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ABSTRACT: The Ria de Vigo is a dynamic and productive upwelling ecosystem. We
measured *C incorporation (TOXCP) and gross primary production (GPP), community
respiration (DCR), net production (NCP) and size-fractioned chlorophyll a (chl a) fortnightly
from May 2012 to May 2013 in the euphotic layer of the Ria. Our aim was to improve the
depiction of plankton metabolism in the Ria and to test the general hypothesis that
community structure determines the degree of heterotrophy in planktonic ecosystems. Higher
primary production was measured after upwelling episodes and during the spring bloom,
when the community was dominated by microphytoplankton (>70% chl a-2oum). Lower
primary production was observed during summer stratification periods (~65% chl a-20um),
and during the pico- and nanophytoplankton-dominated winter (~25% chl a-20um). Coupling
between phytoplankton photosynthesis and biomass varied seasonally, mainly driven by
environmental conditions. DCR was 3 times lower and 8 times less variable than GPP, and its
variability was mainly driven by the changes in chl a. The integrated metabolic balance was
autotrophic most of the year, despite the negative NCP rates at depth. There was an inverse
relationship between the DCR:GPP ratio and the percentage of microphytoplankton (% chl
a>20um) Only in the summer. However, DCR:GPP and DCR:chl a ratios were similar in winter
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and spring, despite the seasonal differences in primary production and size structure. The
similar TO*CP:NCP and chl a:DCR relations in spring (>70% chl a-20um) and winter (~25%
chl a-20um), and the differences in summer (>70% chl a-20um) confirm cell size independence
in trophic functioning. We conclude that respiration variability is relevant for the metabolic
balance in the Ria, and that the degree of heterotrophy is not systematically related to

phytoplankton size over the scales of our study.

KEY WORDS: Upwelling productive system - Plankton metabolism - Community
respiration - Primary production - Net community production - Cell size structure - Trophic

functioning

1. INTRODUCTION

Eastern boundary upwelling ecosystems (EBUESs) are among the most productive
ocean biomes on Earth (Longhurst 2006, Chavez & Messié 2009). They represent
approximately 1% of the ocean’s surface and contribute around 11% to global new
production (Chavez & Toggweiler 1995), supporting >20% of global marine fish catches
(Rykaczewski & Checkley 2008). The input of new inorganic nutrients into the euphotic
layer by wind-driven advection creates favourable conditions for phytoplankton blooms,
typically of large diatoms (Margalef 1978, Falkowski & Oliver 2007), that support simple,
efficient food webs (Chavez & Messié 2009 and references therein). The extent, duration and
biogeochemical fate of these blooms is determined by the interplay of wind- and density-
driven advective and convective currents that control the input of nutrients and the dynamics
of particles (Figueiras & Rios 1993). In addition, the balance between gross primary
production (GPP) and the microbial community respiration (DCR), which determines the net
community production (NCP, the difference between GPP and DCR), plays a major role in
the carbon fate.

The NW Iberian upwelling region (42—-44° N) represents the northernmost part of the
NW Africa upwelling system (Gonzalez-Nuevo et al. 2014 and references therein). The
upwelling conditions are created by northerly winds that typically last 1-2 wk (Alvarez-
Salgado et al. 2000, Gago et al. 2003) and tend to prevail from April to September (Wooster
et al. 1976, Alvarez-Salgado et al. 2003). The Ria de Vigo, located in the NW Iberian
upwelling region, is a large embayment where upwelling forces a seaward transport of the

surface layer that in turn causes the entrance of deep bottom water enriched with inorganic
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nutrients and impoverished in oxygen (O2), creating a positive estuarine circulation in 2
layers (Varela et al. 2005, Crespo et al. 2006). The dynamic circulation created by the
upwelling influences the seawater transport between the Ria and the adjacent shelf (Figueiras
& Rios 1993, Alvarez-Salgado et al. 2000), determines its rapid seawater renewal rate
(Varela et al. 2005, Herrera et al. 2005) and promotes the offshore export of phytoplankton
cells and dissolved organic carbon (Alvarez-Salgado et al. 2003, Gago et al. 2003, Crespo et
al. 2006). In contrast, southerly and westerly winds that prevail between October and March
create downwelling conditions by promoting the entry of relatively warm and more saline
coastal seawater from the surface. Both upwelling and downwelling events occur
intermittently throughout the year and are frequently interrupted by phases of thermohaline
stratification and vertical mixing. This creates a dynamic hydrographic landscape and a

continuous resetting of plankton succession in the Ria de Vigo.

The response of phytoplankton biomass, cell size, species composition and
productivity to the upwelling—downwelling cycle in the Ria de Vigo has been previously
studied (Margalef 1978, Figueiras & Rios 1993, Nogueira et al. 1997, Cermefio et al. 2006,
Crespo et al. 2006). The rapid changes in hydrographic conditions and plankton community
structure have provided empirical evidence to general hypotheses on phytoplankton life-
history strategies, succession (Margalef 1978) and trophic dynamics (Cermefio et al. 2006,
Arbones et al. 2008). Hence, previous studies showed that metabolic balance is driven by the
primary productivity of the system, with DCR representing a minor fraction of the primary
production (Moncoiffé et al. 2000) and with NCP depending on phytoplankton cell size
structure (Cermefio et al. 2006, Arbones et al. 2008). This latter observation supports the
general hypothesis that carbon flows and budgets in pelagic ecosystems depend on
phytoplankton cell size (Legendre & Le Fevre 1989, Kigrboe 1993, Legendre &
Rassoulzadegan 1996). According to this hypothesis, food webs of larger organisms
(diatoms, metazoan zooplankton) would support relatively minor respiratory rates, leading to
autotrophic conditions (NCP > 0) and accumulation of biomass. Conversely, food webs
composed of smaller organisms (bacteria, pico-, nanophytoplankton and protists) and
characteristic of less optimal growing conditions would increase the degree of heterotrophy
(NCP < 0), leading to less sustained biomass (Legendre & Le Févre 1989, Kigrboe 1993,
Legendre & Rassoulzadegan 1996).

The interpretation of the previous hypothesis assumes that a single and general

functional relationship exists between community structure and food web functioning for all
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oceanographic conditions, and agrees with the generalised empirical relationship observed
between NCP (or the GPP:DCR ratio) and phytoplankton cell size structure (Cermefio et al.
2006, Arbones et al. 2008). However, this observation admits alternative explanations in such
a dynamic and heterogeneous landscape, especially when the data sets are mostly from short
time scale samplings carried out under distinct oceanographic conditions and with a general
prevalence towards upwelling events. Differences in the scale and coupling of trophic and
population dynamics and of auto- and heterotrophic processes during different periods (e.g.
accumulation or consumption of previously synthesised dissolved organic matter) (e.g. Serret
et al. 1999), or the influence on the heterotrophic community of independent variables
unrelated to phytoplankton cell size, such as seasonally varying inputs of allochthonous
organic matter (e.g. Teira et al. 2009), could bias such a pooled covariation analysis. In this
regard, observations of community metabolism at longer/larger scales (based on O/argon
ratios) (Cassar et al. 2015) and carbon export data (Mouw et al. 2016) have indicated that
plankton cell size does not always reliably predict export flux. Therefore, more information
on associated changes in food web structure, plankton respiration and net community

metabolism is necessary.

Here, we present fortnightly measurements of #C incorporation (TO*CP) and GPP,
DCR, NCP and size-fractioned chlorophyll a (chl a) from May 2012 to May 2013 in the
euphotic layer of the Ria de Vigo. To overcome scale difficulties with the empirical
relationship between phytoplankton cell size and community metabolism, we examined the
relationships between primary production, DCR and NCP during periods with different
phytoplankton community composition through the seasonal cycle. Comparison of
generalised vs. system-dependent relationships over spatial scales provides robust
descriptions of regional changes in food web fluxes (e.g. Serret et al. 2015). The main
objectives of this study were to (1) improve the depiction of plankton metabolism seasonality
in the Ria de Vigo and the calculation of seasonal and annual metabolic balances in a location
representative of the northern part of the NW Africa-Iberian upwelling, and (2) test the
general hypothesis that the covariation of phytoplankton cell size structure with NCP implies

that community structure determines the degree of heterotrophy of planktonic ecosystems.
2. MATERIALS AND METHODS

2.1. Sampling and hydrographic data
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Sampling was carried out fortnightly from 22 May 2012 to 21 May 2013 around pre-
dawn at a station in the central channel of the Ria de Vigo (42° 14.07' N, 8° 47.3' W;
maximum depth 48 m) (Fig. 1). Water samples from 3, 10 and 20 m depth were collected
with 5 | Niskin bottles. Vertical profiles of dissolved Oz concentration were recorded with a
MS5 & DS5X Hydrolab Oz sensor, calibrated every 2—3 samplings by Winkler measurements
of parallel seawater samples collected at each depth. Borosilicate glass bottles (120 ml) were
carefully filled from each Niskin bottle using silicon tubing, overflowing the volume of the
glass bottle by ca. 1.5 times. Fixing reagents (1 ml of 3 M MnSQO4 and 1 ml of 8 M KOH + 4
M KI solution) were added separately with an automatic multi-pipette. Fixing, storage and
standardization procedures followed the recommendations of Grasshoff et al. (1983).
Measurements of dissolved Oz were made with an automated Winkler titration system using a
Metrohm 848 DMS with a potentiometric end point (Oudot et al. 1988, Pomeroy et al. 1994).
O2 saturation was calculated using the equations for the solubility of oxygen in seawater of
Benson & Krause (1984). A vertical profile of photosynthetically active radiation (PAR) was
carried out ~2 h after dawn with a Li-Cor sensor. Although we measured our own
temperature, conductivity and pressure data with a Seabird 37 CTD probe and also recorded
our own vertical profiles of dissolved Oz with a MS5 & DS5X Hydrolab O2 sensor, we used
instead high-resolution hydrographic and dissolved O data obtained from the INTECMAR
webpage (www.intecmar.gal). This high-resolution data was recorded from the same station
(from the surface to 30 m deep). Following Varela et al. (2005) and Herrera et al. (2008),
representative time series of the upwelling index (Ul) computed at the Silleiro Buoy location
(42.10° N, 9.39° W) were downloaded from the IEO server (www.ieo .es). Raw Ul time
series with a 4 d* sampling frequency, were low-pass filtered using a 1 wk?! cut-off
frequency low-pass filter. Both raw and filtered Ul time series were daily averaged before
being plotted. Rainfall and solar irradiance data from the mouth of the Ria and freshwater

inflow data from the Oitavén-Verdugo river were provided by Meteogalicia.
2.2. Inorganic nutrients and chl a

Water samples for the determination of inorganic nutrient concentrations were
collected directly from each Niskin bottle into 50 ml polystyrene tubes (1 tube per depth), and
frozen at —20°C until further analysis. Concentrations of nitrate (NOz"), nitrite (NO2),
ammonia (NHs"), phosphate (POs*) and silicon (Si) were measured following the
colorimetric methods described in Grasshoff et al. (1983), using a Skalar San Plus segmented

flow autoanalyzer. For chl a determination, 250 ml seawater samples (one sample from each
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depth) were collected and sequentially filtered through 20, 2 and 0.2 um pore size
polycarbonate filters (Whatman). Filters were immediately frozen at —20°C until further
analysis. Chl a was extracted from the filters in 90% acetone HPCL at 4°C for 8-17 h in
darkness. Fluorescence was measured on a Turner 10-AU fluorometer calibrated against chl a
standards, following joint global ocean flux study (JGOFS) protocols (Knap et al. 1996).

2.3. Primary production

Seawater samples from each depth were transferred from the Niskin bottle into four
75 ml acid-cleaned polypropylene bottles (3 transparent and 1 dark). Each bottle was
inoculated with 50 uCi mlI NaH*COs and then incubated for 24 h in a 1 m depth in situ
underwater incubator. The incubator was not placed at the sampling location, but near the
sampling facility. Bottles were covered with combinations of neutral density plastic meshes
to replicate the percentage of surface irradiance (calculated from the PAR readings) from the
3 depths. After the incubation period, seawater samples were filtered at low vacuum (<50 mm
Hg) through 0.2 um polycarbonate filters and the filtrates were collected. The filtrates were
acidified with 100-150 ul of 50% HCI, and the filters were fumed with concentrated HCI for
12 h to remove unfixed inorganic **C (Steemann Nielsen 1952, Peterson 1980). Radioactivity
was measured in the filters and filtrates with a  radiation-Wallac scintillation counter to
determine total primary production (sum of particulate primary production and dissolved
primary production: TO*CP = POCP + DOCP).

2.4. Gross primary production, dark community respiration and net community
production

In vitro changes in dissolved Oz concentration were measured after 24 h light and dark
bottle incubations at each sampling depth. Twelve 120 ml, gravimetrically calibrated
borosilicate glass bottles were carefully filled with seawater which was transferred from each
Niskin bottle using silicon tubing, allowing the seawater to overflow. From each depth, 4
pseudo-replicate ‘zero’ bottles were fixed immediately with 1 ml of 3 M MnSOa4 and 1 ml of
8 M KOH + 4 M KI solution. The other 8 bottles were incubated in situ: 4 bottles in darkness,
wrapped with thick dark coatings (‘dark’), and 4 bottles under irradiance conditions
simulating those of the original sampling depth (‘light’). After 24 h, ‘light’ and ‘dark’ bottles

were fixed as described in Section 2.3 above.

Measurements of dissolved Oz were made with an automated Winkler titration system

using a Metrohm 848 DMS with a potentiometric end-point (Oudot et al. 1988, Pomeroy et



192
193
194
195
196

197

198
199
200
201
202
203
204
205

206

207

208

209
210
211
212
213
214

215

216
217
218
219
220
221
222
223

al. 1994). O2 metabolic rates (GPP = NCP + DCR) were calculated from the difference
between the averages of the pseudo-replicate ‘light’, ‘dark’ and ‘zero” measurements: NCP =
average ‘light’ [Oz] — average ‘zero’ [O2] and DCR = average ‘zero’ [O2] — average ‘dark’
[O2], where [O2] is concentration of oxygen. Rates are presented with their standard errors

(xSE), calculated as the propagated errors of the average differences.
2.5. Data treatment

Depth- and time-integrated values were obtained by trapezoidal integration of the
volumetric or daily data, respectively. The associated SEs of the integrated rates were
calculated following the propagation procedure for independent measurements (Miller &
Miller 1988). Simple linear regressions (ordinary least squares) were used to analyse the
relationships between biological variables. Contour graphs were created using Ocean Data
View software (http://odv.awi.de version 4.7.9, 2017). Other graphical and statistical analyses
were carried out with Data Graph, RStudio Desktop v.1.3.1093 (R Core Team 2020), and
Graph Pad software.

3. RESULTS AND DISCUSSION
3.1. Hydrography

The hydrodynamics of the Ria de Vigo are governed by seasonal thermohaline
variability, combined with estuarine circulation and short-term wind-driven upwelling and
downwelling episodes, which modify the vertical structure of the water column (Alvarez-
Salgado et al. 1993, Varela et al. 2005, Sousa et al. 2011). The inverse annual trends of solar
irradiance and freshwater inflow (Fig. S1 in the Supplement at www.int-
res.com/articles/suppl/m000p000_supp.pdf) reflect on the annual distribution of seawater
density, which shows a characteristic seasonal alternation of stratification and mixing (Fig. 2)

Two main phases of stratification were observed: (1) a period of thermal stratification
from mid-May to September 2012, caused by the increasing intensity and duration of daily
solar irradiance and characterised by a mean (xSE) vertical (0-35 m depth) temperature
gradient of ca. 3.2 + 1°C; and (2) a period of haline stratification from mid-December 2012 to
April 2013 due to intense rain and continental freshwater run-off (Figs. 2 & S1). Both
stratification periods were separated by a phase of vertical mixing between October and mid-
December 2012. Episodes of wind-driven upwelling modified the vertical structure of the

water column by bringing relatively dense seawater towards the surface, evidenced by a
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compression of isopycnals in the upper water column. Although the Ul was highly variable
during the study, 2 distinct periods were discernible: (1) upwelling favourable conditions
(positive Ul), which prevailed from mid-June to late September 2012, throughout February
2013 and from mid-April to May 2013 (Fig. S1); and (2) downwelling favourable conditions
(negative Ul), which prevailed between October 2012 and January 2013 as well as during late
March and early April 2013 (Fig. S1).

3.2. Dissolved Oz saturation, NO3z~ and chl a

Upwelled seawater masses are generally impoverished in Oz but rich in inorganic
nitrogen (Chavez & Messié 2009) (Fig. 3a,b), although denitrification and anammox in deep
anoxic water causes loss of fixed nitrogen to Nz, resulting in a nitrogen deficit compared with
remineralised phosphorus (Dalsgaard et al. 2012). High O: saturation and high NO3z~
concentration near the surface in winter indicates the biogeochemical impact of continental

run-off water accumulated during high precipitation/downwelling episodes (Fig. 3a,b).

There was a temporal variation of chl a, with 2 periods of high surface chl a in early
September and early April 2013 and minimum water column chl a in late autumn—winter
(November 2012 to mid-February 2013) (Fig. 3c). In addition, surface chl a was particularly

low during the summer (late May to August 2012) despite the upwelling prevalence in July.

Chl a was low near the surface during most of the upwelling—thermal stratification
period (Fig. 3c) (late May to October 2012). At the beginning of the sampling in late May
2012, NOs~ and chl a were very low near the surface (<0.5 mol m= and <1 mg m=3,
respectively), while a sub-surface chlorophyll maximum (SCM) of >9 mg m~ was measured
above the nitracline at 10 m depth. These results, and the Oz super-saturation measured near
the surface, suggest a surface formation and posterior sedimentation of phytoplankton
biomass. The SCM observed at 20 m depth in early July (15 mg m=) coincided with
conditions of both O2 sub-saturation and relatively high NOs~ (2.3 mmol m~) in a phase of
upwelling relaxation (Figs. 3 & S1). SCMs are typical in the Ria during periods of relaxation
between summer upwelling pulses (e.g. Cermefio et al. 2006, Arbones et al. 2008). We
measured very high surface chl a and a strong vertical gradient in early September 2012 after
an upwelling event that brought an important amount of NOs™ to the upper layer (>9 mmol
m= at 20 and 10 m depth) (Figs. 2, 3 & S1). This bloom was particularly intense, with
volumetric and integrated chl a of 21.22 mg m= and 190.51 mg m~2, which corresponded to

almost 2-fold the highest values reported in Cermefio et al. (2006) and Arbones et al. (2008)
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(12-13 mg m~3 and 129-115 mg m2). Upwelling conditions returned in late September 2012,
after a period of hydrographic relaxation, which drove the increases in Oz saturation, NOs~
and chl a in early October 2012 (Fig. 3). However, the magnitude of the early October
surface bloom was smaller (9.3 mg chl a m=) than the one in early September (Fig. 3c). We

named the period between early September and early October 2012 ‘early autumn’.

Chl a remained low through the water column (average 17.84 + 3.17 mg m~2) during
the late autumn-winter period of cooling, mixing and downwelling prevalence (early
November 2012 to mid-February 2013) (Figs. 2, 3c & S1). However, these seasonal values
were higher than those reported in Cermerio et al. (2006) and Arbones et al. (2008) (winter
averages of 8.3 + 1.4 and 8.25 + 1.4 mg m~2, respectively). Low chl a is expected during the
winter due to the combined effect of vertical mixing and reduced irradiance, which restricts
the photosynthetic activity of phytoplankton in the euphotic layer (Falkowski 1983). Water

column NOs~ was high (128 + 12 mmol m~2) during most of the winter.

Chl a increased through March, especially in the upper 10 m, reaching 70 mg m=,
close to the 78 mg m= measured in October 2012. The reduced seasonal haline stratification
and the high solar irradiance recorded in March 2013 favoured the initial increase in chl a
during early spring. However, heavy precipitation during late March 2013 and the prevalence
of downwelling caused a strong haline stratification that persisted until mid-April 2013 (Figs.
2 & S1), and very high NOs~ was found in the surface brackish water (Fig. 3b). In early April
2013, a phytoplankton bloom developed, with chl a levels of 12 mg m= near the surface and
a strong vertical gradient. Integrated chl a reached 93.9 + 11.6 mg m~2 in early April 2012,
similar to the 92.3 + 51.5 mg m~2 measured by Arbones et al. (2008) in April 2004. By early
May 2013, and under upwelling relaxation conditions, a SCM had fully developed, with chl a
concentrations greater than 10 mg m~ at intermediate and deep waters and 6 mg m= chl a

near the surface.
3.3. Size-fractioned chl a

The seasonal variation of total chl a was mainly related to changes in the
microphytoplankton (>20 um) fraction, which was on average around 4 times greater than the
nanophytoplankton (2—20 um) and almost 14 times greater than the picophytoplankton (0.2—2
um) (Fig. S2). In addition, the nanophytoplankton was approximately 3.5 times more
abundant than the picophytoplankton (annual averages of 14.0 1.9 vs. 4.0 + 0.5 mg m2,

respectively).



288
289
290
291
292
293
294
295

296
297
298
299
300
301
302
303
304
305

306

307

308
309
310
311
312
313
314
315
316
317
318

319

There was seasonal variability in the contribution of the 3 size-classes to the total chl
a. Microphytoplankton dominated total chl a during the summer thermal stratification and
early autumn bloom in 2012 and again during the upwelling period in spring 2013 (with
contributions to total chl a ranging from 54.8-88.7%). Thus, when total chl a exceeded ca. 1
mg m~3, the microphytoplankton fraction tended to dominate the community. In contrast,
during late autumn—winter, when total chl a was <1 mg m=, nanoplankton and picoplankton
fractions dominated the community (average 50.3 = 4.0 and 16.5 + 2.9% of total chl a,

respectively).

In summary, there was a distinctive seasonal cycle with 3 main phases, as shown in
Fig. 4 with 6 biological variables integrated: percentage of the microphytoplankton fraction
(% chl as20um), total chl a, TO*CP, GPP, DCR and NCP. Firstly, during the summer (late
May—-August 2012) and early autumn (September—October 2012), both DCR and % chl
a=2o0pm remained relatively high through the water column, but primary production (GPP and
TOMCP), NCP, and total chl a were more variable in response to the interplay between
upwelling and stratification. Secondly, during the late autumn-winter mixing period
(November 2012-February 2013), the values of total chl a, % chl a-2oum as well as those of
the metabolic rates were low. Thirdly, during spring 2013 (late February—May 2013) there
was a rapid increase in the value of all 6 variables (Fig. 4).

3.4. Photosynthetic *4C incorporation
3.4.1. Spatial and temporal variation of total primary production

We measured TO¥CP maximum rates near the surface during the upwelling-related
phytoplankton blooms of early autumn 2012 (54.9 + 3.41 mmol C m=3 d! at 3 m depth), and
during the spring bloom 2013 (43.88 + 3.19 mmol C m= d! at 3 m depth) (Fig. 5a). Lower
TOMCP rates and weak vertical gradients were observed during the autumn-winter mixing
period (0.05 + 0.002 to 2.34 + 0.08 mmol C m=3 d?1). Overall, the ranges of our volumetric
and integrated rates (0.05 + 0.002 to 72.35 + 3.31 mmol C m3 d, and 6.07 + 0.8 to 547.54 +
17 mmol C m=2 d) were similar to those for particulate primary production recorded by
Cermefio et al. (2006) (1.4-68 mmol C m= d™, 74-695 mmol C m=2 d, estimated from
short-time **C incorporation and assuming 10 h of light d*) and Arbones et al. (2008) (5.2—
180 mmol C m d, estimated from 24 h *C incorporation) and agree with the general
ranges in the Ria de Vigo (4-833 mmol C m~2 d; Figueiras et al. 2008).

3.4.2. Relation of TO™CP with total chl a
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The variation of TO*CP matched that of chl a (Figs. 5a & 3c), except for the SCM of
early July and mid-September. After excluding these outliers with a z-score > 2, the general
chl a to TOCP relationship was TOXCP = 3.51(+0.18) x chl a — 2.28(+0.78); R2=0.91, p <
0.0001, n = 43.

Hence, chl a appears to be a key factor explaining the variation of primary production.
The derived general productivity index (P1) (amount of carbon fixed per unit of chl a) was, in
general, relatively low (ca. 3 mmol C mg chl a d!). However, our values would represent
net PI, as our *C incubations lasted 24 h (Marra et al. 2007). Nonetheless, our general Pl lies
within the PI ranges previously reported in the Ria de Vigo (1.5-10.8 mg C mg™* chlah™in
Cermefio et al. 2006), and within the PI ranges calculated in other upwelling systems such as
the Benguela or the Cariaco Basin (Mitchell-Innes & Walker 1991, Muller-Karger et al.
2001, Marra et al. 2007). These studies showed a systematic seasonality related to species
succession and environmental conditions. Thus, lower Pls are usually observed in diatom
blooms, increasing in value during stratification conditions because of the reduced package
effect of small phytoplankton and low nutrient availability (Marra et al. 2007). Our results
show that the coupling between photosynthesis and phytoplankton biomass varied seasonally,
with a period of minimum productivity during late autumn—-winter. Low Pl values were
calculated during the summer upwelling periods (average 2.11 + 0.3 mmol C mg~ chl a d}),
but also during the late autumn-winter mixing period (1.01 + 0.40 mmol C mg* chl a d})
with a community dominated by nano- and picophytoplankton cells (~75%) whose reduced
package effect and higher surface-to-volume ratio are supposed to confer higher efficiency
(Raven et al. 2005). The Pl increased to 4.15 + 1.23 mmol C mg~* chl a d™* during a phase of
thermal stratification and dominance of microphytoplankton (64 = 10%) in June 2012,

contrary to previous expectations (Raven et al. 2005, Marra et al. 2007).
3.5. Gross Primary Production
3.5.1. Spatial and temporal variation of GPP

GPP followed seasonal and vertical patterns very similar to those described for
TOMCP and total chl a (see Figs. 5a,b & 3c). Our ranges of volumetric and integrated GPP
(0.11 + 0.21 to 105.88 + 0.80 mmol O2 m= d%, and 12.09 + 4.28 to 848.13 + 11.41 mmol O
m~2 d1) were higher than those reported in Arbones et al. (2008) (ca. <2—80 mmol O> m=d-
1 52.5-462 mmol Oz m~2 dt) and similar to values reported in Moncoiffé et al. (2000) (<2—
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123 mmol 02 m= d1). Assuming a range of photosynthetic quotients of 1.1-1.3, our annual

integrated gross production was 709-838 g C m=2 yr .
3.5.2. Relation of GPP with chl a and TO*CP

The general linear relationship between total chl a and GPP was highly significant,
especially when the SCMs were excluded (Fig. 6). The derived general (gross) Pl of 5 mmol
02 mg* chl a d! was within the range of the slopes of the GPP:chl a relationships that
Moncoiffé et al. (2000) calculated with surface (7.36 + 0.63) and with 1% light depth (0.83 +
0.17) data. A decrease in the gross Pl with depth was also observed in our data from the slope
of the GPP:chl a relationships (Fig. 6): GPPsm = 5.03(x0.21) x chl asm — 1.47(x1.41), R%*=
0.97, p < 0.001, n = 20; GPP1om = 3.11(*0.44) x chl aiom — 1.15(+1.29), R?= 0.78, p < 0.001,
n = 16; and GPP2om = 0.66(+0.14) x chl azom — 0.05(+0.22), R?>= 0.62, p = 0.001, n = 16.

The large difference between the PI at the surface and at 20 m depth (ca. 8 fold) is
characteristic of stratified environments (e.g. Mitchell-Innes & Walker 1991, Lorenzo et al.
2004) and indicates adaptation of the phytoplankton to the reduced light at depth (Falkowski
1983). Only during November did the Plsm/Pl2om ratio decrease to ca. 1.5, indicating effective
mixing of phytoplankton populations, while through the rest of the year the water column
mixing seemed to have occurred at slower time scales, allowing phytoplankton cells to adapt
to the local light regimes (Falkowski 1983) or enabling the accumulation of allochthonous,
ill-adapted phytoplankton at depth. In general, data from the SCMs agreed with the GPP:chl a
relationship at 20 m depth, and the slope of this relationship was not different with the
inclusion of these SCM data points (t = 0.90, df = 31, p = 0.37) (Fig. 6). This suggests that
the low Pl at 20 m depth is related to the rapid accumulation of ill-adapted large
phytoplankters rather than to the physiological adaptation of large cells to progressively

darker environments as they sink.
3.6. Net Community Production

The integrated annual DCR (23.8 = 1.4 mol O2 m~2 yr') was approx. 30% of the
annual GPP, and this percentage increased to a seasonal maximum of ca. 40% during the
winter. Such a relatively low percentage of respiratory consumption implies that the seasonal
variability of NCP resembled that of TO*CP, GPP and chl a (Figs. 3¢ & 5). NCP maximum
rates were measured near the surface both during the upwelling-related phytoplankton
blooms of early autumn and in the spring bloom. During the relaxation periods of early July,

mid-September and May 2013, NCP rates decreased in relation to the high chl a as a
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consequence of the increases in DCR. Negative NCP was measured at 20 m throughout most
of the year (~1.35 * 0.40 mmol O2> m~3 d1) except during the post-bloom period in July (Fig.
5d). In addition, low NCP rates were measured across the water column during the late
autumn-winter mixing period (Figs. 4 & 5d). Overall, volumetric NCP rates ranged from —
5.67 + 0.41 mmol O m~3 d* at 20 m depth in early May 2013 to 95.72 + 0.80 mmol Oz m3
d~! at 3 m depth in early September (Fig. 5d).

Integrated NCP was negative only twice along the annual series: —5.38 £ 5.11 mmol
02 m~2 d ! in late November, and the annual minimum of —24.66 + 11.37 mmol Oz m2d? in
mid-July (Fig. 4). The highest integrated NCP rate (741.57 + 11.36 mmol O2 m= d) was
measured, together with the highest TO¥CP, GPP and chl a, during the upwelling-related
bloom in early September (Fig. 4). The mean annual integrated NCP was 161.69 + 44.58
mmol Oz m~2 d~! with a seasonal minimum during the late autumn—winter period (15.1 + 11.4
mmol O2 m=2 d™) and a period of similarly low integrated NCP rates during June and July
(Fig. 4). Our values were similar to those reported in Arbones et al. (2008): ranges of ca. —10
to 60 mmol O2 m~3 d~! and 25-400 mmol O2 m d, annual average of 144 mmol Oz m=2 d!
and winter average of 22.3 mmol O m=2 d?; and similar to those values reported in
Moncoiffé et al. (2000): ca. —18 to 110 mmol O m= d! and annual NCP average of 140

mmol O2 m2d1.

Assuming an oxygen to carbon (O2:C) stoichiometry of 215/147 (Pérez et al. 2000),
our annual integrated NCP would result in a net annual production of organic carbon in the
Ria de Vigo of 427 + 20 g C m2 yr L. This result is significantly higher than the 317 +13g C
m~2 yr! estimated by Alonso-Pérez et al. (2015) from the results in Arbones et al. (2008), and
higher than the 306 g C m~2 yr ! estimated from nitrogen mass balances in the nearby Ria de
Arousa by Alvarez-Salgado et al. (2010).

3.7. Dark Community Respiration
3.7.1. Spatial and temporal variation of DCR

Compared to TO¥CP and GPP, DCR was lower in both magnitude and variability.
The average volumetric and integrated DCR rates were approximately 3 times smaller than
the corresponding GPP rates, and DCR annual ranges were 8 and 6 times smaller than those
reported of volumetric and integrated GPP, respectively (Figs. 4 & 5). Our DCR rates (0.41 +
0.10 to 13.32 + 0.47 mmol Oz m= d! and 15.18 + 2.01 to 148.88 + 5.26 mmol O2 m=2 d™?)
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were similar to those reported in Moncoiffé et al. (2000) (<1-46 mmol Oz m=3 d?) and
Arbones et al. (2008) (<2—-20 mmol O2 m= d*; 31-132 mmol Oz m2 d?).

High DCR rates were measured during the summer and in the spring bloom (Fig. 5c).
Contrary to TOCP and GPP, high DCR (>7 mmol O m~ d!) was measured not only near
the surface but also at depth, especially during upwelling relaxation periods. Lower DCR
rates were observed throughout the water column during the late autumn—winter period (0.86
+0.09 mmol 0> m~3 d™) (Fig. 5¢), and DCR rates remained low during early spring (avg. of
1.68 = 0.21 mmol Oz m= d* from late February to late March). Average DCR/chl a was 1.29
+ 0.24 in the spring, similar to late autumn-winter mean of 1.20 + 0.19 mmol O mg™ chl a
d, and almost half the average measured during summer: 2.35 + 0.38 mmol O2 mg™ chl a d-
! It is worth noting that the relationship of temperature with DCR was not significant.

Integrated DCR was very low during late autumn and winter (avg. 17.13 £ 0.66 mmol
02 m2 d?), and increased steadily during the spring, following the increase of chl a.
However, integrated DCR remained high during summer (avg. 107.56 + 10.26 mmol Oz m™
d?), lagging behind during phases of decreasing GPP and chl a (e.g. mid-July, mid-
September), and not showing any significant increase during the phytoplankton bloom in

early September (Fig. 4).
3.7.2. Relation of DCR with chl a and GPP

The patterns described above indicate a poor correlation between integrated DCR and
either chl a or GPP during the summer (late May—August 2012) (Fig. 7). In addition, the late
autumn-winter integrated data fit well with the significant relationships for the spring period
(late February—May 2013) (Fig. 7): DCR = 0.67(+0.10) x chl a + 6.50(+10.81), R?> = 0.89, p
<0.001, n = 7 and DCR = 0.12(+0.04) x GPP + 21.01(+8.45), R = 0.81, p <0.001, n = 5. The
early autumn (September—October 2012) integrated data also conformed to the relationships
for the spring period, implying that the simple variation in total chl a explains a major part of
the DCR variation in the Ria de Vigo during most of the year except for summer (Fig. 7b).
The pooled ‘September 2012 to late May 2013” equation is DCR = 0.62(£0.05) % chl a +
8.43(+5.30), R? = 0.91, p < 0.0001 n = 14. Data points from early autumn 2012 and May
2013 behave as outliers in the DCR:GPP relationship, however they are a good fit in chl
a:DCR (Fig. 7). These observations indicate a tighter coupling of DCR with chl a than with
primary production (TO*CP and GPP) in the Ria de Vigo, possibly due to differences in their

timescale of variation. Both chl a and autotrophic respiration are closely connected to
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phytoplankton biomass, and hence with photosynthesis, when the system is in steady state.
On the other hand, heterotrophic respiration is logically more connected to the availability of
organic substrates to oxidize rather than to their production by photosynthesis. This implies
that in a non-steady-state scenario, any instantaneous GPP measurement may not be
representative of accumulated biomass. Likewise, in such a non-steady-state scenario, a
similar scale of variation for chl a and DCR and a different one for GPP could be expected.
This would explain why some SCM data points are outliers in the relationships between the
less coupled variables (chl a:GPP and GPP:DCR) (Figs. 6 & 7a), and inliers in the
relationships between the more coupled variables (chl a:DCR and TO“CP:GPP) (Figs. 7b &
8). This agrees with the uncoupling of phytoplankton biomass and net metabolism size
distributions observed by Soria-Piriz et al. (2017) over spatial scales along a tropical
estuarine gradient. In highly dynamic and spatially heterogeneous ecosystems like the Ria de
Vigo, where the coupling of photosynthesis and biomass varies over short time scales (see
Sections 3.4.2 and 3.5.2 above), integrative slow variables such as chl a or DCR may more
accurately capture the overall productivity and functioning of the system (Carpenter & Turner
2001), while fast variables such as photosynthesis (TO*CP and GPP) would require a strict

matching of sampling and forcing scales.
3.7.3. Relationship of DCR with percentage of microphytoplankton (% chl a>20um)

The observations described above seem at odds with the hypothesis that the variability
of community metabolism in the Ria de Vigo is dependent on phytoplankton cell size
structure. This hypothesis is based on the idea that any increase in the dominance of the
phytoplankton community by small cells leads to an enhancement of organic matter
remineralisation through the microbial food web, thus increasing the relative importance of
respiration, whereas whenever large phytoplankton dominates the community, a classical,
short food web will prevail, thus reducing organic matter remineralisation and respiration
(Cermefio et al. 2006, Arbones et al. 2008 and references therein). We observed higher DCR
rates per unit of chl a or GPP in the microphytoplankton-dominated summer than during the
rest of the year (Figs. 4 & 7). Moreover, the relationship between % chl as2oym and DCR (Fig.
9a) confirms that our observations do not fully concur with this hypothesis. Firstly, higher
DCR rates were obtained with higher dominance of the microphytoplankton, suggesting that
a third factor, possibly chl a or GPP, is underlying the % chl a-z2oum to DCR relation. The fact
that DCR remained low in late autumn (November) and especially during the winter—spring

transition (late February), when low chl a and low GPP coincided with relatively high % chl
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asz2oum (Fig. 4) further support the poor response of the heterotrophic metabolism to unique
changes in phytoplankton size structure. The relationships of % chl a-2opm with the DCR/chl
a and the DCR:GPP ratios confirm this conclusion: the negative slopes that conform to the
hypothesis above were only observed within the summer subset of the data (Fig. 9b, c).
However, the DCR:chl a and DCR:GPP ratios for the spring period varied little over a range
of % chl a-20um similar to the corresponding summer range (ca. 50-90%). Moreover, these
ratios were similar in the late autumn—winter and spring across the whole annual range of %

chl as20 um (<30% in late autumn—winter to >0% in spring) (Fig. 9b,c).
3.8. Phytoplankton size structure and community metabolism

The hypothesis that the metabolic balance in the Ria de Vigo depends on
phytoplankton cell size structure is based upon theoretical predictions (Legendre & Le Févre
1989, Kigrboe 1993, Legendre & Rassoulzadegan 1996) and the observation of a higher
percentage of primary production consumed by community respiration during winter, when
small phytoplankton prevail, than during summer stratification and upwelling conditions
(Cermerio et al. 2006). According to the same hypothesis, the microbial food web is actively
sustained throughout the year by a background level of small phytoplankton and dissolved
organic carbon production. Whenever the relative contribution of large-sized phytoplankton
increases during the upwelling-favourable season, a higher amount of organic carbon
circulates through the classical food web, leading to an increase in the photosynthesis-to-

respiration ratio.

Arbones et al. (2008) also obtained positive relationships between the GPP/DCR ratio
and % chl as20.m and % PO CP-20um, finding a high degree of autotrophy when large-size
phytoplankton were dominant, whereas the system was almost in balance when small
phytoplankton prevailed (Fig. 10). Our data show a similar general trend between the
GPP:DCR ratio and % chl a-20.m as was found by Arbones et al. (2008) (Fig. 10). Similarly,
we observed low GPP:DCR ratios during the winter, when pico- and nanophytoplankton
represented >70%, and higher ratios in some summer and spring data. An analysis based on
comparison of seasonal averages (e.g. Cermefio et al. 2006) would indicate higher autotrophy
in the microplankton-dominated summer period. However, both our trend and the one in
Arbones et al. (2008) conceal some variability that is not consistent with the hypothesis
above.
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The relationships found by Arbones et al. (2008) were only sustained when the whole
set of data from 5 short-term, high-resolution samplings were analysed. However, the
GPP/DCR ratio remained essentially invariant around 2 during the surveys of January and
April, even with % chl a-20,m and % PO CP=20um ranging from <20 to >90% (Fig. 10). This
ratio increased to 6.2 only in July, despite % chl a-20um and % PO CP>20um (85 and 91%,
respectively) being very similar to those in April and October (88-92 and 79-83%,
respectively). Similarly, in our study the GPP:DCR ratio remained around 2 during most of
the year (late autumn, winter, most spring and some summer data), despite % chl a-2oum
ranging from <20 to >90% (Fig. 10). We measured low NCP rates and GPP:DCR ratios
throughout the summer, when % chl a-2oum Was 65 = 5% (Figs. 4, 5 & 10). Moreover, we
measured the only significant negative NCP value during the microphytoplankton-dominated
summer. These observations are in agreement with our relationship between % chl a-20 um and
the DCR:chl a ratio (Fig. 9¢), confirming that a more stringent test is necessary to decipher

the dependence of trophic balances upon phytoplankton cell size structure.

The variation in the relationship between primary production and DCR or NCP has
been used to identify differences in the trophic functioning between distinct ecosystems
(Serret et al. 2015 and references therein) and hence opens a potential for testing the
hypothesis above. According to this hypothesis, during the winter, with small cells
dominating an unproductive phytoplankton community, the higher degree of heterotrophy
should cause the slope of the TO*CP:NCP relationship to be lower than during the spring
and summer. However, in our study, the relationships between TOCP and NCP (Fig. 11) as
well as the variation of DCR with chl a and GPP (Fig. 7) all indicate similar trophic
functioning during the late autumn-winter period (dominated by pico- and
nanophytoplankton) and during the spring and early autumn periods (both dominated by
microphytoplankton); while the trophic functioning during the summer period (dominated by
microphytoplankton) was different. The significant TO“CP:NCP relationship for early
autumn, winter and spring shows an intercept that is not significantly different from zero and
a lower slope than the summer relationship, whose intercept is negative (Fig. 11). With
similar levels of high % chl as2oum in the summer and spring (Figs. 4 & S2), these
relationships show that at high levels of productivity (GPP > 300 mmol O2 m= d?), there is a
marginal tendency towards a higher degree of autotrophy in the summer than in the spring
(mean GPP:DCR ratios of 6.4 + 3.8 and 4.9 £ 1.12, respectively). However, as the

productivity decreases (GPP < 200 mmol O2 m2 d1), the degree of heterotrophy increases
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more in summer than in spring (Fig. 11), irrespective of the prevailing phytoplankton size
(mean GPP/DCR ratios of 1.3 + 0.2 in summer [n = 5] and 3.3 £ 0.15 in spring [n = 3]; Fig.
7a). Additionally, below a GPP of 200 mmol Oz m d%, the degree of heterotrophy is even
higher in the summer, with >70% chl a-2oum, than in the late autumn—winter period, with
<30% chl a>20um (the average GPP/DCR ratio would be 1.3 £ 0.2 in summer [n =5] and 1.9 £
0.6 in late autumn—winter [n = 3]; Fig. 7a). For further consistency, a very similar size-
independent seasonality in the degree of heterotrophy is observed when DCR is related to
total chl a and % chl as20um (Figs. 7 & 9).

Our results imply that phytoplankton cell size does not determine the seasonal
variability in the degree of heterotrophy in the Ria de Vigo. It is logical that community
respiration should be higher per unit of biomass or per unit of production in a complex
microbial food web where heterotrophic activities play key roles than in a simpler, ‘classical’
food web (Legendre & Le Fevre 1989, Kigrboe 1993, Legendre & Rassoulzadegan 1996).
Additionally, large heterotrophs were poorly represented in the 120 ml Oz incubation bottles.
However, is not necessarily correct that any change in phytoplankton cell size should
immediately trigger a shift in the prevailing route of organic matter circulation across the
continuum between the 2 types of food webs mentioned. This is especially true when the
prevalence of small cells occurs in low-light and high-nutrient, turbulent environments (e.g.
the winter in the Ria de Vigo) rather than in oligotrophic, stratified systems where nutrient
remineralisation is essential. Processes that may interrupt the functional connection between
community structure and food web fluxes include the consumption of previously
accumulated or allochthonous organic matter, bioavailability of inorganic and organic matter
for heterotrophs or size-selective grazing (Teira et al. 2009, Cassar et al. 2015, Mouw et al.
2016). As a result, communities with similar phytoplankton cell size structure may show
different trophic functioning in highly episodic systems punctuated by inputs of deep NOs~
(e.g. during summer) than during seasonal transitions that are characterized by runoff and

inputs of allochthonous reduced inorganic and organic nitrogen (e.g. spring).

Our observations contradict the hypothesis that planktonic carbon flows and budgets
in the Ria de Vigo are dependent on phytoplankton size structure (Cermefio et al. 2006,
Arbones et al. 2008). This conclusion is supported by observations of high NCP in
communities dominated by nano- and picoplankton in the Southern Ocean (Cassar et al.
2015) or tropical estuaries (Soria-Piriz et al. 2017). The theoretical expectations are met when

extreme situations are compared, e.g. the highly autotrophic microphytoplankton-dominated
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upwelling and spring phytoplankton blooms vs. the almost in balance pico- and
nanophytoplankton-dominated winter mixing (e.g. Fig. 10, see also Cermefio et al. 2006,
Arbones et al. 2008), or during rapid successions within the highly transient summer period
(Fig. 9). However, the metabolic balance is not dependent on phytoplankton size structure
over the range of ecological states observed throughout the year, particularly at intermediate

productivity regimes and during seasonal transitions.

Generalised TOMCP:NCP models, even adjusted to changes in phytoplankton cell
size, are not sufficient to accurately predict annual net community metabolism, which
requires a sound representation of the seasonal variability in the relationship between
photosynthesis and respiration. For example, our summer TOCP:NCP relationship would
incorrectly predict consistent net heterotrophy through the late autumn—winter period (—64.49
+5.99 mmol O2 m~2 d1), while the pooled autumn-winter—spring model would overestimate
NCP during low-productivity periods in the summer. The impact of these biases in the Ria de
Vigo may be relatively minor because of the high contribution of phytoplankton blooms to
the annual NCP and the general prevalence of autotrophy throughout the year. The
generalized TOCP:NCP model would underestimate the winter NCP by 6.8 mol O m™,
Accurate prediction of changes in NCP under foreseeable scenarios of climate-induced
changes in upwelling intensity and a general increase in continental runoff will require
understanding of the variability and processes controlling respiration rates, as well as
deciphering the scaling of primary production and community respiration in EBUES.
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FIGURES

Fig. 1. Sampling station at the Ria de Vigo. Modified from Cermefio et al. (2006)
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755 Fig. 2. Vertical and temporal variability of (a) temperature, (b) salinity and (c) density
756 of seawater at the sampling station in the Ria de Vigo during the period of study. Black dots:

757  position of in situ seawater sampling points for chemical and biological variables
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Fig. 3. Vertical and temporal variation of (a) percentage of oxygen saturation, (b)
nitrate and (c) total chlorophyll a (chl a) in the Ria de Vigo. In (c), the key oceanographic
situations and ecological transitions described in the text are indicated approximately (white
diamonds: sub-surface chlorophyll maximums, SCMs). Note that the spatial and temporal
resolution and extent of oxygen measurements from the Iberian Shelf Oceanographic
Observatory are higher than those of the seawater sampling for nitrate and total chl a (black
dots)
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Fig. 4. Temporal variation of integrated percentage of microphytoplankton (% chl
a>20um), total chl a and integrated metabolic rates: total photosynthetic **C incorporation
(TO¥CP), gross primary production (GPP), net community production (NCP) and
community respiration (DCR) measured at the sampling station in the Ria de Vigo. Error

bars: corresponding propagated SE; dashed line: zero NCP
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775 Fig. 5. Vertical and temporal variation of (a) total photosynthetic *C incorporation

77

(o]

(TOMCP), (b) gross primary production (GPP), (c) community respiration (DCR) and (d) net
777 community production (NCP) in the Ria de Vigo. Black dots: position of in situ seawater

778 sampling points for chemical and biological variables
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Fig. 6. Relationships between gross primary production (GPP) and chlorophyll a (chl
a). Black, blue and red dots are data from 3, 10 and 20 m depth, respectively. Data points
with a sampling date correspond to the sub-surface chlorophyll maximum (SCMs). Black
dotted line: general relation including all data except the SCM outliers (GPP = 5.02[£0.19] x
chl a — 4.11[+0.87]; R? = 0.93, p < 0.0001, n = 52). Continuous black, blue and red lines:
relationships obtained with data from 3, 10 and 20 m depth, respectively; red dotted line:

relationship including 20 m depth plus SCM data
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Fig. 7. Relationships of integrated community respiration (DCR) with integrated (a)

gross primary production (GPP) and (b) total chlorophyll a (chl a). Red open squares: data

from the late autumn + winter; blue crosses: spring; black circles: summer; black filled blue

circles: early autumn (September—October 2012). Error bars: £SE. Black thin line in (a) is the

1:1 line; blue lines in both graphs are the significant regression lines obtained with spring

data. Sub-surface chlorophyll maximum data are marked with their sampling date and are

excluded as outliers from the relationship in (a)
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Fig. 8. Integrated gross primary production (GPP) to integrated total photosynthetic
14C incorporation (TOCP) relationships. Black dots, blue crosses and red squares are data
from summer + early autumn, spring and late autumn + winter, respectively. Data points with
a sampling date correspond to the sub-surface chlorophyll maximum. Continuous black and
blue lines are the regression lines obtained with data from early autumn—summer and spring,

respectively
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Fig. 9. Relationships of the integrated percentage of microphytoplankton (% chl
a-2opm) With (2) integrated community respiration (DCR), (b) integrated DCR:gross primary
production (GPP) ratio, and (c) integrated DCR:chl a ratio. Red squares: data from the late
autumn + winter; blue crosses: spring; black dots: summer + early autumn. Error bars: +SE.
Solid lines in (b) and (c) correspond to the regression lines obtained with summer + early

autumn integrated data
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813 Fig. 10. Relationship between the GPP:DCR ratio vs. (chl a-2oum:chl a total). Grey-
814  black symbols are results from Arbones et al. (2008), corresponding to four 10 d surveys in
815  the Ria de Vigo (Apr, Jul, Oct 2004 and Jan 2005), and one survey in Jul 2005 carried out in
816  the shelf outside the Ria de Vigo (MAB). Orange dots, red open squares and blue crosses are
817  our results of summer + early autumn, late autumn + winter and spring, respectively.
818  Modified from Fig. 6b in Arbones et al. (2008)
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821 Fig. 11. Relationships between integrated net community production (NCP) and
822  integrated total photosynthetic *C incorporation (TOCP). Dashed horizontal line: the zero
823  line for NCP. Red open squares: data from the late autumn + winter; blue crosses: spring;
824  black filled dots: summer + early autumn. Black continuous line: regression line obtained
825  with summer and early autumn integrated data only (NCP = 1.38[*+0.11] x TOYCP —
826  84.82[+32.41]; R? = 0.95, p < 0.0001, n = 9); dotted line: regression line obtained with
827  winter- and spring-integrated data (NCP = 0.74[+0.02] x TOCP — 4.76[+3.74]; R? = 0.99, p
828 < 0.0001, n =6). Error bars: +SE

800
i .y
700
__ 600f
‘.Tc L
o 500
£ X
o 400 - 22/5/12
o i
E s00f
S 200f
Z i
100+
OE" ___________________
|. | | 1 | 1

0 100 200 300 400 500 600
TO "“CP (mmol C m2d)

829



