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cQué tan graves son nuestros
problemas con las cianobacterias?
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Cyanobacteria planctonicas

* Qué tienen de especial?
 Qué favorece su crecimiento?
* Qué consecuencias tienen las floraciones?



Las cianobacterias son unicas porque:

Utilizan los restos energéticos que
nadie mas puede usar (luz)
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Las cianobacterias son unicas porque:

Bonilla & Pick 2017

(photo: S.Bonilla) (www.bact.wisc.edu)

Microcystis cells filled with vacuola TEM image of a cyanobacterial cell full of gas

(grouped gas vesicles) (x1000). vesicles (GS) (hexagonal structures). (From
Walsby, 1974).

Bonilla & Pick doi: 10.1002/10e2.10006 ASLO e-Lectures



Las cianobacterias son unicas porque:

Balance carbohydrate/buoyancy regulated by
nutrients and light

* + carbohydrates|
* + polyphosphate
granules

‘ BALLAST

°+ Photosynthesns

* Less ballast effect
— lower density
* Flotation (gas
vesicles)————

Metabolic
processes

* less
carbohydrates
due to respiration

Based on: Oliver et al., 2012, Ibelings et al., 1991, Rijn & Shilo, 1985

Bonilla & Pick 2017

Bonilla & Pick doi: 10.1002/l062.10006 ASLO e-tectures



Las cianobacterias son unicas porque:

Producen potentes toxinas para

los animales y el ser humano & Sheep # Cow
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« Gran numero de variantes, se supone hay MCs in water (ug/L)

muchas aun sin caracterizar Presencia de MICROCISTINA en sangre

de ganado (vacas y ovejas), Rio Negro



MICROCISTINAS EN FLORACIONES DE CIANOBACTERIAS

Is this bloom toxic?

. WHO, Guide 2

4

(photo: K. Rawes)

WHO limit, high
adverse effects

Microcystin LR (pg/L)

100 1000
Chlorophyll-a (ug/L)

La Plata River, Uruguay.

(from Pirez et al., 2013)

Lakes of northern Germany.
P. agardhii biovolume mm3 |1 (from Dolm=nietal.i2012)

Bonilla & Pick doi: 10.1002/10e2.10006 ASLO e-Lectures



FLORACIONES TOXICAS IMPIDEN EL USO DEL AGUA

Cyanotoxins:
Threaten or limit water
use (e.g. drinking,
recreation, livestock)

Toledo, Ohio, without safe tap water

Water treatment plant finds samples with microsystin, product of Lake Erie algae

The Associated Press  Posted: Aug 03,2014 8:39 AM ET Last Updated: Aug 03, 2014 10:59 AM ET

Henley Lake can contain high levels of toxic algae, which may be harmful
to people and animals. Please check the indicator for current risk levels.

LOW

Minimal risk

&

e

For more information contact
Masterton District Council on (06) 370 6300 or visit www.mstn.govt.nz

New Zealand, http://www.gw.govt.nz/toxic-algae-fags/

Bonilla & Pick doi: 10.1002/10€2.10006 ASLO e-Lectures



Que fue lo que paso?

¢d.y  Uruguay
@ Presidencia

Inicio » Comunicacion » Audios » Breves » OSE invirtio US$ 300 mil extra en mitigar mal olor y sabor de agua de Laguna del Sauce

EL OBSERVADOR

NACIONAL > POR ACUMU

Sigue el mal olor y sabor en el agua
El problema que aparecio este jueves se espera solucionar en las proximas horas, indicaron desde el ente

st

Tiempo de lectura: 1
08 de marzo de 2013 a las 11:30

Institucional Politicas y Gestién

Comu

OSE invirtié US$ 300 mil extra en mitigar
mal olor y sabor de agua de Laguna del
Sauce

07/04/2015 ] < Compartir

OSE invirtié US$ 300 mil extra para mitigar el evento de mal olor y sabor en el
agua de Laguna del Sauce. El presidente del ente, Milton Machado, recordd que la
empresa invirtio millones de dolares en el control y monitoreo cientifico del agua
potable que se distribuye en el pais. Dijo que no es sustentable financiar la
contaminacién porque cuanto peor venga la fuente de agua bruta mas exigencia
tiene OSE para potabilizar.

Evento de 2013: agua potable con fuerte olor y sabor



Factores



Mapa: Gonzalez-Piana

Factores combinados: nutrientes y tiempo de residencia

« 10dias

* Unidades experimentales: 600 mL

* Dosisdiaria: 133 pgL'y 1,02 mgL™" (fosfato y nitrato,
respectivamente), TOTAL=1,1 mgPL'y 8,2 mgNL"

TR bajo: recambio diario de 175 mL con agua de rio filtrada.

* n=3

e 25x2°C

* 110-115 pmol fotén m-2s-1

» fotoperiodo 16:8, luz:oscuridad

Tiempo de residencia Agregado de
(TR) Nutrientes
Bajo 3-4 dias (dilucion No +NP
diaria)

Alto (muestra sin No +NP
dilucidén, 10 dias)

Bonilla et al., 2021
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Factores combinados: nutrientes y tiempo de residencia
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. Chlorophyta
B Cyancbacteria
B sacillariophyta
. Otros

Experimento con agua de embalse
Palmar, Rio Negro

BV: biovolumen, MC: microcistinas totales
A: biovolumen total de fitoplancton,

B: microcistinas totales (MC), y

C: contribucion relativa de los diferentes
grupos en el total del biovolumen.

Las letras indican diferencias significativas
entre tratamientos (p <0,05).

Bonilla et al., 2021



Absorbance (750 nm)
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Factores combinados:

P. agardhii C. raciborskii

e luz y temperatura
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Fig. 3. Growth capacity index for C. raciborskii at two light in-
tensities (60 and 135 pmol photons m s~') and three temperatures
in mix cultures with P agandhii. Data are averages with standard
deviations (vertical lines, grey and black bars, respectively), n=3.

Time (hours) Time (hours) Bonilla et al., 2016
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Blooms Like It Hot

Hans W. Paerl' and Jef Huisman?

utrient overenrichment of waters by
urban, agricultural, and industrial
development has  promoted the
growth of cyanobacteria as harmful algal
blooms (sec the figure) (1, 2). These blooms

lakes to stratify carlicr in spring and dcmufy
later in which length

growth periods. Many cyanobactenia cxplon
these stratified conditions by forming intra-
:cllul.u’ gas vesicles, which make the cells

increase the turbidity of aquatic ccosy
smothering aquatic plants and thereby sup-
pressing important invertcbrate and fish habi-
tats. Dic-off of blooms may deplete oxygen,
killing fish. Some cyanobactena produce tox-
ins, which can cause serious and occasionally
fatal human liver, digestive, ncurological, and
skin discases (/—). Cyanobacterial blooms
thus threaten many aquatic ccosystems,
including Lake Victoria in Africa, Lake Enc in
North America, Lake Taihu in China, and the
Baltic Sea in Europe (3—6). Climate change is
a potent catalyst for the further expansion of
these blooms.

Rising temperatures favor cyanobactenia
in scveral ways. Cyanobacteria gencrally

% grow better at higher temperatures (often

above 25°C) than do other phytoplankton
species such as diatoms and green algac (7, &).
This gives cyanobacteria a competitive advan-
tage at clevated temperatures (8, 9). Warming
of surface waters also strengthens the vertical
stratification of lakes, reducing vertical mix-
ing. Furthermore, global warming causes

want cyanobacteria float
whcn mlxmg 1s weak and accumulate in d:nsc
surface blooms (/. 2, 7) (sec the figure). These
surface blooms shade underlying nonbuoyant
phytoplankton, thus suppressing their oppo-
nents through competition for light (8).

Cyanobactenal blooms may even locally
increasc water temperatures through the
intense absorption of light. The temperatures
of surface blooms in the Baltic Sca and in
Lake Usselmeer, Netherlands, can be at least
1.5°C above those of ambient waters (10, 11).
This positive feedback provides additional
c ive domi of buoyant cyanobac-
lcns over nonbuoyant phytoplankton.

Global warming also affects patterns of
precipitation and drought. These changes in
the hydrological cycle could further enhance
cyanobacterial dominance. For example,
more intense precipitation will increase sur-
face and groundwater nutrient discharge into
water bodics. In the short term, freshwater dis-
charge may prevent blooms by flushing.
However, as the discharge subsides and water

dence time 1 as aresult of drought,

Yenstitute of Marine Sciences, University of North Carolina
at Chapel Hill, Morehead City, NC 28557, USA. E-mail:
hpaerleem.lﬂ_un( edu ’Immum for Biodiversity and
y of A d 1018 ws

nutrient loads will be captured, eventually pro-
moting blooms. This scenano takes place
when clevated winter-spring rainfall and
flushing cvents arc followed by protracted

imﬂ.g"‘ L

wa.nl

periods of ught. This sequence of

A link exists between global warming and
the worldwide proliferation of harmful
cyanobacterial blooms.

Undesired blooms. E.mnpksof large water bodies
covered by cyanobacterial blooms include the Neuse
River Estuary, North Carolina, USA (top) and Lake
Victoria, Africa (bottom).

www.sciencemag.org SCIENCE VOL320 4 APRIL 2008

Published by AAAS
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Evidence of eutrophication in Arctic lakes’

Paola Ayala-Borda, Connie Lovejoy, Michael Power, and Milla Rautio

Abstract: Lakes and ponds are dominant components of Arctic landscapes and provide food
and water for northern communities. In the Greiner Lake watershed, in Cambridge Bay
(Nunavut, Canada), water bodies are small (84% <5 ha) and shallow (99% <4 m deep). Such
characteristics make them vulnerable to eutrophication as temperatures rise and nutrient
concentrations from the greening landscape increase. Here, we investigated and compared
35 lakes and ponds in the Greiner watershed in August 2018 and 2019 to determine their
current trophic states based on their chemical composition and phytoplankton commun-
ities. The ponds had higher trophic status than the lakes, but overall, most sites were oligo-
trophic. Lake ERAS, located upstream of any direct human influence was classified as
eutrophic due to high total phosphorus (32.3 pg-L™") and a high proportion of
Cyanobacteria (42.9% of total phytoplankton biovolume). Satellite imagery suggests the lake
may have been eutrophic for the last 30 years. We hypothesize that the coupled effects of
catchment characteristics and elevated local snow accumulation patterns promote higher
nutrient leaching rates from the soils. We recommend further analysis and monitoring as
eutrophication could become more widespread with ongoing climate change and the asso-
dated increases in temperature, precipitation, and catchment-lake coupling.

Key words: eutrophication, Arctic lakes, climate change, nutrients, cyanobacteria.

Table 1. Limnological characteristics of lakes, ponds, and Lake ERAS. Area is the range of
category for surface area of the pond or lake. Other values are mean * standard deviation of
23 lakes and 12 ponds.

Unit Lakes Ponds ERAS
Area ha 471 - 387372 007 -731 14132
Depth m 85+76 05£01 12
Chla pgl™ 186+ 108 23042322 429
Temperature °C 100+10 100+21 87
Conductivity pScm™! 3780+ 1853 5493+ 2506 6827
™ pgl™ 4258 +1637 N288+2164 5400
TP pgl™? 8455 104+26 323
TDP pgl™ 58+13 B4+17 9.8
DOC mgL™ 50+16 10+28 9.9
Bacterial Production pg CL™Md™' 3174198 482+316 121
Total phytoplankton biovolume  mm®.L™" 0.65 £ 0.61 11+191 0.59
Chlorophyta biovolume mm*L™! 004 +004 0124014 019
Cyanobacteria biovolume mm*L™" 002+005 004+ 009 0325

MNote: Chl a, chlorophyll a: TH, total nitrogen; TP, total phosphorus; TDE, total dissolved phosphoras; DOC,
dissolved organic carbon.
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Cianobacterias en ecosistemas lenticos
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Factores mas significativos

- Total nitrogen < 0.7 mgL - . Total nitrogen > 0.7 mgL-
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Cuando los ecosistemas YA son eutroficos....

Eutrophic Ecosystems

7/
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Cyanobacteria

° ool ¥ 7‘\‘: (ol
able Increase (Temperature or Precipitation)

In(Biovolume) (mm3L"1)

In(Biovolume) (mm3L"1)

Lotic
S1A Microcystis o "B Dolichospermum :
o 3 -
L
(o]
04 e’ *® g s .}
s %80309 S o’
pLE A : ;3 “
-5+ = o 6 % ® ze ..‘. ®
S o 090 [+ 5 L4
LSy
0+ &
15 20 25 30 15 20 25 30
| WT (°C) WT (°C)
Lentic
S1¢C Microcystis 1 (90 Microcystis
o [¢] 1o}
0 °0 too_ ©
(o]
o Q
. e R ) - -
o ¢ o %o
104 :
15 20 25 30 0 50 100 150
WT (°C) CP7 (mm)




Bonilla et al., 2015
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¢ Qué tan mal estamos?
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Haakonsson et al., 2017

cQuée tan mal estamos?
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Fig. 2. Distribution of Dotichospermum (black circles), Microcystis (white circles) and co-occurrence of both (grey circles) across Uruguay. “Others™ (white triangles) represent other
cyanobacterial genera, shown only when none of the two mast frequent genera has been recorded.



« Mega » floraciones
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PROBLEMA AMBIENTAL

Elintenso fenémeno de cianobacterias que afect6 a casi toda la costauruguaya en el
verano de 2019 se generd en la cuenca del rio Negro, segiin un estudio de la Facultad de
Ciencias.

Buenos
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Argentina

Salto Grande
reservoir

Brazil

| Closed spillway

— Open spillway

<:j River flows

() Cyano scum

Superficie: 100.000 canchas de futbol!



Encuesta!



La realidad en la region



Donde ocurren las floraciones de
cianobacterias en el continente?

Tipo de cuerpo de agua

Water storage
facility (n=12)
4%

Coastal lagoon
(n=6)
2%

Stream (n=11)
4%

Shallow lake
(n=63)
22%

Sewage
treatment plant
(n=1)
0.3%

Dam/reservoir
(n=151)
51%

River (n=11)
4%

Lake/ deep lake
(n=36)

Lagoon/lagoa
12% goon/lag

(n=3) Estuary (n=1)
1% 0.3%

Embalses> lagos someros> lagos

Uso: para suministro de agua
potable (21%)

(Aguileraetal.,2023)  Total n=295



Eutrofizacion en Ameérica Latina

Threats to freshwaters in South America (and Caribbean)

Heavy metals
Aquaculture
Natural disasters
Mining
Wastewater

Seria possible controlar (algunos de)
estos factores?
Deforestation

Industrial wastewater
Urban contamination

Eutrophication

o

10 20
% of total

w
o
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Aguilera et al., 2023 S. Bonille ~ CENCIAS



Regulaciones:
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Finalmente, podemos responder la pregunta
inicial? Y hacia donde se deberia avanzar?

e ;/Qué tan graves son nuestros problemas con las cianobacterias?
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