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Carbon fractionation (A**C) is well documented for various plants functional types. Yet,
specific studies on A¥*C on mangroves are particularly rare although they have a key role in
coastal carbon (C) cycling. In this study, we investigated the *3C exchanges between leaves
and the atmosphere and between the main plant’s organs in two common mangroves species,
Avicennia marina and Rhizophora stylosa subjected to two different CO2 concentrations.
Two-years-old saplings were grown in mesocosms during one year under 400 ppm and 800
ppm of CO». At the end of the experiment, the isotopic value of the night-respired CO, was
measured on six individuals for each species and CO> treatment. Then, 60 saplings were
harvested to measure the organs 5'3C values, and, finally, carbon fractionation (A*C) during
photosynthesis, post-photosynthesis and apparent A*3C during night respiration were
calculated. Results indicated that elevated CO- reduced A'3C during photosynthesis by 13 %
and during night respiration by 20 %. Alongside, within-plant A*3C was twice higher in the
saplings grown under elevated CO> concentrations. These results showed that ongoing and
future increases in atmospheric CO2 concentrations have the potential to modify the §°C
values of mangrove trees. These results could have important implications in Blue Carbon
sciences, and particularly in the comprehension of future carbon cycling in coastal wetlands,
mangroves being an essential link in terrestrial and marine food webs along tropical and

subtropical coastlines.

Keywords: Mangrove, Carbon isotopes, Greenhouses experiment, Elevated CO>

concentrations, New Caledonia
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1. Introduction

Mangroves are forested ecosystems mainly composed of Cs halophytic trees that
develop in intertidal areas of tropical and subtropical coastlines. Mangroves are considered as
major ecosystems in the coastal carbon cycle, and were therefore integrated into the “Blue
Carbon” ecosystems list (Donato et al., 2011; Lovelock and Duarte, 2019; Mcleod et al.,
2011). This specificity results from their particular ecological functioning, featuring (i) high
primary productivity (Bouillon et al., 2008), (ii) permanent water logging favouring
anaerobic conditions of their soils that strongly limits mineralisation processes (Kristensen et
al., 2017), (iii) high quantity of recalcitrant lignin materials (Marchand et al., 2005), and (iv)
large and long-term C sequestration capacities (Donato et al., 2011). Consequently,
mangroves have been undergoing special attention for the last twenty years, being of great
importance in climate change mitigation studies (Howard et al., 2017; Macreadie et al.,
2019).

Plant carbon isotopes ratios (8*3C) is a powerful tool to study ecological processes at
the ecosystem scale and thus to improve our knowledge of the past, current and future
ecosystems functioning (e.g. Pypker et al., 2008; Werner et al., 2012), but also our
comprehension of ecosystems-climate interactions (e.g. Arens et al., 2000; Diefendorf et al.,
2010). At the scale of the plant individual, isotope studies allow the identification of the
different metabolic mechanisms and carbon (C) pathways. As plants incorporate
preferentially *2C rather than the heavier *C, fractionation (A*C) occurs during
photosynthesis, resulting in plants being generally **C-depleted compared to the atmosphere
(Farquhar et al., 1982, 1989; O’Leary, 1981). In Cs plants, C fractionation during
photosynthesis has been modelled by Farquhar et al. (1989). In its simplest form, this model
is based on the $3C discrimination during: (i) CO. diffusion through the plant stomata (~4.4

%o0), and (ii) carboxylation by the enzyme Rubisco (~29 %o.). However, plants organic matter
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(OM) &'3C values not only reflect photosynthesis fractionation, but also integrate post-
photosynthesis fractionation processes such as: (i) within-plant C fractionation that conducts
to a '3C gradient throughout the leaves-roots continuum (Badeck et al., 2005; Cernusak et
al., 2009), and (ii) apparent night-respiration fractionation, in which enriched 3C-CO is
produced compared to leaves OM &*3C (Bathellier et al., 2017; Ghashghaie et al., 2003;
Ghashghaie and Badeck, 2014; Tcherkez et al., 2010; Werner and Gessler, 2011). C
fractionation in plants showed to be highly variable, depending on many environmental
factors (Cernusak et al., 2013). Particularly, the effects of atmospheric CO, concentrations on
C fractionation have been investigated during the last decade. Unfortunately, no clear patterns
were identified, as CO, concentrations showed to increase, decrease or not affect AC (see
Schubert & Jahren, 2012 and Zhang et al., 2019 and references therein).

If there is a growing interest in studying plants carbon fractionation, specific studies
on mangroves are more rare and only a small handful of scientists focused on this topic so far
(e.g. Saintilan et al 2013; Weiss et al 2016; Kelleway et al 2018). However, the
comprehension of the effects of CO, concentrations on A3C is of particular interest
considering ongoing and future global changes. Indeed, if the current trend of extensive fossil
fuel burning continues, CO- levels may reach between 794 and 1,150 ppm at the end of the
century (Collins et al., 2013), which could have strong repercussions on Blue Carbon
ecosystems functioning and their feedback on climate change.

Within this context, our objectives were to evaluate the effects of elevated CO;
concentrations on the carbon isotope composition of the two most widespread mangrove
species throughout the Indo-Pacific region, Avicennia marina and Rhizophora stylosa (Duke
et al., 2008; Ellison et al., 2008). To address these objectives, we focused on three-year-old
mangrove saplings, grown for two year in greenhouses prior being submitted to two different

atmospheric CO2 concentrations (ambient and double than ambient) for an additional year of
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growth. At the end of this growth period, the bulk 5*3C value of the leaves, stems and roots,
and the 3!3C value of the CO; exchanged at the leaves level during the day and at night were

measured.
2. Materials and Methods

2.1 Saplings growth and CO2 enrichment

The present study was conducted in New Caledonia in a COz-enrichment complex
constituted of three semi-open greenhouses of 72 m2 each (22°13'49"S, 166°31'09"E). A
circular closed chamber (36 m?, 2.4 m height) was built inside each greenhouse, allowing
atmospheric CO; concentrations to be controlled and monitored. This study was performed
concomitantly to the studies of Jacotot et al. (2018, 2019b), in which readers can find a full
description and pictures of the facility, as well as background information on the saplings and
their response in term of growth, biomass and leaves-gas exchanges to elevated CO;
concentrations. However and briefly, over 1,000 Avicennia marina and Rhizophora stylosa
propagules, collected in 2014, were planted in a 2.5-liters mixture of mangrove peat and sand
and placed on custom tidal tables that simulated the tidal variation naturally occurring in
mangrove ecosystems. The water table level during high tide was fixed at 5¢cm above the soil
surface, submerging completely the root system of the saplings. After two years of growing
in a nursery, half of the saplings was assigned to ambient atmospheric CO> concentrations
(ambient, 400 ppm) and the other half to elevated concentrations (800 ppm). The CO>
enrichment started in June 2016 and lasted for one complete year, featuring periodical
rotations of the saplings between tidal tables, greenhouses and closed chambers to avoid a

positional effect.

2.2 513C value of leaves respired CO: at night
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Meantime, the §*3C values of the night respired CO. (§**C-CO,-nr) Were measured in-
situ thanks to a G2131-i CRDS analyser (Picarro Inc., Santa Clara, CA, USA). Guaranteed
precision by the manufacturer is for 5:*C-CO, (5 min measurement, 1-6) < 0.1 %o between 380
and 1000 ppm of CO,. First, six individuals of each species and treatment were randomly
chosen (two in each greenhouse and each closed chamber) and the youngest fully expended
leaf of each chosen sapling was trapped in a transparent incubation chamber (9 cm2; 9 cm?®)
connected to the analyser. For each leaf, a 15-min incubation was performed with a permanent
monitoring of the variation of the CO; concentration and the 5!3C value inside the chamber.
Then, a Keeling plot mixing model was used to separate the 53C-CO; value resulting from leaf
respiration (83C-CO2nr) from the 83C-CO- value of the background atmosphere (Keeling,
1961, 1958). Briefly, a linear regression is fitted to the relationship between the measured §*°C
value and the inverse of the corresponding CO2 concentration (1/COz). Then, the intercept of
the fitted line at the Y axis gives the value of §'3C-CO.nr (Pataki et al., 2003). All

measurements were realized at night, between 8:00 pm to 11:00 pm.

2.3 83C value of saplings organs

After gas measurements, 60 saplings from both species and CO, treatments were
randomly selected and harvested. Selected saplings were separated into leaves, stems and roots,
dried at 60 °C until a constant weight was achieved and then were ground using a ball mill.
Then, six batches of leaves, stems and roots were constituted for each species and CO:
treatment, each batch containing 10 individuals. For each batch, one subsample (approximately
2 mg) was analysed for §'*C using an isotope ratio mass spectrometer coupled with an
elemental analyser (Integra2, Sercon, UK). §!3C values of saplings organs were reported in per

mil (%o) deviations from Pee Dee Belemnite (PDB). The analytical precision of the elemental
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analyser was checked using IAEA-600 caffeine standard (IAEA Nucleus) and was less than

0.3 % for &13C.

2.4 Estimation of carbon discrimination during photosynthesis (Ap) and dark

respiration (AnrR*3C)

Carbon fractionation during photosynthesis has been calculated thanks to the
simplified version of the linear model of Farquhar et al. (1989):
Ap3C = (813C-CO; - 813Cy) / (1+ 8'3Cy / 1000)
with Ap®3C the C fractionation during photosynthesis (%o), 8:3C-COg, the §*3C value (%o) of
the atmospheric CO; surrounding the saplings and 5'°Cj, the §!3C value (%o) of the leaves
OM. Apparent C fractionation during dark night respiration (Ang*3C) was calculated similarly
as in Ghashghaie & Badeck (2014) and in Zhu and Cheng (2011) by the difference between
the 83C values of the leaves and that of the background atmosphere. The §3C-CO; values of
the surrounding atmosphere in greenhouses (ambient treatment) and in closed chambers (high
treatment) were monitored during the same days of gas exchange measurements using the
CRDS analyser. Although it was not possible to monitor the values of §:*C-CO. throughout
the enrichment year, the similar variation in CO2 concentrations during the days of
measurement (present study) compared to the full year (Jacotot et al., 2019a, 2018) suggests
that the 5'3C-CO; values followed a similar pattern and are therefore representative of the
whole experiment. In this study, the 51*C-CO, values of the background atmosphere were
respectively -8.2 + 0.23 %o and -18.37 + 0.69 %o for the ambient and elevated CO>

concentrations.

2.5 Statistical analyses
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Significant differences (P<0.05) in Ap'3C between the two CO; treatments for each
species were tested thanks to Student t-tests after verification of normality and equality of
variance using Shapiro and Fisher tests and thanks to a Mann-Whitney U test for As, gs and
ANRYC. A Kruskal-Wallis test was used to compare the §**C values between each saplings’
organs. Both species were analyzed independently. All statistical analyses were performed
using R software version 3.6.2 (R Development Core Team, Vienna, 2008). All values are

reported with means + SEM.

3. Results

3.1 83C values of the saplings’ organs

The 813C values of leaves, stems and roots for the two species and the two CO;
treatments are presented in Fig. 1. Under ambient CO, concentrations, the §*3C values ranged
from -27.67 to -24.73 %o, while they ranged from -35.28 to -30.77 %0 under elevated CO>
concentrations. For both species and both CO; treatments, a significant increase of the §**C
values from the upper to the lower organs (leaves < stems < roots) was observed (Fig. 1 and
Table 1), except for the $*3C values of leaves and stems of A. marina for which the difference
was not significant (Table 1). In addition, the difference in the §*3C values between each
organ within each species was twice higher in the plants that grown under elevated than
under ambient CO2 concentrations (Table 2), at the exception of the stems-roots difference

for A. marina that decreased under elevated COs-.



191  Table 1: P-values of the significant differences (<0.05) in the 6'3C values (%o) between the

192  saplings’ organs after a Kruskal-Wallis test (NS: Non-significant).

Avicennia marina Rhizophora stylosa
Stems Roots Stems Roots
Ambient CO, K=11.68 K=15.16
Leaves 0.133N8 0.011 0.011 0.011
Stems 0.043 0.011
Elevated CO2 K2=15.16 K2=15.16
Leaves 0.011 0.011 0.011 0.011
Stems 0.011 0.011

193

194  Table 2: Within-plant fractionation (%o) in Avicennia marina and Rhizophora stylosa.

Avicennia marina Rhizophora stylosa
CO:z levels Leaves-roots Leaves-stems Stems-roots Leaves-roots Leaves-stems Stems-roots
Ambient (400 ppm) 1.55 0.61 0.94 1.66 1.40 0.26
Elevated (800 ppm) 3.09 2.55 0.54 3.82 2.90 0.92
195
196 3.2 83C values of the CO2 emitted during night respiration
197 The 8!3C-CO2-nr values of the night-respired CO, measured in June 2017, the harvest

198  month, were for A. marina and R. stylosa respectively, -21.64 + 0.33 and -22.68 * 0.38 %o
199  under ambient CO- levels, and -30.37 + 0.15 and -31.17 + 0.21 %o under elevated CO>

200  concentrations (Table 3).

201
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Table 3: 633C offset (%o) of the night-respired CO2 (6**C-CO- and carbon fractionation values
(%o) during photosynthesis (Apd*>C) and night respiration (Anrd*3C) in Avicennia marina and
Rhizophora stylosa grown under ambient (400 ppm; 6**C-CO; of the gas: -8.2 + 0.23 %o) or

elevated (800 ppm; 6'3C-CO; of the gas: -18.37 + 0.69 %.) CO, concentrations.

Avicennia marina Rhizophora stylosa
CO2 levels 400 ppm 800 ppm 400 ppm 800 ppm
6%3C-CO2-nr -21.64+0.33  -30.37+0.15 -22.68+0.38  -31.17+0.21
Ap&¥3C 19.91+0.05  17.29+0.07 19.05+0.17  16.58#0.11
ANRS®C -488+051 -3.89+0.29 -5.10 £ 0.58 -4.01 +0.26

3.3 Calculation of A®C during photosynthesis and night respiration

Calculated values of C fractionation during photosynthesis (Ap*3C) and during night
respiration (Anr'3C) at the time of measurement (in June 2017) are reported in Table 3. A
significant decrease in Ap'3C was observed for A. marina (t10)=29.58, p<0.001) and R.
stylosa (t0)=12.31, p<0.001) that grown under elevated CO> concentrations compared to the
saplings grown under ambient ones. Similarly, elevated CO> levels significantly reduced

ANRYC for both species (A. marina: U=10.5; p<0.05 and R. stylosa: U=5.5; p<0.05).

4. Discussion

4.1 Carbon post-photosynthetic fractionation throughout the plant-roots continuum

In our study, the organs’ §**C values of the saplings grown in the greenhouses under
ambient CO concentrations (Fig. 1) were typical of the ones of mangrove species (Hayase et

al., 1999; Jacotot et al., 2019b; Kelleway et al., 2018; Mckee et al., 2002; Reef et al., 2015;

10
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Saintilan et al., 2013; Wei et al., 2008b, 2008a; Weiss et al., 2016). However, whatever the
species or the CO> treatment, we observed a **C-enrichment from the leaves to the roots, the
leaves being the more 3C-depleted organs (Fig. 1). This gradient of 8:3C values along the
plant-roots continuum indicates post-photosynthesis C fractionation within the plant tissues
(Ghashghaie and Badeck, 2014). Post-photosynthesis C fractionation has been documented in
terrestrial plants, however the mechanisms behind this process are not yet fully understood,
and various hypotheses have been suggested (e.g. Badeck et al., 2005; Brandes et al., 2006;
Cernusak et al., 2013; Zhang et al., 2017). Briefly, these hypotheses include for example: (i)
a 13 C-enrichment of the leaves-respired CO, compared to a **C-depletion of the CO respired
by heterotrophic organs, (ii) C fractionation during phloem transportation, (iii) lower rates of
C fixation by PEP (phosphoenolpyruvate) carboxylase enzyme in leaves than in heterotrophic
organs, which discriminates over *C, (iv) different allocation between *C-enriched
carbohydrates produced during the day and **C-depleted ones produced at night, or even (v)
growth of heterotrophic tissues taking place during seasonal periods associated to lower *C
discrimination in comparison to leaves growth. All details on the six main hypotheses can be
found in the review of Cernusak et al. (2009), later summarized in Ghashghaie & Badeck
(2014). In addition to these hypothesis, other specific mechanisms for salt-water species
(such as mangroves) may be involved in post-photosynthesis C fractionation. For instance,
the diffusion within the stems and roots tissues of allochthonous *3C-enriched CO,/HCO3 at
the plant/water interface during high tide may be involved in the *3C enrichment of these
tissues in comparison to the leaves (Kelleway et al., 2018). Nevertheless, the *C enrichments
of the stems and roots relatively to the leaves calculated in our study for A. marina and R.
stylosa (Table 2 and Fig. 1) under ambient CO. concentrations were comparable to the values
reported for Cs plants (see the review of Badeck et al., 2005). Concerning mangrove species,

only three other studies have, so far, reported within-plant C fractionation values, or at least

11
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313C values for leaves and roots that allow its determination (Table S1 in Supplementary
data). Of these studies, two were conducted in South Australia (29-38°S; Saintilan et al.,
2013; Kelleway et al., 2018)) and one in Indonesia (02°N-07°S; (Weiss et al., 2016)). Since
New Caledonia is located between these two areas (22°S), our study therefore provides
complementary values of post-photosynthetic C fractionation in mangroves along their
latitudinal and climatic distribution. Eventually, elevated CO2 concentrations have modified
the post-photosynthesis C fractionation by increasing its value for both species, at the
exception of the stems to roots fractionation of A. marina (Table 2). One hypothesis that can
explain this effect is that the saplings produced **C-enriched metabolites under elevated CO>
because of the reduction of Ap**C. These enriched metabolites would then be transferred to
the stems and roots, causing both an enrichment of the stems/roots 8*3C and a depletion of the
leaves 8'3C, increasing the difference of 513C between these organs. We suggest that this

hypothesis should now be investigated in future studies.
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Figure 1: 8'3C values (%o) of leaves, stems and roots under ambient and elevated CO;
concentrations. A) Avicennia marina and B) Rhizophora stylosa. Means + SEM (n=6 for each
species, organ and CO; level). Different letters indicate significant differences. CO>

treatments must not be compared between each other.

4.2 Elevated CO2 reduced carbon discrimination during photosynthesis

This study has provided the first values of C fractionation during photosynthesis
(Ap*3C) of the two common mangroves species, Avicennia marina and Rhizophora stylosa.
When grown under ambient CO, concentrations, Ap*3C values in these two species were
close to 20 %o, which is typical of Cz plants (Farquhar et al., 1982; Kohn, 2010; VVogel, 1980;
Zhang et al., 2019). However, when grown under elevated CO> concentrations, Ap**C values
were significantly reduced in both species (Table 3). These results may suggest that Ap'3C
and CO. concentrations were negatively correlated, which is in agreement with previously
published studies (Zhang et al., 2019). The variation of stomatal conductance to CO2 (gs) and
of net assimilation (As), which are two parameters that vary with CO> concentrations, can be
proposed to explain this reduction in Ap*3C with elevated atmospheric concentrations. First,
we observed in our previous study a decrease by ca. 29 % of gs with 800 ppm of CO; in the
atmosphere (Jacotot et al., 2018). A negative correlation between gs and CO> concentration
has already been reported in previous published studies (Del Amor, 2013; Franks and
Beerling, 2009; Lammertsma et al., 2011), even for mangroves (Reef et al., 2015). The
decrease in gs may have triggered the plant to use a higher fraction of the *C available in the
leaves pore spaces, thereby reducing the Ap*3C, as suggested by Lockheart et al. (1998). In
their model, Farquhar et al. (1989) also suggested that the relationship between Ap*3C and
COz2 concentrations strongly depends on gs. Secondly, elevated CO2 concentrations resulted

in significant stimulation of As, by more than 76 and 93% for A. marina and R. stylosa,

13
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respectively , as observed in Jacotot et al., 2018. These stimulations may have involved the
use of a higher fraction of the available *C in the leaves, which in turn reduced Ap*3C, as
suggested in other studies (Assmann, 1999; Lockheart et al., 1998; Sekiya and Yano, 2008;
Zhang et al., 2019). However, both gs and As can vary in response to the instantaneous
micro-fluctuations of environmental factors such as for example temperature and light
availability (Aasamaa and S@ber, 2011; Atkin and Tjoelker, 2003; Bunce, 1997; Lammertsma
etal., 2011; Merilo et al., 2014; Sage and Kubien, 2007; Sharkey, 1985). Consequently, these
two parameters highly fluctuate over the course of the day and may therefore drive the short-
term variations of Ap*3C (i.e. the diurnal variation) but not the long-term ones. We, thus,
suggest that a third physiological process may also be involved in the long-term variation of
Ap*3C with CO; concentrations. In fact, plants reduce their stomatal density (SD) and/or
adjust their aperture size in response to elevated CO, concentrations (Franks and Beerling,
2009; Wagner et al., 1996; Wagner-Cremer et al., 2004; Woodward, 1987), which in turn can
reduce gs. Such a decrease in SD has effectively been observed for the saplings used in the
present study, for which SD decreased by 19 % for A. marina and by 24 % for R. stylosa
(Fig. 5 in Jacotot et al., 2018). Eventually, the different atmospheric §*C-CO- values
between the two CO treatments (-8.2 = 0.69 %o vs. -18.37 + 0.23 %o in the ambient and the
elevated CO> treatment, respectively), may partly explain the decrease in Apd*3C under
elevated CO2 concentrations. However, Zhang et al. (2019), who used similar 53C-CO;
values between their CO. treatments, have also observed this decrease, which comforts our
results. Therefore, we hypothesize that a combination between the decrease of gs and SD, and
the increase in As may be responsible of the decrease in Ap*3C under elevated CO;

concentrations, and that this effect can have repercussions on saplings organs §*3C values.

4.3 Elevated CO2 reduced apparent C fractionation during night respiration

14
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Whatever the treatment or the species, a **C—enrichment of the night-respired CO> has
been observed in this study in comparison to the leaves OM &*3C (Fig. 1 and Table 3).
Although this is the first time that §13C-CO,-nr values are reported for mangroves plants, this
result of a *3C-enriched respired COy is consistent with previous studies on Cs species (e.g.
Ghashghaie et al., 2003; Xu et al., 2004; Badeck et al., 2005; Werner & Gessler, 2011,
Ghashghaie & Badeck, 2014). This *3C-enrichment of the respired CO is believe to derive
from the partial oxidation of hexose molecules that increases the ratio of **C-enriched
compounds converted to CO- (Cui et al., 2015). The apparent C fractionation calculated for
A. marina and R. stylosa in this study falls in the range of Cz woody species reported in
Ghashghaie and Badeck (2014). In our study, elevated CO significantly reduced Angr*C
(Table 3), conformingly to our initial hypothesis. However, such a decrease in Ang*3C under
elevated CO was expected following the decrease in Ap**C under elevated CO>
concentrations (Table 3). Indeed, as explained earlier, as Ap**C decreased under elevated CO;
concentrations, the saplings used a higher fraction of *3C to produce their metabolites that are
then transferred to the other organs. At night, these *3C-enriched metabolites are used as a
substrate for leaf respiration, therefore producing 3C-enriched CO; and reducing Ang*3C.
Nevertheless, more data are needed to conclude precisely on the effect of elevated CO;
concentrations on Ang*3C. In addition, it is quite possible that the reduced Ang™3C under
elevated CO> concentrations had an implication on the increased post-photosynthesis
fractionation between the leaves and the stems/roots (Table 2), as the release of **C-enriched
CO; had potentially an implication in the depletion of leaves §*C compared to the other

organs (Ghashghaie et al., 2003).

5. Conclusion
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This study provides the first measurements of C fractionation in mangrove plants
during photosynthesis and night respiration. Fractionation during photosynthesis resulted in
leaves OM depleted in 3C compared to atmospheric CO.. At night, C fractionation caused
the release of *3C-enriched CO; by the leaves, further decreasing their §C depletion in
comparison to the other organs. In addition, an increasing gradient of the OM &§'3C values
from the leaves to the roots have been observed for both species, which is indicative of post-
photosynthesis C fractionation. Elevated CO2 concentrations have significantly affected C
fractionation during photosynthesis, night-respiration and *3C discrimination between
mangroves saplings’ organs. First, fractionation during photosynthesis decreased under
elevated CO,, causing the plants to use a higher fraction of *3C available in the leaves pore
spaces. Then, within-plant C fractionation increased in the saplings grown under elevated
CO; levels, resulting in a higher difference in 5*C between the leaves, stems and roots.
Finally, C fractionation during night respiration decreased with elevated CO2 concentrations,
releasing *3C-enriched CO; to the atmosphere. The understanding of carbon fractionation in
mangroves may have important repercussions for future blue carbon researches and in turn in
future policies climate plans. We thus suggest that more prospects in C fractionation in
mangroves should be conducted in future research efforts. In addition, the extraction of
photosynthetic products and metabolites source materials to determine their specific §:3C

values will improve the comprehension of C fractionation in mangrove trees.
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Supplementary Information (SI)

Table S1 : Comparison of leaves and roots §*3C values (%) and *3C-enrichment (%.) between leaves-
roots and leaves-stems in various mangrove species from this study and the values reported in the

literature.
o*3C values (%o) o13C offset (%o)

Leaves Stems  Roots Leaves-roots Leaves-stems Species Reference

-26.74 -26.13 -25.19 1.55 0.61 Am This study

-27.56 -26.16  -25.9 1.66 1.40 Rs

- - 2.9* 24 Am Kelleway et al. (2018)
- - 1.3* -0.4 Am

- - 1.97* 0.3 Am

- - 1.83* 0.6 Am

-29.74 -29.1 0.64** - Rs Weiss et al. (2016)
-30.35 -27.96 2.39** - Ra

-28.83 -28.58 0.25** - Bp

-32.7 -28.45 4.25** - Bs

-31.15 -28.29 2.86** - Xg

-30.65 -28.09 2.56** - Sa

-27.59 -28.04 -0.45** - Ac

-25.41 -25.86 -0.45** - Nf

-27.9 -24.7 3.2*%* - Am Saintilan et al. (2013)
-27.7 -24.4 3.3** - Am

-27.03 -26.05 0.98** - Jk

-27.3 -24.7 2.6** - Am
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614

615

616

617

618

619

620

621

622

623

-28.3 -24.3 4*x* - Am

-28.3 -23.3 Shis - Am

*mean values of 9°C differences between leaves and cable roots, fine roots and
pneumatophores as reported in Kelleway et al. (2018)

**calculated values based on reported leaves and roots 5*3C values

Species: Am: Avicennia marina; Rs: Rhizophora stylosa; Ra: Rhizophora apiculata; Bp:
Bruguiera parviflora; Bs: Bruguiera sexangula; Xg: Xenocarpus granatum; Sa: Sonneratia

alba; Ac: Aegiceras corniculatum; Nf: Nypa fruticans; Jk: Juncus kraussii
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