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Abstract. Rising atmospheric C@is acidifying the surface Iron solubility in surface seawater is low, ranging in the
ocean, a process which is expected to greatly influence theicomolar and low nhanomolar levels depending on tempera-
chemistry and biology of the future ocean. Following the de-ture, and the speciation is largely controlled by organic com-
velopment of iron-replete phytoplankton blooms in a coastalplexation and photochemical redox processes (Kuma et al.,
mesocosm experiment at 350, 700, and 1050 pa@,, 1996; Sunda and Huntsman, 2003; Kuma et al., 1992; Liu
we observed significant increases in dissolved iron concenand Millero, 2002). In addition to iron binding organic com-
trations, Fe(ll) concentrations, and Fe(ll) half-life times dur- pounds such as humic and fulvic acids that are generally
ing and after the peak of blooms in response t;@@rich-  present in coastal seawater, phytoplankton blooms can affect
ment and concomitant lowering of pH, suggesting increased-e(lll)-complexation, which affects the dissolved Fe fraction
iron bioavailability. If applicable to the open ocean this may and photoreactivity (Croot et al., 2001; Kuma et al., 1992;
provide a negative feedback mechanism to the rising atmoRue and Bruland, 1995). Ligand production is generally fa-
spheric CQ by stimulating marine primary production. cilitated via zooplankton and protist grazing, microbial pro-
duction, and potentially also by phytoplankton cell degrada-
tion (Heldal et al., 1996; Barbeau et al., 1996; Hutchins and
Bruland, 1994). In return, iron bioavailability to prokary-
otic or eukaryotic phytoplankton differs among types of or-
Paleoclimate data indicate significant effects from the depo-ganic iron complexation, such as chelation by siderophores
sition of iron in aeolian dust on ocean biogeochemistry with or porphyrins (Hutchins et al., 1999). Fe(lll)-complexation
feedbacks on global climate (Watson et al., 2000). Studies ofs interlinked with Fe(Il) production in marine water, mainly
artificial and natural iron input have demonstrated iron con-via supplying a substrate for photoreduction in sunlit surface
trol of phytoplankton productivity and CGQdrawdown over ~ waters (Kuma et al., 1990ztiirk et al., 2004; Barbeau et
vast oceanic regions (Boyd et al., 2007; Blain et al., 2007;al., 2001, 2003). Other sources of Fe(ll) include reduction of
Pollard et al., 2009) and in coastal upwelling regions (Bru- colloidal Fe (Wells and Mayer, 1991; Johnson et al., 1994,
land et al., 2001; Hutchins and Bruland, 1998). TemporalRijkenberg et al., 2005), biological Fe(lll) reduction (e.g.
control of iron on phytoplankton productivity was also ob- Maldonado and Price, 2001; Shaked et al., 2004), and sub-
served in a Norwegian fjord syster@#tirk et al., 2002). oxic and anoxic deep water as well as sediments (Hopkinson
and Barbeau, 2007; Moffett et al., 2007; Breitbarth et al.,
2009; Hansard et al., 2009).

Fe(ll) is generally considered bioavailable but rapid re-
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range in the order of minutes and are largely dependent omdditions to target concentrations of 16 and 0.8 umoltkg
temperature, oxygen and hydrogen peroxide concentration®aily samples for all parameters except for trace metals,
and pH (Santana-Casiano et al., 2005; Millero et al., 1987trace gases, dissolved inorganic carbon (DIC), and alkalin-
Millero and Sotolongo, 1989), with presently limited knowl- ity were taken as a bulk sample using a 5m long,cm di-
edge about the role of organic Fe(ll) complexation in naturalameter flexible plastic tube to obtain depth integrated values.
seawater. However, the contribution of Fe(ll) to phytoplank- The pH values are calculated based on daily measurements of
ton nutrition may be significant in the open ocean (Roy et al.,total alkalinity (TA) and dissolved inorganic carbon (DIC) in
2008), continental shelf waters (Ussher et al., 2007), as welthe mesocosm upper mixed layer and are expressed on the to-
as in estuarine waters (Breitbarth et al., 2009). tal pH scale. TA was measured using the classical Gran elec-
Despite our growing knowledge of iron biogeochemistry trotitration method (Gran, 1952) (precisigié umol kgt).
in seawater, we currently have little information on the ef- DIC was measured by coulometric titration (Johnson et al.,
fects of ocean acidification thereon. Seawater pH affectsl987) with a precision of 2 pmol kd. Chl- concentrations
phytoplankton physiology (Fu et al., 2008; Hare et al., 2008;were determined using HPLC (Barlow et al., 1997) and par-
Riebesell, 2004) and thus indirect effects via phytoplanktonticulate organic carbon (POC) was measured on an elemental
exudates that complex iron may also alter biological influ- analyzer (EuroEA 3000, EuroVector) (Ehrhard and Koeve,
ences on iron solubility and cycling. Further, the photoreduc-1999). Please see Schulz et al. (2008) for more details about
tion of organic Fe-ligand complexes is an important pathwaythe experimental set-up of the PeECE Il study and its gen-
for Fe(ll) production in the euphotic zone (King et al., 1993) eral experimental outcome, as well as Engel et al. (2005) for
and moreover Fe(ll) oxidation rates are strongly pH depen-a specific description of the mesocosm design and -
dent (e.g. Santana-Casiano et al., 2005). Based on estimatégrbation technique used.
of unabated C@emissions, oceanic uptake of anthropogenic  Fe samples were obtained from 2.5 m depth through PTFE
CO, will lower surface ocean pH from a pre-industrial 8.25 tubing using a PE syringe and passed into 50 mL PE vials us-
to an estimated 7.85 within this century, and further by uping a 3-way valve, which allowed for flushing the sampling
to 0.7 units by 2300 (Caldeira and Wickett, 2003; Jacob-line by pumping mesocosm water to waste prior to each sam-
son, 2005). This change far exceeds any glacial-interglaciapling. The valve and sampling port were protected by plas-
differences (Caldeira and Wickett, 2003) and thus may havdic bags (Minigrip) at all times. The filled vials were im-
profound effects on the biogeochemistry of iron in seawater.mediately bagged and transported to the lab, where further
The Pelagic Ecosystem G@Enrichment Study (PeECE handling and filtration took place inside a class-100 lami-
1) studied natural phytoplankton blooms under atmosphericnar flow bench. Filtration for dissolved iron analysis was
CO, scenarios of 350, 700, and 1050 pg#@0, in a coastal  performed using a PTFE vacuum filtration unit and 45 mm
mesocosm experiment (Schulz et al., 2008). We used thi§.2 um polycarbonate membranes (Whatman). All filters,
unique opportunity to study iron chemistry in phytoplank- sampling and filtration equipment were trace metal cleaned
ton blooms grown simultaneously at different partial pres- by washing with HCI (1 mol £1) and subsequent high purity
sures of CQ. We particularly measured dissolved iron con- water (MilliQ) rinses and protected by double bags (Mini-
centrations, as well as Fe(ll) levels and oxidation rates ovegrip) for storage and transport. Exposure of the sampling
the course of the PeECE Ill mesocosm study to determine iquipment to outside air was kept to the absolute minimum
ocean acidification may affect iron speciation in seawater. time necessary to perform the sampling at the mesocosms.
Total unfiltered iron (tFe) and dissolved iron (dFe, 0.2 pm
filtered) measurements were conducted using chemilumines-
2 Methods cence flow injection analysis (CL-FIA) (Bowie et al., 1998)
using a commercially available CL-FIA instrument (Water-
The experimental work was carried out from 15 May through ville Analytical, USA) and focused on the period of strong
9 June 2005 at the National Mesocosm Facility locatedbloom development and pH shifts (days 7-13) and a post
at the Espeland Marine Biological Station at the Raune-bloom measurement (day 23). The instrument was equipped
fiord (60.3 N, 5.2 E), University of Bergen, Norway. Nine with a 50cm (1.2mL) sample loop and no sample pre-
polyethylene (PE) enclosures (2m diameter, 10 m deepconcentration steps were applied. All reagents used were
hereafter called mesocosms), were moored to a raft aboutf high purity (Fluka, trace select or trace select ultra for
200m from shore. The enclosures were filled simultane-HCI and NHs; Sigma BioUltra for NaSQOs; Sigma Ultra
ously by pumping unfiltered fjord water from 13.5m depth. for NaoCOs), with the exception of Luminol (Sigma Bio-
The mesocosms were capped with gastight and light trans€hemika). Purified water (Millipore, MilliQ) was used for
parent (95% UV permeability) tents. Atmospheric £€»n- all reagent preparations. Calibrations were done using stan-
centrations within three mesocosms each were adjusted tdard additions. A 10 mmolt! primary Fe(ll) standard so-
350, 700, and 1050 patmCO,. The water was bubbled at lution was prepared from a Merck Titrisol Fe(ll) standard in
target CQ until equilibrium was reached<2 days). Phyto- 0.1 mol L-X HCI. Secondary standards were prepared imme-
plankton blooms were initiated with NaNG@nd NaHPOy diately prior to use by serial dilution of the primary standard
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. . Fig. 2. Development of pH (dots) and Chl{lines) over the course
Fig. 1. Development ofpCO; (ths) and POC (lines) over the of the mesocosm experiment shown as the mean values of the high
course of the mesocosm experiment shown as the mean values ?

i I . hul
the high (red), mid (grey), and low GQ(green) treatments. See ed), mid (grey), and low C&(green) treatments. See Schulz et
al. (2008) for the complete data set.
Schulz et al. (2008) for the complete data set.

using 0.01mol ! HCI. All standard additions were kept 2). _The peak of the bloom was ma”‘e.d by Gzh_toncen
. trations at days 9 (low C¢& and 10 (mid and high C&
below 0.1% volume to reduce the effect of lowering the sam- . \ :
and resulted in particulate organic carbon (POC) concentra-

ple pH to a minimum. . 71
: tions that peaked at days 10 (low g®1.9 umol =) and
Fe(ll) was determined based on Croot and Laan (2002) us; | (mid and high C@, 98.9 and 97.4 umol 1 respectively)

ing the same CL-FIA instrument and reagents. For this pur-

ose the instrument was installed inside an instrument shacg:igs' 1 and 2). Seawater temperature increased over the
P -course of the study from 9%, peaked at 11.8C on day

on the mesocosm raft during da_ys 20 and 22 of the EXPEM 0 and decreased again to 18CGion day 25, with a most
ment. Similar to the total and dissolved Fe samples, water_ ." . o
' . rapid increase from 9.9-11°€ between days 14 and 17
was collected from 2.5 m depth through PTFE tubing using a,_: o . .
. . X : (Fig. 3). No significant difference in temperature was found

PE syringe, which here was immediately followed by 0.2 um .

o between mesocosm enclosures. Temperature increased from

filtration (Whatman polycarbonate membrane) from the col-. . N :

lection syringe and injection into the CL-FIA system. The initially 9.5°C to a peak of 11.6C on day 20, after which
ynng ) y : temperature dropped again to 10Ctby day 25 (Fig. 3). In

exact time that had passed between sampling and injection . .
) . : ontrast, oxygen saturation, which ranged between 340 and
into the analyzer was noted and the chemiluminescent sign 1 : X

60 umol kg + on day 3, dropped most prominently during

decay was fitted to an exponential function, which aIIowedthe period of rapid temperature increase and reached low-

ca}lculatlon of thg Fe(ll) concentration at the tl.me of SaM- .t lavels of 286—305 umol kg on day 19, with the high
pling. The Naperian log transformed chemiluminescent sig- . .
CO, treatments showing elevated oxygen saturation overall

nals over time of five successive analysis cycles yield a “.n' Fig. 3). See Schulz et al. (2008) for more details about the
ear signal decrease and the slope represents the Fe(ll) oxidgr

; 1 ; I loom development.
tion rate constantkgx s—+). Predicted .Fe(ll) oxidation rates The Chla and POC biomasses in the thie€0, treat-
were further calculated based on Millero et al. (1987) after .

. . . ments are not markedly different. Nevertheless, our exper-
calculating the [OH] concentration of the water using the

CO,SYS program (Lewis and Wallace, 1998), taking seawa-'ments show S|gn|f|cantly_ higher d'SSOIVEd. iror(.2 Hm,
. dFe) concentrations for high GQreatments in comparison
ter carbonate chemistry measurements and oxygen concef- : .
. . . . .~ ~to the mid- and low CQ scenarios (e.g. 4.42 vs. 1.92 and
trations into account. Fe(ll) calibration curves were obtained 1 : .
. . 2.73nmol L=+ on day 9, Fig. 4). During the bloom dFe de-
using standard additions on seawater sampled from the re-

spective mesocosms that was aaed to allow oxidation of an creased, which reflects iron uptake as well as cell surface and
FFE):(II) present 9 )f)article adsorption in all treatments. Remineralization during

bloom decline increased dFe levels again and dFe was main-
tained at significantly higher levels in the future scenario
3 Results and discussion compared to the mid and low GQreatments. Distinct dif-
ferences between dFe concentrations towards the end of the
CO;, perturbation and phytoplankton bloom development re-bloom (day 23, 2.8—4.2 nmolt! at low and mid CQ, 6.0—
sulted in pH values of 7.67-7.97, 7.82-8.06, and 8.13-8.2@.2 nmol L1 under high CQ, Fig. 4) suggest differences in
at 1050, 700, and 350 patpCO,, respectively during days Fe remineralization in the treatments. Fe concentrations in
3-12 and relatively constant levels thereafter (Figs. 1 andhe mesocosms differ from nearby fjord water (6.2 nmot L
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Fig. 3. Oxygen saturation and temperature as a function of timeFig- 4. Mean dFe concentrations (diamonds, error bars denote stan-
during the mesocosm experiment. For oxygen saturation: higtiard deviationsy =3) and mean Chi concentrations (lines) dur-
CO,=red, mid CQ=grey, low CQ=green. The relatively high oxy- g the mesocosm experiment at high (red), mid (grey), and low
gen saturation values in the mid G®eatment (day 5-12) originate Oz (green).

from enclosure #4, which was not used for the discrete Fe(ll) sam-

ples discussed in this work. The overall mean temperatures of all 100 -

nine enclosures are shown as a black line (error bars are standard .
deviations). 80 - "

= L

= [ ] &

£ 60 - L] .
tFe and 3.0 nmol t! dFe on day 13). However, the dFe val- o [ . e K
ues in the low and mid C®treatments at the peak of the = i . L —— e

: . g 40 m sE.e » -

bloom (1.9 and 2.7 nmoltl, respectively) are slightly be- 5 et
low concentrations in fjord water and also revert to values 20 - *
close to concentrations in the fjord by the end of the experi-
ment (3.5 nmol 1), while only the high C@ treatment had 0 ‘ w ‘ ‘ ‘ ‘
systematically higher dFe concentrations. 0 2 4 6 8 10

Total Fe ranged from 23.7 to 96.1 nmott and varied
between enclosures and over time. However, dissolved Fe
values do not correlate with tFe and thus tFe concentrations _ )
are not responsible for the systematically increased dFe val!-:'g' 5. dFe concentratlo.ns plottgd Versus th concentrations dur-
ues in the high C@treatments (Fig. 5). The total Fe data 'ngzﬂjgr':gsoggrsdmwz)igf_rg;n;' g;guhai?fgéygi ggr:g;eg;%";y 1
suggest an input of partICUIa.te Fe m.t(.) the mesocosms at a riangles:déy 13, circles=day 23. Error bars dehote precision of thé
early stage of the study. During the filling process water Was, alysis.
pumped from 13.5m, which most likely introduced partic-
ulate Fe from sediment sources. Though we acknowledge
the need of development for trace metal clean studies in this The predicted Fe(lll)-hydroxide solubility change over the
field (Breitbarth et al., 2010) and we adhered to trace metabpserved pH ranges during the iron measurements (7.77—
clean protocols during iron sampling, this large scaled ex-g 21 up to 7.94-8.26, Fig. 2) is significantly lower than
periment proved to be impossible to be fully carried out to the observed differences in dFe. Inorganic Fe solubility is
such specifications. Clearly, the mesocosms were Fe-replet§rongly pH dependent, however in UV irradiated seawa-
as they also would have been without any additional inputier at 25°C iron solubilities between 0.3 and 0.44 nmofi
of Fe to the experiment. While we lack iron measurementsyere measured (Liu and Millero, 2002; Kuma et al., 1996)
from the start of the experiment, applying an Fe:C ratio of with little change in the pH range of 7.8-8.6, making pre-
65 umol:mol (Sarthou et al., 2005) yields an iron demandgictions of changes in our pH range difficult. Based on ex-
of 2-6 nmol L during the bloom, which approximates iron tensive measurements over a wider pH range from Liu and
concentrations detected in fiord water, as well as the changegyillero (2002), Millero et al. (2009) suggest an increase in
in dissolved iron concentrations during the bloom. Our dFefe solubility of 40% with a pH decrease from 8.1-7.4. Over-
data are clearly influenced by bloom development and wey||, these trends can not explain the increase in dFe at the
conclude that dFe was elevated as an effect of the mid an@anomolar level (Fig. 4) observed in our study, suggesting
high pCQ; treatments. that biological iron-ligand production and colloid formation

dissolved Fe (nM)
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Fig. 6. Fe2t at high (red), mid (grey), low C®(green), and in fjord water (black) and light intensity (photosynthetic active radiation (PAR),
dotted line) during days 20 (left) and 22 (right).

in addition to pH dependence of iron chelation and iron hy- Casiano et al., 2006). Further, A pH decrease may affect
droxide precipitation may be responsible for maintaining el-iron-ligand complex stabilities, resulting in altered photola-
evated dFe in the high COmesocosms (Kuma et al., 1996; bility of Fe(lll)-ligand complexes (Lewis et al., 1995; Sunda
Millero, 1998; Sunda and Huntsman, 2003; Millero et al., and Huntsman, 2003). Also, reoxidation of Fe(ll) to Fe(lIl)’
2009). We also can not fully rule out that pH effects on the possibly will enhance the formation of Fe colloids, which
dissolution of particulate Fe contributed to these trends, butmay be reflected in the higher dFe concentrations in the high
considering the inorganic Fe solubility changes such an efCO, treatments.
fect can not account for the increased dFe in the high CO  predictions of the Fe(ll) half-lives over the course of the
treatments. Rue and Bruland (1997) demonstrated a 4'f0|(éxperiment reflect the expected pH dependence of Fe(”) OX-
increase of iron binding ligands in response to iron additionjgation rates (Fig. 7). The Fe(ll) speciation shifts towards
in airon depleted system during the Iron-Ex-1l studies and in-E&+ pelow pH 8.2, however the oxidation rate is still largely
fer positive effects thereof on the bioavailability of the added controlled by the oxidation of Fe(Ol)YSantana-Casiano et
iron. Croot et al. (2001) show a2-fold Fe-ligand concen- 3| 2006; Millero et al., 1995). Bloom dynamics caused pH
tration increase resulting in rising dFe concentrations aftershifts in the treatments that result in a much broader range of
12-13 days iron induced phytoplankton bloom developmentyredicted Fe(ll) half-lives in the high GQreatments (3.4—
This was paralleled by a5-fold increase in chlorophyll-a  20.6 min and 2.2-9.8 min, high and mid gQ@espectively)
biomass, similar to our study. Likewise, Croot et al. (2004) ys. the low CQ treatment (1.1-2.6 min, Fig. 7). Especially
suggest a biological source of iron ligands in association withquring the early phase of the bloom, the relatively slow Fe(ll)
chlorophyll maxima in the water column. Colloidal and or- oxidation rates at low pH may increase the bioavailability
ganically complexed Fe fractions were also associated withyf jron via allowing for a larger standing stock of Fe(ll) in
phytoplankton blooms in Norwegian coastal watgflirk  the high CQ mesocosms. Falling oxygen concentrations
etal., 2002, 2003), and may further be controlled by bacterialyith bloom decline and organic matter remineralization after
prOdUCtion of extracellular matrixes (H8|dal et a.l., 1996) All day 12 (by,\,lo% saturation Overa”) do not fu”y counter-
of the above further support the inclination that the increasedhct acceleration effects on Fe(ll) oxidation of the increasing
dFe concentrations during the high g@eatments were at temperature by-0.5°C each on days 15 and 17 (Fig. 3). The
least in part biologically controlled. product of both effects is visible in the parallel shift of the
The high CGQ mesocosms showed higher Fe(ll) values oxidation rate and resulting half-life times towards the lower
compared to the lower CQreatments. Values between 52 end of the pH range of each treatment (Fig. 7). It should
and 411 pmol ! were detected, depending on treatmentbe noted that the contribution of hydrogen peroxide is not
and time of day (Fig. 6). Elevated concentrations were meaconsidered here, but may have implications when concen-
sured during midday. Fast moving cloud cover however fre-trations exceed 200 nmolt:, which is possible in coastal
quently obstructed irradiation for various periods of time waters (Santana-Casiano et al., 2005). However, if hydrogen
(Fig. 6, photosynthetic active radiation data) and thus af-peroxide concentrations were sufficient to control Fe(ll) ox-
fected the midday pattern of a clear diel cycle in Fe(ll) levels. idation rates then the actual measured oxidation rates should
The solubility of Fe(ll) is significantly greater than for Fe(lll) be faster than the predicted rates, which are based on oxi-
and at the low pH levels in the high G@nesocosms the oxi- dation by oxygen alone. The opposite is the case, arguing
dation rates of Fe(Il) are much lower (Fig. 7), which may be against a significant hydrogen peroxide contribution to Fe(ll)
the main process resulting in higher Fe(ll) levels (Santana-oxidation rates during this study. Measured Fe(ll) half life

www.biogeosciences.net/7/1065/2010/ Biogeosciences, 7, 10832010
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Table 1. Fe(ll) oxidation rates and half lifes in the mesocosms during mid-day on day 20 and day 22 compared with Fe(ll) oxidation rates
estimated based on Millero et al. (1987). Measurements were performed at the same time as carbonate system measurements. See also Fig
for the respective Fe(ll) concentrations measured.

measured predicted

pH T o)) logkpxy — 11/2 logkox ~ t1/2
day total fC) (umolL™1)y (min~1) (min) (min~1)  (min)
20 820 115 287.6 -090 55 —-0.26 1.3
20 8.00 116 297.1 —-121 112 —0.64 3.0
20 797 116 311.3 —1.24 120 -0.69 3.4
22 823 105 291.2 —0.96 6.3 —-0.31 1.4
22 803 107 297.2 ~1.18 10.4 -0.67 33
22 798 106 305.4 -121 112 -0.78 4.2

25 - in oxidation rates and their deviation from the predicted rates
possibly indicate organic Fe(ll)-complexation, which addi-
201 & tionally may affect the Fe(ll) half life in the low pH treat-
. o ments stronger than in the high pH mesocosms. Furthermore,
E 15 - '-. biologically mediated Fe(lll)-chelates supply the major pool
=~ s of iron for photoreduction and this main Fe(ll) production
=+ 10 °\.. pathway in surface seawater (Boyd et al., 2000; Kuma et al.,
< 1992) appears to operate more effectively at high @w-
54 %% ing for the elevated Fe(ll) concentrations detected in the fu-
0 o~ e ture ocean treatments. This may be further enhanced by the

photoreactivity of an increased Fe colloid pool (Johnson et
76 77 78 79 8 81 82 83 84 al., 1994; Rijkenberg et al., 2005; Wells and Mayer, 1991) at
pH lower seawater pH. Effects thereof on biological production
and remineralization may be profound.
Fig. 7. Calculated theoretical estimates of Fe(ll) half-life imesasa  Our study indicates that ocean acidification may lead to
function of actual pH values measured over the course of the mesoenhanced Fe-bioavailability due to an increased fraction of
cosm experiment. The Fe(ll) half-life times were calculated baseddFe and elevated Fe(ll) concentrations in coastal systems.
on Millero et al. (1987) using oxygen saturation and temperatureSuch may be due to pH induced changes in organic iron com-
data as shown in Fig. 7. The color shading refers to the pH datgylexation and Fe(ll) oxidation rates. Overall this will result
obtained from mesocosms at their respective@®atments (high i jncreased turnover of Fe in surface seawater, potentially
COz=red, mid CQ=grey, low CQ=green). maintaining iron bioavailability given a sufficient supply of
total Fe, since equilibrium partitioning eventually restores

times range from 5.5-12 min, expectedly with highest valuesthe biolabile Fe pools that have been depleted by biological
T ' ke. Th further fuel i hyto-
in the high CQ treatments, and exceed predicted values byupta © ese processes may further fuel increased phyto

. lankton carbon acquisition and export at future atmospheric
2.6-4.5 times (Table 1). b d b b

; _ . L CO; levels (Riebesell et al., 2007). Provided that the ob-
While the pH effect on inorganic Fe(ll) speciation and thus

el . - X served CQ sensitivity of iron chemistry represents a gen-
on Fe(ll) oxidation rates is clearly evident, our data imply an g 5| hhenomenon operating also in phytoplankton blooms of
additional influence of phytoplankton bloom derivates on the

e . : oceanic areas, it could have a profound effect on productiv-
aCtF‘a' h_alf-llfe times. Hydroc_arboxyllc acids, such as glu- ity in the future ocean (Blain et al., 2007; Boyd et al., 2007).
caric acid, affect photoreduction of Fe(lll) and may be re- 5, regyits support the notion that changes in iron specia-

leased from phytoplankton (Kuma et al., 1902firk etal.,  yion and the resulting potential negative feedback mechanism
2004) while their direct effect on Fe(ll) oxidation remains to of phytoplankton productivity on atmospheric €@eed to

be shown. However, organic Fe(ll) complexation and con-pe ¢onsjdered when assessing the ecological effects of ocean
sequential effects on the lifetime of Fe(ll) in seawater haveacidification.

been suggested previously (Croot et al., 2001, 2007; Breit-
barth et al., 2009). Our data suggest two possible mecha-
nisms tying into Fe(ll) cycling at different pH. Differences
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