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ABSTRACT.—Dos Bocas Reservoir, Puerto Rico, has pronounced in-lake variability in fish distributions,
especially in piscivore abundance, between the two primary reservoir basins. We quantified fish community
distributions by electrofishing in each basin and the confluence, and assessed water quality, contaminant
concentrations, habitat availability, and habitat selection. Fish community composition varied markedly
among the three areas. We found almost no largemouth bass (Micropterus salmoides) in Basin 1 (0.5 fish/h),
moderate catch rates in the Confluence (11 fish/h), and relatively high catches in Basin 2 (35 fish/h; ANOVA,
P = 0.005). We detected significant differences in pH, conductivity, and Secchi depth (Paired t-Tests, P < 0.05),
but none were outside of the range suitable to most fish species. Analysis of common chemical contaminants
including polychlorinated biphenyl (PCB) congeners, common pesticides, and mercury revealed little to
explain the unusual distributions. When radio-tagged naive largemouth bass (n = 6) from another reservoir
were released in Basin 1, they quickly abandoned Basin 1 and were located 11 days later in the Confluence
and Basin 2 where they remained for the duration of the study. Radio-tagged largemouth bass (n = 6) released
in Basin 2 remained near their stocking site. We hypothesize that differences in watershed development may
result in short-term water quality events, including high sedimentation and possibly acidification of Basin
1. These short-term events may contribute to variation in fish assemblages. We recommended focusing on
largemouth bass management within Basin 2 and promoting fisheries for Tilapia, sunfish, and crappie in
Basin 1.
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INTRODUCTION

Spatial heterogeneity of habitat quality in
reservoirs affects dispersal and distribution
of fishes (Noble et al. 1994). Heterogeneity
occurs in many habitat characteristics in-
cluding substrate, structural cover, and wa-
ter quality, causing distributions of fishes
to vary along longitudinal gradients (So-
balle et al. 1992). Although quantity and
quality of habitat available to fishes may
influence population dynamics on a spa-
tially explicit scale (Irwin and Noble 1996;

Irwin et al. 2002), assessment and manage-
ment of reservoirs are typically at the
whole-lake scale (Phillips et al. 1997). Geo-
graphic variation in habitat and fish popu-
lations within reservoirs warrants a more
localized approach to assessment and man-
agement (Phillips et al. 1997).

Neal et al. (1999) reported pronounced
in-lake variability in sport fish stock struc-
ture and community composition between
the two basins of Dos Bocas Reservoir,
Puerto Rico; characterized by the absence
of top piscivores in the western basin de-
spite moderate to high abundance in the
eastern basin. Although historical data
from this reservoir are limited, this pattern
was consistent for several years (Neal et al.
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1999, 2001). These differences in fish assem-
blages may be a result of water quality dif-
ferences arising from land development
practices and urbanization in one watershed,
and an upstream reservoir in the other.

In this study, we describe a unique man-
agement problem in Dos Bocas Reservoir.
Our research aimed to quantify the dispar-
ity between fish populations in each reser-
voir basin and to identify the mechanisms
that are driving fish distributions in this
system. Our hypothesis was that contami-
nants from land-use practices upstream of
Basin 1 contribute to the differences in
sport fish distributions. To test this, we as-
sessed differences in fish communities, wa-
ter quality and toxicology, and habitat
availability and use between the two pri-
mary basins of Dos Bocas Reservoir.

MATERIALS AND METHODS

Study site

The Puerto Rico Electric Power Author-
ity constructed Dos Bocas Reservoir for hy-
droelectric power in 1942. The reservoir
stored 37.5 million m3 of water within a
surface area of 254 ha when originally im-
pounded, but sedimentation has continu-
ally reduced both volume and surface acre-
age following impoundment (Soler-López
2001a). Two major tributaries supply the
reservoir, resulting two primary reservoir
basins that merge near the dam. The Cao-
nillas River supplies the eastern basin, and
is characterized by a series of impound-
ments including Caonillas Reservoir, the
largest upstream impoundment (280 ha) lo-
cated about 6 km upstream. The western
basin supplied by the Arecibo River, which
has no major upstream impoundments,
flows through the city of Utuado, and
drains agricultural land.

Community composition

Initial sampling efforts were to deter-
mine if the disparities in fish communities
reported earlier were representative of the
true populations or were simply artifacts of
limited sampling effort. We divided the
lake into three areas: the upper portions of

each primary embayment (hereafter the
western basin will be denoted Basin 1 and
the eastern basin will be denoted Basin 2),
and the lower confluence (denoted hereaf-
ter as Confluence). To assess fish commu-
nity composition, we used a conventional
electrofishing boat equipped to deliver
pulsed direct current to sample two 15-min
sites within each reservoir area, which ac-
counted for 10-15% of the shoreline area.
All fish species and sizes were: collected,
measured (mm, total length TL), weighed
(g), and stomach contents removed from
piscivores using acrylic tubes (Van Den
Avyle and Roussel 1980). We collected
community samples every 3 months, begin-
ning November 1999, during daylight
hours for 1 year, and we used one-way re-
peated measures ANOVA to test differ-
ences between basins and Tukey Tests for
all pairwise comparisons. All tests met nor-
mality and equal variance assumptions,
and we used a � = 0.05 level of significance.
We used a target power of 0.800, thus non-
significant results of samples with power
less than 0.800 were considered inconclu-
sive and warranted further study. We used
relative weight (Wr) to measure largemouth
bass condition, and proportional stock den-
sity to characterize largemouth bass size
distributions (Anderson and Neumann
1996).

Water quality and contamination

We sampled pH and conductivity using
a YSI Model 63, alkalinity with a HACH
test kit, water transparency with a standard
Secchi disk, and vertical temperature and
oxygen profiles using a YSI Model 85.
These physicochemical data were from one
mid-channel station within each reservoir
area. Samples were collected quarterly be-
ginning November 1999 and ending May
2001. We compared physicochemical pa-
rameters in Basin 1 and Basin 2 using
paired t-tests; the Confluence displayed
physicochemical parameters intermediate
of the two basins and was not statistically
tested for differences.

During May 2000, we also collected con-
taminant information from fish, sediment,
and the water column from each basin and
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confluence to determine if watershed land-
use practices were influencing water qual-
ity. We retained and froze six redear sun-
fish (Lepomis microlophus) from each
reservoir area for analysis of contaminants
in the muscle tissue. Sediment samples
were collected for contaminant analysis at
two sites per reservoir area, and these
samples were combined for analysis. Sedi-
ment samples were collected using a
Wildco Ponar® grab. We deployed passive
sampling devices (PSDs; Luellen and Shea
2003) at two sites per area for 1 month to
measure contaminants in the water col-
umn. The PSDs accumulate persistent hy-
drophobic chemicals from water in a time-
integrated manner and are described
elsewhere (Hofelt and Shea 1997; Luellen
and Shea 2002, 2003). All samples collected
were analyzed for 20 individual polychlo-
rinated biphenyl (PCB) congeners, 26 or-
ganochlorine pesticides (OCPs), 48 indi-
vidual polycyclic aromatic hydrocarbons
(PAHs), and mercury using standard meth-
ods described in Hofelt and Shea (1997);
Luellen and Shea (2002, 2003), and Thorsen
et al. (2004). In brief, samples were ex-
tracted with organic solvents, and analytes
of interest were isolated using a silica col-
umn and gel permeation chromatography.
The purified extracts were analyzed by gas
chromatography (GC) with dual-column
electron capture detection (ECD) for PCBs
and OCPs. This technique used an HP 5890
Series II GC ECD with electronic pressure
control, and gas chromatography mass
spectrometry (GC/MS) operated in se-
lected ion monitoring mode for PAHs (us-
ing an HP 5890 Series II GC with electronic
pressure control interfaced to a HP 5970
mass selective detector). In addition, ex-
tracts of fish and sediment samples were
screened for the presence of over 100,000
other organic chemicals using full scan
GC/MS and mass spectral library searches.
Following acid digestion of the samples,
mercury was analyzed in fish and sediment
using cold vapor atomic absorption spec-
trophotometry (CVAAS; Perkin Elmer
FIMS AS 90). Detection limits were 0.1
ng/g for PCBs and pesticides and 50 ng/g
for mercury. Contaminant data were com-
pared to known levels of biological effects

as reported by EPA (2002), Jarvinen and
Ankley (1999), and Ramamoorthy and
Baddalaoo (1995).

Habitat selection and availability

To determine habitat selection or avoid-
ance, we implanted 12 naïve largemouth
bass (Micropterus salmoides) collected from
Lucchetti Reservoir, located in an entirely
different watershed in Puerto Rico, with ra-
dio transmitters. Radio-tagged largemouth
bass ranged in size from 326 to 448 mm TL,
and six were stocked into the upper portion
of each embayment in Dos Bocas Reservoir

TABLE 1. Shoreline habitat characteristics (to 2 m
below full pool) recorded for Dos Bocas Reservoir.
Habitat and substrate categories are modified from
those presented in Annett et al. (1996) to reflect com-
mon habitats found in Puerto Rico reservoirs.

Category
Description, particle
diameter, or slope

Habitat structure
Horizontal log Felled trees or

branches (greater
than 150 mm
diameter)

Vertical log Stumps, inundated
trees

Woody debris Sticks, brush, small
branches (less than
150 mm diameter)

Inundated vegetation Attached vascular
plants and shrubs

Floating vegetation Non-attached floating
vascular plants

Rock piles Boulders, rocks
Substrate

Clay-silt-sand Clay base, fine
organic, particles
less than 5 mm

Gravel 5-65 mm
Cobble 65-256 mm
Boulder More than 256 mm
Bedrock Solid

Slope
Shallow Less than 20 degree

incline
Moderate 20-45 degree incline
Steep Greater than 45 degree

incline
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on 17 January 2001. For surgical methods
see Waters (1999). We relocated these fish
at intervals of 1-2 weeks and recorded lo-
cation, depth, distance offshore, and habitat
selection (based on habitat characteristics
in Table 1).

Habitat availability to a depth of 2 m be-
low full pool was assessed visually along
the entire shoreline of each reservoir area
during low water using the habitat charac-
teristics presented in Table 1. Our shoreline
habitat characteristics were modified for
those presented by Annett et al. (1996).
We used Global Positioning System (GPS)
technology to measure shoreline distances
of similar habitat patches. Because both
substrate and structure categories could co-
exist (e.g., cobble and boulder together),
total occurrence could exceed 100%. Shore-
line slope categories were mutually
exclusive for our purposes, and therefore
totaled 100% for the entire shoreline occur-
rence.

RESULTS

Community composition

Fish community composition varied
markedly between the two reservoir basins
(Figure 1), and both species of top piscivore
were primarily collected in the Confluence
and Basin 2. Most notably, mean annual
catch rates of largemouth bass in Basin 1
averaged only 0.5 fish/h (SE = 0.5) com-
pared to catch rates in the Confluence and
Basin 2 of 11 (SE = 4.5) and 35 (SE = 8.7)
fish/h, respectively. These differences were
significant (Table 2) between Basin 1 and
Basin 2, as well as between the Confluence
and Basin 2. Interestingly, the two large-
mouth bass collected in Basin 1 were fin-
gerlings about the same size as hatchery-
reared fish that were stocked the previous
week in both arms. This suggests that these
fish were part of the recent stocking effort
and were not representative of the general

FIG. 1. Seasonal catch per unit effort of largemouth bass, peacock cichlid, redear sunfish, armored catfish,
threadfin shad, channel catfish, Mozambique tilapia, and redbreast tilapia in Basin 1, Basin 2, and the Confluence
in Dos Bocas Reservoir. Values are given above bars.
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Basin 1 fish community. Condition of large-
mouth bass collected in Basin 2 and the
Confluence was high (mean relative weight
Wr = 98.5, SE = 0.8), and proportional stock
density was 73. Peacock cichlids (Cichla
ocellaris) were collected in Basin 1, but at
lower densities than in either Basin 2 or the
Confluence. Peacock cichlids are especially
difficult to collect with electrofishing (Hol-
liman 1998), and the low sample size lim-
ited our power to detect differences if they
exist.

Conversely, threadfin shad (Dorosoma pe-
tenense) was collected at extremely high
densities in Basin 1, but rarely collected in
the other two reservoir areas. However,
schools of threadfin shad were observed vi-
sually and using hydroacoustics during the
same period in the open water areas of Ba-
sin 2 (Neal et al. 2001), and they were found
in piscivore stomach samples, which sug-
gests that the difference in threadfin shad
between basins was in part due to habitat
selection and vulnerability to our gear. Ar-
mored catfish (Liposarcus multiradiatus)
were more abundant in the Confluence,
and several other species demonstrated dif-
ferential distributions, although not statis-
tically significant. Redbreast sunfish (Lepo-
mis auritus), bluegill (Lepomis macrochirus),
blue tilapia (Oreochromis aureus), marbled
bullhead (Amierus nebulosus marmoratus),
and white catfish (Ictalurus catus) were also
collected in low numbers.

Water quality

There were differences in physicochemi-
cal parameters between the two basins (Fig-
ure 2). Basin 1 had significantly lower pH
(mean = 7.8, SE = 0.5) than Basin 2 (mean =
8.2, SE = 0.4; t6 = −3.103, P = 0.021), with a
quarterly low of 5.9. Basin 2 never dropped
below neutral (7.0). Differences in alkalin-
ity were not significant (t6 = 2.338, P =
0.058, Power = 0.422). Surprisingly, alkalin-
ity trended higher in Basin 1 despite the
lower pH values. Basin 1 exhibited a mean
alkalinity of 99.3 mg/l (SE = 4.7 mg/l) com-
pared to 85.3 mg/l (SE = 5.6 mg/l) in Basin
2. Conductivity was greater in Basin 1
(mean = 211.7 �S, SE = 11.1 �S) than in
Basin 2 (mean = 198.3 �S, SE = 19.7 �S; t6 =
4.066, P = 0.007), whereas water clarity, as

measured by Secchi disk depth, was greater
in Basin 2 (mean = 122.1 cm, SE = 11.1 cm)
than Basin 1 (mean = 68.0 cm, SE = 6.4 cm;
t6 = −6.183, P < 0.001). No significant dif-
ferences were detected between the two ba-
sins in surface temperature (t6 = −1.171, P =
0.286), bottom temperature ((t6 = 0.549, P =
0.603), or oxycline (t6 = −0.548, P = 0.604).

Contaminants

We did not find obvious differences in
contaminant concentrations among the two
basins and their confluence. Sediment
samples, analyzed for PCBs, pesticides,
PAHs, and mercury, had very low concen-
trations or were below the detections limits
(Table 3). Detected mercury was only at
background levels (90-150 ng/g). The full
scan GC/MS screen of fish and sediment
samples did not reveal the presence of any
synthetic chemicals above trace levels and
was instead dominated by the presence of
naturally occurring chemicals (e.g., plant
sterols and waxes).

Of the PSDs deployed, we recovered
only two from Basin 1; the ones from other
sites were lost due to vandalism. The two
PSDs recovered had accumulated low lev-
els of pesticides, composed primarily of
dieldrin (ranged 26.8-31.5 ng/g), hepta-
chlor (ranged 5.2-6.3 ng/g), and 4,4�-DDE
(ranged 14.2-14.8 ng/g). The PCB concen-
trations in the two PSDs were low as well
(sum of PCBs ranged 34.6-40.4 ng/g). There
appears to be some minor input of cyclo-
diene insecticides (heptachlor, chlordane,
dieldrin) and the insecticide DDT, but all
detections were low. The DDT input has
not been recent, as no parent 4,4� DDT (di-
chlorodiphenyltrichloroethane) was found;
only the primary aerobic 4,4� DDE (dichlo-
rodiphenyldichloroethylene) and anaerobic
4,4� DDD (dichlorodiphenyldichloroeth-
ane) metabolites were detected. The pesti-
cide residues in the PSDs corresponded to
concentrations below a part-per-billion in
the water and thus direct exposure via the
water presents no significant risk to fish,
wildlife, or humans. Aldrin, alpha endosul-
fan, endrin, endrin aldehyde, endrin ke-
tone, methoxychlor, mirex, 4,4�-DDT, 2,4�-
DDD, and 2,4�-DDE were not detected in
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any of the samples. Given the relatively low
contamination among all samples analyzed
and the high probability of vandalism, we
did not repeat the PSD exposure study.

As with the other samples, the concen-
trations of contaminants in redear sunfish
muscle tissue were relatively low, but the
presence of PCBs, cyclodiene and DDT in-
secticides, and mercury was evident (Table
3). Sum of PCBs in redear sunfish was
higher in Basin 2 (24.2 ng/g) than in Basin
1 (19.1 ng/g), although mercury concentra-
tions in Basin 1 fish (280 ng/g) was more
than twice as high as in Basin 2 (130 ng/g).
Concentrations of contaminants in redear
sunfish were determined on a dry weight
basis.

Habitat selection and availability

Telemetry data revealed that five of the
six fish in Basin 1 quickly moved to Basin 2
or the Confluence and remained there for
the duration of the study (Figure 3). The
other individual from Basin 1 was not lo-
cated after stocking. This fish may have
been harvested, as angler harvest appeared
to be high for fish stocked into both basins.
All six largemouth bass initially stocked
into Basin 2 remained within the confines
of Basin 2, and several fish remained within
300 m of the original stocking site for the
duration of the study.

Differences in habitat composition were
apparent among the three reservoir areas
(Figure 4). Basin 1 was characterized by
clay-silt-sand substrate, although rock sub-

strate types were present in moderate
amounts. Basin 2 was also dominated by
clay-silt-sand, but to a lesser degree than
Basin 1. Basin 2 displayed higher abun-
dance of all four rock-substrate categories
than Basin 1. The highest occurrence of
rock substrates was in the Confluence.

Basin 1 was dominated by shallow and,
to a lesser degree, moderate sloping shore-
line, with less than 3% of the shoreline con-
sidered steep slope. Conversely, moder-
ately sloping shoreline was most common
in Basin 2, and both shallow and steep
sloped habitats were widely available.
Steep slopes were most common in the
Confluence, although both shallow and
moderate slopes were also present.

Physical structure was widely available
on nearly the entire shoreline of the reser-
voir. Vegetative cover, including logs,
brush, felled trees, and live plants (emer-
gent and floating aquatics and inundated
terrestrials) were more common in Basin 1
than Basin 2 for all categories, although
vegetative cover was widely available in
Basin 2, with the exception of floating
aquatic macrophytes. Rock piles were more
common in Basin 2 than Basin 1 (45% and
28% occurrence, respectively). The Conflu-
ence had similar abundance of woody
structure, lower abundance of live plant
structure, and higher abundance of rock
cover than either basin.

DISCUSSION

Largemouth bass is the species of pri-
mary management importance in Puerto

TABLE 2. Statistical comparisons of species catch per unit effort between Basin 1 (1), Basin 2 (2), and their
Confluence (C) in Dos Bocas Bocas Reservoir. Power of each test is presented, and power values that met the
desired power of 0.800 and significant p-values are in bold. The degrees of freedom for each test are presented
for subjects, treatments, and residuals. Five additional species were collected in low numbers.

Fish
species

Scientific
name

Overall ANOVA Basin comparisons

DF F P Power 1 vs. C C vs. 2 1 vs. 2

Largemouth bass Micropterus salmoides 3, 2, 6 11.41 0.009 0.887 0.391 0.041 0.008
Peacock bass Cichla ocellaris 3, 2, 6 1.80 0.244 0.130
Redear sunfish Lepomis microlophus 3, 2, 6 1.44 0.308 0.093
Armored catfish Liposarcus multiradiatus 3, 2, 6 8.33 0.019 0.757 0.017 0.082 0.428
Threadfin shad Dorosoma petenense 3, 2, 6 13.29 0.006 0.932 0.010 1.000 0.010
Channel catfish Ictalurus punctatus 3, 2, 6 1.32 0.336 0.080
Mozambique tilapia Oreochromis mossambicus 3, 2, 6 2.56 0.157 0.213
Redbreast tilapia Tilapia rendalli 3, 2, 6 2.25 0.187 0.179
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Rico reservoirs (Neal et al. 2002). As such, it
is important to understand factors that de-
termine largemouth bass distributions and
population densities. Our research corrobo-
rated previous findings that fish commu-
nity structure within Dos Bocas Reservoir
varies markedly between the two primary
basins, and that adult largemouth bass are
almost completely absent in Basin 1 (Neal
et 1999, 2001). Furthermore, naïve large-
mouth quickly emigrated out of Basin 1,
selecting areas in the Confluence and
within Basin 2. Largemouth bass typically
show great plasticity in the types of habitat
they can successfully inhabit, and the
physical habitat available in Basin 1 ap-
peared to be well within the habitat re-
quirements for reproduction and for juve-
nile and adult growth and survival (Annett
et al. 1996). Because adequate cover, water
quality, substrate, and prey appeared to be
available in Basin 1, it was apparent that
the absence of largemouth bass is due to
other factors.

At the onset of this research, we hypoth-
esized that contaminants from land-use
practices upstream of Basin 1 might be con-
tributing to this phenomenon. Basin 1 is lo-
cated downstream from Utuado, a large
city with considerable development. Con-

versely, Basin 2 is located downstream of
Caonillas Reservoir, which provides sig-
nificant contaminant and sediment filtra-
tion and retention (Soler-López 2001b).
However, the sediments of Dos Bocas ap-
pear relatively uncontaminated and clearly
are not acting as a repository for contami-
nants, nor are excessive contaminants pres-
ent in fish or water column samples. All
detections of PAHs, PCBs and pesticides
were similar to those reported for relatively
uncontaminated systems and were well be-
low any known levels of biological effects,
although they are probably higher than
those supported by simple regional atmo-
spheric deposition (Hofelt and Shea 1997).
Although we did not test for all known po-
tential contaminants, we believe that it is
unlikely that chemical contaminants are ad-
versely affecting the aquatic community in
this reservoir. Furthermore, whereas re-
sidual contamination would have been evi-
dent in our samples, it is unlikely that
short-term influxes of contaminants are
shaping the fish community. Our contami-
nant results are consistent with previous
findings for this reservoir (Rodríguez and
Pérez de González 1981).

Although physical habitat differed mod-
estly between the two reservoir basins, the

FIG. 2. Seasonal observations of pH, alkalinity, conductivity, and water clarity (Secchi disk depth) in Basin 1,
Basin 2, and the Confluence in Dos Bocas Reservoir.
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disparity does not explain the near absence
of top piscivores in Basin 1, or the sudden
relocation of naive largemouth bass from
Basin 1 to Basin 2 and the Confluence.
There is one component of habitat that was
not addressed that may play a key role in
the dis t r ibut ion of f i sh spec ies—
sedimentation. Recent bathymetric map-
ping has indicated that the rate of sedimen-
tation in Basin 1 is extremely high, as much
a 1.4 m/year at some sites, compared to
generally less than 0.20 m/year in the up-
per areas of Basin 2 (Soler-López 2001a).
The majority of sedimentation likely occurs
during episodic high flow events, which
are accompanied by high turbidity and
possibly significant changes in water chem-
istry. These short-term events may be caus-
ing some fish species to relocate to Basin 2,
and preventing re-colonization of Basin 1.

We may have observed the effects of
short-term events associated with high
flow during our telemetry study. The ra-
dio-tagged largemouth bass were stocked

on 17 January, 2001, following a 44% in-
crease in stream flow the day before. In ad-
dition, there was an 86% increase in stream
flow on the day of the first relocation
(USGS 2004). This compares to streamflow
increases of 12.5% and 31.0%, respectively,
in the Caonillas River of Basin 2. All tagged
fish were relocated outside of Basin 1 dur-
ing the first relocation just 11 days after
stocking, suggesting that something in Ba-
sin 1 that was present during the period
caused them to seek higher quality habitat.
Rapid increases in stream flow are common
in the Arecibo River, with discharge rates
as high as 2,163 m3/s during out study pe-
riod (mean annual stream flow is typically
less than 5 m3/s; USGS 2004). Stream flow
is more regulated in the Caonillas River,
due primarily to the dams upstream.

It is possible that temporally specific wa-
ter quality events not detected by our quar-
terly sampling are keeping or driving some
species out of Basin 1. Short-term events
may result in the emigration of largemouth

TABLE 3. Concentrations of PCBs, PAHs, mercury, and pesticides in sediment and redear sunfish muscle
tissue from Dos Bocas Reservoir (dry weight). Samples below the detection limits of 0.1 ng/g for PCBs and
pesticides, and 50 ng/g for mercury are denoted as “BD”. Data for PAH concentrations in fish are not available
(n/a) since PAH is metabolized. Six fish from each area were analyzed.

Analyte

Sediment Redear sunfish

Basin 1 Confluence Basin 2 Basin 1 Confluence Basin 2

PCBs (ng/g)
Sum of PCBs 0.49 0.50 1.41 19.14 21.20 24.20

PAHs (ng/g)
Sum of PAHs 81.00 132.00 96.00 n/a n/a n/a

Mercury (ng/g) 150 90 100 280 190 130
% moisture 65.90 67.95 65.47 68.28 68.92 69.29

Pesticides (ng/g)
Alpha benzene hexachloride 0.43 BD 0.57 BD BD BD
Beta benzene hexachloride BD BD BD 0.04 BD BD
Gamma benzene hexachloride BD BD BD 0.10 BD BD
Hexachlorobenzene BD BD BD 0.55 0.55 0.43
Heptachlor 0.24 0.33 1.07 2.82 3.62 1.60
Heptachlor epoxide BD BD BD 0.62 0.34 BD
Alpha chlordane 0.30 0.36 0.52 2.16 2.08 1.96
Gamma chlordane 0.70 0.79 0.86 1.35 1.58 1.23
Trans-nonachlor BD BD BD 3.60 2.99 3.63
Dieldrin BD BD BD 14.52 11.17 12.58
Beta endosulfan BD BD BD 0.26 BD BD
4,4�-DDD BD BD BD 2.15 1.70 1.26
4,4�-DDE 0.18 BD BD 6.65 5.50 3.86
2,4�-DDT BD BD BD 0.70 0.63 BD
Sum of DDTs 0.18 BD BD 9.49 7.83 5.13
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bass and other sensitive species, leaving
species that are more tolerant or allowing
re-colonization by species that are more
mobile. We found possible evidence of
short-term water quality degradation, with
a measured pH of 5.9 in Basin 1 on May 8,
2000. Physiochemical data were collected
once every 3 months, so we do not know if
more acidic conditions occurred prior to or
following our sample. Interestingly, the
Arecibo River had increased in mean daily
streamflow from 1.61 m3/s on May 2 to
27.1 m3/s on May 8, the day the sample
was collected (USGS 2004). We need fur-

ther research to determine if water chemis-
try in Dos Bocas Reservoir is being affected
by high-flow events in the Arecibo River,
and if the frequency of these events is suf-
ficient to prevent largemouth bass re-
colonization in Basin 1.

Basin 2 receives water from the Caonillas
River through an underground tunnel
originating at the dam upstream (Soler-
López 2001a). At present, sediment bypass
does not occur because the Caonillas Res-
ervoir sediment buildup has not reached
the elevation of the outlet structure. How-
ever, the reservoir floor is rising rapidly
due to sedimentation and is close to reach-
ing the structure (Soler-López 2001a).
Hence, sedimentation rates in Basin 2 of
Dos Bocas Reservoir may increase sharply
in the near future with unknown effects on
fish populations. It is likely that when the
Caonillas Reservoir reaches its sediment
storage capacity , the increase in sediment
load entering Basin 2 will produce
an equally inhospitable environment as in
Basin 1.

It is not clear why similar species such as
the sunfish and tilapia are not avoiding Ba-
sin 1. Largemouth bass and peacock
cichlids are sight-feeding piscivores, and
may seek out clear water or avoid turbid
water. This could explain why they avoid
Basin 1, which exhibited higher rates of
sedimentation and lower water clarity.
Omnivorous species such as sunfish, tila-
pia, and catfish may be more tolerant of
poor visibility. Further study of this reser-
voir and associated watershed is necessary
to understand the mechanisms driving spe-
cies distributions.

Our recommendation is to manage this
reservoir on the basin scale rather than the
whole-lake scale. Management for large-
mouth bass can be directed at Basin 2,
where the prey base appears to be adequate
and natural recruitment of largemouth bass
appears to be limited (Neal et al. 2001).
Supplemental stocking has previously been
effective in this basin, as stocked finger-
lings encounter low competition and rapid
growth to maturity (Neal et al. 2001). Basin
1 has substantial populations of other de-
sirable species that can support directed
fishing effort. Tilapia, channel catfish Icta-

FIG. 3. Locations of naïve largemouth bass in Dos
Bocas Reservoir 11 and 118 days following stocking.
The ‘X’ within each basin indicates the initial stocking
site, and individual relocation numbers indicate origi-
nal stocking basin. Vertical shading in upper portions
of each embayment denotes areas currently eliminated
from the reservoir surface area due to sedimentation
since construction.
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lurus punctatus, and sunfish Lepomis spp.
are abundant in Basin 1, and as contami-
nant concentrations are minimal, interest in
harvesting these species could be generated
through public relations programs. Contin-
ued monitoring of sedimentation rates and
fish community dynamics within Basin 2
are necessary to maintain quality sportfish-
ing opportunities in this reservoir.
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