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SUMMARY OHELDWORK

The present report refers on the measurements and sargghat took place during eld campaigs
in the embayment of Culatra IsldnThe location of the embayment in Culatra, which is the EVREST
study site for saltmarskvolution,is given irfigure1.

Figurel: Location of the EVREST study site in Culatra (orange polygon).

The measurementi® the embayment concerned topographic mapping of the aseéficialsediment
and sediment corsampling as well agdentification of mud and tidal flat vegetation.

1 EQUIPMENT ANMEASUREMENTS

1.1 Equipment and stations

Thefield mapping oklevationprofiles in the Culatra embayment was carried out usingimble B
Global Navigation Satellite System (GNS&eive(Photol). The instrumenf{RTKDGPSReaiTime
Kinematic Differential Global Positioning Systevas used to collect positioalevationdata (triads
of X, y, z) along tracks in the bay, as well asbiain the accurate position of sediment collection and
vegetation identification stations. The location of the sediment sampling stations arzbtliguous
transects measured during theurvey are presented ifigure 2. Regarding the sediment sampling, a
total of 35 surfacesamplegeach weighing at least 200gvgre collected from the areand 3 sediment
cores using amanual metakorerwith a 50cm core tubéPhoto?2). Details on thdocationof the 3
surfacesampling stationsind of the 3 sediment cores collectace provided irtable 1.



Tablel: Name, location (in thelEopean Terrestrial Reference System 1988 TMO6/ETRS§Pand elevation
of the 35 surface sediment sampling stations and of the 3 core sampling statiomesl(@re 2 and ©re 3 in

Station
No
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A =
A w N P O

14A
15
16
17

18

Easting
[m]

26442.98
26565.49
26562.04
26535.61
26520.42
26452.11
2644800
26442.49
26456.25
26418.42
26417.28
26418.04
26417.43
26,390.71
26410.17
26394.29
26446.D
26463.9
26522.52

Northing
[m]

-297040.56
-297096.26
-297149.63
-297127.28
-297114.36
-297096.®
-297096.84
-297051.03
-297025.91
-297018.9
-297046.08
-297082.42
-297128.18
-296,959.11

-297198.6
-297188.33
-297199.01
-297204.37
-297219.62

@ Trimble [

table).

[m]

-0.684
-0.219
0.439
0.195
0.109
-0.369
-0.418
-0.455
-0.496
-0.626
-0.621
-0.489
-0.274
-0.1
0.012
-0.088
0.051
0.005
0.618

Station

33
34
Core 1
Core 2
Core 3

Easting
[m]

26456.79
26406.9
26376.03
26374.81
26333.15
26408.38
26393.65
26383.23
26353.96
26316.82
26452.52
26475.32
26482.62
26459.09
26488.403
26505.%
26405.78
26433.22
26444.07

Northing
[m]
-297269.03
-297274.51
-297267.79
-297311.89
-297362.59
-297264.09
-297342.91
-297371.79
-297336.82
-297374.34
-297088.05
-297047.61
-297014.02
-296976.78
-296957.11
-296931.29
-297338.36
-297268.50

-297202.38

Photo 1. TheTrimble RBGNNS system used in the survey

[m]
0.496

0.176
0.478
0.252
0.653
0.127
0.984
1.054
0.464
0.865
-0.229
-0.607
-0.880
-0.588
-0.508
-0.482
0.924
0.384
-0.215




Legend

Sediment Core sampling stations
Surficial sediment sampling stations
DGPS profile 29/06/2017

DGPS profile 02/06/2017

DGPS profile 01/06/2017

Figure2: Qurface £diment prangepoints)and sediment core sampling stations (green poiats) GNSS
transects (lineshat correspond to measurements dnl/06 [blue], 02/06 [green]and 29/06[purple]).

Sediment cores from the high marsh (cores C1 and&@Figure2 andtable 1) were collected using
ametal core (Photo2) and the sediment core from the low marsh (core €8eFigure2 andtable 1)
was collected using a Ppe of 70cm length and 4&n diameter For the collection of the sample
in C3 the tube was inserted in the s¢Photo 3), capped and removed with cautipso as tocollect
samplesasundisturbed as possible.

The fieldwork was undertaken to characterise the local-geomorphological variety and to discuss
the ecological development based on the local environmental settings. Collected samples and
sediment corswere located using RTIBGPS



Photo 3: The core collection at C3 using a PVC tube.



1.2 Sediment corsectioning

Cores C1 and Gfere sectioned on the field, right after collection of the core, sectioning every 2cm
in the top layer and every 5cm for the bottom layer of the core. The samples were secured and labelled
in plastic bags and were then analysed in the laboratory.

After cdlection, the sediment coreC3was carried to lab and was frozen until Septembérihe ore

was opened by Septembef'6The sediment core presentedbout 57 cm of length and 4.5 cm of
diameter(Photo4). The core was split in several slices of 1 cm, using a spatula, from the top towards
the baseOnly 12 of the core was spliand the other 1/2 of the core was further used for grain size
analysis. Plastic bags were used to store collected sediment sarBplgs.are labelled with reference

to the distance from top of the core: fromIm, consecutive, until 56c®i7cm.

EEEEECEEED ELEELEGEES

Photo 4: Photos from sediment cor€3

Figure3 portrays the dominant sediment facies. The upper part of the corE2@m from top) it is the

most organic rich, being composed of fragments of steaiid plant material Photo 5), deposited

under lower energetic conditions. A second horizon is identifietiveen the 1222 cm from the top
mostly composed of sand and very fine sediment (sityd). Between the 230 cm we observed the
dominance of very fine sediment, silt and few shells @lipto6). In contrast, between the 342 cm

from the top the core is mostly composed of medium sand, suggesting a high energetic deposition
period Photo7). The bottom of the core is mostly organic ri€tn¢to8).
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Figure3: Sedimet facies from sediment cor€3
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Photo5: Zoom to the top of the sediment coi@3,showing the organic matter deposition.

Photo 6: Photo from the first half of cor€3,showing the moisture of organic matter and sand.
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Photo 7: Photo from the second half afore C3,showing predominant medium sand.
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Photo 8: Zoom to the bottom of the sediment co@3showing organic maér presence.




2 MEASUREMENT RESULTS

2.1 Profiling

An example of the profiles collected along three indicative trackgvisnin Figures 4, 5 and 6, for
Tracks 1, 2 and 3, respectively (the horizontal trajectories are givieguie 4).

[ % G
<

Track:l

Figure4: Trajectories of thre¢racks, whose measurements are indicatively presentElde direction of each
track is presented as dashed arrow, while Toaick 3 characteristic positions along ttieajectory are given in
as numbers 3.1 to 3.5.
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2.2 Surfaceésediment Properties

The 35 sediment samples collected were analyisethe laboratay in terms of granulometry and
organic content. The samples were owatied and mechanically sievedsing sieves of 11200, 8000,
5600, 4000, 2800, 2000, 1400, 1000, 710, 500, 355, 250, 180, 125, 9C-andB@material collected
in each of the sievesag weighed, thus producirtge granulometric distribution of coarse fraction,
while the fine fraction, collected in the blind bottom pan, was analyssidg laser granulometry

The grain size distribution and statistics all collected samplewere defined using the GRADISTAT
v.8.0 program(Blott & Pye, 2001)The program provides statistics @rging the sample distribution
according to Folk and the method of moments, including mean diameter, sorting, skewness and
kyrtosis of the sample, while it also enables the automated production of graphs (cumulative and non
cumulative grain size distribatn, gravelsandmud and sanssilt-clay diagrams after Folk).

The results of the sedimentological analysis are givdigime 8 for sand, mudand gravel and mean
sediment diameter and ifigure 9 for the percentage of organic content and for the sediment sorting
type. It can be nted that the areas of high mud content (and, therefore, lower mean diameter)
correspond to the vegetated areas of the bay (see more on vegetation in next section). As anticipated,
there is high correlation between mud content and organic content in thensewat, while, at the

same time sediment sorting irthese areasendsto be poor.
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Sediment Sorting

Figure9: Organic content [%] and sediment sorting classification d&tak & Ward1957).

2.3 Sediment Core analysis

2.3.1 Grainsize analysis of core C1

The results from the granulometric analysis of CatdsgeFigure2 for sampling location) are given

in figure 10 regarding the depth distribution of gravel, sand and mud, the mean dianm@ek &
Ward, 1957)and the organic content of the sediment. Tapper &cm of the corecontain sediment

with a significant fine fraction () andmean sediment diametearound 2G> Y, characterised as
coarse silt The sand content increasewith depth up to the layer of 9.5cm, with mean sediment
diameter values of 68m to 0.35mmBelow9.5cm, the sediment becomes more homogenous (sorting
varies from moderately to moderately well), comprising medium sand (D50€033mm). The
organic contehin the core is relatively low and varies little with depth, ranging between 1.5 and 2.5%.

Figurell shows the relationship between organic contenteam sediment diameter and sediment
sorting for core C1. Given that the organic content in the core varies little with depth, no direct
conclusions can be drawn, even though the upper, finer upper 5 cm of the core do appear slightly
richer in organic matterThe poor sorting of the surface sediment is related to the fine fraction in the
mixture; this can be seen by the grain size distributions of the upper ladyigngrél2) show that the
OAY2RIfAGe 2F (GKS &l YLX S&a LINBaSyida 2yS LISF{1 |
sand (0.25mm). Thgoor sorting of thenearsurface layer couldnd the differences with the deeper

parts of the corecouldsignify different sediment sources and/or depositional patterns between the
upper and the lower core.

13
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Figurel0: Distribution with depth of: (b) percent gravel, sand and mud (with reference to the-topsy and
mean sediment diameter (with reference to the bottoraxis) and (c) of organic content from the
granulometric analysis of Cord.QA photo of the entireore, in scale with the plots, is given in (a), while the

sediment description (according folk & Ward, 195y7is also noted on the graph.
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Figurel2: Particle size distribution for the upp#iree sediment layers of core C1

2.3.2 Grainsize analysis of core C2

The results from the granulometric analysis of Core C2Kggpee? for sampling location) are given

in figure 13 regarding the depth distribution of gravel, sand and mud, the mean diameter (Folk &
Ward, 1957) and the organic content of the sedimdritere is a local peak in fine fraction content in
the layer between 7 and 11cm that is accompaniigda reduction in and content and diameter
(D5G=0.14mm, fine sand In the top 7cm and the layers below 15cm the sediment is characterised as
medium sand with mean sediment diameters of GBB36mm The organic content in the core is
relatively low and aries little with depth, ranging between 2 and 4¥he distribution of sediment
with depth inthe top part ofcore CJtop 7cm)is atypical and very different from the ones in cores C1
and C3(see next section)where the peak in mud content appears in therface The high sand
content in the top layer is most likely related to the proximity of the location to the sandy channel in
relation with the local hydrodynamics.
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Figurel3: Distribution with depth of: (b) percent gravel, sand and mud (with reference to the-topsy and
mean sediment diameter (with reference to the bottorraxis) and (c) of organic content from the
granulometric analysis of Cor@ QA photo of the entireore, in scale with the plots, is given in (a), while the

sediment description (according folk & Ward, 195)7is also noted on the graph.

Figurel4 shows the relatioship between organic content, mean sediment diameter and sediment
sorting for core €. Given that the organic content in the core varies little with depth, no direct
conclusions can be drawnvhile the sorting appears to be strongly related to the meaaiter.
Figurel5 presentsthe grain size distributions of the upper layefshe core.s
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Figurel5: Particle size distribution for the upper five sediment layers of core C2.

2.3.3Grainsize analys of core C3

The results from thgranulometric analysis of Core &&eFigure2 for sampling location) are given

in figure 16 regarding the depth distribution of gravel, sand and mud, the mean diam&ak &
Ward, 1957)and the organic content of the sedimerithe upper 12cm of the core are organich
layers withsignificant fine fractiorf>20%)mean sediment diameter between 60 and Hh@and poor
sorting Below 12cmthe sediment becomes more homogenous (sorting varies from moderately to
moderately well), comprising medium sand€D.350.40mm)and with low organic content ¢€4.

The carser sediment (gravel) observed in the upper core are shell fragmeigisr€3).

Similar conclusions can be drawn fréigure 17 that shows the relationship between organic content,
mean sediment diameter and sediment sorting. It can be noled the deeper, coarser layers of the
core are rather well sorted and, as noted befotentain less organics, while tlogpposite is true for
the upper.The poor sorting of the surface sediment is relatedte fine fraction in the mixture; this
can beseen by he grain sizalistributions of theupperlayers(Figurel8) show that the bimodality of
the sampled INS & Sy ia 2y S LIS Im)andabothérEifhe tOrhediém sankd{.25mng. 1 >
This bimodal structure of the neaurface layer could signify different sediment sources and/or
depositional patterns between the upper and the lower core.
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Figurel7: Variability of mean sediment dian@twith sediment sorting (lefg-axis) and organic matter (right
y-axis)of core C3
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Figurel8: Particle size distribution for the upper five sediment layers of core C3.
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3. IDENTIFICATION dNTERTIDAL ANAARSHVEGETATION

In the followingimages(Photo 9 to Photo 13), photographic records are given for the sediment
sampling stations (2 foeach station). For the exact locations of the statiand their distribution in

the bay the reader is directed tigure 1 andtable 1. Photo17 shows gpanoramic view of thentire

Bay, with a more general view of the morphology and intertidal vegetation distribution and coverage
in thearea It can be noted from the photos that thdominant species in the muddy areas of the tidal
flat and low marshis Zostera noltewith dense meadows in stations 1, 2, 9, 16 and lower population
densities in stations 14 and 15. Ttkeeper channels and logepth plateau in the central part of the

bay consist ofsandymatter with no rooted vegetationstations4, 5, 6, 7, 8, 20 & 22), whifloating
vegetation Ulva) was also present in areas of the plateau (statiariT®e upper part of the marsh in

the southern part of the bay is muddy (statichd9& 21) andvegetated with a succession$partina
maritima (Photo 14), Salicornia ramosissim@hoto 15) and Limoniastrum monopetalur(Photo 16).

The sucession can also be seerpinoto 18. The edge of th&imoniastrum monopetalurpresence in
GKS dzLJLISNJ YIFNBEK RSTAySa || RAaAGAYOG Wol NNRSND
campaign and is presented as purple lindigure 2. Other speciessuch asSarcocornia perennis
Arthrocnemum macrostachyumnd Limonium ovalifoliumwere also present in the upper marsh,
even though at lower densitiesompared tothe three main species mentioned previouslyDense
meadows ofZostera maritimaare found in stations 22 to 24 and cover the deeper parts of the bay,
near theentrance;the specie is also found at the edgeszo$teranolteimeadows, developing along

the sandy chanrls of the bayPhoto19).
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Photo 9: Photos from stations 1, 2, 3 and 4
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Photo 10: Photos from stations 5, 6, 7 and 8
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Photo 11: Photos fromstations9, 14, 15 and 16
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