Dear Dr Truede,

Thanks for your comments. We have carefully corsidgour comments and
reviewers comments and replied to every commerishaally. This should make it
guite easy to follow our replies and associatedhgha in the manuscript.

Best regards,

Carlos

Associate Editor Decision: Reconsider after majorevisions(19 May 2015) by Tina
Treude

Comments to the Author:

Dear Dr. Sanz-Lazaro and colleagues,

thank you very much for submitting your revised osgript to BG. | apologize for the
long time it to took to get the second round ofieess back to you, but | had to contact
almost 40 scientists to find 3 available reviewers.

As you can see from the reports, the reviews arersli(from conditional accept to
major revisions). For your second revision | wolitd you to concentrate on Report #1
and #2. The revised manuscript will be send badk2aeviewers for the final round of
review. After this point, | will accept only minoevisions.

Please do provide concentration vs. time datadrstipplementary. These data were
requested by one of your first reviewers and | aghat they are useful. They should be
easy for you to provide.

REPLY:We are unsure about this request. We show the flugebased on
concentration changes vs. time in Fig. 2 and this usually the level of detall
presented in this type of studies. As an example virave included all the raw data
needed to calculate the nutrient fluxes shown in Bi 2 for the treatment at 16°C —
OM (see supplementary material in the file: bg-2014672-supplement-Nutrient
integration 16-OM.zip). Same procedure was done faall the other treatments. If
you find it relevant we can provide the data for tle rest of the treatments, but we
find the information to be so detailed and too mucHhor a potential reader of the
paper.

Because one of the reviewers had trouble acceisn8an-Lazaro 2011 paper (which
could be the case for other readers as well),Hliiggcommend that in your present
study non-standard methods are introduced in seffficietail so that readers are able to
understand the setup without studying the 2011 mpape

REPLY: All methods we been described with enough detail seaders could be

able to repeat the experiment. We have added the alytical procedure of TCO2
analysis, since we have added this data in a Figa% suggested by a referee.






REPLY TO REFEREE 1:

The manuscript describes an experiment on metabolic enhancement in sediments and nutrient
efflux to the water column by temperature increase and organic enrichment. The experiment
involved a blank set of cores (no addition) and a set of enriched cores, that were incubated at 3
different temperatures. As can be expected, mineralization rates and nutrient efflux were
enhanced by temperature and organic addition.

The manuscript is written in correct English. | did not like the large amount of numbers in the text.
Generally, data should be in figures or tables, or in the text, but not in both. Of course it is the best
to have the data in figures. The text should then guide the reader through the data, by pointing to
trends and remarkable data.

REPLY: In the Material & Methods section, we have deleted all the data that is shown in figures
and tables from the text. We have also removed redundant numbers from the text in the results
section. We have followed the referee guidelines, aiming to guide the reader and highlighting the
most important data in the manuscript.

The Figures could use improvement. Figure 1 is not needed, the data in the text indicate clearly
that Fe(lll) pools are variable and so large (ca 30 mmol/L sediment) that they cannot be influenced
by the treatments. Instead, | would have liked to see the mineralization rates, which are now
hidden in a line in the method section (171-173).

REPLY: We have deleted Fig. 1 and now this figure is the mineralization rates. In the M&M, we
have explained how the TCO2 fluxes were calculated and we have taken out the text related with
the trends of the new figure to avoid repetition.

Figures 2 should be larger.
REPLY: Done

In Figure 3 we see two trends: a linear increase of the P efflux with T, N efflux seems to increase
faster than linear. The exponential trajectory in Fig. 3b is an overinterpretation. Just connect the
points and state in the text that it increases non-linearly.

REPLY: The regression corresponding to the trajectory in Fig. 3b has been selected with a
standard criteria that it is used to fit trajectories, this is relying on AlCc. We think that the figure
is better explained by showing the regression. Otherwise it would not be consistent to show the
regression on Fig. 3a and not in Fig. 3b because the best fit of the trajectory is non-linear. It is a
general procedure in scientific papers to plot the regression in the graph as long as it is
significant. Additionally, we think that the interpretation of the figure (such as it increases
linearly or non-linearly should be written in the text, not in the legend. So we have done this in
the text. Anyway, we understand the point of the referee that it is better to say “non-linear”
than “exponential”. We have changed it throughout the text, only leaving it when it refereed to
the best fit found according to AICc in the result section.

The fate of the worms is not mentioned, yet is important. Did they survive the whole incubation?
Did you see them pump? Frequency? The experiments where fishfood was added will have had
much more active and well fed worms. Addition of organics enhances the activity of worms, hence
the aeration of the sediments.

REPLY: We have added in the M&M: “Unfortunately irrigation rates and visual observations
showed that the added worms died in three +OM cores at 26 degrees, and results from these
cores were omitted from further analysis. For the rest of the cores no polychaetes were found
dead during the experiment, and active N. diversicolor were observed in all the rest of the cores.
The bromide incubations indicated that N. diversicolor ventilated their burrows with the same
intensity regardless of OM-enrichment level”.



The introduction is excellent, be it that it does not lead to a hypothesis, nor an explicit statement
on why these measurements needed to be done. Yet this is implicit in there. It is a very good
overview of the complexity of the matter. A very complicated set of processes is influencing
nutrient release, and the outcome cannot be easily predicted, so must be measured. A text along
these lines would be enough to explain why this study needed to be done.

REPLY: We have added before the aim: “Thus, to improve our forecasting capacity related to
climate change, estimates of temperature driven changes in sediment nutrient release are
needed.”

The complexity of the sediment processes is not reflected in the experimental set up. As both
phosphate and inorganic N are divided over several pools, and DIN is further subjected to various
process steps, it is hard to link production rates to efflux. Phosphate is partially bound to different
fractions of iron-oxides and organics and for a small part dissolved. Phosphate release is stimulated
by Fe(lll) reduction and inhibited by Fe oxidation and both take place. In the enrichment
experiment, Fe reduction will be stimulated due to higher e-donor supply, and Fe oxidation will be
stimulated due to higher worm activity, which process wins is not a priori clear. Therefore good
that this is measured, from the data it appears that Fe reduction and P release is stimulated but
that most P remains stuck. It should be mentioned that the P binding capacity is not easily
exhausted, as there is tens of mmoles of Fe(lll) per liter of sediment. It is thus not surprising that
only a fraction of the phosphate is released. Mineralization produces ammonium, which is also
strongly bound to sediments, and is converted to NOx and finally N2. Also nitrification will be
stimulated by worm activity, which is again stimulated by feeding.

REPLY: We agree with the referee in all their comments, only, bioirrigation rates were similar
despite the organic enrichment level (see Sanz-Lazaro et al 2011). We have added in the 3
paragraph of the discussion: “In this experiment, the PO43- binding capacity was not easily
exhausted due to the large pool of Fe (lll) (tens of mmoles) in the first cm of the sediment.”.
Sanz-Lazaro, C., Valdemarsen T., Marin A., and Holmer M.: Effect of temperature on
biogeochemistry of marine organic-enriched systems: implications in a global warming scenario,
Ecol. Appl., 21, 2664-2677, 2011.

The efflux of the measured nutrients is therefore determined by too many processes (both
enhancing and inhibiting effluxes) to make a mechanistic interpretation. Also, the efflux rates
cannot be directly, so linearly, linked to mineralization rates. Efflux of DIN in whatever form is
ecologically relevant, therefore, beside ammonium also NOx should have been measured.

REPLY: We agree with the referee, but we found that the data presented here has enough
relevance. We previously wrote this in the discussion related with this issue: “Despite so, NH4+ is
mostly the dominating form of dissolved inorganic N effluxing from organic enriched sediments
(Christensen et al. 2000;Holmer et al. 2003), while coupled nitrification-denitrification rarely
exceeds 1-2 mmol m-2 d-1 in marine sediments (Middelburg et al. 1996). We are therefore
confident that the NH4+ release rates can act as a proxy for total inorganic N release to the water
column.”.

The manuscript can thus be much shorter. Most of the numbers should be removed from the text
and left in tables and figures. Also the discussion should be focused. Higher T and sediment
enrichment significantly increase mineralization rates and much less stimulate nutrient efflux. The
processes stimulating and inhibiting the effluxes of the different nutrients can shortly be reviewed.
Much more cannot be said.

REPLY: We have reduced the text accordingly. See the track changes.

Finally, the title should be changed. The authors did not study climate change. Climate change
involves storm frequencies, precipitation patterns, sealevel rise, a bit of temperature (much less
than the current yearly variation). They only studied the effect of temperature and nutrients, so
suggested: Effects of temperature and organic pollution orrieat cycling in marine sediments
REPLY: Done. Additionally,. We have added “climate change” as a keyword.



REPLY TO REFEREE 2:

Review of:

Effects of global climate change and organic pahbn nutrient cycling in marine
sediments

By Sanz-Lazaro, Valdemarsen and Holmer

| have read both the original and revised manutscap well as author responses to
previous reviewer comments. The paper providesawgence on the potential effects
of seafloor warming on benthic N and P fluxes. Tdmults do come out as expected
from previous studies and theoretical consideratibnt these findings are still
valuable. While the most recent version of the pagpan improvement over the
original one, | think the manuscript can benefitiier revisions along the lines outlined
below:

A general concern of mine is to what extent areatitbors confident that the measured
TCO2 originated from added labile OM? Two other hatdsms can be induced or
accelerated by the imposed experimental condimascan contribute to TCO2
release:

REPLY:TCO2 measurements are a broadly used surrogate of
oxidation/mineralization rates in sediment biogeocemistry experiments.

1- Calcite dissolution induced by decreasing pkhasediment column. Were there
any pH measurements?

REPLY:We do not have pH measurements, but do not think gnificant calcite
dissolution was likely to occur since the sedimenised for the experiment was
carbonate poor and overlying water was periodicall}changed. We have been more
precise in the M&M to avoid confussion and we havadded “every week”in the
paragraph before the “Nutrient fluxes” subsection,and so the sentence now is:
“During the experiment the water in each tank was kept aerated and changed
every week.”.

2- TCO2 originating from the oxidation of old, |dabile or refractory carbon pools.
There are a number of studies showing that addaidabile OM could also effect the
mobilization of refractory organic carbon. Gengr&thown as priming effect, this
pathway could affect the TCO2 release from the expmtal substrates.

With the data at hand these processes are diffecaibnstrain but some discussion of
these processes are needed and it may improvetérpretation of the data.

(If these processes were discussed in the compaaioer — Lazaro et al 2011b — |
cannot double check this since | do not have adoetdss paper. )

REPLY: We agree with the reviewer that the priming effects relevant to consider
in ecological studies (van Nugteren et al. 2009).awever, we do not think having a
priming effect is of great importance for the net-aitcome of our research, where
the main goal was to quantify the net effect of teperature change on total benthic
metabolism. Having a priming effect would add somencertainty to our budget
considerations regarding the amount of added organimatter and nutrients being
mineralized in +OM treatments, but would not impactthe temperature
trajectories of total mineralization.



van Nugteren, P., Moodley, L., Brummer, G. J., HeipC. H., Herman, P. M., &
Middelburg, J. J. (2009). Seafloor ecosystem functining: the importance of
organic matter priming. Marine biology, 156(11), 2277-2287.

A few other points:

L18: First sentence of abstract: difficult to repbase consider to re-organize.
REPLY:Done

L48: This is optional but | would prefer to readkfidation” instead of mineralization.
REPLY:We have used through the whole document mineralizen, and we think
there can be used any of both but we prefer to usenineralization” and use the
same Word throughout the Ms so to keep in consistéeand avoid confusion.

L50: No need for ‘mainly’. In the coastal sedimerats OM is microbially oxidized.
REPLY:When Eukaryotic organisms feed they also oxidize ganic matter, which
is normally around 10-20 % of the total oxidation ¢ the OM.

L53: This sentence is confusing. Do the authordyrtit iron is reduced during P
adsorption (the use of ferric and then ferrous)2®they mean that adsorption to Fe
minerals is one P sequestration pathway and timesfiton of Fe(ll)-P minerals is
another one?

REPLY:We have rewritten the sentence to clarify these pais: “PO43- can be
sequestered in the sediment by adsorption to ferrifpxy)hydroxides and by
forming solid ferrous phosphates (Jorgensen 1983}ulfides resulting from sulfate
reduction may mobilize PO43- by reducing ferric oxjydroxides (Roden and
Edmonds 1997) and by dissolving Fe minerals contaimg PO43- (Gachter and
Muller 2003)".

L59: | suggest the replacement of ‘reduced’ witgduicing’
REPLY:Done

L63: This sentence is problematic as NO3, NO2 adldes not exit the biological
cycle.

REPLY:We have changed the sentence to: “In contrast to N, NO3- and NO2-,
N2 can not be directly used by primary producers.”.

L99: | think in this section a brief recap of thetimods should still be given.
REPLY:We have tried to do so.

L324: | would replace “pools” with “forms”
REPLY:Done



REPLY TO REFEREE 3:

The above manuscript presents interesting andypaotiel information on the likely
effect of multiple (two) stressors, namely risiegiperatures and OM enrichment, on
benthic fluxes across the sediment/ water interfashallow subtidal soft sediments.

| share the concerns raised by previous reviewarsely about the lack of nitrite and
nitrate data, or nitrification rate measurementsl, the lack of information on fluxes
during light/ dark cycles, which limit the ability unravel the ecological/
biogeochemical processes underlying the recoraéeai$c However, | also feel that the
authors have done their best in addressing thewevis comments and acknowledging
the limitations of their study in the manuscript.

REPLY: We have tried to do our best by adding the previousomments in the 1st
revision, by adding the paragraph before the conclsion, and some sentences two
paragraphs before.

| don’t think further revision would significantimprove the manuscript and
recommend to accept it for publication.
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Abstract

Increasing ocean temperature due to climate chiareyeimportant anthropogenic driver of

. { Eliminado: , where

_ - Eliminado: especially when the
interactions among drivers may n

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, be just additive

temperature and organic pollution on nutrient redefiom coastal sediments to the water column
in a mesocosm experiment. POelease rates from sediments followed the samedras

organic matter mineralization rates, and incredisedrly with temperature and were
significantly higher under organic pollution thamder non-polluted conditions. NHrelease

only increased significantly when the temperatige was above 6°C, and was significantly
higher in organic polluted compared to non-pollisediments. Nutrient release to the water
column was only a fraction from the mineralizedanig matter, suggesting BOretention and

NH4" oxidation in the sediment. Bioturbation and bigiation appeared to be key processes

_{_Eliminado: of

N-limited, the excess release of NHitatemperature rise > 6 degrees could enhance water
column primary productivity, which may lead to tiheterioration of the environmental quality.

Climate change effects are expected to be acceteiatreas affected by organic pollution.

Keywords:climate changegutrophication, global warming, nitrogen, organiati@ar enrichment,

temperature
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1. Introduction
Ocean temperature rise due to climate change sidened among the most severe

anthropogenic drivers of ecological change in neagpstems, especially in coastal areas

) [ Cédigo de campo cambiado

[ Cédigo de campo cambiado

per decade (IPCC 2007), but in relatively enclcsed shallow coastal areas, such as the Baltic

L T =y e e Y Y Y e e ey e e e

)
)
_{ Eliminado: Belkin 2009; |
)
)

[ Cddigo de campo cambiado

In these areas, heterotrophic processes in sedirpesiail due to the generally low availability

) [ Codigo de campo cambiado ]
of light in the seabed due to eutrophication amyh lnput of labile organic matter (Conley et al.-

2009).
) [ Cddigo de campo cambiado }
Coastal areas are climate-sensitive systems (IF30C) that play an important role in the
) [ Cddigo de campo cambiado ]
mineralization of organic matter (OM) (Middelburgad. 1997). During mineralization, organic -

phosphorous (P) and nitrogen (N) are transformeiiorganic forms (P§ and NH",

respectively). OM is mineralized mainly by microlj@ocesses, which are strongly influenced
P [ Cddigo de campo cambiado }

by temperature (Robador et al. 2009). Consequetittgate change may affect nutrient

S \(RUUadul ©l al. £UUJ). LUlLtyUualidialc Lilaliyc flidy alicut fiyddicene p

regeneration rates in coastal ecosystems.
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_{_Etiminado: of )
conditiongn the sediment surface, where oxidized Fe keep R@mobilized. Thus seasonal -

p { Eliminado: anoxic ]
increases in sediment metabolic rates due to texhperrise may lead yedudng conditions in .~ { Eliminado: ed )
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can not be directly used by primary produc€snsequentldenitrificationresults in N removal .-

= -
\
\

from the ecosystem preventing eutrophication (Thameénd Dalsgaard 2008). Marine coastal . W

sediments play a major role in supporting primangdpictivity of the water column by supplying

in sea water temperature and input of OM to thénsewlt, are both expected to stimulate the
release of inorganic nutrients from the sedimenhéowater column, which may in turn
stimulate primary productivity. Nutrient increadsosae a certain threshold may lead to algal

blooms and subsequent hypoxic/anoxic events, neguit the deterioration of ecological status

| :

) [ Cddigo de campo cambiado ]

p { Eliminado: ;Jensen et al. 1995 ]
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) [ Cédigo de campo cambiado

Eliminado: exits the biological
N-cycle

again so it can be available agai
for primary producers

{ Eliminado: N, production
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Eliminado: and need to be fixj
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Coastal areas gather the greatest human poputigitsities in the world, resulting in

high anthropogenic pressure on coastal ecosysfms, many coastal areas are subject to

) [ Cddigo de campo cambiado }

multiple stressors (Halpern et al. 2008) such Herént kinds of pollution and global warming. -

A T rEs - ===/ --- " -~ - - - - rF- - T T a9 T I

Among the different types of pollution, organic lptibn, also know as organic enrichment, is

) [ Cédigo de campo cambiado ]

organic pollution and temperatuse Go-occur (Sanz-Lazaro et al. 2011b). .-~

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A

magnified wheg organic pollution and temperatuse go-occur (Sanz-Lazaro et al. 2011b).

Our ability to predict the ecological consequenaiedimate change is enhanced by

simulating realistic future scenarios. Hence, itriportant to conduct experiments to elucidate

) [ Cddigo de campo cambiado }
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not only the effects of individual drivers of ecgical change but also the interactions among

) [ Cddigo de campo cambiado ]

al. 2013). Despite the current concern of globalngfe, scarce research effort has been taken on

understanding how temperature rise affect the mgadif N and P in coastal sediments

) [ Codigo de campo cambiado ]
(Alsterberg et al. 2012). In fact, the accuracyfdictive biogeochemical models related to the

A

effect of climate change on the coastal eutropiuinas restrained due to limited knowledge

) [ Cddigo de campo cambiado ]
(Meier et al. 2011)Thus, to improve our forecasting capacity reldtedimate change, "

A

estimates of temperature driven changes in sediménént release are needed.

The aim of this work is to examine the effectseshperature rise and organic enrichment

on sediment nutrient releaderived from heterotrophic process¥ge used a mesocosm

approach and hypothesized that temperature riséodtlienate change increases£@nd NH "
release from the sediments as a consequence eagedt metabolic rates. We expected an
increase of the release of nutrients with tempeseatuith a more marked effect in organic
enriched than in non-organic enriched sediments tdgtimulation of anaerobic processes

resulting in PG and NH ' release.

2. Materials and methods

This experiment is the second part of a study.r€salts on carbon and sulphur cycles are

) [ Cddigo de campo cambiado ]

2.1. Collection of sediment and polychaetes
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The sediment used for experiments was well sodeghnic poor, Fe-rich sand [0.4 %DW

particulate organic carbon (POC), 125 umol’amactive Fe and 220 um average grain size]

) ( Cédigo de campo cambiado W

The macrofaunal organism used for experiments hepolychaetélereis diversicolor, which

was chosen based on its ability to bioirrigate atefsediment and influence microbial reaction

P

| Cédigo de campo cambiado j

Feellesstrand in the outer part of Odense Fjordnizek.

2.2. Experimental setup

Sediment was split into either control (-OM) or anically enriched sediment (+OM).
Enrichment was performed by adding 92 g labile Gilke]y ground fish feed, Ecolife, Dansk
Drredfoder with 49.4% DW POC, 8.1% DW total nitragerganic N (TN), 0.9% DW total P

(TP)] to 20 L of sediment. The enrichment correstezhto 26 mol POC ) which is

[ Cédigo de campo cambiado ]

2007;Sanz-Lazaro et al. 2011a).

Sediment was packed into 36 core liners (8 cmriafeiameter; i.d., 35 cm sediment
depth) which were distributed in three tanks manetd at 16, 22 or 26°C containing 65 L GF/F-
filtered seawater from Feeng Sund with a salinity ©psu. Each tank contained 6 cores of each

—OM and +OM, sediment. The 16°C treatment was chasehe reference level of present mean \
| Cédigo de campo cambiado |

P

Kristensen 1996). The 22°C and 26°C treatments geygen as SST climate change scenarios

( Cédigo de campo cambiado W
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) [ Cddigo de campo cambiado ]

both cases).

The sediment in the cores was left 3 days to cotrgrat acclimitize. Then thréé

P [ Cédigo de campo cambiado ]
diversicolor were added to each core to simulate the natursliygDelefosse et al. 2012lhe - - {mn formato: Espafiol (Espaﬁa}

7777777777777777777 - alfab. internacional)

time of polychaete addition was assumed the beminoi the experiment (t = ON. diversicolor

) [ Cddigo de campo cambiado J

based on Braddition experiments and were on average 13-2&1ldin the different

treatments. There were no significant (p < 0.08a$ of temperature or of OM enrichment on

) [ Cédigo de campo cambiado ]

Bioirrigation rates in the present experiment wanailar to the bioirrigation measured

) [ Cddigo de campo cambiado J
previously for other polychaetes (Quintana et 813 and within the range of the bioirrigation -
P [ Cddigo de campo cambiado ]

irrigation rates and visual observations showedttimadded worms died in three +OM cores at

26 degrees, and results from these cores wereeshfitim further analysis. For the rest of the

cores no polychaetes were found dead during there®ent, and active N. diversicolor were

observed in all the rest of the cores. The brornmdebations indicated that N. diversicolor

ventilated their burrows with the same intensityatelless of OM-enrichment level

Additionally, six cores with 5 cm i.d. were alstidd with —OM and +OM sediment to

p { Eliminado: conditions ]

stoppers and ~20 cm sediment was added, leavifgla tm headspace above the sediment.
. { Eliminado: regularly J
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2.3. Nutrient fluxes

NH;" and PG fluxes between sediment and water were measusg 8w days during the
first 2 weeks and every week during the rest ofetkgeriment. During flux measurements, the
water column of each sediment core was samplead@med were closed with rubber stoppers.
Incubations were ended after 3-5 h (-OM) or 1-2@M), where the rubber stoppers were
removed and the water column was sampled agairsafstiples were GF/F-filtered, transferred

to 20 mL plastic vials and frozen (-20°C).

2.4. Sectioning of cores
The three 5 cm i.d. sediment cores of each seditgpat(-OM and +OM) were initially
sectioned (t = 0; henceforth referred to as ingt@ks) and the remaining cores from every

temperature treatment were sectioned at the etice@xperiment (henceforth, final cores).

p { Eliminado: slices

sediment slice was homogenized and subsampledfferat analysis. One subsample from
each sediment slice was used to measure reactisad-ghosphate bound to reactive Fe. A
subsample of sediment was used for TP measurefitemtemaining sediment from each slice
was used to determine TN, sediment density andrwatgent. All analytical methods are
described below. Since temperature has a stromgiistiory effect on microbial reaction rates,
the duration of the temperature treatments vadgatévent porewater sulfate depletion and a
shift in sediment metabolism towards methanogen@hiss, the sectioning of the sediments at

16, 22 and 26°C was performed after 39, 32 anca®5, despectively.
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2.5. Sediment metabolic rates

C mineralization rates were estimated as time-nategtotal CG (TCO,) sediment-water

) [ Cédigo de campo cambiado ]

column flux divided by the experiment duration asatibed in Sanz-Lazasbal. (2011b)(Fig.

. { Eliminado: thatin ]
1). TCO; fluxes were measured following same proceslagfonutrient fluxesand TCQ - con formato: subindice ]
) o ) ) Eliminado: . Obtained Average
concentration wagnalyzed by flow injection analysis (Hall and AllE392). 7| Cmineralization was 85 * 7, 138+

******************************************************** 15 and 257 + 24 mmol Ad™ in -
OM cores at 16, 22 and 26°C,
respectively, and 355 + 21, 486 4
43 and 775 + 43 mmol fnd? in
the +OM cores for 16, 22 and

2.6. Analyses 26°C, respectively.samples were

NH;" and PQ* were analyzed spectrophotometrically on a LachakGhem 8500
autoanalyzer. Reactive Fe was extracted on ~0fZgdiment subsamples with 5 ml of 0.5 M

HCI shaken for 30 min. Then samples were centrduge 5 min (3000 rpm, ca. 1000 x g) and

) [ Cddigo de campo cambiado }

) [ Cédigo de campo cambiado ]

) [ Cddigo de campo cambiado }

Fe-bound P. Total P was determined on combustatheatisubsamples (520°C, 2 h), which
were boiled in 1 M HClI for 1 h. The supernatant waalyzed for P¢J" as described above. TN

was determined on a Carlo Erba CHN EA1108 elemeamialyzer according to Kristensen and

) [ Cédigo de campo cambiado ]

volume of sediment using cut off syringes. Waterteat was measured as weight loss after

drying (105°C, >12 h).

2.7. Data analysis
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198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

Significant differences in the content of solid phautrients were tested by pair-wise t-tests.
Comparisons were done between initial -OM and +@kég, and between initial and each final
treatment within each sediment type (-OM and +OM).

Average nutrient efflux rates were estimated mg{integrated nutrient effluxes divided
by the experiment duration. To compare the treridseotime-integrated effluxes between —OM
and +OM treatments along temperature we did reigressodels considering temperature the
continuous covariate and OM enrichment as a fieetbf. According to the data on the trends of
the time-integrated effluxes with increasing terapare we hypothesized different regression
models. We used the second order Akaike Informatioterion (AICc) to choose the best

model, since it is a good compromise between fjttind complexity of the model and it is

P

| Cédigo de campo cambiado j

regressions temperature was centered at 26°Ctesoapts showed mean values of effluxes at
this temperature. The significance of the regressaefficients was tested by ANOVA.

Homocedasticity was checked using Levene’s teshanchality with p-p plots. Analyses were

P

| Cédigo de campo cambiado j

Development Core Team 2012). All data were repaatethean + standard error (SE) and

statistical tests were conducted with a signifieatlewvel ofa = 0.05.

p { Eliminado: The

molar C:N:P ratio in the sediment based on POCaMMI TP content in unenriched and enriched. { iminador was caleuated

P { Eliminado: were estimated

)

\ )
) { Eliminado: . TheWe calculated}

)

)

J

[ Cddigo de campo cambiado
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230

231

232

233

234

235

236

237

238

239

240

241

242

3. RESULTS

3.1. P in sediment

enrichment with fish feed should have resulted.#rol m? higher TP in +OM cores than —OM

Eliminado: was 50.8 + 3.2 and
51.2 + 0.3 umol cm respectively.
Depth-integrated (0-16 cm) TP
thus amounted to 8.2 + 0.5 and 8,2
+ 0.1 mol n? in initial -OM and
+OM cores, respectively

cores (4.7 % of the TP in the sediment), but thas wot evident from our measurements
probably due to high variability between subsamphence, there were no detectable
differences in the TP content between initial -Ofd & OM cores (p>0.05). Additionally, there

were no significant differences on TP content betwthe initial and each final treatment within

Eliminado: Depth-integrated (0-
16 cm)

Eliminado: corresponded to 2.5
+0.1and 2.1 + 0.2 mol fin
initial

Eliminado: sediment,
respectively. By the end, Fe-bound
P ranged between 2.1 + 0.2 and 2.6
+ 0.3 mmol nf in —OM cores, and
between 2.0 + 0.2 and 2.6 + 0.3
mmol m? in +OM cores

-

Eliminado: concentration ]

Eliminado: and ]

final treatment within each sediment type (-OM a@M). The initial enrichment with fish feed

should have resulted in extra 3.6 mof (46.8 % of the PON concentration in the sediment),

Eliminado: sediment was 47.5
2.4 and 61.4 + 1.6 umol ¢in
respectively. Thus depth-integrated
(0-16 cm) PON was 7.7 £ 0.4 an
9.8 + 0.3 mol it in initial -OM

and +OM cores, respectively
(Table 1). The enrichment resulted
in significantly higher PON in

+OM cores (p<0.05).

which was close to the measured enrichment (2806 e PON in the sedimenfJable 1).

A

Eliminado: Depth-integrated (O
16 cm) p

3.3. Fe in sediment

A

0.2 mol

Eliminado: 25 +0.1and 2.3 + }

Eliminado: m?in

S

/, {
Iy~
/-

s

first cm of the sediment being 32.9 + 8.0, 35.5% a@nd 25.1 + 5.6 pmol cfrin —OM cores at

Eliminado: sediment,
respectively. After the experiment,
the pools of reactive Fe (Ill) were
2.0+£0.3,1.8+0.1and 2.3+0.5
mmol m? in —OM cores at 16, 22,
and 26°C, respectively, and 1.9 +
0.2,2.5+ 0.3 and 2.3+ 0.5 mmol
m?in +OM cores at 16, 22, and
26°C

11
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255

256

257

258
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260

261

262

263

264

265

16, 22, and 26°C, respectively, and 12.7 + 3.6) 24.9 and 28.5 + 6.2 pmol ¢hin +OM cores

at 16, 22, and 26°C.

E -

3.4. Nutrient release

PQ;? efflux showed a similar temporal pattern in thiéedent treatments: an increase in the first

days, a peak at intermediate stages and then deweztfluxes towards the end (Fig. 2). The

peaks of PG efflux were stimulated by OM enrichment and terapere. In —OM cores PO

efflux ranged from -0.3 to 0.3, -0.4 to 0.8 and2-® 0.7 mmol i d* at 16, 22 and 26°C,
respectively. In + OM cores ROefflux ranged from -0.2 to 1.0, -0.2 t01.9 and ©.0..4 mm

m?d™'at 16, 22 and 26°C, respectively.

ol

Average PQ efflux over the whole experimentwas 1.7 £ 1.5, 81.7and 4.3+ 1.1

mmol ni?in —OM cores at 16, 22, and 26°C, respectively-0M cores total P9 effluxes
were 6.6 1.2, 11.4 + 2.0 and 13.2 + 1.8 mmdlim+OM cores at 16, 22, and 26°C,

respectively, corresponding to 4.2, 7.6 and 9.3 %aetotal P added in fish feed (Table 1).

Average PG efflux showed a linear increasing trend along terafure in both —-OM and +OM

cores (Fig 3a). The AlCc showed that,P@ffluxes were best fitted with a linear regression

(Table Al). The regression analysis showed thaiaaecP G~ efflux increased linearly with

temperature (p<0.05) in —OM and +OM cores. Thereewgnificant differences between -OM

and +OM treatments at 26°C (p<0.05) and the sicaritiinteraction term of the regression

(p<0.05) indicated a steeper temperature respons®M compared to —OM treatments (Table

3).
The overall trend of NiH-efflux was similar to P¢¥-efflux. NH," effluxes increased

the beginning, peaked and then decreased towazdsith(Fig. 2). The range of the NH

at

12

p { Eliminado: (Fig. 1)




266 effluxes was stimulated by both organic enrichnaemt temperature. In —OM cores NHfflux
267 ranged from -12.5 to 27.8, -20.7 to 35.8 and -16.24.6 mmol nt d* at 16, 22 and 26°C,

268 respectively. In +OM cores NAefflux ranged from 0.0 to 58.8, 0.0 to 60.0 antlt.55.6

269 mmol m?d*at 16, 22 and 26°C, respectively.

270 Average NH" efflux over the whole experiment was 217 + 48, £188 and 339 + 106
271 mmol m?in —OM cores at 16, 22, and 26°C, respectivelyalllH," effluxes in +OM cores

272 were 559 + 113, 525 + 102 and 577 + 132 mmdlan16, 22, and 26°C, corresponding to 17.9,
273 17.4 and 20.1 % of N added in fish feed (TableThg trend of average NHeffluxes over the
274  whole experiment was not as clear as fogPé¥fluxes (Fig. 3b). N effluxes were clearly

275 stimulated at 26°C in both sediment types, howeAetording to the AlCc, the trend of NH

276 efflux over temperature was best fitted with anangntial regression (Table Al). The

. { Eliminado: n ]
277 | regression analysis showed significant increasing'Mffluxes with temperature followinga -~

. { Eliminado: exponential ]
278 | non-lineartrajectory (p<0.05) in both -OM and +OM sedimerttefle were significant =~ -
279 differences between -OM and +OM treatments at Z6%0.05). The interaction term of the
280 regression did not show significant differencesu§,MNH;" efflux in -OM and +OM cores
281 followed a similar trend with temperature althowgdifferent ranges (Table 3).
282
283 3.5. C:N:P ratios

. { Eliminado: J
284 | The C:N, C:P and N:P ratios of the added OM we2e &L.3 and 4.1, respectively. C:8:P and .-

_{ Etiminado: )
285 | N:Pratioswere similagn the initial -OM and +ONtores,The ratios among C, N and P at the . ~" { Eliminado: sediment ]

I Eliminado: were 12.7 and 11.6,}

286 | end of the experiment were calculated based oy 8B, and PQ” effluxes.C:N, C:P and N:P respectively.

_{ Etiminado: | ]

287 | ratios at the end of the experiment were genegathater i —OMthan in +OMcores althought -~
””””””””””””””” _4 Eliminado: C:N, C:P and N:P r

4 ranged 13.3 - 25.3, 656 — 988 an
288 | there was not a clear trend along temperaturentiergs(Table 4). .” | 25.9 - 65.3, respectively, while in
+ OM cores, C:N, C:P and N:P
ranged 21.6 - 26.8, 1157 — 1866
and 43.7 - 86.5, respectively

13
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4. Discussion

Our results show that temperature rise resultetifiarent trends of sediment

nutrient release of P and NH," under both organic and non-organic enrichment itiong.

While sediment Pg release followed a linear trend with increasingperature, the Nii

. { Eliminado: exponential ]
release from sediment shgwn-lineartrends, notably increasing when temperature inergsn .~
were above 6°C.
3-
4.1. PQ” release { Eliminado: natural ]

L ’ [ Cddigo de campo cambiado ]

The measured PP effluxes at 16°C were within the range of effluresasuredn coastal " [ cédigo de campo cambiado |

. . . . Eliminado: Thus, a 10°C rise
sediments in the Baltic Sea (Sundby et al. 1998¢}eet al. JQ?@-B@?)‘@X@% increased | lead to 4.3 and 3.4 times
/| stimulated PG -efflux of in —OM
. . . . | and +OM cores, respectively,
linearly with temperature in both —-OM and +OM treahts, but the slope of the regression was | | whike this temperalufe e
/| stimulated TC@efflux 3.0 and 2.2
. e . . ! times in —OM and +OM cores,
significantly steeper in +OM cores compared to —@ives. This suggests that the temperature | | respectively. This indicated that
) PO release occurred in

. . . . ! roportion to total sediment
dependent increase in PCeffluxes is enhanced by OM enrichment. The tempesaffecton B etaboliom.

{ Eliminado: above 600 in all

PO release was comparable to the temperature effietcttal C-metabolism in both organic ' treatments

i+ / Eliminado: This was far below
. ) . . .. i~ ', | the C:P ratio in the sediment (11.5
enriched and non-organic enriched conditions (Sazaro et al. 2011h). However, the release /" | ;1173 5% “om and +om
.,/ treatments, respectively) and the

of PQ was much lower than that of TGQs indicated bjaigh C:P ratios, suggesting that /| P ratio in the added OM (21.3)

77777777777777 | Eliminado: For each
. . . . . . . . temperature, we estimated the
organic P was either less labile compared to ocg@ror that inorganic P& was retained in the " | mineralized OM out of the OM
, added OM by subtracting the
. . . . . . / TCO, production in the +OM
sediment to a larger extent than C. Taking intmantthat the addg@M (fish feeq is highly - treatments to the TGGroduction
\\\ in the —OM treatments. We found
. . . . . - ! that 55-77% of the added OM was
labile, our data suggest FOretention in the sediment, which could be assediatith | mineralized, whereas P efflux onlly
N corresponded to 4.2-9.3 % of the
W\ | added P (Table 2).

adsorption to oxidized forms of Fe (Jensen et395). N —
******************************************** \\\{ Eliminado: OM ]
P-retention in marine sediments is controlledi®formsof P, Fe and S in the sediment, \( Btiminado: )
77777777777777777777777777 ﬁ\\ Eliminado: , ]
interactions between these pools and the sediredoksconditions (Roden and Edmonds ( cédigo de campo cambiado |
TN {Eliminado: pools ]
k [ Cédigo de campo cambiado ]
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329

330

331

332

333

334

1997;Gachter and Muller 2003). Generally, in sediteavith an oxic surface layer, oxidized Fe

to the large pool of Fe (lll) (tens of mmoles) e ffirst cm of the sedimenkhis hypothesys was

also supported by the fact that fewels of PG* bound to Fe (l1l) showed low variation between

initial and final cores. The oxic conditions of thediment surface were maintained in all
treatments despite metabolism enhancement andgudrgancrease in sulphide production,
which was especially notable in the +OM treatmente continuous oxygenation of surface
sediment due tbl. diversicolor bioturbation and bioirrigation (Sanz-Lazaro et2dl11b) was -
probably critical for maintaining and oxic sedimentface with high Fe(lll) concentrations,
since dramatically stimulated sediment metabolisgnexpected to notably diminish the Fe(lll)

suggest that the capacity of the sediment to r&@ji was maintained despite high metabolic

rates due to organic enrichment and elevated teahpes.

conditions the PgS" efflux could be much higher than measured inékjseriment. A longer
experiment could also have resulted in decreasad R@ention, because of exhaustion of the
to retain PQ® is notable considering that the amount of OM addetlis experiment
corresponded to the total OM deposited on the sebblow fish farms during a year, and that
the OM added has a high reactivity, which impligsttmost of the OM is mineralized initially.

Thus, marine sediment can act as a relevant sifk efen under severe scenarios of

15

. { Eliminado: mobilization ]

) [ Cédigo de campo cambiado ]

Eliminado: All the treatments
maintained a considerable pool 0]
oxidized Fe(lll) (1.8 to 2.5 mol m
?), in the same range as measure
at the beginning of the experimen
(2.3 to 2.5 mol ) indicating that
the PQ® retention capacity of the
sediment was maintained despite
elevated temperature and organi
enrichment. Similarly,

) [ Cédigo de campo cambiado ]

[ Cddigo de campo cambiado ]

) [ Cddigo de campo cambiado }

[ Cddigo de campo cambiado }

) [ Cédigo de campo cambiado ]
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344

345

346

347

348

349

350

351

352

353

354

355

356

357

temperature rise and organic enrichment, as lorighas a large enough pool of Fe and the

macrofauna keeps the surface of the sediment undteconditions.

4.2. NH:" release

Rates of NH'-effluxes at 16°C were within the range reportedrfiprevious laboratory

| Cédigo de campo cambiado |

2009;Valdemarsen et al. 2010). The 1-3 times teatpes stimulation of Nif-efflux were in

the same range observed in sediments from coasts é.e. temperature rise ca. 10°C during

[ Cédigo de campo cambiado ]

summer resulted in one- to four-fold increases kyNefflux) (Kristensen 1993). As with RO, -
the release rates of NHwere always higher in +OM cores than in —OM trestta for a given
temperature, highlighting that OM enrichment hadimulatory effect on Nid release. This was

expected since high Nftrelease is often observed in sediments enrichédlalile organic

) ( Cédigo de campo cambiado W

p { Eliminado: exponentially J

and +OM treatments. The notable increase of Nelease at a temperature increment of 10°C in
both —OM and +OM treatments, could led us to sgetthat the efficiency of NA oxidizing
pathways is lowered at high temperatures, nevexikahe data of C:N ratios pointed to an

opposite hypothesis.

Eliminado: The C:N ratio of the
. H H i ; e added OM was 5.2, whereas the
,The C:N ratios of C and N release during the erpent were always higher than the C:N ratios of the sediment OM at
the beginning of the experiment
was close to 12 in both -OM and
,,,,,,,,,,,,,,,,,,,,, s +OM cores.

. . . . Eliminado: (C:N ratios of C and
the mineralized N is not released to the waterroalas NH', but transformed into other N N release were 25.3 and 25.0 for
temperature increment of 6°C, 15.
and 26.8 for a temperature

iy

compounds. N§ could be nitrified in the oxidized surface seditenin N. divericolor increment of 10°C, in —OM and
7777777777777777 NN +OM cores, respectively)
burrows, and subsequently reduced to/ld anammox or denitrification (Thamdrup 2012). { Etiminado: the )

| Cédigo de campo cambiado |
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377
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380

Previous studies show that both denitrification andmmox are stimulated by increasing

{ Etiminado: :Nowicki 1994

. [ Cédigo de campo cambiado

temperaturesNowicki 1994 Alsterberg et al. 2012;Canion et al.

e o L~ S S

Eliminado: Engstrom et al.
2005;

(Nowicki 1994;Thamdrup and Dalsgaard 2@2gstrom et al. 20Q5which supports the data | Cédigo de campo cambiado

{ Eliminado: mostly
/

from this experiment. Nevertheless, evidence basedO; and NQ™ data should be needed to

)/ [ Cédigo de campo cambiado

/ [ Cédigo de campo cambiado

[ Eliminado: produced
1

,’[ Cddigo de campo cambiado

effluxing from organic enriched sediments (Christamet al. 2000;Holmer et al. 2003), while ,

[ Cédigo de campo cambiado

!

o

O 0 U G JU 0

Eliminado: prevent

coupled nitrification-denitrification rarely excezed-2 mmol rif d* in marine sediments

;o

R

(Middelburg et al. 1996). We are therefore confidbat the NH' release rates can actasa | /1

in the present experiment, both £@nd NH," effluxes were below the expected levels of the “‘:"»I‘

mineralized organic matter. In the case ofP.Ghis can be explained by the PQetention I

the experiment was designed to simulate the gdnédoal availability of light at the sediment

surface in relatively enclosed and shallow coaatehs exposed to eutrophication, such as in the

Danish coastal areas. Nevertheless, in other angfagnore light availability autotrophic

processes are also important. This could leadfterdnt results with regards to nutrient release

rates from the sediment.

| some extent, experimental

17

Eliminado: While there is, to

manipulative experiments that
focus on the effects of carbon
mineralization rates of marine
sediments on warming scenarios
(Finke and Jorgensen
2008;Robador et al. 2009;Sanz-
Lazaro et al. 2011b), less
information is available on the
mineralization rates of N and P.
Marine sediments act as an
important source of nutrients for
water column primary production
(Nixon 1981). Global warming
may lead to eutrophication of the
water column by increasing the
nutrient release from sediments.
For both nutrients, the effluxes
increased with temperature, but
followed significantly different
trends. PG effluxes increased
linearly, highlighting that P
mineralization is temperature
dependent. On the other hand,
NH," effluxes showed an
exponentially increasing trend
suggesting that N mineralization is
expected to be independent from
temperature rises of up to 6°C.
Since in most marine basins,
primary production in the water
column is limited by N (Zehr and
Kudela 2011), the predicted
increases in NI effluxes may
have important consequences fol
temperature rises above 6°C. As
example, in the Baltic Sea, N
demand of phytoplankton is 5.2
mmol m? d* (Koop et al. 1990).
Thus, in this case, phytoplankton
demand of N would be surpassed
above temperature increments of|
6°C or with no increments in
temperature, under non- and
organic enrichment conditions,
respectively. Under these
scenarios, the excess of NH
efflux could stimulate primary
production, which may lead to
excessive proliferation of algae. |

an
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In conclusion, in future scenarios of climate agrsediment P§J release is expected to
increase following the trends observed for OM nafization rates in the sediment. The
magnitude of the release of FQs influenced not only by local OM deposition strit also by
sediment characteristics, particularly, the amaimeactive Fe in sediment. NHrelease from
sediment is not expected to increase substantidth/te mperature increments of up to 6°C, in

organic polluted as well as in non-polluted sediteeHowever, more severe temperature rises

. { Eliminado: n

may be associated witfy@n-linearincrease in the release of liHrom sediments. As most -~ [ Eliminado: exponential

marine basins are N-limited, the excess releadéHaf may set in motion a cascade of negative
effects leading to deteriorating environmental qualhese effects are expected to be more
detrimental in organic polluted areas as well aso@stal basins with no or restricted exchange

with ocean waters.

Acknowl edgements
The authors are grateful to the technicians at &ikdbepartment of Biology, University of

Southern Denmark, for their help with the chemaradlysis. CS was supported by the Ministerio

_ 1 Con formato: Inglés (Reino

de Educacién y Ciencia of Spaiive thank the anonymous referees for helping to gwgthe -~ Unido)

manuscript with their suggestions.

18



399 References

400

401 References __ - - Con formato: Fuente: Cursiva,

402 | No revisar la ortografia ni la
gramatica

403 Alsterberg, C., Sundback K., and Hulth S.: Fundtigrof a Shallow-Water Sediment System {

Con formato: Fuente: Sin
Cursiva

404 | during Experimental Warming and Nutrient Enrichmétibs One, 7, 2012.

405 Bartoli, M., Longhi D., Nizzoli D., Como S., MagRi., and Viaroli P.: Short term effects of

406 | hypoxia and bioturbation on solute fluxes, dendgfion and buffering capacity in a shallow

407 | dystrophic pond, J. Exp. Mar. Biol. Ecol., 381, 1083, 2009.

408 Belkin, I. M.: Rapid warming of Large Marine Ecosmss, Prog. Oceanogr., 81, 207-213,

409 | 2009.

410 Burnham, K. P., and Anderson D. R.: Model Selectind Multimodel Inference: A Practical

411 | Information-Theoretic Approach Springer-Verlag, 200

412 Callier, M. D., Weise A. M., McKindsey C. W., andeBrosiers G.: Sedimentation rates in a

413 | suspended mussel farm (Great-Entry Lagoon, Canbitmleposit production and dispersion,

414 | Mar. Ecol. Proq. Ser., 322, 129-141, 2006.

415 Canion, A., Kostka J. E., Gihring T. M., Huettel,Man Beusekom J. E. E., Gao H., Lavik

416 | G., and Kuypers M. M. M.: Temperature responsesmittification and anammox reveals the

417 | adaptation of microbial communities to in situ tergiures in permeable marine sediments that

418 | span 50° in latitude, Biogeosciences Discuss.14595-14626, 2013.

419 Christensen, P. B., Rysgaard S., Sloth N. P., RalshT., and Schwaerter S.: Sediment

420 | mineralization, nutrient fluxes, denitrificationchdissimilatory nitrate reduction to ammonium

421 | in an estuarine fjord with sea cage trout farmsy#&gMicrob. Ecol., 21, 73-84, 2000.

19



422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

Conley, D. J., Bjorck S., Bonsdorff E., Carstenderbestouni G., Gustafsson B. G., Hietanen

S., Kortekaas M., Kuosa H., Meier H. E. M., Mulléarulis B., Nordberg K., Norkko A.,

Nurnberg G., Pitkanen H., Rabalais N. N., RosenBergavchuk O. P., Slomp C. P., Voss M.,

Wulff F., and Zillen L.: Hypoxia-Related Procesgeshe Baltic Sea, Environ. Sci. Technol., 43,

3412-3420, 2009.

Cowan, J. L. W., and Boynton W. R.: Sediment-watgmgen and nutrient exchanges along

the longitudinal axis of Chesapeake Bay: Seasamt#dims, controlling factors and ecological

significance, Estuaries, 19, 562-580, 1996.

Delefosse, M., Banta G. T., Canal-Verges P., Pémmes G., Quintana C. O., Valdemarsen

T., and Kristensen E.: Macrobenthic community resgao the Marenzelleria viridis

(Polychaeta) invasion of a Danish estuary, Mar |.Bmg. Ser, 461, 83-94, 2012.

Doscher, R., and Meier H. E. M.: Simulated seasmgrtemperature and heat fluxes in

different climates of the Baltic Sea, Ambio, 3322248, 2004.

Engstrom, P., Dalsgaard T., Hulth S., and AlleCR.Anaerobic ammonium oxidation by

nitrite (anammox): Implications for N-2 productioncoastal marine sediments, Geochim.

Cosmochim. Acta, 69, 2057-2065, 2005.

Falkenberg, L. J., Connell S. D., and Russell B.Oisrupting the effects of synergies

between stressors: improved water quality damgensffects of future CO2 on a marine

habitat, J. Appl. Ecol., 50, 51-58, 2013.

Gachter, R., and Muller B.: Why the phosphorusniabe of lakes does not necessarily

depend on the oxygen supply to their sediment sarfamnol Oceanogr, 48, 929-933, 2003.

Gilbert, F., Bonin P., and Stora G.: Effect of Bidiation on Denitrification in A Marine

Sediment from the West Mediterranean Littoral, Hymiologia, 304, 49-58, 1995.

20



445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

Gray, J. S., Wu R. S., and Or Y. Y.: Effects of tiyia and organic enrichment on the coastal

marine environment, Mar. Ecol. Prog. Ser, 238, 249; 2002.

Hall, P. O., and Aller R. C.: Rapid, Small-Volunf@ow-Injection Analysis for Sigma-Co2

and Nh4+ in Marine and Fresh-Waters, Limnol Ocean®g, 1113-1119, 1992.

Halpern, B. S., Walbridge S., Selkoe K. A., KappeV., Micheli F., D'Agrosa C., Bruno J.

F., Casey K. S., Ebert C., Fox H. E., Fujita R.indemann D., Lenihan H. S., Madin E. M. P.,

Perry M. T., Selig E. R., Spalding M., Steneckdtd Watson R.: A global map of human

impact on marine ecosystems, Science, 319, 94820RB.

Holmer, M., Duarte C. M., Heilskov A., Olesen BndaTerrados J.: Biogeochemical

conditions in sediments enriched by organic mditten net-pen fish farms in the Bolinao area,

Philippines, Mar. Pollut. Bull., 46, 1470-1479, 200

Holmer, M., and Kristensen E.: Seasonality of galf@duction and pore water solutes in a

marine fish farm sediment: The importance of tempge and sedimentary organic matter,

Biogeochemistry, 32, 15-39, 1996.

Holmer, M., Marba N., Diaz-Almela E., Duarte C. Nisapakis M., and Danovaro R.:

Sedimentation of organic matter from fish farmsligotrophic Mediterranean assessed through

bulk and stable isotope (delta C-13 and delta Nab®)yses, Aquaculture, 262, 268-280, 2007.

IPCC.: Climate Change 2007: Synthesis Report Catgbruniversity Press, Cambridge,

2007.

Islam, M. S., and Tanaka M.: Impacts of pollutionamastal and marine ecosystems

including coastal and marine fisheries and apprdachhanagement: a review and synthesis,

Mar. Pollut. Bull., 48, 624-649, 2004.

21



467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

Jensen, H. S., Mortensen P. B., Andersen F. OmBssen E., and Jensen A.: Phosphorus

Cycling in A Coastal Marine Sediment, Aarhus Bagnihark, Limnol Oceanogr, 40, 908-917,

1995.

Jorgensen, B. B.: Processes at the sediment-vmgefaice, inThe major biogeochemical -~ {

Con formato: Fuente: Sin
Cursiva

|

cycles and their interactions. Bolin B. and CookBK(Eds.): John Wiley and Sons, Chichester,

U.K, 1983.

Jorgensen, B. B.: Material flux in the sedimentHaotrophication in coastal marine

ecosystems. Jorgensen B. B. and Richardson K.)(EAlmerican Geophysical Union,

Washington, DC, 1996.

Kelly, J. R., Berounsky V. M., Nixon S. W., and @itiC. A.: Benthic-Pelagic Coupling and

Nutrient Cycling Across An Experimental EutrophioatGradient, Mar. Ecol. Prog. Ser, 26,

207-219, 1985.

Koroleff, F.: Determination of nutrients, iMethods of seawater analysis. Grasshof K.,

Ehrhardt M., and Kremling K. (Eds.): Verlag ChenW¢einheim, 1983.

Kristensen, E.: Seasonal variations in benthic camity metabolism and nitrogen dynamics

in a shallow, organic-poor lagoon, Estuarine Cd&tielf Sci., 36, 565-586, 1993.

Kristensen, E.: Organic matter diagenesis at the/anoxic interface in coastal marine

sediments, with emphasis on the role of burrowimignals, Hydrobiologia, 426, 1-24, 2000

Kristensen, E., and Andersen F. O.: Determinatfo@rganic-Carbon in Marine-Sediments -

A Comparison of 2 Chn-Analyzer Methods, J. Exp. M&iol. Ecol., 109, 15-23, 1987.

Lovley, D. R., and Phillips E. J. P.: Rapid Assay Microbially Reducible Ferric Iron in

Aquatic Sediments, Appl. Environ. Microbiol., 5336-1540, 1987.

22

-

-
-
-

Con formato: Fuente: Sin
Cursiva

|

-
-
-

Con formato: Fuente: Sin
Cursiva




489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

Mackenzie, B. R., and Schiedek D.: Daily ocean rawimg since the 1860s shows record

warming of northern European seas, Global Changk, Bi3, 1335-1347, 2007.

Meier, H. E. M., Eilola K., and Almroth E.: Climatelated changes in marine ecosystems

simulated with a 3-dimensional coupled physicalgeimchemical model of the Baltic Sea,

Climate Research, 48, 31-55, 2011.

Mermillod-Blondin, F., Rosenberg R., Francois-CdleaF., Norling K., and Mauclaire L.:

Influence of bioturbation by three benthic infaugpécies on microbial communities and

biogeochemical processes in marine sediment, AMliatob. Ecol., 36, 271-284, 2004.

Middelburg, J. J., Soetaert K., and Herman P. MEpirical relationships for use in global

diagenetic models, Deep-Sea Res., 44, 327-344,1997

Middelburg, J. J., Soetaert K., Herman P. M. Jd, ldeip C. H. R.: Denitrification in marine

sediments: A model study, Global Biogeochemicall€s;cl0, 661-673, 1996.

Nixon, S. W.: Remineralization and nutrient cyclingcoastal marine ecosystems Springer,

1981.

Nowicki, B. L.: The effect of temperature, oxygealinity, and nutrient enrichment on

estuarine denitrification rates measured with aiffemtnitrogen gas flux technique, Estuarine,

Coastal Shelf Sci., 38, 137-156, 1994.

Quintana, C. O., Kristensen E., and Valdemarseinipact of the invasive polychaete

Marenzelleria viridis on the biogeochemistry of damarine sediments, Biogeochemistry, 115,

95-109, 2013.

R Development Core Team.: R: A language and enwisoni for statistical computing,

reference index version 2.15.0 R Foundation fotiSiteal Computing, Vienna, Austria, 2012.

23



511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

Robador, A., Bruchert V., and Jorgensen B. B.: iffygact of temperature change on the

activity and community composition of sulfate-remhgcbacteria in arctic versus temperate

marine sediments, Environ. Microbiol., 11, 1692-3.79009.

Roden, E. E., and Edmonds J. W.: Phosphate mdimlizan iron-rich anaerobic sediments:

Microbial Fe(lll) oxide reduction versus iron-suaé formation, Archiv fur Hydrobiologie, 139,

347-378, 1997.

Rozan, T. F., Taillefert M., Trouwborst R. E., GdaB. T., Ma S., Herszage J., Valdes L. M.,

Price K. S., and Luther Ill G. W.: Iron-sulfur-ptgderus cycling in the sediments of a shallow

coastal bay: Implications for sediment nutrieneasle and benthic macroalgal blooms, Limnol

Oceanogr, 47, 1346-1354, 2002.

Sanz-Lazaro, C., Belando M. D., Marin-Guirao L.yvBi@ete-Mier F., and Marin A.:

Relationship between sedimentation rates and kemipact on Maérl beds derived from fish

farming in the Mediterranean, Mar. Environ. Re4., Z2-30, 2011a.

Sanz-Lazaro, C., Valdemarsen T., Marin A., and HolM.: Effect of temperature on

biogeochemistry of marine organic-enriched systemplications in a global warming scenario,

Ecol. Appl., 21, 2664-2677, 2011b.

Stookey, L. L.: Ferrozine - A New SpectrophotoneRieagent for Iron, Anal. Chem., 42,

779-781, 1970.

Sundby, B., Gobeil C., Silverberg N., and Mucci Alxe phosphorus cycle in coastal marine

sediments, Limnol Oceanoqgr, 1992.

Thamdrup, B.: New Pathways and Processes in thieaGMitrogen Cycle, Annual Review of

Ecology, Evolution, and Systematics, Vol 43, 437428, 2012.

24



533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

Thamdrup, B., and Dalsgaard T.: Production of Ni®iugh anaerobic ammonium oxidation {

Con formato: Fuente: MPHV,
Sin Cursiva

coupled to nitrate reduction in marine sedimentsIAEnviron. Microbiol., 68, 1312-1318, / {

/i
;o

Con formato: Fuente: Sin
Cursiva

2002. ey

| Primera linea: 0.49 cm,

Con formato: Sangria:

Tabulaciones: 0 cm, Izquierda

Valdemarsen, T., Bannister R. J., Hansen P. K.midoM., and Ervik A.: Biogeochemical !

malfunctioning in sediments beneath a deep-wattrféirm, Environ. Pollut., 170, 15-25, 2012. |!

Valdemarsen, T., Kristensen E., and Holmer M.: Melig threshold and sulfide-buffering in |

diffusion controlled marine sediments impacted byttuous organic enrichment, !

Biogeochemistry, 95, 335-353, 2009. ¥

Valdemarsen, T., Kristensen E., and Holmer M.: @ulfarbon, and nitrogen cycling in !

]

faunated marine sediments impacted by repeatedigrgarichment, Mar. Ecol. Prog. Ser., 400,

37-53, 2010. "

|

(‘ Sundback K., and Hulth S.:
/| Functioning of a Shallow-Water

Eliminado: Alsterberg, C.,

Sediment System during
Experimental Warming and
Nutrient Enrichment, Plos One, 7
2012. 1

Bartoli, M., Longhi D., Nizzoli D.,
Como S., Magni P., and Viaroli P}:
Short term effects of hypoxia and
bioturbation on solute fluxes,
denitrification and buffering
capacity in a shallow dystrophic
pond, J. Exp. Mar. Biol. Ecol.,
381, 105-113, 2009. |

Belkin, I. M.: Rapid warming of
Large Marine Ecosystems, Prog.
Oceanogr., 81, 207-213, 2009. |
Burnham, K. P., and Anderson D
R.: Model Selection and
Multimodel Inference: A Practical
Information-Theoretic Approach
Springer-Verlag, 2002.1

Callier, M. D., Weise A. M.,
McKindsey C. W., and Desrosier:
G.: Sedimentation rates in a
suspended mussel farm (Great-
Entry Lagoon, Canada): biodeposit
production and dispersion, Mar.
Ecol. Prog. Ser., 322, 129-141,
2006. 1

Canion, A., Kostka J. E., Gihring
T. M., Huettel M., van Beusekom
J. E. E., Gao H.,, Lavik G., and
Kuypers M. M. M.: Temperature
response of denitrification and
anammox reveals the adaptation |of
microbial communities to in situ
temperatures in permeable marin
sediments that span 50° in latitudi
Biogeosciences Discuss., 10,
14595-14626, 2013. 1
Christensen, P. B., Rysgaard S.,
Sloth N. P., Dalsgaard T., and
Schwaerter S.: Sediment
mineralization, nutrient fluxes,
denitrification and dissimilatory
nitrate reduction to ammonium in
an estuarine fjord with sea cage
trout farms, Aquat. Microb. Ecol.,
21, 73-84, 2000. 1

Conley, D. J., Bjorck S., Bonsdorff
E., Carstensen J., Destouni G.,
Gustafsson B. G., Hietanen S.,
Kortekaas M., Kuosa H., Meier H
E. M., Muller-Karulis B.,
Nordberg K., Norkko A., Nurnberg
G., Pitkanen H., Rabalais N. N.,

Rosenberg R., Savchuk (" 7117

IR

[Con formato: Fuente: Cursiva ]

25



549  Tables

550

551 Table 1: Depth-integrated (0—16 cm) pools of P ldr{thean + SE) in the sediment used in the
552  experiment (n=3, initial concentration) and theémates on the amount of nutrient mineralized
553 during the experiment based on nutrient sedimem¢mwalumn fluxes (n=6). Values inside

554 square brackets indicate the % of the nutrient ralimed out of the total added.

555
Initial concentration Mineralized (mmol m'z), by temperature
(mmol m?) 16°C 22°C 26°C

-OM

P 8178 + 548 2.65+1.12 435+1.71 5.64 +1.42

N 7662 * 401 252 +575 141 £59.3 441 + 138
+OM

P 8205 +72.1 7.54 £1.33 [4.2] 13.54 2.4 [7.6] 16.49 +2.24 [9.3]
N 9854 + 292 641 +130 [17.9] 623 +121 [17.4] 721 +165 [20.1]

556 Notes: The 16°C treatment corresponds to the present mean sea surface temperature (SST) for summer
557  months in the Baltic Sea. The 22 and 26°C treatments were chosen as SST climate change scenarios in

558 60 and 100 years based on SST temperature rise observed in the last decades and expected raises (1°C
559  per decade in both cases). -OM and +OM correspond to non- and organic polluted treatments,

560 respectively. The organic matter addition to +OM cores corresponded to 26 mol POC m, which is

561 comparable to the annual organic matter deposition in areas under the influence of mussel or fish farms.

562 The final cores were maintained at 16, 22, or 26°C in separate tanks containing filtered seawater.
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563 Table 2: Depth-integrated (0—-16 cm) pools of re@cke (llII) and P bound to reactive Fe (mean
564 + SE) for initial cores (n = 3) and final cores<). See notes at Table 1 for explanation about

565 treatments.

566
Initial concentration Final concentration (mmol m'z), by temperature
(mol m?) 16°C 22°C 26°C
-OM
Reactive Fe (ll1) 25+0.1 2.0+£0.3 1.8+0.1 23+0.5
P bound to Fe 25+0.1 2.1+0.2 25+0.2 26+0.3
+OM
Reactive Fe (ll1) 2.3+0.2 19+0.2 25+0.3 23+05
P bound to Fe 2.1+0.2 2.4 +£0.2 2.6 £0.3 2.0+ 0.2
567
568
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569

570

571

572

573

574

575

Table 3: Coefficients (means at 26°C) of the regjoesmodel for PG} and NH" sediment-

water column flux (i.e. efflux) rates along temgare for non-organic polluted (-OM) and

organic polluted (+OM) treatments. Regression mémePQ> corresponds to a first order

polynomial regression, while for NHcorrespond to an exponential regression (Table A1)

Significant effects (p<0.05) are indicated in bold.

PO,¥ efflux rate

NH," efflux rate

Coefficient (SE)

Coefficient (SE)

Intercept
OM

Temperature
OM x Temperature

0.207 (0.047)
0.420 (0.076)

0.016 (0.008)
0.028 (0.012)

13.58 (3.26)
12.45 (5.27)

0.946 (0.524)
0.108 (0.803)
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579

580

581
582

Table 4: Initial C:N:P ratio of the organic matterthe sediment estimated from particulate
organic carbon, total nitrogen and total phosphandgoverall C:N:P ratio estimated from
nutrient and total C&Xlux over the experimental period. C and total,@l0x data was reported

in Sanz-Lazaret al. (2011b). See notes at table 1 for explanatiomeaftinents.

AcVLLY). oL TIULCO dl lalit 11Ul CTAPIdllauVlidgwdicelits. p

Initial ratio in

Overall ratio of the effluxes, by

the sediment temperature

16°C 22°C 26°C
-OM
C:N 12.7 13.3 25.3 15.1
C:P 11.6 849 656 988
N:P 0.9 63.8 25.9 65.3
+OM
C:N 11.6 21.6 25.0 26.8
C:P 135 1866 1157 1174
N:P 1.2 86.5 46.3 43.7
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Figure legends

. { Eliminado: Pools ]
Figure 1:Mineralization rates, shown as flux rates of tG&h (mean + SEn=6) versus .- { con formato: Subindice )

temperature under non- (-OM) and organic pollutgdN) conditions modified from Sanz-

_ - Eliminado: (Sanz-Lazaro et al.
-7 | 2011b)

Eliminado: of reactive Fe(lll) ﬁ
)

Lazaro et al. (2011)). Lines are shown to visudleetrajectory but do not represent a L7

versus depth for initial cores (n=
and final cores (n=6) in the
different temperature treatments.

regression.

[ Cddigo de campo cambiado ]

Figure 2: PG and NH;" efflux rates (n=6, mean + SE) during the experinarhe three
temperature scenarios under non- (-OM) and orgamichment (+OM) conditions. Dotted lines

are the line of reference corresponding to 0.

Figure 3: Nutrient sediment-water column flux rafies6, mean + SE) versus temperature under
non- (-OM) and organic polluted (+OM) conditionsnés indicate significant (p<0.05)
regressions for —-OM and +OM treatments. Type ofaggjon was choosen according to the
AlCc (corrected Akaike Information Criterion) (TabAl). R refers to the whole regression

model for each nutrient which includes the factdf.O
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610
611 Appendix

612
613 Table Al: AlCc (corrected Akaike Information Criiem) of the different regression models for

614 PO and NH' efflux rates.

615
AlCc
PO43' efflux rates NH," efflux rates

Vi =B+ BX -31.940 247.60

Y, =5, + e -23.032 243.04

Y =B+ B+ BX -26.321 248.63

1

Yi =5+ /3'1; -30.336 248.95
616
617
618
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