondr *uy contribute eithcr directly or indirectly to the balance of dissolved oxygen

in the estuary.
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Mangroves

Since the Guayas estuary is tightly coupled to ttre intertidal zone via 3-5 meter tides, mangroves
may influence these waters in several ways. Sediments suspended in the water column are deposited in
mangroves during flooding, enriching these forests. The extensive root system of mangroves enhances the
sedimentation process and retards the forces of erosion along the shoreline (Scoffin, 1970). Nixon (1984)
observed that total suspended sediment load of an estuary in Malaysia, in which mangroves had been
reclaimed for agriculture, was an order of magnitude higher than in an adjacent mangrove-dominated system.

Some preliminary evidence indicates that mangroves may also be a sink for nutrients in coastal
waters. This may seem to contradict the theory that mangroves act as a source of detritus to estuarine
ecosystems (Odum and Heald, 1972;Twilley, 1985; Twilley et al., 1986). One explanation is that net
nu,trient uptake may be a balance between inorganic nutrient input and organic nutrient export. Walsh
(1967) noticed a decrease in inorganic nutrient concentrations in waters moving through a mangrove in
Hawaii. Nedwell (1975) used enclosures to measure nufient uptake by mangrove sediments and noticed
they had a great capaciry to remove nitrates, particularly in areas of nuhient enrichment from sewage
discharge. The use of mangroves for treatment of nutrient-enriched effluent has received some preliminary
investigation (Sell, 1977), but this function is still poorly understood. The loss of mangroves may be a
contributing factor to changes in water quality, particularly nutrient levels, in the Guayai River esruary.

Impact of Water Quality on Shrimp Mariculture

Fxisting information suggests that the production in shrimp ponds has decreased from 1600 to 250
kg of shrimpTha/yr over the last several years, though stocking rateJ 6ave been mainLained at about 65,000
PL/ha per harvest. Mortality rates in shrimp ponds are estimtted at greater than 50 percent (p. Maugle,
personal communication), and evidence suggests that maturation rates are also lower-. In addition, there has
been a decline in the availability of wild PL to the shrimp farming industry, restricting ttre acreage of ponds
in operation' Decrease of wild PL has increased demand for PL fiom hatciieries. Curiently, there are some
68 hatcheries under construction. Twenfy hatcheries still in initial phases of operation produced about 500
million postlarvae in 1985.
_. 9ood water quality is critical to the productivity of hatcheries because larvae are susceptible to
disease. no$t_ eI, supply and shrimp growth and mortality in ponds determine the productivity of tnis
indusEy; and both depend on the qualiry of water in rhe eituary.

Mangroves and Fisheries

The loss of mangroves from tropical estuaries may have direct consequence to economically
important fisheries through loss of habitat and food. Zimmerman and Minello (this volume) have found
lhat P. vannamei and P . stylirostris inhabit areas in the mangroves, buf it is noi known whether these
habitats enhance the survival or growth of these and other marine organisms in the Estero Salado.
Associations do exist between the production rate of shrimp and the txFnt of mangrove area (Macnae,
1974; Tumer,1977: Jottry, 1984) because one hectare of mangroves can yield rnoi" than OOO tgyr of
shrimp and 100 !S/:r of .fistr without management (Turner, tOzll. nasea on an approximate lJsi of 10,500
ha of mangrove (Figure 4), the reduction in shrimp production from the estuary routO Ue equivalent to
5,300_m.t./yr. Although these statistics do not shbw causal relationships, they do polnrou? ihat wheneuer
a?roductive postlarvae fishery exist, there is the presence of the mangrove habitat as observed in Ecuador
(Turner, this volume). Without further information on possible depeidance of shrimp larvae and other
marine fauna on mangroves for part of their life cycles, the effect of mangroue clearing on natural
populations in the GuayasRiver estuary will remain unknown. Mangrove destruction-may also have an
indirect effect on fisheries by changing water quality
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Sal in iza t ion

The Daule-Peripa dam and the pumping of water into shrimp ponds, may influence the disnibution
and increase the concenfration of salinity in the Guayas River estuary. Mangroves that exist in arid
environments such as the coast of Ecuador where evapotranspiration is greater than precipitation are very
susceptible to slight changes in hydrology. For mangrove forests in arid life zones, small shifts in
precipitation result in increased soil salinity followed by an increase in tree moftality and a shift in
vegetation from forests to tannes or Salinas (Davis and Hilsenbeck, L974: Cintron et al.,1978). In Ecuador
the diversion of fresh water from the Guayas River estuary must be managed with awareness of possible
negative effects on mangroves since they exist in a relatively arid environment. Margalef and Crespo
(1979) suggested that the loss of fresh water from ttre dam will probably not affect mangroves, though the
researchers did not take into account the climatic influence of mangrove distribution in the southern
provinces.

Increases in salinity due to changes in fresh water supply to the Guayas River estuary may also
impact economically important. fisheries in this estuarine ecosystem. The Estero Salado, which harbors
most of the fishery resoruces of the inner Gulf of Guayaquil, does not receive fresh water discharges directly
from the Guayas River. Therefore, the flushing rate of this section of the inner gulf is less than the more
southem sections that are linked directly to discharge from the river. As a consequence of less discharge, the
Estero Salado may be more susceptible to increases in the concenftation of materials dissolved in the water
column. Salinity is a conservative element in the water column and indicates the concentrating nature of
this body of waier. Precipitation during 1985 was relatively low, and the Estero Salado was hlpersaline
with values up to 30 parti per thousand (Zimmerman and Minello, this volume). This increase in salinity
suggests that 

-other 
miterials, such as toxic chemicals and nutrients may also be concentrated (assuming that

their betravior is conservative). Organisms, such as shrimp, that inhabit the Estero Salado are very
susceptible to changes in water quality, especially salinity and toxicity which may increase mortality and
retard growth rates." 

Changes in fresh water supply may also influence seasonal movement or recruitment of organisms
into the Guayi River estuary. The recruitment of shrimp into an estuary is important to their life cycle
because the estuary provides optimal conditions, such a low predation, during critical stages of maturation.

Seasonal timing oi recruitrneni is thought to be dependent on fluctuations in salinity along with influx of

offshore water masses. Since the Daule-Peripa dam is designed for a near constant flow of water to the

Estero Salado, the potential impact of this project should be evaluated relative to disturbing seasonal
fluctuations oi saliirity in the eituary. Since the mariculture industry relies on shrimp postlarvae thaf

seasonally utilize the lstuary, management plans should strongly consider those factors that influence
recruitment of fisheries in the estuarine ecosystem.

Nutrient Enrichment and Anoxia

Nutrients that increase the productivity of agriculture and are the by-products.of human nutrition

also stimulate the primary productivity of aquatic ecosyst€ms. Changes in water quality in response to

nu6ient enrichment is caiteO europhiiation.- Dissolved oxygen is a popular index of water quality; oxygen

concentrations below 4 mgl ueconsidered stressful to many fisheries. The negative effects of low dissolved

oxygen to fisheries can alil be indirect by disturbing basic foodchains. The discharge of organic materials

ttrat"consume oxygen during decomposition (biological oxygen demand, BOD) and of some inorganic

nu6ients (chemicil o*yg.n?"ranO, COO), can cause a decrease in concentrations of dissolved oxygen in

the estuary. A balance 5f pto""r.es that contribute (photosynthesis and diffusion) and remove BOD and

COD dissblved oxygen is necessary for a healthy environment for economically important fisheries.

Anoxia or low dissolved o*yg"n conditions have been observed historically in some stratified

estuaries, such as in the Chesapeake 
-Bay 

where anoxia of bottom waters was observed in the 1930s

Q.{ewcombe and Horne, 1938). A concern regarding the Chesapegke Bay that may be relevant to many

irturtin" 
".oryrt"*, 

is'the recent increase inlnoxia in greater volumes of water and the persistence of tttis

condition in the water column. The linkage between incieased nutrient loading, enhanced production of
phytoplankton biomass, and the consumftion of oxygen during decomposition of this organic material in

itt" ryrt". either in the water column oiin the surface sediments may contribute to anoxia in the

6tt rlup"ut" Bay (Officer et al., 1984). Therefore, nutrient abatement and control becomes a central issue in

dealing with simiiar water quality problems in estuarine ecosystems such as the Guayas River estuary.



Red tides, phytoplankton blooms that discolor the water, are a common occurrence in the Gulf of
Guayaquil and in the inland waters of the Guayas River estuary @eArcos, 1982; Jimenez,1980; Jimenez,
this volume). These blooms vary in species composition, density of cells, and duration. The most direct
influence on the estuary is fish kills caused by the presence of toxic organisms such as Gonyaulax catenella
and Gymnodium breve. Gonyaulex monilata occurred in the upper portion of the Gulf of Guayaquil in
April 1980, and in March 1986 along the coast of Manglaralro. The 1980 bloom resulted in high fish
mortality (Jimenez, 1980), while the 1986 bloom caused significant mortality of shrimp postlaryae in eight
hatcheries, interrupting operations for 3045 days (Jimenez,1986).

Other red tides in ilre Guayas River estuary include Gyrodinium stratum in September 1982,
Mesodinium rubrum in August 1984, Prorocentrum maximum from February 1985 to February 1986, and
a recent bloom of Nitzschia sp. (Jimenez, this volume). These blooms caused high mortality in shrimp
ponds when phytoplankton contaminated waters were pumped from the estuary.

Anoxic waters are apparendy uncommon in the Guayas River estuary, occurring only in areas near
sewage outfalls (Arriaga, this volume). A survey of five stations in Estero Satado found that dissolved
oxygen concentrations at 1 m depth ranged from 3.5 to 5.3 mV (Solorzano, this volume). Concenfations
are normally lower near the bottom; for instance, Solorzano and Viteri (1981) measured concenEations of
1.5 ml/ at 1 m depth compared to 2.0-2.5 ml/ near the bottom at two stations adjacent to the city of
Guayaquil. The strong tides with amplitudes from 3 to 5 m in the Guayas Riveiestuary are responsible for
the well-mixed aerated water column. Even during presence of red tidei in the estuary, inoxic pioblems in
ponds are not caused by pumping anoxic water from the estuary; rather, anoxia in pond water d^evelops when
water that contains materials that may promote low oxygen conditions is pumped into the less well-mixed
shrimp ponds.

Toxic Substances

Hydrocarbons

Hydrocarbons can be lethal to fish at relatively low concentrations (Table 8). However, cturent
information suggests that the concentrations of hydrocarbons in Estero Salado are less ni z ig/,an order
of magnitude less than concentrations that may ai'fect the natural resources of this ecosysi... 

'

Pes t ic ides

Crustaceans, especially larvae, are usually more sensitive to 1ow concentrations ofpesticides ttran
are other marine organisms (Costlow, 1982). The extensive use of these chemicals in the eituarine
watershed creates a potential hazard to the shrimp mariculture industry in Ecuador. Table 9 shows the
amount of pesticides imported into Ecuador in 1979 and 1980. For eiample, Endrin, which is applied at anapproximate rate of 145 m.t. per year in the rice paddies of the Guayas River'basin significantly reducedgrowth_rates of rapidly growing juvenile Mysidipsis bahia (McKenney, 1986), ar coicentations of 60*gF: Jn addition, physiological measurements of metabolic dysfunciio n in iysids 

"r,for"J 
ruurethally ropesticides in laboratory and field conditions showed lower growth and reproductlu" 

"upuiity 
in trese

organisms during later stages of their life cycle (McKenney, 1986). Daugherty (1975j nodd ftar decreased
!!.ifp yields in El Salvador probably resulted from the heavy use or peJticides in cotton farming during the1960s and early 1970s. Pestiiides have a tendency to become more concentrated along the food chain and
thus may stress predators and higher trophic leveis such as fish. Before this problemian be solved, more
information is needed on the ambient concentration of these chemicals that are toxic to certain fisheries, and
on their fate in the aquatic environment.

Meta ls

High concentrations of heavy metals in certain areas of the estuarine ecosystem demons6ate the
affects of urban development and industry. Solorzano (1986) expressed particular ion.e.n for the



concenftation of copper, cadmium and mercury in the water column and sedimen8 of the Guayas River
estuary. Copper concentrations are higher than 10 ug/ which is considered innocuous to aquatic species
(Ketchum, 1975), although these concentrations could be due to natural processes. Cadmium is also
present in concentrations that could impact aquatic organisms (etchum, 1975), and sediments showed
significant mercury contamination (Solorzano, 1 986).

The Ecosystem and Shrimp Mariculture

The interactions of the shrimp farming industry with the Guayas River estuarine ecosystem are
summarized in Figure 9. Water quaiity influences the supply of wild PL as well as the successful
production of PL by hatcheries. Water quality also determines the swvival and growth rates of PL once
they ate stocked in growout ponds. Alttrough water quality of ponds depends principally on the type of
management used, characteristics of the water pumped from the estuary can also determine the number of
shrimp produced in the ponds. Activities in the Guayas River basin affect the quality of water in the
estuary and, therefore, the shrimp industry through chemicals such as nutrients and pesticides from
agdculture, sewage from the large population centers around the estuary, and heavy metals_from industry.
Tire disnibution and tumover raie of inese pollulants and salinity in the estuarine water column of the
estuary are influenced by the discharge of fiesh water from the watershed. Thus a dam on the Daule-Peripa
Riveri must be evaluated in terms of its potential impact to water quality in this estuary, given the strong
seasonal nature of its fresh water inputs.

There are also many natural occurrences that influence water quality and the shrimp industry in this
ecosystem @igure 9). For example, elevated water temperatures-in the Gulf of Guayaquil lnay be a
dominating'fadtor in the tremendous recruitment of shrimp into the inner estuaries during climatic

disturbancis known as ElNiflo. Red tides are also recruited from the Gulf of Guayaquil to the estuaries, in

addition to the blooms that occur in situ. The extensive areas of mangroves are considered nurseries for

economically important shrimp larvae as well as possibly influencing nutrient and sediment dynamics in

this turbid .ituury. Tides affect water quality in the estuary by mixing the water column and preventing

stratification thaicould lead to problerns with low levels of dissolved oxygen' Considering the huge

amounts of untreated sewage ttrrat is discharged into this system, there are few accounts of anoxia with in

the estuary, a pattern that his been attributed to the presence of stron-g tidal currents within the system.
1'tr" *-y interactions of the human and natural resources of this estuarine ecosystem underscore

the complexity inherent in questions regarding ttre fluctuations of PL supply and the apparent decrease in

ponO ptoOo"tion of shrimp in the past several years. The shrimp indusfiy is not only_ affectg$ bV changes in

itt" qriatity of water pump.O tro* ttre estuary, but it also connibutes to the problem by loading nufrients

ifertiiization), increaslng'fresh water loss (pumping), and desroying mangrove forests (construction) €tgure
ql. Td G".iits of ponf, management invotving these praclices must also be evaluated in the context of

their possible negative effects on water quality and the shrimp indusry iself.' 
There iJ now a general feeling in Ecuador that ttre loss of mangrove habitat has contributed to the

decline of witd postlarvaE, particularlyturing periods of normal recruitment. In fact, new authorizations

forbid.onrt oction of ponOs in mangioves. In order to accommodate these laws and maintain or increase

the level of shrimp production in th6 existing ponds, mariculture operations must be intensified (Siddall et

al., 1985). fnus ftr6 supply of postlarvae inlhe estuaryias a strong influence on both the rate of pond

.onrt u.iion and the typ6 6f poira management (prg*d 9). The intense utilization of existing ponds would

.i*ie in.reased pumplig and ferritizatio-n of estuarine water which would, in tum,lead to increased loading

of nutrients to the estua{. This management alternative may adversely affect water quality of the estuary

euen though the objective is to lessen-negative impacts by preventing the loss of mangroves from the

..oryrp1nl The negative impacts of pond construction on tire ecosystem are replaced by- increased pumping

una-i..tifirution asjociated *ittr *ore intensive shrimp pond management (Figure 9). These issues

demonsgate the importance of considering shrimp pond management in the context of the ecosystem and,

prii.ufarfy, paying close attenrion to thoJe factois associated with water quality control (Figure 9).
' 

Tirtshiftirom extensive to intensive mariculture may not necessarily impact the estuarine

ecosystem if mangroves could be utilized in the operation of ponds. Mangroves may act as-sinks of several

p;i-'21'y ;"ftients-used in rhe fertilization of ponfu, particularly phosphates and nitrogen. Mangrove

sediments may also traue itte the capacity to ibsorb some of the BOD associated with pond biomass that is

high in ctrloropnyil and as an effluent, may impact the balance of dissolved oxygen in the estuary'

irjtu.nt, trom stfimp ponds could be oisfiiuuted in nearby mangrove forests for nutrient removal prior to

the return of pond water Uact to the estuary. This use of mangroves as a nutrient buffer, which would most
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likelyenhance mangrove productivity, would serve as a means of minimizing the negative impact of
intensive aquaculture on th_e estuarine ecosystem. N{angroves could also Ue rititlzeO iir pond matragement to
prevent or relard erosion along the shorelines of ponds. Sediment stabilization is an important natural
function of mangroves along the coastline, particularly because they minimize the impact of storm surges.

, Even though ttrere is a law that denies the construction of newly authorized pbnds in mangrove
areas, there are thousands of hectares of ponds that were previously authorized but nofconstructed, ind are
exempt from this decree. It is only the lack of postlarvae and capital that has controlled the construction ofponds in mangrove habitats. Thus, an increase in the supply of postlarvae by warmer temperatures of
offshore waters or increased production from hatcheries, iepieseni a danger ro mangroves.

Hatcheries have been viewed as an operation that would save mangrove f6rests from further
desftuction. However, if hatcheries and larveros become able to produce eriough postlarvae for 45,000-
50'000 ha of ponds as predicted,_then pressure to ggiljle mangrove sites for po.-nd consrucrion is likely to
dgvglo.n (present postlarvae levels keep less than 30,000 - 45;000 ha of ponds supptieO). ihus, ttre grbwth
of thehatchery industry to supply postlarvae will have some influence on manag-ehenf decisions to either
intensify existing ponds or to construct new ones. If this means more intensiv"l*tning iaatrniques, then
mangroves should be part of the operational scheme to €nhance the production of this iiOustry.

Profit in shrimp farming is income generated from pond production less the costs asiociated withpond operation The levelof shrimp production and operation costs including dredging, const uction,pumping, fertilization, and land (authorizations)depend largely on ttre quali$ of w"atei*tat is fumpeo fromthe estuary into the ponds. Several factors have been ioentiiied in the estuary and the waterstrfr ftat couldinfluence water quality and, thereby, determine the economy of the shrimp i"o".t y. ffiy ;i th" naturalresources such as mangrov_es and tides provide the shrimp industry with ciean water and important habitatsthat enhance wild PL supply and shrimp production in ponds (Figure 9). The loss of these?ree servicesincreases the cost of shrimp production, iuch as the coit of proufring pL by operating tlarcheries. Negativeeffects from other indus&ies and shrimp mariculture itself on water qiality inonut*uir.;;;;;;; should havesome influence on the costs and profis of shrimp farming, since it is so uitally tint<ed with G estuarineecosystem.
The management practices that are best for the shrimp farming industry in Ecuador point up theneed for integrativ,e approaches to coastal zone management. the interictions of rrre strimp iurn1ingindustry with the Guayas River estuary, along with th-e watershed and offshore waters, inOiJate tnecomplexity and diversity of management opiions. For instance, management plans to deal wittr thefluctuation of PL in the estuary must address the influence or rrestr *aiEr oiscrtige, orrsrroie watertemperatures, loss of mangrove habitat, pesticides from agriculture, and untr"at d'rr*age from majorpopulation centers. Also the industry itielf has a_potenriilly majoi impact on the ecoslystem, so decisionsconceming tliitg pond management must consider ttre po.iiutr negutiue effects ;rhrfitp;Jduction andPL supply. ̂The shrimp {ar}inq industry must consider tttr pto."rrE and functions 

"rr-liti"g 
naturalresources of the estuary in developing pians that will sustain the long term production of mariiulture in thiscoastal zone.

Recommendations

Document the loss of mangroves from the coastal zone of Ecuador; since mangruves are thecenter of the controversy on impacts in the coastal zone, then all piernises related to thisimpact will require information on the exlent of loss.
Doclment the present disribution of mangrove forests to identify present and future impacts
on this natural resource.
Restore and-integrate existing mangrove forests into the operation of shrimp ponds. Utilizemangroves for treatment of effluents from ponds in operadbn, and for erosioniontrol andsediment stabilization in areas of pond conitruction.
Developa water budget.for {re G-uayas River estuary, including a synthesis of existinginformation and the calibration of cunent data gathering, to inciease the utility of this?ata
base.
Integrate an- analysis of nutrients and toxic substances into the water budget to develop a waterquality model for this ecosystem. Include in this model the fate of chem]cab in trre estoary,--
and the mode of impact of these chemicals economically important fisheries.
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Institute a water quality monitoring program design to determine the cunent levels of
nutrients, dissolved oxygen (including BOD and COD), pesticides, heavy metals, -. .
petrochemical hydrocar6ons and physical characteristics (temperature, Ug!! Td salinity) in the
iresh and estuarine waters of the Guayas River estuary. This progfam could also be expanded
to aid shrimp pond and hatchery operators with decisions concerning water quality
management.
Evaluate the relative contribution of cold/warm water intrusions in the Gulf of Guayaquil, loss

of mangrove habitat, nu6ient loading and water quality on the mariculture industry of Ecuador.



Table 1.
Land use pattems along the coast of Ecuador (areas in ha)

LandUse

Mangroves

Shrimp ponds

Salinas

TOTAL

Guayas

121463.5
69.4

52911.8
59.2

17340.L
86.6

191775.4
67.4

El Oro

24489.3
24.0

26483.9
29.6

2520.0
12.6

53493.2
28.8

Manabi

7973.4
4.4

8376.6
9.4

163.8
. 8

16513.8
5 .8

Esmeraldas

21293.2
12.2

?<o< 5
1 . 8

4.4
.0

22893.r
8 .0

TOTAL

175219.4
100.0

89367.8
100.0

20028.2
100.0

284615.4
100.0

Source: CLIRSEN, 1984

Mangrove qpecies tffJf""?'tt'e coasrof Ecuador
Rhizophoraceae

R hizop lnr a harris onii (eachm)
Rhizoplnra racemosa (GFM Mayer)
Rhizophora mangle Q)
Rhizophora samoensis

Pellicieraceae
Pelliciera rhizophorae @lanchon and Triana)

Avicenniaseae
Avi c e nni a g e r mi nan s Q_.)

Combretaceae
Laguncularia racentosol.) Gaertn f.
Conacarpus erectusL)

Historical records 
"f 

t#lrtJ;.*s (areas in hectares)
showing the decline in mangroves 19ar Cuayaquil (CI-fB5q(19g3y.

(Area locared in hovince El Oro, iriloto Machala)

LandUse

It4angrove
Camaroneas
Salinas
Agriculture
Vegetation
Urban
Rivers

TOTAL

1966 1977

4962.9
0.0

1087.7
615.2
466.3
256.7

1437-5

8556.3

423t.7
834.2
478.5
730.2
332.2
434.7

1514.5

8556.0

1982

3294.7
2330.7
162.6
634.7
139.4
588.5

1465.7

8616.3
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Table 4.
Cultivation areas in hectares for different crops in the coastal provinces of Ecuador

(data taken from Solorzano 1981)

Crop Guayas
GuaYas

l,os Rios RiverBasin Manabi Fsmeraldas El Oro T0TAL

Rice 35,280
Cotton
Soya 10,038
Cacao 12,134
Coffee 31,681

TOTAL 89,133

37,058
540

24,470
I  16,1 15
42,020

220,203

72,338
540

34,508
t28,249
73,701

309,336

1,304
5,656

165
40,077

138,431

185,633

1918

5 t

12,367
11,000

25,322

128 75,688
6,196

90 34,800
t6,117 196,810
t5,L76 238,308

31,511 551,802

Source; Solorzano, 1981.

Table 5
Areal cultivation of rice associated with the rivers in the coastal region of Ecuador

(from Solorzano 1981)

Rivers

GUAYAS
Guayaquil
Daule
Sanrborandon
Balzar
Yaguachi
Milagro
El Triumfo
Naranjal

R10S
Babahoyo
Baba
Vinces
Urdanea
Puebloviejo
Ventanas
Quevedo

MANABI
Santa Ana
Portoviejo
Rocafuerte

ESMERALDAS
Esmeraldas
Quininde

ELORO
Santa Rosa

Area

35,280
1,600
7 J4s
4,198
3,038
8,003
1,106
5,164
4A26

37,058
19A09
3,033
3,000
r2r4
2,160

860
7,382

r,304
565
A A '

29'.7

1 ,918
293

r,625

t28
128

r06



Table 6.
Estimates of ttre discharge of domestic waste from the Guayas watershed

based on the population of the major cities of the Guayas and Los Rios provinces

City Treatnent Population Volume BCD
GUAYAS
Guayaquil sewer

unfeated
TOTAL

Salinas sewer
untreated 22,360
TOTAL 22,360

27,927 t2,694 23,t67
t4,024 t4,024
4l,g5t 26,7L9 23,t67

TSS TDS ]N

634,720
876,520

1,511,240

46.335 r2,5M
6.399 6,049

52.734 19,552

.163 154

.163 t54

.478 452

.478 452

.335 90

.055 52

.390 r4z

.090 85

.090 85

.208 r97

.208 r97

.tI4 108

.114 108

.44r 119

.20r 9A

.&2 309

47.111 t2,713
7.709 7,286

54.819 19,999

2094.5 253,8

2094.5 253.8

357 358
357 358

r97 197
t97 r97

25r 25r
25L 251

0.00.0

I-alibertad sewer
unrea@d 65,45A
TOTAL 65,450

Naranjal sewer 4,580
unfeated 7,480
TOTAL 12,060

Manglaralto sewer
unrearcd 12,300
TOTAL L2,3OO

Playas sewer
unteated 18,550
TOTAL 28,550

Santa Elena sewer
unneated 15,670
TOTAL 15,670

1,447 l,M7
l,M1 7,047

202 92
329 329
531 42r

0

r6'l

r67

0.0 0.0

15.0 2.0

15.0 2.0

0.0

0.0

0.0

0.0

LOS RIOS
Santa Rosa sewer

untreated
TOTAL

TOTAL sewer
unEeated
TOTAL

Engineering I oarnal, I97 2.

6,040
27,530
33,570

ss34a
1,055,960
1,701,200

457 451
457 457 0

266 r2r 220
444 440
706 s6l 220

28,395 12,907 23,554
17,102 17,103 0
45,497 30,010 23,554

0.0

20.0

20.0

2129.5
0

2129.5

0.0

2.0

2.0

257.8
0
257.8
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Table 7.
Application rate and input of pesticides used in the cultivation of rice and soy beans

based on the area of each crop in the provinces
Guayas and Los Rios, the watershed of the Gulf of Guayaquil

Rice

Pesticide

Soy Beans

Pesticide Treatrnent Input

t03,524
86,270

r03,524
5r7,620

Treatrnent

Llha

Input

r44,676
289,3s2
289,3s2
217,0r4
578,704
144,676

1,085,070
0

72,338
36,169
36,169

144,6'16
r44,6'76
72,338

21,701,400
18,084,500

54,253.5
54,253.5

Ronstar 25 2.00
Ronstar 12 4.00
Machete 4.00
Saturno 3.00
Propanil 8.00
Hormonales 2.00
Fuxadan 15.00
Curater 5-lA7o
Diazinon 1.00
Ozad:r;, 0.50
Lorshan 0.50
Endrin 2.00
Lannate 2.00
Diprerex 957o 1.00
Bin 75 300.00
Benlate 250.00
Kasumin 0.75
Inosin 0.75

Solorzano, 1981

Bravo 3.00 Lftla
Daconil 2.50 Kg/ha
Afalon 3.00
Preforan 15.00 Llha

Kdha

Species

Penoeus aztecus
(brown shrimP)

Penaeus setiferus
(white shrimP)

Palaemonetes Pugio
(grass shrimP)

Mysidopsis almYra
(opossum shrimP)

postlarvae
early juveniles
late juveniles

postlarvae
juveniles

larvae
postlarvae
adults

postlarvae (1 daY old)
postlarvae (7 daYs old)
adults

gllha
glha
Llha

Table 8.
Comparative toxicity of the water soluble fraction of No' 2 fuel oil

to different life stages of four marine cnrstaceans
Concentrations are ppm of total hydrocarbon

6en ei a- 1976, cited fi6m Neff and Anderson' 1981)

LC-50

6.6
) . t

2.9

t.4
1 .0

CI(95Vo)

6.9
5 .1
3.8

2.1
r .2

6 .1
3.0
2.2

0.9
0.8

1.0
2.r
2.4

-  1.5
- 2.8
- 4.9

1.2
2.4
3.5

1.8
1.8

.7



Figure I Areas of ponds authorized by the Ecuadorian govemment for the construction of shrimp ponds.
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Figure 3 A) Forty year record of annual precipitation in Guayaquil. B) Average monthly discharge of- 
the RiverGuayas from 1962 to I9&. (Both figures from Stevenson 1981).

6

(9

I'J

7

oa
o

c
E

z
I
F

ts
g
o
t!

YEAFS

J J

MON]  HS

Figure 4 Hypothetical loss of mangroves in the Guayas province'
given that a percentage of ponds are constructed in

-rngrin. forest. fbr examp'te, if all ponds asof 1984 (53'000 ha)

tr"ad Ueen constructed inmangroves, then 307o of Guayas

mangroves would have been cut' (See table 1)'
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Figure 5

Figure 6

No-rmal discharge at the confluence of tlte Daule and PeripaRivers (solid line) compared to
the restricted flow controlled by the proposed dam (dotted line). Slanted lines represent
discharge lost from the estuary during the wet season, and the stipuled area is discharge

provided by the impoundment during the dry season (From Jenkins 1979).
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Figure 7 Concentrations of nuffients for different rivers in the Guayas River basin (data from Rendon
et al., 1983).
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Figure 8 Volumes of water exchanged with shrimp ponds per day at different pumping rates
(percentage of the volume of a shrimp pond per day) based on the area of ponds (ha) with

a mean depth of 1.5 m (see text).
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Figure 9 Interactions between shrimp farming and Guayas River estuarine ecosystem.



References

Boto, K.G., and J.S. Bunt. 1981. "Tidal export of particulate organic matter from a northern Aushalian
mangrove system." Estuarine, coastal and Shelf science 13;247-255.

Carlson, P.R., L.A. Yarbro, C.F. Zimmermann, and J.R. Montgomery. 1983. "Pore water chemistry of
an overwash mangrove island." Florida Scientist. a6gl4):239_2a9.

CEDEGE. 1970. "Investigacionde las oportunidades de Desrrollo economico de la cuenca del Rio Guayas,
Ecuador"' Comision de Estudios para el desarrollo de la cuenca del Rio Guayas.

(1983). Plan de conservacion Ambiental del proyecto de proposito multiple "Jaime Roldos
Aguilera"' Unidad de Estudios Agrologicos, Departamento Tecniio. Novem&r.

(1985). Programa de Desarrollo forestal de la cuenca alta de la represa daule-peripa del
proyecto "Jaime Roldos Aguilera." Unidad de Estudios Agroecologicos, Direccion Tecnico.
November.

(1984). "Travase de Aguas del Rio daule a la peninsula de Santa Elena-memori a genercl.
Cenho de Estudios Hidrograficos." June.

Chauvin' w.D. 1983. "Ecuador: Shrimp moves to second largest export." The Fish Boat. Augus t4I-70.

Cintron, G. 1981. "El manglar en la costa Ecuatoriana." Hoja de Documentacion. Departamento deRecursos Naturales: 37.

Cinffon, G-, A.E. Lugo, D.J' Pool, and G. Morris. 1978. "Mangroves of arid environments in puerfo
Rico and adjacent islands." Biotropica 10:110_121.

Cintron, G., 1.E. Lugo, R. Mafiinez,B.B. Cintron, and L. Encarnacion. (l9gl). 'Irnpact of oil in thetropical marine enviornment. Technical Publication." nivision oi uaiine neiouices.Department of Natural Resources of puerto Rico: 40.

CLIRSEN' 1983. "Situacion historica y actual de los manglarcs en un area piloto de la costa Ecuatoriana.,,

1984. "Aplicacion de sensores remotos en el estudio del ecosistema del manglar." Cen6o delevantarnientos integrados de recursos naturales por sensores remotos.

1985. "Estudio multitemporal de manglares, camaroneras y areas salinas, medianteinformacion de sensores remotos." Centro de levantamientos iniegrados de recursos naturales porsensores remotos.

Costlow, J.D., Jr. 1982. "Impact of toxic.organics on the coastal environment'. In: T.W. Duke (ed),impact of man on the coastal environmenr . EpN600/g-g2li\Zl,Washington, O.C, S6_gS.

Cucalon' E' 1984. "Temperature' salinity and water mass distribution off Ecuador during an El Niflo eventin 1976." Rev. Cien. Mar. Limn. 2:l-25.

Daugherty, H.E. r975.-"!l1man impacts on the mangrove forests of El salvador. In: G.E. walsh, s.c.Snedaker and H. J. Teas (eds), Proceedings ofthe rntitnational Symposium on the Biology andManagemenr of Mangroves. Insrirure of Food and egddliur" Sii.,i..r.Uniu..rity olnoriAu.Gainesville, Florida: 816-24.

Davis, G'E" and C.E. Hilsenbeck. 1974. "The effects of watershed management on the Shark RiverSlough-Whitewater Bay estuary of Everglades National patt, no.Iaa." orart nefort, Everglades
National park. Homestead, Florida. 16.

1 1 5



Departmento de Contaminacion. 1984. Plan nacional de conlingenciapuacompatir de rrames de^ 
hidrocarburos. Direccion general de la marina mercante y del littoral. Direccion technica maritima.
August.

De Arcos, T.V. 1982. "Mareas rojas en aguas Ecuatorianas." Revista de ciencias del mar y limnologia.
1:115-125.

De Cajas, L.C. 1982. "Estudios del zooplanclon marino en aguas Ecuatorianas Eastropac L,2y 3;'

Revista de ciencias del mar y limnolgia. 1:147.

De Haro, p.G. 1982. "lvlarfologia de la plataforma y estudio de los foraminiferos del area compendida entra- - 
iu puntilla de Santa Edna y El Cabo de San Lorenzo @cuador)." Revista de ciencias del mar y

limnologia. l:l9l-217 .

De peribonio, R.G. 1982. "Composicion del Fitoplancton y pigmentos clorofilicos entre cabo de San

Lorsnzo y Punta Jama, dcuador." Revista de ciencias del mar y limnolgia' l:1217-L37 '

19g1. "Disnibucion de Clorofila a I Feopigmento en el golfo de Guayaquil." Revista de

ciencias del mar y limnolgia. l:l-7.

Dickinson, J.c., P.J. Bustillo, J.A. Jimenez, c. onuf, J'8. Rouse, M.J. Varela, and R'E' Villega' 1985'

"Environmental assessment of the small scale shrimp farming compone-nt of the US

AIDAIonduras rural technologies proejct." Tropical Research and Development, Inc' 62'

EngineeringJournal. 1972. IntegratedDevelopmentof theGuayasRiverBasin' 17-21'

Edwards, C.G. 19?3. "Persistant pesticides in the environment"' Cleveland' Ohio: CRC hess'

Filho, I.d'A.P. 1983. "Oil, shrimp, mangroves: An evaluation of contingency planning fo1lhe Gulf of

Guayaquil, Ecuador." fecfrnical Report. Woods Hole Oceanogiaphic Institution: 106'

Garcia, L. 1982. "Estudio de la morfologia y sedimentos de la plataforma continental cabo San Lorenzo-

punra Jama, il;;d-." Revistaie iiencias del mar y limnolgia . 1:165-190.

Hallberg, R.o. 1977. "Research programme for the marine environment of the Gulf of Guayaquil' El
-Ecuador"' 

UNESCO RePort: 22'

Hicks, D.B., and L.A. Burns. 1975. "Mangrove metabolic response-to alterations of natural freshwater

drainage to ,outh*.rt rn Florida estuariesl' In: G. wilsh, S. Snedaker, and H. Teas (eds.).

proceedings oilrr. ini.*utional Symposiumon the Biology-and Management of Mangroves'

Instirure of F;;e ;"d Atricurnra"sciences, university oi Flotidu, Gainesville, Florida: 238-255'

Holdridge, L.R. 1967. "Life Zone Ecology." Tropical science center, San Jose' costa Rica' 206 pp'

Icaza, G.R., and E.p. Arana- 197g. "Criaderos de Camarones: Diagnostica y recomendactones." Instituto

Nacional de Prsca. Serielnformes petqu.tos' Inf. pesq" t-nst' Nac' Pesca' Ecuador' No' 9/78'

Inter-American Tropical Tuna commission. 1968. "Oceanographic observations in fte Gulf of Guayaquil'

Lg62-1g64.; P;;t: Biological, Chemical, and Ph--ysical. La Jolla, Calfironia: 494'

Inniago. P. 1983. "Fertilidad de las aguas eEcuatodana durante los primeros meses de 1984'" Rev' cien'
- 

Mar. Limn. 2:237-238.

Jerikins, D.w. 19?9. 'Estudio del impacto ambiental del proyecto de proposito multiple daule-peripa del

Ecuador.,, Comision de Estudios para el desarrollo de la cuenca del Rio Guayas. Banco

Interamericano de Desarrollo' Washington' DC: 63'

1 1 6



Jimenez, R. 1980. "Marea roja en el Golfo de Guayaquil en abril de 1980." Bol. Informativo Inst. Nac.
Pesca.1 l -13 .

Jimenez, R. y J. Marinez. 1982. "Presencia masiva de Euphlax dovii Stimpson (Decapoda, Brachyura,
Portunidae) en aguas Ecuatorianas." Revista de ciencias del mar y timnotogii. l:137-146.

Jothy, A.A. 1984. "Capture fisheries and the mangrove ecosystem." In: J.E. Ong and W.K. Gond (eds.).
Productivity of the_Mangrove Ecosystem: Management Implications. Uilit pencetakan pusat,
University Sains Malaysia, penang, Malaysia: IZg-t+t.

Kerchum, B. H. 1975. "Problems in aquatic ecosystems with special reference to heavy metal pollution of
the marine environment." Eco_logical Toxicology Research (A. D. Mclntyr" und C. f. lAiUs, eOs;.
New York Plenum hess,76-81.

Loesch, H., and A. Avila. 1966. "observaciiones sobre la presencia de camarones joveniles en dos esteros
de la costa del equador." Boletin Cientifico y Tecnico. 1:1_30.

Loesch, H., and M. Cobo._ 1972. " Algunas notas sobre el analisis de los datos de persca de arrasge delinstituto nacional de pesca." Boletin cientifico y Tecnico. 2:r-30.

Lugo, A.8., and S.C. Snedaker. 1974. "Theecology of mangroves." Annual Review of Ecology and
Systematics .5:39-64.

Lugo, A'E., R.R. Twilley, and C.J. Patterson-Zucca. 1980. "The role of black mangrove forests in thep.roductivity of coastal ecosystems in South Florida." United States Enviroimental protection
Agency. Corvallis, Oregon, USA.

Macko, S'A"and J'zieman. 1983. "Sfableisotopecompositonandaminoacidanalysisof estuarineplantlitter.undergoing decomposition." Estuarine Research Federaton Biannual r"r6*tlng, virginiuBeach.

Macnae' w' 1968. "A general account of the fauna and flora of mangrove swamps and forests in the Indo-West-Pacific region." Advances Marine Biology. 6:7 3 _27 0.-

7974. "Mangrove forests and fisheries." FAO/LrNDP Indian Ocean progrqamme.
I0FC/DBV17434.

Margalef, R', and M. Crespo. 1979. "rnforme preliminar sobre posibles consecuencias de la consffuccionde la presa proyentadade Daule-peripa.i'

McKenney, C. L., Jr. 1986' "Critical responses of populations of Crustacea to toxicants.', EpA,/600A{-86/004, Washington, D.C.

McPadden' C'A. 1985. "A brief review of the Ecuadorean shrimp industry." Instituto Nacional dePesca,/Overseas Development Administration, UK.

Medina, P'F' 1985. "Characterizacion y vigilancia de la contaminacion marina a partir de fuentesdomesticas, agricolas, industriales y mineras en areas ecologicamenfa sensibles del LpacificoSudeste @arametros Fisicous)." Eicuel Superior poritecniJa oel liroral. CuuvaquiL gcuaOo..

Nedwell' D'B' 1975. "Inor-ganic nirogen metabolism in a eutrophircated tropical mangrove estuary.'Water Res. 9:2ZI-231.

Nefl J'M' and J.W. Anderson.- f 981. "Response of marine animals [o petroleum and specific pe6oleumhydrocarbons." New york: Applied Science publishers Ltd.



Neff, J.M., J.W. Anderson, B.A. Cox, R.B. Laughlin, Jr., S.S. Rossi, and H.E. Tatem. 1976. "Effects of
petroleum on survival respiration and growth of marine animals." In: Sources, Effects, and Sinks
of Hydrocarbons in the Aquatic Environment. American Institute of Biological Sciences,
Washington, DC.: 515-540.

Newcombe, C.L., and W.A. Horne. 1938. "Oxygen-poor of the Chesapeake Bay." Science 88:80-81.

Nickerson, N.H., and F.R. Thibodeau. 1985. "Associadon between pore water sulfide concenFations and

the disnibution of mangroves." Biogeochemistry I:183'I92 -

Nixon, s.v/., B.N. Furnas, v.Lee, N. Marshall, o. Jin-Eong, w. chee-Hoong,,G. WooiKho,on, and A'

Sasekumar. 1984. "The role of mangroves in ttre carbon and nutrient dynamics of Malaysia

estuaries." Proceedings Symposium on Mangrove Environments - Research and Management:

534-544.

Odum, W.8., and E. J. Heald. 1972. "Trophic analysis of an estuarine mangrove community-" Bulletin

Marine Science 22:67 | -7 38.

Odum, W.8., C.C. Mclvor, and T.J. Smith, III. 1982. "The ecology of lhe mangroves of-south Florida:

A community pi"iif"; ri.n unO Wifdife Service/Office oiBiological Services, Washington, DC.

FWS/OBS-81-24.

oficer, c.B., R.B. Biggs, J.L. TAft, L.E. cronin, M.A. Tyler,_and w.R. Boynton. 1984' "chesapeake

eay anoxia: 6?gin, development, and signifi cance." Scien ce 223:22-2J .

Pesantes, F.y E. Perez. 1982. "Condiciones hidrograficas-y quimicas en el estuario del Golfo de
.Guayaqui l . ' 'Revistadecienciasdelmayyl imnologia. l :87-113.

pesantes, V.F. 1975. "Destribucion de las propiendades fisicas y quimicas del Golfo de Guayaquil."

Instituto Nacional de Pesca. Informative Especial' No' 1'

Pool, D.J., A.E. Jugo, and S.C. Snedaker. 1975. "Litter production in mangrove forests of southern

Florida and puerto Rico." In: Proceedings of ttre International Symposium. ol Biology q-d

Management; M;t;.s Gd. G.E. *itrtr, S.c. Snedaker, andHi. Teas). Institute of Food and

l,gii"if t*ut ScienceJ. University of Florida, Gainesville: 213'237 .

Pool, D.J., S.C. Snedaker, and A.E. Lrtgo. 1977 ' "structure of mangrove forests in Florida' Puerto Rico'
' 

Mexico, and Costa Rica." Biotropica9:I95-212'

hogtamma de Investigacion y Vigilancia de la Contaminacion marina por hidrocarburos delPetroleo en el

pacific Seaest-i"stltuto"O.*nografrco de la armada del Ecuador, Direccion general de la marina

mercante, Escuela de superior politecnica del litoral, Facuidad de ciencias quimicas'

Rendon, M., N. de padilla, and E. peree. 1983. "Estodio preliminar de los rios de la region liloral,
-Ecuador'' 

Rev' Cien. Mar. Limn' 2:179-221'

Rodelli, M.R., J.N. Gearing, PJ. Gearing, N. Marshall, and A. Sasekumar' 1984' "stable isotope ratio

as a rracer or1nu"6io* carbon iln'vtaaysian ecosystems"' Oecologia 6l:326-333'

Rodriquez,G.lgT5..,someaspectsoftheecologyoftropicalestuaries.' 'In:F.B.GolleyarrdE.Medina
(eds.)., fropical ecotogical Systems: ueiis in terrestrial and aquatic research. 313'334'

Rojas, J.R. lgS5 "Diagnostico de situacion: El deterioro del medico ambiente"' El caso de manabi'

Ecuador.

Sanchez, E.M., and B.R. Naranjo. 1981. "Investiaciones preliminares sobre el estado actual de las

poblaciones de ostiones en tres zonas del estuario interior del Golfo de Guayaquil"' Rev' Cien'

Mar. Limn. l:49-59.



Schaeffer-Novelli, Y. 1983. "Inventario de los biorecursos del manglar en la costa ecuatoriana." Informe
Final. Mision de Consultoria Sobre elTema 34.

Scoffin, T.P. 1970. "The trapping and binding of subtidal carbonate sediments by marine vegetation in
Bimini Lagoon, Bahamas". Journal of Sedimentary Petrology 4A:249-273.

Sell, M.G., Jr, 1977. "Modelling the response of mangrove ecosystems to herbicide spraying, hurricanes,
nutrient enrichment and economic development." Ph.D. thesis. University of Florida,
Gainesvilkle, Florida: 390.

Siddall, S.8., J.A. Atchue, III, and R. L. Munay, Jr. 1985. "Mariculture development in mangroves: A
case study of the Philippines, Ecuador, and Panama." In: J.R. Clark (ed.). Coastal Resources
Managemen[ Development Case Studies. Renewable Resources Information Series, Coastal
Management Publication No. 3. hepared for the National Park Service, U.S. Department of the
Interior, and the U.S. Agency for International Development. Reserach Ptanning Institute, Inc.,
Columbia, South Carolina.

Simpson, H.J., H.W. Ducklow, B.Deck, and H.L. Cook, 1983. "Brackish-water aquaculture in pyrite-
bearin g tropical soils. " Aquacul ture 3 4 :333 -3 50.

Snedaker, S.C., J.C. Dickinson, III, M.S. Brown, and E.J. Lahmann. 1986. "Shrimp pond siting and
management alternatives in mangrove ecosystems in Ecuador". US Agency for Intemational
Development Report, Miami, Florida.

Solorzano, L. 1981. "Fuentes, Niveles y efectos de Ia contaminacion marina en Ecuador." CPPS, Serie
Seminarios y Estudios. 2:173-241.

1986. Reporte del Laboratorio de contaminacion. Instituto Nacional de pesca.

Solorzano and Viteri. 1981. Investigaciones Quimicas de un Sector del Estero Salado, Trabajo en
Preparacion. Universidad de Guayaquil. Facultad de Ciencias Quimicas. Guayaquil, Ecuador.

Spurrier, W.R. (ed.). 1985. "Shrimp: Growth years are over." Weekly analysis of Ecuadorian Issues.
Jme: 236-247.

Stevenson, M.R. 1981. "Seasonal Variations in the Gulf of Guayaquil, a ropical estuary." Bol. Cient.
Tec., Inst. Nacional de pesca 4:1-133.

Swingle, H.S. and F.A. Pagan. 7969. "Increasing Fish Production by Improved Fishcultures."
Fishculture survey report for Ecuador: 45.

Tumer, R.E. 1977. "Intertidal vegetation and commercial yields of penaeid shrimp." Transactions of the
American Fisheries Society 106(5):4 1 1-4 16.

Twilley, R.R. 1982. "Litter dynamics and organic carbon exchange in black mangrove (Avicennia
germinans) basin forests in a southwest Florida estuary." Ph.D. dissertation. University of
Florida, Gainesville.

Twilley, R.R. 1985. "The exchange of organic carbon in basin mangrove forests in a southwest Florida
estuary." Estuarine, Coastal and Shelf Science 20:543-557.

Twilley, R:1., A'E. Lugo, and C. Patterson-Ztcca. 1986. "Production, standing crop, and decomposition
of litter in basin mangrove forests in sourhwest Florida." Ecology 61:6-10-693.

Valdivieso, J.M. II Congreso nacional de productores de camaron: Estudio Actualizado de manslares.
camarone&ts y areas salinas. Centro de levantamientos integrados de recursos naturaleJpor
sensores remotos. Unpublished manuscript.

1 1 9



Valverde, F. deM. "Manglares del Golfo de Guayaquil." Universidad de Guayaqull: 123.

Walsh, G.E. 196?. "An ecological study of a Hawaiian mangrove swamp." In: G.H. Lauff (ed.),
Estuaries. American Association for the Advancement of Science 83:.420'431. Washington,
D.C.

Workshop. Informacion preliminar sobre los recursos, usos y problemas de lazonacostera ecuatoriana.
Seminario sobraordenacion desarrollo integral de las zonas costeras. May 1981.

t20




