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Abstract Prescribed or natural drawdowns occur fre-
quently in reservoirs but their effects on fish popu-
lations have been barely studied. As a consequence of
a severe drought and the need to optimize water
quality, a partial drawdown was prescribed in autumn
2005 to a eutrophic reservoir that provides water sup-
ply to a large metropolitan area (Barcelona, Spain). In
order to avoid a potential massive fish kill given the
reduced oxygen availability and high fish abundance,
preventive purse seine fisheries were performed to
reduce the fish stock. The fisheries had little effect on
the fish assemblage because final population size
structure and species composition did not change
significantly. The species composition of the purse
seine catches varied significantly during the draw-
down with higher proportion of bleak (Alburnus
alburnus) in pelagic water during the days of worst
water quality, confirming that bleak is more tolerant
than roach (Rutilus rutilus) to poor water quality and
a potential good indicator of water pollution. The
weight–length relationship (i.e. condition) of roach
and bleak also varied significantly during the draw-
down following the same tendency in both species,

losing and recovering their weight (4.99% in roach
and 5.96% in bleak) in only 16 days. The close rela-
tionship found between water quality and fish con-
dition demonstrates that fish condition can be a good
metric of the well being of fish, even for extreme
short-term changes.
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1 Introduction

Humans have profoundly altered river ecosystems
through impoundments and diversions. There are over
45,000 dams above 15 m high worldwide that hold
about 15% of the total annual river runoff (Nilsson
et al. 2005). The purpose of damming includes irriga-
tion, hydroelectric power generation, flood control,
and public water supply (Han et al. 2000; Poff and
Hart 2002; Nilsson et al. 2005). The construction of
artificial reservoirs destroys terrestrial ecosystems,
alters the downstream flux of water and sediment
causing extensive modification of aquatic communi-
ties, and obstructs the dispersal and migration of
organisms (Poff and Hart 2002; Nilsson et al. 2005;
Villanueva et al. 2006). The efficient management of
reservoirs is thus essential. Due to natural causes (i.e.
drought) or to management, reservoirs are often
subjected to drawdown (Gaboury and Patalas 1984;
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Paredes and Lund 2006; Yamamoto et al. 2006). The
studies of the effects of natural or deliberate draw-
down on fish have mainly focused on reproductive
aspects. For instance, the lowering of water level ex-
poses and reduces areas being used for spawning and
kills eggs and fry (Jackson 1966), reducing reproduc-
tive success (Il’ina and Gordeyev 1970; Kuznetsov
1971) and in some cases even inhibiting spawning
(Yakovleva 1971; Yamamoto et al. 2006). These
effects are not only dependent upon the degree of
depth variation, but also on time, area, and duration of
flooding or lowering (Wood and Pfitzer 1960). On the
other hand, if water level in reservoirs is maintained
or slightly increased during the spawning, fish repro-
duction will be favoured (Fraser 1972). Although the
effects of drawdown on fish recruitment have been
well investigated, very little is known on its effects on
fish condition.

Reservoir’s drawdown causes strong changes in
the water column: transparency generally decreases
and the concentrations of nutrients and chlorophyll-a
increase mostly as a result of sediment resuspension
(Heman et al. 1969; Lin and Caramaschi 2005). It is
widely known that long-term exposure to environ-
mental stressors such as pollution or low oxygen
causes detrimental effects on important fish features
such as metabolism, growth, resistance to diseases,
reproductive potential, and, ultimately, the health,
condition, and survival of fish (Barton et al. 2002).
Condition or health is a particularly important at-
tribute of fish because it has a strong influence on
growth, reproduction and survival (Lambert and Dutil
1997; Adams 1999; Marshall and Frank 1999). The
condition of a fish is a measure of the physical and bio-
logical circumstances during some previous period
and is affected by interactions among food availabili-
ty, physical factors, parasitic infestations and environ-
mental conditions (Lloret and Rätz 2000; Vila-Gispert
et al. 2000; Oliva-Paterna et al. 2003). Fish condition
can be assessed by a variety of criteria ranging from
morphometric (weight–length) and physiological
(liver and gonad weights) measures to biochemical
measures such as lipid or protein content (Barton
et al. 2002; Lloret et al. 2002). Biochemical measures
reflect more rapidly environmental stressors, whereas
morphometric measures are less sensitive to acute
stressors but less costly and reflect responses at the
whole-organism level that may affect fish perfor-
mance (Barton et al. 2002).

Sau reservoir (Ter River basin, Spain) is the first of
a cascade of three reservoirs supplying (a maximum
of 8 m3/s) drinking water to the region of Barcelona
(Armengol et al. 1986, 2003). This water source
represents ca. 60% of the water annually consumed in
the Barcelona area (460 Hm3), inhabited by 4 million
people. In 2005, the region of Barcelona (Catalonia)
was affected by a severe drought and the water level
in reservoirs was very low (Fig. 1). The Catalan Water
Agency (ACA, Agència Catalana de l’Aigua) decided
to partially empty Sau reservoir, in order to improve
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Fig. 1 a Maximum ( ), mean ( ), and minimum
( ) monthly averages of water volume in Sau reservoir
during 39 years (between January 1966 and December 2004)
and the mean for 2005 ( ) (year of the partial drawdown,
which started in September). b Variation of the water volume in
Sau reservoir during the drawdown
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water quality in the subsequent reservoirs by selecting
water extraction from the best layers and so optimis-
ing water supply to the Barcelona region. The fish
populations were studied during the drawdown. The
objectives of this study are: (1) to evaluate the effects
of the drawdown on the fish assemblage; and (2) to
report short-term variation (in 10 days) on habitat use
and condition of roach (Rutilus rutilus) and bleak
(Alburnus alburnus) during the drawdown due to
water quality deterioration. Roach and bleak are
among the most frequent and abundant fish in many
European reservoirs and lakes (Irz et al. 2002; Carol
et al. 2006) and hence important species for reservoir
assessment and monitoring. Roach and bleak are
cyprinid fish typical of eutrophic ecosystems (Persson
1991) and bleak has been shown to be particularly
tolerant to pollution (Dray et al. 2003).

2 Methods

2.1 Study Area and Drawdown Process

Sau reservoir is a canyon-type reservoir, 18.2 km long
and with a maximum width of 1.3 km in the vicinity
of the dam. It is located (41° 58′ N, 2° 23′ E) in the
middle reaches of the River Ter (Catalonia, NE Spain).
Because of its importance as a source of water to
Barcelona, Sau reservoir has been monitored since it
was first filled in 1963 (Armengol et al. 1986) and its
limnology has been extensively studied (see e.g. Han
et al. 2000; Gasol et al. 2002; Armengol et al. 2003).
It is a monomictic reservoir with thermal stratification
in summer and vertical mixing in winter (Armengol
et al. 1986, 2003). Selected physical and limnological
features are: capacity, 168.5 Hm3; surface area, 570 ha;
maximum depth, 75 m; mean depth, 29 m; altitude,
426 m a.s.l.; conductivity, 592 μS/cm; total P, 3.51 μM
and integrated chlorophyll 0–8 m, 82.93 μg/m2 (Carol
et al. 2006). Since its filling, the reservoir has suffered
a eutrophication process, especially noteworthy in the
phosphorus and the nitrogen concentration (Armengol
et al. 1986, 2003). Nowadays its concentrations of
chlorophyll a are typical of eutrophic systems. The fish
assemblage of Sau consists of eight species, all
introduced to the river basin, although roach and bleak
dominate the pelagic zone representing more than 76%
of the individuals captured. Sau was the reservoir with
most abundance of pelagic fish (total catch per unit

effort of with multimesh gillnets) among 14 Catalan
reservoirs sampled in 2003 (Carol et al. 2006).

During the drawdown, the water level decreased
11.6 m in 40 days and the water volume from
51.76 Hm3 (15 September 2005) to 24.07 Hm3 (29
October), besides a deterioration of water quality with
less oxygen and more ammonium. On 14 October
rain started throughout the river basin and much water
entered in the reservoir, oxygenating the water
column; for this reason, the Catalan Water Agency
decided to close the sluice gates and to stop the
drawdown on 4 November.

2.2 Field and Laboratory Methods

During 2005, a physical multi-probe profile was taken
monthly from the surface to the bottom in a point near
the dam. In the field, we measured temperature,
conductivity, pH, redox potential, oxygen saturation
and concentration, light energy in the photosynthetic
radiation spectrum and nephelometric turbidity at 0 m
of depth and we took a water sample for chemical
analysis. We also measured Secchi disc depth. During
the partial drawdown we determined this physical
profile every 2 days. At the laboratory, the surface
water sample was analysed for suspended solids,
nutrient concentrations and chlorophyll a content.
Nutrient concentrations were measured by conven-
tional spectrophotometric or chromatographic techni-
ques (see Carol et al. 2006 for further details on water
analytic methods). During the drawdown (October
2005) professional fishermen worked in the reservoir
with a purse seine (130 m long, 18 m deep and 8 mm
of stretched mesh size) in the pelagic zone to reduce
the fish stock in order to avoid a potential massive
fish kill, given the reduced oxygen availability. We
took six subsamples of the fish catches (11, 14, 18,
21, 25 and 27 October 2005) by randomly taking
about 100–400 fish (ca. 1–4 kg) from the 500–
2,000 kg of the catches. These subsampled fish were
identified and fork length and total weight were
measured to the nearest 1 mm and 0.01 g, respective-
ly. Fish data of a sampling in 2003 (Carol et al. 2006)
were also used for comparison.

2.3 Statistical Analyses

The species composition in the samples throughout
the days of the drawdown was compared with a G-test
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of independence (Sokal and Rohlf 1995). The
variation in fish structure (averages of fork length
and total weight) during the drawdown was analyzed
with Spearman’s correlation coefficient (rS). Analysis
of covariance (ANCOVA) was used to compare the
condition (weight–length relationship) among days of
the drawdown taking into account fish size (cova-
riate). ANCOVA has several advantages over condi-
tion factors and similar indices (García-Berthou and
Moreno-Amich 1993; García-Berthou 2001). All data
analyses were performed with SPSS 13 (SPSS Inc.,
Chicago, USA).

3 Results

3.1 Water Quality

At the beginning of 2005 the vertical mixing of the
water column produced re-oxygenation of Sau reser-
voir and a low concentration of ammonium (Fig. 2).
From March, the photic layer was supersaturated of
oxygen because of phytoplankton production, while
at 10 m depth the oxygen concentration decreased
until anoxia conditions prevailed due to the effect of
the breath and mineralization of organic matter. On 15
September, the sluice gates of the reservoir were
opened to start the drawdown and from this day the
concentration of dissolved oxygen decreased and
ammonium increased in the whole water column

(Fig. 2 and 3). 14 October was the day with the lowest
oxygen concentration in the water column. On the
same day, it started to rain throughout the river basin
and much water entered the reservoir oxygenating the
water column (Fig. 3). On 4 November it was decided
to close the sluice gates, thus increasing the oxygen-
ation and the vertical mixing of the water column.

3.2 Drawdown Effects on the Fish Assemblage

During 4 weeks, fishermen caught 14.7 tons of roach,
962 kg of bleak and 820 kg of European catfish
(Silurus glanis). A few individuals of carp (Cyprinus
carpio) and barbel (Barbus graellsii) were also cap-
tured. In total 16 tons were captured, but this was a
very small proportion of the reservoir’s fish stocks,
since the volume sampled was very small (in total 58
purse seines were laid sampling a total of 1.40 Hm3,
mostly in the same area of the reservoir) compared to
the water volume of the reservoir (average water
volume was 29.59 Hm3 during the fishery). Total
catch per unit effort of purse seine did not vary
significantly during the drawdown (Spearman’s rS=
−0.01, n=16, P=0.97) or with water volume (rS=
−0.17, n=16, P=0.52). Moreover the fishery did not
significantly change the average fork length of bleak
(rS=0.43, n=6, P=0.40) and roach (rS=−0.31, n=6,
P=0.54) during the drawdown, indicating that there
was no important effect of the fishery on the fish
assemblage.

 

 

 

 

 

50

40

30

20

10

0

DECNOVOCTSEPAUGJULJUNMAYAPRMARFEBJAN

dissolved oxygen (%)

50

40

30

20

10

0

DECNOVOCTSEPAUGJULJUNMAYMARFEBJAN

50

40

30

20

10

0

DECNOVOCTSEPAUGJULJUNMAYAPRMARFEBJAN

D
ep

th
 (

m
)

50

40

30

20

10

0

DECNOVOCTSEPAUGJULJUNMAYAPRMARFEBJAN

ammonium (µM)

50

40

30

20

10

0

DECNOVOCTSEPAUGJULJUNMAYAPRMARFEBJAN

D
ep

th
 (

m
)

Fig. 2 The variation of the
dissolved oxygen (top) and
ammonium concentration
(bottom) along 2005 in Sau
reservoir. The shaded area
represents the bottom of the
reservoir
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The species composition of the purse seine catches
varied significantly during the drawdown (G=42.7,
df=10, P<0.0005). A higher proportion of bleak was
found on 21 October (Fig. 4), when the lowest oxy-
gen concentration occurred in the water column
(Fig. 3). Echosounding showed that in those days with
least oxygen concentration most fish were closer to the
shore in contrast to a few days before or after.

The weight–length relationship of roach and bleak
significantly varied during the drawdown (Figs. 5
and 6). After accounting for fish size (covariate in
ANCOVA), significant differences were found in the
condition of roach (ANCOVA: F5, 1526=29.4; P<
0.0005) and bleak (F5, 88=2.7; P<0.024) during the
days of the drawdown. Differences were stronger if
data of 2003 were included (roach: F6, 1581=70.3; P<
0.0005; bleak: F6, 183=9.8; P<0.0005), because bleak
and particularly roach had a much better condition in
2003 (Fig. 5). The adjusted mean of total weight
(controlling for length with ANCOVA) indicated that
individuals of roach at the beginning of the draw-
down (11 October, adjusted mean of weight (log-

transformed)=1.001) were 4.99% heavier (i.e. in
better condition) than a few days after the worst
water quality (21 October, adjusted mean=0.951)
(Fig. 5). Similarly, bleak on 11 October (adjusted
mean=1.308) were 5.96% heavier than on 21 October
(adjusted mean=1.230). On average, a bleak individ-
ual of 110 mm of fork length weighed 14.74 g on 11
October and 13.96 g on 21 October, losing 0.78 g in
only 10 days (Fig. 6). During the drawdown, the loss
and recovery of weight in bleak and roach varied
following the same tendency (correlation of adjusted
means: rS=0.79, n=7, P=0.033).

4 Discussion

4.1 Fish Catches and Species Composition
during the Drawdown

The aim of the work by professional fishermen in the
reservoir was to reduce the fish stock in order to avoid
a potential massive fish kill given the reduced oxygen
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availability. However, the fisheries had no significant
effects on the fish assemblage (species composition
and size structure) because a very small proportion of
the reservoir’s fish stocks were captured. The propor-
tion of bleak in the (pelagic) fishery catches was
maximum on the days of worst water quality (Fig. 4),
when most fish moved to the shore (echosounding

data), and this proportion returned to the initial values
after water quality recovery. This indicates that roach
refuged to the shore more than bleak. The littoral zone
of lakes and reservoirs often has better water quality
than the pelagic zone due to wind action and con-
vection (Singh 1983; Petersen et al. 2001) and bleak,
has been previously shown to be more tolerant than
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roach to poor water quality. Irz et al. (2002) point out
that the final stage of eutrophication in reservoirs is
characterized by the dominance of cyprinids, partic-
ularly bleak, and pikeperch (Sander lucioperca),
which are more tolerant to poor water quality. Simi-
larly, Dray et al. (2003) related 11 environmental vari-
ables and the distribution of 21 fish species in the
Doubs River (France) and found that bleak was more
tolerant to pollution (low oxygen, high ammonium,....)
than most other species, including roach. Moreover,
Horppila and Kairesalo (1992) found in an enclosure
experiment in eutrophic lake that with unusually high
pH, roach but not bleak were schooling near the
bottom trying to escape unfavourable conditions and
Stott and Cross (1973) found with laboratory channels
that falling concentrations of dissolved oxygen caused
roach to move downstream to better oxygenated water
and that when an aerated water flow was restored the
fish quickly reoccupied their original position. There-
fore, our results and previous literature suggest that
bleak is particularly resistant to poor water quality
and could be used as an indicator of water pollution.

4.2 Short-term Variation of Fish Condition

The changes in fish condition were significant and
similar for both species, and clearly coincided with
the variation in water quality. Within 10 days (from
11 to 21 October) roach lost ca. 4.99% of its condition

and bleak 5.96%. When the water quality improved,
they recovered almost their initial condition within
only 6 days (from 21 to 27 October) (Fig. 5). A wide
range of physiological effects has been associated
with low dissolved oxygen concentrations and poor
water quality, including circulatory changes, altered
heart rate, reduced blood oxygen saturation, change in
respiratory quotient and change on spleen, liver and
kidney weights (Seager et al. 2000). Poor condition (i.e.
lower available energy reserves) may also lower the
chances of survival of fish, leading to an increase of
natural mortality (Adams 1999). Drawdown-induced
water changes resulted in a sublethal response of the
fishes, as indicated by the significant loss of condition
(Fig. 5). It seems plausible that there would have been
a massive fish kill had the drawdown lasted a few
more days, but because rain started the water column
oxygenated and the fish recovered its condition.

Environmental conditions, physical factors and the
habitat features influence fish condition (Lloret and
Rätz 2000; Vila-Gispert et al. 2000; Lloret et al. 2002).
Although other factors such as season, geographical
variation or life history stages can also influence fish
condition, fish condition is regarded as a good, simple
metric of the well being of the fish (Barton et al. 2002).
Although seasonal variation in condition is routinely
studied (e.g. Jamet 1995; Hartman and Margraf 2006),
there are few examples of such short-term variation in
fish condition. Jachner and Janecki (1999) experimen-
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tally demonstrated in the laboratory short-term changes
(8 days) in the condition of roach in response to alarm
substances (released from injured skin of conspecifics
and interpreted as predation risk). Although morpho-
metric condition appears to be relatively insensitive to
environmental stressors compared with most specific
measurements of blood chemistry, lipid or protein
content (Lloret et al. 2002; Barton et al. 2002), we
found that the fish condition changed in just 10 days
following water quality impairment. Therefore, our
study demonstrates that fish condition is not only
interesting for understanding long-term (seasonal or
interannual) variation of fish populations exposed to
chronic environmental stressors (Barton et al. 2002),
but also as a good, cost-effective metric for extreme
short-term changes.

Acknowledgements We thank C. Alcaraz, Q. Carol, M.
Clavero, L. Zamora, ACA staff and professional fishermen for
their assistance in field work and anonymous reviewers for
comments on the manuscript. This study was financed by the
Catalan Water Agency (ACA), Government of Catalonia
(CT05002028). Additional financial support was provided by
the Government of Catalonia (Distinction Award for University
Research 2004 to EGB). LB held a doctoral fellowship from the
University of Girona.

References

Adams, S. M. (1999). Ecological role of lipids in the health and
success of fish populations. In M. T. Arts, & B. C. Wainman
(Eds.) Lipids in freshwater ecosystems (pp. 132–160). New
York: Springer-Verlag.

Armengol, J., Caputo, L., Comerma, M., Feijoó, C., García, J. C.,
Marcé, R., et al. (2003). Sau reservoir’s light climate:
Relationships between Secchi depth and light extinction
coefficient. Limnetica, 22, 195–210.

Armengol, J., Crespo, M., Morguí, J. A., & Vidal, A. (1986).
Phosphorus budgets and forms of phosphorus in the Sau
reservoir sediment: An interpretation of the limnological
record. Hydrobiologia, 143, 331–336.

Barton, B. A., Morgan, J. D., & Vijayan, M. M. (2002).
Physiological condition-related indicators of environmental
stress in fish. In S. M. Adams (Ed.) Biological indicators of
stress in fish (pp. 111–148). Maryland: American Fisheries
Society.

Carol, J., Benejam, L., Alcaraz, C., Vila-Gispert, A., Zamora,
L., Navarro, E., et al. (2006). The effects of limnological
features on fish assemblages of 14 Spanish reservoirs.
Ecology of Freshwater Fish, 15, 66–77.

Dray, S., Chessel, D., & Thioulouse, J. (2003). Procrustean co-
inertia analysis for the linking of multivariate datasets.
Ecoscience, 10, 110–119.

Fraser, J. C. (1972). Water levels, fluctuation and minimum
pools in reservoirs for fish and other aquatic resources:
An annotated bibliography. Rome: FAO, 48pp.

Gaboury, M. N., & Patalas, J. W. (1984). Influence of water
level drawdown on the fish populations of Cross Lake,
Manitoba. Canadian Journal of Fisheries and Aquatic
Sciences, 41, 118–125.

García-Berthou, E. (2001). On the misuse of residuals in
ecology: Testing regression residuals vs. the analysis of
covariance. Journal of Animal Ecology, 70, 708–711.

García-Berthou, E., & Moreno-Amich, R. (1993). Multivariate
analysis of covariance in morphometric studies of the
reproductive cycle. Canadian Journal of Fisheries and
Aquatic Sciences, 50, 1394–1399.

Gasol, J. M., Comerma, M., Garcia, J. C., Armengol, J.,
Casamayor, E. O., et al. (2002). A transplant experiment to
identify the factors controlling bacterial abundance, activity,
production, and community composition in a eutrophic
canyon-shaped reservoir. Limnology and Oceanography,
47, 62–77.

Han, B.-H., Armengol, J., Garcia, J. C., Comerma, M., Roura, M.,
Dolz, J., et al. (2000). The thermal structure of Sau Reservoir
(NE: Spain): A simulation approach. Ecological Modelling,
125, 109–122.

Hartman, K. J., & Margraf, F. J. (2006). Relationships among
condition indices, feeding and growth of walleye in Lake
Erie. Fisheries Management and Ecology, 13, 121–130.

Heman, M. L., Campbell, R. S., & Redmond, L. C. (1969).
Manipulation of fish populations through reservoir draw-
down. Transactions of the American Fisheries Society, 98,
293–304.

Horppila, J., & Kairesalo, T. (1992). Impacts of bleak
(Alburnus alburnus L.) and roach (Rutilus rutilus L.) on
water quality, sedimentation and internal nutrient loading.
Hydrobiologia, 243, 323–331.

Il’ina, L. K., & Gordeyev, N. A. (1970). Dynamics of the repro-
ductive conditions of phytophylous fishes at different stages
in reservoir formation. Journal Ichthyology, 10, 282–285.

Irz, P., Laurent, A., Messad, S., Pronier, O., & Argillier, C.
(2002). Influence of site characteristics on fish community
patterns in French reservoirs. Ecology of Freshwater Fish,
11, 123–136.

Jachner, A., & Janecki, T. (1999). Feeding and growth response
of roach, Rutilus rutilus, to alarm substance. Environmen-
tal Biology of Fishes, 54, 433–437.

Jackson, P. B. N. (1966). The establishment of fisheries in man-
made lakes in the tropics. In R. H. Lowe-McConnell (Ed.)
Man-made lakes (pp. 53–69). London: Academic.

Jamet, J. L. (1995). Reproduction, condition and food of Arctic
charr (Salvelinus alpinus) in Lake Pavin (Massif Central,
France). Hydrobiologia, 301, 279–288.

Kuznetsov, V. A. (1971). The effect of regulation of the
discharge of the Volga on the reproduction of asp, zope,
white bream and bleak in Sviyaga Bay, Kuybyshev
Reservoir. Journal Ichthyology, 11, 186–192.

Lambert, Y., & Dutil, J. D. (1997). Can simple condition
indices be used to monitor and quantify seasonal changes
in the energy reserves of Atlantic cod (Gadus morhua).
Canadian Journal of Fisheries and Aquatic Sciences, 54,
104–112.

10 Water Air Soil Pollut (2008) 190:3–11



Lin, D. S. C., & Caramaschi, T. P. (2005). Responses of the fish
community to the flood pulse and siltation in a floodplain lake
of the Trombetas River, Brazil. Hydrobiologia, 545, 75–91.

Lloret, J., Gil de Sola, L., Souplet, A., & Galzin, R. (2002).
Effects of large-scale habitat variability on condition of
demersal exploited fish in the north-western Mediterranean.
ICES Journal of Marine Science, 59, 1215–1227.

Lloret, J., & Rätz, H. J. (2000). Condition of cod (Gadus morhua)
off Greenland during 1982–1998. Fisheries Research, 48,
79–86.

Marshall, C. T., & Frank, K. T. (1999). The effect of interannual
variation in growth and condition on haddock recruitment.
Canadian Journal of Fisheries and Aquatic Sciences, 56,
347–355.

Nilsson, C., Reidy, C. A., & Dynesius, M. (2005). Fragmentation
and flow regulation of the world’s large river systems.
Science, 308, 405–408.

Oliva-Paterna, F. J., Vila-Gispert, A., & Torralva, M. (2003).
Condition of Barbus sclateri from semi-arid aquatic
systems: Effects of habitat quality disturbances. Journal
of Fish Biology, 63, 699–709.

Paredes, J., & Lund, J. (2006). Refill and drawdown rules for
parallel reservoirs: Quantity and quality. Water Resources
Management, 20, 359–376.

Persson, L. (1991). Interspecific interactions. In I. J.Winfield, & J.
S. Nelson (Eds.) Cyprinid fishes. Systematics, biology and
exploitation (pp. 530–551). London: Chapman and Hall.

Petersen, M. R., Osborne, R. S., & Jackson, C. S. (2001). 1999
lower goose lake warmwater survey grant county, Washington.
Washington: Washington Department of Fish and Wildlife.

Poff, N. L., & Hart, D. D. (2002). How dams vary and why it
matters for the emerging science of dam removal. Bioscience,
52, 659–668.

Seager, J., Milne, I., Mallett, M., & Sims, I. (2000). Effects of
short-term oxygen depletion on fish. Environmental
Toxicology and Chemistry, 19, 2937–2942.

Singh, R. K. (1983). The role of the littoral (shallow) zone in
reservoir productivity.Acta Hydrochimica et Hydrobiologica,
11, 101–107.

Sokal, R. R., & Rohlf, F. J. (1995). Biometry: The principles
and practice of statistics in biological research. New
York: Freeman, -887pp.

Stott, B., & Cross, D. G. (1973). The reactions of roach (Rutilus
rutilus L.) to changes in the concentration of dissolved
oxygen and free carbon dioxide in a laboratory channel.
Water Research, 7, 793–805.

Vila-Gispert, A., Zamora, L., &Moreno-Amich, R. (2000). Use of
the condition of Mediterranean barbel (Barbus meridionalis)
to assess habitat quality in stream ecosystems. Archiv für
Hydrobiologie, 148, 135–145.

Villanueva, M. C., Ouedraogo, M., & Moreau, J. (2006).
Trophic relationships in the recently impounded Bagre
reservoir in Burkina Faso. Ecological Modelling, 191,
243–259.

Wood, R., & Pfitzer, D. W. (1960). Some effects of water-level
fluctuations on the fisheries of large impoundments.
International Union for conservation of nature & natural
resources, soil and water conservation pp. 118–138.
Brussels: IUCN.

Yakovleva, A. N. (1971). Natural reproduction of fish in
the Volgograd reservoir. Trudy Saratovskogo Otdeleniya
Vsesoyuznogo Nauchno-Issledovatel’skogo Instituta
Ozernogo i Rechnogo Rybnogo Khozyaistva, 10, 107–128.

Yamamoto, T., Kohmatsu, Y., & Yuma, M. (2006). Effects of
summer drawdown on cyprinid fish larvae in Lake Biwa,
Japan. Limnology, 7, 75–82.

Water Air Soil Pollut (2008) 190:3–11 11


	Short-term Effects of a Partial Drawdown on Fish Condition in a Eutrophic Reservoir
	Abstract
	Introduction
	Methods
	Study Area and Drawdown Process
	Field and Laboratory Methods
	Statistical Analyses

	Results
	Water Quality
	Drawdown Effects on the Fish Assemblage

	Discussion
	Fish Catches and Species Composition during the Drawdown
	Short-term Variation of Fish Condition

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


