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Measuring Water Transparency by light attenuation under water:

1 Secchi Disk

2 Light Sensor

from FBA by Irene Teubner (2006)
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...thinking about such a disk,
that begs the question:

Who was the

www.lakeriver.at

Kt first measuring
water visibility
by lowering

g items under

'- water, like a disk

3 —and for what

° this is good for?
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Measuring WT as physico-optical
property estimating underwater

distances in coastal waters aimed
at safe marine navigation

Univ.-Doz. Dr. Katrin Teubner

from: Teubner et al. 2021, extended abstract, 43'@ |AD-conference
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Biological perspective of WT in freshwaters by
assessing light utilisation of algae building up biomass,
which in turn causes algal turbidity and reduces WT,
focus on nutrient enrichment by eutrophication that
flourishes algal growth and dampens WT

+ 1866 1892/1893 1968 1995 2000 2002 2005 2020

L. ‘o B ‘:'“"; ,=‘~~;

: %. o<

- o= - .‘r"(‘“ : ‘ T"“ : ‘ . - e ‘ ‘ “\g‘ .

B Marine environment, Marln'e, _ Lake Secchi Depth, WT used for trophic classifi- Ecosystem health Anthropocene WT as socio-
-é WT measured by Secchi-Disc Limnology founded cation schemes, Eutrophication (Rapport, 1995) (Crutzen, 2002) ecological

== Lowering items under- depth method as ,oceanography mirrored by low WT due to algal Ecosystem services indicator

§ water as e.g. a disc established of lakes* (Forel, 1892) turbidity (Vollenweider, 1968) WEFD (EC, 2000)  (MEA, 2005) (Teubner, 2020)
s = r

WT in view of ecosystem
health assessment, satisfying WT
stands for overall success in case of
sustained lake restauration aimed

at delivering ecosystem services

..



SUI RECENTI PROGRESSI
Meteorology: Visibility is a distance

: DELLA METEOROLOGIA
measure at which a landscape mark (e.g.

www.lakeriver.at

tree, house) can be clearly seen — Visibility e

KT thus depends on transparency of the air in LETTO ALLA PONTIFICIA ACCADEMIA TIBERINA
the environment —
In German we call this meteorological
measure to look into the open landscape VIS ISR SRS . 5
“Sicht oo

and in aquatic sciences it became named
“Sicht ” measuring water transparency
at water depths.

ROMA

1561

Sui recenti progressi della meteorologia (1861)
Translated: On recent advances in meteorology (1861)

Univ.-Doz. Dr. Katrin Teubner

Source of photo of the book cover: https://de.wikipedia.org/wiki/Angelo_Secchi
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Secchl 1866
Forel, 1893

Nurn berg, 1996

Biological perspective of WT in freshwaters by

which in turn causes algal turbidity and reduces WT,
focus on nutrient enrichment by eutrophication that

:‘ ‘-at;_-safes. marme navigatnon.
o flourishes algal growth and dampens WT

Univ.-Doz. Dr. Katrin Teubner
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Forsberg & Ryding, 1980

assessing light utilisation of algae building up biomass,
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s established of lakes” (Forel, 1892) turbidity (Vollenwelder 1968) WFD (EC, 2000) (MEA, 2005) (Teubner, 2020)
S 5
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F” Teubner et aI., 2020 '

WT in view of ecosystem
health assessment, satisfying WT
stands for overall success in case of
sustained lake restauration aimed
at delivering ecosystem services

from: Teubner et al. 2021, extended abstract, 43 |AD-conference
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Forel, 1893

Forsberg & Ryding, 1980
Nurnberg, 1996

| Measuring WT as physico-optical 1 Biological perspective of WT in freshwaters by 2 WT in view of ecosystem 3 .
= property estlmatmg underwater : assessing light utilisation of algae building up biomass,. health assessment, satisfying WT
7 distances in coastal waters aimed which in turn causes algal turbidity and reduces WT, stands for overall success in case of
. :‘ ‘at safe marine na\ngatlon. focus on nutrient enrichment by eutrophication that  sustained lake restauration aimed
& flourishes algal growth and dampens WT at delivering ecosystem services

Univ.-Doz. Dr. Katrin Teubner
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Response to (algal) turbidity Stimulation for macrophyte growth
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Response to (algal) turbidity

Stimulation for macrophyte growth
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Response to (algal) turbidity Stimulation for macrophyte growth
bacterial bloom -
ol A cyanobactersa \:76 G 600 - B /”y "/.0/0 /? //“’é Dg/{am
— )]
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. E |
KT _%- 5 | . restoralion 5 400
) 0
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S 3- low < restoration
O acfw/ V 8‘ i
((,D) biomass & o 3. 5m
4 1 Tmesolroph © abnost no
e i Zi} = Maom/a/ytef I
0 10 20 30 40 1 9 3 4
Chl-a of algal biomass [ug L'1] Secchi depth [m]

Univ.-Doz. Dr. Katrin Teubner

from: Teubner et al. 2021, extended abstract, 439 |AD-conference



Response to (algal) turbidity 1.5 m Secchi depth = critical point
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from: Teubner et al. 2021, extended abstract, 439 |AD-conference



Response to (algal) turbidity 1.5 m Secchi depth = critical point

» shift from eutr. to mesotrophic state

ofa/m/ao terial bloom
1 - > [ judged as good water quality,

= satisfying bathing aesthetics

E7.5 by human perception
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from: Teubner et al. 2021, extended abstract, 439 |AD-conference



Response to (algal) turbidity 1.5 m Secchi depth = critical point

» shift from eutr. to mesotrophic state

oyaw/aa terral bloom
1 O m) judged as good water quality,
E/ " satisfying bathing aesthetics
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= 29 littoral “lake bottom view”
|
©
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Chl-a of algal biomass [ug L'1]
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from: Teubner et al. 2021, extended abstract, 439 |AD-conference




Response to (algal) turbidity Stimulation for macrophyte growth
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Stimulation for macrophyte growth

600-B

400

Macrophyte biomass [t]
S
o

restoration
Myriophyllum spicatum — tall 0 - -
growing plant with canopy abmost xo
near water surface ”'“”"”/”Aft“
: 1 2

Chara spec. — bottom
dwelling Charophytes

Univ.-Doz. Dr. Katrin Teubner
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INn Environmental Science Freshwater Science
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A secTion ABOUT ARTICLES RESEARCH TOPICS FOR AUTHORS ™ EDITORIAL BOARD o 6 ‘ ARTICLE ALERTS

KT < Articles Challenges and Innovative Solutions in River Sciences View all 13 Articles »
EDITED BY ORIGINAL RESEARCH article )
B Jonas Schoelynck Front. Environ. Sci.. 01 October 2020 | https://doi.org/10.338%/fenvs.2020.573724 -~

University of Antwerp, Belgium w

REVIEWED BY

8 puossiomen — New Emphasis on Water Transparency as Socio-
- Ecological Indicator for Urban Water: Bridging Ecosystem
e e e Service Supply and Sustainable Ecosystem Health

h_ Katrin Teubner®, ﬁ Irene Teubner?3, Karin Pall4, Wilfried Kabas®, Monica Tolotti¢, Thomas Ofenbock” and E
Martin T. Dokulil®

TABLE OF CONTENTS !Department of Functional and Evolutionary Ecology. Faculty of Life Sciences. University of Vienna. Vienna. Austria
?Research Group Climate and Environmental Remote Sensing, Department of Geadesy and Geoinformation, TU Wien, Vienna, Austria
Abstract 3Climatology Section, Division Custamer Service, Zentralanstalt fur Metecrologie und Geodynamik, Vienna, Austria
Introduction 4Systerna GmbH, Vienna, Austria
5Department of Limnolagy and Bio-Oceanagraphy. Faculty of Life Sciences, University of Vienna, Vienna, Austria

Materials and Methods . ) ) . . L

rials and Methoc SDepartment of Sustainable Agro-ecosystems and Bioresources, Research and Innovation Centre. Fondazione Edmund Mach, San Michele all'Adige. Italy
Results “Municipal Department 45 — Water Management, Vienna City Administration, Vienna, Austria
Discussion 8Research Department for Limnology, Mondsee, University of Innsbruck. Mondsee, Austria

Univ.-Doz. Dr. Katrin Teubner

Teubner et a. (2020). New Emphasis on Water Transparency as Socio-Ecological Indicator for Urban Water: Bridging Ecosystem Service Supply and
Sustainable Ecosystem Health. Frontiers in Environmental Science, 8, 162. https://www.frontiersin.org/articles/10.3389/fenvs.2020.573724/full



Category (A) all (B) Seasonal development (C) Trophic lake classification scheme (D) Human water-quality perceptions for bathing

Spring Summer Autumn Winter Oligo-trophic Meso-trophic Eu—trophic Zzgecchi > 1.55 M Zgecchi1.45—1.55m Zgecchi < 1.45 m

www.lakeriver.at

Zseceni [M] 162 1.75 1.36 156 2.3 2.45 1,79 147 2.07 1.50 A7
126, [%] 26 27 28 24 21 21 26 28 23 25 29
kpaplm=1] 0.918 0.796 0981 1.012 0.802 0.728 0.838 1.149 0.747 0.934 1.096
KT Zeu [M] 535 6.04 493 482 6.2 6.62 5.72 4.18 6.33 5.02 4.40
fou 345 358 365 324 299 3.05 3.42 3.62 47 3.35 3.78
Zmacrophyteslm]  4.08 460  3.75  3.67  4.83 5.04 4.36 3.19 4.82 3.82 3.35
. 263 273 278 248 228 555 2.60 2.76 2.42 2.55 2.88
Zocak—phyiolm] 247 278 227 222 292 3.05 2.64 1.93 2.91 2.31 2.03
g 159 1.65  1.68 149  1.38 1.41 1.58 1.67 1.46 1.54 1.74
Chla[ugL-'] 10 75 11 125 5.9 3.1 77 17 6.6 11 13
n 131 38 43 37 13 11 82 38 55 16 60

Depth of surface ambient light at 1% refers to minimum light requirements of phytoplankton (euphotic depth, zey), at 3% to minimum light requirements of submerged
macrophytes (maximum colonization depth, Zmacrophytes) @nd at 12% referring to light required for phytoplankton optimum indicated by epilimnetic phytoplankton peak
(Zpeak—phyto) (S€€ Section “Materials and Methods”). Euphotic depth (ze,) exceeds zsecchi by the factor fey (more details in Kabas, 2004). Analogous factors for Zmacrophytes
and Zpeak—phyto €XCEAING Zsecchi @re fmacrophytes @d (foeak—phyto), respectively. Mean values are shown for the whole data set (A), the four seasons (B) along three trophic
states (C), and for threshold of bathing aesthetics (D). Further for (C) Trophic classification scheme refers to samples of chlorophyll-a (Chl-a) concentrations which were
simultaneously taken when measuring zsecchi @and kpar, and applies here to ONORM M6231 (2001): oligotrophic: Chl-a < 4 pg L=, mesotrophic: 4 pg L= to 12 pg
L=, eutrophic > 12 wg L=. Further for (D) To correspond water-quality perceptions for bathing (threshold of zseceni = 1.5 m according to Smith et al., 1991, 1995a), a
narrow range of sampling dates with zgecchi between 1.45 and 1.55 m is compared with those of higher and lower zsecchi, respectively (D). Depth [in m] of critical light
requirements for phytoplankton and macrophytes growth are plotted in bold. Data based on mean values from biweekly to monthly measurements of Zgecchi, Kpar, @na
Chl-a, in Alte Donau (1995—-2001, n = 131).

Univ.-Doz. Dr. Katrin Teubner

Teubner et a. (2020). New Emphasis on Water Transparency as Socio-Ecological Indicator for Urban Water: Bridging Ecosystem Service Supply and
Sustainable Ecosystem Health. Frontiers in Environmental Science, 8, 162. https://www.frontiersin.org/articles/10.3389/fenvs.2020.573724/full
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from: Teubner et al. 2021, extended abstract, 43" IAD-conference
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=~ - ~+ Inconclusion:

— i —

‘ ‘;-_— == \Water transparency is identified as a

~ . key parameter which is important far

M beyond how we see it in imnology. It is

—

lake restoration. In turn, a good status
of water transparency close to
ecosystem reference conditions
attracts public awareness to take
advantage of various ecosystem
services enhancing well-being in urban
Thanks for your attention! life. In this view "green-blue” spaces
are ranked higher for a better quality-
of-life in cities than "green” spaces.

Univ.-Doz. Dr. Katrin Teubner
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In conclusion:

= | Water transparency is identified as a
 ___ key parameter which is important far

@ beyond how we see it in limnology. It is
‘the only parameter that the public can
= Use by human perception for assessing
B the water quality or the progress of a
lake restoration. In turn, a good status
@& of water transparency close to

= = -Av—u-u-« ;.-5"‘ —-'o.r-a-v-" Jﬁ"!ni"-'!

— - -__,;f:-; ecosystem reference conditions

- ;‘5‘: — _ attracts public awareness to take

*' A advantage of various ecosystem
services enhancing well-being in urban

Thanks for your attention! life. In this view " -blue” spaces

are ranked higher for a better quality-

of-life in cities than "green” spaces.

www.lakeriver.at
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Chapter 5

Restoration and lake man}

Karl Donabaum, and M.T. Dokulil

K Donabaum
DWS-Hydro-Okologie GmbH, Zentagass|
e-mail: karl donabanm@dws-hydro-oekold
M. T. Dokulil
Eisenanstrasse 20, A-3310 Mondsee, Ausf

e-mail: martin dokulil@zellnet.at

Abstract: At the begmning of the 19}
vere eutrophication problems. leading
mer macrophyte-dominated state chan
dominated by high biomass of filames
nificant reduction mn transparency. A
veloped to restore macrophyte domin|
internal and external measures. Impro
the mput of nuirients from contamin
storm waters. Internal measures includ
culation and nitrate oxidation of the
measures were followed by biomanip
planting of macrophytes and weed m/
ures like the simulation of low water

Chapter 10

Phytoplankton photosynthesis and production

Martin T. Dokulil, and Wilfried Kabas

MT. Dokulil
Mondsee, Austria

e-mail: martin dokulil @univie ac.at
W. Kabas

Vienna, Austria

e-mail: WKabas@gar.at

Abstract Productivity of aquatic vegetation determines the trophic ley]
freshwater ecosystem. Phytoplankton photosynthetic rates are particul
vant. Results are reported here on photosynthetic rates, primary produc!
associated parameters of phytoplankton from a polymuctic. groundwate!
Iake 1n an urban environment before, during and after measur

Katrin Teubner
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Chapter 11

Lniversita
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Book about restoration
& management of

e

Alte Donau

The response of zooplankton to restoration
warming in Alte Donau

Katrin Teubner, Monika Grofischartner, and Irene Teubner
K Teubner

Dept. of Limnology & Biological Oceanography. University of Vieana,
e-mail: katrin teubner@uaivie.ac.at

M Grofischartner

DWS-Hydro-Okologie GmbH, Zentagasse 47, A-1050 Vieana, Austria
e-mail: monika hydro-oekologie at

I Teubner

Dept of Geodesy and Geoinformation, Faculty of Mathematics and Geoif
University of Technology, Vienna, Austria
e-mail: irene feubner @geo. tuwien.ac.at

Abstract Water transparency. nutrients and biomass of phyto;
monly used to assess the response to restoration measures in I
‘mation about zooplankton triggered by lake management is oftc

‘[Chapter-149]

" The-effect-of-restoration-measures-on-the-benthic-
invertebrates - of-a:Danube-backwater- (Alte-Donaw)q

Berthold-Janeéek,Patrick-Leitner, O tto-Moog s and- Katrin Tewhner*1

- Vienmaad
Departmant of Water, Atmasphase snd Envimymars, +1

long-term zooplankton study we used the microzoan and met o
document the effect of restoration measures in the shallow oxly Maox-Evtamal-StraBe 1, 1180 Vierss, dvwstrise!
N N ‘Dep. T )t Biological Farulty of Life Seisnves, Triy
nau, a former side-arm of the Danube River which is most pop it e
and angler (cyprinid dominates urban water). The 19-year zoop] ) A -
vers four management periods: before o A et

chemical phosphate preciptation by Riplox treatment). the re
‘ and the sustained ‘stable conditions’. We found

dition, a simple regression model is presented to approximate daily col
duction from column integrated chlorophyll-a measurements. Calculate|
timates phytoplankton annual lake production is compared to produ
submerged vascular plants. Results indicate that macrophytes played an
role during the clear water phase preceding the eutrophication phase 2
with intense algal productivity and vanis! b d plant prod
restoration measures led to rapidly d ph lankton prod 1
1y re-appearing macrophytes. The rehabilitation phase following this p¢
characterized by declining phytoplankton productivity and re-establ]
macrophvie nroduction Total lake production as the eum of ohvtonla

dance of all zooplankton in the first year of the Riplox-treatmen
zooplankton abundance in following treatment periods associate
of phytoplankton. In the long term. the main compositional clf
shif from a clad tifer-rich to a copepod-rotifer-rich

Abstract The- benthis- invertebrates- were used: as- bio-indicators- to- document
effert of testorstion measures i the-backwater Alte-Donan,-a former side-az
the Dianwbe. The-shady covers: four pesiods of lake- management:- L1 the mes

blage. Thus, the large-bodied zooplankion shifted from a comm
mannly filter-feeding herbivorous cladocerans under entrophic 4
tions to mainly selective-feeding ommivorous and herbivoron

ter conditions While the carbon =
and phytoplankton increased significantly during the first thre

mained high under “stable conditions’. the mean body size of 1o

p . 1987),2the

phosphate-precig the water column and:the o
zation of nitrate-treated: sediment: surface: layers (1995-96), 3 Further three

of other Lake mansgement measures duting the restoration period (199519
and & an- ealy- stage: of the re-establishment: of underwater vegetation (2
3003).- Over eight survey years from: 1987 1o'2003, about 330-benthicinvertel
taxa with three’ mast: abundant- systematio groups: were:identified: 37 specie

otignchastes, 23-species of molluses (18- gastropods-and 3-bivatves), and 190

Chapter 15

Fish assemblages of the “Alte Donau® system:
Communities under various pressures

Herwig Waidbacher, and Silke-Silvia Drexler

H. Waidbacher and §.-S. Drexler

University of Natural Resources and Life Sciences, Vienna;
Department of Water, Atmosphere and Environment,
Tnstitute of iology and Aquatic Ecosystem
Gregor-Mendel.Strafie 33/DG, 1180 Vienna, Austria

e-mail e at

Abstract “Alte Donaw’ was formerly a major amm of the braided Danube in Viensa
and served as habitat for a cold-water river fish assemblage. After river regulation,
the habitat tvpes for fish chaneed towards a warm-water fish environment with

Dokulil MT, Donabaum K,
Teubner K (Eds). (2018).
The Alte Donau: successful
restoration and sustainable
management: an ecosystem
case study of a shallow

urban lake (Vol. 10). Springer.

The Alte Donau:
Successful
Restoration and
Sustainable

Management

: Springer
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Book about restoration

& management of Alte Donau Dokulil MT, Donabaum K,

Teubner K (Eds). (2018).
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Book about restoration

& management of Alte Donau Dokulil MT, Donabaum K,
Teubner K (Eds). (2018).

The Alte Donau: successful
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