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Abstract While mangrove restoration efforts are

reasonably successful, failure often occurs in high

wave energy situations. Due to differences in wave

energy, seedling mortality rates vary strongly with

position on the intertidal flat between high water

spring and high water neap elevations. However, a

local positive feedback can be present between the

pneumatophores of adult mangroves and the survival

of mangrove seedlings to trigger recovery. In this

study, a mangrove population of Avicennia marina is

modelled to determine the effects of seedling mortal-

ity and local positive feedback on mangrove recovery.

The model uses life history data and dispersal to

simulate population dynamics. The mangrove range

limits are determined by high water spring and high

water neap levels. The results indicate that within

these limits mangrove populations with life-history

parameter values as derived from literature are indeed

capable of fast growth under conditions with low

seedling mortality. Local positive feedback has then a

small positive influence on population recovery after

mangrove loss. If, however, mortality rates increase,

such as in high wave energy situations, the importance

of a positive feedback increases. The model shows

that a positive feedback may, given high seedling

mortality rates, be an important factor for mangrove

recovery. While a positive feedback may enable

mangrove persistence in unfavourable conditions,

destruction of adult mangroves can remove the

positive feedback, which would render the system

uninhabitable and practically prohibits reforestation

of such areas. The model results and the presence of

positive feedbacks and their importance for popula-

tion dynamics in harsh conditions indicate that

investigating and understanding possible feedbacks

could be crucial for successful restoration efforts.

Keywords Seedlings � Intertidal vegetation �
Reforestoration � Spatial modelling

Introduction

Mangroves are subtropical and tropical forests found

near estuaries and intertidal zones. They are among the

most productive ecosystems in the world (Riley and

Kent 1999; Saenger and Snedaker 1993), are important

for coastal protection (Barbier 2006; Imbert et al.

2000), and are used as breeding grounds by a wide

range of species (Imbert et al. 2000; Nagelkerken et al.

2008). Research on mangroves has focused on zona-

tion patterns (Bunt 1996; Ellison et al. 2000; Hogarth

1999), and on relations between gradients of abiotic
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factors, such as salinity, and species occurrence

(Blasco et al. 1996; Delgado et al. 2001; Hogarth

1999). Recently the decrease of mangroves (Alongi

2002; Ellison 2000) has triggered a number of studies

aimed at unravelling the factors that are responsible for

differences in the spatial distribution of mangroves,

which could ultimately be used for restoration pur-

poses (Bosire et al. 2008; Ellison 2000; Hogarth 1999;

Imbert et al. 2000; Riley and Kent 1999; Twilley et al.

1998; Walters 2004). In restoration it is important to

understand which factors determine whether or not

a certain area will allow successful reforestation.

Recovery efforts are generally successful in areas in

which natural recruitment occurs and have failed in

areas with high wave energy (Riley and Kent 1999).

The failure of mangrove restoration in these situations

is often caused by high seedling mortality rates (Riley

and Kent 1999). Kitaya et al. (2002) measured seedling

mortality on different elevations on tidal flats, and

found that mortality varies strongly with elevation.

Elevation correlates strongly with wave action, inun-

dation and other related factors such as pH (Hogarth

1999). The mortality rates of seedlings can thus be

represented using the relationship between elevation

and mortality.

Recently, it has been reported that Avicennia

marina (Forssk.) vierh. pneumatophores increase

seedling survival by protecting seedlings against

covering by algae and rubbish, and reduce wave

energy (Bhat et al. 2004; Shigeyasu 2000). This

protection acts as a positive feedback as more

surviving seedlings lead to increasing density of

adult mangroves with corresponding pneumato-

phores, which in turn further protect seedlings.

Given the importance of seedling survival for man-

grove reforestation (Bosire et al. 2008; Riley and

Kent 1999) and the impact of positive feedback on

different ecosystems (De Boer 2007; Rietkerk et al.

2002; Van de Koppel et al. 2001; Van Langevelde

et al. 2003), it is hypothesized that the presence of a

local positive feedback in mangroves may strongly

influence mangrove recovery and restoration. To test

this we analyse the effect of a positive feedback by

modelling the dynamics of a recovering A. marina

population in the presence and absence of local

positive feedback and for differences in seedling

mortality across the tidal flat. Dispersal and estab-

lishment of mangrove seedlings in this tidal flat are

related to elevation and tidal regime.

The model

Life-history of mangroves

The model is parameterised using data on the

common mangrove species A. marina. The life-

history parameters are similar to those used by Clarke

(1995). Clarke (1995), however, distinguished seven

stages: propagules, cotyledonary seedlings, seedlings,

saplings, young trees, trees and old trees. In this

study, we simplified the life cycle into four stages;

within these stages mortality and survival rates are

assumed to be equal:

1) Propagules are the dispersing elements of man-

groves. Propagules drop from the trees and are

transported by water. The outcome of this water-

based dispersal is influenced by characteristics of

the propagules. Buoyancy is regarded as an

important factor as well as the period of obligate

dispersal and anchoring time (Clarke and Myers-

cough 1991; Clarke 1993; Delgado et al. 2001).

A. marina propagules have an obligatory dis-

persal period of around 10 days (Clarke 1993;

Clarke et al. 2001; Hogarth 1999). A. marina

propagules live for around 110 days; within a

year propagules either develop into seedlings or

perish (ElAmry 1998).

2) Propagules that have successfully established

become seedlings. Seedlings are 0–10 years old.

Without light, seedlings cannot develop into

saplings. This stalled development may lead to a

‘‘seedling bank’’ (Clarke and Allaway 1993;

Minchinton and Dalby-Ball 2001).

3) Saplings are the seedlings that have continued

their development. Saplings are 10–20 years old

trees not yet in their reproductive phase (Clarke

1995). Mangroves may be able to reproduce

around their fifth year. Usually, however, repro-

duction starts around their 20th year (Clarke

1995).

4) Adult mangroves have full pneumatophore cover

and are capable of reproduction. Mangrove trees

have been divided into three classes by Clarke

(1995) since there are differences in the amount

of propagules produced by young and old trees.

In our model however, only one adult stage is

used and each adult mangrove tree produces on

average 250 propagules per year (Clarke 1995).
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We assume a stage-structured life-history, with

stage-specific mortality and reproduction parameters.

However, the growth of trees is dependent on the

local environment, most notably the availability of

space and sunshine. The seedlings and saplings at

different locations are therefore not subjected to

similar conditions. To model this we only counted the

number of years an individual spent in the sun as its

growth years. Both seedlings and saplings require ten

growth years. The yearly survival probabilities for

seedlings or saplings have been derived using data on

transition probabilities and mortality in previously

developed stage-based models (e.g. Clarke 1995).

The mangrove population’s life-history as repre-

sented in the model can be summarised using a

matrix model with transition probabilities on the

subdiagonal and a survival probability and fertility

parameter for the adult mangroves. This matrix

model does not include the (spatial) effects of

elevation or positive feedback. Analysis of the

eigenvalues of this matrix provides information on

minimal requirements for population growth as well

as on the extent to which the model with elevation-

dependent mortality and positive feedback deviates

from this simple matrix model.

The tides

Propagules disperse only when submerged or float-

ing. The water level, however, varies with the tides.

Tides are modelled using a simple sine function:

WðtÞ ¼ a sin
2 p t

Ttides

� �
ð1Þ

where W(t) is the water level in meters above or

below average water level, a the tidal amplitude and

Ttides the tidal period (days). With fixed amplitude,

this equation does not model the differences between

neap and spring water levels. The amplitude of the

tides varies with time. The variation in time is

determined by the neap-spring period. Again using

a simple sine function to model the tidal amplitude,

we get:

aðtÞ ¼ mþ A sin
2 p t

Tneap�spring

� �
ð2Þ

where A is the variation of the amplitude (m), m the

mean tidal amplitude (m), and Tneap-spring the period of

the neap-spring cycle (days). The amplitude of the

tides has a certain minimal level at neap tides. This

amplitude at neap tide is half the difference between

high and low water. At high water the amplitude of the

tides is at its maximum. Using data from De Boer

(2002), we get min(A) = 0.4 and max(A) = 1.4. The

mean amplitude therefore equals 0.9 and A = 0.5.

The tidal period is 12 h and 25 min, which means

Ttides = 0.52, so that the water level in meters above

or below average water level W(t) can be modelled as:

WðtÞ ¼ mþ A sin
2 p t

Tneap�spring

� �� �
sin

2 p t

Ttides

� �
ð3Þ

with m = 0.8 m, A = 0.6 m, Tneap-spring = 18 days,

and Ttides = 0.52 days.

The tidal area

The tidal area is defined in two dimensions and is

represented by a matrix with x 9 y cells. We assume

that elevation follows a simple linear slope from sea

to shore along the x coordinates. Mangroves occur in

the tidal regions and their shore-ward limit can be

adequately described by spring high-water (De Boer

et al. 2000; Hogarth 1999). Hence, the system’s upper

boundary (Hmax) is set 0.2 m above the highest spring

tide and its lower boundary (Hmin) 0.2 m lower than

the lowest neap:

HðxÞ ¼ Hmin þ s x ð4Þ

where H(x) is the beach height along the x coordi-

nates, which varies between x = 0 to x = xmax, and s

is the slope, defined as:

s ¼ ðHmax � HminÞ=xmax ð5Þ

Dispersal and establishment

Dispersal is modelled as stochastic movement from

cell to cell. Propagules will only disperse when they

are floating and the location of propagules on the tidal

flat will determine at what time they will be

submerged and begin to disperse. The time and the

duration of dispersal are in this way dependent on the

tides and the slope of the tidal flat. During flood the

movement probability towards shore increases, while

during ebb the movement probability towards sea

increases. The result is a random dispersal influenced

or skewed by the tides.
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Dispersal ends if either a propagule settles on the

shore or after the A. marina propagules have reached

their maximum life-span of roughly 100 days (Hogarth

1999). It is assumed that while the water level is higher

than the position of the propagule on the shore, the

propagule cannot develop into a seedling due to

wave action and/or submergence. For a propagule to

establish, it needs to form roots. The period to root

initiation for A. marina propagules is 2–4 days (Clarke

and Kerrigan 2002). The time to ‘‘settle firmly’’ or

‘‘anchoring time’’ (Tanc) however is 6–10 days

(Shigeyasu 2000). In the model this parameter deter-

mines the time a propagule needs to be undisturbed by

tidal currents, wave stress, or algae in order to settle

firmly and develop into a seedling.

Local feedbacks

There is a negative influence of the presence of

mangroves on the development of seedlings and

saplings in their surroundings. This negative feed-

back is mainly caused by shortage of light, which

stalls the development of seedlings and saplings

(Clarke and Allaway 1993; Minchinton and Dalby-

Ball 2001). It is assumed that this is directly under the

canopy. As the size of each cell is roughly equal to

the average size of a single mangrove tree canopy,

local negative feedback is limited to the cells in

which an adult mangrove resides (*5 by 5 m).

The positive feedback between pneumatophore

presence and seedling survival, however, extends far

beyond the canopy (Hogarth 1999). It is assumed

therefore that pneumatophores are present in all 8

cells surrounding a cell in which an adult mangrove

tree grows.

Seedling mortality as function of elevation

Kitaya et al. (2002) measured seedling survival for

seven different mangrove species on different eleva-

tions on the tidal flat. Their findings indicated that

mortality rates are both strongly dependent on

elevation and are species specific. Kitaya et al.

(2002) did not, however, measure seedling survival

for A. marina. We therefore assume that the relation

between mortality and elevation can be described

using a Hill-like function:

SeMðxÞ ¼ SeMmax �
HðxÞ2

HðxÞ2 þ h2
SeMmax ð6Þ

in which SeMmax is the maximum seedling mortality

and h the half-saturation constant. It is assumed that

seedling mortality is maximal at sea, i.e. seaward

from the tidal flat, and equals 1.

Results

The matrix model is subjected to a sensitivity analysis

in which the growth of mangroves starting from a very

low number of adult trees (10) is followed for

different mortality and reproduction parameters. First,

we analyse the model with a constant seedling

mortality rate, and subsequently the model is extended

with a mortality rate that depends on the elevation,

and with a local positive feedback.

Population dynamics with constant seedling

mortality and without positive feedback

Mangrove recovery is based upon successful dis-

persal and establishment. Varying the number of

propagules produced per mangrove, or the number of

propagules that survive should therefore influence the

growth rate of the recovering population. Calculating

the eigenvalues of the matrix model for different

values of successfully established seedlings shows

that the lower limit for successful recovery is 0.1

established propagules per adult mangrove.

The growth of the population is predictably

influenced by propagule mortality. For all propagule

mortality rates, growth is fast with populations

reaching their maximum size within 100 years

(Fig. 1a). The quick increases in the population size

after 20 and 40 years are caused by the fixed age

transitions; the mangrove number can increase only

after an initial 20 years of development. The popu-

lation growth rate is reduced if the propagule

mortality rate is larger than 0.7 (Fig. 1a), indicating

that propagule availability does not limit growth if at

least 30% of the propagules become established. The

value for propagule mortality reported in the litera-

ture is highly variable (Clarke 1995; ElAmry 1998;

Hogarth 1999), and was taken as on average 0.95.

However, even with propagule mortalities as high

as 0.98 the population growth is such that after
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100 years the mangrove trees will have increased

40-fold, although population recovery is slower.

A similar analysis for different values of propagules

produced per mangrove again shows that the popu-

lation recovers under all conditions, even when

mangroves produce only 10 propagules (Fig. 1b).

One of the most important model parameters is

seedling mortality. If it is assumed that the number of

established propagules per mangrove equals 1, the

eigenvalue analysis leads to growth when the seedling

mortality rate is maximally 0.38. The seedling mor-

tality is 0.25 and is varied here from 0.05 to 0.55

(Fig. 1c). With the mortality rate of 0.45 and 0.55, the

population does not recover, while growth is rela-

tively slow with a mortality rate of 0.35.

The mortality rate of saplings is lower, and their

mortality is expected to have a large impact on

population growth. Again we use the eigenvalue

analysis to get a condition for growth at a sapling

mortality \0.17. However, the mangroves success-

fully reproduce even when their mortality rate is 0.2

(Fig. 2). This is because we have, for the eigenvalue

analysis, assumed that the number of established

propagules is 1; this shows it is higher in the actual

model.

Predictably, growth is most sensitive to changes

in adult mangrove mortality. Increasing the mortal-

ity of adult mangroves decreases both the population

growth and the maximum number of mangroves

(Fig. 2b). The maximum population size is limited

by the size of the tidal flat (i.e. the number of cells)

and the lag time between the death of a mangrove

tree, and the successful replacement by a seedling or

sapling becoming an adult tree. In our small tidal

Fig. 1 Number of adult mangrove trees over time starting with

10 trees for a different propagule mortalities (ranging from 0.5

to 0.98), b different values number of propagules produced per

mangrove tree (ranging from 10 to 310), and c for different

constant seedling mortality rates (ranging from 0.05 to 0.55).

The model does not include elevation-dependent seedling

mortality rates or the local positive feedback
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flat, increasing the dispersal speed does not increase

population growth speed strongly (Fig. 2c). Decreas-

ing the dispersal, however, does limit population

growth which implies that in larger systems

dispersal may be a factor that limits population

growth.

Population size and seaward range limit

The maximum population size is determined by the

seaward range limit. We can derive the relation

between tidal period and seaward range limit directly

from the function for tidal amplitude (Eqn. 2) and the

slope of the tidal area (Eqn. 5) as:

min aðtÞð Þ¼ a 0:75 �Tneap�spring

� �
¼m�A¼ 0:2 ð7Þ

The tidal amplitude determines the duration of the

undisturbed period at each level of elevation. Adding

half the time required anchoring (since the total time

undisturbed is half before and half after the lowest neap

tide), we get the lowest elevation where establishment

is possible as function of anchoring time (Fig. 3):

a 0:75 Tneap�spring þ 0:5 Tanc

� �
¼ mþ A sin

2 pð0:75þ 0:5 TancÞ
Tneap�spring

� �
ð8Þ

The anchoring time of an A. marina propagule is

6 days; this limits the range for successful anchoring

to locations that are situated 0.6 m above and 1.4 m

below high water spring. In our tidal flat of 50 9 50

cells, there are therefore 625 available cells for

Fig. 2 Number of adult mangrove trees over time starting with

10 trees for a different sapling mortalities (ranging from 0.01 to

0.2), b different adult mangrove mortalities (ranging from 0.01

to 0.07), and c different dispersal times in days (ranging from

20 to 70). The model does not include elevation-depending

seedling mortality rates or the local positive feedback
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mangroves. This is indeed approximately the maxi-

mum population size calculated (Figs. 1, 2).

Including elevation-dependent seedling mortality

and local positive feedback

The introduction of elevation-dependent seedling

mortality causes lower densities near the seaward

fringe (Figs. 4, 5). In cases with high seedling mortal-

ity (0.5–0.6), this creates a transition from lower

to higher density from sea to shore (Fig. 5a), differ-

ent from the sharp seaward boundary of mangrove

occurrence when seedling mortality is elevation-inde-

pendent (Fig. 5b). The seaward range limit is then not

determined by anchoring time (as in Eqn. 8), but

mainly by seedling survival.

The positive feedback between mangroves and

seedling survival leads to an increase in the recovery

rate since there is a higher probability that seedlings

survive and become adult mangroves trees. The effect

of this positive feedback on mangrove recovery is,

however, small when reproduction and survival rates

found in the literature are used. The growth rate is

relatively high and the presence of a positive

feedback only increases the population growth

slightly (Fig. 6). The effect of a positive feedback

is larger if the seedling mortality rate is increased and

elevation–dependent (Figs. 4, 5, 6). The mangrove

recovery as a function of mortality and average

positive feedback is shown in Fig. 6. The results

show that with sufficiently high seedling mortalities

(above 0.45) the mangrove population can only

persist if a positive feedback is present (Fig. 6).

The outer seaward fringe of mangroves is the region

with highest seedling mortality and is therefore even

more dependent on and sensitive to the existence of a

positive feedback (Figs. 4, 5).

Discussion

The results show that A. marina populations can, in

theory, grow and recover quite fast under conditions

of average mortality and survival rates as found in the

literature. The high growth rates and the relative

insensitivity to changes in survival and establishment

of propagules and seedlings seem to indicate that

mangroves’ strategy of reproduction is adapted to less

favourable conditions with higher losses, especially

for the young growth stages. Indeed, studies have

reported quite a high variability in propagule and

seedling survival (Bhat et al. 2004; Clarke and

Kerrigan 2002; Clarke et al. 2001; Hogarth 1999;

Kitaya et al. 2002). Given the life-history parameters

in our model, reforestation should present no problem

in most areas. Although this indeed seems to be true

for some cases, important factors not included in the

model, such as biotic interactions (e.g. seed preda-

tion) and community involvement (or lack thereof)

can trouble restoration even in such cases (Bosire

et al. 2008; Ellison 2000; Walters 2004).

The range limit suggested by the model without

elevation-dependent seedling mortality and without

local positive feedback occurs at high water neap

level. The range should actually be limited even to

above high water neap. The high water neap level has

indeed been reported as an approximate limit for the

occurrence of mangroves (e.g. De Boer et al. 2000;

Hogarth 1999), but mangrove species are able to

occur even in those regions that are submerged every

tide (Hogarth 1999). This is because some species are

able to fixate to the substrate even while they are

submerged. Some Rhizophora sp. for instance have

sinking seedlings (Hogarth 1999). So although

approximately true for species with non-sinking

propagules, such as those of A. marina, the require-

ment for no inundation to allow anchoring does not

Fig. 3 The shaded area indicates where mangroves could

occur given the anchoring time along the x coordinates. The

striped lines indicate the water level at high water neap (HWN)

and high water spring. The shape of the shaded area is

determined by the tidal-regime
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predict general mangrove range limits. The results do

indicate, however, that in case of sea-level changes

the range limits for A. marina can be expected to shift

away, with encroachment land-inward (e.g. Saintilan

and Williams 1999) (enabled by propagule transpor-

tation) and loss at the seaward limit due to prolonged

inundation.

The inclusion of elevation and elevation-depen-

dent seedling mortality showed that the seaward

range limit and mangrove expansion may be limited

not only by inundation and propagule establishment

but by seedling mortality due to high wave energy.

Recovery is indeed usually unsuccessful in areas with

higher wave energy and seedling mortality (Riley and

Kent 1999). The model results showed that the

presence of positive feedback between mangrove

trees and seedling survival may enable mangroves to

exist in (and expand to) areas where unaided

establishment is unsuccessful. Conversely, after

deforestation and severe erosion previously inhabited

areas could become unsuitable for natural recovery

not only due to changes in for instance inundation

times (Baldwin et al. 2001; Bosire et al. 2008; Blasco

et al. 1996; Ferwerda et al. 2007), but through loss of

the positive feedback that allowed establishment in

the first place. This confirms the hypothesis that a

Fig. 4 Mean mangroves

per cell along the x
coordinates of the tidal flat

for the model without

positive feedback and

without elevation-

dependent seedling

mortality (dotted line), with

elevation-dependent

seedling mortality and

without positive feedback

(continuous line with
asterisks), and with both

positive feedback and

elevation-dependent

seedling mortality

(continuous line)

Fig. 5 The spatial distribution of adult mangrove trees with (a) and without (b) elevation-dependent seedling mortality. Elevation

and seedling mortality vary over y-axis with highest mortality and lowest elevation in the origin
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positive feedback can strongly influence recovery

(Van Langevelde and Prins 2007). Furthermore it

suggests that, if possible, stands of trees should be left

not only to act as propagule sources, but to serve as

footholds or nursing ground for new seedlings. This

prediction in turn agrees with recent findings on the

positive effect of stands on regrowth of mangroves

after hurricanes (Ferwerda et al. 2007). If no such

stands are present, methods such as those used by

Riley and Kent (1999) could be used to create them

with particular care taken to provide the seedlings

with the protection given by the adult mangroves.

We have made several simplifying assumptions

regarding spatial structure of the tidal flat, wave stress

effects and life-history. Furthermore we assumed that

dispersal of floating propagules is a stochastic, almost

random, process. In real-life systems, however, there

will be creeks and channels, eddies and shallows, all

influencing local conditions, seedling survival and

dispersal. The results of our model are, however, not

very sensitive to changes in dispersal, and increased

variability in space should not change the fundamen-

tal importance of the positive feedback, although

inclusion of spatial structure might allow selection of

particular areas suitable for small initial populations

and successful subsequent spread. The tidal regime

modelled here is still relatively simple. If more

complex dynamics are included questions regarding

timing of propagule production versus tidal regimes

could be investigated. The stage-specific mortalities

assumed here will influence overall growth and can

influence the relative importance of seedlings. It is

generally accepted, however, that seedling establish-

ment and survival are the most important aspects of

successful mangrove recovery and growth (Bosire

et al. 2008). Finally, including biotic interactions

such as seed predation could alter the conclusions if

seed predation is disproportionally high in areas with

established mangroves.

The initial hypothesis, that positive feedbacks can

determine the outcome of mangrove recovery, is

confirmed for A. marina. The positive feedback we

modelled is specific for A. marina, since it works

through pneumatophores protecting seedlings from

high wave energy, algae and plastics (Bhat et al.

2004; Shigeyasu 2000). Many other mangrove tree

species do not have such pneumatophores extending

from a canopy (Hogarth 1999) and hence do not have

this specific feedback. The influence of positive

feedbacks in mangroves, however, is not dependent

on the specific mechanism involved. Given that

positive feedbacks have been found to be present in

various systems (Scheffer et al. 2001) such as, for

example, savannas (De Knegt et al. 2008; Van

Langevelde et al. 2003), seagrasses (De Boer 2007;

Van Langevelde and Prins 2007), and tidal flats (Van

de Koppel et al. 2001), it may not be unlikely that

some form of positive feedback occurs in other types

of mangroves. In this context especially soil feed-

backs involving nutrient concentration and sediment

collection (De Boer 2007) are of interest, considering

their importance for mangrove recruitment (Clarke

and Kerrigan 2002). Studying feedback mechanisms

in mangroves could follow studies in other systems.

Positive feedbacks often work through facilitative

interactions, for example, increasing infiltration of

rainfall in the soil by plants in water-limited systems

(Rietkerk et al. 2002), or promoting disturbances such

as fire by grass as fuel load to reduce competition

with trees in savannas (Van Langevelde et al. 2003).

These positive feedback mechanisms can be detected

by investigating organisms under stressful conditions.

Since it is generally true that the higher the stress,

the more important the role of positive feedback in

determining ecosystem stability and recovery

becomes (Scheffer et al. 2001, Van Langevelde and

Prins 2007), positive feedbacks, if present, are likely

to be even more crucial in recovery situations than in

‘normal’ ecosystems. We argue that restoration

efforts could benefit from further investigating and

Fig. 6 Number of adult mangrove trees after 200 years

starting with 10 trees at different levels of positive feedback

(Peff) and seedling mortality at the approximate centre of the

mangrove range (\SeM[)
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understanding the possible presence and mechanisms

of positive feedbacks in mangrove systems.

Open Access This article is distributed under the terms of the

Creative Commons Attribution Noncommercial License which

permits any noncommercial use, distribution, and reproduction

in any medium, provided the original author(s) and source are

credited.
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