Effects of fish removal in the Furnas Lake, Azores
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The Furnas Lake is a small volcanic, monomitic and increasingly eutrophised water body.
Next to agricultural nutrient inputs, high densities of herbivorous fish are thought to
contribute to high levels of turbidity in the lake, through zooplankton consumption and
re-suspension of the nutrients accumulated in the sediment. According to the alternative
state hypothesis a shift from turbid to clear water conditions is favoured by reduction of
nutrient concentrations, increased light availability and reduction of planktivorous and
benthos-feeding fish stock. To improve water quality in the Furnas Lake, a substantial part
of the bottom-feeding fish population (62% of the estimated common carp population,
Cyprinus carpio, and 5% of the estimated roach population, Rutilus rutilus) was removed.
Effects of fish removal on turbidity and associated trophic state were analysed next to post-
manipulation chlorophyll a concentration, zooplankton and macrophytes densities. Results
suggest that fish removal was not enough to change lake conditions towards a lasting clear
state dominated by macrophytes. Excessive nutrient load, in water and sediments, nutrient
input from the lake basin and fish recruitment causing enhanced zooplankton grazing are
appointed causes. Any further biomanipulation efforts should be associated to nutrient
reduction; and continued monitoring of water quality, fish stock, macrophytes and
zooplankton is needed.
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INTRODUCTION

Scheffer et al. (1993) suggested that turbidity in
shallow lakes is not a smooth function of their
nutrient status. Lakes are thought to have two
distinct equilibria between which they can
alternate: a clear state dominated by macrophytes
and a turbid state dominated by algae. Turbidity
hinders vegetation growth through reduced light
availability. Vegetation, in turn, lowers turbidity

reducing re-suspension of sediments and
protecting (hiding) phytoplankton-grazing
zooplankton from planktivorous fish.

Furthermore, vegetation competes with algae for

nutrients. It was found that vegetation can
stabilize clear water conditions up to certain
nutrient loadings, but increasing nutrient loadings
favour algal growth, causing turbidity and a rapid
reduction in macrophytes. To invert that situation
and regain a vegetation-rich, clear-water state,
nutrients have to be drastically reduced, or light
availability increased (e.g. lowering the water
level). The switch to a clear state can also be
triggered by reducing the planktivorous fish stock
(Jeppesen et al. 2007b). Omnivorous, benthos-
feeding fish like carps degrade water quality in
several ways (Crivelli 1983; Breukelaar et al.
1994; Beklioglu et al. 2003). They increase water
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turbidity consuming zooplankton and
macrophytes and revolving the sediment, re-
suspending sediment and accumulated nutrients
(increasing turbidity directly with suspended

solids and indirectly by feeding on
phytoplankton).  Studies investigating the
interaction  between  planktivorous  fish,
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Fig. 1. Batimetry of the Furnas Lake (isobaths at 0.5 m intervals) and

location of the sample sites A to D.

zooplankton, phytoplankton and water chemistry
in Northern and central Europe, included several
experiments of planktivorous fish removal, which
frequently resulted in significant decreases in
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algal biomass and turbidity (Langeland 1990;
Meijer et al. 1994; Tatrai et al. 1997). There are,
however, few studies on biomanipulation applied
to warm lakes (Moss et al. 2004; Romo et al.
2004; Romo et al. 2005; Scasso et al. 2001;
Vazquez et al. 2004).

Lake Furnas is a small, shallow water body
located in an ancient volcanic
crater, on the island of Sao
Miguel, Azores. Agriculture and
fertilized pasture are common
activities in its basin, contributing
to the lake’s nutrient load and
causing an increasing eutro-
phication. In the recent past the
lake has been turbid and algal
blooms have been frequent (Santos
et al. 2005). The lake has a
protected  status  but  local
authorities have difficulties
controlling fertilization in the lake
drainage area, and consequent
nutrient input. In the mid-nineties,
bottom aeration was adopted in an
effort to improve water quality
increasing  dissolved  oxygen
concentrations near the bottom and
in the water column. Water
quality, however, did not improve,
as positive effects may have been
offset by the negative effects of
sediment  re-suspension  and
consequent nutrient release into
the water column (Azevedo et al.
2006). In the lake common carps
are abundant and predators scarce.
Considering the alternative state
hypothesis, and given that Lake
Furnas has shown relatively low
phosphorous  concentrations — in
o recent years but high herbivorous
and benthos-feeding fish density,
biomanipulation was decided on,
to provide an impulse for a switch
to clear-water conditions. The carp
Cyprinus carpio (L.) populations
were substantially reduced, removing more than
60% of the estimated population, and lake
evolution was monitored in terms of water quality
parameters, macrophytes and zooplankton.



LAKE FURNAS
Lake Furnas is located at 37°45'30"N-
25°20'03"W, at an altitude of 281 m, with
maximum length, width and depth of 2025 m,
1600 m and 15 m, respectively, and average depth
of 6.9 m (Fig. 1). The island’s climate is marine
temperate, with an average temperature of
13.6 °C; a dry season and a colder, wet season;
and a yearly average precipitation of 1874 mm.
The lake has a total area of 1.93 km® and a
basin of 12.45 km?, occupied by forest (533 ha),
pasture (460 ha; mainly cattle) and agriculture
(5.7 ha). Basin land use, excessive fertilization
and soil slope (averaging 20%) contribute to soil
erosion and lake deterioration through sediment
and  nutrient  inputs  (Porteiro  2000).
DROTRH/INAG (2001) estimated potential
diffuse nutrient sources between 1996 and 1998
to reach 6.9 T per ha and yr of nitrogen, and

0.79 kg per ha and yr of phosphate; affluent
crecks were estimated to supply 29.8 T-yr of N
and 1.44 T-yr' of P to the lake. These values
exceed the loads permissible for such a shallow
lake 10 and 7.5 times and critical loads for
eutrophication 5 and 4 times, for N and P
respectively (Santos et al. 2005; Harper 1992).

PRE-BIOMANIPULATION DATA
Records of water quality are available from 1994
onward. Between 1994 and 2004, there are
generally two to four observations per year of
total phosphorus, total nitrogen, dissolved oxygen
and pH (Fig. 2). The same applies for turbidity
(secchi depth), but with almost monthly
observations after July 2001 (Fig. 3).

In 2004, total phosphorous (TP) in the lake
water ranged from 24 to 76 pgl', with an
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Fig. 2 Pre-biomanipulation data for surface (sur) and bottom (bot) total phosphorous (TP, in pg-l™), total
nitrogen (TN, in pg-1™"), dissolved oxygen (DO, in mg-I"") and pH.

average of 45pgl'; an improvement in
comparison to the mid-nineties, when surface TP
values of more than 300 pgl™" were recorded.
Total nitrogen (TN) shows an opposite trend,
increasing from about 700 pgl™ in the mid-
nineties, towards an average of 1120 pgl™ in

2004. Between 1994 and 2004, Secchi disk
depths varied between 30 and 250 cm and the
lake’s trophic state was meso- to eutrophic, with
Secchi depth-based Index (TSI) values between
47 and 77. Algal blooms occurred regularly,
especially after heavy rainfalls. Conditions at the
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Fig. 3 Secchi depth in left axis and grey line; and Secchi depth-based Carlson’s Trophic
State Index (TSI) values on right axis and black line; arrows mark fish removal periods.

lake bottom were frequently anoxic in summer.

In 1995, bottom aeration was introduced to
increase dissolved oxygen (DO) and decrease
eutrophication. An aerator was placed near the
bottom (close to the sample point B of the present
study) and switched on during a few to 180 hours
per month, especially during the summers of 1995
to 1997 and almost during the whole years of
1999 and 2000 (Fig. 4). Aeration as applied in
this lake, is not strictly hypolimnetic as the flow
caused by ascending air bubbles drags sediments
and nutrients to the lake surface, causing vertical
mixing and favouring phytoplankton
development, even in the summer periods when

nutrient depletion (typical of a stratified lake)
should cause phytoplankton decline.

Before biomanipulation, total dissolved solids
(TDS) and electrical conductivity (EC) were only
measured from January to July 2004, ranging
from 72 ppm to 82 ppm, with an average of
75.4 ppm, and from 143 ps to 165 ps, with an
average of 151.3 ps, respectively.

Fish population is dominated by benthos-
feeding, omnivorous common carp and roach.
There are also three carnivorous species — pike,
zander and perch — considered to be of great
interest to sport fishing.
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Fig. 4 Monthly hypolimnetic aeration.
MATERIAL AND METHODS 186 kg-ha' (Azevedo et al. in press). Roach
BIOMANIPULATION (Rutilus rutilus) density was estimated to range
from 20 to 80 kg-ha™ (unpublished data).

Prior to biomanipulation, in 2004, a mark and
recapture experiment estimated average common
carp (Cyprinus carpio) densities of 88 kg-ha™,
with a 95% confidence interval from 50 to
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During April, May and June of 2005, about 10
tons of fish were captured with nets (80 mm mesh
size) and removed from the lake. These included



2805 carps, totalling 9204 kg — i.e. about 54% of
the estimated population — and 7069 roaches,
weighting 470 kg. During May and June of 2006,
452 carps, totalling 1384 kg (about 8% of the
original estimated population) were removed.
Less fish was captured in the second year,
because there was less bigger-sized fish available
and because of exceptionally low temperatures
for the season, causing carps to avoid lake
margins and, hence, capture.

WATER QUALITY ASSESSMENT

After biomanipulation, water samples were taken
approximately every two weeks, at 4 fixed
representative sample sites (A to D, Fig. 1). At
each site, Secchi disk depth was determined and 1
to 4 water samples taken at different depths.
Chlorophyll a concentrations were determined
filtering water through a 47 mm, 0.45 pm pore
size nitrocellulose filter and extracting the
pigments in an aqueous solution of acetone.
Chlorophyll a concentrations were subsequently
determined spectrophotometrically and resulting
absorbance measurements applied to a standard
equation. Water  temperature, electrical
conductivity (EC), total dissolved solids (TDS)
and pH were measured with a Hanna Combo pH
& EC HI 98129. In the deepest part of the lake a
series of 12 temperature and luminosity sensors
was placed, performing 6 measurements per hour,
at depths of 0.3m, and 1 to 11 m with 1m
intervals.

ZOOPLANKTON AND MACROPHYTES

Next to water samples, plankton was collected at
the four sites, at the surface and near the bottom,
with bottom water depths averaging 5.6 m at site
A, 2.1 m at B, 11.6m at C and 9.4 m at D.
Samples were collected using a Schindler trap,
preserved in a 5% formalin solution with 20 g1"
sucrose and divided into halves with a Folsom
plankton sample splitter in the lab. One half of
each sample was preserved for future analysis, the
other was lumped, mixing samples from sites A
to D into one surface and one bottom sample for
each sampling period. These were used to identify
zooplankton according to taxonomic groups
(cladocera, copepods, rotifers or others) and size
classes (0.5, 1.0, 1.5 and 2.0 mm). Main

macrophyte species were mapped in spring 2005
and 2006, through visual surveys on a 20 m x
20m grid (the lake was subdivided into
approximately 4750 squares). Macrophyte cover
was recorded according to 5 classes (no
macrophytes, 25%, 50%, 75% and 100% cover)
and total lake covering calculated.

DATA ANALYSIS

Carlson’s Trophic State Index (TSI) was
computed from Secchi disk depth measurements
using the equation (Carlson 1977):

TSI = 10x (6 — In(secchi depth in m) / In(2)).
Carlson's index uses a natural logarithm
transformation of Secchi disk values as a measure
of algal biomass on a scale from 0 to 110, where
each increase of ten units represents a doubling of
algal biomass. To assess possible correlations
between variables, cross-correlations were
computed for the time series, after confirming
data stationarity, and tested for significance.
Cross-correlations between aeration and turbidity
were calculated separately for the periods with
seasonal and monthly samples between 1994 and
2004. Post-biomanipulation data analysis was
based on monthly averages. Comparison of pre-
and post-biomanipulation data was difficult given
the lack of comparable data (e.g. nutrient
concentrations were not measured after
biomanipulation, chlorophyll a, macrophytes and
zooplankton ~ where not sampled before
biomanipulation); not enough data for time series
analysis; yet data with seasonal patterns and
autocorrelation that should not be compared by
simple statistical tests. Given these limitations it
was not possible to distinguish inter-annual
variation from temporal trends or
biomanipulation effects. All analyses were done
in R (R Dev. Core Team 2005).

RESULTS

WATER QUALITY

Considering July 2005 the first month after
biomanipulation, there is a marked decrease in
turbidity in the first summer after bio-
manipulation (Fig. 3), but, within one year,
turbidity approached pre-manipulation values.
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Analogously, the TSI dropped from about 63 in
late spring to 47 in summer 2005, after the first
biomanipulation. In December 2005 the TSI rose
to 55 and in the winter of 2007 to 65.

Total dissolved solids and EC remain quite
similar, though slightly increasing, for the two
years (Fig. 5). Considering the few measurements
of TDS and EC taken in 2004, there is an increase
towards 2005 and 2006, though more historical
data would be needed for a sound comparison
between before and after biomanipulation values.
EC increased from an average of 151.3 us before
to 184.4 us after biomanipulation, and TDS, from
75.4 ppm to 92.0 ppm, respectively. Chlorophyll
a concentrations (Fig. 6) and pH also increased
from 2005 to 2006 (a variation similar to that
observed in previous years, Fig. 2).

Except for pH, all water parameters show
marked seasonal variation, with temperature
increasing in summer, chlorophyll a and turbidity
decreasing in summer, and TDS and EC
decreasing in spring. Lake Furnas shows
characteristics of a typical volcanic lake in
temperate regions. Depth-dependent temperature
measurements revealed that the Furnas lake is a
warm monomitic lake, with stratification between
April and September reaching a maximum
difference of 4.8 °C between surface and bottom
water at 11 m depth. Chlorophyll a concentrations
appear to have a single peak in winter, instead of
a spring and an autumn peak (this should be
confirmed with long-term observations).

Several of the water quality parameters are
strongly correlated. Total dissolved solids and
electrical conductivity show significant positive
correlation (correlation of 0.978). Chlorophyll a
shows significant negative correlation with
temperature (—0.817).

No statistically significant correlation between
aeration and turbidity was found. Months with
intensive aeration tend to have high turbidity (all
months with >20 hours of aeration have <0.8m
secchi disk depths), but many months without
aeration have high turbidity too. After
biomanipulation only little aeration took place, in
comparison to the period before, and again no
statistically significant correlation was found
between aeration and turbidity. Cross-correlation
showed also no significant correlation between
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Fig. 5. Above, monthly averages of surface total
dissolved solids (TDS), grey line; electrical
conductivity (EC), black line; below, pH monthly
averages.

surface or bottom dissolved oxygen levels (only
available for 1994 — 2004).

There was, however, a significant correlation
between precipitation and turbidity or trophic
state. Monthly average Secchi depth is negatively
and TSI is positively correlated to the
precipitation (Fig. 7). They are both significantly
correlated to the precipitation observed in the
same month (lag 0, correlation = —0.42 and 0.46,
for Secchi depth and TSI respectively) and to that
observed in the two months before (lag —1 with
correlations of —0.64 and 0.64; and lag —2 with
correlations of —0.45 and 0.46, respectively).

There is little spatial heterogeneity in water
quality within the lake, except for sample point B
which showed significantly higher turbidity in the
first summer after biomanipulation, frequent
peaks in chlorophyll a concentration and less
alkaline values when compared to the other sites.

ZOOPLANKTON AND MACROPHYTES

Zooplankton (Fig. 6) is dominated by rotifers
(especially in winter) and cladocera (especially in
spring and summer). Copepods and other
zooplankton taxa are less abundant. All groups
show a sharp decrease in numbers in the winter of
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Fig. 6. Monthly average zooplankton densities (ind-1"")
per taxonomic group and size class; total zooplankton
density (notice the different y-axis scale) is presented
with average monthly Chlorophyll a concentration
(line, right axis, in mg-1™).

2006. Monthly average zooplankton numbers
follow monthly chlorophyll a concentrations in
the first year, but collapse in the second year, in
spite of increasing chlorophyll. In terms of
individual size, cladocera and copepods belong
predominantly to the 1.0 mm size class, whereas
rotifers (and other zooplankton) are smaller,
occupying mostly the 0.5 mm class.

Macrophyte growth was restricted to the lake
shore, covering about 3.7% of the lake surface in
the spring of 2005 and 5.4% in thespring of 2006.
The main species found were Egeria densa
(Planch.), Ceratophyllum demersum (L.) and
Potamogeton lucens (L.). The most abundant

Observed prec.
300

— — — — Mean prec. 70

TSI
\

[\

(=3

(=]
I

Precipitation (mm)
ISL

100

Cross-correlation
- o
o
1

Fig. 7. Above, observed and average monthly
precipitation (years 1961-1990), and Secchi depth-
based Carlson’s Trophic State Index values (TSI);
below, cross-correlation between observed monthly
precipitation and TSI (CI for o =0.05 are given by
dashed lines).

species Egeria densa and the least abundant
Ceratophyllum demersum about doubled their
estimated biomass from 2005 to 2006, while the
biomass of Potamogeton lucens remained
approximately unchanged.

DISCUSSION

Biomanipulation in the Furnas Lake did not yield
the wanted shift towards stable clear-water
conditions. Immediately after the first fish
removal campaign a marked decrease in turbidity
was observed. However, similar summer
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decreases were observed in 2002 and 2003, and
within one year after fish removal turbidity
approached pre-manipulation values.
Analogously, the lake’s trophic state, which had
been mesotrophic to eutrophic in the recent past
improved visibly after the first biomanipulation
effort, reaching a TSI of less than 50. But this
phenomenon lasted only a few months and, by the
end of 2005, TSI values had climbed to eutrophic
conditions.

Contrary to the expected improvement in water
quality, there was an increase in chlorophyll a
concentrations, indicating increasing phyto-
plankton biomass, and a decrease in zooplankton
densities in the two years after biomanipulation.
Macrophyte  biomass, however, increased,
probably due to the reduction of damage by adult
carps. But the macrophyte cover is still very
limited, and the gain in biomass after
biomanipulation is likely to be lost given the
increasing turbidity. While macrophyte growth is
limited by grazing and light availability
(turbidity), macrophyte fixation may also be
hampered by the steep slopes of the lake border
and by lake depth.

However the available data series are short and
the observed variations in water quality
macrophytes and zooplankton may reflect typical
inter-annual variability. To assess possible long-
term results continued monitoring of fish stock,
macrophytes, zooplankton and water quality
(including nutrient concentrations) would be
necessary (monitoring stopped after February
2007, due to lack of funding).

Confirming  previous  observations, the
deterioration of the trophic state is associated to
precipitation, showing the impact of run-off
nutrient input from the lake basin. No statistically
significant effect of aeration on turbidity could be
found in either pre- nor post-biomanipulation
data. Aeration showed also no positive effect on
dissolved oxygen concentrations (only available
for the pre-biomanipulation period). It is however
difficult to assess the true effect of aeration as it
was not continuously applied, but intensified in
the warmer seasons and suspended during winter.
Its application should therefore be reviewed,
testing its effects and testing alternative methods,
such as truly hypolimnetic aeration.
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Given our results, there are several possible
reasons for the apparent failure to achieve a
lasting clear water state:

1) Fish removal may have been insufficient. Lake
restoration through biomanipulation has been
successfully applied in temperate regions
(Jeppesen et al. 2007a) but a number of
conditions must be met. For biomanipulation to
be successful, studies in the Netherlands suggest
that biomanipulation should involve drastic
planktivorous and benthivorous fish stock
reduction, removing >75% of the populations
(Meijer et al. 1999). A lake is considered to have
a good ecological status when fish stocks are
about 20 kg-ha™ of benthivores and planktivores
each. Van de Bund & Van Donk (2002) show an
example where removing 50% of fish lead to
rapid recovery of pre-biomanipulation conditions.
In the Furnas Lake only about 60% of the
common carp and a small proportion of the roach
populations was removed. Furthermore, small
fish were not captures (80 mm net mesh-size).

2) Lake Furnas is sub-tropical. Only little is
known about the trophic dynamics and the role of
fishes in warm lakes. Jeppesen et al. (2005b,
2007a) present site studies suggesting that it is
more difficult to provoke and not least maintain a
trophic cascade effect by biomanipulation in
subtropical and tropical lakes than in temperate
lakes, for which the concept of biomanipulation
as a restoration tool was developed, with very
short-termed  effects, even after massive
planktivorous fish-stock reduction. Biological
interactions differ, with often higher dominance
and abundance of small fish, more aggregation of
fish in vegetation, more fish cohorts per year,
higher proportions of omnivorous feeding by fish
and less piscivory in subtropical and tropical
lakes than in temperate lakes (Jeppesen et al.
2005b). Although lake Furnas behaves more like
a temperate than a sub-tropical system in terms of
dominance and abundance of small fish, the
recruitment of fish may have indeed been a
decisive factor in the biomanipulation outcome.
Adult fish removal is likely to have favoured the
development of juveniles, causing increas-ed
zooplankton consumption, decreased phyto-
plankton grazing, and consequently increased



turbidity (Scheffer et al. 1993). This could
explain the observed reduction in zooplankton in
the second year after biomanipulation.
Unfortunately, fish densities and size distributions
were not monitored after biomanipulation.

3) Nutrient levels may have been excessive. In
the years before biomanipulation, the Furnas
Lake had total phosphorous concentrations of
30 to 80 pg1™, apparently low enough to expect
biomanipulation to succeed (Meijer et al. 1999) —
however recent data is missing. But there are
studies suggesting that the influence of nutrient
loading on phytoplankton biomass is greater in
southern shallow lakes, indicating that nutrient
control may have to be a greater priority in these
systems than in more northern lakes (Romo et al.
2004, 2005; Moss et al. 2004). There are
examples of rapid switches to a turbid state after
P loadings increased to only 100 — 150 pg1", and
of only short term increases in water transparency
in some warm shallow lakes after bio-
manipulation in combination with nutrient
reduction (Scasso et al. 2001; Beklioglu et al.
2003). Langeland (1990) argues that if the
external phosphorus load is mainly caused by
supply from non-point sources, which are
difficult to reduce, and the internal load is high,
the only realistic procedure is to manipulate the
fish stocks. The Furnas basin is classified as
protected water shed, and local authorities are
trying to enforce the strict rules that apply. But it
has proven very difficult to control nutrient input
into the lake. Furthermore, the sediments
constitute a nutrient pool, which may take
decades to diminish even if input could be
drastically diminished. A study of data from 2001
to 2003 (Rodrigues et al. 2004), confirms nutrient
accumulation in the sediments, revealing 873 mg
of total phosphorous per kilogram of surface
sediment, next to 20 g of aluminium and 18 g of
iron. It is estimated that about 90% of the
phosphorous mineralized by algae is stored in the
sediment in metal complexes, serving as a
phosphorous pool that can be re-dissolved and
made available to the phytoplankton, when
environmental conditions change. Sediments are
very mineralized (only 20% of organic matter in
dry weight) and display slightly acid, anaerobic

conditions (redox potential of -160 mV). Under
these conditions, biomanipulation may be
indispensable, though it remains a challenge to
managers to control the density of fish stocks in
biomanipulated systems over time. Another
nutrient that may be of importance is nitrogen.
Gonzalez Sagrario et al. (2005) suggest that,
given moderate phosphorous concentrations,
nitrogen concentrations between 1000 and
2000 pg-1”, as those observed in the Furnas Lake,
suppress macrophyte growth. Yet the lower total
nitrogen concentrations observed in the 90’s,
compared to the following decade, were
apparently (data are scarce for the 90’s) not
associated to a better trophic state.

4) Exceptionally rainy 2006 spring and winter
seasons may have further compromised
biomanipulation success, reducing water quality
through sediment and nutrient input from the
nutrient rich basin. Turbidity (and the TSI) in the
Furnas lake is known to oscillate, with peaks
generally following strong rainfalls (Santos et al.
2005); a relationship confirmed by our data. In
January 2007, after extreme rainfalls in December
(December precipitation doubled the normal
monthly average), the lake suffered the worst
algal bloom (mainly Microcystis aeruginosa)
recorded so far.

Recent studies suggest that a drastic reduction of
the external nutrient loading seems to be the best
way forward for restoring lakes (Jeppesen et al.
2005b), though appropriate nutrient thresholds are
not yet established for sub-tropical regions.
Studies in European and North American Lakes
(Anderson et al. 2005) showed that many
approached a new equilibrium of phosphorus (P)
and nitrogen (N) concentrations within 10 to 15
years and 0 to 5 years, respectively, after a major
reduction in loading. Phytoplankton biomass
decreased and a shift towards meso-oligotrophic
species dominance occurred. Worldwide studies
showed that fish respond surprisingly fast to the
loading reduction in lakes, with an increase in the
percentage of piscivores and decrease of total fish
biomass (Anderson et al. 2005; Jeppesen et al.
2005a). Local authorities now plan to improve
fertilization control in the basin of the Furnas
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Lake and to create retention basins in affluent
creeks, to retain solids and nutrients and reduce
sediment accumulation and eutrophication in the
lake. Given the nutrient sediment pool and the
impact of non-algal light attenuation caused by
sediment re-suspension (Ibelings et al. 2007),
further biomanipulation may be necessary. But
according to the present study and lake sub-
tropical characteristics, biomanipulation should
be combined with a significant reduction in
nutrient inputs and possibly applied repeatedly.
More data are needed for a better understanding
of the processes in the Furnas lake and more
studies are necessary for a better understanding of
warm lake systems in general; an understanding
that will become even more important as future
climate warming is expected to aggravate lake
eutrophication as a result of increasing water
residence times and decrease of vertical mixing,
as well as enhanced growth of phytoplankton
(Santos et al. 2004; Schindler 2006; Matzinger et
al. 2007; Jeppesen et al. 2007b).
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