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3Divisão de Gestão dos Recursos Cinegéticos e Aquı́colas, Instituto da Conservação da
Natureza e das Florestas, Av João Crisóstomo 26–28, 1069-040 Lisboa, Portugal

Abstract

Amaral SD, Brito D, Ferreira MT, Neves R, Franco A. 2013. Modeling water quality in reservoirs used for angling
competition: Can groundbait contribute to eutrophication? Lake Reserv Manage. 29:257–269.

Inland recreational fishing is a popular leisure activity in Portugal, which has close to 219,000 anglers. This
study aimed to determine if the groundbait used to attract fish to the area in angling competitions contributes to
eutrophication of reservoirs. We conducted a quantitative and qualitative assessment of commercial groundbait to
examine the relationship between eutrophication and groundbaiting in angling competitions performed in Maranhão
Reservoir, one of the most important southern Portugal angling reservoirs. Simulations using the CE-QUAL-W2
model were performed from January 2001 to February 2007 considering the number of anglers present in angling
competitions and the chemical characteristics of commercial groundbait. The results indicated that the use of 5–10 kg
of groundbait per angler (3–20 tons of groundbait per year) did not alter the ecological functioning of Maranhão
Reservoir; however, higher angling pressures may lead to a significant increase in nutrient concentrations and
consequent increases in primary production in the waterbody. Based on these concerns, we combined modeling with
simulations to evaluate the environmental effects of groundbaiting in recreational angling and its relation to reservoir
eutrophication. This study represents a contribution to more practical and holistic management of recreational
fisheries.

Key words: angling, CE-QUAL-W2, eutrophication, groundbait, Maranhão Reservoir

Recreational fisheries involve millions of people worldwide
and contribute substantially to the increase of social and
economic benefits, both locally and nationally (Lewin et al.
2006, Cowx et al. 2010). In Portugal, approximately 219,000
recreational anglers are licensed for inland waters, as re-
ported by the National Forest Authority (AFN), the Por-
tuguese state agency managing inland fisheries. The direct
and indirect value of the angling activity is estimated at about
€4–5 million per year (around US$5.3–6.6 million; Ferreira
2002), and of that amount almost €2 million (US$2.6 mil-
lion) is related to recreational angling in warmwater reser-
voirs of southern Portugal (Ribeiro 2003).

∗Corresponding author: samaral@isa.utl.pt

Most Portuguese recreational angling occurs during spring
and summer (Mar–Sep) in organized competitions aimed at
a maximum fish weight. Large rivers and reservoirs are the
preferred waterbodies chosen for these competitions, espe-
cially reservoirs located in southern Mediterranean areas.
Conditions in these reservoirs are suitable for angling com-
petitions because the margins are extensive and relatively ho-
mogeneous, with scarce riparian vegetation; in contrast, river
margins are usually less accessible and more heterogeneous.
Furthermore, in many reservoirs the fish biomass is consid-
erable due to abundant food sources (Navarro et al. 2009),
especially for common carp (Cyprinus carpio), Iberian bar-
bel (Luciobarbus spp.), Iberian nase (Pseudochondrostoma
spp.), and recently for bleak (Alburnus alburnus).

In angling competitions, groundbaiting is an important pro-
cedure used to attract fish to the fishing area. Ordinary
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commercial groundbait is composed mainly of flours (e.g.,
corn, peanut, wheat), bread crumbs and crackers, aromatics,
and dyes, in different proportions depending on the target
species. Some studies indicate that the use of groundbait can
negatively affect water quality and trophic status, cascading
to other ecosystem components such as invertebrates (Wo-
los et al. 1992, Niesar et al. 2004, Arlinghaus and Niesar
2005, Lewin et al. 2006). Nutrient enrichment of water-
bodies and the consequent eutrophication effects are ma-
jor problems for water quality in reservoirs (Smith et al.
1999, Carpenter and Lathrop 2008). At least 25% of Por-
tuguese reservoirs have poor water quality due to eutrophica-
tion (River Basin Management Plans, http://www.inag.pt);
therefore, Portuguese environmental nongovernmental or-
ganizations and water quality managers have frequently
invoked arguments to request groundbaiting bans in
reservoirs.

In this study we used simulation modeling to investigate
the potential contribution of ordinary commercial ground-
bait used in angling competitions to reservoir eutrophica-
tion. White et al. (2010a, 2010b) concluded that simulation
modeling is an effective method to assess biotic and abi-
otic factors that affect water quality and to test hypotheses
in reservoir–watershed systems. Among the several models
available, CE-QUAL-W2 is one of the 2D models most used
to assess and manage large rivers and reservoir–watershed
systems, in conjunction with the Soil and Water Assessment
Tool (SWAT) model (Debele et al. 2008).

Although some studies have addressed groundbaiting (e.g.,
Wolos et al. 1992, Niesar et al. 2004, Arlinghaus and Niesar
2005, Lewin et al. 2006), we found no previous research
that applied the modeling of reservoir water quality with
simulations related to groundbaiting. We integrated SWAT
(Neitsch et al. 2002) and CE-QUAL-W2 (v. 3.1; Cole and
Wells 2003) models to model and simulate water quality
parameters under varying groundbait loading in Maranhão
Reservoir.

Study area
Maranhão Reservoir was chosen as the study reservoir be-
cause of its popularity for angling competitions in Southern
Portugal. Over 3 decades of substantial angling information
(Table 1), Maranhão Reservoir has hosted 417 angling com-
petitions and 65,154 anglers, with an average angling effort
of nearly 40 anglers per hour of competition.

Maranhão Reservoir, constructed in 1957, is a large water-
body with 3 main tributaries, a maximum length of 30 km,
a surface area of 19.6 km2, an effective storage volume of
181 × 106 m3, mean and maximum depth of 12 m and
44 m, respectively, and a total watershed area of 2282 km2.
The watershed consists of about 73% arable land and het-
erogeneous agricultural areas, 7% permanent crops (olive
groves), 17% forests, and only 0.3% urban and industrial
areas (information from CORINE L and Cover 2000; Fig. 1).

Table 1.-Summary data from angling competitions held in public water reservoirs located in southern Portugal.

Reservoir

N.◦/yr with
informa-

tion

Total angling
competi-

tions
Total of
anglers

Mean angling
Competitions/yr

Mean
an-

glers/yr
Mean anglers/
Competition

Angling Effort
(angler/h)

Alqueva 8 42 2569 5 321 61 15.29
Alvito 11 19 1522 2 138 80 20.03
Barrocal 6 11 393 2 66 36 8.93
Caia 11 49 4074 5 370 83 20.79
Divor 17 49 2071 3 122 42 10.57
Facho 10 24 1843 2 184 77 19.20
Lucefecit 8 14 1077 2 135 77 19.23
Maranhão 29 417 65154 14 2247 156 39.06
Mercês 11 41 2492 4 227 61 15.20
Montargil 23 79 8434 4 367 107 26.69
Monte Novo 13 25 2029 2 156 81 20.29
Odivelas 20 79 11521 4 576 146 36.46
Pego do

Altar
21 55 5382 3 256 98 24.46

Roxo 15 29 3732 2 249 129 32.17
Santa Clara 9 13 383 2 43 30 7.37
Vale do Gaio 29 135 15561 5 537 115 28.82
Vigia 21 86 6507 4 310 76 18.92
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Figure 1.-Location of Maranhão Reservoir, highlighting watershed and land use, and the 2 water quality stations and the 4 hydrometric
stations considered in the study.

The primary use of Maranhão Reservoir is to supply crop
irrigation to the valleys downstream. A few point sources
of pollution related to municipal wastewater treatment fa-
cilities from small-sized urban areas (e.g., Portalegre, at the
top of the watershed), and nonpoint sources of nutrients
from fertilizers and farm drainage, are the primary nutrient
sources for the reservoir.

Materials and methods
We used SWAT and CE-QUAL-W2 models as tools for
assessing changes in water quality in Maranhão Reservoir
related to different groundbait loadings in angling compe-
titions. To depict how the reservoir would respond to vari-
ations in groundbait loading, we established (1) a refer-
ence scenario representative of the actual condition of the
reservoir water quality (established after model calibration
against field data), and (2) several model simulations with
scenarios of increasing organic matter loadings from com-
mercial groundbaiting (based on angling competitions per-

formed in Maranhão Reservoir data from Jan 2001 to Feb
2007).

Water quality modeling

We defined a boundary condition for the Maranhão Reser-
voir water quality model from the input tributaries (flow
and concentrations). Model calibration was based on hind-
cast simulations forced by historical data. Because field data
for water quality and flow exist in different time spans, the
SWAT model was used, after flow calibration with available
field data, to compute flow discharged from the watershed
into the reservoir for the dates with water quality field data.

The SWAT model was executed using meteorolog-
ical data from the national grid (http://snirh.pt); a
NASA digital terrain model with 90 m resolution
(http://earthexplorer.usgs.gov); land use from CORINE
Land Cover 2000 (http://dataservice.eea.europa.eu/); and
soil texture from the European Union soil database (http://
eusoils.jrc.ec.europa.eu). Implementing CE-QUAL-W2
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Figure 2.-CE-QUAL-W2 bathymetry for Maranhão Reservoir: (A) aerial view, (B) vertical discretization at dam wall, and (C) reservoir
profile along branch 1.

modeling water quality required the bathymetry of
Maranhão Reservoir (with cell lengths 375–2000 m and
vertical discretization 2 m; Fig. 2) obtained from national
cartography (scale 1:25 000; http://www.igeoe.pt); meteo-
rological data; reservoir volumes; and water quality data
collected from the Portuguese Water Institute through its
long-term monitoring program (SNIRH), which includes
monthly data collected by automatic stations at 2 different
depths (10–20 m and 30–40 m) and made available to the
public on its website (http://snirh.pt). Tributary inflows were
simulated by the SWAT model after calibration.

Model validation was based on a graphical and statistical
comparison of model estimates against field data (Kim and

Kim 2006). The SWAT flow validation was based on field
data of flow measured in 4 hydrometric stations (Ponte Vila
Formosa, Couto Andreiros, Monforte, and Figueira e Bar-
ros; Fig. 1) along the main tributaries. For the CE-QUAL-
W2 model validation, we used main tributary and reservoir
field data from the automatic sampling stations of Ponte
Vila Formosa and Maranhão, sampled monthly from 1999
to 2007 by the Portuguese Water Institute (Fig. 1). Vali-
dation accuracy for the water quality models was assessed
based on the root mean square error (RMSE; Kim and Kim
2006) to provide an average concentration difference be-
tween observed field data and estimated model values in the
reservoir, calculated as equation 1 (Ostfeld and Salomons
2005), where N is the number of values evaluated, P is
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Can groundbait contribute to eutrophication?

the predicted model value, and O is the observed value in
the field. Along with RMSE, the Nash-Sutcliffe efficiency
(NSE; equation 2) and the mean absolute percentage error
(MAPE; equation 3) were calculated for the SWAT model
and CE-QUAL-W2, respectively (Moriasi et al. 2007).

RMSE =
√∑n

i=1 (Pi − Oi)2

N
(1)

NSE = 1 −
[∑n

i=1 (Oi − Pi)2∑n
i=1 (Oi − Ō)2

]
(2)

MAPE =1

n

n∑
i=1

∣∣∣∣Oi − Pi

Oi

∣∣∣∣ (3)

Model simulations with groundbait

We used groundbait data from angling competitions from
January 2001 to February 2007 for the CE-QUAL-W2
model simulations. Calculations considered (1) the number
and dates of angling competitions performed, (2) the
number of anglers present at each event, and (3) the loads
of total phosphorus (TP; as elemental P) and total nitrogen
(TN; as elemental N) resulting from the use of commercial
groundbait in each competition. Data from angling com-
petitions were obtained from the statistical records sent
by the organizers of those events to the AFN. Reports
included the number of anglers who participated in the
competition; the species caught, counting the number and
total weight by species; and the duration of the competition
(Table 2).

The producers of groundbait powder typically do not reveal
the composition of the product or the quantities of each
component used in the formula, and, above all, do not

disclose the values of TP and TN associated with their
products. Therefore, to estimate the typical values of TP
and TN present in groundbait required for our study, we
performed chemical analyses on 10 samples of ordinary
commercial groundbait from different brands purchased by
anglers. These analyses were performed at the Laboratory
of Chemical Analysis of the Instituto Superior Técnico,
accredited by the Portuguese Institute of accreditation
(IPAC; L0108 trials), for samples of surface water, drinking
water, and wastewater. To determine the amount of TP
present in each sample, the SMEWW 3120 (Inductively
Coupled Plasma [ICP]) method (SMEWW 2005) was used;
to quantify TN in each sample an elemental analysis using
the internal method M.M. 8.6 (A.E) was performed.

The TN and TP inputs into the reservoir associated with
the use of groundbait for model simulations were calcu-
lated from equation 4, considering the values of TP and TN
obtained from the chemical analysis and using the highest
values present in the analyzed groundbait samples (TP =
6.3 g/kg and TN = 31 g/kg; Table 3).

Groundbaitinput(TPg or TNg) = anglers

×grdbait(kg) × TP(g/kg) or TN(g/kg) (4)

The resulting TN and TP inputs were applied in the model
on competition dates for segment 16 of branch 1 (Fig. 2),
where the largest number of angling competitions were per-
formed, in the form of labile particulate organic matter
(LPOM) considering the model parameters ratio for phos-
phorus, nitrogen, and organic matter. Simulations were con-
ducted from January 2001 to February 2007 using on the
following scenarios: (1) C0: reference scenario (no ground-
bait inputs added); (2) C1: anglers × 5 kg groundbait inputs;
(3) C2: anglers × 10 kg groundbait inputs; (4) C3: anglers ×

Table 2.-Number of angling competitions performed annually, total competition time per year (h), anglers involved per year, and
quantity of groundbait used per year (t; metric ton) considering an average use of 5–10 kg/angler, from January 2001 to
February 2007.

Groundbait used (t) considering:

Year

Angling
competi-

tions

Total
competition

time (h) Anglers 5 kg/angler 10 kg/angler

2001 7 28 681 3.4 6.8
2002 9 36 1392 7.0 13.9
2003 5 20 870 4.4 8.7
2004 6 24 836 4.2 8.4
2005 13 52 1444 7.2 14.4
2006 24 96 1985 9.9 19.9
2007 — — — — —

Note: The last row appears with no data because there were no angling competitions until February 2007.
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Table 3.-Results of chemical analysis performed on 10 samples of
groundbait for the elements: total phosphorus (TP; g/kg), and total
nitrogen (TN; g/kg).

Groundbait TP TN
samples (g/kg) (g/kg)

Sensas – Carpas
Natura

1.5 12

Amorim 1.9 16
Barbosa 2.1 13
Kaptura 2.1 12
Timar 2.5 15
Calado 3.5 18
Van den Eynde –

Carp
3.6 18

Sorraia 3.7 21
Van den Eynde –

Expo
5.3 17

Sensas – 3000
Barbeux

6.3 31

10 kg groundbait inputs × 10; and (5) C4: anglers × 10 kg
groundbait inputs × 100.

The CE-QUAL-W2 simulations with and without ground-
bait inputs were evaluated by graphically comparing con-
centrations of TP, orthophosphate (PO4

3−), nitrate (NO3
−),

ammonium (NH4
+), and chlorophyll a (Chl-a) from the ref-

erence scenario without groundbait inputs (C0) with the
simulations that included commercial groundbait (C1, C2,
C3, and C4).

Results
Chemical analyses performed on 10 samples of ground-
bait revealed that commercial groundbaits may have no-
tably different eutrophication potentials because trademarks
of groundbait have varying nutrient contents, and some are
richer in TP and TN. In samples analyzed, the TN content
varied from 12 to 31 g/kg and TP content varied from 1.5 to
6.3 g/kg (Table 3).

Comparisons between field data and SWAT-predicted
monthly flows based on R2 and NSE values showed accept-
able correlation and high model efficiency, varying from
0.83 to 0.88 and from 0.72 to 0.84, respectively, except
for Figueira Barros station which showed high correlation
(0.88) but low efficiency (0.04). Figueira Barros station had
only 4 years of data from 1986 to 1990, and comparison
with model results seemed to indicate that the available data
might not be representative; data from this station was there-
fore not used for validation. RMSE values varied from 0.87
to 4.06 m3/s, excluding Figueira Barros station due to its low
efficiency (Table 4).

Table 4.-Statistical comparison between field data in the main
hydrometric stations and SWAT predicted flows (monthly results for
daily flow in m3/s). NSE: Nash-Sutcliffe efficiency; RMSE: root
mean square error.

Station R2 NSE RMSE (m3/s)

Couto Andreiros 0.83 0.82 1.64
Ponte Vila
Formosa

0.88 0.72 4.06

Monforte 0.86 0.84 0.87
Figueira Barros 0.88 0.04 5.27

Field data and simulated SWAT flow in the 3 hydrometric
stations (Couto Andreiros, Ponte Vila Formosa, and Mon-
forte) follow the same trends and peaks (Fig. 3), demonstrat-
ing that the SWAT model was a good predictor of the inflow
to the reservoir in the simulated period. The CE-QUAL-W2
model adequately represented the main factors influencing
water quality in the reservoir, predicting values with an ac-
ceptable variation compared to field values (Table 5). This
model also provided a coherent representation of the sea-
sonal trends of temperature (temp), dissolved oxygen (DO),
NO3

−, NH4
+, TP, and Chl-a concentration in Maranhão

Reservoir (Fig. 4).

Annual external loads of TN and TP into Maranhão Reser-
voir from the angling competitions in the four simulation
scenarios (C1, C2, C3, C4) were considerably lower when
compared with the watershed inputs, especially from sce-
narios C1, C2, and C3; for scenario C4 the TN and TP inputs
from the angling competitions were higher, corresponding
to approximately one-tenth of the inputs from the watershed.
Annual reservoir discharges were higher than the loads from
groundbaiting but were minor compared with the inputs
from the watershed (Table 6).

Graphic representations of the CE-QUAL-W2 simulations
(Fig. 5, 6, and 7) verified that for 5–10 kg quantities of
groundbait used by anglers in competitions (scenarios C1

and C2), evolutions of TP, PO4
3−, NO3

−, NH4
+, and Chl-a

concentrations were identical to C0. The results of scenar-
ios C3 and C4, however, show that with angling pressures
10 times and 100 times higher, changes would likely occur
in the concentrations of TP, PO4

3−, NO3
−, NH4

+, and Chl-a
in the reservoir.

Analysis of concentrations of TP and PO4
3− and com-

parison of values to the reference scenario (C0) indicated
a small change in scenario C3, verifying small peaks of
concentration when the groundbait inputs were introduced
in the model as LPOM mass discharges at the date and lo-
cation closest to the angling competitions. Following the
discharge of LPOM related to those events, however, con-
centrations of TP and PO4

3− again coincided with C0 values.
In scenario C4, concentrations of TP and PO4

3− were higher
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Can groundbait contribute to eutrophication?

Figure 3.-Graphics of SWAT model flow validation based on field data from 3 hydrometric stations: (A) Couto Andreiros, (B) Ponte Vila
Formosa, and (C) Monforte.
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Table 5.-Statistical comparisons between field data (first rows),
provided by INAG, and predicted values from CE-QUAL-W2
(second rows) for water quality parameters as temperature (temp;
C), dissolved oxygen (DO;% saturation), total phosphorus (TP;
mg/L), ammonium (NH4

+; mg/L), nitrate (NO3
−; mg/L), and

chlorophyll a (Chl-a; μg/L). The columns N, Av, 25%, 75%, MAPE,
and RMSE, stand for number of pair of records (measured and
modeled), average, 25th percentiles, 75th percentiles, mean
absolute percentage error, and root mean square error,
respectively.

Water quality
parameter N Av 25% 75% MAPE RMSE

Temp (C) 72 18.77 13.60 23.53 0.04 2.97
19.03 15.46 22.73

DO (% sat) 72 73.47 56.83 91.32 0.05 23.36
66.50 43.45 85.30

TP (mg/L) 69 0.08 0.04 0.12 0.80 0.11
0.11 0.03 0.15

NH4
+ (mg/L) 54 0.08 0.05 0.10 1.44 0.12

0.14 0.09 0.17
NO3

− (mg/L) 67 0.49 0.09 0.72 1.75 0.39
0.41 0.28 0.48

Chl-a (μg/L) 67 8.25 2.40 9.19 4.12 10.39
11.83 8.63 13.15

than in the reference scenario (C0) throughout most of the
simulation (Fig. 5).

Similar to observations for TP and PO4
3−, small changes

in concentrations of NO3
− and NH4

+ were detected in sce-
nario C3 compared to C0, related to the LPOM mass dis-
charges from the use of groundbait in angling competitions.
Changes were especially detected from May to November
2005, returning to concentrations observed at baseline (C0)
following the end of the LPOM discharge. For scenario C4,
concentrations of NO3

− and NH4
+ were higher than in the

reference scenario throughout most of the simulation, in
particular for the NO3

− component (Fig. 6).

Chl-a concentrations in scenario C3 were higher than C0

from June to October 2005 and July to October 2006, and
again coincided with the reference values by the end of the
simulation. In scenario C4, Chl-a concentrations diverged
more from C0 and were higher in 2004–2005; however,
during some periods concentrations were lower than the
reference values (Fig. 7).

Discussion
Modeling water quality in reservoirs can be a difficult
task due to simplifications used to describe the complex
aquatic ecosystem and the use of nonlinear equations to
estimate changes in water movement and nutrient cycling
(Cole and Wells 2003, White et al. 2010b). CE-QUAL-W2
(v. 3.1) limitations listed by Cole and Wells (2003), in

addition to limitations in monitoring data, may contribute
to the observed differences between field data and predicted
values. The main goal of this study was to analyze the
effect of groundbait inputs into the Maranhão Reservoir,
and the key concerns about the modeling were that (1) CE-
QUAL-W2 should represent the seasonal trends of nutrients
and Chl-a in the Maranhão Reservoir, and (2) the model
responded to the increasing inputs of groundbait. These
conditions were observed, as shown through the graphical
validation of the SWAT and CE-QUAL-W2 models, and es-
pecially the responses of CE-QUAL-W2 to the simulations
performed.

The burden of TN and TP inputs into the Maranhão Reser-
voir from groundbaiting was low compared with loads from
the watershed. Regarding the number of anglers and the
chemical characteristics of the commercial groundbait stud-
ied, the simulations performed demonstrated that scenarios
C1 and C2 were similar to the reference scenario C0; there-
fore, the current use of 5–10 kg of groundbait per angler (C1

and C2), in this case corresponding to inputs of 3–20 tons of
groundbait per year, did not alter the ecological functioning
of Maranhão Reservoir. As shown in the simulations, how-
ever, with angling pressures 10 to 100 times higher (scenario
C3 and C4, respectively) changes would likely occur in the
concentrations of TP, PO4

3−, NO3
−, NH4

+, and Chl-a, and
these loads of nutrients into the reservoir may alter its eco-
logical functioning.

Analyzing the results from scenario C3, which can be con-
sidered a threshold scenario, the higher values recorded in
these simulations during summer and fall were probably re-
lated to the higher angling effort and, especially in 2005 and
2006, the drier than normal climatic conditions experienced
during those months. For scenario C4, all values were higher
than the reference concentrations due to the greater loads of
groundbait, except for Chl-a concentrations that had lower
concentrations than the reference values in some periods
of the simulation. This reduced Chl-a concentration may
be related to shifts in phytoplankton composition toward
an algal community dominated by cyanobacteria, thus de-
creasing Chl-a values as a phytoplankton biomass indicator
due to cyanobacteria’s lower cells contents of Chl-a per unit
biovolume (Kasprzak et al. 2008, Carvalho et al. 2009).

Nevertheless, the sensitivity of these artificial waterbodies
to an additional load of nutrients is strongly related to
its geomorphological and hydrographic properties, such
as watershed geological conditions, flow, turbidity, depth,
temperature, and turbulence of the water system. So,
taking into account the precautionary principle, if angling
pressure increases greatly, anglers should be alerted to water
quality degradation that may arise from groundbaiting and
should reduce the use of these products as well as choose
commercial groundbait with low eutrophication potential.
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Table 6.-Annual external loads of total nitrogen (TN; t) and total phosphorus (TP; t) into Maranhão Reservoir from the angling
competitions, considering the 4 simulation scenarios (C1, C2, C3, C4); annual external loads of TN (t) and TP (t) from the watershed;
annual reservoir discharges of TN (t) and TP (t); and total average value (Av; t/year), from 2001 to 2006.

Year Groundbait loads (t) from simulation scenarios

Reservoir loads
(t) from the
watershed

Reservoir
discharge (t)

C1 C2 C3 C4

TN TP TN TP TN TP TN TP TN TP TN TP

2001 0.11 0.02 0.21 0.04 2.11 0.43 21.11 4.29 432 51 190 16
2002 0.22 0.04 0.43 0.09 4.32 0.88 43.15 8.77 1471 135 540 82
2003 0.13 0.03 0.27 0.05 2.70 0.55 26.97 5.48 436 30 179 12
2004 0.13 0.03 0.26 0.05 2.59 0.53 25.92 5.27 165 13 61 3
2005 0.22 0.05 0.45 0.09 4.48 0.91 44.76 9.10 1008 59 230 23
2006 0.31 0.06 0.62 0.13 6.15 1.25 61.54 12.51 1544 83 536 59
Av
(t/year)

0.19 0.04 0.37 0.08 3.72 0.76 37.24 7.57 843 62 289 32

Figure 4.-Graphics of CE-QUAL-W2 model validation based on INAG field data from January 2001 to February 2007, representing: (A)
temperature (temp; C), (B) dissolved oxygen (DO;% saturation), (C) nitrate (NO3

−; mg/L), (D) ammonium (NH4
+; mg/L), (E) total

phosphorus (TP; mg/L), and (F) chlorophyll a (Chl-a; μg/L).
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Amaral et al.

Figure 5.-Results from CE-QUAL-W2 simulations from January 2001 to February 2007 representing changes in concentration over time in
Maranhão Reservoir for (A) total phosphorus (TP; mg/L), and (B) orthophosphate (PO4

3-; mg/L).

Trademarks should provide more information about the
eutrophication potential of their products to integrate that
information into a more holistic approach to reservoir
management.

Although inland recreational angling management receives
some attention at the local level by a few stakeholders, the

effects that this activity can have on fish populations, at
waterbody’s primary production, and on ecosystems in gen-
eral are still poorly studied (Jackson et al. 2010). Be-
cause anglers are numerous, the pressures resulting from
this leisure activity should be more carefully considered
and further studied through a holistic angler–ecosystem
approach.
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B) C0 - reference scenario
C1 - anglers x 5 kg groundbait
C2 - anglers x 10 kg groundbait
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Figure 6.-Results from CE-QUAL-W2 simulations from January 2001 to February 2007 representing changes in concentration overtime in
Maranhão Reservoir for (A) nitrate (NO3

−; mg/L) and, (B) ammonium (NH4
+; mg/L).

Integrated management of reservoirs is needed, and mod-
eling can be a useful tool for decision making in water
resources management. This study has shown the mean-
ingful advantage of combining CE-QUAL-W2 and SWAT
models on the study of groundbaiting in recreational fish-
eries and reservoir eutrophication. Further analysis on exter-
nal loading rates from the watershed (related to management
of watershed uses), phosphorus budgets and eutrophication

control, and reservoir water level management could be
developed.

To improve recreational angling and eutrophication man-
agement we suggest (1) coordinated actions between
fisheries management and regional water authorities to
address eutrophication, a key element for both; and (2)
obligatory information on groundbait nutrient levels and
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Amaral et al.

Figure 7.-Results from CE-QUAL-W2 simulations from January 2001 to February 2007 representing changes concentration over time in
Maranhão Reservoir for chlorophyll a (Chl-a; μg/L).

limits for groundbait loads in angling competitions. If these
measures are implemented, we see no need to ban the use
of groundbait in recreational fisheries in reservoirs. On the
contrary, effective improvement of recreational fisheries in
reservoirs is needed to maximize the social, economic, and
even environmental benefits.
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