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* Why algae?

* Who are they?

* Why so many species?

* Agal blooms ™~ tipping points
* Observing algae
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Why algae?










The evglution of photosynthesis led to what-is called
| the great oxygenation event. §
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A world of chlorophyll
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Who are they?




Phytoplankton

Plankton originates from ‘mAaryktoV’

This means ‘wandering stuff’, i.e. plankton are ‘passively’
transported through the water

Bacterioplankton = bacteria
Phytoplankton = ‘plants’
Zooplankton = ‘animals’
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Group (Common
Name)

Cyanobacteria

Rhodophyceae
(red algae)

Chrysophyceae

Bacillariophyceae
(diatoms)

Dynophyceae

Euglenophyceae

Chlorophyceae
(green algae)

Charophyceae

Dominant
Pigments

Chl a,
phycobilins

Chl a,
phycobilins

Chl a, chic,

carotenoids

Chl a, chic,
carotenoids

Chl a, chlc,

carotenoids

Chl a, chl b

Chl a, chlb

Chl a, chl b,

Phytoplankton classes

Table 9.3 Characteristics of Major Groups of Freshwater

Cell Wall

Peptidoglycan

Cellulose

Chrysolaminarin

Silica frustule

Cellulose

Protein

Naked,
cellulose, or
calcified

Cellulose,
many calcified

Habitats

Oligotrophic

to eutrophic,
benign to harsh
environments

Freshwater
species in
streams

Freshwater,
temperate,
plankton

Plankton and
benthos

Primarily
planktonic

Commonly in
eutrophic waters,
associated with
sediments

Oligotrophic

to eutrophic,
planktonic to
benthic

Benthic, still to
slowly flowing
water

gae

Approximate
# of Species
(% Freshwater)

1,200-5,000 (50%)

1,500-5,000 (5%)

300-1,000 (80%)

5,000-12,000 (20%)

230-1,200 (7%)

6,500-20,000 (87 %)

Ecological
Importance

Some fix
nitrogen,

some toxic,
floating blooms
characteristic of
nutrient-rich lakes
Rare in
freshwaters
except
Batrachospermum
in streams
Dinobryon,

a common
dominant in
phytoplankton
An essential
primary
producer, both in
freshwaters and
globally

Some

toxic, some
phagotrophic,
involved in

many symbiotic
interactions

Can be
phagorophic,
indicative of
eutrophic
conditions

Very variable
morphology, very
important primary
producers.
Filamentous
types in streams,
unicellular in
plankton

Often calcareous
deposits
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Different phytoplankton groups have different pigments
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Emiliania huxleyi an armour-plated, photosynthesizing single-celled dino
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DARWIN'S FINCHES

<
-

Cactus ground finch

- . e Sharp-beaked
Woodpecker N e ground finch

finch

Small \: ¢ i Small ground
insectivorous finch
tree finch

Medium
ground

L
arge finch

insectivorous ( Insect eaters
tree finch

Seed eaters

Vegetarian
tree finch




Trait type

Morphological

Physiological

Behavioral

Life history

Ecological function

Reproduction Resource acquisition Predator avoidance
Cell size
Cell shape
Coloniality
Photosynthesis
Nutrient uptake,
Protein synthesis requirements Toxin production
Nitrogen fixation
Mixotrophy
Motility
Sexual/asexual
reproduction
Resting stages




Taxonomic group

Chlorococcales, Chroococcales Oscillatoriales,

Xanthophyceae
Ultotrichiales

Chrysophycea

Nostocales
Oscillatoriales

Chroococcales, Oscillatoriales
Xanthophyceae, Zygnematophyceae

Cryptophyceae, Dinophyceae
Euglenophyceae, Volvocales
Chlorococcales

Bacillariophyceae

Chlorococcales
Chroococcales Oscillatoriales

Description phenotype

Small organisms with
high SA/V

Small flagellated organisms with
siliceous exoskeletal structures

Large filaments with
gas-vacuoles

Organisms of medium size lacking
specialized features

Unicellular flagellates of medium to large

size

Non-flaggelated organisms with siliceous

skeletons

Large mucilaginous colony forming
organisms

Representative sp
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Understanding the Kkey ecological traits of cyanobacteria
as a basis for their management and control in changing
lakes
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Aquat Ecol

Table 1 Different cyanobacterial functional groups, with their preferable habitats, typical representatives, tolerances, key traits,
sensitivities and the possible management actions, are displayed

Group Habitat Typical Tolerances Key traits Sensitivities/management
representatives action
S1/S, (non- Deep/shallow Planktothrix Light deficiency Efficient light Short residence time/
N,-fixing Turbid mixed agardhii harvesting flushing
filaments) layers Arthrospira
Sn (filaments) Warm mixed Cylindrospermopsis  Light, N N, fixation Short residence time/
layers raciborskii deficiency Optimal growth rate flushing
Anabaena at elevated
minutissima temperatures
Resting cells
H,/H, Small/large Dolichospermum N, C deficiency N, fixation Light deficiency/artifical
(filaments) Mesotrophic flos-aquae Buoyancy mixing
lakes Gleotrichia Resting cells P deficiency/control of
echinulata phosphorus loading
Lo/Lym Mesotrophic/ Woronichinia C deficiency Buoyancy Light deficiency/artificial
(colony) eutrophic Microcystis Stratification mixing
Summer
epilimnia
R (non-N»- Metalimnia of Planktothrix Light deficiency Buoyancy Physical instability/artificial
fixing mesotrophic rubescens Strong segregation  Efficient light mixing, stringent nutrient
filaments) stratified P.mougeotii control

of light and

N"niitrranto

harvesting




Why so many phytoplankton species?
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Yol. XCV, No. 882 The American Naturalist May-June, 1961

BREIOE N

> THE PARADOX OF THE PLANKTON*

G. E. HUTCHINSON §~\
Osborn Zoological Laboratory, New Haven, Connecticut _%

= The problem that is presented by the phytoplankton is essentially ]ﬂ
is possible for a number of species to coexist in a relatively isotropic or

unstructured environment all competing for the same sorts of materials, The

problem is particularly acute because there is adequate evidence from en-
richment experiments that natural waters, at least in the summer, present an
environment of striking nutrient deficiency, so that competition is likely to
be extremely severe.

A APHANIZOMENC™S %
! According to the principle of competitive exclusion (Hardin, 1960) known s

by many names and developed over a long period of time by many investi-

gators (see Rand, 1952; Udvardy, 1959; and Hardin, 1960, for historic re-
views), we should expeet that one species alone would outcompete all the

others so that in a final equilibrium situation the assemblage would reduce
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nd consists of all the physucal and blologlcal resources available to a species
- We can divide a habitat info two major groups, the physical abotic factors and
== biotic factors
*The collection of all sectors of the habitat of a species comprises its
geographic range
‘Habitats are the basic units for the conservation of biodiversity
‘Niche? It's an organisms ecological position in the world. It is the most basic

; l ecologlcal concept and - perhaps - the most difficult.
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Species Abundance

a. Competitive exclusion

Superior Competitor

Competitive
ability
differences

2

Inferior Competitor

b. Coexistence

Niche differences

Competitive
ability
differences

B
1

Niche differences

Tim

®



http://www.nature.com/scitable/knowledge/library/the-maintenance-of-species-diversity-13240565
http://www.nature.com/scitable/knowledge/library/the-maintenance-of-species-diversity-13240565

Competitive exclusion
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Coexistence

Cyclotella
excludes
Asterionella

Cyclotella and
Asterionella coexist
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Tilman’s resource ratio hypothesis

The species with the lowest "critical resource" (R *)
will outcompete all others and win the competition.
The number of species that is able to coexist in
equilibrium cannot exceed the number of limiting
resources

A) Competitive exclusion B) Stable coexistence C) Alternative stable states
- 1 .’
— ! 2 2 !
o
E E 1 wins .1 1 E 1 wins .2 :
> 1 = /  stable = J species 1 or
= o / coexistence e / species 2 wins
e species 1 wins ] / Eio] F -
] o 3 F -
w© % % ra P 1
= R.” ' -
© 2 !/ - 2 wins
E H1+ I HI* ‘p"""
S sp« R*2 1 wins species 2 wins species 2 wins
= RS — R*1 , _ R, . .
both species go extinct both species go extinct both species go extinct
1 I ] 1 I |
',nul:.‘l ) !-;:H.ILE* IUUIJ ",nut.ﬂr th.1 !-:!ul,E

Light availability (/_ )



Spatial heterogeneity of a habitat is an important factor controlling species richness in the landscape
The diversity of microhabitats include differences in the availability of resources, microclimate etc
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The intermediate dlsturbance hypothesus.
The hypothesis predicts that

High—. species diversity will be highest at
| intermediate levels of disturbance. Il
High levels of | Low levels of '
disturbance disturbance allows |
> reduce competition to |
c— diversity. - reduce diversity.
A :
.
-
o
D
O
D
[ =
oD
Low

Frequent/high > Infrequent/low
intensity Disturbance intensity

w S ".'"/, LT
o M MR ¥ p ik & 3N

The intermediate disturbance hypothesis: ecosystems often are often highly dynamic, there is
no time for the best adapted species to outcompete the others, the process of competitive
will not run to completion since the conditions will have been disturbed, for example, by a

storm or bush fire, and the advantage shifts to another set of species. Diversity is maximum
when the frequency / intensity of the disturbance is intermediate in nature
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For a long time, we held the belief that in a completely homogeneous
environment, in absence of any external disturbance, diversity would decrease
through competitive exclusion, as predicted by the paradox of the plankton
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‘ « The great diversity of plankton observed in lakes may be the result of inherently chaotic

communities in an environment that fluctuates in time and is complex in space
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nmnewvws feature

Neutrality
versus

the niche

Neutre:

éorie neutre les espéces au sein
4'un niveau trophique ne sont pas
différentes, elles sont

changeables

espece unique ne peut

r foutes les autres especes.
ersion - arriver tot - et les

Niche:

+ les especes sont différentes

+ elles coexistent parce qu'el
assez différents en évitan
concurrence intense

* les niches permettent la co-exi

+ les interactions entre les espéce
entre especes et leur environne
abiotique déterminent quelles ssus aléatoires déterminent
especes sont présentes dans une elles especes sont présentes dans
collectivité locale une collectivité locale




Algal bloooms ~ tipping points
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“The greatest
sewage, fertilizers, and detergents is feeding massive

heavy metals, oil spills, and other toxins
" (David Schindler)

worldwide is nutrient pollution. Cultural by nutrients in
, choking out and outpacing

In the devastation wrought upon the world’s




LE CHANGEMENT CLIMATIQUE AGGRAVE LA CRISE DE LEAU.




Design Sites for the
National Lakes Assessment 2012 National Lakes Assessment

A Collaborative Survey of the Nation’s Lakes
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Tipping points are points of no return, when a series of small changes is
important enough to cause a bigger change
The moment where a 'system’ that has changed slowly and predictably will
suddenly moved to another state, which is no longer predictable
is known as a regime change

|

How Littlc®BThings Can

Make a Bi1:gBDifference




then it s the final straw that brakes the camel s back
« Can we predict this tipping point? Can we know this moment
beforehand, before the vase overflows with the final drop?
» Can we act to prevent the regime shifts?

D (Cest la goutte d’eau

= qui fait deborderle |

vase

—‘f-'

* For along time - putting straw after straw on a camel” s back - does
not do anything, until you reach a critical point, a tipping point, and

et



HE ANTHROPOCENE

= 2
The Anthropocene defines Earth's most recent geologic time period as being human-influenced, or anthropogenic, based on overwhelming global
evidence that atmospheric, geologic, hydrologic, biospheric and other earth system processes are now altered by humans. /

The line corresponding to 1950 highlights the Great Acceleration, the post-World War II worldwide industrialization, techno-scientific
development, nuclear arms race, population explosion and rapid economic growth.

These graphs were compiled in a publication of the International Geosphere-Biosphere Programme (IGBP).
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FEATURE

A safe operating space for humanity

Identifying and quantifying planetary boundaries that must not be transgressed could help prevent human
activities from causing unacceptable environmental change, argue Johan Rockstrom and colleagues.

c\imate change




« Two alternative stable states - a
functional state and a dysfunctional
state - the transition is abrupt and

apparently without warning

It is much better to prevent the

collapse of the clear state clear
because resilience in nature will work
with you to keep the system in a

= healthy state :
i * Once you have lost the clear state, it (0 =™
is very difficult to come back : ——

hysteresis occurs
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Critical slowing down
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Although the regime changes seem to occur without warning there are
generic early warning signals in all systems. One of the early warning
signals is known as critical slowing down. A system near a tipping point will
return much more slowly to the state of origin - after disturbance - than a
healthier system
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recovery time after a temporal perturbation
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Observing algae
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Our study Is concerned with unravelling the long terrm consequences of environmental change (here eutrophication / re-
ollgotrophication and climate warmingjon the biodiversity and runctioning of lake ecosystems
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PCA of decomposed time series
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Phytopl. species
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IF THE LAST TIME YOU SAMPLED
i YOUR LAKE PHYTOPLANKTON WAS
SHORTLY AFTER SWISS NATIONAL DAY | Taticl
(ABOUT ONE MONTH AGO), THIS 1§ -T1all

Vsahb LIKE MONITORING A TEMPERATE

88l FOREST FOR THE FIRST TIME SINCE

SN THE END OF THE LAST ICE AGE AND

RV CLAIM YOU UNDERSTAND DYNAMICS
[N THE TREE COMMUNITY .




A Lakes in a changing world: we are
mioncgrapmie. | G 7 TaS  facing 2 1st century
Hmngipgique 1 ERE environmental challenges

wsing 19th centuny techuiques

to collect our cnformation




From Monitoring towards Understanding, Predicting and
Managing Plankton in Changing Aquatic Ecosystems

AquaProbe
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automated vertical profiling in operation




Monitoring the environment
multiparameter probe

Prsofiling sensors:

Pressure
Temperature
Conductivity
Surface Oxygen
data logger: pH
PAR NO,
uv Chl-a
Meteo station Phycocyanin
WISP Phycoerithrin
S PAR

Jla IDRONAUT OCEAN SEVEN 316Plus CTD PROBE

20Hz SAMPLING RATE - REAL-TIME AND SELF-RECORDING CAPABILITY



Scanning flowcytometry to quantify — functional - phytoplankton diversity
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LEXPLORE
(Lac Léman Exploration)

LeXPLORE is a common project between EPFL, University of Geneva and Eawag and their internationally leading
research groups in lake ecology under the coordination of the EPFL Limnology Center.

The LeXPLORE experimental platform will be installed on Lake Geneva for a period of 10 years near Pully, where
the water depth is 110 m. The platform will be equipped with cutting-edge instrumentation to investigate lake
processes as well as interactions between water and atmosphere. A suite of state-of-the-art instruments will
allow unprecedented simultanecus cbservations of coupled physico-biological processes. This in-situ deployment
of sensitive profiling instruments will allow measurements at high temporal and spatial resolutions and enable
observations of unparalleled frequency, long-term duration, continuity and reliability. At the same time, the platform
will offer information from across the lake, by integrating in-situ data from the platform with remote sensing
observations and data from automatic underwater vehicles.

o S5 10 15 20

Chla (mg/m?)
Algae distribution and currents

BENEFICIARIES

Sciences

The platform will create a dynamic, interdisciplinary and cutting edge research on Lake Geneva by:

= Supporting local scientists from the institutions around Lake Geneva and in Switzerland (EPFL, UNIL, UNIGE,
Eawag, Hepia, INRA-Thonons-les-Bains);

= Attracting leading researchers worldwide through incorporation in the global GLEON network (www.gleon.org);

= Developing innovative technological applications;

= Facilitating working conditions for scientists;

= Promoting education for students from secondary school and universities

Link to practice

LeXPLORE will work closely with stakeholders to optimise
lake management in times of rapid environmental change, in
particular with the International Commission for the Protection
of Lake Geneva (CIPEL, www.cipel.org). We expect new
understandings of lake functioning and improved hydrodynamic
- ecological models for Lake Geneva.

LEeXPLORE is already being embedded in the local communities
of lake users. In seeking a location for the platforrm we have
discussed intensively with the main users of lake services, in
particular professional fishermen, navigation, marine police, as
well as nature conservation agencies. LeXPLORE will continue
to work closely with these users, so that the outcomes are
beneficial for them.
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2D representation: surface, instruments and results
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