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Abstract Dating saltmarshes is a fundamental step

to conserve them suitably, because the oldest salt-

marshes are becoming increasingly rare and host a

particular biodiversity. In a French Atlantic saltmarsh,

we counted tree rings on Suaeda vera, a ligneous plant

of the European saltmarshes. We considered that the

age of the stem may give the minimal age of the

saltmarsh on which it grows as this is a specialist

species of this habitat. By combining the dating of the

saltmarsh using this proxy with a classical dating

based on a photo-interpretation method, we found that

the count of tree rings on S. vera gives an accurate

dating of the minimal age of a saltmarsh patch.

However, because of the rather low longevity of this

species (maximum of 27 years in the investigated

area), old maps and aerial photographs still remain

essential to date the oldest saltmarsh patches. We

further discuss: (1) the potential use of cross-dating on

dead stems of the plant to reconstruct the long-history

of saltmarshes; (2) the potential link between the

growth velocity of S. vera and the spatial dynamics of

saltmarshes.

Keywords Arçay � Conservation � Ageing � Coastal �
Photo-interpretation � Mapping

Introduction

Saltmarshes are often considered as the most produc-

tive ecosystems on Earth (Whittaker 1975; Dame and

Kenny 1986). They play a key role in coastal trophic

food webs as they support fish nurseries (Daiber 1977;

Costa et al. 1994, 1995). Saltmarshes also contribute to

storm surge mitigation through dissipation of wave

energy by vegetation (Möller et al. 2014). The fauna

and flora living in saltmarshes are original because

they are highly specialized to cope with particular

environmental pressures, among which salinity fluc-

tuations and daily covering and uncovering by the

tides are the most important (Adam 1999).

These habitats often cover very restricted areas in

the world coastal zones (Meire and Kuijen 1988 in

Descender and Maelfait 1999) and have been submit-

ted to strong anthropogenic pressures for centuries,

among which land reclamation (for European exam-

ples see Goeldner-Gianella 2000; Boorman 2003;

Verger 2009; Godet et al. 2015), grazing and haying

(Bakker 1983; Dijkema 1984; Parkinson 1985) are the

strongest. Long-term saltmarsh evolution depends on

the balance between tide and wave currents, sediment

supply, vegetation growth and sea level rise (e.g. Best
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et al. 2018), the latter being expected to negatively

affect saltmarsh stability (Adam 2002).

Despite the recognition of their specific biodiver-

sity and their key role in coastal functioning, the areas

they cover are constantly shrinking (Adam 2002;

Barbier et al. 2011). In consequence, the presence of

old saltmarshes is increasingly rare (Godet et al.

2015). The scarcity of such old saltmarsh patches is

even more worrying in a conservation perspective,

even though they now benefit from protection mea-

sures in Europe, such as the Habitats Directive (1992),

as old saltmarshes host a particular biodiversity, with

specific plant and breeding bird communities (Guetté

et al. 2016). The identification of old saltmarshes is

therefore required to conserve them because they are

both rare and original habitats.

Traditional ground mapping and remote-sensing

are the main methods used to map and date salt-

marshes (Godet et al. 2015). Reconstruction of their

evolution within recent historical times involves the

use of maps, aerial photographs and satellite images.

Such studies are at the basis of the current knowledge

on saltmarsh evolution, dating back from the last

decades to the second half of the eighteenth century

(Steers 1964; Marker 1967; Gray 1972; Gray and

Pearson 1984; Baily and Inkpen 2013; Godet et al.

2015). However, such a method suffers from several

caveats, among which: (1) the absence of old maps or

aerial photographs in several areas; (2) the time span

between each map or photograph; (3) the cost in time

and money to obtain the data, to georeference them

and to perform a photo-interpretation work or any

automatized treatment.

In this paper, we explore the potential use of tree

rings to date saltmarshes from one of the rare ligneous

plants living in these environments: the shrubby sea-

blite Suaeda vera. It is a typical halophyte (Géhu

1979): ‘‘[it] present(s) adaptations for salinized soil:

succulent, reduced leaves […] adapted to very high

osmotic pressure and accumulate in their tissues large

amounts of salts, especially chlorides and sulfates; for

these species, the salinity is necessary and even can

stimulate their growth’’ (Sennikov 1950 in Grigore

and Toma 2017). Topa (1939, 1954, in Grigore and

Toma 2017) classifies the plant as an ‘‘obligatory

halophyte’’, as a considerable amount of salt is

required within the marsh for the development of the

plant, for at least a short period of the year. The count

of tree rings was performed on Halimione

portulacoides and Artemisia maritima from the Dutch

part of the Wadden Sea (Decuyper et al. 2014). The

authors found a maximal age of 15 years for H.

portulacoides and 8 years for A. maritima and use

these data to test the impact of grazing on growth and

survival of the plants. To our knowledge, tree rings has

nonetheless never been used for age determination of

saltmarshes. In this study, we considered whether the

age of a S. vera stem could indicate the minimal age of

a saltmarsh patch, and therefore could provide addi-

tional insights into the temporal evolution of these

important coastal environments.

Materials and methods

Study site

The Arçay spit is located in Western France (46� 190

N, 01� 180 W), and is a 11 km long sand spit oriented

along a NW–SE axis bordering the Marais Poitevin,

which is the largest French Atlantic wetland (Fig. 1).

Back-barrier saltmarshes cover 260 ha and develop

along the north-eastern margin of the spit, along the

Lay River (Fig. 1). The Arçay spit is devoid of direct

anthropogenic influence including agriculture (graz-

ing, haying). Saltmarshes are located within several

protection areas including a forest conservation area

under forbidden access (‘‘Réserve Biologique Diri-

gée’’—where only very light logging is permitted) and

a prohibited hunting area (‘‘Réserve de Chasse et de

Faune Sauvage’’). About 370 ha of the spit are owned

by the ‘‘Conservatoire du Littoral’’ protection agency,

which ensures a durable management of the area. The

Arçay saltmarshes are therefore among the only

French ones not submitted to any significant human

activity.

The Arçay sand spit is formed by welding of wave-

built swash bars, which eventually merge into hook-

shaped supratidal berm ridges topped by aeolian

deposits. Supratidal berm ridges, which mark the

position of former shorelines since the seventeenth

century (Poirier et al. 2017), are backed by swales

where fine-grained sediments accumulate and salt-

marsh plants grow. Based on a comparison between

SPOT satellite images and a high-resolution wave

hindcast, Allard et al. (2008) suggested that rhythmic

ridge-swale successions from 1987 to 2005 are

controlled by variability in wave height, which
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determines the location of the spit fulcrum point.

Large waves tend to increase sand accumulation on the

foreshore and thus trigger spit elongation towards the

south-east, whereas smaller waves contribute to berm

ridge curvature towards the east. Evolution of the

Arçay saltmarsh is therefore closely related to that of

the sand spit, which is mainly driven by wave-induced

sedimentary processes (Allard et al. 2008; Poirier et al.

2017).

Dating the saltmarsh by photo-interpretation

Fourteen sets of aerial photographs were mosaicked,

georeferenced and orthorectified using the GIS soft-

ware QGIS 2.8.1. Sets include the years 1945, 1950,

1958, 1961, 1968, 1973, 1978, 1982, 1987, 1990,

1998, 2001, 2006, and 2016. For each date, the

saltmarsh was contoured at a 1:1600 scale for the

oldest sets (1945 to 1958) and 1:800 for the most

recent ones (1961 to 2016). Contoured polygons were

intersected (symmetrical difference) to determine the

saltmarsh age at each time step from 1945 to 2016.

Note that because the Arçay saltmarsh constantly

expanded during this period, local gaps between two

successive polygons were not significant.

Dating the saltmarsh using tree rings

The shrubby sea-blite Suaeda vera was selected as a

potential good model for tree-ring counts, as it is a

ligneous plant, specialist of halophilous habitats and

especially saltmarshes (Géhu 1979).

A total of 9 transects representing contrasting ages

of the saltmarsh from the oldest to the youngest parts

of the saltmarsh were designed. In each transect, 5

large stems of living S. vera were selected with a

minimal distance between stems of 50 m to avoid

pseudo-replication (Hurlbert 1983). Three additional

stems (transect #10) were sampled at the active tip of

the sand spit, where the saltmarsh is the youngest. A

total of 48 stems of S. vera were therefore sampled. All

field sampling was performed in April 2018.

For each stem, the plant was uprooted and the main

trunk with the basis of the roots was sampled, bagged

and labeled. In the laboratory, each stem was rinsed

with freshwater, and air-dried during 15 days. For

Fig. 1 Location of the study site
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each stem, different sections of trunks and roots (1 to 5

in each sample) were cut with a stationary circular saw

– hereafter called ‘‘samples’’ (2 to 4 for each stem,

taken from the aerial part of the stem, or the root when

there was only a single thick root). Each sample was

labeled and air-dried during one week before being

sanded with a belt grinder. Sanding was performed

successively with grinding belts of 120, 320 and 400

grades. Each sample was then examined with a

binocular magnifier LEICA� M50 placed on a

measurement table LinTABTM Rinntech� connected

to a computer equipped with the TSAP-WinTM

Rinntech� software. This software is especially

dedicated to the evaluation of tree-ring sequences,

including the count and the width of the rings. Because

the shape and size of each sample is highly variable, 2

to 5 different measures along different axes in each

sample were performed. Since the pith of the sample

(stem or root) was not always visible (several samples

presented a rotten wood), 1 to 7 years were added in

our counts; the number of missing rings was inferred

from the average width of the rings in the measured

sample coupled with the average width of the pith at

the investigated stand. Finally, for each stem of S.

vera, the largest number of rings obtained from each of

the sample of the same stem was retained. As the stems

were sampled in April 2018, the last ring of each

sample corresponded to the last vegetative period

(2017). Primary growth of each S. vera stem therefore

corresponded to 2017 minus the number of rings

before the last one.

Data analysis

Saltmarsh age inferred from photo-interpretation was

finally compared to saltmarsh age inferred from S.

vera rings through linear regression and a paired

sample Wilcoxon test (because of a non-homoscedas-

ticity of the data), to determine whether the count of

tree rings under- or overestimated the saltmarsh age.

Results

Dating the saltmarsh by photo-interpretation

From 1945 to 2016, the saltmarsh was constantly

expanding from NW to SE (Fig. 2), at a rhythm

of ? 2.48 ha a year (linear model, P\ 0.001;

R2 = 0.98). Covering 94.67 ha in 1945, the saltmarsh

covered 260.09 ha in 2016 (Fig. 2). Consequently, the

oldest patches are located in the north-western part

whereas the youngest patches, that developed

recently, are located in the south-eastern part (Fig. 2).

Dating the saltmarsh using tree rings

The first result for dating the Pointe d’Arçay saltmarsh

using tree rings is the identification of rings. However,

S. vera is one of the species including phloem or

successive cambia (Schweingruber 2007). This speci-

ficity complicates the reading of increment rings, as

the storied vascular cells, parenchyma and tracheids

simulate a multitude of pseudo-rings. Dealing here

with an age-constrained study area offers a valuable

advantage: as we proceed from the youngest surfaces,

we must obtain a surface-shrub age dependency. In

fact, on surfaces just 10 years old, one would expect to

count less than 10 increment rings on S. vera

colonizing the surface. Therefore, it is impossible to

count over 50 rings on a shrub growing on a coastal

surface emerged for only 10 years. The pattern of the

rings clearly appears (Fig. 3) when the observer stops

focusing at the multitude of ‘‘xylem/phloem groups

[…] of a concentric type (that) form nearly continuous

rings’’ (Hather 2009). Each ring starts with thick

undulated clear lignite, which progressively fades

towards thicker and more linear darker lignite; the ring

boundary keeps an undulated characteristic.

The maximal age of each of the 48 stems of S. vera

was obtained by ring counts either on stems (n = 23)

or on roots (n = 25) (Fig. 4). On 11 stems, the pith was

rotten, and 1 to 7 potential rings were added to the ring

count (Fig. 4). The average maximal age of the stems

is 11.85 years, and ranged from 2 to 27 years (s.d.

5.9 years).

Comparison between the dating by photo-

interpretation and using tree rings

The age of the S. vera stems was significantly linked

with the saltmarsh age estimated by photo-interpreta-

tion where the stems were sampled. The older the S.

vera stems, the older the patches of saltmarsh (linear

model, P\ 0.01, R2 = 0.47) (Fig. 5). Note however

that the S. vera stems were younger in transect 4,

where the saltmarsh is 50 years old according to

photo-interpretation, than in transect 5, where the
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saltmarsh is 30 years old according to photo-

interpretation.

However, saltmarsh dating by tree rings signifi-

cantly underestimated the age of a saltmarsh patch in

comparison to photo-interpretation: the age given by

tree-ring counts is, on average, 2.77 times lower than

the age given by photo interpretation (paired samples

Wilcoxon test, P\ 0.01).

Discussion

Tree-ring counts on Suaeda vera

Tree-ring counts are traditionally used on long-lived

trees. To our knowledge, the present study is the first

attempt of a tree-ring count on the shrubby sea-blite

Suaeda vera, and the second on a saltmarsh species

(Decuyper et al. 2014). In the Xylem database

(Schweingruber and Landolt 2010), the potential use

of the species for any dendrochronological analyses

(or only for tree-ring counts) seems fuzzy as it is

considered as having ‘‘indistinct rings’’, while 3 rings

were counted and an age of 2 years was given to a

sample from Mallorca (Spain) in this database. We

assume that the ring distinctness was less evident in

this sample in comparison to our samples, as the

seasons are much less marked in the Mediterranean

Sea in comparison to the North Atlantic coast.

Although dealing with more temperate environments,

Hather (2009) describes the wood anatomy of S. vera

from northern Europe as ‘‘conventional […] resulting

in concentric growth rings […] often indistinct since

the vessel/phloem groups are undulating and often

discontinuous’’.

Although the present study demonstrates the poten-

tial of tree rings on S. vera, tree-ring counting is often

difficult as the stem is fluted, compressing some parts

of the growth, which is unequal along the circumfer-

ence of the stem, the pith is rarely at the centroid of the

sections of stems or roots, and several stems coagulate,

impeding their growth mutually; rarely a taproot is

found, and fibrous root system prevents taking advan-

tage of the root to ease the ring counting.

Fig. 2 Saltmarsh dating by photo-interpretation. The oldest

parts of the saltmarsh are displayed from dark to light green, the

youngest parts from yellow to black. Sampling sites of Suaeda
vera are displayed in white dots, one dot corresponds to one

sampled stem. Each dot is labelled as follows: number of the

transect—letter of the sample. Regular lines that appear in the

NW of the site correspond to ancient and recent paths created for

logging Pinus pinaster that grow in sandy areas between

saltmarsh patches. At the top right hand corner: area covered by

the saltmarsh (because of a rather low spatial resolution of the

1945 aerial photograph, we only present the surface evolution

from 1950 to 2016)
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The amount of storied pseudo rings varies from one

year to another; the fact that these ‘rings’ are

discontinuous renders also their counting fastidious.

However, they could be the expression of various

stress supported by the plant. As S. vera is a halophyte

species, the number of pseudo-rings might reflect the

number of salinity declines during short periods of

time during the vegetative period.

Pros and cons of tree-ring counts to date

saltmarshes

At first sight, S. vera is a good candidate to date

saltmarshes as it is a halophilous species specialist to

saltmarshes. Its presence at a t-time thus indicates that

a saltmarsh environment was present at this date.

Moreover, contrary to previous descriptions (Géhu

1979), S. vera is not a species present only on the upper

parts of the saltmarshes, as we found many young

plants at the tip of the sand spit (transect #10) where

the saltmarsh developed just over the very recent

years. As the species was also common in the oldest

parts of the studied saltmarsh, it can potentially be

used to date the whole saltmarsh.

As expected, we found that the age of the collected

stems of S. vera is significantly linked to the age of the

saltmarsh: the oldest stems were found in the oldest

patches of saltmarsh and conversely. However, the

maximal age of the collected stems of S. vera was

27 years, and the mean age of the stems collected in

the oldest parts of the saltmarsh (transects #1 and #2)

was 18 years. We may thus suppose a constant

renewal of S. vera. For instance, we may assume a

succession of at least 4 generations in the transect #1,

where the saltmarsh is at least 73 years old, and where

the plants were 16 years old on average. Extrapolating

a number of generations in each transect is however

hazardous, as we have the age of 48 different stems

only, and we don’t know the type of succession of the

different generations (e.g., continuous regeneration

over time, or massive mortality following a

senescence).

bFig. 3 Identification of annual tree rings on S. vera at Pointe

d’Arçay (dot lines), from samples choosen in plants 3A, 5C, 8C,

9D, and 10C. All samples are from aerial stems, except 8C

which represents a taproot. Note that these photographs present

the most visible and obvious examples, not necessary the sample

of the plant with the maximal number of rings (as displayed in

Fig. 4)
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Conclusion and perspectives: using ring-width

measurements

Tree rings on S. vera can be used to give a minimal age

of a saltmarsh, however, due to its rather low longevity

(less than 30 years), it cannot give its absolute age.

Although not exploited in this paper, ring-width

measurements in S. vera may be useful for at least two

reasons. A first perspective is cross-dating. This

method is a basic principle in dendrochronology to

compare the time series of ring-width measurements

from an undated specimen (referred to as the sample)

with those from an appropriate (usually well-dated)

master chronology (Wigley et al. 1987—see also

Stokes and Smiley 1996; Fritts 1976). In our case, the

collection of dead parts of S. vera (trunks or roots) that

remain in old saltmarshes may be used as samples

attesting the local presence of the saltmarsh that could

be cross-dated using the living specimens collected in

2018. We also may investigate the potential link

between ring-widths and the saltmarsh spatial dynam-

ics. One of the hypotheses is that the progradation of a

saltmarsh may be concomitant with (or even deter-

mined by) the good development of the plants of

which it is composed, as revealed by large ring-widths.

However, our dataset is insufficient to test this

hypothesis, and finer temporal and time scales would

Fig. 5 Age of the S. vera stems (Y-axis) according to the age of

the saltmarsh (X-axis) in the same locations, as determined by

photo-interpretation. Solid line represents the linear regression

line between the two variables (with the associated values of the

linear model), dashed lines represent the 95% confidence

interval of the regression

Fig. 4 Number of rings (i.e. age) on the Suaeda vera stems (from the oldest sample taken from each stem) and corresponding calendar

years
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be required, such as a year-to-year spatial dynamic

investigation on particular saltmarsh patches.
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123

Wetlands Ecol Manage

Author's personal copy



Decadal changes in North Atlantic atmospheric circulation

patterns recorded by sand spits since 1800 CE. Geomor-

phology 218:1–12

Schweingruber FH (2007) Wood structure and environment.

Springer, Berlin

Schweingruber FH, Landolt W (2010) The Xylem Database,

Swiss Federal Research Institute WSL, Switzerland.

https://www.wsl.ch/dendropro/xylemdb/

Steers JA (1964) The coastline of England and Wales. Cam-

bridge University Press, Cambridge

Stokes MA, Smiley TL (1996) An introduction to tree-ring

dating. University of Chicago University Press, Chicago

Verger F (2009) Zones humides du littoral français : Estuaires,
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