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The superlatives
of rivers

Largest biogeochemical
nexus between land, the
oceans and atmosphere

Span multiple catchments
and biomes

High biodiversity

Provide critical ecosystem
services (e.g., drinking
water, proteins,
hydropower)




Rivers

« Natural channels configured to ensure
transportation of water and sediments

» Flood events (current: warm
Mediterranean, impermeabilisation,
channelisation)

Perception of hydrologists long
shaped our understanding of rivers
as ‘pipelines’

[Physical transport overwhelms
biogeochemical transformations]




Small by areal extent

“Earth: 510 mllllqn e e

Ocean’ 360 mlllléﬁfka
Rivers: 0.773 million km?2

(0.58% of non-glaciated land surface)



Largest biogeochemical nexus between

land, the oceans and atmosphere
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Review

River ecosystem metabolism and carbon
biogeochemistryinachanging world

Nature | Vol 613 | 19 January 2023

Rivers figure among the most heterotrophic
ecosystems (that is, they respire more than they
produce)

The world’s rivers are major CO, sources to the
atmosphere

They receive OC from the terrestrial promary
production, which they respire, store or transport
downstream

They receive CO, from terrestrial respiration and
rock weathering, which they outgas to the
atmosphere

These processes shift the ratio of organic-to-
iInorganic carbon en route from small streams to the
coastal ocean
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The world’s rivers are now part of
the IPCC Global Carbon Budget

Chapter 5 Global Carbon and Other Biogeochemical Cycles and Feedbacks
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Canadell, J.G., PM.S. Monteiro, M.H. Costa, L. Cotrim da Cunha, P.M. Cox, A.V. Eliseev, S. Henson, M. Ishii, S. Jaccard,
C. Koven, A. Lohila, PK. Patra, S. Piao, J. Rogel], S. Syampungani, S. Zaehle, and K. Zickfeld, 2021: Global Carbon and
other Biogeochemical Cycles and Feedbacks. In Climate Change 2021: The Physical Scence Basis. Contribution of
Waorking Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte,
V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell,
E. Lonnoy, J.B.R. Matthews, T.K. Maycack, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 673-816, doi:10.1017/9781009157896.007.

Vs )\
(2007) 10: 171-184 a
TR, ECOSYSTENS  Tand 0.9 —= Tomiwaien 5 09 Ocean
Co?wmim

Plumbing the Global Carbon Cycle:
Integrating Inland Waters into the
Terrestrial Carbon Budget
0.9 Ocean
J. J. Cole,! Y. T. Prairie,>* N. F. Caraco," W. H. McDowell,? L. J. Tranvik,*

R. G. Striegl,” C. M. Duarte,’ P. Kortelainen,” J. A. Downing,’
J. J. Middelburg,” and J. Melack, "

Sediment storage

Figure 5.12 | Global carbon (CO;) budget (2010-2019). Yellow arrows represent annual carbon fluxes (in PgC yr') associated with the natural carbon cydle, estimated
for the time prior to the industrial era, around 1750. Pink arrows represent anthropogenic fluxes averaged over the period 2010-2019. The rate of carbon accumulation in
the atmosphere is equal to net land-use change emissions, including land management (called LULUCF in the main text) plus fossil fuel emissions, minus land and ocean net
sinks (plus a small budget imbalance, Table 5.1). Circles with yellow numbers represent pre-industrial carbon stocks in PgC. Circles with pink numbers represent anthropoagenic
changes to these stocks (cumulative anthropogenic fluxes) since 1750. Anthropogenic net fluxes are reproduced from Friedlingstein et al. (2020). The relative change of gross
photosynthesis since pre-industrial times is based on 15 DGVMSs used in Friedlingstein et al. (2020). The corresponding emissions by total respiration and fire are those required
to match the net land flux, exclusive of net land-use change emissions which are accounted for separately. The cumulative change of anthropogenic carbon in the terrestrial
reservoir is the sum of carbon cumulatively lost by net land-use change emissions, and net carbon accumulated since 1750 in response to environmental drivers (warming, rising
€Oy, nitrogen deposition). The adjusted gross natural ocean—atmosphere CO; flux was derived by rescaling the value in Figure 1 of Sarmiento and Gruber (2002) of 70 PgC yr~'
by the revised estimate of the bomb radiocarbon ('4C) inventory in the ocean. The original bomb "C inventory yielded an average global gas transfer velocity of 22 ¢cm hr';
the revised estimate is 17cm hr' leading to 17/22*70=54. Dissolved organic carbon reservoir and fluxes from Hansell et al. (2009). Dissolved inorganic carbon exchanges
between surface and deep ocean, subduction and obduction from Levy et al. (2013). Export production and flux from (Boyd et al., 2019). Net primary production (NPP) and
remineralization in surface layer of the ocean from Kwiatkowski et al. (2020); Séférian et al. (2020). Deep ocean reservoir from Keppler et al. (2020). Anthropogenic carbon
reservoir in the ocean is from Gruber et al. (2019b) extrapolated to 2015. Fossil fuel reserves are from BGR (2020); fossil fuel resources are 11,490 PgC for coal, 6,780 PgC for ail
and 365 PgC for natural gas. Permafrost region stores are from Hugelius et al. (2014); Strauss et al. (2017); Mishra et al. (2021) (see also Box 5.1) and soil carbon stacks outside
of permafrost region from Batjes (2016); Jackson et al. (2017). Biomass stocks (range of seven estimates) are from Erb et al. (2018). Sources for the fluxes of the land-ocean
continuum are provided in main text and adjusted within the ranges of the various assessment to balance the budget (Section 5.2.1.5).
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Global change, river ecosystem processes
and biogeochemistry

% Climate change Land-use change
5 Warming Urbanization
5 Precipitation shifts Native land conversion
g

-
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OC and nutrients [N N et Tttt

: » (Global-change impacts on river ecosystem processes
v e e e e e e e o e e e . .
R | -, N and related biogeochemistry are complex and poorly
& ] gas emissions understood.
: ! - v v « Intricate connection with the terrestrial environment
= SR ., Doomgenaion _ co, and coupling of physical, chemical and biological
ypoxia
processes.

Review
River ecosystem metabolism and carbon

biogeochemistryinachanging world
Nature | Vol 613 | 19 January 2023
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Mountains account for 25% of Earth’s [and
surface and their streams contribute more
than 30% to global runoff.

Mountains are highly vulnerable to climate
change.




Consequences of melting mountain glaciers
Vanishing water towers

Millions of people rely
on water from the
world’s glaciers
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Taking the ‘heartbeat’ of glacier-fed streams

https://metalp.epfl.ch/

A unique sensor network for monitoring
impacts of glacier shrinkage on stream
biogeochemistry

Glacier-
enhanced
weathering ¥

Elevation

Soil & stream !
respiration

Mineral
weathering

- — —
Stream CO, flux
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Taking the ‘heartbeat’ of glacier-fed streams

https://metalp.epfl.ch/

Our Study Sites

Explore our stations and their catchments

ORRENT DU VALSOREY
DOWNSTREAM
Station ID VAD
Latitude [°] 45935034
Longitude [°] 7.226898
Station
1936
altitude [m]
Catchment 2868
avg alt. [m]
Area [km2] 23.16
Vegetated
27.72
area [%)]
Glacier 2218

coverage [%]

Ferret catchment
DRANSE DE FERRET DRANSE DE FERRET
DOWNSTREAM 'STREAM ek
Station ID FED FEU PEU
Latitude [°] 45.905091 45883084 45893655
Longitude [°] 7.115597 7.130949 7107973
Statien 1773 1996 2024
altitude [m]
Catchment 2421 2528 2384
avg alt. [m]
Area [km?] 20.24 933 397
Vegetated 50.07 39.60 61.19
area [%)]
Glacier 178 3.86 0

coverage [%]
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7.14752

2161

2548

3.11

65.35

METALP PORTAL

METALP PORTAL A About - & Download Login

Date range: 010112016 - 31122020

Parameter §

Discharge - Sensor [Lis) -
Data frequency §
O 10min @ 6H O12H  OQH

fraw)

SHow STaTs

Date range: 01012016 - 311272020 RESET DATE

Station

vAD  Ovau  OVEL O FED
O Feu COPFeu DanD [0 ANU
ORic Ovio owvim 0w

BEWARE watng
p—

Parameter @

Dissolved Oxygen - Sensor [mg/L] -
Data frequency §
O 10min @ 6H O1H O 24H

fraw)

SHOW STATS

p—— e —— .. |

Sensor High Frequency Time Serie
20000
15000 {

10000 {

Qlus]

5000 |

wis 20w 2020

A About - & Download LogIn

|, Sensor High Frequency Time Serie

DO [mgiL]

016 08

M
"



X




.
)
-
qv]
O
| -
>
@)

iIng the roof of

Cruis




An amazing ‘field team’

Mlke Styllas, Martlna Schon Matteo Tolosano, Vincent de Staercke

Reportage

DES GLACIERS

Depuis 2018; 1es equipesde Yanishing glaciers sesendent suy des plus hauts
sotiumets di.monde entier. En expedition dans ¥ Himalaya, nous avons, suivi
cing Scientifiques @ la vécherche de la forme de'vie la plus anciéinie sur terre :
les microbes. Etily a uigenee : le réchayffement climatique aceélere la fonte
des glaces et c’est-toute une biodiversité encore inconnue qii s’éteint.

De nos envoyées spéciales Fanny Arlandis (texte) et Sophie Rodriguéz (phetos) vk 4 p o ~x 4 2 s
. = & ) Prelev, E ents
Jartina Schon, au
pied du glaciér Kinshung,a

\%J metres d’altitude.

68/ Le Figaro Magazine / 26 novembre 2021 69/ Le Figaro Magazine / 26 novembre 2021 F F
| - |




Glacier-fed streams
Interface between the cryosphere and hydrosphere
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Freezing cold

Long darkness in winter

High UV-radiation

High turbulence

Unstable sediments
Ultra-oligotrophic (like the deep sea)
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Resource limitation and
microbial starvation

0 .
Mountain range

' Caucasus Mountains

b .
' Chilean Andes
= 20071 I 1 BES Ecuadorian Andes
3 °
o S o ' European Alps
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E * ? * ' * ! ' Himalayas
- +¥ ereFad '
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« Microbial metabolism limitated by carbon and
phosphorus
« Low microbial carbon use efficiency (median:
0.15)

- Starvation and little growth -
Kohler et al. 2024 Nature Geoscience E P 'm L




A ‘green transition’ takes place

A space-for-time substitution approach
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Global trends indicate:

Streamwater turbidity decreases as glacier become smaller
More light reaches the stream bottom
Algal biomass is stimulated and streams become greener

|
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Litdelce Age 19802100

Kohler et al. 2024 Nature Geoscience
Bourquin et al.(2025) Nature Communications E P :: L




A ‘green transition’ takes place

In CUE
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» Algae provide organic carbon as a resource to the microbial
metabolism

« Relieves microbes from energy limitation and starvation .

* Increases carbon use efficiency — relatively more organic

INnTERC:P

carbon allocated to biomass growth RE D % 5
Chlorophyll—a (Inug g~' DM)
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TAKE HOME PART 1

« Streams and rivers matter for global
biogeochemical cycles despite their small
contributions by areal extent

« High-mountain streams are highly
vulnerable to climate change — yet poorly
studied

« Glacier-fed streams are emblematic of
climate change g

« As glaciers melt, the environment of glacier- £ =
fed streams changes dramatically 7

« Transitional ecosystems — undergoing

major environmental and biogeochemical

shifts

Changing microbial energetics and https://www.glacierstreams.ch/

ecosystem functioning https://www.epfl.ch/labs/river/



https://www.glacierstreams.ch/
https://www.epfl.ch/labs/river/

PART 2

Microbial biofilms
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Microbial biofilms

Most successful form of life over
3.2 billion years
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Euendolithic a
organisms a4

Planktonic \
cell

of the terrestrial
vegetation

Flemming and W(irtz 2019 Nature Review Microbiology
Battin et al. 2016 Nature Review Microbiology
Battin et al. 2007 Nature Review Microbiology
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Most microbes live attached to surfaces!

Habitat

Total Earth

Deep oceanic
subsurface®

Deep continental
subsurfaced

Top 10-50 cm of
oceanic sediment®

Soil

Open ocean

Groundwater

Atmospheref

Estimated total
(bacterial and
archaeal) cell
number?

1.2 x10%°

4x10%

3x10%

5x10%

3x10%
1x10%

5x 107
5x10%

Estimated cell number in biofilms®

On surface of Earth: 3.5 x 10%; deep
subsurface: large but as yet unknown,
ranging from 4.9 x 10* to 9.1 x 10*

Most cells attached, either single or
in clusters; 20-80% in biofilms based
on microscopic and biogeochemical
evidence

Most cells attached, single and
microclusters; 20-80% in biofilms
based on microscopic and
biogeochemical evidence

5x10%

3x10%

Large planktonic fraction, unknown
numbers in marine snow, transparent
exopolymer particles, gels, on mineral
and debris particles, microplastics,
plants and animals

Unattached

Unknown but unlikely

Flemming and Wirtz 2019 Nature Review Microbiology
Battin et al. 2016 Nature Review Microbiology
Battin et al. 2007 Nature Review Microbiology

Major habitats

Deep oceanic subsurface: 4 x 10

Total bacterial and
archaeal cell numbers
on Earth:

~1x10*

e et e

Minor habitats

* Groundwater: 5x10%

¢ Phyllosphere: 2 x10%®

e Cattle: 4x10%

* Termites: 6 X102

* Pigs: 7x10%*

* Humans: 4x10%

¢ Sea surface layer: 2x10%
¢ Atmosphere: 5x10%

i

Deep continental subsurface: 3 x 102

Headwaters

Input flux

Phyllosphere
of the terrestrial
vegetation

Stream biofilms

lins
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@ MicrROBIAL BIOFILMS

-

Biofilms: an emergent form of
bacterial life

Hans-Curt Flemming', Jost Wingender', Ulrich Szewzyk?, Peter Steinberg®, Scott A. Rice*
and Staffan Kjelleberg*

(" Localized Sorption
gradients
Provide habitat Resource
diversity capture

Habitat

formation

Matrix

® Architecture

e Stability

® Pores and channels

e Fills and forms the space
between the cells

® | ocalized nutrients and
waste

* Skin formation

Enzyme retention Cooperation

External digestion
system

Synergistic
micro-consortia

Competition

Continuous
regeneration

Tolerance and resistance

The biofilm as a fortress




((O MICROBIAL BIOFILMS

of stream biofiims

The ecology and biogeochemistry

\

and Aaron I. Packmann®

Bacterial
microcolony

Tom J. Battin', Katharina Besemer?, Mia M. Bengtsson®, Anha M. Romani*

Benthic
zone

Hyporheic

zone

Transformation

Reflection Absorption

o
©
]
<
=
=
T
e g
=
9.2@>
=
Q % 35§ 8
E) = 2. £ 90 £
Q0 3 o ®.& &
®2 % @ OO0 O
%% %
0 %

Vertical gradients

A\phaproteobactefia

Other proteobacteria

(dissolved organic
matter, electron
acceptors, light and
hydrodynamics)

=

%70°0 €3RIy
eua10eq 20O

In streams and rivers, biofilm communities are highly
complex /diverse and perform important ecosystem

functions (e.g. metabolism, water purification, retention
of nutrients, cycling of elements, ...
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OPINION

Microbial landscapes: new paths to
biofilm research

Tom J. Battin, William T Sloan, Staffan Kjelleberg, Holger Daims, lan M. Head,
Tom P. Curtis and Leo Eberl
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Bacterial assemblages

with EPS

v

Dispersal probability a.

. Bacteria Adnate

- diatoms

Amorphous maf%:(ial .

Diatoms\

Dispersal probability
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https://doi.org/10.1038/541396-019-0381-4 ars
ARTICLE
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the small scale...

paies

Unraveling the biophysical underpinnings to the success
of multispecies biofilms in porous environments

David Scheidweiler' - Hannes Peter' - Paraskevi Pramateftaki' - Pietro de Anna? - Tom J. Battin'
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10.3 . .
| tool to study biofilms under
i controlled conditions.
0.1 Biofilm structure (e.g.
streamer formation) can help
0 . .
P microbes colonize porous
D substrates.
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INTERFACE

Trait-specific dispersal of bacteria in

300 pm mm s~ .
(d) — — 10 heterogeneous porous environments:
/| [ | 3 S 3 g £ EDN royalsocietypublishing.org/journal/rsif .
A 03 from pore to porous medium scale
\ 4 Y ¥ d 0.6
(! {: ( ) ok N ’ | ARG David Scheidweiler'2, Filippo Miele?, Hannes Peter!, Tom J. Battin'
‘ ) ] P # - o A Research L) and Pietro de Anna
| f i) } \ 02 ﬁ & W e o
(a) :( .‘(’ £l ‘ ‘ ¥ : o 0 , i ' ‘w —— T — — T - b T
non-motile motile = 'f‘
\s { > : ...." o x ‘ . |
| *, I — beads in straight ch. VY . ! ) p— |
inlet - \ | . — beads in porous ch. P X A S
suspension ) A B 10~ — Taylor model r A , :
R ~ v - N o ] y . - J . i
< ~ 1 10 102 _ e o = . ) /

S

-
. B
observation

Biofilm colonization can enhance/lead to the
formation of preferential flow paths in porous
environments.

Motile bacteria can escape these trajectories
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Morphogenesis and oxygen dynamics

in phototrophic biofilms growing

across a gradient of hydraulic conditions

Anna Depetris,' Hannes Peter,” Ankur Deep Bordoloi,” Hippolyte Bernard,! Amin Niayifar,” Michael Kihl,*
Pietro de Anna,” and Tom Jan Battin'-*"
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Interactions between biofilm structure
and small-scale hydraulics lead to
different biofilm morphologies




an B|Of|lm5 aﬂd M iCFObiomeS www.nature.com/npjbiofilms

'l) Check for updates

ARTICLE OPEN
Biophysical properties at patch scale shape the metabolism of

biofilm landscapes

Anna Depetris1, Giorgia Tagliavini 2'3, Hannes Peter‘, Michael Kuhl 4, Markus Holzner*> and Tom J. Battin

15

slow flow
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Sample —— DNA Extraction =——»  PCR
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Article

Global diversity and biogeography of the
glacier-fed stream bacterial microbiome

https://doi.org/10.1038/s41586-019-0000-0  Leila Ezzat'*, Hannes Peter', Massimo Bourquin', Susheel Bhanu Busi**, Grégoire Michoud',
Stilianos Fodelianakis', Tyler J. Kohler'?, Thomas Lamy?, Aileen Geers',

v  Tyler L Kohier Aileen - | : Despite the harsh conditions GFS
Pa.raskew Pr:aTateftak[ , Flor‘lan .Bale.r , F:an:;l:?a M:rrtai::o éD:inn‘leleaI;Jta:;l:l':’c:;::;r,":’1 M | | i w ] . o .
Accepted: 00 Month 20XX Nicola Deluigi', Paul Wilmes*, Michail Styllas'’, M Schén', M Tol. ' m I C ro b | a I CO m m u n |t|es a re h Ig h |y

. 4 s
Published online: 00 Month 20XX Vincent De Staercke’, and Tom J. Battin'

Received: 00 Month 20XX

Across the world, GFS microbiomes are
structured by spatial distance,
regionality and environmental
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ARTICLE OPEN W) Check for updates
Microdiversity characterizes prevalent phylogenetic clades in

the glacier-fed stream microbiome

165

stilianos Fodelianakis , Alex D. Washburne?, Massimo Bourquin (', Paraskevi Pramateftaki’, Tyler J. Kohler', Michail Styllas (3",
Matteo Tolosano', Vincent De Staercke', Martina Schén', Susheel Bhanu Busi®, Jade Brandani', Paul Wilmes (%3, Hannes Peter' and

Tom J. Battin
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ElinG 067
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1 T T T T

Mon-HoS Belaproleobaclerda Mitrespira Alphaprolecbactena Saprospiae
r=5800 =1418 =18 =602 =338

Alphaprotecbacteria

Extreme environmental conditions select for phylogenetically
related clades. These clades can regionally diversify and become
microdiverse.
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Metagenomics
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Mapping the metagenomic diversity of the multi-kingdom
glacier-fed stream microbiome

Gregoire Michoud, Hannes Peter, Susheel Busi, Massimo Bourquin, Tyler Kohler, Aileen Geers, Leila
Ezzat, Tom Battin

Functional Cluster

093 — | B EN 1

Bz Ws 1
3 Ws o

0.5

=
B
|

3-HP 4-HB Farmaldehyda Reductive Ammonia ASS' Dissimilatory . Urea Ass/Diss. o fite Thiosulfate
a Calvin ; i nitrate . ; Denitrification " sulfate  _oow "
pathway assimilation citrate cycle oxidation ) nitrate reduction metabolism " oxidation oxidation SOX
Cycle reductian reduction

Acidobacteriaz (69) [ 1] [ ‘

CO Oxidation

Frequence
=]
w
1

Blastocatallia (42)
Holophagae (12)
Vicinamibacteria (28)
Acidimicrabiia (104)
Actinemycetia (82)

Thermoleaphilia (12) I Bl 0.1

0.2 o

Armatimonadia (16)

Chthonomonadetes (12)
Fimbriimonadia (12)
Bacteroidia (463) 0.0 - ] 1 1 ] 1 ] T [ [
Proportion of
UBA10030 (12) porti ) & o & & § d‘é 0&

oy
Bdellovibrionia (99 WMAGS (% o
ellovibrionia (99) (%) Q'éeq &

Anaerolineae (16)

] [l 1 100 & 3 o o
_ —1 e L=y o
Limnocylindriz {11) b & & & & N\ &
" - — - L — 75 & © * & & & o
Cyanabacteria (55) I N | ] [ | | & & F & F &
[— o

Deinococei (16) 3 >
RBG-16-71-46 {(17) 25 & e e &
Gemmatimonadetes (72) | 4]
Myxococcia (29)
Polyangia (74} | || |
Nitrospiria (13} . _. [ - [ ._.__ —
JACMRADT (16)
JAEDAMO1 {44)
Paceibacteria (172)
Saccharimonadia (43)

Chemoearganotrophy Mixotrophy

Planctomycetia (127) 1 mEm B 1]
Alphaproteobacteria {320) 1 | |
Vo) A IR TS M | - i
ﬁv & _&%‘? EF ¢ %%:@ Qi;i@vﬁ@ S SE &i; AHERTE SRR S :’f}ii@a;@“ eoi?‘;oﬁsﬁﬁ@&’&é@i)}gﬁﬁéﬁ’ b
e & = Zc
Q (o]
[ §2 4 P00
>8] B
. . .. . 8m -] c 9
Many microbes in GFS encode similar/same functions => £ S
. . . . x 0 O
functional redundancy (provides «insurance» in unstable S5 3 . ) £9
_ g | P>005 %, 28 — : :
habitats) 2 : — — O 400 75 50 25 00
-10.0 -7.5 -5.0 -2.5 0.0

chlorophyll-a (In ug.g™")
chlorophyll-a (In pg.g™")

Chemolithoautotrophy and mixotrophy are important in
GFS

I

PrL



FLINY

aSEmn .

AL 1 J ) www.nature.com/ismecomms
AN/ 4

ARTICLE  OPEN (8 comct o v
Viral diversity is linked to bacterial community composition in
alpine stream biofilms

Meriem Bekliz', Paraskevi Pramateftaki', Tom Jan Battin (' and Hannes Peter@18 - N, Tre/ P .
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¥Caudovirales
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_~Podoviridae

Studies on viruses in stream biofilms are scarce — metagenomics ~—-—‘"T £ L. X 1 Se
(viromics) allows first insights into their diversity. a2 VU N -
Stream biofilm viral communities are highly diverse. § % A

Viral and bacterial community composition is coupled (correlated).
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Climate-change experiments

-----

Block 1 (15 flumes) Block 2 (15 flumes)

Microbial communities
act as sentinels of climate
change.
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Microbial communities
respond very sensitively to
simulated climate change.
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“&TAKE HOME PART 2

. Most microbes prefer a sessﬂe (attached) I|ester embedded in
complex biofilm communities

River biofilms are highly diverse, the microbes in these communities
drive important ecosystem functions

The flow of water, the diffusion of oxygen and nutrients shape biofilm
morphology

Molecular tools provide insights into the diversity, distribution and
function of complex microbial communities

Despite the harsh environmental conditions, GFS harbor a high degree
of microbial diversity

Viruses are understudied in stream biofilms but may be important

Global-change experiments allow mechanistic insights into the
responses of microbial assemblages to change






