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Perturbation

vegetation biomass

Shallow lakes are amongst the
most analyzed examples of
systems with alternatives states,
the causal and buffer mechanisms
involved are very well understood



The proliferation of submerged
plants (as a consequence of
eutrophication) has both positive
and negative effects on water
quality and ecosystem services

The latter one is a serious
problem when the whole water
surface remains completely
covered by plant biomass. In such
cases, plant removal could be a
desirable strategy

Laguna del Diario. Spring 2006



Laguna del Diario. Autumn 2009

Is it possible to partially
remove the submerged
plants without adverse

consequences (avoiding a
critical transition to a turbid
state dominated by
cyanobacteria)?



34°54°09.06°S
56°00°25.60"°'W
Uruguay, South America

Basin

Area: 23.2 km2
Perimeter: 24.3 km
Slope: 5.0%

Two main tributaries

Shallow reservoir

Area (including wetland zones): 165 ha
Water area without emergent plants: 55 ha
Mean depth: 1.5 m

Isolated from the ocean since the second
half of XX century (definitively since 1970)

Eutrophic ecosystem dominated by
submerged plants since 2003






MAIN QUESTIONS?

Is Laguna del Diario under an
eutrophication process?

Which are the main changes in
the submerged plant coverage
and composition during 2000
decade?

What are the main effects of
submerged plants harvest?

How resilient is the biomass
plant removal?

Is it possible a positive role of
the stakeholders and
policymaker during the design
and implementation of aquatic
plant control program?

APPROACH

Paleolimnological and
limnological evidence

Spatial distribution and PVI
estimation according to
Canfield et al (1984)

Whole-lake unreplicated
experiment

Mesocosm and lab experiments

Socio-economic experiment
and network analysis



Is Laguna del Diario under an
eutrophication process?



Open water area
1966= 165 ha
2001= 56 ha
2005= 55 ha
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Laguna del Diario was a stream with a
drainage occlusion by the coastal dune
system during the Holocene




Laguna del Diario is under an
accelerated eutrophication
process, which started by 1900
with Pinus forestry activities

This human perturbation and
the construction of the highway
(completed in 1970) led an
increased of water retention
time and modified the brackish
conditions

The tourism development,
during the last 40 years,
without adequate water sewage
treatments could explain the
tendencies observed at the top
(10 cm)
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Which are the main changes in the
submerged plant coverage and
composition during 2000 decade?



Myriophyllum
quitense

Potamogeton
illinoensis

Potamogeton
pusillus

Egeria
densa

01/2003

12/2004

03/2006

08/2006

07/2007




Myriophyllum Potamogeton Potamogeton Egeria
quitense illinoensis pusillus densa

01/2003

08/2006
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Lo B
" 2008-2011

The initial purpose
of the mechanic
harvest was to
control M.
quitense, preserve
and facilitate the
expansion of P.
illinoensis. An
adaptive
management plan
was implemented.
The harvest
activities started
on December 23th
(2006).



Mechanical harvest between spring and
summer: MH

M. quitense
Drastic M. quitense P. illinoensis
coverage P. pusillus E. densa

increase of
P. pusillus l l l l l

2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

l Replacement sequence

of P. pusillus by M. M. quitense

quitense and P. disappear and PVI of Potamogeton
illinoensis was illinoensis and Egeria
Succession substituted by densa achieved

P. pusillus 100%
>

(facilitation)

Reverse succession and a new
succession trajectory conditioned
by MH



Myriophyllum
quitense

Potamogeton
illinoensis
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The harvest process improved very quickly the oxygen deficit
at the bottom

It is interesting to point out the gap in temporal changes
between nutrient levels and phytoplankton biomass

The risk of transition to a turbid state is very high in this
ecosystem



How resilient is the submerged
plant removal?



Myriophyllum Potamogeton
guitense illinoensis
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HARVEST

TURBIDITY (NTU)

Mechanical harvesting led
to a reduction in water
transparency

because of sediment
resuspension and to the
increase of the algal
biomass

Such effects propagated to
the rest of the system
because the

reservoir main axis is
oriented in the direction of

the predominant winds



The factor that
played a key role for
avoiding a critical
transition was the
fast re-colonization
of P. pusillus,
probably from the
seed bank

Myriophyllum
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VBN

P. illinoensis

macrophytes plants

Maarten Vanderstukken Ph.D Thesis
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Positive factors that stabilize the clear water state

+ The capacity of P. illinoensis to synthesize alellopathic
compounds

+ These compounds may also contribute to the absence of
other submerged plants in the P. illinoensis beds

+ The important Egeria densa nutrient competition capacity




Negative factor
+ The zooplankton community was dominated by micro-
filterers (rotifers and nauplii)

Positive factor

+ In terms of biomass, the facultative piscivores constitute
the highest percentage of the community, with values from
62% to 82% (open water and aquatic plant bed respectively)

Why the zooplankton structure do not reflect the excellent
conditions of PVI percentage and fish structure?



CASCADING EFFECTS OF PREDATORS
IN TEMPERATE AND SUBTROPICAL

SHALLOW LAKES

Carlos Iglesias PhD Thesis 2010
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Table 2. Fish and macroinvertebrate predator species and numbers added to the mesocosms in the treatments F: Planktivorous
fish: F+INV: Planktivorous fish + macroinvertebrates, and INV: Omnivorous macroinvertebrates. In both the F and F+INV treat-
ments two fish species were added (final densities, as ind. m™, are given in parenthesis). Densities of predators were taken from
literature: *Teixeira de Mello et al. 2009; *Liboriussen et al. 2005; @ Wilhelm and Schindler 1999,

Fish sp.1 Fish sp. 2 Macroinvertebrates
Subtropical MName Cnesterodon decemmaculatus Jenynsia multidentata FPalasmonetes argentinus
Density 50 (42) 40 (33)* 120 (100)*
Temperate  Name Gasterosteus aculeatus Perca fiuviatilis Gammarus lacustris

Density 12 (10) 6(5)" 240 (200)o
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The submerged plant control the phytoplankton biomass
mainly by competition and allelophatic mechanisms, the

refuge capacity is very limited by the abundance of shrimps
and small omnivorous-planktivorous fish



Is it possible a positive role of the stakeholders and
policymaker during the design and implementation of
aquatic plant control program?

Yes, but depends on the structure of the actors
networks and several critical attributes:

Policy Science
S . > R Legend:

S stakeholders 4----- » information flow
P policymakers

R researchers
P<---- » M M models



The critical attributes of Laguna del
Diario network are:

+ Mode of participation collegiate:
different actors work together as
colleagues or partners, ownership
and responsibility are equally
distributed among the partners, and

decisions are made by agreement

and consensus among all actors <, S—R %

+ Open and flexible epistemic 27407 l \ l I )
network S P V| B

+ Different Strategies Of Iearning Timing of events in the  Control of aclors over Interaction selting

participatory pracess  the flow of information among paricipanis

+ All the actors find an adequate
space to meet and foster learning

+ Fostering of trust through
leadership



In general, critical transitions determine more
complex networks with an increase of the model use
(aquatic plant biomass removal) control by the
Science and more collaborative or collegiate
participation
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Thank you
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