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Abstract. Element uptake from substrate and resorption capacity of nutrients before leaf shedding are fre-
quently species-specific and difficult to determine in natural settings. We sampled populations of Rhizophora
mangle (salt-excluding species) and Laguncularia racemosa (salt-secreting species) in a coastal lagoon in the
upper section of the Maracaibo strait in western Venezuela to estimate accumulation and resorption of min-
eral elements. Leaves collected fortnightly during 4 months within the rainy season were stratified as young,
adult, old, and senescent. We measured changes in concentration of essential elements (N, P, S, K, Mg, Ca, Mn,
Fe) and Na (elemental analyzer and plasma spectrometer), leaf succulence (water/area), and specific leaf area
(area/mass) and calculated relative resorption or accumulation of elements in senescent leaves before abscission.
Succulence was similar in young leaves of both species and increased with age, more abruptly in L. racemosa.
Concentrations of N, K, and Mg were higher in R. mangle, whereas those of P, Na, Ca, and S were higher in L.
racemosa. Concentration of K per unit leaf water decreased with age in both species; however, Na concentration
in R. mangle remained at a similar level until increasing markedly in senescent leaves, whereas in L. racemosa
it increased throughout the leaf lifespan. Relative changes based on leaf mass, leaf area, or whole leaf did not
differ statistically. On a leaf mass basis both species showed resorption of C, N, P, and K and accumulation of
S, Na, Mg, Ca, Mn, and Fe. However, R. mangle was more efficient restricting Na and S uptake, resorbing P,
and accumulating Fe than L. racemosa. The P /N resorption ratio is >1 in R. mangle and <1 in L. racemosa.
We conclude that those differences are related to higher root permeability to Na and S salts in the salt-secreting
species and to higher P requirements of R. mangle compared to L. racemosa. Our results give a comprehensive
picture of nutrient dynamics in the foliage of mangrove species with contrasting mechanisms of salt regulation.

1 Introduction Medina et al., 2001). Co-occurrence of these species within
the same natural setting provides an opportunity to conduct
ecophysiological analyses to identify patterns of element up-
take related to adaptation to saline environments and specific
nutrient requirements.

In this paper we quantified differences between these two
mangrove species, focusing on (a) variations in dimensions
and elemental composition of leaves of increasing age as
means to determine differences in nutrient requirements and
(b) reliability of estimates of relative changes in element
concentration based on leaf mass or area basis compared to

Mangrove communities dominated by Rhizophora mangle, a
salt excluder sensu (Scholander et al., 1962), and Laguncu-
laria racemosa, a salt-secreting species with succulent leaves
(Biebl and Kinzel, 1965; Tomlinson, 1986; Lugo et al., 2007;
Sobrado, 2004), occur in the northern coast of South Amer-
ica in contiguous areas under similar climatic, edaphic, and
salinity conditions. Both species are tolerant of high soil in-
terstitial water salinity but differ in their tolerance to flood-
ing, presence of salt-secreting glands, and the nature of com-
patible solutes accumulated in their leaves (Tomlinson, 1986;
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whole leaf values when calculating net resorption from or
accumulation in senescent leaves.

We tested a set of hypothesis using measurements of leaf
elemental composition during the most favorable time of the
year for leaf production.

1. The salt-secreting species takes up and accumulates in
leaves larger quantities of Na and probably S. We ex-
pect lower root permeability to Na in the salt-excluding
species (Scholander, 1968). By analogy we expected
that S uptake, the third most abundant element in sea
water after Na and CI, might be also restricted by the
salt excluder.

2. Succulence (water content per unit leaf area) develop-
ment during aging in L. racemosa leaves (Biebl and
Kinzel, 1965) is related to decreases in salt secre-
tion capability. Continuous transport of Na from roots
leads to concentration increase in the vacuoles of ag-
ing leaves resulting in succulence development (Flow-
ers and Colmer, 2008).

3. Relative net change in essential element concentration
before abscission (= element concentration in senescent
leaf/element concentration in adult leaf) should be large
and negative for phloem-mobile elements, such as N,
P, S, K, and Mg, and positive for elements with low
phloem mobility, such as Ca, Fe, and Mn. The Na net
change values have to be positive in spite of its high
phloem mobility because of its high concentration in the
soil solution, its osmotic compensating role in leaf cells,
and the lack of a sink in younger tissues.

4. Resorption values of N and P indicate specific require-
ments of those elements. Resorption of N and P before
leaf abscission is considered an important conserving
mechanism factor in trees (Vergutz et al., 2012), and the
N : P resorption ratios are considered to be <1 in tropi-
cal vegetation, indicating a higher demand for P than N
(Reed et al., 2012). We expected to have similar values
for both species if their requirements were higher for P
than for N.

2 Materials and methods

2.1 Study area

Las Peonias lagoon has an extension of 612 ha and is located
on the northwestern coast of the strait connecting the Mara-
caibo Lake with the Tablazo bay, between the cities of Mara-
caibo and Santa Cruz de Mara (10°43/10”-10°45'50" N;
71°35'02"-71°40'50" W) (Acevedo and Cafias, 1980).
Within this area mangrove vegetation containing populations
of Rhizophora mangle L. and Laguncularia racemosa (L.)
Gaertn. cover about 80 ha (Galué and Nucete, 1982). The la-
goon receives fresh water from seasonal watercourses and
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maritime waters from the Maracaibo Lake through semidiur-
nal tides. Lagoon turnover requires several tidal cycles for
completion, therefore lagoon waters are brackish, promot-
ing the establishment of halophytic species in the internal
coastline. Surface runoff provides abundant supply of N and
P (Soto, 1996).

The climate is semi-arid with a typical tropical pattern
of rainfall distribution, showing a small rainfall peak in
May and a larger one in October. Data from the station at
Santa Cruz de Mara, about 2.5km north of the center of
the lagoon, indicate that annual rainfall averages 400 mm,
whereas mean annual Tank A potential evaporation reaches
1500 mm. Air temperature averages 28.4 °C with mean max-
imum of 33.4°C and mean minimum of 23.4°C (Acevedo
and Cafias, 1980). Field work took place during the humid
season (August—November).

We selected sites dominated by populations of R. mangle
or L. racemosa along the internal coastline of the lagoon,
located about 100 m from each other.

At each site we established five plots (5m x 5m), sepa-
rated 10 m from each other. In each plot we counted the num-
ber of trees and measured their diameter just below the first
branch to calculate density and basal area of each population
(Cintrdn and Schaeffer-Novelli, 1984).

2.2 Leaf, water, and sediment sampling

Leaf sampling was stratified according to relative leaf age
determined by their position in the branch as follows: young
(Yo) leaves from the first or second pair, near full expan-
sion; adult (Ad) leaves from the second or third pair, fully
expanded; old (Ol) leaves from the third or fourth pair, gen-
erally thicker or more coriaceous than the previous type; and
senescent (Se) leaves showing clear signs of chlorophyll loss,
becoming yellow (Medina et al., 2010). The senescent leaves
of both species reach this stage fully turgid, a characteristic
of many mangrove species probably facilitating nutrients re-
sorption before abscission. In each plot of both sites, leaves
were collected fortnightly (eight sampling dates) between
August and November (four replicates for Yo, Ad, and Ol
leaves and eight replicates for Se leaves from three differ-
ent trees). Leaves were transported to the laboratory in re-
frigerated boxes where they were cleaned gently with humid
absorbent paper. Fresh mass and area were determined im-
mediately afterwards, and the samples were dried in venti-
lated oven at 65°C for 72h. Succulence index was calcu-
lated as the water content per unit area expressed as kg wa-
term=2 ([fresh mass — dry mass] / area). Specific leaf area
(SLA) was calculated as the ratio of area/dry mass and ex-
pressed as m? kg1

We collected four soil cores (10 cm diameter, 40 cm depth)
from each plot at the beginning of collection period (20 per
species). The plots were flooded during the whole collection
period (August-November), and water samples were col-
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lected during each collection date in each plot at the contact
with the sediments (ca. 10-20 cm depth).

2.3 Chemical analyses

Soils analyses shown in Table 2 were conducted at the
Instituto para la Conservacion del Lago de Maracaibo
(ICLAM, Maracaibo, Venezuela). Procedures followed stan-
dard methodology as described in Page (1982).

Leaf samples replicates per plot were pooled to obtain
one sample per age category and collection date from each
species (4 ages+ 5 plots x 8 dates) for elemental analyses.
Analyses were conducted at the laboratory of the Interna-
tional Institute of Tropical Forestry, US Forest Service, San
Juan, Puerto Rico.

Dried plant leaves were grounded (approximately to 18
mesh). Total carbon, nitrogen, and sulfur were determined
by the macro dry combustion method using the LECO CNS-
2000 Analyzer (LECO Corp., 2003). For analyses of cations
and P, plant tissue samples were digested in concentrated
HNO3 and Hy02 (30%). This wet oxidation method uses
open vessels and a block digester and is a modified version
of the digestion method recommended by Schulte (1985).
The concentration of Na, K, Mg, Ca, Fe, Mn, and P in the
resulting digests was analyzed simultaneously in a Spectro
ICP emission spectrometer model Ciros CCD. Each analysis
batch carried a blank and one or more certified plant tissue
reference materials of known concentration to evaluate the
recovery of each element determined. A subsample was oven
dried at 105 °C for 24 h to calculate a moisture factor for each
sample and then placed in a muffle furnace at 490 °C to de-
termine ash content.

2.4 Statistical analysis

The leaf traits (mass, area, succulence, and leaf mass / area
ratio) were analyzed using a mix model considering fixed
effects (species, leaf age, and harvest), and random effects
(within plots variation) using the residual maximum like-
lihood method (JMP, 2002, p. 254). Averages per species
and dates of elemental concentrations were compared using
analysis of variance and an a posteriori Tukey—Kramer HSD
test. For smaller data sets (plot structure and soils) we used
a nonparametric test (Wilcoxon/Kruskal-Wallis). All statis-
tical analyses were conducted using the JMP 8.0 statistical
program (Www.sas.com).

3 Results

3.1 Population structure and characterization of
substrate sediments

Average diameter at breast height and basal area of R. man-
gle population were about 3 times larger, while tree density
was 3 times smaller, than those of L. racemosa (Table 1).
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Table 1. Population structure of the mangrove plots used for leaf
collections. Sample size: five plots, each of 25 m?. DBH is diameter
at breast height.

Community Average DBH Density  Basal area
cm ind/0.1ha m2/0.1ha
Laguncularia racemosa 3.18 1088 0.98
Rhizophora mangle 9.96 336 3.14
ANOVA F 311 28.3 317
P <0.01 <0.01 <0.01
Wilcoxon/Kruskal-Wallis
z 251 2.52 251
P 0.01 0.01 0.01

The smaller basal area of the L. racemosa population may
indicate a younger developmental stage, but we do not have
information to confirm this. Nevertheless, both populations
were flowering and reproducing actively, and we assumed
that trees were functioning as mature adults in each popula-
tion.

Average sediment composition showed higher values of
organic matter, N, and K but lower values of Ca in the L.
racemosa site (Table 2). Levels of N and P appeared to be
high enough to discard nutrient limitation for plant growth.
Soil conductivity (1 : 5 extract) indicated conditions of mod-
erate salinity throughout the measuring period. The salinity
of lagoon water varied little during the study. Standing waters
averaged 14 %o for both sites (n = 40/ site), varying from 8
to 24 %o, indicating that the populations studied were under
moderate salt stress during the sampling period.

3.2 Leaf size, specific leaf area, and succulence

As expected, leaf traits varied significantly between species
and leaf age, whereas the plots within each population did
not add significant variance to the traits averages per har-
vest. However, harvests also differed significantly for both
species; therefore we did not average the values for the whole
sampling period but did describe the observed trends. The
full data set and the results of the model are available upon
request. Leaf mass and area were larger and heavier in R.
mangle compared to L. racemosa throughout the sampling
period and showed distinct patterns in each species (Fig. 1).
R. mangle area and mass of the Yo, Ad, and Ol leaf age cat-
egories decreased until the fourth harvest and then increased
markedly. L. racemosa variations were less pronounced, with
a slight tendency to increase after the fifth harvest. Patterns
of change in leaf mass and area were linear and highly sig-
nificantly correlated in both species (R. mangle: n = 2632,
RZ;: eq = 0.76; L. racemosa: n = 2392, Rgdjusted =0.71).
'IJhe SLA in R. mangle showed the expected pattern of in-
crease from Yo to Ol leaf age categories and a strong increase
in the Se category (Fig. 2). In this species SLA values in-
creased markedly in the fourth—sixth harvest, particularly in
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Table 2. Average composition of sediments under communities of Laguncularia racemosa and Rhizophora mangle in Laguna Las Peonias:
samples 0-40 cm depth, n = 5 per site, standard deviation in parentheses. pH and conductivity measured in a 1 : 5 soil-water proportion.

Laguncularia

Rhizophora  Wilcoxon/Kruskal-Wallis

pH 7.9(0.1) 8.0 (0.1) 0.18
Conductivity 4.4 (0.7) 5.4 (2.3) 0.83
mmbhos/cm
Organic matter % 6.2 (2.3) 1.5(0.4) 0.01
Elements in mmol kg1
N 9.3(3.1) 6.3 (2.7) 0.09
P 1.7 (0.2) 1.7 (0.2) 0.30
K 93.8 (24.8) 31.3(3.8) 0.01
Na 486 (136) 371 (222) 0.40
Ca 8.9(4.8) 78.1(44.9) 0.01
Mg 190 (3.2) 189 (13.3) 0.68
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Figure 1. Variations in leaf mass and area measured in leaf samples during sequential harvests. Each point represents the average + s.e. of
60 leaves (young to old) or 120 leaves (senescent). Leaf traits differed significantly between species, age categories, and harvests.

the Yo category, indicating the production of new leaves. In
L. racemosa the pattern of variation of SLA with leaf age was
not discernible, but it showed a general tendency to decrease
from the first to the third harvest, remaining similar until the
sixth harvest and then decreasing in the last two harvests.
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The largest interspecific differences were observed in the
pattern of succulence measured during the sampling period
(Fig. 2). R. mangle succulence increased from the Yo to Se
categories and was lower in the fourth and fifth harvests. In
L. racemosa, succulence increased markedly from the Yo to

www.web-ecol.net/15/3/2015/



E. Medina et al.: Element uptake, accumulation, and resorption in leaves of mangrove species 7

9.5 L L

—e— Young
9.0 —A—Aduit l 1
71 —a—o0id
—&— Senescent ﬁ 1\
< 85
(@]
: [ X
e 80 Pt
)
T 75 . LA &
3 IR\
[2]
< 7.0/ t
< 65 v
o ¥
55 Rhizophora mangle Laguncularia racemosa
. T T T T T T T T T T T T T T T T
600 S ,113 3} Jf __é_—ebl
' M
& 500
®©
B
3 SN /
8 400
c
k)
3
Q
5
@ 300+ |
200 T T T T T T T T T T T T T T

Harvest

Harvest

Figure 2. Variations in SLA and succulence indices measured in leaf samples during sequential harvests. Each point represents the average
=+ s.e. of 60 leaves (young to old) or 120 leaves (senescent). Leaf traits differed significantly between species, age categories, and harvests.

Se categories, reaching values around 600 g water m—2 leaf
area in senescent leaves.

3.3 Patterns of element concentration change with leaf
age

Carbon and N concentrations per unit dry mass were signifi-
cantly higher in R. mangle for all leaf stages, and N decreased
significantly in Ol and Se leaves of both species (Fig. 3).
Phosphorus decreased markedly with leaf relative age in both
species, and its concentration was always higher in L. race-
mosa. In contrast, S concentration increased with age in both
species but was more than doubly higher for all leaf cate-
gories in L. racemosa. Within the non-metallic elements, the
order of concentrations on a molar basiswas C >N > S>> P.

Within the cations, K behaved similarly to P but its con-
centration was significantly higher in R. mangle Ad, Ol, and
Se leaves (Fig. 4). Sodium concentrations increased with age
in both species and were larger in L. racemosa. The Na /K
ratio in L. racemosa increased from ca. 4 in Yo leaves up
to 35 in Se leaves, whereas in R. mangle these ratios had
a smaller range from 3 to 8. Calcium increased with leaf

www.web-ecol.net/15/3/2015/

age and was significantly more concentrated in L. racemosa.
Magnesium was significantly higher in R. mangle but the
concentration by mass remained similar from Yo to Ol leaves
and increased significantly in Se leaves in both species. In R.
mangle the concentrations of Fe and Mn were several times
higher than in L. racemosa and increased with age only in
the former (Fig. 4).

Uptake of Na and S in both species followed a similar pat-
tern. Sodium concentrations were several times higher than
S concentrations and were significantly correlated. However,
Na concentrations explained nearly 60% of the variance of

S concentration in L. racemosa (Re%djusted =0.597; n = 158)

but only 14% in R. mangle (RZy;seq = 0.136; n = 156).

The water content per unit dry mass increased markedly in
L. racemosa but varied little in leaves of R. mangle (Fig. 5a).
The K concentration per unit leaf water decreased with age in
both species but its concentration was lower in L. racemosa
at all leaf stages (Fig. 5b). Sodium concentration per unit
leaf water increased consistently with age by L. racemosa,
whereas in R. mangle it remained constant until increasing
significantly at the Se stage (Fig. 5c).
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Figure 3. Changes in concentration of non-metallic elements with relative leaf age in L. racemosa and R. mangle. Columns sharing the same

letter do not differ statistically (Tukey—Kramer HSD test, P = 0.05).

3.4 Changes in leaf elemental concentrations before
shedding

Relative element concentration change based on whole leaf
mass, unit leaf mass, and unit leaf area in both species gave
the same expected pattern of resorption for the phloem mo-
bile elements C, N, P, K, and accumulation of the cations
Ca, Mn, and Fe with low or intermediate phloem mobil-
ity (Fig. 6). In spite of their high phloem mobility Mg was
slightly accumulated in both species, whereas Na and S
showed relative changes around 0.5 in R. mangle and around
1 in L. racemosa. Compared to whole leaf values, relative
changes on leaf mass or area tended to overestimate accumu-
lation and underestimate resorption, but differences were not
always significant. This pattern was more accentuated in R.
mangle than in L. racemosa. This is due to the smaller reduc-
tion in leaf mass and area observed in passing from the Ad to
the Se stages in L. racemosa compared to R. mangle (Fig. 1).

Nitrogen resorption in L. racemosa was significantly
higher and P resorption significantly lower than in R. man-
gle.
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4 Discussion

The conditions of moderate salinity stress and availability of
fresh water during the rainy season provided an appropriate
framework for the comparison of the element composition in
leaves of R. mangle and L. racemosa. Plants were producing
leaves continuously and showed normal phenological behav-
ior regarding flowering and fruiting.

During the sampling period leaf mass, area, and the suc-
culence and SLA indices varied significantly between har-
vests indicating that leaf categories were not equivalent at
each sampling time. This is probably the result of production
of new leaves during the collection period. From the SLA
values it could be inferred that R. mangle, and to a certain
extent also L. racemosa, produced new leaves between the
third and the sixth harvests. In the latter species relatively
younger leaves predominated in the canopy at the beginning
of the sampling period as indicated by the continuous de-
crease in SLA of the Yo and Ad leaf categories. These results
emphasize the need to conduct leaf morphological analyses
on tagged leaves of known age that are measured repeatedly
during several months.

The course of succulence values confirmed studies on the
physiology and anatomy of these species. The salt-secreting
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Figure 4. Changes in concentration of metallic elements with relative leaf age in L. racemosa and R. mangle. Columns sharing the same

letter do not differ statistically (Tukey—Kramer HSD test, P = 0.05).

species L. racemosa developed a high degree of succulence,
particularly during the transition of Ad to Se leaves.

Our results show that both mangrove populations had a
sufficient supply of N and P as revealed by the leaf concen-
trations of these elements. In the case of R. mangle, N and
P concentrations were higher than values reported for man-
groves in the Caribbean (Feller et al., 2003; Lin and Stern-
berg, 2007; Barboza et al., 2006; Lugo et al., 2007; Medina et
al., 2010) but similar to those of tall mangroves on nutrient-
rich sediments in the Braganca peninsula in Brazil (Medina
et al., 2001). In addition, R. mangle was more efficient in
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taking up K and Mg and rejecting Na from the root envi-
ronment than L. racemosa. This may increase salinity toler-
ance in R. mangle because it results in more favorable K / Na
ratios for physiological function (Marschner, 1995; Flowers
and Colmer, 2008). In contrast, L. racemosa had larger con-
centrations of Na, S, and Ca but lower concentrations of Mg.
These differences point to diverging physiological properties
at the root level related to the salt exclusion from root tis-
sues (R. mangle) and capacity for salt secretion through salt
glands in the leaves (L. racemosa). Scholander et al. (1962)
distinguished between salt-excluding and salt-secreting man-
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grove species and showed that salt-secreting species, such
as Avicennia marina, had higher concentrations of NaCl in
their xylem sap than salt excluders, such as Rhizophora mu-
cronata.

Biebl and Kinzel (1965) described glandular structures in
the lamina of L. racemosa leaves that later have been shown
to be capable of secreting salt (Sobrado, 2004), at least in
young and mature leaves (Francisco et al., 2009). Succulence
development with leaf age is a consequence of Na accumula-
tion in older leaves (Biebl and Kinzel, 1965), and our results
show that succulence increased more rapidly between the old
and senescent stage of the leaves.

The concentration per unit of leaf water of ions not related
to structural compounds in the cell (K and Na) reveals the
relative efficiency of the mechanisms preventing salt accu-
mulation in these mangroves. Prevention of Na uptake at the
root level apparently predominates in R. mangle, and salt se-
cretion and succulence occurs only in L. racemosa leaves. In
R. mangle, Na concentration in leaf water remained nearly
constant until the leaf Se stage, whereas in L. racemosa it
increased strongly from the Yo to Se stages. Our interpreta-
tion is that in younger leaves salt-secreting glands are active,
counteracting partially salt accumulation, but secretion stops
in old leaves, resulting in a rapid increase in salt concentra-
tion accompanied by water uptake. Although Na is highly
mobile in the phloem, it can be transported to the roots but
not into growing tissues (Marschner, 1995, p. 93). Transport
to the roots is probably restricted due to the high salinity of
the mangrove soils.

The behavior of K concentration per unit leaf water has
a different explanation. Potassium concentration decreased
with age in both species, much more rapidly in L. racemosa,
probably due to the large increase in the amount of leaf wa-
ter per unit dry mass. The reduction in concentration points to
lower net transport rates into the leaves in a process probably
related to the role of K in the transport of nitrate from roots
to leaves (Marschner, 1995, p. 197). Nitrate is transported in
the xylem with K as a counterion, and it is probably pref-
erentially transported to actively growing tissues (leaves and
shoots) causing a decrease of supply into older leaves.

From an analysis of salt accumulation in leaves of salt-
excluding and salt-secreting mangroves, Cram et al. (2002)
concluded that, in general, mangrove leaves remain as a sink
for Na throughout their lifetime, a fact confirmed in this pa-
per. However, our results contradict their statement that there
is no burst of salt accumulation at senescence, that yellow
leaves do not have higher Na concentration than old green
ones, and that salt-secreting species show smaller changes in
mature leaf Na content.

Capacity for resorption of nutrients from senescing leaves
is considered to be the main component of nutrient use-
efficiency for organic matter production (Chapin, 1980;
Killingbeck, 1996; Wang et al., 2003). Nutrient resorption
before leaf shedding is an important index related to nutri-
ent use-efficiency (Aerts, 1996), but its measurement is dif-
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Figure 6. Relative change of element concentration from adult to senescent leaves calculated on a leaf mass, leaf area, and whole leaf basis.
Values are estimated as the deviation from unity of the ratio of element concentration in senescent and adult leaves and represent the average
of eight sequential harvests, each constituted by four—eight leaf replicates from three trees in five plots per site.

ficult because measurements of nutrient concentrations are
conducted on different leaves (adult and senescent) and the
unit of reference (mass or area) does not remain constant
as the leaves age (Lin and Wang, 2001; Heerwarden et al.,
2003; Vergutz et al., 2012). Our study shows significant re-
ductions of leaf area and mass in both species when passing
from the old to the senescent stage, as reported before for
three non-salt-secreting mangrove species in China by Lin
and Wang (2001). These reductions may cause underestima-
tion of resorption (N, P, K) and overestimation of accumula-
tion (S, Na, Ca, Mn, Fe) when relative changes are calculated
on a mass or an area basis compared to those calculated on a
whole leaf basis.

The analysis of published resorption values for N and P
corrected for changes in leaf mass during senescence showed
that for the group of tropical deciduous and evergreen woody
plants the general pattern is of higher resorption of P com-
pared to N (Vergutz et al., 2012); this pattern is confirmed
for R. mangle by the present study and by other reports in
the literature (Feller et al., 2003, Lin and Sternberg, 2007,
Lugo et al., 2007, Medina et al., 2010) but is opposite to the
report of Lin and Wang (2001) on three mangrove species be-
longing to the tribe Rhizophoreae. In L. racemosa, resorption
was larger for N than for P, in a similar fashion as reported
for Kandelia candel by Wang et al. (2003). We suggest that
higher resorption of P compared to N points to the higher
requirement of P by Rhizophora species than by other man-
grove species.

Higher availability of N and P, reflected also in higher con-
centrations of those elements in leaf tissue, was expected to
be correlated with reduction of relative resorption (Chapin,
1980), as shown in fertilization experiments on dwarf man-
groves of Belize (Feller et al., 2003). However, comparison
of mangrove forests differing in the amount of available P
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and N as judged by the concentrations of those elements in
leaves do not support this statement. On a mass basis dwarf
and tall mangroves in Belize, differing in P limitation, had
80 % P resorption whereas N ranged from 49 to 69 % (Feller,
2003). In South Florida, Lin and Sternberg (2007) reported
resorption of 46 % for N and 54 % for P in tall mangroves
(less limited by P), whereas dwarf mangroves had reduced
N (40 %) and increased P (68 %) resorption values. In dwarf
mangroves on peat with limited tides in Puerto Rico, Medina
et al. (2010) observed a similar behavior to those in Belize.
Our site in Las Peonias was clearly not limited by N or P
supply, but resorption values were within the range of those
measured in nutrient limited systems.

The Killingbeck’s indices (1996) indicate complete re-
sorption of P but not of N in R. mangle, whereas the opposite
was the case for L. racemosa. Together with the resorption
values of N and P this comparison points to higher P require-
ment by R. mangle.

The resorption factor for K was similar for both species, at
the same level as reported by Vergutz et al. (2012) for woody
tropical species, and in agreement with the high phloem
mobility of this cation (Marschner, 1995). In both species
Mg was accumulated on a mass and area basis up to 20 %,
whereas Ca was accumulated in both species by a factor as
high as 50 %, as expected from an element with low phloem
mobility. Our results do not agree with the resorption values
for Ca reported by Vergutz et al. (2012). We have no compar-
ative data for resorption of Mn and Fe. The former is accu-
mulated in leaves of both species by a factor similar to that
of Ca, confirming the low phloem mobility of this element
(Marschner, 1995), although its concentration in R. mangle
leaves is 1 order of magnitude larger. Iron, an element rela-
tively mobile in phloem, was accumulated markedly only in
R. mangle. The physiological mechanisms to explain these
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behaviors include the interaction between uptake through the
roots and deposition in leaf tissues and subsequent resorp-
tion. It seems that during leaf aging L. racemosa restricts par-
tially the uptake of Fe and maintains its concentration after
full leaf expansion, indicating similar rates of transport and
remobilization. In the case of R. mangle, rate of transport to
the leaf appears to be higher than remobilization at the end
of the leaf lifespan.

Uptake and accumulation of the elements’ determinant of
salinity in coastal environments (Na and S) contrast signif-
icantly between the salt-excluder, R. mangle, and the salt-
secretor, L. racemosa. Both species take up more Na than S,
but in L. racemosa concentrations of both elements are sev-
eral times higher at all leaf stages. It seems that restriction of
salt uptake through the roots in R. mangle includes both Na
and S (probably in the form of SO, ion).

Structural development of mangrove communities in Las
Peonias is much lower than in other sites within the Mara-
caibo strait area. The R. mangle forest in Punta de Palmas
had basal areas 10 times larger than those recorded for Las
Peonias (Barboza et al., 2006). Las Peonias is a coastal la-
goon receiving nutrient-rich runoff from the surroundings so
that there are no nutrient limitations for plant growth, and
our measurements suggest that there are no strong salinity
stress. The smaller structural development in Las Peonias
may be a consequence of diminished water flow to and from
the Tablazo bay, leading to water stagnation and hypoxia in
the rooting environment. Although both L. racemosa and R.
mangle possess roots densely covered by lenticels, gas ex-
change through those structures is strongly dependent on
tidal forces that pushes air in and out of them, as shown by
Scholander et al. (1955) in Avicennia sp. roots.

5 Conclusions

— Leaf accumulation or resorption factors based on leaf
mass or area leads to over- or underestimations com-
pared to values based on whole leaves, because leaf di-
mensions do not remain constant until abscission.

— Resorption of P was significantly higher than resorption
of N in R. mangle, whereas the opposite was the case
for L. racemosa. Together with Killingbeck’s index, the
higher P requirement of R. mangle appears to be con-
firmed.

— K concentration per unit leaf water decreased with age
in both species, but absolute concentrations were lower
and rates of concentration decrease were higher in L.
racemosa due to succulence development.

— Rhizophora mangle regulates Na uptake into leaves un-

til Se stage, but in L. racemosa Na concentration in-
creased continuously until leaf abscission.
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— Laguncularia racemosa counteracted increases in Na
concentration per unit leaf water through water uptake
and retention in vacuoles (succulence). The larger in-
crease of succulence between the Ol and Se stages sug-
gests reduced glandular activity at the end of the leaf
life span.

— Both species accumulate more Na than S, but concen-
trations of both elements are several times larger in L.
racemosa at all leaf stages. Sodium and S accumula-
tions were highly correlated in L. racemosa but less so
in R. mangle.

— Mn and Fe concentrations were several times larger in
R. mangle at all leaf stages.
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