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Abstract

Over the last decade eutrophication of freshwater artificial reservoirs in Cuba occurred in parallel to oligotrophication of estuarine and coastal
waters. These two processes influenced both freshwater and marine fisheries. A dramatic shift in species composition in freshwater fisheries
has occurred, from dominance by cichlids (tilapia) to dominance by cyprinids. The high fishery yield from some reservoirs, and shift in species
composition, seems related to progressive eutrophication of reservoirs by nutrient subsidies from different anthropogenic activities; particular those
related to the size of urban areas within their watersheds.

On the other hand, marine landings of estuarine-dependent species declined more significantly than for other groups associated with seagrass
beds—coral reefs and oceanic waters. The ratio between catches of estuarine-dependent species and those associated with seagrass beds and
coral reefs, decreased significantly over the last 20 years. The decrease in landings was more evident in typical estuarine species, such as
shrimps (Litopenaeus schmitti and Farfantopenaeus notialis), mangrove oyster (Crassostrea rhizophorae) and mullets (Mugil spp.). River damming
increased during the same period and is significantly correlated with these decreases.

It is hypothesized that two different processes acted synergistically, leading to dramatic decreases of several orders of magnitude, in the catches
of estuarine species over the last decade: the trapping of nutrients and sediments by river damming, and a drastic reduction in nutrient inputs from
land-based sources due to reduced fertilizer use. These are postulated to have affected not only estuarine resources, but also the whole coastal

ecosystem.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Three main categories of nutrient enrichment processes occur
in the coastal zone: (1) coastal upwelling, (2) tidal mixing and (3)
land-based runoff and river outflow (Caddy and Bakun, 1994).
Since Cuba is located in the oligotrophic Caribbean Sea, in the
absence of significant coastal upwelling and with a very small
tidal range, river discharge of terrestrial material in particulate
and dissolved form is the most important source of nutrients
supporting marine coastal fisheries (Baisre, 1985).

In some ecosystems it is known, that moderate enrichment
from land-based sources occasionally leads to increased popula-
tions of economically valuable fishes (Howarth et al., 2000), and
continuous growth of human population can lead to an increase
of nutrients inputs to coastal waters. However, a reduction in
nutrient outflows into coastal areas might also occur due to
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human interruptions to the natural flow patterns of rivers, or
more exceptionally, and this is a main focus of the paper, in
the case of Cuba, where the use of fertilizers for agricultural
purposes has been drastically reduced (Baisre, in press).

The impoundment of freshwater in rivers has been used for
power generation, and flows diverted for irrigation purposes
and to reduce threats by flooding during extreme rainfall events
(Arthurton, 2005). Because rivers are still the major channels
for water, nutrients and organic and particulate matter passing
from land to sea, the construction of dams had an immediate
and profound impact on river inputs to the ocean (Chen, 2002).
The impact of reservoir development might be expected to lead
to a decrease in nutrients exports from catchments (Vorosmarty
et al., 1997). Reservoirs increase water residence times, thus
allowing greater biotic uptake by freshwater vegetation, but in
excess, may lead to anoxic bottom water conditions that promote
denitrification, and further reduce exports of N to downstream
waters (Downing et al., 1999). By the early 1990s, more than
13% of the global river flow to the sea had already been dammed
or diverted (Chen, 2002). The interruption of natural fluxes
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Fig. 1. Trends of fertilizer consumption (1961-2002). The first year of the series (1961) represent the baseline (1). Fertilizer consumption in Cuba is well above the

world trend until 1989.

of water, nutrients and sediments by river regulation can be
expected to have had significant ecological impacts downstream
from dams.

There was evidence of a drastic reduction in N inputs to the
Cuban landscape during the1990s due to a serious contraction in
the rural economy, in particular, a dramatic reduction in fertilizer
use (Fig. 1) and the burning of fossil fuels (Baisre, in press).
We present evidence here that nutrient retention in reservoirs
and other ecological changes derived from river damming had
severe impacts on the ecology of estuarine areas and on coastal
fisheries. An analysis of how nutrient retention has impacted
fisheries in artificial reservoirs is also presented.

2. Materials and methods

Data on annual catches of both freshwater and marine species
used in this paper come from the Planning and Statistical Divi-
sion at the Ministry of Fisheries. Yearly catch data for all
the species can be accessed through FAO fisheries statistical
database (FAOSTAT, 2005). The data on fish yield of the differ-
ent reservoirs as well as the number of fingerlings that have
been stocked were provided by the Department of Aquacul-
ture. Data on population density of the urban centres in the
neighborhood of the reservoirs were obtained from the National
Yearbook of Statistics (ONE, 2005). The information on river
damming, general hydrology as well as the data on the Cauto
River watershed were all obtained from the National Institute
for Hydrology (INRH, 2005) and can be accessed through the
Cuban database on water resources. The annual average outflow
of the Cauto River was calculated using the modified Schreiber
empirical formula which is valid for tropical and temperate
regions (database from LOICZ, 2005), and is based on monthly
rainfall and temperature data averaged over a 50-year period.
This figure was not very different from the estimated average
annual flow of 1972 millions m? obtained from INRH (2005).
Data on nitrogenous and phosphate fertilizer consumption was
obtained from FAOSTAT (2005), the FAO statistical database.
The trends in the catches of the marine species were calcu-
lated from 1980 to 2003. New dams have not been built since
1991.

2.1. General hydrology

In Cuba, many watersheds cross the axis of the main island
and in consequence, most rivers are short with limited out-
flows. Much of the bedrock is of limestone and some rivers
flow underground for part of their trajectory. Out of 633 rivers,
almost 60% discharge onto the south coast, including the largest,
the Cauto and the second largest, the Zaza, which drain into
the Gulfs of Guacanayabo and Ana Maria, respectively. After
Hurricane Flora passed over Cuban territory in 1963 leading
to severe flooding, a national policy for water regulation was
implemented. By 2004, 971 larger dams (more than 30 ha) and
730 small dams had been constructed (INRH, 2005). The aver-
age water volume in these artificial reservoirs represents 29.4%
of the average annual flow of rivers generated by precipitation,
estimated at 31, 6 millions of m—3 (FAO/AQUASTAT, 2000).

2.2. Marine resources

Baisre (1985) described three ecological complexes in Cuban
marine waters in terms of the decreasing influence of land on
marine fisheries. These are: the estuarine-littoral complex, the
seagrass—coral reef complex, and that associated with oceanic
waters (Fig. 2). The estuarine-littoral complex is particularly
influenced by terrestrial fluxes and is typical of wetlands, estu-
aries and lagoons dominated by terrigenous material and man-
groves. Ecologically, these habitats are subject to major envi-
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Fig. 2. Map of the marine area occupied by the three fisheries ecological com-
plexes.
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Fig. 3. Total landings of freshwater fishes (1960-2004) from reservoir fisheries
in Cuba. Source: Department of Aquaculture. Ministry of Fisheries of Cuba.

ronmental changes, often accentuated by an unpredictable rainy
season. They show elevated levels of primary production and
organic detritus production which forms the basis for rela-
tively simple coastal food webs. The estimated area of the
estuarine—littoral complex is about 8500km?; approximately
16% of the total shelf area, and reaches its greatest extent on
the southeast coast in the Gulfs of Ana Maria and Guacanayabo
into which the two largest river systems of the country drain.

The seagrass—coral reef ecological complex encompasses an
approximate area of 45,000 km~2 and is the most important for
Cuban fisheries. Extensive shallow waters areas with seagrass
beds, patches of intermittent coralline outcrops, sponges and
gorgonians on sandy or rocky bottom are a prominent feature
of the Cuban shelf. Detailed information on the extension and
distribution of the three fisheries ecological complex, the species
composition and some other ecological data are given by Baisre
(1985).

3. Results
3.1. Changes in freshwater fish species composition

A great number of Cuban reservoirs are used for exten-
sive aquaculture which produces some 20,000 tonnes of fresh-
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water fishes annually in approximately 110,000 ha of surface
area. The fishery yield over the last 5 years has averaged
130-150kgha~! year—!. (Data from the Ministry of Fisheries.)
Total freshwater fish landings in Cuba are shown in Fig. 3. All of
this production is supported by periodical stocking of the reser-
voirs with fingerlings of tilapia (Oreochromis spp.), and different
species of Chinese carp. The silver carp (Hypophthalmichthys
molitrix) is, by far the most important species, although the
bighead carp (Hypophthalmichthys nobilis) is also well rep-
resented in catches, and some other species such as the com-
mon carp (Cyprinus carpio) and grass carp (Ctenopharyngodon
idella) make a small contribution to commercial catches. After
a relatively long period of extensive aquaculture development,
the species composition of landings has changed dramatically
(Fig. 4) with a marked shift from dominance by tilapia to dom-
inance by cyprinids.

If we consider that these differences are not related to fishing
practices which have not changed very much, then they must be
associated with other anthropogenic influences such as the pref-
erential stocking with cyprinid fingerlings, or other ecological
changes occurring within the reservoirs. While tilapias repro-
duce extensively and intensively under ecological conditions of
Cuban reservoirs, other species of cyprinids, except the com-
mon carp, do not reproduce naturally in our reservoirs. Data
on yearly stocking with tilapia and cyprinids are presented in
Fig. 5, but cannot explain the dominance by cyprinids which
began since 1995 when stocking of tilapia was higher than of
cyprinids. The conclusion seems inevitable that other human
activities within the watersheds, such as the progressive eutroph-
ication of artificial reservoirs, are the main alternative hypothesis
which accounts for this shift in species composition.

The water-based transport system for human and industrial
waste has increased nutrient supply to the newly built reser-
voirs. This has led to a rapid eutrophication of reservoirs, which
are primarily located in lowland regions. In Cuba, urban areas,
as well as intensive livestock production and sugar mills, are
major exporters of nitrogen (N) and phosphorus (P) to reservoirs
located downstream. These special environments receive a high
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Fig. 4. Changes in species composition of catches from reservoir fisheries.
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Note the shift since 1996 from a tilapia-dominated system (broken line) to a cyprinid-
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Fig. 5. Numbers of fingerlings of tilapia (broken line) and cyprinids (solid line) stocked every year.

input of material and influences from adjacent landmasses, but
have a limited capacity to absorb impacts from human activi-
ties. Because dams are small patches within the terrestrial focal
points of surrounding catchments, their productivity is highly
dependent on regular subsidies from the surrounding landscape,
and can be expected to be sensitive to human population density,
agricultural practices, pollution and land use changes within the
watershed. This is well illustrated by analyzing the yields of two
of the more productive dams: Zaza and Jimaguayd, which are
enriched by the sewage and industrial waste from the cities of
Sancti Spiritus and Camagiiey, respectively (Fig. 6).

In Fig. 7, we have plotted population density expressed as
number of persons in urban areas, against the fisheries yield
of a group of reservoirs that are commercially exploited and
downstream from the urban areas in question. For this analysis
fisheries yield was considered to be largely influenced by nutri-
ent enrichment while the population density in upland areas was
considered the driving force for nutrient inputs to the reservoirs.
Allowing for possible variations between years due to differ-
ences in stocking densities of fish or changes in fishing effort,
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Fig. 7. Linear regression between fisheries yield (a 10-year average) and the
upland urban population (number of persons) for eight different reservoirs. The
grey point represents a reservoir with an intensive agricultural area within its
watershed and was not included in the regression.

we used a 10-year average of fishery yield, and expressed it
as kgha~! year~!. These reservoirs show a gradient from those
that receive waters from relatively unpopulated mountain areas,
to those which are close to relatively large centres of popula-
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Fig. 6. Map of Cuba showing the location of the Zaza and Jimaguayu dams and reservoirs (inset); both enriched by sewage and industrial waste coming from the

cities of Sancti Spiritus and Camagiiey, respectively.
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tion. As a result of this analysis, a strong positive relationship
was found (R* =0.9428, P <0.001) between population density
and the average fisheries yield. Many human activities in the
watershed (e.g., agriculture, human and industrial waste dis-
charges) might promote eutrophication of the reservoirs of Zaza
and Jimaguayu and are all related to population density. The
intercept of the regression equation (45kgha~!year™!), is a
relatively good descriptor of the average fisheries yield that was
previously obtained from Cuban reservoirs prior to the onset of
strong anthropogenic influences from upstream. Fishery yield
from the Paso Seco reservoir represents an outlier, and this data
point was not included in the regression equation. The high yield
shown by this reservoir is not correlated with population density
but seems to be related to the very intense agricultural activity
occurring in the local watershed.

3.2. Effects of damming in coastal fisheries

Shrimps (Penaeidae), mangrove oyster (Crassostrea rhi-
zophorae) mullets (Mugilidae), mojarras (Gerridae), thread her-
ring (Opisthonema oglinum) and Spanish and king mackerels
(Scomberomorus spp.), are some of the most important Cuban
marine species commercially, and are representative of the estu-
arine littoral ecological complex (Baisre, 1985). A negative trend
in the landings of several estuarine species over the last 20 years
is presented in Fig. 8. It is noteworthy that species such as
shrimps, mullets and oyster, presented the more drastic and sta-
tistically significantly decreases, while the more mobile species,
represented by the pelagic thread herring and Spanish mackerel
have not shown any marked decreases.

Analysis of time series of the catches from 1980 to 2003
revealed that the total catches of the three ecological complexes
showed a downward trend (Table 1) but that for littoral—-estuarine
ecological complex showed the most significant decline.

The pelagic to demersal ratio (bony fish only) (De Leiva-
Moreno et al., 2000) or the piscivore/zooplanktivore ratio
(Caddy and Garibaldi, 2000), have been considered sensitive
indexes available from fisheries data that reflect the impact of
river nutrients on the ecosystem in a formerly oligotrophic envi-
ronment. In Cuba we chose another index because most the
commercial fisheries are based in benthic food chains while

Mullets -+ Mangrove oyster

Shrimps

Deviations

1978
1982
1986
1990
1994
1998

Fig. 8. Trend in the catches of some typical estuarine species, expressed as
deviations from the average catch of each species during the whole period of
observation. (With permission from Biogeochemistry, Springer.)

Table 1
Parameters of the linear regression of catches against time for the 1980/2003
period

Fisheries ecological complexes Intercept Slope R?

Estuarine-littoral 61.3 —0.03 0.8574
Seagrasses—coral reef 33.2 —0.02 0.6909
Oceanic 47.0 —0.02 0.6627

pelagic fishes, which strictly feed on plankton, are uncommon
(Baisre, 1985). In fact, some of the typical pelagic species like
thread herring (O. oglinum) feeds on small crustaceans; obtain-
ing a major component of their food from the bottom in estuarine
and coastal waters (Vega-Cendejas et al., 1997). Based on this
characteristic, we used the ratio between catches of estuarine
species to catches of species living in seagrass beds and coral
reefs, and this seems to be a more appropriate index if we want
to measure the impact of river damming on the fish components
of coastal ecological communities. The evolution of this index
is presented in Fig. 9. It can be observed that there has been
a negative and significant trend in total landings of estuarine-
dependent species, and that this trend has been more evident
since 1990 by which date some of the largest dams were already
built, particularly that on the Zaza River, the second largest river
of the country.

3.3. The Cauto River damming and the shrimp fishery: a
case study

The Cauto River system is the largest in Cuba, draining 8.1%
of the total area of the country. The human population density
in its watershed is 122 individuals per square km and forest
covers 16% of the watershed surface. Before damming, this river
discharged on average, 1760 million m> year—! of freshwater.
The discharge rate varies seasonally, being highest in late spring
and summer, and then decreasing through fall to a winter low.
Damming of the Cauto River started in 1967 and was complete
by 1992. During this period, 19 dams were built and the flow
decreased by 70% (INRH, 2005).

Shrimps are typical estuarine species and their catches have
been commonly correlated with freshwater flows (Garcia and
Le Reste, 1981). Due to its large size and annual flow, the Cauto
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Fig. 9. Index of catches of estuarine species/catches of species associated with
seagrasses and coral reefs.
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Fig. 10. Evolution of shrimp catches from 1950 to 2002 (solid line) and the
corresponding catch per unit of effort (c.p.u.e.) (broken line). The c.p.u.e. is
expressed in kg per fishing day.

River influences a large portion of the Cuban insular shelf along
the southeastern coast, and the most important fishing zones for
white and pink shrimp and several other estuarine species are in
the neighborhood of this river mouth (Gonzalez, 1984; Baisre,
1985).

Fig. 10 shows the evolution of the shrimp fishery associated
with the marine area or catchment influenced by the Cauto River.
As discussed by Baisre and Zamora (1983), the high peak catch
observed in 1964 provides strong circumstantial evidence for
the influence of freshwater flows on shrimp catches. In October
1963, Hurricane Flora provoked very intense rainfall and flood-
ing of the Cauto River, with the water flow increasing more than
three-fold with respect to average values (INRH, 2005). This
figure also shows a progressive decrease in shrimp catches from
1978 onwards. However, the broken line in the lower part of the
figure illustrates that, as a measure of local abundance on the
fishing grounds, catch per unit of effort (in kg per fishing day)
has not changed much over the last 20 years in spite of the dras-
tic decrease in catches experienced during the period. This may
be interpreted as meaning that fishing effort also decreased as a
consequence of the dramatic drop in the abundance and area of
distribution of the stock.

As the fishery actually exploits two species of shrimp (the
pink shrimp Farfantopenaeus notialis and the white shrimp
Litopenaeus schmitti), we also calculated the white shrimp/pink
shrimp ratio of the catches in order to assess possible differences
related to the ecology of the two species. In Fig. 11, itis clear that
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Fig. 11. Index of the ratio of white shrimp to pink shrimp catches. The trend
line is also included.
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Fig. 12. Relationship between damming of the Cauto River (millions of cubic
meters of water) and shrimp catches (in tonnes) in the coastal area receiving
drainage from this river.

catches of white shrimp have been more severely affected than
those of pink shrimp. It is well known (Kutkuhn, 1966) that some
groups of shrimp are more dependent on freshwater (estuarine-
extreme species) than others (oceanic-extreme species), and in
Cuba, white and pink shrimp have different distributions and
occupy different nursery areas. The white shrimp has a more
restricted distribution in shallower waters and is closer to the
coast than pink shrimp which are widely distributed in deeper
waters (Baisre, 2004). According to Guitart et al. (1985) the
white shrimp spawn close to the mouth of the Cauto River and
juveniles are found in coastal lagoons (Gonzéalez et al., 1984)
over soft bottom areas associated with mangrove shoots (Paez,
1997). The nursery areas of pink shrimp are in shallow waters,
but not in coastal lagoons, with abundant seagrasses (Halodule
wrighti and also Syringodium filiforme) (Puga et al., 1982; Paez,
1997). Fig. 12 shows the relationship between shrimp catches in
the area influenced by the Cauto River and the damming of that
river, showing a significant relationship between the increase of
water volume dammed and the decrease in shrimp catches over
the period 1972-2003 (R? =0.8144, P <0.001).

4. Discussion
4.1. Freshwater fisheries

Different exotic species of tilapia (Cichlids) and Chinese
carps (mainly silver carp) have become the dominant fresh-
water fishes in Cuban reservoirs, replacing native species and
dominating the national catch of freshwater fishes. As shown
above, species composition in the newly built reservoirs has
changed dramatically with a great dominance of silver carp
since 1996. Major changes in the fish communities of many
lakes of the world have been associated with cultural eutroph-
ication (Hartmann and Niimann, 1977; Persson et al., 1991),
and this seems to be also true for Cuban artificial reservoirs.
A shift to a fish community dominated by cyprinid fishes in
highly productive systems has also been reported in the lakes
of Europe and North America, and this numerical dominance
has been attributed to a competitive asymmetry (Persson, 1988).
Application of the dominance principle is especially relevant to
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culturally disturbed lakes, such as those subjected to eutrophica-
tion (Ryder and Kerr, 1984). The dominance of cyprinid fishes
in highly productive systems means that eutrophication has neg-
ative effects on both water clarity and the economic value of the
fish community (Carpenter et al., 1996). The ability of some
cyprinids to forage under turbid conditions and their capacity to
assimilate blue-green algae both contribute to numerical dom-
inance. Nonetheless, as Carruthers (1986) showed, silver carp
may improve water quality by exerting a strong control on phy-
toplankton biomass (Januszko, 1978; Buck, 1977). Here it is
important to highlight that the silver carp, the most important
species in Cuban reservoirs, requires standing or slow-flowing
conditions such as in impoundments or the backwaters of large
rivers. When rearing of silver carp spread in European countries,
the main objective was to increase fishery yields from eutrophic
waters and to improve water quality in the stocked ecosystems
(Barthelmes, 1984). This species feeds on phytoplankton and
has been introduced to many countries where its ability to clean
reservoirs and other waters of clogging algae is appreciated even
more than its food value (Frimodt, 1995). Furthermore, a rela-
tively high fraction of the cells eaten by silver carp may be
excreted with appreciable loss of chlorophyll (Miura and Wang,
1985) so that an important part of the plankton production comes
from algae which have already passed through fish (Northcote,
1988).

A report typifying the productivity and trophic status of
76 Cuban artificial reservoirs (Quifiones et al., 1990) estab-
lished three main categories. The reservoirs classified as olig-
otrophic have less than 1 million cellsI~' of phytoplankton
and a fisheries yield of less than 100kgha~!year~!; those
which are mesotrophic have 1.5-2.5 million cellsI~! and a
fisheries yield of about 150 kg ha year~!; and the eutrophic reser-
voirs have more than 3 million cells1~! and a fisheries yield
above 200kghayear™!. Eutrophic reservoirs in Cuba repre-
sented about 80% of the whole number studied. The domi-
nance of silver carp, feeding lower in the food chain and taking
advantage of the phytoplankton blooms associated with nutri-
ent enrichment in the reservoirs, might explain the high yield
observed in many reservoirs.

Marshall and Maes (1994) compared yields from vari-
ous types of water bodies in the tropics and reported that
shallow managed reservoirs averaged 30—150 kg ha year~—! and
deep reservoirs averaged 10-50kgha~! year—!. In the review
of Jackson and Marmulla (2001) for Latin America and the
Caribbean reservoir fishery yields tended to be higher for
the Caribbean (Cuba 125kgha~! year~!; Dominican Republic
29-75kgha~! year™!) than is generally recorded for Central
and South America reservoirs. Higher yields throughout the
region typically result from stocking of exotic species and sim-
ilar patterns exist with regard to fishery yields from reservoirs
in temperate zones. The average yield from North American
reservoirs is only 24 kg ha~! year—!. In Europe, records indicate
reservoir fishery yields ranging from 21 to 76kgha~! year~!.
In the same paper it is also reported that reservoirs yields
in China ranged from 127 to 152kgha~!year—!. Excepting
China, all of these yields are well below the average obtained
from Cuban reservoirs. For Cuba, Juarez-Palacios and Olmos

Tomazini (1992) calculated yield from 15 reservoirs stocked
with tilapia over the period 1984-1988. They reported yields
ranging from 11.5 to 297.2kgha~! year™! with an average of
134.7kgha~! year—!. The natural ontogeny of most lakes (and
reservoirs) is to become gradually shallower and more pro-
ductive as they age, and eutrophication greatly accelerates this
process (Stockner et al., 2000). This has happened in Cuban
reservoirs, and the regression between fisheries yield and anthro-
pogenic activities previously presented is a good indicator that
cultural eutrophication processes have taken place in the more
productive reservoirs. The nutrient subsides from anthropogenic
activities in upland areas might explain why the average fish-
eries yields in Cuba are considerably higher than those reported
for other areas. As pointed out by Jackson and Marmulla (2001),
benefits seem more pronounced for smaller, shallower reservoirs
that have reasonably high concentrations of dissolved solids and
that are located in the upper reaches of their respective river
ecosystem.

4.2. Marine fisheries

Declines in the catches of commercial exploited marine
species have been commonly attributed to changes in fishing
effort (Pauly et al., 1998, 2002; Jackson et al., 2001; Pauly,
2003), to cyclic or periodic environmental changes (Finney et al.,
2002; Schlesinger and Ramankutty, 1994; Barange et al., 2003)
and to cultural eutrophication (Caddy, 2000; Turner et al., 2003).
In this paper we have shown that others anthropogenic effects
might also provoke a similar drop in the catches of some coastal
species. The oligotrophication of the estuarine and coastal waters
in Cuba, driven by a drastic reduction in the use of fertilizers
and the burning of fossil fuels (Baisre, in press), together with
the environmental changes and habitat losses associated to river
damming severely depleted the catches of the species which are
more dependent on estuaries during their life cycles.

There is strong circumstantial evidence worldwide that
nutrient-enriched riverine discharges enhance fishery produc-
tion on adjacent shelves (e.g., Grimes, 2001). When dealing with
terrestrial anthropogenic inputs to the coastal waters, the more
important driving functions (Caddy and Bakun, 1995) would
be: (1) increased load of nutrients, (2) increased load of sedi-
ments and (3) changes in freshwater runoff. When several dams
are constructed on upstream tributaries of a river ecosystem, the
cumulative effects of these dams can be to block the flow of
nutrients from the catchments basin to the lower reaches of the
ecosystem, thereby negatively affecting fisheries production in
downstream portions of the ecosystems, including estuaries and
the adjacent marine environment (Jackson and Marmulla, 2001).

Because the life cycles of estuarine species are wholly or
mostly carried out in waters directly influenced by river dis-
charge, critical demographic processes regulating population
size such as growth, mortality and recruitment are affected when
discharge rates are altered (Grimes, 2001). The reduction in the
extent of brackish areas and wetlands by excessive freshwa-
ter extraction upstream will have adverse impacts on marine
species which are dependent on brackish habitat for part of
their life history (Aleem, 1972; Deegan et al., 1986; Caddy and
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Bakun, 1995). A reduction in freshwater flow might concomi-
tantly reduce the extent of the brackish water area, and also
provoke salt-water invasion into the estuary and lower river sys-
tem that will have severe impacts on estuarine-dependent species
(Deegan et al., 1986).

The building of dams on rivers increases water retention and
the rates of degradation and sedimentation of particulate organic
matter and the new impoundment and reservoirs become effec-
tive nutrient and sediment sinks (Stockner et al., 2000). The
impacts of large dams rapidly and profoundly modify the sed-
iment routing of fine suspended particles to the coastal zone
(Meybeck, 2003). In Cuba, the natural evolution of lagoons to
swamp and, eventually to drier land, has been accelerated in
some areas near to the rivers Zaza (Gonzalez and Aguilar, 1983)
and Cauto (Revilla, 1994), as a possible result of the damming of
these rivers, and the consequent substantial decrease in the fresh-
water supply. All of these effects might reduce the nursery areas
and seem to be acting synergistically against recruitment and
further development of estuarine species, particularly the white
shrimp, because of its great dependence on coastal lagoons and
seagrasses (Gonzalez et al., 1984).

The impact of human activities on nutrient budgets to the
coastal zone can be complex owing to a marked increase of inor-
ganic N and P due to agriculture and urbanization or a decrease
of inorganic N and P and of dissolved silica owing to reservoir
retention (Meybeck, 2003). All of these changes are reflected in
changes in the nutrient ratios (Humborg et al., 1997, 2000) which
are responsible for the severe modification of coastal zone food
webs (Turner et al., 2003). Cumulative effects of dams on catch-
ments basins and tributary streams are to significantly block
nutrient flows through the ecosystem; affecting fisheries produc-
tion in the downstream estuary and marine environments (Ryder,
1978). For example, reduced fisheries yield in the Black sea and
the Sea of Azov are related to impoundments of the Danube,
Dnieper and Dniester rivers in Europe (Tolmazin, 1979) suggest-
ing that dams act as nutrient traps. Coastal fisheries depending
on upstream inputs can be significantly reduced, as has also been
documented in the fisheries of the Nile delta, where the construc-
tion of the Aswan dam had impacts on marine fishery production
in the Levant (Halim et al., 1995). This example also illustrates
the opposing effect to the usual increase in nutrient supply due
to human activities, and seems to confirm that both nutrient-
enhancement and impoverishment processes can impact marine
fisheries yields (Caddy, 2000). Anthropogenic nutrient reduction
has been termed oligotrophication and impoundment of rivers
for hydraulic generation and/or water storage is one of the direct
causes of oligotrophication (Stockner et al., 2000).

4.3. Ecological impacts

The building of more than 1700 dams on the main river sys-
tems of Cuba created a relatively important freshwater fishery
based on periodical stocking of these reservoirs. Because of their
position with respect to nutrient sources within the catchments
basins, some of the largest dams effectively became nutrient
sinks, limiting the amount of freshwater and land-based nutri-
ents that otherwise would flow into estuaries and coastal waters.

On the positive side, many of these reservoirs now show rel-
atively high fisheries yields, and as we have shown, there is a
significant relationship between fisheries yield and the number
of persons in the urban areas upstream of the dams. The interrup-
tion of natural fluxes of water, nutrients and sediments by river
regulation have had serious ecological impacts downstream from
the dams however. Damming the main rivers of the country has
accounted for about 30% of the average annual freshwater flow,
and has led to two progressive but inverse processes in Cuba: the
eutrophication of artificial reservoirs, and the oligotrophication
of estuarine and coastal waters. It is also very probable that olig-
otrophication in coastal waters has been enhanced by the drastic
reduction of primary nutrients inputs from land-based sources,
principally from fertilizer application, as reported by Baisre (in
press). The reduction of nutrient inputs from agricultural fertiliz-
ers to rivers may have acted synergistically with river damming
to reduce final nutrient inputs to estuaries and coastal zones.

Although this analysis has been limited to a discussion of the
impacts of river damming on coastal fisheries, other ecological
consequences of these changes cannot be overlooked. There is
growing concern that river damming could leads to severe reduc-
tions of dissolved silicate input to the sea and this may have
dramatic impacts on aquatic food webs in coastal marine envi-
ronments (Ittekot et al., 2000). In the lower Mississippi River,
nitrate concentrations have more than doubled while the silicate
concentration has decreased by 40%; presumably due to biode-
position in reservoirs behind dams (Turner and Rabelais, 1991).

Significant reductions in nutrient inputs to coastal waters may
be achieved by approaches that: (1) reduce the use of the fertil-
izers in the first place; (2) control losses to the environment at
the point of release (e.g., from indiscriminate or excessive field
fertilization, or supplementary animal feeding operation); (3)
sequester or remove pollutants as they are transported to the sea
(Carpenter et al., 1996); (4) adopt good riparian practices which
ensure that water courses are separated by a buffer zone of nat-
ural vegetation from fertilized fields. All of these changes have
occurred in Cuba, and must have impacted coastal water and
played a role in the decrease of fishery landings experienced
since 1990. As pointed out by Caddy (2000), anthropogenic
impacts on marine ecosystems might differ from the effects of
fishing, but all such effects can be regarded as natural ‘stresses’
on the original ecosystem and ideally should be evaluated and
corrected for.

According to Meybeck (2003), relevant attempts to bridge the
gap between system analysis of continental water system and a
water resource management analysis have been noted in the eval-
uation of environmental services given by wetlands, lakes, rivers
and groundwaters (Constanza et al., 1997). The strong relation-
ship between the freshwater productivity of a river system and
that of its estuary, discussed in this paper, suggest that any eco-
nomic analysis of watershed productivity should include that of
its estuarine area and the zone affected by the marine plume.
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