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What are algae?

Algae

Very diverse

photosynthetic
organisms that have
neither roots nor leafy
shoots, and which also
lack vascular tissues

Aquatic Macrophytes

Aquatic photosynthetic beings,

large enough to see with the
naked eye, that actively grow |
permanently or periodically
submerged below, floating on, &
or growing up through the |
water surface.
The majority of aquatic &
macrophytes are flowering:
plants (Angiosperms), but may &
also be ferns, mosses, and
even large algal forms such as

Chara sp. S N D) )



What are algae?
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@ Five Kingdom system

Three Domain/Eight Kingdom system
Bacteria Archaea Eukarya
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What are algae?

N
Algae (sing. alga) are a group of unrelated organisms that in reality belong to different
e’

kingdoms and classes of organisms.

ALGAE
Cyanobacteria Green Brown Algae Red Algae Dinoflagelates Euglenoids
algae and diatoms

(Blue-green algae)
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What are algae?

- They can be unicells, colonies of spherical cells, filaments, colonies of ./
filaments, or multicellular organisms.

Diatoms, the most
) Green algae, very
productive on earth ) 5
diverse and ubiquitous

Chara in freshwater systems

There are and estimate of 30.000 to I million species.
It is very possible we only know 40-60% of these.
There are more diatoms than any other group (for now)
It is estimated that there are 4 diatom species for qu/

other alaal species of all groups combined.
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Cyanobacteria, an ecologically

very successful group o A\

Kelp in marine systems



Some importante facts about Algae

—

Approximately, two-thirds of the earth’s surface are covered by oceans and
seas, where photosynthetic plants we call “algae” live, down to a depth of
ca. 150 m (depending on the transparency of the water and the

phycoerythrins present).

Altogether, algae certainly account for more than half the total primary

production worldwide, on which virtually all aquatic organisms arée
dependent! \J
Y o | 9
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Primary productivity
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The rate at which biomass is produced by organisms by the conversion of

inorganic substrates into complex organic substances.

Primary production typically occurs through photosynthesis (more rarely by
chemosynthesis). When photosynthetic organisms convert solar energy, carbon

dioxide and water into glucose.
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Trophic network
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Where can we find algae?
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“They live everywhere! Think of any environment and most surely there will

be an alga living in itl Algae occur on shores and coasts, attached to the

bottom (benthic species) or live suspended in the water itself (planktonic
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species).

Freshwaters too are populated by many different
species of algae and there are also terrestrial
forms, on soils, among bryophytes and even living in

symbioses with different types of organisms.

Lichens are symbioses between

bt u | lgae and fungi! /
o/ o7 A\



Algal communities:

- Benthos (Perifiton):
Epiphyton (plants)
Epilithon (hard substrate)
Epipsammon (sand)
Epipelon (mud)

- Plankton

- Tychoplankton

- Epizoon

Where can we find algae?




Some importante facts about Algae

V

They“respond to environmental factors: temperature, pH, concentrations of nutrients, presence of

prédators.

Each algal community is adapted to the habitat where it is present. A necessary adaptation

given that communities are continuously under evolutive /ecological processes.

Limiting factors for algal growth: elements or compounds that in low /high concentrations prevent

algal growth.

Each alga has specific nutritional requirements and environmental conditions under which it

grows.

These are the reasons why they have been used extensively as bioindicators: by studying the

kinds and numbers of organisms living in a particular waterbody, you can determine the quality

of the water. s’

They can also be used to assess past conditions: Paleolimnology, palececology. /



Some importante facts about Algae

~—~"

'

Algae have been producing oxygen for more than 2 billion years!

More than 25% of the oxygen available worldwide for respiration is

produced by Algae!

Cyanobacteria are the first photosynthetic organisms, in part
responsible for the production of the ozone layer, that absorbs most of

the ultraviolet radiation, allowing the evolution of eukaryotes.

Algoe are extremely important ecologically, but also
phylogenetically! It is thought that all the major groups (phyla and
divisions) of animals and plants originated in the sea. Even today this
is where we can find representatives of many ancient evolutionary

lineages.
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Main groups of algae identified in South of Portugal

———
- Algal classification is based in several criteria:
* Biochemical
o Kinds and combinations of photosynthetic pigments (give the color to the algae)
o0 Chemical nature of storage products (glycogene, starch, paramilon, chrysolaminarin)
o Cell wall constituents (cellulose, calcium carbonate, silicon dioxide, other organic, etc.)
* Cytology and morphology
o Presence/absence of flagellate cells and of an endoplasmic reticulum around the
chloroplasts
o Structure of the flagella Q
* Pattern and course of the mitosis (nuclear division) and cytokinesis (cell
division)

* Life cycle A o &



Cyanophyta (= Cyanobacteria)

Cyanothece




Cyanophyia (= Cyanobacteria)

Anabaena

Vel
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CthfOth"CI (Green qlgqe) Motile without asexual reproduction

Frogetta

/J Vacuole
~_
Cell wall

Estigma
Cell Membrane

Pyrenoid

Nucleus

Plastid




Unicellular and colonial flagellates

Ch|OrOPhY|'C| (Green qlgae) Motile without asexual reproduction
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‘ Cysts with
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Pandorina

tQ:n

<~
Chlorogonium Pyraminomas



Non-motile without asexual
reproduction

Chlorophyta (Green algae)

{

Chlorella

- Coelastrum
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Chlorophyta (Green algae) Filamentous

Ulothrix

v’ \% . ¢

Draparnaldia

Microspora



Gave rise to the rest of the plants!
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iophyta (= Diatoms)

Bacillar




Bacillariophyta (= Diatoms)

Structure of the cell wall

Frustule

A

Hypovalve (internal view)

=



chi"qriophyfq (: Diaioms) Morphological classification - Centrics

Melosira




pennates, araphids

Morphological classification —

llariophyta (= Diatoms)

Bac

< S

= 5

L ome—— c
S l».J...'mIa o
N — -, o”
B L2 o
: O 0
~ AF

A
L N

TP L 1 e,
i ......ﬁ&u.

a.]..\

il

lla

%

osire

Pseudostaurosira
Staur

0t
MRS

L

(

sira

tauro

il L

zZyrm
OPEPHORA SP.

o
o
\
2]
-

BN
-




Morphological classification —

iophyta (= Diatoms)
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Dinophyta (= Dinoflagelates)

Peridinium

Pyrocystis

Gonyaulax



Dinophyta (= Dinoflagelates)

Noctiluca Pyrodinium




Cryptophyta

-/

Flagella

Cell membrane and
periplast

Tricocysts

Pyrenoid
(starch)

- Chilomonas
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Factors influencing algal development - Nutrients

~ Essential Nutrients
" J|norganic: C, H, O, P, K, N, S, Cqa, Fe

= Organic: vitamins such as B12, biotine and tyamine

" Trace elements: Na, Co, Mn, Cu, Zn, Mo, B.

These nutrientes are naturally present in water, however, some result from the
metabolism of other organisms such as bacteria, fungi, fish or even other algae,
contributing to ecological succession in the algal community.

Ecological succession is generally originated by changes in environmental
parameters (e.g. temperature, nutrient loads, contamination, tides, etc.), that can
create adverse conditions for some species and be favorable for others.

> 4 N’ e \ /



Factors influencing algal development — Water chemistry

Salinity: Algae are highly sensitive to salinity! Very few marine algae can ~
survive in freshwaters and viceversa. Salinity affects the osmotic pressure Montante
0 25 50 75 100 125 150
0
inside the cell. . )

10

15

pH: Algae are highly adapted to pH and only survive under specific ranges.

20

CO, dissolves into water can exist as CO, (low pH), bi-carbonate (HCO;) *

(neutral) and carbonate (CO,?) (high pH). And algae cannot use carbonate! *

N~
[
" B

Oxygen: Dissolved oxygen in the water highly influences the presence of

algae. Oxygen, apart of being used in cellular respiration is also related to ZZ / ]
photosynthesis, so, when more algae are present, the dissolved oxygen :

concentration increases!! i \-/ \_/ D;};e;i;: ((yj ,;6



Factors influencing algal development — Physical parameters

N’
Light: Algae are commonly present in the photic zone. However, too much light can

cause the photooxidation of chlorophyll. Photosynthetically active radiation (PAR) is

the spectral range that photosynthetic organisms can use for photosynthesis.

Substrate: The substrate characteristics are important for the establishment and
maintenance of algal communities (chemical composition, hardness, light exposure,

etc.).

Temperature: Algae can survive in a wide range of temperatures. Some can
=

survive under ice, whilst others can inhabit thermal waters with temperatures near

&

the boiling point.

A



Factors influencing algal development — Biological parameters

'

Competition: Light, space, substrate, nutrients
Symbionts: Lichens, zooxanthellae and zoochlorellae
Epiphytism: Red algae are epiphytic by excellence
Endophytism: Several red algae

Predation: Protozoans, invertebrates, mollusks, fish, etc.

Parasitism: chytrids, fungi, protozoans, insects, etc.

chytrids amoebas



Integrated definition of inland aquatic systems

—r

-

e An area of temporarily or permanently waterlogged or inundated land, natural or
artificial, with water that is standing or running, ranging from fresh to saline, and where

inundation by water influences the biota ecological processes occurring at any time

ondas3.blogg J\mg
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Modified standing waters - Reservoirs

4

- Reservoirs are impoundments created by humans. They are being constructed on-dn
unprecedented scale in response to the exponential water demands for human activities.
Such massive alterations of large drainage systems will result in major modifications in

topography and regional climate that are not yet fully recognized or even partially
understood.

* A great need exists to carefully plan the construction of reservoirs, because deleterious
effects may exceed expected benefits.

e The morphometry of these systems generally possess large areas where phytoplankton

and macrophyte vegetation grow. Such communities radically alter the productivity of the
system.

* Moreover, small reservoirs generally receive high nutrient inputs, which further increases
their productive capacity. ' ~/

Most reservoirs are relatively short-lived because of the extensive sediment load deliveredJ

by affluents. — \_J ® Q) /
DA



Modified standing waters - Reservoirs

* They can be considered as a hybrid between a river and a lake.
S’
* |n the tail area the system acts as river in contrast to the zone near the dam

o’

where the system operates as a lake.

 Although, they form an own system with different characteristics from those they
would have if a river or a lake were directly linked together.

e Among other typical characteristics, we can mention the asymmetric morphology
of the basin, the shorter water renewal times compared with lakes and the
fluctuations in level greater and independent of the natural regime of the river.

—
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Modified standing waters — Lacustrine zonation

;e Littoral zone s S— Limnetic zone >i€ >
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Photic zone

O
Photosynthetic activity mostly takes place in the euphotic zone. (
It extends from the surface down to a depth where light intensity falls to 1% ofJ

that at the surface, called the euphotic depth. ~ \) b V( )



Trophic status

M there are no universally accepted definitions of oligotrophic and eutrophic states,

'’
vqgous attempts have been made to quantify them.

Assessment of trophic status can be made using one or more of the following methods:

* Nutrient concentration (TP); Phytoplankton biomass (Chl a); Oligotrophic

* Rate of primary production (PP); Water transparency (Secchi disk)

TP Chllg) PP Secchi depth
(ng I') M(al’)l(gimum (mg Cm=2d1?) (m) Maximum
<4 <2.5 <30 >6
4-10 2.5-8 30-100 3-6
10-35 8-25 100-300 1.5-3
| Eutrophic  [EEEBTVMEEPLEL 300-3000 0.7-1.5
>100 >75 >3000 <0.7

. T



Trophic status

—

Oligotrophic

~

Low nutrients (P&N)
Low algal concentration
Less decomposition
Clear water

Highly oxygenated waters Y

OLIGOTROPHIC LAKE
Pine and
1>, Birch Trees

cléar blue water

rocky

Depth in feet

Mesotrophic

N/

Eutrophic

(o

N\ ( )

Intermediate level of
productivity

Stratification

Oxygen concentration high
at the surface, bottom layer
anoxic during summer

* High nutrient levels

* High primary production
* Murky, green water

* Usually shallow

\° Lots of plants and algae

J

f e MESOTROPHIC LAKE EUTROPHIC LAKE
g -

iﬂi‘g S - prairie

o \ - o .

o \ some algae in late 5umme-r~ . f iz ;\,.-_ ) shallow. murky water
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buildup
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Water Framework Directive

P‘U\rF{se of the WFD is to establish a Heavily Modified Water Bodies (HMWB) -
framework for the protection of inland A water body resulted from physical alterations by

surface waters, estuaries, coastal waters human activity, which substantially change its

character
and groundwater.

Ecological potential represents the degree to which
ical Status | Surface Water the quality of the water body’s aquatic ecosystem

20

g

©Q
o

iH W Status approaches the maximum it could achieve, given the
:gﬁ, :PA, :E", ,“EA, o heavily modified and artificial characteristics of the
i . water body that are necessary for the use or for the
oMo —_— “(Z protection of the wider environment.
- R -— Maximum Ecological Potential is defined as the state
EEEEEE RS Lowestofchamicd where “the values of the relevant biological quality
ETI Tl elements reflect, as far as possible, those associated
i r“g, r“g‘ .“5‘ s with the closest comparable surface water body type,
| Status given the physical conditions, which result from t
mymg'!}s?m}ﬁﬁ ey W oo | heavily modified \thII'CICTeI‘ISTICS of the body” (WFD
S—— il e 5). ) 9) \



Water Framework Directive

£

Physicochemical S Limits for the
Elements Good Ecolodical P -
Sechi disk depth (m) Parameters ood Ecological Potentia

Total suspended solids (mg/L) North South
Transparency Colour /scale Pt-Co)
Turbidity (NTU) Dissolved Oxygen >5mg O,/L >5mg O,/L
Temperature | Temperature profile (°C) Between 60%
Oxygen Between 60% and o °
Dissolved O, profile (mg O,/L) (% saturation) 120% and 140%
(0 0

O, profile (O, % saturation)
Biochemical O, Demand (mg O,/L)
Chemical oxygen demand (mg O,/L) Between 6 and 9

Oxygenation

pH Between 6 and 9
Salinity Electrical conductivity 20 °C (uS/cm)

< 25mg NO,/L < 25mg NO,/L

pH (escala de Sorensen)

Acidification Alcalinity (mg HCO,/L) Nitrates
Hardness (mg CaCO,/L)
Nitrates (mg NO,/L) Total Phosphorus < 0,05 mg P/L) < 0,07 mg P/L)
Nitrites (mg NO,/L) |
Nutrients Ammonia (mg NH,/L) \ /

Total nitrogen (mg N/L)

Ortophosphates (mg PO,/L) Q) ’ ( =N orll |
Total Phosphorus (mg P/L) \ ) e




Water Framework Directive

;Eioplankion -/

Type Component Indicator ML SEEE))
e P value Moderate 7
3 RN :
Chlorophyll a (mg/m’) L7 7,9 MANUAL PARA A AVAUACAO DA QUALIDADE
Biomass BIOLOGICA DA AGUA EM LAGOS E ALBUFEIRAS
Total Biovolume (mm?3/L) 1,20 2,80 SEGUNDO A DIRECTIVA GUADRO DA AGUA
Protocolo de amostragem e analise
para o Fitoplancton
North Cyanobacteria 0.02 0.80
Composition Biovolume (mm3/L) ! ! .
and 3 %g(;
abundance indice de Grupo de 200 37 60 y4zh
Algas (IGA) ! !
South Biomass Chlorophyll a (mg/m?3) 1,6 9,50 T A




Alqueva as a case study

| \‘i“s -
%ﬁ&‘ﬂi » Located in the Guadiana river;

» Closure of floodgates on 8 February, 2002;

> Largest artificial water reservoir in Western Europe, also
called the Great Lake;

» Built with the objective of irrigation for the entire Alentejo

area and production of electricity, in addition to other
complementary activities;
» Classification in terms of trophic state: Mesotrophic;

> Classification in terms of circulation: Warm monomictic

» Ecological Potential: Good




Algueva as a case study - methods
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Alqueva and the Algae — historical data
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Alqueva and the Algae — ALEX 2014
: \_//

Transform: Log(x+1)
Resemblance: 317 Bray Curtis similarity ANOS|M

Transform: Log(X+1)

o] sasoE pamiseTestsR [ =l Succession of
A June =U. A Alcarrache .
v July Jun/Aug=1.000* ¥ Montante phy‘l‘op I an-l-on SpeCIeS,
& September v . Jun/Sep=1.000¢ % Mourao v .
Pairwise Tests R H Q
) . ot e A mainly cyanobacteria,
Jul/Sep=0.286 n.s. ¥ Q
N o Lt AUG/SEp=0,000 N5, . a LT thus representing a
N : N . temporal dynamics,
: Y typical of reservoirs that
. ANGSIM ) are not under the
lobal R = -0. .S. °
clobal R= D078 ns influence of severe

Cyanobacteria dominated in abundance throughout the experiment, whilst

anthropogenic pressure
Chlorophyta were the taxa richest group

Alqueva-Montante Alcarrache Alqueva-Mourido




Cyanobacterial bloom in Alqueva reservoir

Lyngbya sp.
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Alqueva and the Algae — historical data

m
Limit for Good Ecological Potential < 9.5 Hg/L

Lower limit for eutrophy: 8 Hg/L

Chlorophyll a (log,,)

15 ¥ # ]
LUt Yl s DAL TN m._l\" 1\ - &

0s X & ‘I"’r:‘:ﬁt'\?‘ N ot --"', 7, le ' ‘u"‘ 4 '1 ‘v T }‘ ! l_* x'.- -

F L

June 03
June 05
June 06
June 07
June 08

June 09
June 10
June 11
June 12

June 13
June 14

i 0
- —
a a
c c
3 3
- -

—e+—Alqueva-Captacdo (C)  —s— Alcarrache-Montante (C) —+— Alcarrache (C)

—=— Alqueva-Degebe (C) —+— Alqueva-Montante (C) —e— Alqueva-Mourdo (C)

—+— Lucefécit (C) ——Mourdo (C) Sra da Ajuda (S)



Alqueva and the Algae — ALEX Summer 2014

- Chlorophyll-a over time ~/
N
Water Frame Work Directive | Good Ecological Potential < 9.5 mg/L
(reservoirs for South Portugal) | Limit for Eutrophic state € 8 mg/L
20
18 - 0
16 -
14 -
ERtoL
c10jesmgrcna S
Es
6
4.
5
0
June July August September U

-O=Montante - -~Alcarrache -=O-Mourao

» In August and September, Chlorophyll a levels higher than 9.5 mg/L at all sampling sites;

> Mourao with the hiahest values.
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Understudied blooms in Southern Portugal: benthic Cyanobacteria

Identified toxic species
Limnothrix redeckei
Oscillatoria limosa

Phormidium tergestinum
Spirulina subsalsa

Woronichinia naegeliana

Localities Water and Intracelular Intracelular | Limit (Mg/L) - 2
(Mg/L) (Mg/L) TDI (Mg /kg)
Mourdo (stones) 1.13 1.04
Mourdo (floating mat) 1.41 1.33
Other critical localities 1 / 0.04
Beach of Monsaraz 1.47 1.40
Beach of Liberdade 1.77 1.67

Concentrations of total microcystins in Alqueva determined by
ELISA. Data from January and February, 2018.




Alqueva and the Algae — Are algae able to fly?

»

A possible mechanism for release into air -/
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Algueva and the Algae — Are algae able to
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